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EDITORIALS 


SEE  OURSELVES  AS  OTHERS  SEE  US 

American  manufacturers  and  engineers  are  always 
keenly  interested  in  the  opinion  of  foreign  experts  re- 
garding our  industrial  developments.  It  is  by  a  self- 
analysis,  based  upon,  or  at  least  suggested  by,  such  ob- 
servations, that  managers  are  often  enabled  to  make 
substantial  advances.  Even  lay  suggestions  often  ini- 
tiate changes  or  improvements  which  had  previously 
been  overlooked  or  considered  infeasible.  Comments 
on  American  industrial  and  social  conditions  by  scien- 
tists and  technologists  learned  in  the  industries  of  our 
greatest  competitive  nation  will,  we  believe,  amply  jus- 
tify this  Journal  in  devoting  the  major  portion  of  the 
present  issue  to  such  papers. 

The  Eighth  International  Congress  of  Applied  Chem- 
istry offered  an  unusual  opportunity  for  chemists  and 
chemical  engineers  from  abroad  to  study  our  industrial 
systems.  Prominent  German  technologists  attended 
the  congress  as  a  matter  of  course  and  took  an  unusual 
interest  in  the  large  number  of  excm-sions  arranged  to 
show  the  industrial  resources  and  plants  of  America. 

A  number  of  articles  by  these  distinguished  German 
experts  who  attended  the  Congress  have  recently  ap- 
peared in  Germany.  From  these,  we  have  selected  the 
papers  by  Professor  Rassow,  by  Professor  Hoffmann 
and  by  Professor  Holde,  and  are  publishing  full  trans- 
lations in  this  issue  of  the  Journal. 

We  are  indebted  to  the  Zeilschrift  fur  angewandle 
C hemic  for  the  original  of  Professor  Rassow 's  address, 
and  to  the  Chemiker  Zeitung  for  the  papers  by  Professor 
Hoffmann  and  by  Professor  Holde. 

We  believe  the  observations,  conclusions,  suggestions 
and  criticisms  coming  direct  from  our  well  informed 
German  guests  will  be  found  most  interesting  and  in- 
structive reading  for  American  techriologists  and  manu- 
facturers. 


THE  INDEX  TO  ABSTRACTS 

The  editors  of  Chemical  Abstracts  completed,  on 
January  first,  the  gigantic  task  of  preparing,  publishing 
and  distributing  to  every  member  of  the  American 
Chemical  Society,  the  index  to  Chemical  Literature  for 
the  year  1913.  How  many  members  of  this  Society 
have  stopped  to  consider  the  magnitude  of  this  task? 
How  many  realize  the  amount  of  energy  and  the  scope  of 
the  organization  required  to  place  this  completed  vol- 
ume on  our  desks  on  the  first  day  of  the  new  year? 

The  index  contains  over  eighty-two  thousand  titles, 
over  800  pages,  and  required  seven  and  one  half  tons 
of  paperforitsproduction.  The  collection  and  arrange- 
ment of  this  material  is  a  stupendous  task,  to  say 
nothing  of  the  problems  involved  in  its  production 
and  distribution.  Both  the  editors  and  printers  of  this 
volume  should  be  congratulated  and  deserve  the  hearty 
approbation  of  every  member  of  the  chemical 
profession. 


THE  BALANCE  OF  TRADE  IN  THE  CHEMICAL  INDUS- 
TRIES BETWEEN  THE  UNITED  STATES 
AND  GERMANY 

The  belief  is  very  widespread  among  the  chemists 
and  chemical  merchants  of  this  country  as  well  as  of 
Germany  that  the  value  of  the  imports  of  chemical 
products  into  the  United  States  from  Germany  is  very 
much  greater  than  the  value  of  the  exports  of  chemical 
products  from  the  United  States  into  Germany. 

Inspection  of  the  tabulations  of  exports  and  im- 
ports of  chemical  products  from  and  into  Germany 
for  the  year  1904  (pp.  38-56  in  "Die  Chemische  In- 
dustrie" by  Gustav  Mueller,  published  by  Teubner 
at  Leipzig  in  1909)  shows  the  balance  of  trade  for  that 
year  to  have  been  in  favor  of  the  United  States  to  the 
extent  of  $21,201,040;  i.  e.,  about  $1,800,000  per  month 
or  $60,000  per  day  (the  mark  at  23.8c). 

The  following  table  has  been  compiled  from  the 
Mueller  statistics  referred  to.  It  gives  the  various 
articles  of  export  and  import  arranged  in  the  order  of 
their  1904  monetary  value  in  round  thousands,  to- 
gether with  the  percentage  of  total  export  or  import 
of  each  article  from  or  into  Germany.  It  shows  the 
total  value  of  imports  of  34  different  articles  into  the 
United  States  from  Germany  to  be  $16,993,200  or 
15  per  cent  of  the  total  exportation  value  of  Ger- 
many's chemical  products  in  1904;  also  that  the  total 
value  of  exports  of  21  different  chemical  products  from 
the  United  States  into  Germany  is  $38,194,240  or 
24  per  cent  of  the  importation  value  of  all  the  chemical 
products  Germany  imported  in  1904.  In  other  words, 
the  United  States  takes  15  per  cent  of  Germany's 
total  foreign  market  in  chemical  products  and  in  turn 
the  United  States  supplies  Germany  with  24  per  cent 
of  its  total  imports  of  chemical  products. 

The  two  branches  of  chemical  industry  which  are  the 
greatest  pride  of  Germany  are  the  coal-tar  color  in- 
dustry and  the  potash  industry.  In  1904  the  com- 
bined export  value  of  the  products  of  these  two  indus- 
tries to  the  United  States  was  $13,052,000  or  76.8  per 
cent  of  the  total  chemical  exports  to  the  United  States; 
these  are  made  up  as  follows: 

Anilin   and   other  dyes $4,358,000 

Alizarin 919,000 

Anilin  oil  and  salt 904,000 

Indigo 823,000 

COAL-TAR  INDUSTRY $7  ,  004 ,  000 

Potassium  chloride 2,820,000 

"Abraum"  salts 1,683,000 

Sulfates  of  magnesium  and  potassium.  1,164,000    • 

Potassium  bicarbonate 38 1 ,  000 

POTASH    INDf.STRY 6,048,000 

Total 513,052.000 

This  combined  value  is  $1,426,000  less  than  the  U. 
S.  shipments  of  refined  petroleum  to  Germany  in  1904. 
The  value  of  the  oleomargarine  supplied  to  Germany 
in  1904  was  97.6  per  cent  of  the  value  of  anilin  dyes 
supplied  the  U.  S.  and  60.7  per  cent  of  the  value  of 


Jan.,  1914 

Percentage  of 

total  export 

of  product 

from  Cermany 


59.5     Potassium  chloride 
54.4     "Abraum"  salts.  .  . 


58.0     Sulfates  of  magn 

26.0     Alizarin    

18.9     Anilin  oil  and  5u 
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16.5     Indigo 

31.4     Essential  oils . 


42 . 1      Potassium  bicarbonate 

9.3     Palm  oil,  cocoanut  oil  and  vegetable  fats. 


23 .  S     Quinine  and  its  salts 

14.0  Alkaloids  (exclusive  of  quinine),  antipyrine  and  aatifebriiie . 

24 . 0     Bronze  and  chrome  colors 

55 . 8     Oxalic  acid  and  potassium  acid  oxalate 

20 . 0     Potassium  cyanide 


11.6  Lead  pencils. . . . 

27 . 7  Bleaching  powdei 


24 . 0  Carbolic  acid 

6.5     Zinc  ashes 

15.1  Crude  medicinals. 


6.8  Chemical  preparations  for  medicinal  use.  .  , 

11.7  Quebracho  extract 

39 . 1  Barium  salts 

24 . 4  Gelatine 

31.4  Tartar  emetic  and  antimony   preparations. 


11.7     Salt 

11.6     Ozokerite,  purified. 


12.1      Mutches  etc.. 


,  ammonium  chloride 


7.0     I.ithopone. 


Lake  colors . 
Ultramarine 


Value  in 
J.  S.  money 

Dollars 

14,478.000 

4,358,000 

4,253,000 

4.001,000 

3,618,000 

2,837.000 

2,820,000 

2,680.000 

I ,683,000 

1,678,000 

1,359,000 

I .164.000 

919.000 

904.000 

838.000 

823.000 

730.000 

,  .      516,000 

424,000 

.      381,000 

.      374,000 

326,000 

,  .      319.000 

288.000 

262,000 

226,000 

205,000 

195.000 

181.000 

178,000 

167.000 

126,000 

124,000 

119,000 

119.000 

112.000 

112.000 

112.000 

105,000 

105,000 

102,000 

97,000 

83,000 

81,000 

74.000 

67.000 

64.000 

64.000 

62.000 

55.000 

55.000 

33,000 

33,000 

31  ,000 

24,000 


TOTAL,  116,993,100 


loliil  coal-tar  dye  receipts  in  the  V.  S.  from  Germany. 
The  acetate  of  lime  account  practically  balances  the 
indigo  account.  Out  of  the  -'  i  classes  of  chemical 
products  which  Germany  inipurtcd  from  the  United 
Slates  in  1004,  7  of  them  each  made  up  65  per  cent 
and  more  of  Germany's  total  importations  of  those 
articles;  these  seven  are  acetate  of  lime,  oleomarga- 


U.    S.    EXPOKTS    TO    G8KMAXV 

Refined  petrolciini 


Percentage  of 

total  import 

of  product 

into  Germaoy 

84.3 


Oleomargarine 

Turpentine  and  other  ro*iD  oUa. 

Rock  phosphate 

Rosin 


88.0 
80.0 
65.0 

79   4 


Cotton  seed  oil 


I^ubricating   oils 

Beef  and  mutton  lallu 


Stearic  and  palmitic  aciili 
Acetate  of  lime 
Crude  oil        . 

Woo<l  alcohol 


Oleic  acid,  etc 


Ethereal  oils  n.  s.  p.  f. 


Oils  for   industrial    uses 


Gums  and  varnishes 17.0 

Albuminous  material 14.7 

Dycwood  extracts    13.5 

Eurthsn.sp    f                                       4.0 

Zinc  ashes     .                                                  0.4 


TOTAL.  US. 194.140 


rinc,    refined    petroleum,    cotton    seed    oil,    turpentine 
and  other  rosin  oils,  rosin  and  rock  phosphate. 

Figures  later  than  1904  are  not  conveniently  avail- 
able; there  is  no  reason  to  suppose  that  there  has,  as 
yet,  been  a  great  shifting,  if  any,  of  the  relative  posi- 
tions of  any  of  the  items  herein  involved. 

Uernhard  C.  Hesse 


ORIGINAL  PAPLR5 


SYNTHETIC  RESINS 

By    1..    V      Kl!l>MAN,    A.    J.    WltlTII    AND    1'.    P.     HkuCK 

Received  Oclnl.cr  .10,    1913 

Coiitliii.uilioii    I'rotlucis    of    I'liitiolic  Bodies  uith  IJexa- 
melhylcnc  Tttramine 
The  condensation  products  or  synthetic  resins  which 


iccui  wi-.cu  ['liciiolic  bodies  arc  heated  ih  ..  ..,.,; 
solution  of  formaldehyde,  their  polymers  or  equiva- 
lents are  already  well  known  from  scientific  and  patent 
literature.  The  term  "phenolic  bodies"  signifies  any 
substance  containing  a  benzene  nucleus  and  having  a 
hydroxyl    attached    to    the    ring.    e.    g.,    the    cresols. 
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naphthols,  thymol,  carvacrol,  etc.,  the  chlor-  and  brom- 
phenols,  nitro-phenols,  phenol  sulfonic  acid,  etc. 
The  term  formaldehyde  includes  its  hydrates  or 
polymers  and  may  be  replaced  in  the  reaction  by  acet- 
aldehyde,  benzaldehyde,  etc.,  in  certain  cases,  but  the 
formaldehyde  is  in  every  case  more  reactive  than  the 
substituted  aldehyde,  or  the  aldehydes  higher  in  the 
series. 

The  formaldehyde-phenol  reaction  products  are 
formed  in  every  case  with  the  elimination  of  water  as 
a  by-product.  The  first  step  in  the  reaction  goes 
according  the  the  following  equation: 

CeHsOH  +  CH2O  — >  HOCHj.CeHiOH 
forming  oxybenzyl  alcohol.     The  second  change  may 
be  represented  by  the  equation: 
2HOCH2.C6H4OH  — > 

HOCH,.C6H4.0CH..C6H40H  +  H.O 
in  which  two  molecules  of  oxybenzyl  alcohol  unite 
with  the  elimination  of  water  and  the  formation  of 
saligeno-saligenin.  Further  reaction  may  occur  in 
which  the  saligenin  molecules  unite,  forming  a  saliretin 
product  with  the  further  elimination  of  water. 

The  water  of  reaction  is  not  the  only  water  present, 
since  commercial  formaldehyde  is  60  per  cent  water 
and  in  the  process  of  formation,  this  water  separates 
out  from  the  newly  formed  resin. 

The  wet  process  for  obtaining  the  synthetic  resins 
has  been  exploited  successfully,  commercially,  by  a 
number  of  research  chemists  who  have  patented  the 
results  of  their  researches. 

Difficulty  is  experienced  in  following  the  rate  of  this 
wet  reaction  for,  heretofore,  phenol  hai  been  difficult 
to  determine  in  the  presence  of  formaldehyde  and  for- 
maldehyde requires  a  considerable  length  of  time 
(about  48  hours)  for  each  determination,  the  results 
being  unreliable  within  2  or  3  per  cent.  Conse- 
quently, great  difficulty  is  experienced  in  following  the 
progress  of  the  condensation. 

An  attempt  has  been  made  by  Jablonower'  to  follow 
the  velocity  of  this  reaction  in  an  open  system  by 
measuring  the  rate  of  change  in  the  specific  gravity 
of  the  reacting  mixtures. 

The  reaction  between  a  phenolic  body  and  formal- 
dehyde or  a  polymer  is  only  a  part  of  the  more  general 
reaction  which  takes  place  between  a  simple  or  sub- 
stituted mobile  methylene  group  and  any  substance 
containing  in  its  molecule  a  benzene  nucleus  to  which 
a  hydroxyl  is  generally  attached. 

The  hydrogen  of  the  active  methylene  group  may  be 
substituted  by  the  alkyl  radicals,  giving  the  higher 
aldehydes  of  the  fatty  series  or  by  a  benzene  nucleus 
giving  the  aromatic  aldehydes.  The  oxygen,  to  which 
the  active  methylene  group  is  attached,  in  aldehydes, 
may  be  replaced  by  sulfur  or  nitrogen.  With  sulfur 
the  malodorous  thio-aldehydes  are  formed;  the  nitrogen 
forms  with  active  methylene  groups  hexamethylene 
tetramine,  hydro-benzamide,  etc.  The  nitrogen  com- 
pounds are  colorless,  odorless,  transparent  and  crystal- 
line, easily  soluble  in  water  and  sparingly  soluble  in 
alcohol.  They  sublime  without  melting  and  are 
Stable  products;  when  boiled  in  dilute  acids  they  break 

1  J.  Am.  Chem.  Soc.  38,  811  (1913). 


down  into  ammonia  and  the  corresponding  aldehydes; 
boiling  in  alkali  has  no  effect  upon  them. 

Hereafter,  the  word  phenol  will  be  used  to  designate 
all  compounds  having  a  hydroxyl  group  attached  to 
the  benzene  nucleus,  and  by  the  term  "methylene 
body"  shall  be  understood  all  compounds  containing 
an  active  methylene  group;  the  hydrogen  of  the  group 
may  or  may  not  be  replaced  by  other  bodies  or  radicals 
and  the  methylene  group  may  be  attached  to  oxygen, 
nitrogen,  sulfur  or  their  equivalent  which  allows  the 
methylene  to  remain  active. 

HISTORICAL 

Condensation  of  the  Salicylates 
As  early  as  1853  Gerhardt'  showed  that  an  in- 
soluble resin  could  be  produced  by  the  dehydrating 
of  sodium  salicylate  by  means  of  phosphorus  oxy- 
chloride,  giving  as  the  reaction  aCCyHjOa)  — >■ 
ChHioOc  -|-  HjO.  Gerhardt  notes  that  this  resin  will  • 
hydrolyze  in  KOH  solution. 

Schroder,  Prinzhorn  and  Kraut'  in  1869  by  de- 
hydrating sodium  salicylate  with  POCI3  produced  a 
resin  insoluble  in  water,  alcohol,  ether,  etc.,  which 
hydrolyzed  back  in  the  presence  of  KOH  to  salicylic 
acid.     Combustion  of  the  insoluble  resin  gave: 

Calculated     Calculated  Calculated 

for  hepta         for  octo  Tor  nono- 

Obtained  by  Obtained  by     salicylo-           salicylo-  salicylo- 

SocoIofF         Prinzhorn    salicylic  acid  salicylic  acid  salicylic  acid 

C 68.94                68.92                68.71                68.85  68.92 

H 3.64                  3.44                  3.48                  3.46  3.44 

The  calculations  show  for  the  octo-  and  nono- 
salicylosaUcylic  acid  a  better  agreement  with  the  com- 
bustion experiments^than  does  the  calculated  value  for 
hepta-salicylo-salicylic  acid.  This  larger  molecular 
chain  agrees  with  the  results  of  Beilstein  and  Seel- 
heim  in  dehydrating  saligenin  as  recalculated.' 

The  probable  linking  of  the  chain  is  according  to  the 
formula 

HO.C6H4COO.(C6H4COO)7.C6H4COOH 

Velden  in  1877*  showed  that  salicylic  acid,  in  the 
presence  of  sodium  amalgam  and  acid,  would  reduce  to 
an  oxybenzylalcohol  and  then  dehydrate  into  a  sali- 
retin body  This  same  phenomenon  has  been  shown 
by  Dr.  Baekeland*  to  be  possible  when  salicylic  acid 
is  reduced  at  the  cathode  by  electrolysis. 

Salicylic  acid  and  pyrogallol  boiled  in  absolute 
alcohol  give  a  product  which  is  soluble  in  alcohol,  has 
the  formula  (C26H22O,),  and  is  probably  represented* 
by  a  dehydrated  polymer  of 


OH 


H 
C  — O- 


Condensation  of  Phenols  and  Higher  Aldehydes 
In    1871    Baeyer'    showed    that    benzaldehyde    and 
pyrogallol  gave  a  substance  insoluble  in  KOH,  the  re- 

1  Ann.  der  Chemie.  87,  159  (1853). 

«  Ihid.,  ISO,  1  (1869). 

'  Page  5. 

•  Jahresbnicht.  6,  37  (1877). 

'  This  Journal.  4.  737  (1912). 

'  Patcrno  Gazetta,  Chem.  JIaliana,  2,  1  (1872). 

'  Berkhle,  6,  25  (1871);  8,  280  (1872). 
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action  going  according  to  the  equation  2(C,H«0)  + 
2(C,HeO,)  =  (CieHijO,)  +  HiO.  The  resin  thus 
produced,  reddens  on  oxidizing  and  bleaches  on  re- 
ducing, and  by  heating  at  200°  C.  passes  with  the  loss 
of  hydrogen  to  a  substance  of  the  formula  C3(H|«07. 

Phenol  and  benzaldehyde,  with  HsS04  as  the  con- 
densing agent,  give  a  red  resin  which  was  soluble  with 
a  red  color  in  concentrated  sulfuric  acid,  water,  or 
alkali,  and  gives,  in  alkali,  a  beautiful  violet  color. 

Formaldehyde,  phenol  and  concentrated  sulfuric 
acid  give  a  pasty  mass  which  dissolves  in  KOH  solu- 
tion. 

Trzcinski  in  1884'  working  with  benzaldehyde  and 
/3-naphthol  produced  a  resin  which  is  insoluble  in 
alkalies  and  which  may  be  represented  by  4CioHiO.- 
4C„H5.CHO— (sHjO). 

In  i886  Claus  and  Trainer'  showed  that  aldehydes 
and  ethyl  alcohol  condensed  with  HCI  gave  alkali 
insoluble  products.  They  showed  further  that  by 
boiling  2  mols  of  phenol  and  i  niol  of  acetaldehyde 
in  ether  a  substance  was  formed  which  resembled  very 
closely  a  higher  saliretin  in  its  qualities  and  gave  as 
its  possible  formula 

HjCCCH^OH),: 
/3-naphthol  and  acetaldehyde  in  HCI.  gave  products 
insoluble  in  KOH,  while  a-naphthol  gave  a  resin 
soluble  in  alkali.  Their  formula  suggested  for 
j3-naphthol  resin  is  C2H402(CioH,)2  and  for  the 
<-»-naphthol  resin  CjHiCCoH.OH),. 

Condensation  of  Oxybenzyl  Alcohols  (Saligenin) 

Hcilstcin  and  Seelheim'  in  1861  produced  a  resin 
from  oxybcnzylalcohol  by  dehydrating  this  substance 
with  acetic  anhydride  or  ethyl  iodide  which  on  analysis 
gave: 

Calculated  for 
Ex|>t.  1  E»pl   2  Expt.  3     8CiHiOt-7HtO 

C 78.02  77.44  77.80  77.59 

H 5.98  5.93  5.60  5.77 

and  Kraut*  in  reviewing  this  work  suggests  the  formula 
CjjHioO,  =  8(C7HiOj)  —  yHjO  which  he  names 
heptasaligeno-saligenin.  That  would  be  for  a  sub- 
stance where 

C  =  77.59  H   =   S-77 

which  agrees  fairly  well  with  results  for  Expt.  2;  but 
Expt.  I  agrees  better  with  ii(C,HiOj)  —  loHjO  = 
C;7H(nOij  since  for  this  formula 

C  =   78.02,  H   =     5.74; 
and  Expt.  3    may    be    represented    by    9(C,HiOj)    — 
8H,0     =     (C„H„0,o)  where 

C  =  77-77.  H  =  S.76 
From  these  results,  it  seems  not  unreasonable  to 
conclude  that  the  insoluble  resin  formed  is  variable 
and  is  formed  by  simply  lengthening  the  molecular 
chain  ami  may  proceed  indetinitely.  The  chain  of  the 
type 

OCH.  ^  O   )  )CH,   -   OH 

continuing  to  grow  indeliiiilely.     The  longer  the  chain 

'  linichu.  IT,  499  (1884). 

•  /^i.(..  1»,  3004  (1886). 

•  B.  and  S..  Ann.  in  Chemif.  IIT.  87  (1861). 

•  Kraut.  Ibid..  1S«,  \:.\. 


the  more  nearly  will  the  proportions  of  phenol  to  the 
methylene  group  be  i  :   i. 

Moitcssier,'  in  1866,  pointed  out  that  saligenin  de- 
hydrated and  with  the  loss  of  one  water  passed  over 
into  a  saliretin  resin. 

Condensation  of  Bentene  Nuclei  and  Formaldehyde 

As  early  as  1871  Baeyer'  published  a  monograph  on 
the  condensation  of  phenols  with  aldehydes  in  which 
he  concludes  "  Dass  sich  alle  aldehyde  mit  alien 
Phenolcn  zu  Korpern  verinigen."  And  Manasse  in 
1894,  working  with  synthetic  resins  made  from  phenols 
notes  that  "  Es  ist  keine  neue  Beobachtung  das  beide 
Componenten  in  Verhaltnisso  i  :   i  zusammentreten." 

Baeyer'  demonstrated  also  that  formaldehyde  could 
be  replaced  by  chloral  or  the  ammonia  aldehydes  in 
water  and  that  the  phenols  such  as  pyrogallol,  resorcin, 
benzoic  acid,  gallic  acid,  etc.,  would  act  similarly  to 
phenol. 

Schotten,*in  1878,  produced  resinous  substances  with 
formaldehyde  and  phenols  in  which  the  hydrogen 
of  the  ring  was  replaced  by  such  groups  as  — CH|, 
—  NO;,  -  COOH.  etc. 

Tollens,'  in  1874,  produced  a  rather  remarkable 
product  from  the  reaction  of  formaldehyde  on  aniline 
according  to  the  reaction 

C.H.XH,  +  CH.O  — *-  C,H»— N=CH,. 

In  1 89 1  Kleeberg*  made  a  resin  by  adding  10  grams 
phenol  to  20  cc.  formalin  and  adding,  further,  with 
cooling,  concentrated  HCI.  The  result  was  a  resin 
insoluble  in  alkali  and  from  this  purified  resin  he  could 
obtain  no  concordant  combustion  analysis. 

With  gallic  acid  and  formaldehyde,  a  substance 
CijHijOio  was  obtained. 

Abel,'  in  1892,  made  from  a-  and  /3-naphthol  and 
formaldehyde,  in  acetic  acid,  soluble  resins  which,  on 
treating  with  alkaline  halogens,  became  quite  insoluble 
going   over   to   the   substance 

Ci»H« 


<v-i»n«v 
C„H./ 


which  could  be  readily  reduced  with  zinc  dust  in  acid 
solution.  Treating  the  dinaphthol  methanes  with 
hydroxylamine  produced  an  insoluble  substance 


]^C„Hr-N 
CH  I 

Abel  also  pointed  out  that  thymol  and  guaiacol  gave 
condensation  products. 

In  1H92  Hosaeus*  showed  that  phenol,  resorcin, 
pyrogallol  or  phloroglucin  heated  with  dilute  for- 
malin in  the  presence  of  rather  strong  HjSOi  or  HCI 
gave  insoluble  resins. 

I  Jakrtibrtuhlt.  ItM,  677. 

>  itrTuM,.  t.  :i  (I8;i):  •,  2to  (IS77). 

'  /^lJ  .  I,  ."SO  {\s::). 

'  IbiJ  ,  11.  784  (1878). 

•  BtTuklt.  IT.  65 .t  (1884). 

•  .4>a.  in  Cktmi;  tW,  lU. 
<  Bnitklt.  M.  .147  7  (1892). 

•  Ihii..  M,  S3\i  (1892). 
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Manasse,   1894,  produced  a  resin  by  taking 

I  mol  phenol 

I  mol  40  per  cent  formalin 

I  mol  caustic  soda 
and  allowing  the  reaction  to  take  place  in  the  cold;  the 
odor  of  formaldehyde  disappears,   and   ortho.xybenzyl 
alcohol  is  the  chief  product. 

Wohl  and  Mylo,^  in  1912,  working  with  acrolein 
suggest  the  polymerization  of  formalin  and  phenol 
according  to  the  equation 

Ho  <(       y  =  O  +  CH2O  — >■  H2C<(       ^  =  0  +  H2O 

That  this  does  take  place  to  a  certain  extent  may 
account  for  the  quinone  coloring  of  the  re.sins,  being 
green  in  alkali,  and  red  in  acid. 

Lebach^  (1909-1913)  deals,  at  length,  with  the  ap- 
plication of  these  resins  to  specific  industries.  The 
resins  are  produced  in  every  case  from  the  boiling 
together  of  phenols  and  aqueous  formaldehyde  in  the 
presence  of  a  condensing  agent. 

Dr.  Baekeland-'  has  published  a  number  of  original 
papers  on  the  practical  application  of  these  resins  which 
are  formed  from  aldehydes  and  phenols.  A  great 
variety  of  commercial  articles  has  been  produced  by 
the  use  of  these  resins  as  binders,  glues,  lacquers, 
varnishes,  shellacs,  and  solid  products  imitating 
amber,  horn,  bone,  vulcanized  rubber,  etc.  He  showed 
that  this  reaction,  which  is  too  violent  when  large 
quantities  of  catalyzers  are  added,  and  too  slow  as  a 
rule  when  no  catalyzer  is  present,  may  be  controlled 
effectively  by  adding  less  than  one-fifth  of  a  formula 
weight  of  a  basic  substance  for  each  mol  of  phenol 
present.  He  pointed  out  also  that  the  resins  formed 
when  a  basic  substance  is  present  are  more  insoluble 
in  ordinary  solvents  than  those  resins  formed  in  the 
presence  of  acids. 

Litterschied    and    Thimme,''  in    1904,  produced    in- 
soluble   phenolic    resins    by    substituting    monochlor 
methyl  ether,   CICH2 — 0 — CH3,  for  formaldehyde. 
Condensation  of  Aromatic  Hydrocarbons  and  Formalde- 
hyde 

A  very  remarkable  polymerization*  takes  place 
when  mesitylene  (symmetrical  trimethylbenzene)  is 
treated  with  formaldehyde,  glacial  acetic  acid  and  con- 
centrated sulfuric  acid. 

The  reaction  is  according  to  the  equation 
aCoHaCCHj),  +  CH.2O  — >■ 

(CH3)3C6H2.CH2.C6H2(CH3)3    +    H2O 

and  this  substance  is  always  formed  no  matter  what 
proportions  of  the  original  substances  are  used. 

A  similar  reaction  takes  place  when  benzene  and 
chloral  react  according .  to  the  equation  CeHs  -|- 
CCI3.CHO  — >  (C»H5)2.HC.CCl3,  which  yields  di- 
phenyl  trichlor  ethane.  This  remarkable  condensa- 
tion of  benzene  nuclei  with  methylenes  in  the  absence 
of  hydroxyls  was  noted  by   Baeycr  "  Es  scheinen  sich 

'  BcrUhte.  46,  2046  (1912). 


'  Lebach,  Zeil.  fUr  angcw  Chcmie 
Ind..  32,  559  (1913) 

3  Trans.  Am.  Electrochem,  Soc, 
149,  545  (1909);  »,  932  (1911);  4,  737 

'  Chem.  Cenlr..  1904,  Bd.  949. 

>  Baeycr,  Brrkhle,  6,  1094  (1872). 


22,    1598  (1909),  Jo 


IS,    149   (1909;  This  Journal.   1, 
(1912);  5,  506  (1913). 


uberhaupt  alle  Aldehyde  unter  geeigneten  L'mstanden 
direkt  mit  den  aromatischen  Kohlenwasserstoffen  zu 
verbinden  in  dessen  treten  dabei  haufig  Harze  auf." 

PATENT  LITERATURE. — For  fifteen  years  efforts  have 
been  made  to  commercialize  these  synthetic  phenolic 
resins.  Smith,'  in  1899,  patented  a  product  and  process 
obtained  by  heating  one  mol  of  phenol  with  i  mol  of 
formaldehyde  and  strong  HCl,  adding  wood  alcohol 
and  amyl  alcohol  to  retard  the  reaction.  Th£  ma- 
terial was  then  dried  in  sheets  at  100°  C.  for  12-30 
hours. 

Luft,^  in  1902,  in  his  improved  process  added  such 
substances  as  glycerine  and  camphor  to  make  the 
synthetic  resins  more  suitable  for  molding. 

Blumer,'  in  the  same  year,  produced  a  resin  suitable 
as  a  shellac  substitute  by  using  tartaric  acid  in  large 
amounts  as  a  condensing  agent,  e.  g.,  2  mols  of  phenol, 
2  mols  of  formalin  and  i  mol  of  tartaric  acid. 

Fayolle,^  1903-4,  in  his  French  patents  uses  sulfuric 
acid  as  a  condensing  agent  and  adds  large  quantities 
of  glycerine,  pitch,  oils,  etc.,  as  organic  fillers. 

Story,*  in  1905,  omitted  condensing  agents  altogether; 
after  boiling  the  phenol  and  formaldehyde  for  8-10 
hours  at  100°  C.  the  resin  is  dried  out  at  80°  C. 

In  1905  DeLaire*  introduced  caustic  as  a  condensing 
agent.  He  used  the  alkali  in  equimolecular  pro- 
portions with  the  phenol  and  precipitated  the  resin 
from  solution  by  acid. 

DeLaire'  advanced  the  art  further  by  resinifying 
phenol  alcohols  with  heat  and  reduced  pressure. 

Fried.  Bayer  &  Co.,*  1907,  patented  a  process  of 
making  odorless  shellac  substitutes  by  using  o-cresol 
in  place  of  the  ordinary  phenols. 

Helm,'  1907,  introduced  amines  and  ammonium  salts 
as  condensing  agents  or  catalyzers.  The  agents  he 
uses  in  almost  equimolecular  proportions. 

A  series'"  of  patents  were  taken  out  in  1907  by  Knoll 
&  Co.  in  Germany  and  by  Wetter  in  Great  Britain  for 
H.  Lebach  in  which  the  condensing  agents  were  acid 
or  alkaline  salts;  sodium  sulfite  is  specially  mentioned. 
In  Brit.  Pat.  28,009,  i907)  occurs  the  first  mention 
of  the  possible  use  of  hexamethylenetetramine.  How- 
ever, the  patent  text  shows  clearly  that  this  reaction  is 
no  other  than  a  water  process,  to  which  a  condensing 
agent  has  been  added. 

Grognot,"  in  1908,  patented  a  process  for  making 
phenolic  resins  in  the  presence  of  large  quantities  of 
glycerine  and  after  the  reaction  has  proceeded,  the 
desired  length  distilling  off  the  excess  water  and 
glycerine. 

Dr.    Baekeland'^    has    patented  processes    for    pro- 

'  Brit.  Pat  16,247,  1899;  Ger.  Pat.  112,685,  1899. 

=  Ger,  Pat,  140,552,  1902;  U.  S.  Pat.  735,278. 

'  Brit.  Pat.  12,880.  1902. 

'  Kr.  Pat.  33,584,  1903;  2.414,  1904;  2.485,  1904;  341,0-13,  1904. 

'  Brit.  Pat,  8,875,  1905, 

«  Vr.  Pat.  361,539.  1905. 

'  Brit.  Pat.  204,811,  1907;  Ger.  Pat.  189,262,  1905. 

*^  Ger.  Pat.  201  261,  1907. 

'  Brit.  Pat.  25. .'16,  1907. 

'»  Btit.  Pat.  28.009,  1907;  24,072.  1908;  Swiss  Pat.  40,994,  1907;  Fr.  Pat. 
395.657;  Belg.  Pat.  204,811,  1907. 
"  U.  S.  Pat.  391,436,  1908. 

"  U.  S.  Pats.  939.966,  941,605,  942,699,  942,700.  942,808.  942,809, 
942,852,  949,671,  954.666.  957,137,  982,230,  1.018.385.  1,019.406,  1.019.407, 
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ducing  synthetic  resins  from  phenols  and  formaldehyde 
in  the  jjresence  of  less  than  '/»  of  a  mol  of  basic  con- 
densing agents  per  mol  of  phenol.  The  reaction  may 
be  kept  well  under  control  if  the  condensing  agent  be 
present  in  small  amounts  and  the  resins  are  ordinarily 
more  insoluble  if  basic,  rather  than  acid-condensing 
agents  be  used. 

Dr.  Baekcland'  warns  against  the  use  of  con- 
densing agents  in  excess  of  '/i  of  a  formula  weight 
per  mol  of  phenol  for  two  reasons:  (i)  the  rapid  in- 
crease in  the  reaction  caused  by  large  amounts  of 
the  condensing  agent;  (2)  the  trouble  which  the  presence 
of  the  condensing  agent  may  ■  iiise  in  the  final  product; 
for  example,  he  warns  us  thai,  "if  a  large  amount  of 
ammonia  be  used  hexamethyleiu;  tetramine  is  formed 
which  is  a  crystalline  body  of  'kfinite  chemical  com- 
position." Further  "It  is  therefore  essential  that  the 
proportion  of  base  should  not  e.xieed  certain  definite 
limits,  and  the  maximum  permissible  proportion  has 
been  found  to  be  less  than  '/s  of  the  equimolecular 
proportion  of  the  phenolic  body  present.  If  larger 
proportions  of  base  be  used,  there  are  formed  in  the 
mass,  such  amounts  of  disturbing  bodies  as  serve  to 
render  the  product  technically  itiferior  or  worthless 
for  the  purpose  of  this  invention." 

Other  patents'  have  been  granted  recently  to 
Aylsworth  in  which  the  resin,  resulting  from  the  heat- 
ing of  2  mols  of  phenol  and  one  mol  of  formaldehyde,  is 
hardened  by  heating  in  the  dry  by  the  addition  of  a 
sufficient  amount  of  hexamethylenetetramine. 

PROBLEM.— From  a  review,  then,  of  the  scientific  and 
patent  literature  it  is  evident  thai  there  remains  to  be 
studied  the  reaction  and  the  products  which  are  formed 
when  hexamethylcnc  tetramine  is  made  toreactinthedry 
condition  with  anhydrous  phenol.  All  the  previous 
literature  has  had  to  do  with  phenols  and  active 
methylenes  in  water  solution  l<>  which  condensing 
agents  have  generally  been  addeil.  The  quantity  and 
kind  of  condensing  agent  has  lieen  shown  by  Dr. 
Uaekeland  to  be  of  prime  importance  in  these  reactions. 
Mention  of  the  use  of  hexamethylene  tetramine  as  a 
substitute  for  formaldehyde  has  been  made  by  Wetter,' 
but  it  is  reasonable  to  presume,  from  the  context  of  his 
patents,  that  it  was  to  be  used  in  a  water  solution  and 
in  the  presence  of  a  condensing  agent.  All  these 
previous  processes  require  the  freeing  of  the  resin  from 
the  water  contained  in  the  40  per  cent  formaldehyde 
solution  and  also  the  water  which  is  a  by-product 
of  the  reaction.  The  resins  piipared  in  this  way  have 
also  to  be  washed  free  of  the  >  (.miensing  agent. 

However,  in  the  case  of  aiiliydrous  phenol  and  dry 
hexamethylenetetramine,  there  is  no  water  present 
in  the  ingredients.  Neither  is  there  any  water  formed 
as  a  by-product  and  no  condensing  agent  is  present, 
which  must  later  be  freed  from  the  resins  by  washing. 
The  only  by-product  is  ammonia  and  it  escapes 
readily  on  account  of  its  volatility. 

In  the  study  of  this  anhydrous  reaction  the  condi- 
tions are  always  under  exact  control  and  the  reactions 
are   dclinite   and  easily    followed.      The   resins  formed 

•  li.  .'^.  I'at.  942.80<J,  I9(V) 

•  U.  S.  Pat.  1.020.5'J.»  ami  l.o.-J.r.T: 

'  Lm.  tit.  . 


have  very  great  commercial  possibilities  on  account 
of  their  uniformity,  chemical  inertness,  dielectric 
properties,  mechanical  strength,  high  refractive  index 
(lustre),  plasticity  at  certain  stages  and  the  cheapness 
and  supply  of  the  raw  materials  from  which  these 
resins  are  manufactured. 

THE  ANHVDHOUS  KEACTION  BETWEE.V    HEX AMETH YLE.N'E- 
TETRAUINE  AND  PHE.NOL 

H e xnmtthylenetetramine  Triphenol 

The  simplest  product  which  forms  when  phenol 
reacts  with  hexamethylenetetramine  is  the  addition 
product  hexamethylenetetraminetriphenol'  which  crys- 
tallizes out  of  a  cold  water  solution. 

Lebach,'  igog,  states  that  hexamethylenetetramine 
triphenol  when  heated  by  itself,  1.  e.,  in  the  dry,  goes 
over  with  the  evolution  of  ammonia  into  "einen 
gelben  unloslichen  und  unschmelzbarcn  Korper  uber, 
der  nichts  andercs  ist  als  Bakelit."  The  reason  for 
this  conclusion  doubtless  lies  in  the  fact  that  the  in- 
soluble material  has  the  same  yellow,  transparent, 
glossy  appearance  as  Bakclite  which  has  been  made 
from  phenol  and  formaldehyde  using  ammonia  as  the 
condensing  agent.  However  this  may  be,  the  ma- 
terial has  not  at  all  the  same  composition  as  Bakelite. 
Dr.  Baekeland  gives  as  his  conclusion  from  his  experi- 
ments that  Bakclite  consists  of  a  maicrial  in  which 
6  phenols'  have  united  with  7  methylene  groups. 

Hexamethylenetetraminetriphenol  has  a  coQipo- 
sition  of  6  phenols  for  every  12  methylenes,  or  ^l'.^ 
per  cent  more  methylene  than  is  necessary  for 
making  Bakelite. 

Another  argument  which  must  be  brought  in  opposi- 
tion 1(1  this  conclusion  lies  in  the  fact  that  Dr.  Baeke- 
land represents  the  addition  of  the  seventh  formalde- 
hyde group  directly  to  the  molecule  without  the 
elimination  of  the  oxygen  in  the  formaldehyde  as  shown 
in  the  equation*  with  the  elimination  of  water.  Now 
in  the  dry  this  final  reaction  can  not  possibly  take 
place.  No  oxygen  or  water  is  present  to  form  with  the 
methylene  group,  formaldehyde.  Indeed  the  only 
oxygen  present  in  the  reaction  is  contained  in  the 
hydroxyl  of  the  phenol  and  as  we  have  shown  in  the 
case  of  anisol  and  phenetol'  when  the  hydroxyl  group 
becomes  inactive  no  reaction  takes  place  between 
hexamethylenetetramine  and  the  compound  containing 
the  benzene  nucleus,  it  seems  reasonable,  therefore,  to 
assume  that  the  oxygen  of  the  hydroxyl  is  not  inter- 
fered with  as  this  reaction  proceeds  normally  and 
produces  the  insoluble  resin.  We  have  shown  else- 
where' that  in  the  reaction  between  phenol  and  hexa- 
methylenetetramine no  water  is  evolved. 

When  hexamethylcnetetraminetriphcnol  is  heated, 
there  escapes  not  only  ammonia  and  a  small  amount 
of  phenol  but  also  there  is  present  a  strong  fishlike 
or  mouse  odor  of  mcthylamines.  The  latter  by- 
product is  not  present  when  the  phenol  is  increased 
to  6  mols  of  phenol  to  7  methylenes.     Such  a  resin  with 

>  MnvhiitiM  and  Tollcn*.  Ann   dtt  Clumu.  tTS,  2tO 

>  Zftl.  ftr  amtrw   Clumu.  Unit  jrvu,  IbOO  1409 

>  Tui»  JoviHAL.  1.  Mar..  1909;  I,  Jua*.  I9U. 

•  Pm«  1-' 

'  S««  pagr  12. 

•  Sec  P*||M  II  aad  12. 
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twice  the  amount  of  necessary  methylene  would 
be  not  only  costly  but  useless  both  in  the  quality 
of  the  resin  and  the  offensive  methylamine  odor  which 
it  possesses. 

With  the  formation  of  different  by-products,  the 
absence  of  water  or  oxygen  to  form  methyleneglycol 
or  formaldehyde,  thereby  preventing  the  hardening 
process  from  taking  place  according  to  Dr.  Baeke- 
land's  formula  and  the  proportions  of  phenol  to  methyl- 
enes being  6  :  12  instead  of  6  :  7  it  seems  untenable 
to  hold  that  the  yellow  material  which  forms  when 
hexamethylenetetramine  triphenol  is  heated  in  the 
dry,  is  Bakelite. 

The  resin  aggregate  resulting  from  the  heating  of 
dry  hexamethylenetetramine  triphenol  at  175°  C.  or 
higher  for  i  hour,  with  the  evolution  of  ammonia  and 
methylamines  will  swell,  soften  and  partly  dissolve  or 
disintegrate  in  boiling  phenol  with  a  strong  evolution 
of  ammonia.  This  indicates  the  very  evident  fact 
that  hexamethylenetetramine  or  some  of  its  degrada- 
tion products  are  present  in  some  form  in  the  resin. 
A  further  proof  of  this  lies  in  the  fact  that  the  aggre- 
gate swells  in  dilute  HCl.  No  other  resin  which  we 
have  made  swells  in  acid.  All  other  resins,  even  the 
alcohol-soluble  "Novalak"  remains  quite  unaffected 
in  an  acid  solution.  The  swelling  indicates  that  there 
is  present  in  the  aggregate  a  material  which  is  soluble 
in  acid. 

In  the  wet  process  it  is  impossible  to  say  that  the 
substance  which  is  reacting  in  solution  to  produce  the 
resin  is  hexamethylenetetramine  triphenol.  There 
are  no  methylamines  given  off  as  by-products  and  the 
excess  hexamethylenetetramine  remains  in  the  water 
solution  while  the  resin  which  forms  has  a  ratio  of 
phenol  to  methylene  13  :  12  in  the  early  stages  of 
heating  and  the  final  product  has  a  ratio  of  6  :  6. 

Hexamethylenetetramine  and  Phenol  {Wet  Process) 

When  I  mol  of  hexamethylenetetramine  and  6 
mols  of  phenol  are  dissolved  in  500  cc.  of  water  and  the 
solution  boiled,  a  light  yellow  colored,  transparent, 
amber-like,  viscous  liquid  begins  to  separate  out 
which  on  continued  heating  becomes  very  viscous  and 
finally  changes  to  a  brittle  amber  solid  when  cold. 
This  reaction  is  probably  identical  with  that  which 
takes  place  when  i  mol  of  formaldehyde  and  i  mol 
of  phenol  are  heated  together,  using  ammonia  as  a 
condensing  agent  to  hasten  the  reaction. 

The  general  conditions  have  been  presented  which 
occur  when  an  active  methylene  group  reacts  with  a 
phenolic  body  in  the  presence  of  water.  A  very 
diflEerent  set  of  reactions  takes  place  when  no  water 
is  present  during  the  reaction. 

By-products  of  the  Dry  Reaction 

When  formaldehyde  is  used  the  by-product  formed 
is  water,  the  reaction  taking  place  with  the  dehydration 
of  the  product  as  follows: 

2H0CHj-|-  C6H4OH — >»  HO.C6H4.CH,OC6H4.CH20H 

The  reaction  continues  with  increasing  size  of  the 
molecule  and  further  elimination  of  water. 

If,   however,   dry   hexamethylenetetramine   and   an- 


hydrous phenol  be  mixed  together  and  the  mixture 
heated  at  60°  C.  or  higher  a  reaction  begins  with  the 
evolution  of  ammonia,  and  ammonia  is  the  only  by- 
product as  shall  be  shown  later.  If  the  phenol  be 
present  in  excess,  and  if  the  mass  be  heated  to  the 
boiling  point,  the  reaction  is  very  rapid.  Practically 
all  the  ammonia  is  given  off  in  the  first  ten  minutes 
of  the  boiling  and  the  reaction  is  quite  complete  and 
all  the  nitrogen  has  been  evolved  as  ammonia  within 
2  hours  from  the  beginning  of  the  reaction.  The  re- 
action takes  place  probably  in  a  series  of  steps.  Ac- 
cepting the  formula  of  hexamethylenetetramine  as 

N=(CHr-N  =  CH2)3 
this  reaction  may  take  place  as  follows: 
2C6H6OH  4-  N=(CH2— N  =  CH2)3 — > 
HO.C6H4.O.CH2.C6H4.CH2.NH2 

-f  HN  =  (CHr-N  =  CH2)2 

and  a  second  reaction  may  occur 

2C.H5OH  +  HN  =  (CH2— N  =  CH2)2 — >■ 
NH2.CH2.C6H4.O.CH2.C6H4OH 

-f  H2N— CH2— N=CH. 

This  process  continues  until  all  the  CHj  groups  have 
combined  with  the  phenol  and  ammonia  remains  as 
the  by-product.  The  intermediate  product,  amino- 
saligeno-saligenin,  has  been  isolated  and  will  be  de- 
scribed in  a  later  paper.  No  nitrogen  and  no  methyl- 
amines are  given  off  in  measurable  quantities  at  any 
stage  in  the  process.  No  water  is  formed'  and  the 
nitrogen  contained  in  the  hexamethylenetetramine  is 
evolved  quantitatively  as  ammonia  as  will  be  shown 
later. ^  This  reaction  between  a  phenolic  body  and  an 
active  methylene  group  may  be  followed  by  simply 
measuring  the  amount  of  ammonia  which  has  been 
evolved.  This  is  especially  true  if  the  phenol  is  in 
excess,  e.  g.,  if  24  mols  of  phenol  be  heated  with  2 
mols  of  hexamethylenetetramine  the  final  product  is  a 
resin  in  which  the  methylene  groups  have  united  with 
the  phenols  in  the  ratio  of  13  phenols  to  12  methyl- 
enes.' The  remaining  1 1  mols  of  phenols  are  present  as 
free  phenol  and  may  be  separated  easily  from  the  resin 
by  dissolving  the  mass  in  dilute  sodium  hydroxide 
after  the  ammonia  has  all  been  evolved,  neutralizing 
the  solution  or  making  it  acid  with  HCl  and  filtering 
off  the  precipitated  resin. 

THE    RESINS    IN    EXCESS    PHENOL 

The  resin  which  forms  when  hexamethylenetetra- 
mine is  heated  in  the  presence  of  excess  anhydrous 
phenol  seems  always  to  be  the  same  material  and  re- 
sembles very  closely  Novolak.''  It  is  soluble  in  alcohol, 
acetone,  phenol,  caustic,  etc.,  and  is  insoluble  and 
precipitated  from  its  solution  by  acids.  Heated,  it 
does  not  harden  rapidly  but  remains  a  liquid  at  high 
temperatures  melting  at  105-110°  C.  and  remaining 
liquid  at  180°  C.  for  many  hours.  If  the  heating  is 
continued,  a  flexible  dark  red  skin  forms  over  the 
surface   which   is   only   partly   soluble   in   alcohol.     A 

>  Baekeland.  Tins  Journal.  8,  932  (1911);  1,  741  (1912). 

'  See  pages  1  1  and  12. 

'  See  page  1 1. 

*  See  analysis  of  Novolak,  page  10. 
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peculiar  gas  is  given  off  during  the  heating  which 
has  the  odor  of  burning  phenol.  When  cold  the  resin 
hardens  to  a  glossy  material  which  is  more  brittle  than 
common  rosin  and  apparently  quite  useless  as  a  com- 
mercial product.  This  resin  is  not  a  solution  of  the 
final  product  in  phenol  but  is  an  individual  having 
definite  chemical'properties  and  heating  does  not  readily 
polymerize  it. 

A  variation  in  the  amount  of  excess  phenol  present 
does  not  alter  the  characteristics  or  the  amount  of  the 
synthetic  resins  formed  when  a  definite  amount  of 
hexamethylenctetramine  is  used;  e.  g.,  if  18  mols  of 
phenol  and  i  mol  of  hexamethylenctetramine  be  heated 
until  the  ammonia  has  ceased  to  evolve,  the  same 
amount  of  resin  is  formed  and  thu  resin  has  the  same 
characteristics  as  when  12  mols  of  phenol  are  heated 
with  I  mol  of  hexamethylenctetramine  until  ammonia 
ceases  to  evolve. 

As  the  amount  of  excess  phenol  is  gradually  decreased 
the  mass  which  is  left  in  the  flask  after  the  ammonia 
has  ceased  to  come  off  changes  its  physical  properties, 
for  all  combinations  of  phenol  with  hexamcthylene- 
totraminc;  those  above  12  mols  of  phenol  to  one  mol 
of  hexamethylenetetramine  remain  a  yellow  liquid 
whether  hot  or  cold  and  are  in  reality  a  solution  com- 
posed of  the  soluble  resin  described  above  and  the 
unused  phenol.  But  as  the  phenol  is  decreased  below 
the  ratio  of  i  2  mols  of  phenol  to  1  mol  of  hexamethyl- 
enctetramine, the  liquid  thickens  and  finally,  as  the 
excess  of  free  phenol  decreases,  the  resin  changes  to  an 
infusible  insoluble  transparent  yellow  or  red  solid  at 
all  temperatures.  Nine  mols  of  phenol  to  i  mol  of 
hexamethylenctetramine  give  an  aggregate  which  is 
quite  solid  and  brittle  in  the  cold  and  a  tacky  rubbery 
mass  when  hot  (170°  C).  Eight  mols  of  phenol  to 
one  of  hexamethylenetetramine  give  a  mass  which  is 
solid  at  all  temperatures,  not  as  brittle  in  the  cold 
as  the  9  :  i  resin  but  rubbery  when  hot,  like  polym- 
erized tung  oil.  The  more  the  phen(jl  is  reduced  the  less 
elastic  and  resilient  the  mass  becomes  when  hot  and  at 
the  ratio  of  (5.00-6.5)  mols  of  phenol  to  one  mol  of  hexa- 
methylenetetraminc  the  material  is  quite  solid  and  hard 
at  all  temperatures;  at  room  temperatures  it  is  a  solid 
which  is  n'ot  brittle  but  hard,  <lense,  transparent  and 
tough,  with  a  tensile  strength  ranging  from  4,000-5,200 
lbs.  per  sq.  inch.  When  hot  it  can  be  dented  about 
like  a  hard  filled  rubber.  Decreasing  the  phenol 
below  S.'3-6.s  mols  to  one  hexamelhylcnetetramine 
again  increases  the  brittleness  of  the  resin  due  to  the 
excess  of  the  crystalline  liex:imethylcnetetramine. 
The  product,  however,  does  not  melt  at  any  tempera- 
ture. 

RESIN    FOKM.MIO.V 

Statements  have  been  made  to  th  •  effect  that 
the  addition  of  the  proper  .imount  of  hexAmcthylene- 
tetramine  to  phenols  or  phenolic  resins  to  form  a 
ft  :  1  resin  produces,  (in  heatinj;.  an  cxcecdint.ly  rapid 
evolution  of  ammonia  and  leaves  a  very  porous,  spongy 
mass.  This  is  true  in  only  a  limited  se-.iac.  The 
rate  of  the  evolution  of  ammonia  may  or  may  not 
be  rapid,  depending  upon  the  method  of  carrying  out 
the  rxperinent.      If  he.ited  on  .1  water  bath  at  100°  C. 


for  25  hours,  less  than  50  per  cent  of  the  total  ammonia 
will  be  evolved  and  the  mass  is  a  viscous  liquid  when 
hot,  and  a  brittle  solid  when  cold. 

On  the  other  hand,  if  a  6  :  i  mixture  is  heated 
rapidly  at  180°  C.  a  spongy  material  soon  forms 
which  may  have  a  volume  twenty  times  that  of  the 
original  materials.  This  porous  form  of  the  resin 
is  very  advantageous  when  the  material  is  to  be 
pulverized  later,  since  it  powders  in  the  ball  mill  in 
less  than  one-tenth  the  time  required  to  pulverize 
solid  lumps  of  the  resin. 

This  finely  ground  material,  when  pressed  in  hot 
molds  under  a  pressure  of  4-6  tons  to  the  sq.  in.,  be- 
comes a  homogeneous,  transparent,  solid  of  maximum 
mechanical  strength,  highest  dielectric  properties, 
and  chemical  inertness. 

The  grinding  and  molding  of  the  powdered  material 
in  hot  molds,  under  pressure,  is  only  one  of  a  number 
of  methods  which  we  have  in  use  in  this  laboratory 
for  producing  transparent  solid  goods.  By  a  simple 
manipulation  of  the  material,  during  heating,  it  is 
possible  to  produce  large  pieces  of  the  final  trans- 
parent, insoluble  resin  without  the  use  of  external 
pressure.  We  have,  at  present,  in  our  laboratory 
rods  of  this  material  2  feet  long  and  I'/j  inches  in 
diameter  which  have  been  produced  by  simply  pouring 
the  material  while  liquid  into  open  molds  and  allowing 
it  to  harden  under  suitable  heat  treatment  without 
the  application  of  external  pressure.  These  rods 
in  the  final  condition  are  homogeneous,  almost  water 
white  transparent  and  free  from  fractures  or  gas 
bubbles. 

INTERUKUIATE    AND    BY-PKODUCTS 

It  might  at  first  be  supposed  that  some  oxybenzyl 
alcohols  or  substituted  saligenin  would  be  present 
at  the  end  of  the  reaction.  This  of  course,  is  impossible 
when  it  is  remembered  that  no  water  is  present  and 
all  the  ammonia  has  been  evolved;  oxybenzyl  alcohol, 
saliyeno-saligenin,  oxybenzylaminc  or  an  amid  sali- 
genin are  also  impossible  since  there  is  present  in  the 
remaining  ma.ss  no  water  or  oxygen  necessary  to  form 
the  alcohols  and  no  nitrogen  remains  to  form  the 
corresponding   amines.     Such    a  compound,  therefore. 


HO.CH 


t  ^OCH'^\OH 


which  is  probably  the  second  product  formed  when 
phenol  and  formaldehyde  react,  is  impossible  when 
phenol  unites  with  hexamethylenctetramine  in  the 
dry.  The  intermediate  products  which  form  may 
be  NHj.CH,  t.H.OH.  NH,.CH,.C.H,.OCH,.C,H,OH, 
CHi.OCHi.C.H.OH.  etc..  but  at  the  end  of  the  re- 
action the  first  two  products  can  not  be  present  as 
all  the  nitrogen  present  in  the  hexamethylenctetramine 
has  been  evolved  as  ammonia.  And  as  we  shall  now 
show  the  final  product  which  forms  in  txttss  phenol 
is  a  definite  compound.  This  compound  has  little 
or  no  tendency  to  polymerise  or  harden  and 
become   insoluble   on    heating,   but    when    mixed    with 
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active    methylene   compounds   transform.s   readily   into 
the  infusible  resins. 

Combustion  Analysis  of  the  End  Product  Formed  in 
Excess  Phenol 
The  analysis  of  a  resin  which  we  have  prepared  by 
boiling  a  mixture  of  12  mols  of  dry  phenol  and  1  mol 
of  hexamethylenetetramine  until  all  the  nitrogen  has 
been  evolved  as  ammonia,  dissolving  the  resulting 
thick,  yellow  liquid  in  5  per  cent  KOH  and  precipitating 
with  2N  HCl,  the  precipitate  filtered  off  into  Norton 
cones  and  washed  with  2N  HCl  and  dried  at  50°  C. 
in  a  gas  oven  gave  results  as  follows: 


Calculated  for 

Ci04HkO|(1 

C     =  78.16% 
H    =     .S.Sl 
O     =   16.03 


C     =  77.98%      77.96% 
H     =     6.17  6.23 

O     =    l.'i.S.'i  15.81 


Calculated  for 

CmHioOu 
C     =  78.04% 


(1)  CimHijO,6  may  be  written   UCCvHsO.CcHsO.HjO 
C2)  CjoH.oOii  may  be  written  l2(C7H.O).CeH.O.HjO 
or  CiHi.OCHj.CBH<.OCH>.C.H..  OCHzC.H.OH. 

Dr.  Baekeland's  published  analyses  of  certain  soluble 
products  which  he  has  obtained  by  heating  excess 
phenol  in  the  presence  of  formaldehyde  solution' 
and  by  heating  oxybenzyl  alcohol  and  phenol  are  as 
follows: 


Found  for 

Foi 

nd  for 

;alculated  for 

C,04H02Ol. 

Phenol  +  CH2O 

Saligeni 

a  +  Phenol 

C    =  78.16% 

78.04%        77.95% 

78.16% 

78.24% 

H   =     5.81 

5.79               5.97 

5.65 

5.75 

0    =    16.03 

16.17             16.08 

16.  19 

16. UI 

That  the  end  of  the  molecular  chain  in  the  indi- 
vidual, made  as  described  above,  can  not  have  a 
— CH2OH  group  attached  to  the  benzene  ring  is  evident 
from  the  fact  that  the  reaction  between  anhydrous 
phenol  and  hexamethylenetetramine  could  not  produce 
such  a  substance,  especially  since,  as  will  be  shown 
presently,  the  only  by-product  from  the  reaction  is 
ammonia.  The  other  end  of  the  molecule  is  hydroxyl- 
ated,  probably,  as  the  substance  is  readily  soluble  in 
alkalies. 

The  H2O  may  be  either  a  water  of  hydration  which 
attached,  itself  to  the  molecule  during'  the  process  of 
solution  and  precipitation,  or,  which  seems  more 
reasonable,  the  process  is  one  of  oxidation,  for  the 
individual  changes  its  color  from  yellow  to  green  when 
it  dissolves  in  alkali  and  from  green  to  red  when  it 
is  precipitated  by  acid.  The  drying  of  the  pptd  material 
at  50°  C.  changes  the  color  further  to  a  reddish  brown. 
This  possible  oxidation  is  described  at  further  length 
on  page  14.  Such  a  formula  would  have  a  molecu- 
lar weight  for  C104H92O16  =  1552  or  for  CgoHgoOu  = 
1384.  The  highest  formula  weight  calculated  from 
the  rise  in  boiling  point  which  Dr.  Baekeland-  has 
found  for  novolak  dissolved  in  acetic  acid  is   1216. 

AylesworthMn  his  U.  S.  patent  1,029,737  'ays  claim 

.  to  the  production  of  a  soluble  phenolic  resin  formed 

from    phenol    and    formaldehyde    by    boiling    2    mols 

of    phenol    in    i    mol    of    aqueous   formaldehyde    until 

a  resin  is  produced  having  the  formula  CsHs.OCHj.- 

'  L.  H.  Baekeland.  This  Journal.  1,  545  (1909). 

»  This  Journal.  1,  545  (1909). 

>  I.  W.  Aylesworth.  Brit.  Pat.  4,.W6,   1911. 


C0H1.OCH2.C6H4OH'  as  shown  by  boiling-point  analysis. 
This  is  quite  impossible  for  the  reason  that  such  a 
resin  is  not  an  individual  but  may  be  dissolved  up 
in  KOH  and  separated  into  two  constituents  by  the 
addition  of  HCl,  the  precipitate  containing  ap- 
proximately so  per  cent  and  the  filtrate  holding  in 
solution  approximately  50  per  cent  of  the  original 
phenol  used.  The  rise  in  the  boiling  point  given  by 
Aylesworth  is  no  doubt  caused  by  the  50  per  cent 
free  phenol  and  shows  that  the  molecule  of  the  resin 
is  so  large  in  the  precipitate  as  to  have  very  little 
effect  upon  the  boiling  point  of  the  solvent  employed 
as  the  rise  in  the  boiling  point  may  be  accounted  for 
by  the  free  phenol  present. 

A  further  proof  that  the  molecule  consisting  of  1 2 
methylenes  and  13  phenols  is  from  the  fact  that  the 
total  amount  of  resin  formed  in  a  phenol  solution, 
and  which  is  precipitated  by  the  acid  as  described 
above,  corresponds  in  weight  to  6V2  phenols  to  each 
6  methylenes  added  or  13  phenols  to  12  methylenes. 
This  is  in  agreement  with  the  combustion  analysis, 
and  with  the  highest  number  obtained  in  the  rise  of 
boiling  points.  The  formula  then  which  we  propose 
for  this  soluble  resin  is  C6HsOCH2(C6H,OCH2)ii.C6H,OH 
and  following  Kraut's^  suggested  nomenclature  we 
have  called  this  material  phenyl-endeka-saligeno- 
saligenin 

That  this  resin  is  an  intermediate  product  which 
later  is  transformed  by  being  mixed  with  formaldehyde 
or  hexamethylenetetramine  and  heated  into  the 
insoluble  infusible  methylene-phenol  condensation  prod- 
ucts of  the  highest  dielectric  and  tensile  strength  and 
chemical  inertness,  is  almost  certain  from  the  fact  that 
an  aggregate  can  be  made  consisting  of  10  mols  of  phenol 
to  1  mol  of  hexamethylenetetramine  and  this  heated 
until  all  the  ammonia  has  been  evolved  which  results 
in  a  heavy,  viscous  yellow  transparent  liquid  when 
hot  and  semi-solid  when  cold,  consisting  of  over  63 
per  cent  phenyl-endeka-saligeno-saligenin  (novolak), 
the  rest  being  water-soluble  phenols;  hexamethylene- 
tetramine is  then  added  in  such  proportions  as  to 
make  the  total  phenol  to  methylene  in  the  ratio  of 
I  :  I  and  heated  until  the  mass  has  become  a  yellow 
porous  sponge,  the  mass  is  then  powdered  and  pressed 
in  molds  at  200°  C.  and  i2,oco  lbs.  per  sq.  in.  for 
5-10  mins.  and  the  resin  becomes  a  transparent  amber- 
like material  with  a  dielectric  strength  of  50-90,000 
volts  per  mm.,  an  ohmic  resistance  of  2  X  10'  per 
cm',  and  a  tensile  strength  of  4000-4500  lbs.  per  sq.  inch. 

That  a  substance  consisting  of  more  than  60  per 
cent  phenyl-endeka-saligeno- jaligenin  and  the  remain- 
der a  water-soluble  phenol  is  transformed  by  the  ad- 
dition of  hexamethylenetetramine  and  further  heating 
into  an  insoluble  substance  of  such  high  dielectric  and 
tensile  strength  seems  to  preclude  the  possibility  of 
this  resin  remaining  unchanged  or  transforming  into 
any  other  product  than  an  insoluble  infusible  resin 
of  highest  dielectric  and  tensile  strength.  For  it  must  be 
remembered  that  this  resin,  of  itself,  is  more  brittle  than 
cheap  rosin  and  soluble  in  all  the  ordinary  solvents. 

'  H.  Lebach.  Jour.  Soc.  Chem   I  nd    SJ,  .'S61  0913). 
'  Ann  der  Chemit.  156,  123. 
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Indeed  we  have  found  this  intermediate  substance 
present  in  all  the  materials  we  have  made  of  what- 
ever variety,  soluble  or  insoluble,  whether  heated 
for  a  long  or  short  period  and  whether  at  a  high  or 
relatively  low  temperature.  Low  temperature,  a 
short  time  of  heating  and  excess  phenol  or  what  is 
the  same  thing,  not  enough  hexamethylenetramine 
to  make  a  6  mols  of  phenol  to  i  mol  of  hexamethylene- 
tetramine  resin  gives  a  greater  percentage  of  this  soluble 
resin.  It  is  also  present  in  small  proportions  in  6  :  i 
resins  that  have  been  heated  for  many  hours  at  200°  C. 

The  following  table  gives  the  result  of  a  few  analyses 
of  resins  as  described: 

li     30        i      ^'f 

a.  E         w   B  £  o.  V 

s   c  y  B  E  c   if 

RHSIN    AND  HOW    MAIil!  C  i  £  6. 

Dry    phenol    and    hcxaiiivthylfiiflrlru 

iiiiiii;,    licutc<l    on    u    wutcr    liiilli    I -I 

hrn  ,  later,  healed  in  an  uir  tiiith  ut 

100°  C    tor  221  hr» »     6        (M  *  8V         22  7 

A    lliikelllc    pipe   Item   bouxht    in    the  I     ^  •<4  4  4.2 

innrkel f  'MO  3  2 

Miikclite  luc<iuer  No.  .S.  «utin  finiihfa)  ■  n  n         J2  S(tl    S2.I 

<>      I  resin  hcate<n^  hrs  ut  I2S°  C(<^)  u     '<        Ko  o  10         20  0 

f>      I  resin,  contiiininK  7  per  eent  nuph- 

ihulcne.  heulcd  10  hri.  at  122°  C  . . .     (>     i<        '>H  4  b.S         19  S 

t*      I   resin  hettted  Inter  in  mold  for   1 

hr 6  :  (.         H4    :  I    .(  18.7 

0      I  resin  heated  (or  .^  hrs  at  1.^4°  C.      h:  6         VO  0  I   'lli         7.64 

(a)  The  hicciuer  was  22  per  cent  resin  and  78  per  cent  uilvent  The 
periH'ntuKes  in  the  talde  are  calculated  on  the  resin 

(^)  This  is  doubtful  as  the  fiKure  was  otituineil  hy  the  reituliir  liromina- 
liun  niethixl  an<l  the  results  calculated  for  free  phenol.  The  real  values 
are  probably  hlKhri 

U)  6  ■  I  resin  is  formed  by  heutinit  tiiKrlhri  I.  nioU  iihrnnl  and  I  mol 
lu-xamethylenetetr  amine. 

When  the  soluble,  brittle,  fusible  resin  is  mixed, 
powdered  and  heated  for  i  hour  with  hcxamclhylcne- 
tctratnine  in  the  proportions  of  0  mols  of  novolak  to 
I  mol  of  hcxamethylenetetramine,  assuming  one  mol 
of  novolak,  C.oHsoOn  =  1384.  the  mass  becomes 
largely  insoluble  in  all  ordinary  solvents,  caustic 
.ilkalics,  etc.  It  swells  or  gelatinizes  in  boiling  phenol 
hut  docs  not  dissolve  and  exhibits  goncrnlly  the  prop- 
erties of  the  insoluble  products.  The  final  resin  formed 
from  the  novolak  and  hexamelhylcnetetramine  is 
much  darker  than  the  resin  formed  directly  from  phenol 
and  hexanu-f hyleneletramine.  This  is,  no  doubt,  due 
to  darkening  which  takes  place  when  the  resin  is  sep- 
arated  from   the  excess  free  phenol. 

Hy-Prodtuls    Fornuti    in   tin-    Nnutixn    /x/.cciw    Auhy- 
drnus   Plii-uol  and   Prv  Ilixaiiu-lhvlfUi-lt-lriinniu-' 

An  apparatus  was  arranged  as  shown  in  the  ac- 
companying diagram.  A  flask  with  a  long  side  de- 
livery tube  was  sealed  off  after  the  hcxamethylene- 
tetramine and  phenol  were  added  The  delivery 
tube  led  into  a  reflux  condenser,  thence  into  a  safety 
trap,  sulfuric  acid  Marchand  Utubcs  and  finally 
through  a  CaCl,  tube  and  safety  bulb  into  a  gas  trap 
over  water. 

'  These  espetintrnt.il  results  were  obtitined  in  our  laboratories  by 
Mr    Wc.iton  C»rp»ntrr 


The  flask  containing  the  hexamethylenetetramine 
and  phenol  was  then  heated  carefully.  Great  care 
was  necessary  as  the  reaction  is  rapid,  being  strongly 
exothermic  so  that  it  goes  at  an  increased  rate  even 


S-r.c/^t.u,^,,/.. 


I-  Hfi. 

Z-Gattr»r. 

6   H^So^  S^f-'r   coo/€<t 


9- Ctt-llmj  f/a%h.  /0-QU%%  wocl. 

after  the  flame  is  removed  if  the  initial  heating  has 
not  been  sufficiently  slow  to  allow  the  first  of  the 
reaction  to  take  place  at  a  moderate  rate  until  the 
ammonia  has  been  partly  evolved.  Checks  were 
kept  upon  the  reaction  in  four  ways: 
(i)  The  loss  in  weight  in  the  flask. 

(2)  The  increase  in  weight  in  the  Marchand  tubes. 

(3)  Titration  of  the  ammonia  which  came  over 
by  boiling  it  ofl  from  the  (NH4)sS04  on  the  addition 
of  KOH. 

(4)  Direct  titration  of  the  ammonia  in  duplicate 
experiments. 

The  following  table  shows  the  result  of  three  ex- 
periments: 


iU|  It  4 


C 

|l  |5 


Per  crat  cfTOff 


1  4  000        41    7.10   1.94.1    1.W54    I.9J0   I  .9J7    +0.56—0.6—0  1 

2  4.0011        40   .170    I.94J    I    943    1.943    1    930        0.0  0,0    -1-0   3 
1                  4  000       4I.SI0   1.943   1.934   I  930   I  940  -t-O  56  — «  6  — O  I 

The  results  show  that  the  loss  in  the  flask  agrees 
very  closely  with  the  calculated  yield  of  ammonia 
from  the  hcxamethylenetetramine  used.  The  titra- 
tion of  the  ammonia  here,  as  in  many  other  experiments, 
ha-i  practically  always  been  100  per  cent  of  the  nitro- 
gen present  and  the  gain  in  the  concentrated  sul- 
furic acid  just  equals  the  calculated  NHj  and  agrees 
also  with  the  loss  from  the  flask. 

Care  was  taken  to  include,  in  the  final  weight  of 
the  flask,  the  weight  of  phenol  found  in  the  washings 
from  the  reflux  condenser  and  the  trap.  This  generally 
amounted  to  less  than  0.05  gram  of  phenol. 

To  prevent  the  escape  of  any  ammonia  in  the  rubber 
joints  the  glass  tubes  were  placed  eml  to  end,  over 
which  was  drawn  very  thick  walled  rubber  tubing 
which  previously  had  been  given  a  heavy  coat  of 
pyroxylin   varnish. 

In  the  Marchand  U-tul>es  some  care  was  needed  to 
prevent  the  sulfuric  acid  from  splashing  as  the  am- 
monia absorbed  rapidly  and  the  sulfuric  acid  struck 
back.  This  was  overcome  by  absorbing  part  of  the 
ammonia  in  a  small  amount  of  sulfuric  acid  in  the 
first  tube  and  the   remainder  of  the  ammonia  in  the 
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second  tube.  Glass  wool  plugs  prevented  the  splash- 
ing and  the  results  are  fairly  concordant.  Simple 
as  the  reaction  would  seem  to  be,  the  very  rapid  evolu- 
tion of  the  ammonia  in  the  early  part  of  the  experiment 
made  a  number  of  experiments  necessary  before  the 
present  apparatus  was  devised  and  the  ammonia  could 
be  absorbed  in  its  rapid  evolution  without  allowing 
any  of  it  to  escape. 

We  concluded  then  from  these  experiments  that  no 
water  is  formed  in  the  reaction  or  it  would  be  evolved 
during  the  boiling  which  takes  place  at  i8o°  C.  for 
two  hours  and  the  loss  in  the  flask  would  not  equal 
the  calculated  loss  for  ammonia  and  the  actual  weight 
of  ammonia  found  by  titration  and  by  weighing 
as  (NH4)2S04.  It  was  not  considered  sufficient  to 
simply  weigh  the  ammonia  coming  off,  as  methyl- 
amines  if  present  would  increase  the  weight  and  give 
useless  results.  Nor  was  the  titration  alone  sufficient 
as  it  did  not  distinguish  between  ammonia  and  methyl- 
amines.  The  two  experiments  were  necessary  in  order 
to  check  up  the  results  and  to  make  certain  that  no 
other  product  than  NH3  is  evolved  during  this  reaction 
between  phenol  and  hexamethylenetetramine.  The 
resin  which  formed  in  the  flask  was  the  soluble,  fusible 
phenyl-endeka-saligeno-saligenin  dissolved  in  the  ex- 
cess phenol. 

THE  ACTIVE  HYDROGEN   ON  THE  BENZENE   NUCLEUS 

The  hydrogen  which  is  replaced  in  the  ring  is  ap- 
parently very  largely  the  ortho-hydrogen  although 
either  the  meta-  or  the  para-hydrogen  may  possibly 
be  replaced.  This  reaction  is  similar  to  the  formation 
of  orthoxybenzylalcohol  when  phenol  and  formalde- 
hyde are  treated  in  the  presence  of  NaOH. 

To  test  this  statement,  three  experiments  were  under- 
taken with  the  cresols:  5.1  grams  of  each  of  the  pure 
cresols  were  weighed  out  separately  into  test  tubes 
and  to  each  i.i  grams  of  hexamethylenetetramine 
were  added.  The  three  test  tubes  were  placed  in  a 
thin  beaker  which  rested  on  a  block  of  wood,  in  an 
electric  oven  at  135°  C.  In  a  few  minutes  the  meta- 
cresol  began  to  react  giving  off  ammonia  and  passing 
over  intp  an  insoluble,  yellow,  scoriaceous  resin  which, 
when  hot,  was  rubbery  for  a  very  short  time,  but  soon 
transformed  into  a  hard  non-rubbery  resin  at  135°  C. 

The  para-cresol  acted  in  the  same  way  as  did  the 
meta-cresol  although  slightly  slower.  The  two  resins 
were  identical  in   appearance   and  general   properties. 

The  ortho-cresol  acted  very  differently.  After 
three  days  of  heating  the  reaction  had  proceeded  only 
far  enough  that  the  mass  was  a  viscous,  yellow  liquid 
when  hot  (135°  C.)  and  a  brittle  solid  when  cold. 
The  reaction  was  very  slow  and  did  not  evolve  am- 
monia rapidly  at  any  time.  When  heated  at  200°  C. 
for  30  minutes  it  formed  into  a  rubbery,  resinous  mass 
when  hot  and  a  hard  rather  brittle  solid  when  cold. 

On  the  whole,  then,  the  para-  and  meta-cresols 
acted  rapidly  and  similarly  while  the  ortho-cresol 
acted  very  slowly  and  did  not  form  a  resin  which  when 
hpt  was  hard  and  solid^ 

This  delayed  reaction  of  the  ortho-cresol  may  be 
explained   as    a    steric    hindrance   for    the    hydroxyl. 

It  may  also  be  explained  as  due  to  a  substitution 


of  ','2  the  active  (ortho)  hydrogen  in  the  ring  by  a  non- 
reactive  group.  The  latter  seems  the  more  probable. 
The  fact  that  the  meta-  and  para-cresols  are  very 
rapid  in  reaction  seems  to  indicate  that  the  meta- 
and  para-hydrogens  are  not  the  ones  which  are  replaced 
during  the  formation  of  the  synthetic  resin. 

THE  ACTIVITY  OF  THE  HYDROGEN  IN  THE  HYDROXYL 
GROUP 

Of  the  proposed  formula  for  these  condensation 
products,  the  more  reasonable  seems  to  be  the  straight 
chain  formula  with  the  phenol  rings  linked  together 
with  the  — CH2O —  group  in  between,  the  attachment 
being  made  at  the  hydroxyl  of  the  phenol  and  at  the 
ortho  hydrogen  of  the  ring  as  follows: 


^OCH=.      /^OCW 


OCH\   /^OH 


The  reason  for  assuming  that  the  reaction  is  closely 
connected  with  the  hydroxyl  group  lies  in  the  fact 
that  if  the  hydrogen  of  the  hydroxyl  or  the  hydroxyl 
itself  be  replaced,  by  a  non-reactive  group,  no  apparent 
reaction  takes  place  after  prolonged  heating  either 
in  the  dry  or  in  wet  processes.  For  example,  if  anisol 
be  heated  at  the  boiling  point  with  hexamethylene- 
tetramine in  the  absence  of  water  for  one  week  con- 
tinuously, no  appreciable  reaction  takes  place.  The 
anisol  remains  a  colorless,  transparent,  mobile  liquid 
with  the  anisol  odor  and  the  hexamethylenetetramine 
settles  out  on  cooling  as  a  crystalline  salt.  The  salt 
was  tinged  slightly  yellow  but  further  than  that  no 
reaction  was  noticeable. 

If  the  hydroxyl  be  replaced  by  hydrogen,  e.  g.,  if 
naphthol  be  replaced  by  naphthalene,  no  reaction  takes 
place  after  prolonged  heating  in  the  dry  or  wet  while 
with  /3-naphthol  in  the  absence  of  water  the  reaction 
is  very  rapid. 

THE    REPLACEMENT    OF    THE    HYDROXYLS    IN    THE    RESINS 
BY    NON-REACTIVE    GROUPS 

The  fact  that  phenol-formalin  resins,  made  up  into 
lacquers  and  heated  in  thin  films  insoluble  in  alcohol, 
acetone,  etc.,  are  attacked  slowly  by  caustic  potash 
leads  one  to  the  conclusion  that  whatever  substance 
is  formed  it  very  probably  contains  a  percentage 
of  free  hydroxyl.  So  long  as  the  hydroxyls  are  present 
it  is  to  be  expected  that  the  substance  remains  at 
least  partly  or  slowly  soluble  in  free  caustic. 

Working  upon  the  assumption  that  the  reaction 
continues  as  an  open  chain  of  benzene  rings  linked  to- 
gether by  the  group  — O — CH2 —  which  does  not 
finally  form  a  closed  ring  or  an  inner  anhydride,  it  was 
desirable  to  fill  the  hydroxyl  on  the  end  of  the  long 
chain  with  an  inert  group,  or  to  replace  the  hydroxyl 
entirely. 

The  similarity  of  anisol  and  phenetol  to  phenol  and  the 
inertness  of  their  alkylated  hydroxyls  suggested  their 
use  in  small  quantities  in  making  caustic  insoluble 
resins. 

A  resin  was  made  up  consisting  of  6  mols  phenol,  i 
mol  anisol  and   i   mol  hexamethylenetetramine.     The 
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mixture  was  heated  for  a  short  time  in  an  open 
beaker  and  cooled  while  still  liquid.  The  resin  was  a 
light,  transparent,  amber-yellow  color,  solid  at  ordinary 
temperatures  and  soluble  in  alcohol  and  acetone  al- 
though more  slowly  soluble  than  the  ordinary  resins 
made  up  without  the  addition  of  anisol. 

When  made  into  a  lacquer  and  cooked  at  170°  C. 
on  brass  sheets  it  gave  a  light  transparent  film  which 
was  insoluble  in  acids,  alcohol,  acetone  and  N  caustic 
potash.  It  required  72  hours  to  loosen  the  film  with 
the  caustic.  All  lacquer  films  from  resins  made  of 
phenol  and  an  active  methylene,  whether  made  in  the 
presence  or  absence  of  water  with  or  without  the 
ordinary  condensing  agents,  are  attacked  by  N  caustic 
within  24  hours,  the  lacquer  coating  reddening  in  a 
short  time  after  the  caustic  is  adflcd.  The  film  from 
resins  compounded  of  6  mols  of  phenol  and  i  mol  of 
anisol  or  phenetol  remained  unreddcned  and  quite 
unattacked  by  the  N  caustic  potash  at  the  end  of  the 
first  24  hours  and  at  the  end  of  72  hours  was  only 
slightly  attacked  along  the  edges  of  the  coated  brass 
strips  and  at  no  time  was  any  reddening  of  the  lacquer 
film  noticeable. 

The  explanation  for  this  increased  insolubility  of 
the  resin  and  of  its  greater  resistance  to  color  changes 
seems  to  lie  in  the  absence  of  free  hydroxyl.  This  is 
best  illustrated  for  naphthalene  from  the  following 
equations: 

CH.OH   -I-  -    CHjNH—  -f-  CoH,  — »► 

C,H».OCH,.C,oH,  -I-  NH. 

C,Hs.OCH,.C,„H,  -f  — CHiNH »► 

NHi.C,H4.0CH,.C,oH; 

C.HiOH  +  NHj.CHj.CH^.OCHjC.oH,  — »- 

C,H5.0.CH,.C,H,.0CH,.C,„H,  -f  NH,, 
etc. 

and  this  reaction  may  continue  indefinitely.  This 
resin  would  no  longer  have  the  properties  of  a  sub- 
stance possessing  free  hydroxyls,  but  it  would  display 
the  inert  characteristic  of  an  ether-like  anisol  which 
is  not  broken  down  in  the  presence  of  boiling  caustic 
potash.  That  such  a  reaction  is  possible  may  be 
inferred  from  Baeyer's'  work  with  mesitylenc  and 
formaldehyde  giving,  according  to  the  equation, 

2C,H,.(CH.),  -f-  CH,0  — »- 

C.H,(CH,),.CH,.C,H,(CH,), 

If  the  hydrogen  in  a  mesilylcne  ring  is  active  in  the 
presence  of  CH5O  and  forms  water  with  the  oxygen 
of  the  formaldehyde  leaving  a  substance  formed  by 
dehydration  behind,  it  is  not  unreasonable  to  assume 
that  at  high  temperatures  (180°  C.)  a  hydrogen  on  the 
naphthalene  ring  may  be  sufficiently  active  to  form 
ammonia  with  an  amine  group,  and  leave  a  resin  as  a 
by-product  which  has  no  free  hydroxyl  at  the  end 
of  tlie  molecular  chain  as  described  above.  The 
permanence  in  the  yellow  color  of  the  resin  or  lacquer 
and  their  insolubility  in  normal  caustic,  as  well  as  all 
other  ordinary  solvents,  point  to  the  absence  of  free 
hydroxyls  in  the  substance. 

'  UtruhU.  5.   IO<M  (187?) 


THL     FINAL    PRODUCT — THE    INSOLCBLE    INFUSIBLE 
kESINS 

The  transformation  of  the  phenyl-endeka-saligeno- 
saligenin  into  the  final,  insoluble,  infusible  resin  is 
brought  about  by  the  further  condensation  of  its 
molecules  by  active  methylenes. 

Dr.  Baekeland  concludes  that  the  final  product 
is  not  obtained  through  the  polymerization  of  novolak 
as  an  intermediate  product,  but  that  the  growth  of  the 
chain  stops  when  six  phenols  have  entered  and  that 
an  extra  hydrated  formaldehyde  forms  with  the  six 
phenol  chain  an  inner  anhydride  as  shown  by  the 
following  formula: 

C,H|.OCH,.C,H4.0CH,.Cai4  0CH,.C.H4.0CH,.C«H,.OCH,.CUi4 


O- 


-CH> 


-O- 


This  inner  anhydride,  he  assumes,  polymerizes  into  the 
insoluble,  infusible  resin.  That  this  can  not  be  the 
mechanism  of  the  reaction  in  the  case  of  the  pro- 
duction of  these  synthetic  resins  by  means  of  an- 
hydrous hexamethylcnetetramine,  is  evident  from  the 
fact  that  no  water  or  oxygen  is  present  which  could 
possibly  form  such  an  inner  anhydride  as  above  de- 
scribed. If  the  reaction  takes  place  with  the  forma- 
tion of  the  larger  ring  it  would  be  according  to  the 
formula 

C,H4.0CH:  C.H.  OCH,.C,H4.0CH,.C»H,.OCH,.C.H4.0CH,.C«H« 


L- 


-o- 


-CH* 


and  would  lack  at  least  one  oxygen  in  the  molecule 
which  the  inner  anhydride  formula  requires.  This 
oxygen  might,  in  certain  cases,  be  replaced  by  nitrogen 
although  this  is  improbable  as  the  final  product  never 
yields  more  than  a  trace  of  nitrogen  and  even  this 
amount  may  be  mechanically  locked  as  ammonia  in 
the  final  product 

Further  it  may  be  mentioned  that  the  larger  mole- 
cule of  phcnyl-endeka-saligeno-saligenin,  i.  e.,  13  moles 
of  phenols  :  i  2  moles  of  methylenes,  could  not,  without 
hydrolyzing  into  a  shorter  chain,  yield  such  a  molecule 
as  Dr.  Baekeland  proposes. 

Recently,  Dr.  Raschig'  has  proposed  certain  formulas 
for  the  condensation  of  phenols  and  active  methylenes 
which,  apparently,  are  not  identical  with  any  of  the 
substances  isolated  as  products  of  this  reaction.  His 
formulas  show  that  in  passing  from  "  Bakelitc  I"  to  "  II  " 
the  c:irbon  content  increases  from  77  per  cent  to  81.4 
per  cent  while  in  actual  results  all  the  combustion 
analyses  of  Bakelite  which  Dr.  Baekeland  has  pub- 
lished and  the  analyses  which  we  have  carried  out  of 
these  synthetic  resins,  show  that  the  carbon  content 
decreases  from  78.1  per  cent  to  79  per  cent  or  lower 
as  the  resins  pass  from  the  soluble  to  the  insoluble 
state.  As  these  proposed  formulas  evidently  do  not 
agree  with  actual  analyses  they  will  not  be  considered 
further. 

In  arriving  at  an  empirical  formula  for  the  final 
resin,  a  series  of  combustion  analyses  were  carried  out 
on  products  prepared  as  described  in  the  follow- 
ing table: 

>  Z.  fur  jainr.  Cktm..  U,  \<Hi  (1912). 
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Preparation  or  Resin                                      C  H 
The  insoluble  material  from  a  resin  hardened  with  form- 
aldehyde and  washed  free  of  substances  soluble  in  nor- 
mal NaOH 75.58  6.08 

75.34  6.11 
A  6  :  1  resin  containing  traces  of  anisol  heated   in    air  at 
175°  C.  for  6  hours  then  pressed  in  a  mold  at  12,000 

lbs   per  si|    in.  for  5  min.  at  200°  C 74.56  6.40 

75.01  4.50 
74.74  6.35 
75.32  6.55 

75.02  6.35 
6:  1  resins  heated  at  200°  C.  for  100  hrs 78.83(o)  5.47 

75.58  5.20 
(o)  Unaccountably  high. 

The  average  of  the  eight  analyses  gives  C    =  75.4 

H  =     5-9 
0    =  18.7 
which  corresponds  to 

77(C,H60).2o(C,H40o). 
The  group  C7H4O2  may  be  explained  as  an  oxidation 
in  which  2  hydrogens  are  replaced  by  an  oxygen  some- 
what as  follows: 

-OCH'— r^  f    ^  0CH2— f      , 

+  O  -^  +  H2O 


Simultaneous  with  this  oxidation  is  a  reddening 
which  takes  place  rapidly  at  increased  temperatures, 
i.  e..  above  200°  C.  The  oxidation  probably  reaches 
an  equilibrium  at  49(0,1160). 48(0, H4O2). 

Reasons  for  Accepting  the  Chain  Formula 

OxybenzyP  alcohol  condenses  by  dehydration  to  a 
resin  which  yields,  on  combustion  analyses,  an  empirical 
formula  represented  by  8(0,11802)  —  7H20  or 
n  (0,1180;) —  10H2O.  This  condensation  is  most  easily 
represented  by  the  chain  constitution, 

HOOH2.O6H4.OH2O.O6H1.OH2O O6H4OH, 

and  since  the  resin  is  soluble  in  caustic  potash  the  hy- 
droxyls  are  free  as  the  formula  indicates  and  not  an 
inner  anhydride.  The  close  resemblance  of  the  phenol- 
methylene  condensation  to  the  condensation  of  oxy- 
benzyl  alcohol  is  apparent. 

The  salicylate-  condensations  which  are  closely 
allied  to, the  dehydration  of  oxybenzyl  alcohol  pass, 
with  the  loss  of  water,  to  a  resin  represented  by 
9(06H40H.OOOH)  — 8H2O  which  is  most  easily  rep- 
resented by  a  chain  formula, 
0  O 

II                II 
HO.O6H4OO.O6H4.OO O6H4.OOOH 

This  resin  not  only  dissolves  in  a  solution  of  KOH  but 
is  hydrolyzed  by  it  back  into  salicylic  acid. 

The  fact  that  the  soluble  resin  which  we  have  named 
phenyl-endeka-saligeno-saligenin  and  which  is  similar 
to  the  resin  which  Dr.  Baekeland  calls  novolak  and 
which  we  have  shown  to  possess  the  probable  formula 
06Hs.(OOH2.C6H4)uOCH2.CcH40H  passes  with  the 
further  absorption  of  methylenes  to  the  insoluble  resin, 
is  the  strongest  argument  in  favor  of  the  material 
being  a  chain  molecule  of  indefinite  length.  If  the 
resin  novolak  passes  to  the  insoluble  resin  of  greatest 
chemical    inertness,    tensile    strength,     etc.,     as     we 

1  Kraut,  Beilstein,  Seelheim,  loc.  cil. 

2  Schroeder,  Prinzhorn  and  Kraut,  loc.  cit. 


have  ample  proof  that  it  does,  then  so  large  a 
molecule  as  novolak  could  not  possibly  pass  to  the 
final  inner  anhydride  formula  which  Dr.  Baekeland 
suggests  for  Bakelite  O,  unless  the  larger  molecule 
previously  hydrolyzed  into  small  aggregates,  a  re- 
action which  is  improbable.  At  best,  the  final  resin 
formed  from  phenol  and  hexamethylenetetramine 
cannot  be  formed  by  the  mechanism  which  Dr.  Baeke- 
land suggests  for  the  formation  of  Bakelite  C  which 
consists  in  the  addition  of  OH2O  to  a  shorter  chain  to 
form  an  inner  anhydride. 

OH2O  is  not  and  cannot  be  present  in  a  reaction 
between  anhydrous  phenol  and  hexamethylenetetra- 
mine. If  water  be  formed,  which,  later,  decomposes 
the  hexamethylenetetramine  to  form  CH2O,  2.7  per 
cent  would  be  required  to  produce  enough  CH2O  for 
the  above  reaction  to  take  place,  and  we  have  shown 
that  the  total  by-products  formed  in  this  reaction  are 
at  least  99.5-99.7-100.0  per  cent  pure  ammonia, 
leaving  on  an  average  about  Vio  of  the  water  necessary 
for  the  reaction,  i.  e.,  if  our  gross  error  in  determining 
ammonia  be  considered  as  entirely  due  to  the  forma- 
tion of  water  (a  supposition  which  has  little  proba- 
bility behind  it). 

A  further  reason  for  holding  to  the  chain  formula 
is  from  the  fact  that  the  final  resins  whether  formed 
from  phenol  and  formaldehyde  or  hexamethylene- 
tetramine are  slowly  soluble  in  normal  caustic  potash. 
This  fact  points  to  the  presence  of  a  free  hydroxyl 
in  the  molecule  of  the  final  resin.  The  hydroxyl  may 
be  removed  or  filled  with  groups  which  make  the  resin 
inert  toward  alkalies. 

For  the  sake  of  completeness,  the  following  tables 
of  constants  for  these  resins  have  been  added: 

PHYSICAL    AND    DIELECTRIC    PROPERTIES    OF    THE    RESINS 

In  the  study  of  these  resins  for  possible  commercial 
uses  the  following  constants  have  been  determined: 
Tensile  Strength 

The  tensile  strength  of  the  pure  resin  is  between 
2000  and  4500  pounds  per  square  inch  depending 
upon  the  conditions  under  which  it  is  made,  such  as 
temperature,  pressure  and  time  of  heating. 

The  influence  of  temperature  and  time  of  heating 
upon  the  tensile  strength  are  given  in  the  following 
table: 

Table  I — Tensile  Strength 

.Aggregate 
Time  Temper-  Tensile         average  showing 

heated  ature  strength  effect  in  time 

No.  Hours  °  C.         Lbs.  per  sq.  in     Lbs.  per  sq.  in. 

4  1/2  123         1600 

8  '/s  146        1420  ■       1646 

12  1/1  181         1920 

5  1  129        1900 

9  1  155         1540    "     2050 

13  1  179         2710 

6  li/j  128        2000 

10        11/,  ISO         2750        3050 

14  11  J  181         4400 

7  2  127         16.30 

•  1         2  150         3600         2716 

15  2  183         2920 

By  adding  the  values  corresponding  to  a  given  tem- 
perature, the  effect  of  temperature  upon  the  tensile 
strength  can  be  determined. 
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TAm.i;  II — Tkmpbiiatukk 

Average  total  value 

Ttr 

npcrature 

°  C.                                 in  lbs.  per  iq.  in. 

125 

2377 

ISO 

3103 

180 

3630 

These  values  show  that  the  higher  the  temperature 
at  which  the  material  is  heated,  the  stronger  it  be- 
comes, in  a  given  length  of  time. 

The  influence  of  the  molding  pressure  upon  thi- 
tensile  strength  is  shown  in  Table  III. 


Taiilk  III  -  Mduuini.  I' 
MoldiiiK  prrVHtirc 
JJm    per  si|.  in. 
3,860 
S,70() 
8,560 
I  I  .  4(K) 


IRHHIIMK 

Trniile  utrcnKth 
Lbs.  per  %q.  in. 
800 
937 
3200 
.1970 


The  material  used  in  these  experiments  consisted  of  a 
mixture  of  the  rubbery  product  and  the  final  product. 
It  was  desirable  to  know  what  mixture  gave  the 
liighcst  tensile  strength.  The  following  table  shows 
the  influence  of  the  composition  upon  the  tensile 
strength: 

TAni.R  IV— (Kiiiiiiiiuv   ANij  HiNAL   I'miiii.'cT}  Tknuilk  Stiinotii 

Per  cent  rulibcr  Teniile  «tren(tli 

Nn.                     product  riniil  priMluct  Kl>n    per  mi    in. 

37  10  V(i  4720 

38  20  HO  4510 

39  .30  71)  2880 
41                            50  5<(  2120 

This  table  shows  that  it  is  best  to  use  only  a  few 
per  cent  of  the  rubber  product.  This  is  to  be  expected 
since  the  rubber  product  by  itself  is  comparatively 
brittle. 

Crushing  Strength 

The  crushing  strength  of  the  resin  is  much  higher 
than  the  tensile  strength,  which  is  usually  the  case 
with  comparatively  brittle  materials,  and  varies  from 
20,000  to  ,50,000  pounds  per  sq.  in.  (ebonite  jaoo  and 
porcelain  15,000). 

Table  V  gives  the  relation  of  the  crushing  strength, 
Lime  of  heating  and  temperature  of  healing  and 
tensile  strength. 


I.lin  per 
sq,  in. 
1600 
2750 
2710 
4400 
27(N> 
.tlOO 


Temp 


Crunhing  itrengtli 
Lbs  pet 
M|.  in. 
7.456 
20.800 
22. 2S0 
28. ion 
.10,400 
32  fH)0 


For  higher  temperatures  than  those  given  in  the 
table  there  is  no  increa.se  in  strength  in  the  resin  and 
for  temperatures  above  .500°  C  the  resin  begins  to 
weaken. 

Dieletlrii  Strength 

Discs  of  the  resin  '  3  a  millimeter  thick  gave  voltage 
puncture  tests  of  from  40,000  to  50,000  volts.  These 
tests  were  made  for  us  through  the  kindness  of  the 
Crocker- Wheeler  Company.  By  way  of  comparison, 
hard  rubber  has  a  dielectric  strength  of  38. 000  volts 
per  millimeter  and  ebonite  ,50,000. 


Specific  Electrical  Resistance 
The  specific  electrical  resistance  of  the  final  resin  as 
determined  by  the  Bureau  of  Standards  at  Washing- 
ton varies  from  2.7  to  2,800  X  10^  megohms  per 
cm'.,  depending  upon  the  method  of  treating  the 
same. 

Taiili  VI — Sricinc  EkacTmicAi.  R««utancb 
Heated  in  Heated 

water  bath  in  oven  Temperature  of  Spcci6c   reaastaoce 

N'>  Hour-,  Hour)  nvrn    *C         Megohnu  per  cni> 


154 

73  X    10« 

164 

2800  X    W 

135 

96  X    I0> 

125 

240  X    I0« 

129 

150  X    I0> 

123 

2  7   X   10» 

The  resins  formed  by  the  reaction  between  hexa- 
methylene  and  phenol  in  the  anhydrous  state  as  de- 
scribed in  this  monograph  present  all  the  commercial 
possibilities  of  the  resins  formed  in  the  water  pro- 
cesses, and  have  certain  other  valuable  qualities  in 
themselves  such  as  uniformity  of  product,  ease  of 
manipulation  in  the  making  and  higher  dielectric 
properties  than  the  wet  formed  resins  containing 
traces  of  water  and  the  condensing  agents.  The 
application  of  these  anhydrous  resins  to  the  electrical, 
paint,  varnish,  lacquer,  glue,  molding  and  other 
industries  has  been  so  great  as  to  require  special 
treatment  in  a  separate  monograph. 

Application  for  basic  and  process  patents  on  these 
resins  and  their  uses  have  been  made  by  our  firm  S. 
Karpen  &  Brothers  of  Chicago,  who  have  given  very 
hearty  and  liberal  financial  support  to  this  multiple 
Fellowship  in  the  Industrial  Department  of  Kansas 
State  University. 

We  wish  to  express  our  very  deep  thanks  to  Dr.  R. 
K.  Duncan,  at  whose  kind  suggestion  and  encourage- 
ment this  research  was  undertaken  and  completed. 
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A  METHOD  FOR  DETERMINING  THE  AMOUNT  OF  ZINC 
CHLORIDE  IN  TREATED  WOOD 
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The  need  of  a  reliable  method  for  determining  the 
amount  of  zinc  chloride  in  treated  wood  has  already 
been  mentioned  in  This  Journal.  It  was  clearly 
shown  in  a  series  of  wood-impregnation  experiments 
recently  conducted  by  the  Forest  Service.  In  these 
experiments  maple  and  red  oak  ties  were  treated 
in  three  ways:      (i)  With  zinc  chloride  solution  alone; 

(2)  with  zinc  chloride  solution  and  creosote  in  emulsion; 

(3)  with  zinc  chloride  and  creosote  injected  separately. 
The  analytical  method  used  until  that  time  had  given 


excellent  results  for  the  soft  woods,  chiefly  hemlock 
and  tamarack,  but  when  applied  to  the  hard  woods, 
particularly  oak,  it  did  not  give  concordant  results, 
and  failed  entirely  in  the  analysis  of  hard  woods  treated 
with  zinc  chloride  and  creosote  in  emulsion. 

The  method  of  analysis  described  in  this  paper  is 
one  developed  to  overcome  the  difficulties  encountered. 
So  far  as  known,  the  complete  method  has  not  been 
described  before,  although,  in  its  separate  parts,  it  is 
formed  from  a  selection  of  certain  well-known  -methods 
modified  for  this  particular  work.  The  problem  that 
confronted  the  Forest  Service  in  its  experimental 
treatments  necessarily  confronts  also  many  com- 
mercial treating  plants  and  users  of  ti<A,ted  timber. 

SEPARATING    INORGANIC     SALTS    FROM    ORGANIC    MATTER 

A  choice  is  offered  of  three  possible  methods  of  freeing 
inorganic  salt  in  wood  from  the  organic  matter  so  that 
the  usual  inorganic  methods  of  analysis  may  be  car- 
ried out.     These  methods  are: 

I.    Destruction    of    organic    material    by    burning; 
estimating  inorganic  materials  from  the  ash. 

II.  Removal  of  inorganic  material  by  leaching  or 
extraction  with  water,  or  dilute  chemicals;  analysis 
of  the  leaching  solution. 

III.  Destruction  of  organic  material  by  chemical 
means;  analysis  of  the  resulting  solution. 

I.      DESTRUCTION      OF      ORGANIC    MATERIAL    BY    BURNING 

This  is  the  most  simple  method  because  it  requires 
no  special  apparatus,  but  it  is  limited  to  those  inorganic 
materials  which  are  nonvolatile  even  at  comparatively 
high  temperatures.  A  portion  of  the  inorganic  salt 
would  be  lost,  of  course,  if  the  temperature  reached 
the  volatilization  point  of  the  material.  In  spite  of 
this  limitation,  the  method  is  the  one  most  generally 
used,  and  it  is  suitable  for  many  inorganic  materials. 
It  should  be  remembered  that  certain  metals,  which 
in  themselves  are  nonvolatile  in  an  ordinary  Bunsen 
burner,  are  volatile  when  in  the  form  of  chlorides. 
Iron  and  aluminum  are  notable  examples.  These 
metals  and  all  of  their  salts,  except  halogen  salts, 
are  nonvolatile.  The  salts  of  zinc  behave  in  the  same 
manner,  and  the  metal  itself  is  volatile  at  about  1000° 
C.  It  is  obvious,  therefore,  that  a  method  of  des- 
troying the  organic  materials  by  burning  can  not  be 
used  in  the  estimation  of  zinc  chloride. 

In  spite  of  these  facts  the  idea  is  somewhat  prevalent 
that  this  method  can  be  used,  and  the  following  test 
was  therefore  made:  Known  amounts  of  a  standard 
zinc  chloride  solution  were  added  to  5  grams  of  dry 
sawdust,  the  excess  of  moisture  carefully  evaporated 
in  a  drying  oven,  and  the  wood  ashed  at  as  low  a  tem- 
perature as  possible.  Table  I  gives  the  results  of 
these  tests. 

It  is  seen  that  at  least  10  per  cent  less  zinc  chloride 
was  found  in  the  ash  than  was  added  to  the  sawdust, 
and  in  one  case  the  difference  was  as  great  as  55  per 
cent.  Further,  there  is  no  uniformity  in  the  results, 
so  that  a  factor  for  compensating  for  this  loss  can  not 
be  obtained.  Any  method,  therefore,  which  includes 
the  ashing  of  the  wood  is  not  reliable  for  zinc  chloride 
determinations. 
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Tablb   I — Loss  OF  Zinc   Chloride   in   thb    Dbstkuction   of   Wood  by 

BlfKNINO 

1  cu.  ft.  of  (\ry  wood  assumed  to  weigh  30  lbs. 
Ziiic  chloride 
added  to  S  grams  Zinc  chloride 

sawdust  found  in  ash  LoM 

Test  Lbs.  per  Lbs.  per  Lbs.    per 

No.  (liam  cu.  ft.  Gram  cu.  ft.  Gram  cu.  ft.  Percent 

1 0.0417  0,2502  0.0354  0.213  0  0063  0.037  14.9 

2 0.0417  0.2502  0.0186  0.112  0.0231  0.138  55.3 

3 0.0834  0.5004  0.0616  0.369  0.0218  0.131  26.3 

4 0.0834  0.5004  0.0736  0.442  0.0098  0.058  11.7 

5 0.0834  0.5004  0.0673  0.404  0.0161  0.096  19.3 

II.    EXTRACTION     OF     ZINC     CHLORIDE     BY     LKACIIING 

This  method  consists  of  extracting  the  zinc  chloride 
by  leaching  with  water  (or  dilute  chemicals).  For  the 
following  reasons  no  experiments  were  conducted  in 
this  method:  (i)  For  complete  extraction  a  con- 
siderable amount  of  expensive  apparatus,  such  as 
Soxhlct  extractors,  would  be  required.  (2)  There  is 
a  possibility  that  all  of  the  zinc  could  not  be  obtained 
even  with  prolonged  extraction.  (3)  There  would 
always  be  some  soluble  organic  matter,  such  as  tannins, 
sugars,  etc.,  extracted  with  the  zinc,  which  would 
have  to  be  either  removed  or  destroyed  by  chemical 
means.  This  operation  could  be  performed  on  the 
original  material  as  well  as  on  the  leached  extract. 

III.     DESTRUCTION    OF    ORGANIC    MATERIAL    BY    CHEMICAL 
MEANS 
METHOD  PREVIOUSLY   USED  BY  THE  FOREST  SERVICE — 

Tliis  method  separated  the  zinc  chloride  from  the  wood 
tlirough  destruction  of  organic  materials  by  chemicals. 
It  consisted  of  the  following  steps:  5-10  grams  of 
linely  ground  treated  wood  were  digested  in  a  Kjeldahl 
llask  with  lo  cc.  of  equal  parts  by  volume  of  con- 
centrated sulfuric  and  nitric  acids.  At  the  start, 
only  a  small  flame  was  used  under  the  flask,  but  as  the 
foaming  of  the  material  subsided,  the  flame  was  grad- 
ually increased  until  the  digestive  mixture  could  be 
kept  boiling  constantly.  From  time  to  time,  as  the 
material  became  charred,  more  nitric  acid  was  added 
until  the  solution  remained  water-white  or  pale  yellow 
on  boiling  to  sulfuric  acid.  With  soft  woods  this 
point  was  reached  in  from  2-3  hrs.,  but  with  such  woods 
as  maple  and  oak  the  time  was  usually  doubled,  and 
frequently  8-10  hrs.  were  required  for  digestion. 
When  creosote  was  present  the  solution  sometimes 
failed  to  clear  to  a  light  yellow  even  after  two  days 
of  digestion.  Furthermore,  in  the  subsequent  analysis, 
it  was  frequently  impossible  to  throw  out  with  ammo- 
nium hydroxide  the  traces  of  iron  which  were  always 
present;  thus  high  results  were  obtained.  The  reason 
for  the  failure  to  digest  creosoted  material  is  not 
apparent,  but  it  seems  possible  that,  at  times,  conditions 
in  the  digestion  flask  were  such  that  quinones  and  nitro 
bodies  of  anthracene  and  its  humologues  were  formed 
which  were  not  completely  destroyed  by  sulfuric  and 
nitric  acids.  An  explanation  of  the  failure  of  am- 
monium hydroxide  to  throw  down  iron  in  the  dilate 
solution  is  equally  hard  to  find,  but  it  is  supposed  that 
sometime  during  the  digestion  one  or  more  organic 
acids  were  formed.  Iron  compounds  of  these  acids 
form  double  salts  with  ammonia  which  arc  soluble  in 


ammonium  hydroxide.  Whatever  the  reason,  the  fact 
is,  that  at  times  organic  matter  was  present,  and  small 
quantities  of  iron  remained  in  solution;  hence  the 
method  was  unreliable  for  the  estimation  of  zinc. 
A  further  objection  to  the  method  is  the  extremely 
large  amount  of  breakage  of  digestion  flasks  due  to  the 
severe  treatment  with  boiling  sulfuric  acid.  Further- 
more, all  the  flasks  tried  by  this  method  were  attacked 
by  the  reagents,  and  either  zinc,  manganese,  or  some 
other  interfering  metal  was  dissolved,  making  it  neces- 
sary to  use  a  comparatively  high  correction  to  com- 
pensate for  the  flask.  All  kinds  of  glass  are  liable  to 
this  cornection,  but  it  is  more  nearly  constant  and 
smaller  in  amount  when  shorter  methods  of  digestion 
are  used. 

IMPROVED  METHOD — The  details  of  the  digestion 
method  finally  adopted  are  as  follows:  5  grams  of  finely 
ground  wood  or  sawdust  are  weighed  into  a  500  cc. 
short-neck,  round-bottom  Jena  boiling  flask;  50  cc. 
of  a  previously  prepared  saturated  solution  of  potas- 
sium chlorate  in  concentrated  nitric  acid  are  then  added 
in  the  cold  and  mixed  with  the  sawdust  by  a  vigorous 
shake.  A  violent  reaction,  accompanied  by  the  evo- 
lution of  considerable  heat,  immediately  takes  place, 
but  subsides  after  a  few  minutes,  leaving  a  wine- 
colored  solution  in  which  particles  of  partly  digested 
wood  are  floating.  When  the  solution  has  cooled 
somewhat,  10  cc.  of  concentrated  sulfuric  acid  (sp.  gr. 
1.8)  are  carefully  added  and  the  solution  again  shaken. 
When  this  second  reaction  is  complete  the  wood 
substance  is  all  dissolved  and  the  solution  is  of  a  dark 
red  color.  Thp  solution  is  then  boiled.  At  first  the 
color  becomes  much  lighter,  but  finally  darkens  to  a 
brown.  At  this  point  more  of  the  potassium  chlorate- 
nitric  acid  solution  is  added  and  the  solution  kept  boiling 
until  no  further  charring  occurs  on  evaporation  to 
sulfuric  acid.  This  boiling  usually  takes  1-1.5  hfs. 
after  the  digestion  in  the  cold  is  started.  In  the 
course  of  200-300  determinations,  this  treatment  has 
not  failed  to  give  a  clear  solution  free  from  organic 
matter  and  from  which  iron  can  be  precipitated,  if 
desired. 

ESTIMATION    OF    ZINC    IN    THE    DIGESTION    SOLUTION 

CHOICE  OF  METHODS — The  material  having  been 
digested  to  a  form  suitable  for  analysis,  it  was  neces- 
sary to  find  some  simple  method  of  analysis  with  a 
fairly  high  degree  of  accuracy.  The  determination 
of  zinc  gravimetrically  gives  results  more  nearly  cor- 
rect than  any  volumetric  method,  but  this  method 
was  not  undertaken  because,  even  in  the  hands  of  a 
trained  chemist,  it  requires  a  large  amount  of  delicate 
manipulation  and  is  somewhat  tedious  and  time- 
consuming.  It  was  believed,  moreover,  that  the  extra 
time  required  for  extreme  accuracy  would  not  be 
justified.  Of  the  volumetric  methods,  those  using 
potassium  fcrrocyanide  as  the  titrating  reagent  arc 
generally  considered  the  best.  Two  methods  using 
this  reagent  were  tried,  and  were  found  to  be  about 
equally  accurate.  They  difTercd  from  each  other  in 
the  indicator  used  to  determine  the  end  point  of  the 
titration  and  in  the  preparation  of  the  digestion  solu- 
tion for  analysis. 
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METHOD    USING    URANIUM   ACETATE   AS   INDICATOR —  volume    of    glycerine    and    glacial    acetic    acid.     The 

This    method    was    the    one    commonly    used.     It    is  digestion  mixture  is  then  diluted  with  loo  cc.  of  water, 

described  in  Sutton's  "Volumetric  Analysis"  as  "Fahl-  Ten  cc.  of  a  2  per  cent  ferric  chloride  solution  and  10 

burg's"  method,  and  consists  of  a  titration  with  potas-  cc.  of  dilute  nitric  acid  and  one  gram  of  solid  citric 

slum     ferrocyanide     in     hydrochloric     acid     solution,  acid  are  then  added  and  the  solution  allowed  to  cool; 

using  uranium  acetate  as  an  outside  indicator.     This  it  is  neutralized  with  ammonia  and  left  slightly   alka- 

litration,  to  give  the  best  results,  must  be  carried  out  line,  and  is  then  ready   for  titration.      On   account  of 

under  reducing   conditions;   all   nitrates,   nitrites,   and  the  heat  of  neutralization  of  the  acid  with  ammonia 

chlorates  must  be  destroyed  and  iron  must  be  removed,  it  is  rarely  necessary  to  heat  the  solution.      It  should. 

The  details  of  the  method  used  in  connection  with  however,  be  about  80°  C.  at  the  beginning  of  the  titra- 

the    new    digestion    method    are    as    follows:     When  l-'on  and  its  volume  should  be   200  cc.      The    end    of 

the   digested   material  remains  clear   after  boiling  for  the  titration  is  reached  when  a  drop  of  the  solution 

a  few  minutes  to  sulfuric  acid,  approximately  0.5  gram  placed  in  the  center  of  a  small  portion  of  the  glycerine 

of   solid   sodium   sulfite   is   dropped   into   the   solution  acetic  acid  mixture  appears  as  a  blue  or  greenish  blue 

and  the  boiling  continued  for   5   minutes.      This  des-  circle.      Blanks  should  be  run  as  in  the  previous  method, 

troys    all    nitrates,    nitrites,    and    chlorates,    and    also  comparison   of  the  two   methods  of  titration— 

reduces  any  iron  to  ferrous  compounds.     The  solution  The    accuracy    of   these   two    methods    of   titration   is 

is  then  cooled  and  diluted  with  100  cc.  of  cold  water,  about   the   same,    but   the   time   required  by  the  first 

The  iron  must  now  be  reoxidized  to  the  ferric  condi-  method  is  twice  as  great  as  by  the  second.     The  second 

tion  by  the  addition  of  25  cc.  of  bromine  water  and  the  method  can  be  used  when  phosphates  are  present  with 

solution  boiled  until  all  the  excess  of  bromine  is  ex-  iron,  a  condition  which  frequently  occurs  in  railroad 

pelled.     After  cooling,  and  before  filtering,  the  solution  ties  which  have  been  in  service.      For  such  a  condition 

is  made  alkaline  with  ammonium  hydroxide  and  set  the  first  method  would  be  unreliable,  because  the  iron 

on  the  steam  bath  for  about  i  hour  to  allow  any  iron  could  not  be  removed  by  precipitation  with  "ammonia, 

present    to    settle.     The     filtered    solution    and    the  and  part   of  it,  at  least,  would   be  estimated   as  zinc, 

washing    from     the    iron    precipitate    are    neutralized  The  second  method  has  the  further  advantage  of  re- 

with  hydrochloric  acid,  and  5  cc.  of  concentrated  acid  quiring  no  filtration,  thus  eliminating  the  chance  for 

in  excess  is  added.     The  total  volume  is  then  made  up  loss  involved  in  this  operation,  especially  in  the  hands 

to   17s   cc.   and  the  solution  heated  to  80°  C.   before  of  an  untrained  man.   The  results  shown  in  Table  II 

titration.     As   a  safeguard   to   make   certain   that   the  are   as  accurate   as  is  required  for  routine  testing   of 

titration  is  carried  out  in  a  reducing  solution,   25  cc.  this   nature,    the   error   being   not   greater   than   0.005 

of    saturated    hydrogen    sulfide    water    are    added   im-  pound  per  cubic  foot. 

mediately   before   titration.     Blanks    on  the  complete  accuracy  of  the  complete  method — In  the  tests 

method  should  be  run,   using  dry,  untreated  sawdust  in    Table    II,    known    amounts   of   zinc   chloride    were 

or  filter  paper,  and  the  correction  for  end  point  and  the  added  to  5  grams  of  dry  sawdust.     The  material  was 
digestion  flask  should  be  subtracted  from  the  readings 

, ,                 ,       .                             -,       .                  ,,  Table  II — TesTS  to  Ascertain  Accuracy  op  New  Method  for  Zinx 

in   the   analysis   proper.     It   is   usually   not   necessary  Chloride  in  Tre.^ted  Wood 

to  run  more  than  duplicate  or  four  blanks  for  even  a  zinc  chloride 

large  number  of  determinations,  if  the  same  standard  added  to  5         Zmc  chionde 

.           .  grams  sawdust              found                  Average            Average  error 

solution   IS    used;    but    blanks   should    always   be    run  , . .^ .. . .   , . . 

when  the  new  standard  solution  is  made  up,  unless  it  is  .                       g                    g                      g                    g 

exactly  the  same  as  the  solution  previously  used.  Z                       S                    S                       S                    I,       I 

method    using    acetic   ACID    AND    FERRIC    CITRATE    ASS  2            .S^           2          S>  ^            2            .S'^           2          .n'^^S 

INDICATOR— This  method  of  analysis  is  a  slight  modi-      , q  0^,7    0^502  o-.o4i8  0.231    0.0412    0.247  o.ooos  0.003  1.3 

fication    of    the    one    used   in    the    Sheffield    Scientific      2 0.0417    0.2502  0.0406  0.244 

School.    Yale    University.      Potassium   ferrocyanide    is      ' 0.O6255  0.3753  0.0619  0.370    0.C6235  0373  0.0002  0002  0.7 

,  ,        ,         ,       .  ,  ....  .     ,        + 0.062550.3753005280.377 

used  as  a  standard  solution,  but  the  titration  is  earned      5 „  qs.h    0.5004  0.O820  0.492    o.o8.'7    0.496  0.0007  0.004  0.9 

out  while  the  solution  to  be  titrated  is  ammoniacal.      6 0.0834    0.5004  0.0834  0.500 

Neither  iron  nor  nitrates  show  any  interference,  but  -;;  --    --  --  --  o'"-    «-  ^^  «-  »' 

are  added  to  the  solution  as  an  indicator;  the  necessity  

of  removing  them  from  the  digested  solutionis,  there-  Average  error         o.85 

fore,  obviated  and  the  titration  can  be  carried  out  in  ,        ,  ,      ,,      ,     .         .,      ,    ,        •,.    j     u               1  »u 

^,       ,.,._,        ^,            , analyzed  by  the  last  method  described  above  and  the 

the  digestion  flask.     The  end  point  of  the  titration  is  ,^        11^1        ■     m  l,     t       t,,             ,^      i  ^   ■     j 

^,                 ,       •     .,            ,                    .       ,     .               .  results  calculated  as  in  Table  I.     The  results  obtained 

rather  complex  in  theory,  but  very  simple  m  practice.  •       ,,                 ^  -a    ^       ^            r^-L. 

T.,  J           ,              .,     r         ,       ,      •    •         .      ,  were  in  all  cases  a  trifle  too  low.     The  maximum  error. 

It  depends  upon  the  tact  that  ferric  iron,  in  the  presence  ■           •    ,,,                ,           .                        ^       j  ^, 

,    ./.         ...         ^          •    •     .    ,,                    •      ,     .  .1    .  shown  in  these  analyses,  is  1.3  per  cent  and  the  average 

of  citnc  acid,  IS  not  precipitated  by  ammonia,  but  that  ,         .^,                                        m.,  •                      ^   •   , 

,   ,,          ,,                   .          ,      .        .              . '               ,  less   than    0.0    per    cent.     This    error    certainly    is    no 

a   soluble    salt,    ammonium    ferric    citrate,    is   formed.  ,       ^,       v,        ,.,    ,                        .                     ^i.   ^      c 

T,,      .          ,          ^,  .                       ,   .         ^           •   •.  ^   J   .  greater  than  that  likely  to   occur  in   any   method   of 

Ihe  iron  from  this  compound  is  not  precipitated  by  .          ,                 ,      .              ,     ■      i:                  •            c 

.       .          -                 -J      ■                    ■       ,        r  ^-        ,     .  preparing    the    sample    for    analysis    from    a    piece    or 

potassium    ferrocyanide    in    ammoniacal    solution    but  ttHH 

is  immediately  thrown  down  when  the  solution  is  acid. 

The    details    of    the    method    are    as    follows:     An  „  ,  ^      ^°'"'"  pko^^^s  laboratory 

.          .                        .       ,-                                      ,  U.  S.  Forest  Service.  Department  of  Agriculture 

outside  indicator  is   first  prepared  of  equal   parts  by  madison.  Wisconsin 
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ON  THE  COMPOSITION  OF  GUNT  KELPS 

liy    A     I<     Mkrz' 
Kcccivc.l  Octohcr  22.  t'J\i 

The  data  presented  in  this  paper  were  obtained  in  the 
course  of  the  investigations  directed  by  Dr.  Frank  K. 
Cameron,  of  the  Bureau  of  Soils,  looking  to  the  possi- 
bility of  the  utilization  of  the  giant  kelps  of  the  Pacific 
coast  as  an  economic  source  of  potash  salts  and  other 
useful  products. 

During  the  summer  of  the  present  year,  two  parties 
were  sent  to  Alaska  for  the  purpose  of  surveying, 
mapping,  sampling,  and  obtaining  further  information 
concerning  the  kelp  beds  of  the  Alaskan  coast.  One 
of  these  parties,  under  the  leadership  of  Prof.  G.  B. 
Rigg,  of  the  University  of  Washington,  covered  the 
beds  of  the  Alaskan  Peninsula;  the  other,  headed  by 
Dr.  T.  C.  Frye,  of  Seattle,  confined  its  operations  to  the 
coast  of  Southeast  Alaska.      The  samples  obtained  by 
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both  parties  were  dried,  and  sent  thus  in  bags  to  the 
laboratories  of  the  Bureau  of  Soils  for  analysis.  The 
samples  were  run  according  to  the  methods  published 
by  Turrentine,'  and  results  are  given  in  Tables  I  and 
II.      The  nitrogen  determinations  in  Tables  I,   II  and 

III  were  made  by  T.  C.  Trescotl,  of  the  Bureau  of 
Chemistry. 

An  inspection  of  these  results  indicates  that  the 
Ncreocystis  of  Alaskan  waters  is,  as  respects  potash 
content,  of  as  great  importance  as  an  economic  source 
of  potash  salts  as  that  of  the  more  southern  waters. 
The  Macrocystis  contains  a  lower  percentage  of  potas- 
sium than  does  Ncreocystis  while  the  Alaria  contains 
a  decidedly  lower  percentage.  The  sea-weeds  Fucus 
and  I'orphyra  are  evidently  valueless  as  sources  of 
potash  on  an  economical  scale,  and  the  analyses  are 
given  merely  because  of  the  interest  which  may  at- 
tach to  them  otherwise. 

Since  the  publication  of  the  author's  joint  article 
with  J.  R.  Lindemuth  upon  the  leaching  effects  of  sea 
water  on  freshly  cut  kelp,'  a  further  set  of  analyses 
(Table  III)  has  been  obtained  confirming  the  con- 
clusions  of    that    paper.     A    large   sample   of    Macro- 

■  Scientist  in   I'trtillter  Investixutiun*.   Bureau  o(  SolU.  V    S.  Depart- 
ment ol  .Agriculture. 
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cystis  was  taken  by  Prof.  W.  C.  Crandall,  of  La  JoUa, 
California,  and  sub-samples  were  taken  of  this  as  de- 
scribed in  our  previous  paper,  the  wet  samples  being 
forwarded  in  jars  to  Washington  for  analysis.  Sample 
22,  however,  was  dried  and  sent  in  a  sack  by  mail. 
The   anomalously    high    percentage   of   total   solids   in 
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Sample  i  is  possibly  to  be  explained  by  the  presence 
of  sea-water,  the  jar  having  considerable  water  therein 
and  the  sample  itself  l>cing  quite  small.  The  manner 
of  sending  Sample  33  probably  accounts  for  its  com- 
paratively low  saline  content. 
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After  the  large  sample  was  cut  at  2.10  p.m.,  it  was 
taken  from  the  water  and  kept  out  till  3.50  p.m. 
before  re-immersion.  It  was  cut  off  Pt.  Vincente,  Cali- 
fornia in  the  vicinity  of  the  beds  now  being  cut  by  com- 
mercial organizations,  Lat.  33°  22'  30",  Long.  118°  20'. 

Sub-samples  1-6  and  22  were  taken  where  the  large 
sample  was  cut;  7,  while  steaming  to  Pt.  Vincente; 
8-11,  while  steaming  to  Avalon;  12,  on  the  way  to 
San  Diego;  and  the  others  in  San  Diego  Bay 

During  the  course  of  analysis  of  the  numerous 
samples  of  kelps  which  have  been  recently  analyzed 
in  this  laboratory,  it  was  observed  that  in  every  in- 
stance, where  stems  and  leaves  of  the  same  plant 
were  separately  analyzed,  the  total  salt  content,  and 
similarly  the  potash  content,  in  the  stipe  exceeded 
that  of  the  laminae.  This  observation  is  of  particular 
importance  since  Dr.  Cameron  in  a  recent'  review 
of  the  kelp  work,  and  on  the  basis  of  the  analytical 
data  then  available  for  all  stipes  and  all  leaves,  irrespect- 
ive of  the  relations  in  individual  plants,  offered  the 
opinion  that  there  were  no  characteristic  differences 
in  this  respect.     Table  IV  gives  a  list  of  such  samples 

Table  IV — Results  in  Percentages 
S  =  Stems;  L   =   Leaves 
Sample  Total  sol- 

No.  KjO    uble  salts    Ash  N 

1  Macrocystis    .    18.28       36.78       2.36       0.51        S       Coron'ado  Isl., 

Lower  Cal. 

2  Nereocystis.  ..      9.90      25.94      3.88      0.84       L       Geese  Is!., 

28.26      52.88      3.60       1.06       S  Alaska 

15.44      39.40      4.34      2.27       L 

3  Nereocystis  ..   24.69       56.40      3.10       1.15       S       Port  Graham, 

14.78       38.44       4.30       2.02        L  Alaska 

4  Nereocystis...   23.88      49.44    10.66       1.53       S       Pearse  Canal, 

12.74       34.38       5.12       2.87        L  Alaska 

5  Nereocystis.    .    30.12       63.74       2.76        1.07        S        Bet.    Tangass    and 

15.12       40.10      4.34      3.06       L  Kanagunnt     Isl., 

Alaska 

6  Nereocystis.  .  .    27.02       58.86       3.22       0.81        S        Gulf     of      Esquibel 

19.63       47.25      3.46       1.04       L  Alaska 

7  Nereocystis...   28.76      64.44      2,90      0.59       S       Eagle    Isl.,    David- 

16.74      42.74      5.66       1.52       L  son  Islet,  Alaska 

8  Nereocystis...    24.80      53.54      3.68       0  98       S       Wrangell  St., 

17.67       44.40       4.98       2.01        L  Alaska 

9  Postelsia 20.0         41.1  4.0  1.01        S       Neah  Bay. 

Palpjaeformis.    13.9         29.90       5.7  1.83        L  Wash. 

10  Postelsia 22.8  44.5  3.2  0  94       S       Montara  Pt., 

Palmaefcrmis.  9.7  29.7  4.3  1.40       L           Cal. 

1 1  Macrocystis. .  .  18.7  40.3  5.3  1.24       S       St.  Nicholas. 
Pyrifera 12.4  28.3  6.9  1.04   S&L        Cal. 

Samples  9,  10  and  11  are  from  Turrentine. 

with  their  respective  analyses.  An  attempt  to  find 
uniformly  constant  variations  between  stem  and 
leaves  in  content  of  other  constituents  justified  the  two 
following  conclusions: 

(I)  The  ash  content  is  almost  invariably  larger 
in  the  leaves  than  in  the  stem  of  the  same  plant. 

(II)  The  nitrogen  content  is  almost  invariably  larger 
in  the  laminae  than  in  the  stipe  of  the  same  plant. 

Bureau  of  Soils 
U.  S.   Dkpt.  op  Agric,  Washington 

THE  ANALYSIS  OF  COMPLETE  FERTILIZERS   CONTAIN- 
ING CYANAMID'' 

By    II.    W.    lilLL  and   W.   S.    Landis 

With  the  advent  of  new  materials  into  the  fertilizer 

'  Jour.  Frank.  Inst.,  176,  364  (1913). 
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industry,  there  naturally  arise  new  problems  concerned 
with  the  analysis  of  mixtures  containing  the  same. 
Such  a  new  material  is  Cyanamid,  now  in  its  fourth 
season  in  the  United  States,  though  in  much  older  use 
in  Europe.  That  it  is  making  remarkable  headway 
in  this  country,  is  evidenced  by  the  fact  that  last  year's 
production  will  be  doubled  this  year  and  some  60,000 
tons  will  be  placed  upon  the  market  next  year. 

At  present,  this  material  is  marketed  in  two  forms, 
a  finely  powdered  Cyanamid,  so  finely  divided  that 
all  will  pass  a  60- mesh  screen,  and  75  per  cent  or  more 
will  pass  a  loo-mesh  screen;  and  a  granulated  form 
sizing  between  10-  and  80-mesh.  The  chemical  com- 
position of  the  two  varieties  is  approximately  the  same, 
carrying  nitrogen  equivalent  to  18.5  per  cent  ammonia, 
nearly  all  in  the  form  of  calcium  cyanamide.  This 
compound  is  a  comparatively  weak  one,  hydrolyzing 
instantly  in  an  excess  of  water  to  cyanamide  and  its 
polymers,  to  ammonia,  to  urea,  etc.  The  calcium  salt 
is  so  unstable  in  the  presence  of  water  that  it  has 
never  been  isolated  from  aqueous  solution. 

Besides  calcium  cyanamide,  the  commercial  product 
contains  free  calcium  hydrate,  graphite,  and  various 
other  minor  impurities.  The  product  marketed  last 
year  averaged  40  per  cent  calcium  content  in  the 
various  forms  enumerated  above,  which  we  are  going 
to  assume  as  hydrate  for  the  purposes  of  this  dis- 
cussion since  that  is  the  form  most  probably  assumed 
by  the  lime  as  soon  as  mixed  in  the  ordinary  com- 
plete fertilizer,  though  later  it  may  react  to  various 
other  forms. 

Abroad,  the  bulk  of  the  annual  production  of  some 
200,000  tons  finds  its  way  into  the  soil  directly,  due 
to  the  common  European  practice  of  using  unmixed 
fertilizers.  Only  small  quantities  get  into  complete 
mixtures  and  no  question  of  analysis  seems  to  have 
arisen  regarding  such  mixtures,  as  it  is  an  assumed 
fact  that  there  Cyana'mid  is  incapable  of  transforming 
acid  phosphates  into  an  unavailable  form,  irrespective 
of  the  results  yielded  by  the  usual  methods  of  analysis. 

In  this  country  where  nearly  all  the  Cyanamid 
enters  into  such  complete  mixtures  which  are  sold 
on  the  basis  of  analysis  by  Official  Methods,  we  have 
presented  to  us  a  possibility  of  reactions  being  caused 
to  take  place  between  the  acid  phosphate  and  the 
Cyanamid  by  reasons  of  the  manipulation  as  pre- 
scribed in  these  methods  of  analysis.  Results  obtained 
after  such  reaction  has  taken  place  are  of  course  not 
representative  of  the  material  as  sampled. 

We  can  here  dismiss  a  discussion  of  the  constitution 
of  the  ordinary  acid  phosphate  of  commerce.  We  have 
already  discussed  sufficiently  the  chemical  constitu- 
tion and  behavior  of  Cyanamid,  but  it  might  be  well  to 
state  here  that  our  future  discussion  will  be  limited 
to  the  granulated  form  because  of  the  present  lack  of  a 
method  of  separating  undecomposed  Cyanamid  from 
a  complete  fertilizer  mixture  other  than  by  picking 
it  out  particle  by  particle.  This  granulated  form  of 
Cyanamid  is  designed  to  present  a  minimum  of  re- 
acting surface  for  a  maximum  weight  of  material,  the 
bulk  of  any  addition  to  the  ordinary  fertilizer  mixture 
remaining    inactive    in    the    interior    of    the    granule. 
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A  sample  drawn  for  analysis,  according  to  the  Official 
Method  from  such  a  fertilizer  mixture,  is  required  to  be 
ground,  such  grinding  V<reaking  up  the  granules. 
This  Vjroken-down  mass  is  then  treated  with  water  in 
excess,  liberating  the  lime  of  the  former  granule  to 
action  on  the  phosphoric  acid,  such  procedure  violating 
every  principle  upon  which  the  inactivity  of  the 
granulated  form  of  the  Cyanamid  was  founded.  The 
results  of  any  such  analytical  procedure  are  not  rep- 
resentative of  the  real  conditions  existing  in  the 
mixture  as  sampled. 

Let  us  examine  more  closely  the  nature  of  the  possible 
reactions  taking  place  when  acid  phosphate  and 
Cyanamid  are  mixed.  The  Cyanamid  contains  an 
eriuivalent  of  74  per  cent  calcium  hydrate  which  un- 
doubtedly reacts  immediately  with  any  free  acid  in  the 
acid  phosphate  to  form  a  mono-calcium  phosphate, 
such  reaction  being  accompanied  by  the  considerable 
heat  evolution  always  noted  ,  on  such  mixing.  The 
consequent  high  temperature  of  the  mass,  coupled 
with  the  water  content  of  the  same,  may  even  cause 
the  hydrate  to  react  with  the  mono-calcium  phos- 
phate to  form  the  di-calcium  phosphate,  but  as  far  as 
we  can  ascertain  by  other  than  chemical  analysis,  we 
do  not  believe  this  second  reaction  progresses  very 
far,  or  that  it  takes  place  at  all  in  cold,  dry  mixtures. 
In  proof  of  this  last  contention  we  have  mixed  sufficient 
Cyanamid  with  acid  phosphate  to  neutralize  the  free 
acid  and  left  the  pile  to  cool.  After  cooling  more 
Cyanamid  was  added  to  the  mass  without  sign  of  a 
second  reaction  caused  by  this  second  addition.  The 
same  result  was  obtained  with  a  complete  fertilizer 
mixture,  the  first  addition  of  Cyanamid  serving  to 
lu'iilralize  the  free  acid  and  dry  out  the  mass,  and  no 
further  reaction  took  place  on  second  addition,  as 
evidenced  by  thermochemical  and  physical  observa- 
tion. Analyses  by  the  ofTicial  method,  however, 
have  shown  an  apparent  loss  of  availability  on  this 
second  addition,  thus  furnishing  another  reason  for 
(inestioning  its  applicability  to  a  Cyanamid  mixture. 

Believing  as  we  do  that  reaction  will  take  place  be- 
tween free  calcium  hydrate  and  acid  phosphate  during 
the  chemical  manipulation  of  analysis  by  the  official 
nu'thods,  particularly  where  the  calcium  hydrate  has 
been  locked  up  in  granules  of  Cyanamid,  we  deter- 
mined to  try  a  few  experiments  to  substantiate  these 
views.  The  grinding  and  the  leaching  with  water 
put  both  the  lime  and  the  phosphoric  acid  into  solu- 
tion and  reaction  will  ensue  causing  precipitation 
in  both  the  filter  and  the  receiving  beaker,  nccortling 
to  conditions.  Any  precipitation  of  phosphoric  acid 
in  the  fdtcr  means  a  low  resvdt  for  water-soluble. 
Digestion  of  the  water-insoluble  residue  with  neutral 
citrate  in  the  presence  of  the  hydrate  again  causes 
reaction  and  precipitation  as  insoluble  during  the 
digestion,  giving  results  for  insoluble  phosphoric  acid 
having  no  relation  to  the  content  in  the  original 
sample.  We  arc  even  of  the  opinion  that  the  neutral 
citrate  digestion  breaks  up  calcium  carbonate  if  present 
and  causes  precipitation  of  insoluble  phosphoric  acid, 
though  it  will  not  react  with  the  mono-calcium  phos- 
phate either  dry  or  in  water  solution. 


In  order  to  substantiate  our  theory  regarding  the 
hydrate  we  performed  the  several  experiments.  An 
acid  phosphate  analyzing  by  the  official  method  0.J9 
per  cent  insoluble  P-Oi,  condition  fairly  dry,  was  used 
in  all  the  experiments. 

I.  Into  the  point  of  four  dry  folded  filters  were  placed, 
respectively,  o,  0.25,  0.75  and  i.oo  gram  of  dry  calcium 
hydrate.  On  top  of  each  were  poured  quickly  2  grams 
of  the  above  acid  phosphate  and  analysis  according 
to  the  Official  Methods  started  immediately.  No 
chance  for  mixing  or  reaction  was  given.  The  results 
obtained  were  as  follows: 


Weiithi  C«(OH)t 

Iiuolublr  PiOi 

Gram 

Percent 

0  00 

0  ?9 

0.25 

1   «9 

0.75 

4.54 

1  .00 

4.47 

The  lime  remained  in  the  point  of  the  filter  in  one 
lump  and  probably  represents  the  extreme  case  of  one 
large  granule  of  unreacted  Cyanamid  in  acid  phos- 
phate. Our  experience  with  acid  phosphate  mixtures 
would  lead  us  to  believe  that  absolutely  no  reaction 
had  taken  place  between  the  hydrate  and  the  acid 
phosphate  before  the  first  water  was  added. 

The  other  extreme  of  the  powdered  Cyanamid  acid 
phosphate  mixture  conditions  would  be  approximated 
by  mixing  the  hydrate  and  the  acid  phosphate  in  the 
filter.     This  was  done  in  the  next  experiments. 

II.  A  very  quick  rough  mix  was  given  the  acid 
phosphate  hydrate  mixture  before  adding  the  water. 
No  indication  of  reaction  having  taken  place  here  was 
apparent. 

Wciibt  Ca(OH)t  Intolublc  PK)i 

Cram  Per  cent 


0.25 
I)  75 


7  94 
II    42 


From  the  results  of  these  two  experiments  we  con- 
clude that  if  free  Cyanamid  or  free  calcium  hydrate 
in  any  form  are  present  at  sampling,  the  Official 
Methods  of  Analyses  do  not  yield  results  indicative 
of  the  actual  conditions  in  the  pile  at  the  time  of 
sampling.  The  apparent  loss  of  phosphoric  acid  in 
an  actual  mixture,  as  determined  by  this  official  method, 
would  lie  somewhere  between  the  results  as  indicated 
in  Experiments  I  and  II,  because  the  conditions  ex- 
isting in  the  original  pile  as  to  distribution  of  the 
hydrate  is  somewhere  between  the  extremes  of  the  one 
large  granule  and  the  more  even  distribution  of  the 
hydrate,  but  there  is  no  doubt  that  it  does  become 
quite  serious. 

It  is  a  very  simple  matter  to  prove  the  existence 
of  free  hydrate  in  a  fertilizer  mixture  containing 
granulated  Cyanamid  by  actually  picking  out  the 
granules  of  unreacted  or  undecomposcd  Cyanamid. 
Other  means  of  attempting  to  ascertain  the  degree  to 
which  the  Cyanamid  reacted  on  the  acid  phosphate 
in  a  complete  fertilizer  mixture  failed.  Two  mixtures 
studied  from  a  thcrmo-chemical  standpoint  showed 
approximately  that  three-quarters  of  the  powdered 
Cyanamid  and  one-third  of  the  granulated  Cyanamid 
had  entered  into  reaction,  but  wc  look  upon  this  as 
only   a   crude   approximation   because   of   the   lack   of 
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essential  thermo-chcmical  data.   ■  We  have  not,  at  this  an  acid  phosphate  past  the  dicalcium  stage  under  the 

time,  found  a  mechanical  or  chemical  method  of  isola-  ordinary    conditions    of    mixing    and    batching    of    the 

ting   the    undecomposed    Cyanamid    particles   from    a  semi-dry  materials  employed  to-day.      But  we  do  know 

complete  fertilizer  mixture,  other  than    by  hand-pick-  that  the  digestion   with  neutral  citrate  will  cause  re- 

ing,  which  at  best  affords  a  partial  separation    of   the  action  of  any  free  hydrate  with  the  di-calcium  phos- 

coarser  particles.  phate  at  that  stage  of  the  manipulation,  and  the  same 

As  a  concrete  example  of  the  proof  of  such  undecom-  must  be  true  of  the  carbonate,  though   we  have  not 

posed  Cyanamid  present  in  a  fertilizer  mixture  might  made  a  direct  investigation  to  prove  this  statement, 

be  cited  the  case  of  a  ten-ton  batch  made  up  as  indica-  In  our  own  work  we  have  found  that  the  dilute  weak 

ted  below:  acids    frequently    recommended    for    analysis    of    the 

PER  CENT  PsOs  IN  B  asic  Slags  show  practically  no  loss  of  available  in  acid- 

!">■<""■•*                                       Acid  Phosphate         Garbage  Tankaoe  p^osp^ate    mixtures    containing    up    tO    300    pounds    of          1 

1000  acid  phosphate              ^'''"'^,., ,'*1          n',,  granulated  Cyanamid  and  looo  pounds  of  acid  phos- 

125  granulated  Cyanamid          Water-soluble 12.64               0.15  fe                                    J                                                      f                                           ^ 

200  muriate  of  potash            Citrate-soluble 4.53          2.55  phate  to  the  ton  of  Complete  mixture,  cven  though  the 

300  garbage  tankage              Available 17.17          2.70  temperature  of  the  mass  rose  to  over  110°  C.  and  re- 

375  filler                                             Insoluble 0.29               1.1')  .         ,    ,•     1     r                                     1              01.            il.     J       J          u 

Total              17.46          .1. 89  mamcd  high  for  many  weeks.     Such  rnethods  do  show 

„   .     .        ,                       ,   .          ,  .                      ,    ,            ,,  a  loss  of  available  for  additions  of  powdered  Cyanamid 

This  batch  was  stored  in  a  bin,  surrounded  on  all  ,    .                    ,                             ,  \     ^,                  .      ., 

...        ,  .               ^   .    .           ...            .   ,  much  in  excess  of  125—150  pounds  to  the  1000  01  acid 

sides    by    similar    bins    containing    similar    mixtures,  ,,,.,,,   .^,-                 ...  v       •                           u 

,    ,    ■'               .    ,                            o  „   •    r        J           rx  phosphate,  though  this  amount  has,  m  many  cases,  been 

and  the  center  of  the  mass  rose  70    C.  in  four  days  after  ,    ,  .                         ,    -        r  •       ..•       j-i        .^    ■     ..1, 

,     ,          ,      ,            ,    1     a-      c-            1        ri.  exceeded  by  a  proper  choice  of  inactive  diluents  in  the 

mixing,  and  then  slowly  cooled  off.     six  weeks  after  •   ,            n^i.            i^      r        1     •      r  /-^          _-j 

.   .'                 ,               ,                ...       ^.,,                ^     ^.  complete  mixture.     The  results  of  analysis  of  Cyanamid 

mixing,  a  sample  was  drawn  while  still  warm  to  the  '^                         .              ...u        14^       „.i~  *i,„j„ 

,     ,              ,  .  ,               ,                .  ,     1         ^        a^  ■     ^  acid  phosphate  mixtures  by  these  last-named  methods 

hand,    from    which    sample    we    picked    out    sufficient  t-       1                        ■^,    \,          i.     ■     1        j   ^u 

,       _,              .  ,         ,.                  ,     .          „,  .  agree    more    closely  with  other  physical  and  thermo- 

undecomposed      Cyanamid        for        analysis.        1  his  °      .     ,    ,   ,     ^,          ,     ^,            u^   •      j   <       ^u    ncc  ■  1 

^              .,                ,                ,    f         r              j\.     ■            -J  chemical  data  than  do  those  obtained   oy  the  Official 

Cyanamid    was    clean    and    free    from    adhering    acid  ,,     ,     , 

,        ,     ,          ,  .  ,          ,.                 J   i     L                        i  Methods, 

phosphate,  which  reahy  seemed  to  have  as  great  an  „,    ,    .•         ^i             ^  •           ^             r                    1.       • 

^^    .       r      ,,           I        \     1               c      xi.     /-               J  We  believe  the  great  importance  of  a  comprehensive 

affinity  for  the  garbage  tankage  as  for  the  Cyanamid.  ,     ,        ,   ,,             ^..          ,  \.                 -j      u       u   ..          a 

^,        ■'          ,..,,•                       a-       J   j-cc     14.          1  study   of   the   reactions   between   acid   phosphate   and 

The  separation  in  this  manner  offered  difficulty  only  ,  .          ,      ,     ,           j        ,  •                14.           j        4.1, 

r  ^,                         r  4.,.     J     1        1       J          4.-  1  calcium    hydrate    and    calcium    carbonate    under    the 

because  of  the  presence  of  the  dark-colored    particles  .   .             ■'                   .            .          ^     ,  r    4.-i-                 4.- 

,    ,     ,     ,              J  .,      J     ,       ,       J  cii             1        J       4.  mixing  conditions  existing  m  actual  fertilizer  practice 

of  the  tankage  and  the  dark  colored  filler  used,  and  not  ,,   ,      ,               ,             ,   ^.          r  4.1-                r       i- 

,                   r,,                   Til           •ji-1.4-         A  would  lead  towards  a  solution  of  the  use  of  a  lime- 

because    of    adherence    of    the    acid    phosphate.     An  . 

,     .            ,      J-       ^,             ,,            4.-  i                         4.  J  stone   filler   for   fertilizer   mixtures,   and  everyone   ap- 

analysis   made  directly   on  the   particles,  as  separated  .                                     •     ,^       ,      j        ^         4.      u      j 

.^,       ^      ^^         ,.        ;!       ,          /,            a    ■  preciates  the  great  agricultural   advantage  to  be   de- 

without    attempting   to    clean    them    off    m    any  way,  .      ,  j.          ^,               r        1.            4.     ■  1  •     tu     ■    j     4. 

^,.  ,.4.  J  4.  rived  from  the  use  of  such  a  material  in  the  industry, 
gave  48.5  per  cent  calcium  hydrate  and  0.15  per  cent  ,  ,  ,  ,  1  j  r  1 
^,  ;  .  .  ,  ,  .  ,,  c  4.1.  u  J  4.  The  problem  should  be  approached  from  several 
phosphoric  acid,  showing  the  presence  of  the  hydrate  ^  ,  ,  •  ,  ,  ,  4.u 
f  ^,  ,•  ,  1  J  nM  I  to  -J  angles,  not  all  purely  chemical,  as  we  have  shown  the 
in  the  particles  as  sampled.  The  granules  of  Cyanamid  ,  .°  '  ,  .  ,  ,,  ,  j  ix  1. 
,  J  J  ■4.-  r  41.  -J  J  4.1,  failure  of  a  chemical  method  to  produce  results  char- 
showed    decomposition    of    the    cyanamide    and    the  .    .       ,    ,                 .  ,          ,     , 

,         .  ^              ...           u   ui       ■      4-1,  acteristic  of  the  material  worked  upon  in  our  case  as 

presence    of    moisture,    which    probably    is    the    cause  j        -v   ^     k 

of  the  lessened  percentage  of  hydrate  found  in  them. 

We  have  endeavored  to  show  here  that  the  Official 
Methods  of  Analysis  give  results  in  no  way  indicative 

of  the   character  of   the   sample   as  taken   where   free  A  STUDY  OF  THE  MILK  OF  PORTO  RICAN  COWS 

calcium  hydrate  or  Cyanamid  is  present  in  the  mixture.  By  Howard  j.  lucas.  r.  del  valle  sarraga  and  j.  rom.\n  benitsz 

Such  results  show  an  apparent  loss  of  availability  that  Received  September  15,  1913 

has  no  real  significance  as  far  as  concerns  the  condi-  This  work  was  undertaken  for  the  purpose  of  deter- 

tion    of    the    material    before    analysis.      Granulated  mining  how,  and  to  what  extent,  the  milk  from  the 

Cyanamid  remains  for  a  large  part  unacted  upon  even  native    Porto   Rican   cows   varies   from   that   of   other 

in   additions   as  high   as  300   Cyanamid  to    1000   acid  countries,    and   to    what    extent    the    use    of    different 

phosph^ite  and  at  temperatures  as  high  as  110°  C.     It  grasses  as  food  affects  its  composition, 

is  more  decomposed  in  the   manipulation  incident  to  The  so-called  native  cow  does  not    seem    to    be    of 

analysis  by   the   official   methods  than  in  the   mixing  any  particular  breed,  but  appears  to  be  the  result  of 

with  the  acid  phosphate,  if  we  can  believe  the  results  the    mixing    of    different    strains    introduced    into    the 

of  some  recent  investigations  we  have  made.  island  from  time  to  time.     There  seems  to  be  no  at- 

We  regret  that  we  cannot  offer  a  solution  to  this  tempt  on  the  part  of  the  people  to  divide  the  cattle 

problem,    which    not    only    concerns    the    Cyanamid  into  different  breeds  on  the  basis  of  color,  and  conse- 

industry,  but  the  larger  fertilizer  industry  as  a  whole  quently  no  attempt  has  been  made  to  do  so  in  this 

who  have  been  striving  to  use  limestone  fillers  in  their  work. 

mixtures  for  the  great  beneficial  effects  following  the  The  value  of  cattle  in  Porto  Rico  does  not  depend 

use  of  such  fillers.     The  use  of  such  material  is  now  entirely  upon  its  use  as  a  source  for  meal  and  for  milk, 

prohibited    because    of   the   great    loss    of    availability  but  rather  upoi)  the  fact  that  the  oxen  form  the  most 

shown  on   analysis  by  the   Official  Methods.     We  be-  common   beast  of  burden,   and   are   used   in   all   parts 

lieve  that  it  is  impossible  for  calcium   carbonate,   as  of  the  country  for  performing  the  heaviest  kinds  of 

well  as  the  hydrate  we  have  worked  with,  to  transform  work,  such  as  hauling,  plowing,  rough  farm  labor,  etc. 


an.,  rQr4 
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1 1  is  only  natural  to  suppose,  then,  that  the  utility  of 
the  cow  as  a  milk  producer  has  been  lost  sight  of  to 
a  greater  or  less  extent,  and  emphasis  has  been  placed 
upon  the  desirability  of  raising  oxen  for  agricultural 
purposes.  Therefore,  it  is  reasonable  to  conclude 
that  but  little  attention  has  been  given  to  the  improve- 
ment of  the  stock  for  milk  production  by  suitable 
methods    of    breeding. 

The  peculiar  manner  of  milking  is  undoubtedly  an 
unfavorable  factor  in  milk  production.  This  is  done 
but  once  in  every  twenty-four  hours,  and  then  under 
conditions  which  must  always  be  complied  with.  The 
cows  have  been  so  bred  and  so  accustomed  to  this  method 
of  procedure  that  they  refuse  to  let  down  milk  other- 
wise. The  calf  is  first  allowed  to  start  the  flow  of  milk 
and  is  then  removed,  the  milk-man  continuing  the  oper- 
ation until  he  has  obtained  all  that  he  possibly  can. 
'i'he  calf  is  again  allowed  to  suckle,  and  it  is  often 
possible  to  obtain  a  second  milking  by  again  removing 
it,,  although  it  is  not  customary  to  do  so  in  the  large 
dairies.  All  this  involves  a  great  waste  of  milk,  and 
a  loss  of  labor  and  time  necessary  for  handling  and  herd- 
ing the  calves  during  the  milking  process.  Such  an 
unscientific  method  has  a  decided  influence  upon  the 
fat  content,  which  might  vary  considerably,  depend- 
ing upon  whether  much  or  little  of  the  strippings  are 
secured. 

As  but  little  grain  is  fed,  the  cows  are  kept  in  the 
pastures  the  year  round.  Certain  .sections  of  the 
island,  notably  the  southern  half,  receive  rain  for  a 
part  of  the  year  only,  and  during  the  remainder  suffer 
from  drought.  During  these  periods  the  pastures  dry 
up,  and  the  cattle  suffer  from  lack  of  food.  This  con- 
ilition  naturally  leads  to  decreased  production  of  milk, 
and  this  factor,  together  with  the  peculiar  custom  of 
milking,  and  the  deterioration  of  the  strain  through 
lack  of  proper  breeding,  has  brought  the  native  cow 
cif  I'orto  Rico  to  a  state  of  low  efficiency  as  a  milk  pro- 
iluccr.  Daily  yields  run  from  i-io  or  1 2  qts.  and  5 
is  considered  a  good  average. 

This  condition  can  not  be  attributed  to  the  preva- 
lence of  disease;  on  the  contrary,  it  is  a  well  known 
fact  that  the  cattle  of  the  island  are  remarkably  free 
from  tuberculosis,  and  have  strong  resisting  powers 
against  those  diseases  to  which  they  are  liable. 

With  the  exception  of  work  done  by  R.  del  V'alle 
vSrirraga  (oflice  of  Health,  Charities  and  Correction, 
('hem.  Laboratory,  Bui.  No.  2)  on  samples  of  milk 
from  two  cows  at  stated  intervals,  there  have  been 
111)  publishe<l  analyses  of  milks  of  known  purity  from 
cows  on  the  island.  It  was  hoi>ed  that  this  work 
might  prove  to  be  a  guide  for  establishing  a  standanl 
for   Forto   Rico. 

COLLECTION  OF  s.xMPLKS-  At  (irst  it  was  the  in- 
tention of  the  authors  to  collect  the  samples  person- 
ally, but  later  as  it  became  desirable  to  obtain  them 
from  all  parts  of  the  island,  the  Director  of  the  Labora- 
tory issued  a  circular  reijuesting  the  health  officer  of 
each  municipality  to  forward  two  samples  of  milk  of 
known  purity  to  the  laboratory.  They  were  directed 
to  personally  supervise  the  milking  of  two  cows,  tak- 
ing care  to  have  the  milking  complete,  and  the  whole 


thoroughly  mixed  before  withdrawing  the  sample, 
consisting  of  250  cc.  To  the  latter  was  to  be  added 
five  drops  of  a  40  per  cent  formalin  solution  before 
sending   to   the   laboratory. 

The  following  data  in  regard  to  each  sample  were  re- 
quested: 

(1)  Quantity  of  milk  Kivcn  by  the  cow. 

(2)  Aifc  o(  cow 

(3)  Time  calvul. 

M>    Kind  of  gruM  used  114  food. 

It  was  further  requested  that,  if  possible,  one  cow 
should  be  six  months  or  more  calved,  and  the  other 
two  months  or  less.  Due  to  a  misunderstanding, 
many  officials  sent  wrong  data  for  the  quality  of  milk. 
It  follows  from  the  above  that  the  value  of  this  work 
depends  upon  the  reliability  of  the  men  who  collected 
the  samples,  and  it  is  felt  that  they  have  accomplished 
their  work  in  a  conscientious  manner.  The  samples 
were  collected  from  December  to  May,  the  majority 
during  February. 

ANALYSIS  OK  SAMPLES — The  specific  gravity  was 
taken  with  a  Quevenne  lactometer,  which  had  been 
standardized  against  the  Westphal  balance.  Proper 
corrections  were  made  for  the  temperature  when 
other  than  15.6°  C. 

The  fat  was  determined  according  to  the  method 
of  Babcock. 

Total  solids  were  determined  by  evaporating  five 
grams  of  milk  to  dryness  in  a  platinum  dish  on  the  water 
bath,  and  heating  for  four  hours  at  100°  C.  in  the  water 
oven.  Previous  experiment  had  shown  that  constant 
weight  was  obtained  at  the  end  of  this  time,  but  the 
results  may  be  low,  as  the  residue  was  often  more  or 
less  brown.  On  a  number  of  samples  total  solids  were 
not  determined  by  drying,  because  at  one  time  the 
milks  came  in  so  rapidly  that  facilities  for  so  doing 
were  lacking.  The  dry  residue  was  burned  oflF  in  the 
muffle  furnace  at  a  low  red  heat  and  weighed  as  ash. 
Solids  were  calculated  on  all  samples  by  the  use  of  the 
Richmond  slide  rule.  Lactose  was  determined  polari- 
scopically,  using  acid  nitrate  of  mercury  as  the  clari- 
fying agent.' 

The  refraction  of  the  copper  scrum  was  taken  ac- 
cording to  the  method  of  Lythgoc.' 

INTERPRETATIO.V    OP    RESULTS 

Table  I  gives  the  results  of  analyses,  tabulated  ac- 
cording to  fit  content,  of  some  typical  milks,  selected 
from  a  list  of  140  analyses,  which  lack  of  space  pre- 
vents giving  in  its  entirety.  Solids-not-fat  arc  calcu- 
lated from  sclids  by  tirying  when  given,  otherwise  from 
.solids  by  calculation.  Table  II  gives  the  maximum, 
minimum  anil  average  of  each  determination.  Under 
total  solids  are  included  solids  by  drying,  and  of  such 
the  solids  by  calcu'ation  were  used  for  calculating 
solids-not-fat.  The  percentage  of  fat  is  seen  to  vary 
within  exceedingly  wide  limits,  from  0.8  per  cent  to 
1 0.2  per  cent;  total  solids  also  have  a  wide  range.  The 
maximum  for  solid'. -not-fat.  ash.  lactose,  and  refraction 
of  copper  serum  arc  exceptionally  high,  showing  thot 
cort.ain  of  the  milks  could  be  heavily  watered  without 
bting  detected  by  chemical  means. 

'  ('   S    l>«pi   o(  .\sr  .  Burrau  of  Chrmi^try.  Bml   I0T  (rev),  I  If 
'  f    S    r>»i«    of  AfT  .  Burrau  ol  Chfrniiir.-.  />•(    lU,  114 
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Tablb  I-  Typical  Milks  (Fat-Lactosb  in  Percentaces) 

Time                                 Volume  Total              Total                                                                                      Refraction 

Age  of     since            Kind                  of             Specific  solids  by          solids                                  Solids-                                             copper 

cow      calving           of                  milk           gravity  cal-                  by                                         not-                                               serum 

Date              Yrs         Mo.            food                 Qts.         (15.6°  C.)         Fat  culation          drying         Water               fat              Ash         Lactose       20°  C. 

4-15-U            4               6               G.(a)                     ..              1.03,30             10.2  20.6               20.66             79.34             10.46            0,80            5.01             39.4 

3-29-13           4             9              Gr.-M.                 ..             1.0337              8.6  18.9              19.04           80.96            10.44           0.85            4.00           38.5 

2-18-13            5               2               G.                             3             1.0285               8.0  16.9               17.00            83.00               9.00            0.66            4.82            38.1 

2-6-13            6               6               M.                            7             1.0313               6.8  16.1                16.17            83.83               9   37             0.74            4.79            37.9 

2-10-13            7               6       .       P.                            ..              1.0318               6   6  16.0                    ..                84.0                 9.4                                   4.57            38.3 

4-16-13            5               2               P.                             7             1.0340              6.3  16.2                16.58            83.42             10.28            0.73            4.94            39.6 

2-7-13            8              6               P.                             2             1.0305               5.8  14.75                ...                85.25               8.95               ..               4.85             37.8 

4-23-13            4              6               M.-G.                    ..              1.0323               5.4  14.7                15,36            84,64               9,96            0.75            4.52            36.8 

2-11-13            5               2               G.                             4             1.0370              5.0  15   4                  ...               84.6               10  4                                   5.09            39.2 

I-20-I3           10              6               M.                          10             1.0348              4.4  14.15             14.04            85.96               9.64            0.77             5.30            39.0 

5-21-13            5               7               P                            ..             1.0380              4.1  14.55             14,85             85,15             10,75            0.84            5.07            38.8 

5-15-13            3.5           1.5          M.                          ..              1.0302               4.0  12.5                12,64            87,36               8,64            0,63            4,77             36,9 

4-30-13            3               5.5          M,                            4             1.0350              3.9  13.6               13,43             86.57               9,53            0,75             4,92            38,5 

5-14-13            4              6               Ma,                         3             1,0342               3,7  13,15             13.24            86.76               9.54            0.63            5.43            38.5 

2-17-13             7               6.5          G.                             7             1.0330               3.4  12.5                12.34            87.66               8,94            0,76            4.61             37,4 

1-20-13            9               I               M.                            7             1.0370              3.0  13   0               12.68            87.32               9.68            0.76            5.67             40.0 

5-23-13            5               6               M.                            5             1.0347               3.0  12.4                12.27             87.73               9.27            0.71             4.75            37.9 

5-23-13            4              1.5          Gr.                         7            1.0315              2.9  11.5              11.17            88.83              8.27                               4.75            37.6 

4-21-13            3               2               P.                                            1.0342               2.6  11.8                11.78            88.22               9.18            0.73            5.02            37.4 

2-24-13            4             2              P.                                        1.0330              2.1  U.O              10.82            89.18              8.72           0.68           4.81            37.3 

4-30-13            5              1.5          M,                          7            1,0376              1,6  11.55             11.36            88.64             9.76           0.77            5.26           38.9 

4-18-13            8               7               G.                                           1.0353               1.0  10.2                 9,98            90,02               8,98            0.79             4.29            36.5 

4-21-13            7               8               P.                                            1.0346               0.8  9.75               9.40            90.60               8.60            0,78             4,37            36,9 

(a)  G.  =  yerba  de  guinea  (guinea  grass).          M.  =  malojiUo.  P.  =  pasto  comiin.          Gr.  =  grama.          Ma    =  matojo. 

Table  III  -gives  the  analyses  of  those  milks  which  also  grama  and  matojo;  pasto  comiin  may  be  a  mixture 

showed  abnormally  low  results  in  one  or  more  deter-  of  any  of  these,  and  is  used  to  designate  any  ordinary 

Table  ii  pasture  containing  different  varieties  of  grasses.     The 

so'ids-                   Refraction  average  for  cows  fed  upon  guinea  grass  is  much  higher 

ff'.fn  ^  .     "^ff  ry,  .      Tl      a  ..  x    .     '"""'"  than  for  those  fed  upon  the  others.     Those  milks  from 

16.6°  C.  Fat      solids  Water      fat         Ash  Lactose  serum  ^ 

Maximum 1.0386  10.2    20.66  90.60  10.75    0.86    5,67    40.0  COWS  fed  upon  more  than  One  kind  of  pasture  are  not 

Minimum 1.0285      0.8        9.40  79.34     8.27      0.63      4.00     36.0  included    in    this    table. 

Average 1.0337      4.22    13.63   86.37      9.42      0.74     4.99     38,28  „,  .                i     ■      ^,        z2      ,..      r                  •             r              . 

SUMMARY — -This  work  IS  the  first  of  a  series  of  anal- 

minations  other  than  fat  and  total  solids.     Although  yses  to  be  made  for  the  purpose  of  determining  a  stand- 

Nos.  I,  2,    and  3  have  all  the  appearance  of  being  wa-  ard  for  Porto  Rican  milk. 

Table  III — Abnormal  Milks 

Time                          Volume  Total           Total                                                                                        Refraction 

since            Kind           of            Specific  solids           solids                                  Solids-                                               copper 

Age           calving             of            milk         gravity  by  cal-               by                                      not-                                                  serum 

Date              Yrs.              Mo,             food           Qts,        (15.6°  C.)         Fat  culation         drying         Water                fat             Ash          Lactose     (20°  C.) 

4-23-13                 4                   4.5               P.                                1.0249            4.2  11,4               11.45             88,55               7,25             0,55            3.64            33.4 

5-20-13                 4                   4.5               P.                  4             1.028               2,6  10,3                10,22             89,78               7.62            0,59             4.14            34.2 

5-20-13                 6                  11.0               P,                  2             1.023               5.3  12.25             12.71             87.29               7.41             0,51             3.51             32.6 

5-1.3-13                 4.5               3.5               P.                                1.0301             3.1  11.4                11,28            88,72               8,18            0,63            4.22            35.2 

5-14-13               12                   6                   G,                 2             1,0288            3,2  11,15             10,82             89,18               7,62            0,69            4.1!             37.6 

tered,  investigation  has  shown  that  they   are  genuine  -p^e   native    Porto    Rican    cow   is   milked    but   once 

milks,  and  duplicate  samples,  taken  by  special  inspec-  daily,  and  gives  a  small  yield  of  milk.     Factors  which 

tor,   gave   similar   results.     If   the   standard   for   milk  conduce    to    this    are:     (i)     Deterioration    of    strain 

in  Porto  Rico  were  made  to  include  milks   which  give  through  inattention  to  proper  breeding;   (2)  improper 

results  as  low  as  those  in  Table   III,  it  would  allow  milking  methods;   (3)  insufficient  food  during    certain 

watered   milk   to  'be   sold   extensively.     Further   work  seasons 

Table  iv-ErrEcT  of  Food  upon  Fat  Content  The   cattle   are   remarkably   free   from   tuberculosis. 

Per  cent  The  milk  may  vary  within  wide  limits  as  regards  total 

, ■ .       No.  of  solids  and  fat  content,  and  may  run  exceptionally  high 

Kind  of  food                   Maximum  Minimum  Average    samples  ^g   regards    solids-not-fat,  ash,  lactose.  and  refraction 

Guinea  grass 10,2               1,0              4,71               22  r                                                     /-.      ^    •              -n                                         ,..■           ii 

i^j^iojjiig                                7  g          ,  ,          3  gg          ^^  ot    copper   serum.     Certain    milks     ran     exceptionally 

Matojo 3,7          3,7          3,7              1  low  in  one  Or  more  determinations,  and. these  were  dis- 

Pastocomun 7.0          0.8          3.37          53  carded  from  the  standard  until  further  work  could  be 

Grama 3.8              2.9              3 .  35                2  ,                   _     .                        '                             ,          ,        ,                 ,              , 

done.     Guinea  grass  seems  to  be  the  best  adapted  as 

is  necessary  in  order  to  determine  the  prevalence  of  a  pasture  for  cows,  the  fat  content  averaging  consider- 

those  milks  with  abnormally  low  constants.  ably  higher  in  the  milks  from  cows  so  fed.      Further 

Table  IV  shows  the  effect  of  feed  upon  fat  content.  work  should   be   done,   particularly   with   milks  taken 

Guinea  grass   (yerba  de  guinea),  malojiUo,  and  pasto  during  the  summer  months, 

comun   are   the   pastures   most  in   use.     Guinea  grass  chemical  anp  bromatological  Laboratory 

and  malojiUo  are  separate  and  distinct  grasses,  as  are  san  juan.  porto  rico 
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A  STUDY  OF  AMERICAN  GROWN  BELLADONNA' 

liy    !•"     A     Mii.i.ilK    ANN    R     N     l<i:i:i. 

A  Study  of  the  experiments  upon  belladonna  cul- 
ture in  the  United  States  indicates  that  the  quality 
of  the  drug  produced  based  upon  the  percentage 
of  total  alkaloids  has  been  fair  but  extremely  variable. 
Most  of  these  experiments  have  been  conducted  upon 
a  small  scale,  though  some  attempts  have  been  made 
at  commercial  production. 

Rippetoe*  reports  upon  a  few  plants-  grown  in  the 
Shenandoah  Valley,  Virginia,  where  belladonna  was 
found  to  be  fairly  hardy.  His  assays  indicate  that 
the  leaves  from  first-year  plants  grown  in  this  locality 
contained  0.23  per  cent  of  alkaloids,  the  second  year 
leaves  0.68  per  cent,  one  average  plant  (leaves)  0.48 
per  cent  and  the  roots  from  the  same  plant  0.38  per 
cent.  Schneider'  reports  upon  drug  grown  at  San 
Francisco,  California,  which  assayed  0.40-0.80  per 
cent  for  the  leaves  and  0.50  per  cent  for  the  stem. 
He  also  grew  some  plants  at  Salina,  California,  which 
he  claims  gave  a  high  yield.  Unfortunately,  we 
are  left  in  doubt  as  to  the  exact  nature  of  this  "high 
yield"  and  cannot  say  whether  he  referred  to  relative 
amount  of  drug  produced  or  to  the  alkaloidal  yield. 
Again'  in  igii  there  is  a  meager  report  upon  drug 
grown  near  Oakland,  California,  which  is  said  to  have 
been  of  "very  high  quality."  Also  in  the  191  2  report' 
from  the  same  region  the  author  states  that  he  is  satis- 
fied the  crop  of  that  year  will  show  a  high  percentage 
of  alkaloids,  perhaps  0.75  per  center  more.  Further, 
he  states  that  some  of  the  belladonna  leaves  and  stems 
from  this  locality  have  yielded  as  high  as  0.84  per 
cent.  It  is  to  be  regretted  that  more  accurate  data 
have  not  been  given  on  these  experiments.  Sayer* 
gives  the  following  assays  on  California-grown  bella- 
donna: leaves  0.64  per  cent,  stems  0.29  per  cent,  small 
stems  0.43  per  cent  and  coarse  stems  0.16  per  cent, 
average  0.51  per  cent.  He  quotes  manufacturers 
as  having  found  a  variation  of  from  0.35  per  cent 
to  0.84  per  cent  of  alkaloids  in  drug  from  this  state, 
with  an  average  of  0.64  per  cent.  Englehardt'  gives 
a  scries  of  very  high  figures  on  California  drug;  leaves 
0.83  per  cent,  stems  0.85  per  cent  and  a  mixture  of 
leaves  and  stems  0.79  per  cent.  Evans  Sons,  Lescher 
&  Webb*  find  0.40  per  cent  in  leaves  and  0.16  per  cent 
in  stems  from  drug  of  commercial  source.  Borne- 
nian'  describes  bricfiy  his  experiments  in  Pennsylvania 
and  gives  assays  of  0.58  per  cent  for  leaves,  and  0.53 
per  cent  for  roots  from  first-year  plants. 

In  contrast  with  the  foregoing  experiments,  which 
have  been  quite  general  as  to  purposes  and  results, 
is  the  work  of  Chevalier'"  on  the  efTects  of  various 
fertilizers  upon  the  percentage  of  alkaloids  in  bella- 
donna and  other  solonaceous  forms,  of  Ransom   and 

>  Paper   prrsrntril   ut    Ihr    ITlh    mrrliciK   o(    the    ACS.    MilKallkrr. 
Miirih.  191.V 

•  Kippcloe,  Am.  J.  Vharm  .  T9,  ilS  O'W") 

'  Sihncidcr,  Prat.  Am.  fharm.  AssM..  6T.  8.«.»  (I9(N). 

•  .SchiicUlrr.  Pacific  Pharm  .  S,  1S7  (lOllV 

>  .Schneider.  Ibid.,  (,  I5<»  K\')\}'\ 

•  S»yrr.  Ibid..  4,  Mi  (lOOVl. 

'  Knxlrhardl.  Proc    Am    Pharm     In,.,  .  M.   ]:Sh  0110) 
"  Kvuns  Soil!..  Lesrher  *  Wcl.b.  Amllylunl  \,>Hi.  IWM,  7.  8 
'  Bnrneman.  Am.  J    Pharm  .  M,  .t.M  (WIJ). 
'•  Chevttlicr.  Comfl   rrnd.  »M,  .W4  llHO) 


Henderson'  who  have  studied  the  influence  of  meteoro- 
logical conditions  in  addition  to  that  of  commercial 
fertilizer  and  of  Carr*  who  in  addition  to  the  last-named 
factors  has  performed  experiments  which  include 
the  light  relation  and  its  bearing  upon  the  produc- 
tion of  alkaloids  in  belladonna.  In  this  manner  the 
influence  of  environment  upon  the  physiology  of  the 
belladonna  plant  is  being  investigated.  A  review  of 
the  assays  recorded  by  various  workers  upon  com- 
mercial belladonna  for  the  past  fifty  or  sixty  years 
indicates  that  the  alkaloidal  value  of  this  drug  may 
range  from  o.oo  per  cent,'-*  to  1.32  per  cent'  in  the 
leaf  and  from  o.  10  per  cent*  to  0.86  per  cent'  in  the 
root.  These  latter  figures  indicate  still  greater  possi- 
bilities in  the  production  of  alkaloids  in  cultivated 
belladonna  than  have  yet  been  attained. 

However,  it  is  evident  from  a  thorough  review  of 
the  experiments  upon  this  plant  as  well  as  medicinal 
plants  in  general,  that  not  all  means  of  developing 
them  to  their  maximum  have  as  yet  been  exhausted. 
It  seems  that  the  most  neglected  of  these  is  the  oppor- 
tunity for  the  production  of  improved  varieties  by 
breeding  and  selection.  Most  of  the  valuable  economic 
plants  have  been  obtained  through  selection,  hybridi- 
zation, and  adaption.  Few  such  forms  have  ever 
been  produced  through  an  application  of  the  methods 
now  being  used  to  grow  medicinal  plants.  It  has  been 
found  that  economic  forms  once  brought  to  a  high  state 
of  development  must  be  intensively  and  continu- 
ously bred  in  order  to  retain  them  in  this  condition. 
Medicinal  plants  will  doubtless  be  found  to  behave 
in  a  similar  manner. 

The  behavior  of  active  principles  in  selected  plants 
and  the  influence  upon  them  of  various  methods  of 
breeding,  together  with  a  study  of  the  essential  fac- 
tors of  growth,  are  some  of  the  possibilities  which  have 
led  to  the  following  experiment. 

One-third  of  an  acre  was  planted  to  belladonna  in 
the  following  manner:  Seeds  were  taken  from  a  ship- 
ment of  commercial  belladonna  leaves  (No.  24712) 
and  sown  in  the  greenhouse.  February  2,  191 2,  in 
seed  pans.  These  germinated  March  1st,  and  soon 
afterwards  the  seedlings  were  transplanted  to  flats 
and  retained  in  the  greenhouse  until  April  i  sth  when 
they  were  transferred  to  cold  frames.  The  young 
plants  hardened  off  in  these  frames  until  May  20th. 
They  were  then  four  inches  or  more  high  and  were 
transplanted  to  the  open  field.  The  soil  was  a  stiff 
clay  loam  which  had  been  cropped  severely  for  a  num- 
ber of  years.  Cultivation  was  necessarily  frequent  on 
account  of  the  poor  physical  condition  of  the  soil. 
By  July  1 2th  the  plants  were  flowering  freely.  As 
strong  vigorous  plants  came  into  flower  the  best  ap- 
pearing individuals  were  selected  and  numbered. 
These  were  inbred,  i.  t..  close  pollinated  in  order  to 
obtain  seeds  of  known  origin.  Samp  es  of  leaves 
from   these  selected,  inbred   plants  were  collected  for 

>  Ranwm.  Pro,    F.iiklk  Iml  Comt    APP   Clumittry.  tT,  M  (1912) 

'C»rT.  IbtJ.tf.  :    (I9I2) 

'  Fr«lici»,  Tro.     Prmm    Pkarm    ,4 1 lo<  .  IMT,  M< 

•  Kv>n>  Son*.  I.evher  Ik  Wrtib.  .4aa/v<i,«<  V.v.  IMT.  8 
'  F«rr.  Pkarm    Jr  .  T4.  W8  (PWS). 

•  Kvani  Son>.  I.e^rher  ft  Webb.  An»ly<u*t  Sc^t<.  IMt  T.  »-<>. 
'  F«rr.  Pktrm    Jr  .  T«,  y<>»  (1905) 
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assay.  They  were  dried  at  room  temperature,  granu- 
lated and  sealed  in  amber  bottles  until  assayed.  Ten 
individual  plant  selections  were  made  and  assayed 
as  follows: 


Assay 

Assay 

No. 

percentages 

No. 

Pt 

rcentages 

10 

B-1317 

0.820 

15.... 

B-1322 

0.600 

11 

B-1318 

0.710 

16... 

B-1323 

0.516 

12 

B-1319 

0.550 

17 

B-1324 

0.616 

13 

B-1320 

0.870 

18.... 

B-1325 

0.682 

14 

B-1321 

0.664 

19 

B-1326 

Average 

0.604 
0.643 

At  the  same  time  a  mi-xed  sample  for  assay  was  taken 
from  the  entire  plot.  This  sample  consisted  of  a  mix- 
ture of  leaves  and  stems  or,  speaking  more  correctly, 
of  the  entire  herbaceous  portion  of  the  plants.  This 
sample  gave  a  yield  of  0.30  per  cent  of  alkaloids. 
A  portion  of  this  sample  was  separated  into  leaves 
and  stems.  These  parts  assayed  0.39  per  cent  and 
O.OS9  per  cent,  respectively.  Another  sample  taken 
from  a  restricted  area  of  the  plot  and  consisting  of 
leaves  only  assayed  0.688  per  cent.  A  mixed  sample 
of  the  roots  from  this  same  area  assayed  0.43  per 
cent.  It  has  already  been  stated  that  the  seeds  with 
which  the  experimental  plot  was  planted  were  ob- 
tained   from    a    shipment    of    commercial    belladonna 


leaf.      It    is    interesting    to    note    that    this    shipment 
of  drug  assayed  0.62  per  cent. 

The  principal  object  of  the  experiment  was  to  locate 
individual  plants  containing  high  percentages  of 
alkaloids.  It  was  thought  that  individual  bella- 
donna plants  growing  upon  a  uniform  soil  and  under 
the  same  environmental  conditions  would  show  a 
marked  variation  in  percentage  of  alkaloids.  The 
variation  as  noted  in  this  comparatively  small  number 
of  plants  is  from  0.516  per  cent  to  0.87  per  cent.  The 
minimum  and  maximum  percentages  have  evidently 
not  been  located  with  these  ten  individuals  but  they 
furnish  abundant  material  for  further  study.  The 
inbred  seeds  from  these  plants  of  known  yield  have 
been  planted.  These  resulting  groups  of  plants, 
grown  from  pedigree  seeds,  will  be  further  studied  for 
average  yields  and  for  individual  variations  in  the 
percentage  of  alkaloids.  The  behavior  of  these  selected 
plants  under  the  method  described  will  determine  the 
possibility  of  developing  strains  which  will  give  a 
uniformly  high  yield  of  alkaloids.  The  problem  thus 
resolves  itself  into  a  study  of  the  transmission  and 
fixation  of  the  character  of  an  individual  plant  to  pro- 
duce a  given  percentage  of  alkaloids,  when  grown  under 
uniform  and  proper  ecological  conditions. 

Dep.^rtmbnts  op  Botany  and  Anai,ytical  Chemistry 
Eli  Lilly  &  Company.  Indianapolis 


LABORATORY  AND  PLANT 


AN  INVESTIGATION  OF  THE  EXPLOSION  OF  A  SUL- 
FITE DIGESTER  IN  THE  PAPER  MILLS 
AT  GRAND'  MERE,  QUEBEC 

By  H.  O.  Kbay 

The  circumstances  surrounding  the  disastrous  ex- 
plosion of  one  of  the  sulfite  digesters  in  the  paper  mills 
of  the  Laurentide  Company  at 
Grand'  Mere,  Que.,  have  presented 
a  problem  of  no  small  interest,  and 
it  was  with  a  view  of  determining 
so  far  as  possible  the  causes  leading 
up  to  this  explosion  that  an  investi- 
gation has  been  made,  at  the  request 
of  the  Company,  with  the  results 
set  forth  in  this  paper. 

The  rupture  of  the  huge  steel  re- 
ceptacle evidently  started  in  one  of 
the  three  vertical  seams  in  the  mid- 
dle course,  as  indicated  in  Fig.  i. 
The  sudden  failure  of  the  vertical 
seam  was  immediately  followed  by 
an  opening  out  of  the  plates  along 
the  adjacent  girth  seams,  until  the 
upper  and  lower  portions  of  the 
digester  were  completely  separated. 
The  preliminary  investigation  im- 
mediately following  the  explosion 
failed  to  point  conclusively  to  the 
cause  of  the  trouble.     Up  to  the  time  of  the  explosion,  no 

1  We  are  indebted  to  Mr.  Thomas  J,  Keenan,  Editor  of  Paper,  for  this 
article  which  appears  simultaneously  in  his  Journal. 


signs  of  weakness  in  the  digester  were  apparent.  The 
Superintendent  of  the  Sulfite  Department  had  visited 
the  digester  house  within  the  hour  and  found  every- 
thing proceeding  as  usual.  Charts  recovered  later 
showed  no  evidence  of  abnormal  conditions,  such  as 
excessive  pressure,  sudden  opening  of  the  relief  valve, 
or  other  action  recognized  as  provocative  of  explosion 
in  boilers.  In  the  operation  of  these  digesters,  there 
is  no  appreciable  amount  of  water  hammer  due  to  the 


introduction  of  steam  at  the  bottom.  The  digester 
shells  were  protected  on  the  inside  by  a  lead  lining, 
and  a  thorough  inspection  of  the  ruptured  seams  after 
the  explosion  revealed  no  pitting  from  acid  to  account 
for  a  failure  from  this  cause. 
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The  usual  calculations  for  direct  stress  on  the  seams 
of  this  digester  (Fig.  2)  do  not  indicate  a  stress  likely 
to  produce  rupture. 

Thus,  where 

P  =  internal  pressure,  taken  as  100  lbs.  per  sq. 
inch,  to  cover  the  gauge  pressure,  the  hydrostatic 
pressure  of  the  contents,  and  any  slight  fluctuation 
above  the  normal. 

r     =  inside  radius  of  the  digester  shell  =  84  inches. 

/     =  thickness  of  the  steel  shell   =  i  inch. 

/'     =  circumferential  stress  in  the  shell,  in  lbs.  per 

inch. 


Chemical  A.tALVSis  or  SnBLL  Plates.  Dicbsteb  No.  3 


I 

100  X  84 


=  8400  lbs.  per  sq.  inch. 
Pr 


and     the     longitudinal     stress  =  =  4200    lbs.     per 

2/ 

sq.  inch. 

Taking  a  single  pitch  length  of  4V»  inches  on  the 
vertical  scam,  the  sectiQnal  area  of  the  plates  is  re- 
duced by  rivet  holes  as  follows: 

Shell  nl;tt(.',  ■   ■         =  0.6702  of  full  pitch  section. 
4.87s 

^.5625 
Cover  plate,  ^^-^^ — -   =  0.7308  of  full  pitch  section. 
4.87s 

Hence   the   direct   stress  in   tension   in   the   vertical 

8400 
seam  becomes  for  the  shell  plate,    — - —    =  12,370  lbs. 

0.6792 

per  sq.  inch,  and  for  the  cover  plate  (I'/i  inches  thick), 

8400 


I.I2SX  0.7308 


=   io,220  lbs.  per  sq.  inch. 


For  the  girth  seam,  by  a  similar  process,  the  stress 
in  tension  is  for  the  shell  pjate,  6750  lbs.  per  sq.  inch, 
and  for  the  cover  plate,  5480  lbs.  per  sq.  inch;  hence 
the  circumferential  tension  on  the  shell  plate  is  the 
greatest,  and  assuming  an  ultimate  tensile  strength 
of  plate  sSiOoo  lbs.  per  sq.  inch,  the  factor  of  safety 

55,000 
111  tension  is  =  4.45. 

12,370 

Within  the  4'/«  inch  pitch  length,  there  arc  three 
rivet  sections  in  single  shear.  Assuming  a  shearing 
strength  of  45,000  lbs.  per  sq.  inch  in  the  rivets,  the 
shearing  resistance  on  one  pitch  becomes 

3  X  3.1416  X  1. 3125  X  1.3125  X  45.000 

4 

=   182,600  lbs. 

The  load  on  one  pitch  is  8400  X  4875   =  40,950  lbs., 

therefore,  the  factor  of  safety  in  shearing  the  rivets 

182,600  ,  ,  ,  ,  r  r 

becomes  =  4.46,  so  the  lower  factor  of  safety 

40,950 
is  apparently  that  in  tearing  the  plate  between  rivets, 
or  4.45. 

Attention  is  now  n:iturally  directed  toward  the  ma- 
terial of  whicli  the  digester  was  constructed.  For  the 
purpose  of  forming  an  estimate  of  the  suitability  of 
this  material,  specimens  were  taken  for  chemical  and 
physical  tests,  with  the  following  results: 


Sample 

Carbon 
Per  cent 
..*     0.18 

Sulfur 
Per  cent 
0.016 
0.016 
0.016 
0.016 
0.020 
0.017 
0  018 
0.016 
0.016 

Phmphorus 
Per  cent 
0.013 
O.OIS 
0.013 
O.OIS 
O.OIS 
0.021 
0.012 
0.021 
0.013 

Manganeai 
Per  cent 
0.37 

...     0.22 

0  41 

...      0. 19 

0.41 

...     0  22 
...     0.23 

0.4O 
0.41 

...     0.22 
...     0.23 

0.37 
0.35 

..     0.20 
...     0.21 

0.37 
0  38 

CiuincAL  A.NALVSi*  or  Covsit  Plats.  No.  2  Dicnrsa 

Per  cent 
Totalcarlx.il  0.31  J 

Pbotphorus  0.037 

XlansaneM'  0.420 

Sulfur 0.020 

Comparison  with  the  specifications  of  the  American 
Society  for  Testing  Materials  shows  that  the  shell 
sheet  falls  within  their  recommendations,  while  the 
cover  plate  fulfils  the  specifications  except  in  the 
matter  of  carbon,  which  is  somewhat  in  excess — tending 
to  give  a  harder  and  less  ductile  steel  than  is  ordinarily 
used  in  boiler  work. 

Physical  tests  were  made  at  the  McGill  University 
Laboratory,  with  the  following  results: 

Physical  Tests  or  Material  Feom  Shell  or  Exfloued  Diceitee 

Physical  properties  Specimen  I  Specimen  2  Specimen  3 
Ultimate    strength.      Lbs.    per    sq. 

inch 55.700  55.600  56.300 

Elastic  limit       Lbs    per  sq.  inch.. .  10,700  16.200  16.900 

Yield  point.      Lbs.  per  sq.  inch.. . .  26.900  27.000  27.000 

Elongation  in  8  inches 28.8%  29.4%  32.6% 

Reduction  in  area 57.9%  57.9%  58*4% 

Modulus  of  elasticity 32.800.000  30.000.000  26.000.000 

For  comparison  with  the  foregoing,  the  following 
tests  were  also  made  upon  I'/t  inch  steel  recently 
furnished  for  similar  purposes: 

Physical  properties  Specimen  A  Specimen  B 

Ultimate  vtrcnKth.      Lbs.  per  sq.  loch   64.000  62.800 

Elastic  limit      Lbs.  per  sq.  inch  15.000  13.700 

Yield  point.     Lbs.  per  sq.  inch (a)  (e) 

Elongation  in  8  inches 31.1%  31.0% 

Reduction  in  area SO. 6%  53.0% 

.Motlulus  of  elasticity 29.000.000  29.000.000 

(III  No  proiiuunced  yield  point,  but  a  gradually  increasing  yield  after 
the  elastic  limit  was  passed. 

In  both  of  the  foregoing  tests,  the  American  Society 
for  Testing  Materials  specifications  are  satisfied  except 
for  the  yield  point,  which  is  low.  The  elastic  limil, 
or  limit  of  proportionality  of  stress  to  strain,  however, 
is  very  low  in  both  the  old  and  the  new  material, 
ranging  from  10,700  to  16,900  lbs.  per  sq.  inch  in  the 
former,  and  from  13,700  to  15,000  lbs.  per  sq.  inch 
in  the  latter.  This  characteristic  of  low  clastic  limit 
will  be  brought  up  later  in  the  calculation  of  total 
stresses. 

Subsequent  investigations  of  the  other  vertical 
cover  plates  and  of  those  removed  from  digesters 
of  similar  design  and  service  revealed  cracks  starting 
between  the  rivet  holes  along  the  inner  vertical  row — 
precisely  where  failure  occurred  in  the  ruptured  scam. 
The  nature  of  the  cracking  is  indicated  in  Fig.  3, 
which  represents  a  piece  of  cover  plate  broken  apart 
by  blows  from  a  sledge  hammer.     The  shaded  portion 
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shows  the  location  of  cracks  which  had  started  near 
the  rivet  holes,  largely  on  the  inner  side  of  the  plate. 


at  the  left  end  are  pointed,  while  the  single  one,  at  a 
distance  of  17  inches  from  the  first  two,  is  slightly 
rounded.  The  pointed  legs  are  forced  into  the  cover 
plate  near  its  outer  edge,  by  light  blows  when  the  in- 
strument is  first  in  place,  so  that  in  subsequent  readings 
it  is  necessary  only    to   set  the  pointed  legs  back  into 


The  general  nature  and  location  of  these  cracks 
pointed  strongly  to  a  failure  by  repeated  bending  of 
the  cover  plate  under  stress.  While  measurements 
on  the  inside  of  a  similar  digester  showed  a  slight 
flattening  of  the  curve  near  the  seam,  due  probably 
to  difficulty  in  the  bending  rolls,  this  peculiarity  would 
prove  rather  a  benefit  than  an  injury,  since  the  ten- 
dency of  the  cover  plate  is  to  take  this  formation  under 
stress.  The  line  of  resistance  in  cylindrical  shells 
under  internal  pressure  tends  to  conform  to  the  circle 
and  since  the  single  outside  cover  plate  construction 
throws  this  line  of  resistance  outside  of  the  true  circle, 
the  tendency  under  stress  is  to  restore  it  by  bending 
the  cover  plate  inward,  as  illustrated  in  Fig.  4. 


3E 


Fi(3.4. 

To  exhibit  this  action  more  clearly,  a  one-fourth 
size  rubber  model  of  a  section  of  this  seam  was  made, 
as  seen  in  Fig.  5.  Fig.  6  shows  a  profile  of  the  model 
before  tension  was  applied,  and  Fig.  7  indicates  clearly 


the  effect  of  tension  on  the  seam.  Particular  attention 
is  invited  to  the  concentration  of  bending  between 
the  inner  rows  of  rivets,  corresponding  in  the  full  size 
seam  to  a  span  of  about  3  inches. 

This  evidence  naturally  led  to  a  desire  to  determine, 
if  possible,  the  nature  and  extent  of  the  inward  de- 
flection of  the  vertical  cover  plate  under  working  con- 
ditions, and  for  this  purpose  a  deflection  gauge  was 
devised,  as  shown  in  Fig.  8. 

The  frame  of  the  instrument  was  made  from  a  piece 
of  4-inch  steel  channel  bar.  The  set  screws  consti- 
tuting the  legs  are  of  hardened  tool  steel.     The  two 


these  little  depressions  to  insure  an  exact  reproduction 
of  the  original  setting. 

The  cover  plate  is  polished  where  the  single  rounded 
screw-leg  rests,  as  are  also  the  spots  where  the  mi- 
crometer measurements  are  made. 

Fig.  9  indicates  the  method  of  application  of  the 
instrument  for  measurements  of  deflections  at  the 
center  of  the  17-inch  span.  The  micrometer  is  firmly 
fixed  in  the  center  of  the  instrument  frame  for  this 
setting,  and  in  making  observations,  the  micrometer 
screw  is  advanced  until  the  sense  |of  touch  lightly 
indicates  that  its  point  rests  upon  the  polished  plate. 


In  exploring  the  curve  formed  by  the  deflections 
in  the  cover  plate  the  micrometer  was  relocated  at  a 
point  4  inches  ofif-center,  as  shown  in  Fig.  10. 

Measurements  were  taken  at  intervals  ranging  from 
thirty  minutes  to  an  hour,  starting  before  the  steam 
was  turned  on  and  continuing  for  at  least  half  an  hour 
after  the  digester  was  blown.  The  diagram.  Fig.  11, 
which  is  typical,  presents  a  graphical  record,  on  a  time 
base,  of  the  deflections  observed  at  the  center  of  the 
17-inch  span,  while  that  of  Fig.  1 2  is  for  a  point  4 
inches  off'-center. 

The  maximum  deflections  obtained  in  the  tests 
represented  by  Figs.  11  and  12  are  replotted  on  the 
diagram  in  Fig.  13,  on  a  base  line  representing  the 
17-inch  span.  The  ordinates  at  the  center  and  at 
points  4  inches  off-center  are  plotted  to  a  magnified 
scale  and  the  smooth  curve  drawn  through  these  points 
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shows  the  nature  of  the  deflection.  As  forecast 
roughly  in  the  behavior  of  the  rubber  model,  the  con- 
centration of  bending  is  almost  exactly  over  a  span 
of  3  inches  in  the  middle  portion.  The  deflection  at 
the  center  of  the  3-inch  span  is  found  to  be  0.0003  inch. 
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FlO.   12. 

Just  why  the  cover  plate  should  persist  in  bulging 
out  slightly  immediately  after  the  steam  was  turned 
on  the  digester,  following  the  recharge,  as  shown  by  the 
negative  dellettion  in  both  diagrams,  was  at  first  a 
troublesome  question,  and  called  for  further  investi- 
gation. 


Since  these  deflections  were  assumed  to  be  the 
rcsi^lt  of  circumferential  stress  in  the  shell,  it  seemed 
reasonable  to  suppose  that  if  some  sort  of  extension 
gauge  wore  applied  to  the  shell  sheet  in  this  region, 
the  corresponding  stress  could  be  readily  calculated. 
For  this  purpose,  a  Howard  strain  gauge  was  applied 
at  the  same  height  on  the  digester  as  the  deflection 
gauge,  and  midway  between  the  vertical  seams  of  the 
adjacent  sheet.  This  strain  gauge  is  in  reality  a  special 
micrometer  capable  of  indicating  within  o.oooi  inch 
error  any  change  in  length  between  two  small  carefully 
prepared  holes  drilled  10  inches  apart.  Where  the 
modulus  of  elasticity  of  steel  is  30,000,000,  an  extension 


of  0.0001  inch  represents  a  tensile  stress  of  300  lbs.  per 
sq.  inch.  This  test  length  was  taken  along  the  cir- 
cumference, and  readings  were  made  simultaneously 
with  those  of  the  deflection  gauge,  together  with  the 
shell  temperatures  obtained  from  a  thermometer 
sealed  to  the  shell  sheet.  The  results  of  these  readings 
are  shown  in  full  lines  on  the  diagram,  Fig.  14,  while 
the  dotted  lines  indicate  how  this  test  length  would 
have  varied  under  the  influence  of  temperature  alone. 
It  was,  of  course,  prevented  from  so  varying  by  the 
internal  pressure,  therefore  the  distance  measured  up 
from  the  dotted  line  to  the  full  line  gives  the  extensions 
due  to  internal  pressure. 
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FlO. 14- 

To  exhibit  more  clearly  what  is  going  on  during  a 
single  cook  in  the  digester,  a  combination  diagram, 
Fig.  15,  has  been  plotted  with  diagrams  A,  B.  C,  and 
D  on  the  same  time  base. 

Diagram  A  gives  a  graphical  record  of  the  tem- 
peratures inside  the  digester,,  the  shell  temperatures, 
and  the  temperatures  at  a  point  in  the  middle  of  the 
brick  lining.  The  latter  were  obtained  by  drilling  a 
small  hole  through  the  shell  and  half  way  through  the 
lining.  Into  this  hole  a  thermometer  was  inserted 
and  carefully  packed  with  fiber  to  isolate  the  bulb 
from    outside    conditions.     An    important    feature    of 
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this  diagram  is  tiie  fall  in  temperature  of  the  middle 
of  the  lining  and  of  the  shell  after  the  steam  was  turned 
on,  continuing  for  two  or  three  hours,  and  finally  rising 
again.  This  is  due  to  the  chill  of  the  recharge  and  the 
slow  transference  of  heat  in  the  brick  and  cement 
lining. 

Diagram  B  is  plotted  from  the  pressure  chart,  and 
the  figures  at  the  left  show  the  pressures  in  pounds 
per  square  inch  during  the  cook,  while  the  figures  at 
the  right  show  the  corresponding  calculated  stress 
in  the  shell,  and  the  maximum  stress — between  rivet 
holes — in  the  cover  plate,  respectively. 

On  diagram  C  the  full  line  indicates  the  stretch 
in  the  lo-inch  test  length  calculated  from  the  pressure 
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in  diagram  B,  while  the  dotted  line  shows  the  stretch 
in  this  test  length  obtained  from  the  strain  gauge 
readings,  corrected  for  shell  temperatures  as  explained 
in  connection  with  Fig.  14.  The  maxima  of  the  two 
curves  are  placed  as  nearly  coincident  as  possible 
in  order  to  show  how  nearly  back  to  zero  the  dotted 
line  will  come;  in  other  words,  how  nearly  back  to  rest 
the  shell  plate  will  come,  at  the  beginning  of  the  cook. 
It  will  be  noted  that  there  appears  to  be  1180  lbs.  per 
sq.  inch  residual  stress  in  the  shell  sheet  at  the  time 
when  the  steam  was  turned  on,  falling  to  850  lbs.  per 
sq.  inch  half  an  hour  later  and  then  rising  slowly  to  the 
maximum. 

For  convenience  of  comparison,  diagram  D,  showing 
the  corresponding  deflections  at  the  center  of  the 
cover  plate,  is  plotted  immediately  above  C.     It  is  at 


once  noticed  that  the  cover  plate  began  its  inward 
deflection  exactly  half  an  hour  after  the  steam  was 
turned  on  and  simultaneously  with  the  beginning  of 
stretch  in  the  shell,  shown  dotted  in  diagram  C. 

Thus  far  we  had  established  the  relation  in  action 
between  the  girth  tension  in  the  shell  and  the  inward 
deflection  of  the  cover  plates,  but  the  reason  why  the 
stress  relaxed  for  a  short  time,  or  for  any  time  at  all, 
after  the  steam  had  been  turned  on  the  digester,  had 
not  been  explained.  It  was  felt  that  in  some  way 
the  expansion  of  the  brick  lining  had  something  to  do 
with  the  case,  and  it  had  even  been  suggested  that  this 
expansion  may  have  been  able  to  produce  an  excessive 
stress  upon  the  seam.  That  the  latter  assumption 
is  incorrect  is  shown,  first  by  the  fact  that  the  strain 
gauge  did  not  indicate  a  greater  stretch  in  the  shell 
than  would  be  expected  from  the  internal  pressure; 
and  again,  from  the  following  separate  investigations 
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of  the  characteristics  of  the  brick  and  cement  of  the 
lining: 

A  sample  of  the  brick  similar  to  that  used  in  the 
lining  of  this  digester  was  selected  for  determining 
its  thermal  expansion.  This  brick  was  polished  at 
points  on  its  ends,  and  slowly  heated  in  a  gas  furnace 
in  contact  with  the  thermo-junction  of  a  LeChatelier 
pyrometer,  and  its  length  measured  every  few  hours 
with  a  delicate  micrometer.  The  result  of  this  ex- 
periment is  shown  graphically  in  Fig.  16.  Similar 
tests  were  applied  to  a  cube  of  lining  cement,  with  re- 
sults as  shown  in  Fig.  17.  From  these,  the  coefficient 
of  thermal  expansion  of  the  brick  was  found  to  be 
0.00000608,  and  of  the  cement,  0.00000927  per  degree 
Centigrade. 

From  diagram  A  of  Fig.  15,  the  maximum  tempera- 
tures attained  by  the  inside  and  middle  of  the  lining, 
and  by  the  steel  shell  were  replotted  in  Fig.  18  on  a 
base  to  represent  the  thickness  of  the  digester  wall, 
and  a  smooth  curve  drawn  to  show  the  fall  in  tern- 
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perature  from  the  inside  to  the  outside  of  the  digester. 

The  mean  temperature  of  each  layer  of  the  lining, 

taken   from    Fig.    18,    was   now   utilized   to   determine 
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the  amount  of  expansion  in  each  case  for  the  entire 
circumference-  assuming  the  layers  free.  The  results 
of  this  calculation  are  given  in  the  last  column  of 
Fig.  19  under  the  heading  "Free  Extension." 

It  will  be  noticed  that  the  circumference  of  the  shell 
will  extend  0.25  inch  during  the  cook,  while  the  average 
extension  of  the  inner  two  layers  of  the  lining  would 


Fio.lO 

be  0.34  inch,  if  allowed  to  expand  freely.  At  the  most, 
this  would  give  a  difference  of  0.09  inch  to  be  ac- 
commodated between  shell  and  lining  in  the  entire 
circumference  of  the  digester.  It  can  be  readily 
shown  that  this  has  no  effect,  since  if  the  shell  extends 
0.0024  inch  in  10  inches,  due  to  internal  pressure 
(see  diagram  D,  Fig.  15),  then  in  the  circumference  of 
the  digester  there  would  be  a  total  extension  due  to 
pressure  alone  =  (sji  X  0.0024)  -5-  10  =0.1 27  inch,  which 
lifts  the  shell  clear  of  any  possible  crowding  by  the 
lining  while  the  pressure  is  on. 

When  the  digester  is  blown,   however,  the  removal 


of  internal  pressure  causes  the  shell  to  contract,  and 
it  therefore  settles  back  upon  the  lining,  which  at  this- 
time  is  expanded  to  its  maximum  by  heat.  Diagram 
A,  Fig.  15,  shows  the  temperature  of  the  middle  of 
the  lining  to  be  decreasing  after  the  steam  has  been 
turned  on,  with  consequent  contraction,  so  the  shell 
now  follows  the  lining  back  until  internal  pressure 
again  lifts  the  plate  away  from  the  lining.  This 
accounts  for  the  curious  action  of  the  shell  and  cover 
plate  for  the  brief  period  at  the  beginning  of  the  cook. 
Where  the  shell  is  shrinking  back  upon  the  lining, 
the  latter  would  be  expected  to  compress  more  than 
the  former  to  stretch  for  a  given  force,  and  it  was  with 
a  view  of  determining  the  exact  relation  that  the 
moduli  of  elasticity  of  both  brick  and  cement  were 
obtained  from  compression  tests  at  the  McGill  Uni- 
versity Laboratory.  Results  of  these  tests  are  shown 
in  the  following  table: 


rhyiical  properties 
Ultimate  compreuivc  ttrenith.     Lbs.  per  aq.  io. . 

Modtihii  of  elasticity 

Length  taken  tor  eitemameler 


Brick  Cement 

8,770  4.800 

3.080.000  I.  ISO. 000 

4  iocbea  1 . 4  ioche* 


Thus  the  modulus  of  elasticity  of  the  steel  is  about 
ten  times  that  of  the  brick  lining;  in  other  words,  a 
given  section  of  brick  would  compress  ten  times  as 
much  as  an  equal  section  of  the  shell  would  stretch, 
within  the  elastic  limit  of  the  weaker  material. 

TOTAL    STRESS 

Proceeding  now  to  the  calculation  of  maximum  stress 
in  the  cover  plate,  it  will  be  recalled  from  the  diagram, 
Fig.  13,  that  the  maximum  deflection  at  the  center  of 
a  3-inch  span  was  found  to  be  0.0003  inch.  Making 
use  of  the  general  formula  for  the  deflection  of  beams 
of  uniform  section,  within  the  limits  of  proportionality 
of  stress  to  strain. 

EI 

where 

d     -  distance  from  a  point  on  the  l>ram  to  »n]r  tancmi 

L    •  IcHKth  of  tanitcnt  thus  incluilrd. 

A     *  arm  of  bending  motncut  diaKram. 

X     -  diitancc  from  choaen  point  to  rrnter  of  sravity  of  bcndiof  momeot 

diaicTam. 

H    *  modulus  of  elasticity  of  material. 

I     —  moment  of  inertia  of  beam  section  about  neutral  axt* 

M  ■■  bending  moment  (uniform  In  this  case). 

/     •  extreme  fiber  stress. 

V     —  distance  from  neutral  a&ts  to  extreme  6ber. 


A 

-  ML.  and  I  - 

a 

-;;--'<>; 

_  ML* 
~  2EI 

M 

_  2BIi 
L« 

but/ 

_  My     2BMy     2  SJy 
~     I   "    Ul   *     L> 

•ubftitutini.  d 

-  0.0003 

L 

-  I.S 

B 

>  30.000.000 

» 

•  0.S62J 

/ 

2  X  30.000.000  X  aOOOS  X  0  J623 

I.J  X  1.3 

-  4300  lb*,  per  W|.  inch. 

dne  to 

beadiac 

Adding  to  this  the  maximumdircct  stress  in  the  cover 
plate,   4500  +  io,a30  •  14.720  lbs.   per  sq.  inch,  the 
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maximum  repeated  stress  on  the  inner  side  of  the  cover 
plate. 

Reverting  to  the  results  of  tensile  stress  on  material 
from  the  shell  of  this  digester,  and  from  new  material 
used  for  similar  purposes,  it  will  be  recalled  that  the 
true  elastic  limits  were  shown  to  range  from    10,700 


Fig.  20. 
to    16,900    lbs.    per    sq.    inch.      Since    the    true    elastic 
limit,    rather    than    the    ultimate    strength,    is    a    vital 


consideration  in  repeated  stresses  such  as  we  are  dealing 
with  here,  the  fact  that  the  maximum  fiber  stress  of 
14,720  lbs.  per  sq.  inch  falls  within  the  range  of  elastic 
limit  of  the  material  is  most  significant.  No  steel 
will  endure  for  an  unlimited  period  a  repeated  stress 
even  slightly  above  its  elastic  limit.  In  this  case  it 
took  fourteen  years  of  repetition  of  the  stress  to  cause 
rupture,  but  the  same  action  is  present  in  all  digesters 
of  similar  design — the  stress  varying  in  magnitude 
with  the  thickness  of  the  cover  plate  and  the  pressures 
carried.  Where  this  stress  is  shown  to  exceed  the 
elastic  limit  of  the  material  of  the  cover  plate  to  any 
extent  whatever,  ultimate  failure  from  repeated  bend- 
ing must  be  expected. 

McGiLi.  University 
Montreal.  Canada 


GLRMAN  OB5LRVATION5  ON  OUR  INDUSTRIES 


WHAT  DID  WE  CHEMISTS  LEARN  IN  AMERICA  ?' 

By  B-    Rassow 

"He  who  would  understand  the  poet  must  go  to  the  poet's 
country."  ("Wer  den  Dichtcr  will  verstehen,  muss  in  Dichters 
Lande  gehen!")  These  words  of  Goethe  are  applicable  not 
only  to  the  appreciation  of  the  poets  of  a  foreign  country,  but 
also  to  the  general  comprehension  of  its  inhabitants  and  more 
particularly  of  its  industrial  life. 

It  is  said  of  us  Germans,  that  we  have  in  us  a  special  nomadic 
impulse.  Doubtless  this  impulse  to  travel  is  traceable  not 
only  to  esthetic  motives,  but  also  to  our  craving  to  learn  how 
other  peoples  think  and  work.  That  our  own  science  and  tech- 
nique are  greatly  advanced  thereby  is  a  matter  of  course. 

Of  all  industrial  countries,  there  is  no  doubt  that  the  United 
States  of  America  are  at  present  of  the  greatest  interest  to  us 
Germans.  The  conditions  under  which  technical  work  and 
manufacturing  are  carried  on  in  North  America  are,  in  some 
respects,  very  similar  to  our  own,  but  in  others,  very  different 
from  them. 

It  is  hardly  possible  to  imagine  a  greater  difference,  than  we 
find  between  the  activity  of  the  German  manufacturer,  who  can 
hardly  move,  in  our  old  and  densely  populated  country,  without 
being  hampered  by  police  ordinances  and  by  the  rights  of  his 
neighbors — who  is  forced  by  the  state  to  care  for  his  employees 
on  a  large  scale,  even  in  times  during  which  the  employee  is  of 
no  further  use  to  him — and,  on  the  other  hand,  the  American 
manufacturer,  unrestricted  by  all  such  considerations  and  fetters. 

But  the  great  similarity  between  American  industry  and  our 
own  is  doubtless  caused,  in  part,  by  the  fact  that  our  industry 
is  in  reality  just  as  young  as  that  of  the  United  States.  The 
modest  beginnings  of  factories,  which  came  into  existence  in 
some  of  the  German  states  200  years  ago  or  more,  are  only  in- 
significant germs  of  the  mighty  development  of  German  industry, 
which  has  really  been  established  for  only  about  100  years. 

The  beginnings  of  American  industry  also  date  back  about  100 
years,  i.  e.,  to  the  time  when  the  United  States  became  politically 
and  commercially  independent,  when  manufactured  goods  were 
no  longer  procured  exclusively  from  the  English  mother  country, 
and  home  manufacture  was  begun  instead.  There,  then,  as 
with  us,  we  see  in  the  last  century  the  conversion  of  an  agrarian 
state  into  a  political  organism,  in  which,  until  a  few  years  ago, 
agriculture  and  industry  still  possessed  about  equal  importance 
for  the  entire  political  economy,  while  at  present  the  conditions 
are  continually  becoming  more  favorable  to  industry. 

'  Address  delivered  at  the  Annual  Meeting  of  the  Verein  Deutscher 
Chemiker,  Breslau.  Sept.  18.  1913.  Translated  by  The  Chemists'  Club 
Library  from  Zeitschriflfuer  angewandU  Chemie,  Aufsalzleil.  26,  191.1.  p.  705. 


Many  of  us  German  chemists,  when  preparing  for  the  journey 
to  North  America  a  year  ago,  hardly  realized  these  reasons  for 
the  special  interest  which  every  German  must  feel  towards  the 
United  States  and  her  industry.  Doubtless,  however,  the 
great  longing  which  drives  progressive  German  scientists  and 
technologists  to  the  United  States,  is  traceable  to  this  line  of 
reasoning.  But  I  should  like  to  refer  at  the  very  beginning  to 
one  essential  difference.  Germany  is  a  country  having  a  civil- 
ization many  centuries  old,  which,  up  to  the  middle  of  the  19th 
century  had,  it  is  true,  manifested  itself  essentially  in  literary 
and  esthetic  spheres.  It  is  quite  otherwise  with  America. 
There,  the  beginnings  of  civilization  do  not  extend  back  much 
more  than  two  centuries.  During  the  last  century  the  majority 
of  the  immigrants  were  poorly  educated  workmen — men  who 
lacked  all  literary  and  scientific  training  and  all  advanced 
technical  knowledge.  Therefore  we  cannot  be  surprised  that, 
in  many  sections  of  the  Union,  in  spite  of  wealth,  a  finer  ap- 
preciation of  culture  appears  only  in  the  second  or  third  genera- 
tion. 

We  chemists  made  the  journey  across  the  ocean  principally 
on  account  of  the  Eighth  International  Congress  of  1912. 
Though  we  are  accustomed  to  seeing  Germany  well  represented 
in  the  international  chemical  congresses,  this  was  especially  the 
case  at  the  Eighth  International  Congress.  A  good  half  of  the 
non-American  participants  in  the  Congress  came  from  Germany. 
The  reason  for  this  is  naturally  to  be  found  as  much  in  the 
magnificent  development  of  the  German  chemical  science  and 
industry,  as  in  the  German  impulse  for  study  and  travel.  To 
be  sure,  we  know  that  several  of  the  European  countries,  e.  g., 
England,  are  still  ahead  of  us  in  many  branches  of  the  chemical 
industry,  especially  in  inorganic  manufacture.  But  in  no 
country  on  earth  are  those  branches  of  the  chemical  industry 
which  demand  versatility  of  thought,  and  particularly  a  large 
body  of  scientifically  trained  employees,  so  well  developed  as 
with  us.  Our  synthetic  dye,  syntlietic  drug,  and  perfumery 
industries  are  foremost  throughout  the  world,  and  there  is 
probably  no  country  in  which  the  heads  of  factories  are  so  im- 
bued with  the  conviction  that  their  employees  must  needs  cast 
a  glance  beyond  domestic  boundaries.  That  our  government 
authorities  willingly  aid  its  employees  in  the  study  of  foreign 
institutions,  is  well  known.  Accordingly,  we  counted  among 
the  German  participants  in  the  Congress  no  small  number  of 
professors  of  chemistry  and  technology  and  appointees  of  various 
national  government  bureaus. 

But  those  colleagues  whom  we  met  there  were  also  largely 
of  German  extraction,   or  had  studied  in  Germany.     Thus  it 
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came  aliout  that,  on  many  days,  the  Congress  bore  quite  a  pro- 
nounced German  character.  This  was  most  clearly  shown  to 
the  [lublic  at  the  impressive  opening  exercises  in  Washington, 
when  more  than  half  of  all  the  addresses  were  delivered  in  the 
German  language. 

If  we  include  our  kindred  Austrian,  Swiss  and  Baltic  colleagues 
in  the  number  of  the  German  chemists,  this  proportion  is  still 
more  in  favor  of  the  Germans.  The  participants  in  the  trips 
arranged  in  connection  with  the  Congress  were  principally  Ger- 
mans. 

Arriving  in  the  harbor  of  New  York  after  a  very  restful  sea 
voyage,  the  first  question  asked  by  the  reporters  of  the  great 
newspapers  is  of  course:  "Do  you  like  America?"  Ivven  before 
one  has  stepped  on  terra  firma.  after  the  first  powerful  impression 
of  the  sky-scrapers  and  of  the  bustle  of  the  harbor  of  New  York, 
one  is  expected  to  express  an  opinion  of  tlie  country.  I  ta-lieve 
that  this  expectation  is  a  result  of  the  sad  fact  that  so  many 
visitors  to  the  United  Stiites  form  their  opinions  prematurely, 
and  thus  praise  or  criticize  without  having  considered  the  reason 
for  the  numerous  difTcrences  between  the  L'nited  Slates  and 
their  own  home.' 

Perhaps  you  will  reproach  me  with  committing  the  same  error 
by  talking  to  you  about  America  after  having  l)cen  in  the  Unitetl 
States  for  only  two  months,  and  after  having  become  acquainted 
with  only  a  very  small  portion  of  real  American  life  outside  of 
the  great  industrial  and  commercial  cities  of  the  western  and 
central  regions.  However,  I  do  not  wish  to  state  what  struck 
me  as  unsatisfactory  over  there,  l)ut  what  we  learned  In  con- 
sequence of  my  p€>sition  as  professor  of  chemical  technology 
and  as  General  Secretary  of  our  Society  and  liditor  of  the  So- 
ciety Journal,  1  was  in  the  plea.sant  position  of  being  able  to  sec 
and  hear  more  than  most  of  the  German  delegates,  and  to  profit 

re  than  most  of  us  from  the  experiences  of  other  colleagues. 

Therefore,  let  me  give  you  a  short  summary  of  what  impressed 
nie  as  especially  important  and  interesting  in  the  l'nited  Stiites, 
and,  at  the  same  time,  let  me  express  my  Ih.'inks  to  those  col- 
leagues. German  as  well  as  American,  who.  by  tlieir  kind  com- 
municativeness, made  it  possible  for  me  to  give  you  a  sort  of 
cross-section  of  tlie  experiences  of  the  German  chemists  in 
America.  At  the  same  time,  however.  I  shall  not  go  into  any 
details.  Doubtless  you  have  already  heard  numerous  reports 
by  members  who  visited  America  and  have  read  them  in  the 
Journal.' 

You  all  know  that  the  American  manufacturing  industry  is 
developed  principally  along  mechanical  lines.  This  is  the  result 
of  the  fact  that  the  .-Vmericans.  on  account  of  the  great  extent 
of  their  still  somewhat  thinly  .settled  country,  and  of  the  great 
concentration  of  life  at  a  few  points,  are  accustomed  to  reckon 
with  C|uaiitities,  space  and  time  quite  different  from  ours.  To 
provide  for  these,  extraordinary  contrivaiuvs  and  arrangements 
were  necessary.  In  the  mechanical  industry,  to  be  sure,  the 
ilependencc  of  Americans  upon  Ivuropean  technology  is  likewise 
noticeable  on  every  side.  Not  only  do  the  ideas  which  are  the 
basis  of  the  nuich  admired  gigantic  bridges  and  tunnels,  ami  the 
astonishingly  tielicalc  machines  which  are  used  in  the  metal  and 
the  wood  industries,  come  from  l-lurope.  but  many  of  the  engi- 
neers who  constructed  these  machines  are  either  of  German  or  of 
l')nglish  extraction.  I  can  say  th.it  I  was  especially  proud  when 
'  Miircuvcr.  tlir  quite  siipcrlicul  i-riliciiiii  i>(  C'.rrnuny  unit  il^  iiuluilricf 
wlliili  till'  upokcsiimii  i>(  Ihc  Aincrioill  Society  o(  Mrrhann-al  Knginnrt 
Ruvc  u>  lii»  4|iirKtionrrs  on  tiiii  return  to  New  York,  ibowi  conclunvely  that 
Anierit-aii!i  reiulily  tiill  into  the  same  error  -  aMuniing  that  the  news|Mp«r« 
Imve  reiMirtri!  him  correctly. 

<  Ke|>orl.i  on  the  8th  Internutioniil  CoM|:rr».  on  the  ail<lre<i«ei  anil  trip« 
in  connection  therewith,  were  piililislird  as  follows  Z,  antrv  Chem  . 
Vol.  a.  pp.  1W7  U.eriniin  CeU-lirationV  .1>"«  .'«»  a>netml  Report  I. 
267^  (Report  Trip  liy  Schoen),  Vol.  }b.  I.  pp  I  ( Duislicnt's  lecture).  10 
(Dernthsen*  Lecture).  17  (I'rerichs  I.ecturel,  <:  iKkKppel's  Report). 
\6f)  (Description  of  Factories),  .148  (Cotlrell).  4M  iKumu's  Report  ol  Trip). 
't<>7  (Kriedniiinn's  Ret<ort  o(  Trip);  Vol  III.  p  \S  (Alexander  s  Report  o( 
Trip) 


I  crossed  Brooklyn  Bridge  in  New  York  and  realized  that  both 
Roeblings,  father  and  son.  who  designed  and  executed  the  bridge, 
were  Germans.  In  spite  of  all  this,  it  is  just  these  and  similar 
works  that  have  filled  me  with  a  profound  r<»pcct  for  the  Amer- 
icans. Of  what  avail  are  the  finest  constructive  ideas,  if  men  arc 
not  to  \m:  found  who  arc  courageous  enough  to  risk  the  money 
necessary  to  transform  them  into  reality? 

This  brings  me  to  a  leading  diaracteristic  of  the  American. 
He  |K>ssc-sses  a  profound  respect  for  thorough  work,  and  it  is 
comparatively  easy  to  jtersuade  the  American  capitalist  to 
furnish  the  means  for  a  new  factory,  or  an  entirely  new  industry, 
provided  the  man  who  makes  the  proposition  oonceming  it 
impresses  him  either  by  his  knowledge,  or  still  better,  by  his 
ability.  It  is  in  accord  with  the  democratic  way  of  tiiioking 
which  dominates  a  wide  class  of  .Vmericans.  that  the  donor  of 
the  money  docs  not  ask  alraut  the  descent  or  training  of  the 
engineer  who  unfolds  a  daring  plan  to  him.  As  soon  as  he  has 
obtained  confidence  in  the  practicability  of  the  idi^,  he  furnishes 
the  money,  and  the  new  bridge,  tunnel  or  factory,  U  built  on  a 
gigantic  scale.  Moreover,  he  is  aided  by  the  fact  that  land  for  pur- 
IH>ses  of  construction  is,  as  a  rule,  to  Ijc  obtained  cheaply,  and 
at  Uie  same  time  in  locations  favorable  to  trans|K>rtation.  If 
there  is  no  lake  or  river  in  the  neightK>rh(K>d.  the  nearest  railroad 
company  is  easily  prevailed  U|>on  to  construct  connecting 
branches.  This  shows  how  helpful  private  railroad  systems 
may  be  toward  industry.  Fear  of  com|K-tition  and  lack  of 
bureaucratic  interference  really  work  wonders. 

What  stimulates  the  cnterpri.sc  of  .\merican  capitalists  and 
industrialists  to  such  activity  is  tlie  constantly  growing  capacity 
of  the  American  market.  Not  only  the  numlKT  of  inhabitants, 
but  also  the  need  for  products  of  a  refined  civilization  are  in- 
creasing so  rapidly,  that  the  American  market  can  generally 
dis|Hjse  of  coIos.sal  quantities  of  new  products  with  ease.  That 
this  docs  not  always  happen  without  severe  crises  is  known  to 
all  of  you. 

The  apparently  very  cordial  relations  existing  between  super- 
intendents and  workmen  of  the  better  cla.ss  in  .\merican  factories 
struck  me  as  very  characteristic.  The  phrase  "Work  is  no 
disgrace"  is  familiar  to  all  of  us.  It  surprised  me.  however, 
to  see  how  cordially  chief  engineers  associated  with  foremen, 
and  how  young  engineers  with  a  university  education  worked 
at  the  vise  and  in  the  machine  shop — not  only  during  apprentice- 
ship, but  also  later  on.  I  do  not  want  to  represent  the  manual 
labor  of  one  of  these  engineers,  so  etiucatcd.  iis  ideal;  it  Ls  certain 
that  the  abilities  of  a  scientifically  trained  engineer  can  be  used 
to  l>etter  advantage.  I  have  mentioned  this  only  because  in 
my  opinion  it  explains  many  phases,  of  the  development  of 
American  iiulustry;  young  chemists  and  engineers  in  most 
.\inerican  factories  are  under  no  different  form  of  contract  than 
l.ilHirers.  They  arc  engaged  on  terms  of  short  notice,  there  is 
neither  a  |H-nsion  nor  a  sick  benefit  system,  and  he  who  would 
progress  must  impress  his  su|)crintendent  favorably,  or  change 
his  (msition.  In  the  diflictilt  labor  conditions  from  which  Amer- 
ican industry  suffers,  the  cx|K'rt  handling  of  the  workmen  is 
among  the  most  important  duties  uf  the  plant  manager. 

As  a  result  of  the  heavy  cxpeiuscs  which  the  .-Vmcrican  states 
incur  for  ediic-iition  in  tlie  public  elementary  schools,  the  avemge 
education  of  the  second  generation  of  workmen  is  quite  high  in 
grade.     Cons«-qucntly  the  members  of  this  generation  no  lotigcr 
go  to  the  factories  as  manuiil  laborers.     Since  the  skill  of  Amer- 
icans in  the  construction  of  machinery  has  not  vet  succeeded  in 
replacing   all   hand   work   by   machine   work      " 
facturers  arc  furiTil  to  employ  workmen  inal.; 
and   hence   the   working  class  Is  of  a   really 
nattife      1  saw  rules  for  tlie  workmen  in  a  zinc  factory  m  Uimois 
(Misted  in  seven  different  languages — Hnglish.  German.  Italian. 
Greek.   Russian.   Polish  and  Kuthcnian.     You  cin  imagine  the 
difficulty  of  favorable  cooperation  with  such  a  mixed  body  of 
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men.  The  only  advantage  derived  from  this  by  factory  super- 
intendents is  that  strikes  are  usually  not  so  extensive  as  in  old 
Europe.  For  the  most  part,  the  various  races  of  which  the 
working  force  is  composed,  are  at  odds  with  one  another,  so  that 
one-half  continues  to  work  merely  to  annoy  the  other.  How- 
ever, it  is  well  known  what  power  the  organizations  of  skilled 
laborers — the  trade  unions — exercise  in  the  United  States,  and 
how  they  force  the  manufacturers  and  public  opinion — aye,  even 
the  legislative  bodies — to  take  their  demands  into  consideration. 

I  should  like  to  consider  somewhat  more  in  detail  the  school 
and  educational  conditions  in  the  United  States,  and  the  favor- 
able opportunities  for  obtaining  a  higher  education.  Tuition 
in  general  elementary  schools  is  free;  this  is  the  logical  conse- 
quence of  compulsory  school  attendance.  If  the  young  man 
goes  from  the  elementary  school  into  business,  then,  according 
to  my  observation,  he  has  more  and  better  chances  to  continue 
his  education  than  in  our  country,  notwithstanding  all  the  ad- 
vanced schools  in  our  large  cities.  New  York  City  possesses 
an  especially  exemplary  arrangement  for  advanced  instruction 
in  the  College  of  the  City  of  New  York.  This  college  is  not  a 
university,  but  an  advanced  school,  in  which  thousands  of 
better  qualified  young  men  and  women  receive  instruction 
every  year,  enabling  them  to  obtain  good  and  even  advanced 
business  positions.  In  the  great  Assembly  Hall  of  this  college, 
which  is  built  like  a  mighty  cathedral,  the  general  lectures  of  the 
Eighth  International  Congress  were  held.  It  is  characteristic 
that  in  all  schools,  but  especially  in  such  advanced  schools,  a 
specific  American  patriotism  is  instilled  into  the  children.  This 
discloses  to  us  the  secret  of  so  many  American  successes  and 
peculiar  qualities.  From  the  beginning  of  his  schooling  the 
child  brought  up  in  America,  be  his  origin  ever  so  little  American, 
is  taught  to  regard  America  as  the  land  of  freedom,  and  as  the 
country  in  which  all  is  arranged  in  the  best  manner.  Even  if 
later  experiences  cause  much  to  appear  different  to  the  mature 
man,  unlimited  respect  for  all  American  institutions  and  pro- 
ductions remains  the  key-note  of  all  his  thinking.  We  have 
sometimes  laughed  over  the  fact  that  every  important  edifice 
was  represented  to  us  as  the  greatest  in  the  world,  or  at  least  as 
tlie  best  and  most  expensive.  But  there  is  method  in  thus 
inculcating  a  special  respect  for  the  achievements  of  the  country 
and  its  inhabitants.  I  wish  our  Germans,  and  especially  our 
German  workmen,  had  somewhat  more  of  this  way  of  thinking. 

We  cannot  truthfully  say  that  the  workman  in  America  is  es- 
sentially better  off  than  here.  Certainly,  in  some  of  the  large 
cities  of  the  Union,  more  opportunities  are  given  him  to  own  his 
home,  and  .to  become  more  independent  than  in  Europe.  But 
so  far  as  the  factory  owner  is  concerned,  he  is  regarded,  after  all, 
only  as  so  much  horsepower,  which  is  paid  for  so  long  as  it  works, 
and  is  then  pitilessly  cast  aside.  In  America  there  are  no  wel- 
fare provisions  of  any  kind  for  workmen,  such  as  there  are 
in  Germany.  Although  the  wages  are  much  higher  than  with 
us,  many  of  the  necessities  of  life  are  so  much  more  expensive 
that  it  is  difficult  for  even  an  economical  workman  to  provide 
for  illness  and  old  age.  If  the  living  and  working  conditions  of 
New  York  City  and  Chicago  are  observed,  the  conclusion  is 
reached  that  our  factory  workmen  enjoy,  on  the  average,  better 
living  conditions  than  the  American  workmen. 

Let  me  return  to  the  means  of  achieving  a  higher  education, 
which,  according  to  my  observation,  are  especially  well  provided 
for  in  America.  Hardly  a  week  passes  without  our  reading  in 
the  newspapers  that  one  of  the  multimillionaires  has  donated 
one  or  several  million  dollars  to  a  public  library,  a  museum,  a 
university,  or  a  high  school.  This  seems  to  me  like  a  kind  of 
auto-taxation  on  the  part  of  these  trust  magnates.  They  know 
that  the  United  States  covers  the  principal  part  of  its  btidget 
by  means  of  import  duties.  The  many  high  duties  on  manu- 
factured goods  and  raw  materials  make  it  possible  for  the  great 
industrial  manufacturer  to  amass  immense  wealth,  while  at  the 


same  time  the  most  necessary  requirements  of  the  whole  people 
become  very  much  more  expensive.  Of  the  great  fortunes 
which  are  accumulated  by  so  small  a  number  of  individuals, 
then,  a  very  considerable  part  is  returned  to  the  people  in  the 
form  of  donations  for  a  great  variety  of  cultural  purposes. 
How  many  magnificent  foundations  we  have  seen!  It  is  well 
known  that  the  buyers  for  the  American  museums  and  libraries, 
at  all  auctions  in  Europe,  constitute  a  direct  danger  to  our  stock 
of  artistic  and  literary  treasures.  But  how  beautifully  are  these 
treasures  displayed  in  America,  and  how  easily  accessible! 
AH  the  museums  I  saw  are  open  until  8  or  even  lo  p.m.  All  are 
provided  with  arrangements  for  artificial  illumination  and  heat- 
ing, so  that  progressive  employees  and  workmen  can  devote 
several  hours,  after  the  close  of  the  working  day,  to  further 
education  along  the  lines  of  art,  science  and  literature.  Ac- 
cessibility in  the  late  evening  holds  good  not  orjy  for  the  public 
libraries,  but  also  for  the  great  scientific  libraries  and  museums 
of  all  kinds.  In  this  direction  we  can  really  learn  much.  In- 
struction is  also  imparted  to  ambitious  people  from  eight  until 
ten  or  eleven  o'clock  evenings,  and  not  only  by  lectures,  but  also 
by  practical  exercises  in  natural  science  (especially  chemical 
branches.'  One  representative  of  a  great  dye  stuff  factory 
told  me  the  progress  of  his  education  from  a  young  apprentice 
in  a  store,  with  only  a  common  school  education,  to  a  chemical 
merchant  of  the  foremost  rank.  His  practical  knowledge  of 
chemistry  he  owes  chiefly  to  evening  courses.  You  have  surely 
all  read  in  the  papers  of  American  students  who  earn  their  liveli- 
hood and  the  wherewithal  for  studying  by  cleaning  streets. 
Even  though  I  did  not  become  acquainted  with  such  students, 
yet  in  Atlantic  City,  in  one  of  the  great  bath-houses,  we  became 
acquainted  with  a  doorkeeper  of  the  individual  bath-houses, 
a  medical  student,  who,  by  this  well-paid  confidential  position, 
earned  enough  money  in  four  months  to  enable  him  to  study 
during  the  rest  of  the  year.  I  am  sure  that  none  of  his  American 
fellow  students  finds  anything  degrading  in  this.  That  "work 
is  no  disgrace"  is  still  more  true  in  America  than  among  us. 

I  should  like  to  depict  to  you  a  few  more  good  aspects  of  a 
truly  democratic  commonwealth,  which  struck  me  in  the  United 
States,  and  above  all  the  self-control  which  the  American  evinces 
on  all  public  occasions.  To  the  man  who  has  once  seen  the 
migration  of  nations,  which  begins  daily  at  the  close  of  business 
hours  from  the  city  of  New  York  to  the  widely  scattered  suburbs, 
in  which  hundreds  of  thousands  of  the  employees  live — to  him 
all  the  magnificent  traffic  arrangements — subways,  street-cars, 
and  elevated  railroads  must  seem  totally  inadequate,  and  it  is  a 
fact  that  at  those  hours  every  means  of  traffic  is  filled  to  twice 
and  three  times  its  capacity.  But  with  what  wonderful  quietude 
the  departure  of  these  hundreds  of  thousands  takes  place!  No 
crowding  and  no  haste,  because  each  one  knows  that  he  will  not 
hasten  progress  thereby,  but  will,  on  the  contrary,  hamper  it. 
How  few  policemen  are  necessary  to  direct  and  guide  this  move- 
ment! How  little  are  the  trainmen  annoyed  with  questions 
which  they  could  answer  just  as  little  as  our  own  officials!  On  a 
trip  in  the  neighborhood  of  Pittsburgh,  we  stopped  a  whole 
hour  before  a  bridge,  just  before  reaching  the  Pittsburgh  Station. 
Not  one  of  the  Americans  in  the  car  with  us  asked  a  single 
question  of  the  train  crew.  Each  one  knew  that  the  track  would 
be  cleared  as  soon  as  possible,  and  that,  until  then^  all  questions 
and  restless  running  about  were  absolutely  useless.  This  self- 
control  depends  upon  the  fact  that  the  public  is  supervised  as 
little  as  possible  in  all  traflSc  arrangements.  If,  instead  of  the 
6o  people  provided  for,  120  or  130  should  be  carried  in  one  of  the 
cars  of  a  subway  train,  it  does  not  concern  any  policeman.  If 
people  walk  on  the  railroad  tracks,  it  does  not  concern  any  em- 
ployee.    To  be  sure,  prohibitions  are  posted,  but,  as  a  matter 

*  In  several  large  German  cities,  especially  in  Hamburg.  Berlin  and 
Frankfurt  on  the  Main,  there  are  similar  arrangements,  but  still  not  to  the 
same  extent  as.  for  e.\ample,  in  New  York  or  Boston. 
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of  fact,  this  serves  only  to  guard  the  directors  from  claims  for 
damages.  I  do  not  wish  to  represent  American  railroad  con- 
ditions as  entirely  ideal.  I  am  firmly  convinced  that,  in  most 
respects,  our  arrangements  are  better.  But,  with  rcsijcct  to 
a  certain  ease  and  dexterity  in  dealing  with  the  public,  our  courts 
and  ofTicials  could  learn  much.  We  would  in  the  long  run  pro- 
gress further  by  these  methods,  than  under  the  present  system  of 
guardianship. 

While  thus  far  I  liave  si)oken  to  you  principally  of  what  struck 
me  as  worthy  of  imitation,  and  as  actually  typical  of  the  L'nited 
States,  I  cannot  pass  over  .some  of  its  unpleasant  asi)cct.s.  The 
haste  with  which  the  American  is  accustomed  to  pursue  his  work 
and  pleasure  is  well  known.  However,  I  cannot  say  that  the 
work,  as  a  whole,  is  benefited  by  this  haste,  which  is  u.sually 
followed  by  a  corresponding  depression.  liven  if  the  American 
generally  has  very  good  nerves,  and  is  able  to  bear  great  over-  ' 
exertions  as  well  as  great  distractions,  through  noise  and  unrest 
of  all  kinds,  nature  will  nevertheless  have  her  revenge  sooner 
or  later,  for,  in  spite  of  all  training,  the  American  is  only  a  human 
being.  This  great  and  unproductive  haste  is  closely  connected 
with  that  prodigality  with  natural  treasures,  which  is  universal 
in  America.  These  resources,  as  you  know  stand  at  the  disposal 
of  the  United  States  in  almost  inilimiled  abundance.  You 
know  that  the  American  soil  contains  coal  of  all  kinds,  in  such 
quantities  that,  in  spite  of  the  high  cost  of  labor,  a  g<Mid  h;u"d 
coal  docs  not  cost  much  more  than  a  dollar  a  ton  at  the  mine 
and  not  more  than  $10  to  $12.50  in  New  York,  in  spite  of  the 
high  cost  of  transportation.  The  same  is  true  of  soft  coal. 
You  know  that  ores  of  nearly  all  important  metals  are  found  in 
great  quantities  in  the  central  and  western  states. 

I  need  not  tell  you  of  petroleum  and  natural  gas,  of  phosphates 
And  sulfur;  all  are  found  in  abundance,  and  are  energetically 
exploited.  Hut  this  very  abundance,  and  the  high  cost  of 
labor,  easily  led  the  American  technologist  to  squander  the 
treasure.  The  mining  of  coal  and  ores  is  often  carried  on  in 
such  a  way  that  a  fourth  and  even  a  third  of  the  minerals  remain 
in  the  mines,  because  these  portions  are  st)mewhat  more  difficult 
to  remove,  and  because  the  handling  as  well  as  the  preparation, 
would  make  the  cost  somewhat  higher.  This  neglect  of  thorough 
exploitation  has  already  given  much  concern  to  far-seeing 
Americans.  Institutions  have  been  created  like  the  lUircau  of 
Mines,  whidi,  by  means  of  fine  .scientific  and  technical  apparatus 
and  large  sums  of  money,  are  working  towards  the  rational  re- 
moval of  treasures  of  the  soil. 

It  is  well  known  that  the  .XiiK-ricans  are  careless  in  the  utiliza- 
li(in  not  only  of  their  iiiiiural  treasures,  but  also  of  their  arable 
land.  The  virgin  ground  of  the  ICastcrn  States,  which  the 
Pilgrim  Kalhers  wrested  from  the  wilderness  and  its  inhabitants, 
and  which  was  then  planted  with  grain  year  in  and  year  out, 
has  long  since  been  exhausted,  because  pro|H.T  fertilization  was 
neglected.  The  billows  of  wheat  have  already  reached  the 
Kocky  Mts.  In  the  IJastern  States  large  tracts,  which  were 
exhausted  anil  devastated  by  decades  of  corn  cultivation.  ;ire 
now  being  replanted  with  forests.  In  this  rcsjiect  al.so.  the 
Americans  have  much  to  learn  from  our  old  country.  Rational 
fertilization,  eS|H:cially  by  artificial  fertilizers,  is  spreading  farther 
and  farther  in  the  I'liited  States.  I'hosphatcs  exist  in  enormous 
quantities.  Nitrogen  fertilizers  are  still  obtained  in  great 
mea.sure  from  Chili,  but  the  time  will  come  when  all  American 
coke  plants  will  utilize  their  by-products,  furnishii'ig  ammonia 
sidts  for  purposes  of  fertilization,  furthermore,  the  plants 
already  installed  for  manufacturing  atmospheric  s.dt|M.'tcr  and 
calcium  nitride  are  being  enlarged,  and  will  then  furnish  tlic 
necessary  material  for  nitrogenous  fertilizers.  (Inly  pota.ssium 
.salts  are  lacking.  We  felt  th.il  it  is  re.dly  painful  to  the  American 
that  this  important  fertilizer  has  not  yet  Ix-en  found  in  any 
sufiiciently  large  quantity  in  the  I'nion.  and  that  for  this  material, 
at  least.  America  must  remain  de\)cndent  u|N>n  Germany.     An 


entire  meeting  of  the  Inorganic  Section  of  the  International 
Congress  was  devoted  to  the  potash  question,  w^ithout  the  ap- 
pearance of  any  possibility  of  independence  of  German  potassium 

salts. 

If.  then,  the  American  farmer  is  forced  to  fertilize  artificially 
in  the  same  measure  as  the  European,  all  productive  and  com- 
mercial conditions  will  be  changed  not  a  little,  and  obviously 
not  to  our  detriment. 

You  are  probably  surprised  that,  in  this  summary  of  mine, 
so  little  has  been  said  of  chemists  and  the  chemical  industry, 
but  I  have  already  stated  in  my  introduction  that,  in  accordance 
with  American  conditions  of  lalKir  and  production,  only  the 
inorganic  manufacturing  industry  is  really  well  develo|K.-d,  and 

that  even  there  work  is  done,  for  the  mo*;!    ■    -•     ' .1.    1- 

which   are   known   and   familiar   to  our   G<  ^ : 

CcrUiinly  our  colleagues  in  the  chemical  pt" 

much  of  great  interest,  as  for  example  at  the  P<ukc-L>avb  plant 

in  Detroit,  at  the  General  Chemical  Co.,  in  th.-  Achcson  Works, 

etc.,  but  I  should  prove  ungrateful  were  I  to  report  on  them  in 

detail,  since  these  matters  are,  for  the  most  part,  considered  as 

business  secrets. 

The  greatest  gain  which  we  have  obtained  from  the  American 
trip,  need  not  lie  sought  in  these  s|K-cial  fields,  but  rather  in  the 
universal  broadening  of  our  knowledge  and  observation  in  every 
industrial  and  cultural  line.  Rut  the  gain  in  tliis  respect  was  all 
the  greater  and  finer,  as  the  .\mcricans  met  us  with  wonderful 
hospitality  and  cordiality.  It  may  be  true  that  a  subtle  touch 
of  braggadocio  w.is  one  of  the  reasons  for  our  Ix-ing  shown  so 
many  fine  plants  and  arrangements,  secrecy  about  which  would 
l>e  demanded  by  stern  business  interest.  In  any  case  wc  owe 
our  American  friends  histing  gratitude  for  what  they  permitted 
us  to  see,  and  for  the  friendship  which  wc  enjoyed.  Thus,  many 
a  visit  was  made,  in  accordance  with  the  rules  of  the  Congress, 
on  the  basis  of  reciprocal  courtesy.  I  think  I  cin  assure  you  in 
the  name  of  the  participants  in  the  Congress  and  in  the  trips, 
that  this  reciprocity  will  not  only  be  carried  out  by  us  according 
to  the  "rules,"  but  that  we  shiUl  always  be  pleased  to  receive 
visits  from  our  American  colleagues  in  order  to  return  like  for 
like.  That  German  chemical  science  has.  ever  since  Liebig's 
lime,  been  a  source  of  Uie  greatest  information  to  the  Americans, 
was  constantly  and  willingly  acknowledged  by  our  American 
colleagues. 

And  I  must  express  my  thanks  still  further  You  know  that 
our  society,  under  the  leadership  of  our  former  president  and 
present  honorary  member,  Geh.  Keg-Rat  Prof.  Dr.  C.  Duistjcrg, 
decided,  two  years  ago,  in  Stettin,  to  found  a  Jublice  Fund, 
by  means  of  the  first  installments  of  which  a  number  of  German 
chemists  were  sent  to  the  Congress  in  .-\inerica.  We  fourteen 
chemists,  to  whom  an  op|>ortunity  was  thus  given  to  broaden 
our  point  of  view  in  an  imexpccted  degree — who,  as  chemists 
as  well  as  men  as  technologists,  as  well  as  professors  learned  an 
infinite  amount — owe  lasting  gratitude  to  the  "Vcrein  deutscher 
Chemiker,"  and  to  the  founders  and  donors  of  the  Jubilee  Kund. 


IMPRESSIONS   OF  THE  EIGHTH  INTERNATIONAL  CON- 
GRESS OF  APPLIED  CHEMISTRY  IN  NEW  YORK 
AND  OF  CERTAIN  FIELDS  OF  INDUSTRY 

IN  THE  UNITED  STATES' 
lly  Piiur.   V>»     n    lloLnK  or  ZKiiusxDoar.  B*mUK 

The  following  report  of  my  five  weeks'  stay  in  iJie  l'nited 
States  on  the  m-casion  of  the  Congress'  I  shall  preface  with  a  de- 
scription of  my  impressions  of  the  general  details,  and  of  the 
organization  of  the  Congress  held  in  New  York  in  September. 

>  TnintUiion   made  by   The  ChcmiMi'  Club  Utmur  Irom  Cktmtkrr 
Ztilunt.  n  U**!*!    .'.  S.'.  86.  I.**.  IW. 
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191 2.     This  I  shall  give  before  referring  to  the  material  collected 
in  my  inspection  of  certain  special  industries.' 
Impressions  of  the  Congress 

The  preparations  for  the  New  York  Congress,  as  for  its  prede- 
cessors, were  made  well  in  advance.  Long  before,  chemists 
interested  in  the  Congress  were  supplied  with  printed  details 
of  the  measures  taken  toward  the  organization,  not  only  in 
New  York,  but  also  on  the  part  of  the  German  Central  Com- 
mittee charged  with  the  work  of  preparing  for  the  Congress  and 
which  held  its  first  meeting  in  Berlin  as  early  as  July,  19", 
while  its  office  was  located  in  Leipzig.  Announcements  i  to  4 
supplied  the  members  with  a  gradually  increasing  fund  of 
information  concerning  the  form  of  the  Congress,  the  articles 
to  be  read,  the  sight-seeing  tours  to  be  made,  and  to  these  were 
appended  excellent  maps  describing  the  technical  visits  and  the 
various  possible  excursions.  Very  special  care  was  also  taken 
on  the  part  of  the  New  York  Committee  for  the  success  of  the 
Congress.  All  branches  of  the  work  of  organization  did  not, 
however,  meet  with  equally  good  results. 

Especially  to  be  mentioned  is  the  painstaking  organization 
of  the  technical  tours  which  extended  as  far  as  California  and  the 
Mexican  border.  These  matters  were  in  the  experienced  hands 
of  Dr.  D.  T.  Day  of  Washington  and  Dr.  Geo.  D.  Rosengarten 
of  Philadelphia,  and  according  to  the  testimony  of  all  the  par- 
ticipants in  these  trips  they  were  a  brilliant  success. 

Considering  the  expense  of  the  trip  from  Germany  to  New 
York  it  was  said  that  considerable  reductions  would  be  afforded 
for  the  round  trip  as  an  inducement  for  the  cooperation  of  the 
German  members.  The  rebates,  however,  shrank  from  time  to 
time  to  scarcely  perceptible  amounts  and  then  only  for  the  out- 
bound trip  and  this  was  only  procured  after  considerable  vexa- 
tion combined  with  much  correspondence  on  the  part  of  both 
the  New  York  and  the  Leipzig  Committees.  Thus,  finally,  it 
came  to  be  regarded  by  many  as  a  distinct  advantage  to  be  an 
ordinary  passenger  on  the  "Cleveland"  and  not  a  member  of 
the  Congress  claiming  any  special  concession  for  a  place  on  this 
or  any  of  the  boats.  It  need  not  be  mentioned  that  various 
unpleasant  things  were  said  about  the  steamship  company 
concerning  this  feature  of  the  organization. 

In  spite  of  these  troubles  at  the  outset  of  the  trip,  we  arrived 
safely  in  New  York  on  the  "Cleveland,"  the  "George  Wash- 
ington" or  other  ships  after  an  interesting  and  pleasant  voyage. 
On  the  "Cleveland"  a  storm  delayed  us  a  day.  Among  our 
passengers  were  R.  Hoffmann  of  Clausthal,  P.  Walden  of  Riga, 
G.  Goldschmidt  of  Vienna,  G.  Komppa  of  Helsingfors,  V.  Kohl- 
schuetter  of  Bern,  M.  Freund  of  Frankfurt-on-M.,  H.  Wiebe 
of  Berlin,  E.  Ebler  of  Heidelberg,  F.  Ehrich  of  Breslau,  A. 
Skita  of  Karlsruhe,  A.  v.  Antropoff  of  Riga,  E.  Boernstein  of 
Berlin,  P.  Heermann  of  Lichterfelde,  H.  Lange  of  Krefeld  and 
C.  G.  Schwalbe  of  Eberswalde,  so  that  besides  mutual  sociability 
and  entertaining  sports  there  was  no  lack  of  talking  shop  on  the 
promenade  deck. 

At  the  outset,  the  organization  in  New  York  seemed  to  work 
very  smoothly.  Directly  upon  the  arrival  of  the  steamer  at  the 
pier  and  our  release  from  the  custom  inspection,  in  which  we 
were  materially  aided  by  American  members  who  came  to  re- 
ceive us  under  the  guidance  of  V.  Coblentz,  we  proceeded  to 
Columbia  University.  Here,  for  many  of  us  who  had  applied 
in  advance,  provision  was  made  for  free  lodging  in  the  Uni- 
versity Dormitories.  The  journey  to  the  University  was  taken 
on  a  steamer  specially  provided  for  us  by  one  of  the  Committee 
and  this  journey  along  the  Hudson  afforded  a  complete  and 
^  After  writing  this  report.  I  received  a  copy  of  an  address  by  Prof. 
Bernthsen  of  Mannheim  on  his  impressions  of  America  (Chem.  Ind.,  36 
(1912),  744;  Chem.  ZIg.,  36  (1912),  1329)  to  which  I  would  refer  all  who  are 
interested,  as  he  supplements  my  experiences  in  regard  to  many  matters. 
As  there  were  no  material  differences  between  this  address  and  my  state- 
ments which  follow,  it  was  not  necessary  for  me  to  make  any  alterations  in 
my  report. 


surprisingly  pleasant  view  of  New  York  with  its  exceptionally 
pretty  situation  and  of  the  everchanging  beauties  of  the  Hudson 
shores. 

At  the  University  we  were  at  once  ushered  into  the  lecture 
room  by  the  energetic  Prof.  Rassow,  who  was  present  with  our 
American  fellow  members,  without  having  any  opportunity  of 
visiting  the  lodgings  provided  for  us.  Here  we  listened  to  a 
lectiu'e  by  Prof.  Raschig  of  Ludwigshafen,  on  the  tar-phenols' 
which  was  a  veritable  treat  and  made  us  forget  all  the  worry 
concerning  our  lodgings  which  trouble,  indeed ,  was  saved  for  many . 

I  must  give  the  preference  to  the  manner  employed  in  reading 
papers  by  the  Germans.  In  Germany  and  in  New  York  Ger- 
mans, even  with  the  manuscript  before  them,  spoke  freely  and 
easily  while  American  and  Englishmen  read  in  a  wearisome 
monotone. 

During  the  lecture  our  hand-baggage  was  left  in  an  empty 
lecture  hall  which  had  been  converted  to  a  cloak  room,  but 
at  the  next  address  by  a  German-American  member  the  new 
arrivals  sought  their  lodgings  in  Hartley  Hall  and  elsewhere 
and  were  thus  soon  made  acquainted  with  another  activity 
of  the  Congress,  the  providing  of  the  indispensable  dwelling  and 
sleeping  quarters.  As  the  college  vacation  lasts  until  the  14th 
of  September  we  had  at  our  disposal  the  students'  rooms  in  the 
dormitory  building  about  ten  stories  high.  In  the  most  provi- 
dent way  oiu'  baggage  labels  had  been  sent  to  us  in  Germany 
bearing  the  directions  "  New  York,  Columbia  University, 
Hartley  Hall,  Room  No.  — ."  The  dormitories  have  a  wonderful 
and  beautifully  arranged  entrance,  a  well-conducted  Information 
Bureau,  an  elevator  with  a  colored  attendant,  and  an  ice-water 
cooler  with  individual  sanitary  cups;  these  were  the  only  pro- 
visions made  in  the  dormitories  for  the  inner  man  and  on  account 
of  the  hot  weather  were  much  used.  The  apartments  furnished 
adequate  comfort,  avoiding  luxtu"y,  and  meals  could  be  had  at 
reasonable  prices  on  the  University  grounds,  either  in  the 
pleasant  Faculty  Club  with  its  reading  and  card-rooms  or  in  the 
University  Commons.  The  Committee  on  Organization  de- 
serves hearty  thanks  for  thus  solving  the  problem  of  housing 
the  foreign  members  and  for  looking  after  those  content  with  the 
simplicity  of  the  students '  quarters  as  well  as  those  who  preferred 
the  neighborhood  of  the  University  because  of  its  location,  removed 
somewhat  from  the  city  and  rendered  attractive  by  its  good  air, 
its  gardens  and  playgrounds.  Even  the  ever  genial  and  amiable 
President  of  the  next  Congress,  Prof.  P.  Walden  of  Riga  and  his 
Baltic  confreres  as  well  as  the  Head  of  the  German  Central 
Committee,  made  use  of  the  admirable  arrangements  of  the 
dormitories. 

About  noon  of  the  first  day  we  took  our  first  American  "  lunch  " 
at  Claremont  Inn  which  has  such  a  commanding  and  beautiful 
situation  on  the  bank  of  the  Hudson.  It  was  here  perhaps  that 
ice-cold  drinks  and  strange  food,  together  with  the  great  heat, 
were  the  cause  of  jthe  gastric  and  intestinal  catarrh  which  was 
later  so  common  and  so  violent  a  complaint  among  the  European 
members. 

In  the  afternoon,  under  the  kindly  guidance  of  American 
members,  I  visited  the  fine  Club  House  of  The  Chemists '  Club 
of  New  York,  which  is  indeed  a  model  institution,  both  in 
satisfying  the  needs  of  the  scientific  inquirer  and  in  the  hospit- 
able aspect  of  its  quarters.  The  building  is  narrow  but  ten 
stories  high  and  combines  on  the  different  floors,  lecture,  library 
and  social  rooms,  all  most  appropriately  designed  for  their  use 
and  purpose.  Besides  these  are  numerous  bed-rooms  for  the 
use  of  members  of  the  Club.  As  my  fellow-traveler,  Dr.  Hans 
Alexander,  has  said  lately  in  his  charming  paper'  on  his  American 
trip,  Berlin  could  be  congratulated  if  it  had  such  an  institution 
for  the  numerous  active  representatives  of  applied  chemistry 
in  and  about  the  city. 

1  Chem.  Zts..  36  (1912),  1069. 

"  Read  at  Herlin,  November  19,  1912. 
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On  tlif  r-vcniny  of  the  first  flay,  a  German  Kommcrs  was  held 
in  Arion  Hall  on  Park  Avenue.  This  was  admirably  conducted 
in  a  masterly  way  by  Dr.  M.  Schweitzer  of  New  York.  There 
was  an  excellent  burlesque  -"  Bierspiel  909,"  good  Milwaukee 
beer  and  the  best  of  good  nature  prevailed.  The  representatives 
of  various  nations  made  addresses,  that  of  finglcr  of  Karlsruhe 
being  especially  humorous,  so  that  all  the  members  enjoyed 
themselves  thoroughly  and  became  more  and  more  intimately 
acfiuainted. 

The  journey  to  Washington  was  made  in  special  trains  on  the 
.-jrd  of  September  to  attend  the  OfTicial  Opening  of  the  Congress. 
I'or  this  trip  the  Committee  had  secured  a  considerable  re- 
duction of  fare.  Occasion  was  offered  here  for  the  members 
to  know  each  other  better  and  many  interesting  relations  were 
established  with  our  American  colleagues.  Near  me  on  the  way 
down  sat  Dr  Takamine  of  New  York  with  whom  I  took  my 
first  American  meal  in  a  (lining  car.  lie  is  the  discoverer  of  the 
process  of  preparing  adrenalin  which  is  made  according  to  his 
directions  in  the  pharmaceutical  factory  of  Parke,  Davis  & 
Co,  in  Detroit,  which  we  later  visited.  After  the  hospitable 
American  fashion,  following  a  short  ac(|uuiii(ance,  he  asked  me 
to  come  to  see  him  and  I  regret  that  lack  of  time  gave  me  no 
opportunity  to  accept  his  friendly  invitation. 

In  Washington,  however,  a  distinct  halt  in  the  working  of 
the  organization  took  place.  President  Taft  was  to  open  the 
Congress  at  1 1  o'clock  in  the  morning  of  the  4th  of  September 
and  after\vards  receive  the  members  at  a  lawn  party  at  the 
White  House.  However,  the  members  of  the  Congress  were 
not  informed  where  hea(l<iuarters  were  established,  nor  where 
admittance  cards  could  be  had  for  the  0|K-ning  or  for  the  various 
other  places  of  interest.  It  was  only  by  accident  that  the  place 
of  registration  in  the  Hotel  New  Willard  was  discovered  and  for  a 
long  time  the  members  were  kept  waiting  to  go  through  un- 
necessarily delaying  formalities  which  subjected  them  to  con- 
siderable difTieulties.  I''inally,  however,  forms  were  dispensed 
with  and  the  impatient  guests  were  at  last  promptly  registered. 

The  Congress  was  opened  in  the  Continental  Museum  by  the 
president.  Dr.  Nichols,  who  in  a  humorous  vein  acted  as  the 
representative  of  the  other  president,  Mr.  Taft,  who  was  un- 
fortunately unable  to  attend  on  account  of  a  sprained  ankle. 
.•\fter  this  were  speeches  by  Dr.  lulward  W.  Morley,  Honorary 
President  of  the  Congress,  and  Dr.  Nichols  who  represented  the 
6(KK)  American  members,  companies,  works,  etc. 

Representatives  of  the  various  nations  then  S|>oke  in  order, 
Germany  being  represented  by  von  Buchkn  of  Berlin,  and 
ICngler  of  Karlsruhe;  Austria  by  Wegscheider  and  Strohmer  of 
Vienna;  Russia  by  Walden  of  Riga;  Ivngland  by  Ramsay  of 
London;  I'rance  by  Lindet;  Italy  by  Ciamician;  and  Norway  by 
S.  I{yde.'  Most  of  the  addresses  reflected  the  nationality  and 
race  of  the  speakers  in  unmistakable  maimer.  Knglcr  of 
Karlsruhe,  who  appeared  as  the  second  representative  of  Ger- 
many, spoke  in  his  well  known  original  way  of  the  constantly 
growing  comi>ctitive  industry-  Hrewing  in  which  Germany 
atui  America  are  great  rivals;  his  a<ldress  was  greeted  with  great 
applause,  .\fter  each  speech  the  national  air  of  the  speaker's 
country  was  played.  In  the  aftenioon  President  Toft  received 
us  in  the  White  House  looking  well  and  hearty.  He  delivered 
an  address  on  the  important  reciprocal  influence  of  Chemistry 
upon  the  Industries  with  s|H-cial  reference  to  the  American 
Patent  situation  and  he  pleaded  for  a  belter  protection  of  the 
inventor.  After  this  rcfreslinunis  were  servcti  on  the  beautiful 
lawn  of  the  White  House  gardens  which  \yas  a  welcome  ar- 
rangement on  account  of  the  severe  heat.  The  I*rcsidcnt  was 
seated  and  gave  each  a  hearty  handshake  as  he  passed,  saying 
at  least  "I  am  very  glad  to  see  vou  "  .\ll  that  desired  to  s|)eak 
at  greater  length  found  a  willing  listener  In  the  evening 
there  was  a  reception  in  the  new  National  Museum  at  the  in- 
<  iWc  alao  Cklm.  ZIt  .  1(  (l''l.'K  1069. 


vitatii>n  of  the  Smithsonian  Institution.  The  Museum  has  a 
very  interesting  ethnological  collection  and  a  notable  picture 
gallery.  The  reception  was  sfjmewhat  dry  for  the  German 
palate,  es|>ccially  considering  the  oppressive  heat,  but  despite 
their  unslaked  thirst,  the  younger  members  danced,  surrounded 
by  stuffed  giraffes,  the  skeletons  of  saurians  and  similar  animals 
— distinctly  American.  The  next  afternoon  we  visited  the  very 
noteworthy  laboratories  of  the  Bureau  of  Standards,  the  Car- 
•  negie  Institute  and  the  Geological  Sur\'ey;  in  each  of  these  the 
Director  or  his  assistants  received  us  in  the  most  ojrdial  way 
and  gave  us  all  the  information  we  requested.  The  employment 
of  electricity  in  heating,  stirring,  etc.,  is  perhaps  nowhere  90 
advanced  as  in  the  American  laboratories,  as  we  bad  occasion 
to  observ'e  later  in  the  Bureau  of  Mines  in  Pittsburgh  and  in  the 
various  works-laboratories.  The  Bureau  of  Standards  has  most 
appropriately  arranged  chemical  and  physical  laboratories  and 
combines  sfimewhat  the  functions  of  the  Koyal  Testing  Station 
and  the  Physical  and  Technical  Institute  in  Berlin.  Not  only 
are  materials  tested  with  resiwct  to  their  physical  and  chemical 
character,  but  thermometers  and  optical  instruments  are  cali- 
brated and  standards  for  heat,  weight,  optical  and  electrical 
measurements  are  also  fixed.  I  was  plea.sed  to  note,  although  . 
contrary  to  my  i)rcvious  impressions,  that  the  metric  system  is 
employed  in  all  the  investigations  and  publications  of  this 
Bureau.  In  the  Carnegie  Institute  under  the  excellent  guidance 
of  Dr.  Arthur  L.  Day  (who  is  not  to  be  confused  with  the  esteemed 
director  of  the  Geological  Survey  who  is  in  charge  of  petroleum 
statistics  and  technical  jietroleum  (juestions),  the  work  con- 
sists mainly  of  geological  exifcrimental  examinations  ujxm  the 
alteration  which  rocks  undergo  under  the  influence  of  extremely 
high  temjieratures  and  pressures. 

I  need  not  sjxrak  of  the  various  architectural  (Kiints  of  at- 
traction in  and  alxiut  the  Capitol  city  which  were  visited  in  so  far 
as  the  short  time  at  our  dis|H)Siil  jHTmitted  us.  Unfortunately 
the  heat  had  increased  in  the  meantime  to  almost  100°  F. 
Washington  is  on  the  parallel  of  Palermo  and  is  correspondingly 
higher  than  New  York  which  lies  only  on  the  parallel  of  Naples. 
When  we  returned  to  New  York  on  the  5th  of  Setitembcr.  the 
heat  had  not  diminished  and  on  this  account  many  of  the  mem- 
bers living  at  the  I'niversity,  gathered  at  our  "bar,"  the  soda 
fountain  on  .Amsterdam  .\venue  in  the  rear  of  the  University, 
and  there  in  a  long  row  at  the  counter  joyfully  drew  thmugh 
straws  the  refreshing  but  not  altogether  harmless  drinks  which 
somewhat  revived  our  drooping  spirits.  It  is  really  wonderful 
what  the  .\niericans  drink  in  the  way  of  lemon,  orange,  ginger  and 
sarS4iparilla  extracts  at  nearly  all  bars  and  drug  stores;  naturally 
tlic  ((reparation  of  these  extracts  has  gradually  dcvclo|>od  into  a 
considerable  industry. 

The  next  morning  the  scientific  treatises  were  scheduled  to 
begin.  It  was  said  tliat  Uiis  Congress  would  introduce  a  distinct 
novelty.  .Ml  articles  sent  in  up  to  the  5th  of  August.  1912, 
provided  the  authors  furnished  two  copies  and  two  short  ex- 
tracts, were  to  be  printed  before  the  Congress  and  furnished  to 
all  participants.  However,  on  llie  journey  to  New  York  and 
also  in  Washington,  I  had  heard  much  of  the  rejection  of  numer- 
ous articles  written  by  noteworthy  German  inemlK-rs  and  many 
harsh  criticisms  were  directed  agamst  the  management.  Of 
course  the  Congress  had  for  a  long  time  before  thoroughly 
acquainted  the  meml>crs  through  its  printed  notices  that  only 
those  articles  would  be  received  which  introtluccd  something 
distinctly  novel  This,  considering  the  large  ma.ss  of  articles 
presented  at  an  international  congress,  is  a  praiseworthy  pre- 
caution but  it  puts  u|Hin  the  management  a  considerable  re- 
sponsibility to  the  authors  whose  articles  arc  refused,  most 
cs|>ecuilly  when  the  authors  hove  devoted  so  much  lime,  trouble 
and  exiH-nsc  to  attend  a  ctingress  far  from  their  nati\-e  country. 
It  cannot  lie  denied  that  many  instances  occurred  in  which 
pai»crs  were  occcpted  or  rejected  without  proper  judfincnt   oo 
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the  part  of  those  in  charge  of  the  New  York  Congress.'  It 
was  not  to  be  wondered  tlien,  that  at  last  one  of  our  most  valued 
German  savants  in  his  no  longer  controllable  agitation  thundered 
his  opinion  and  that  of  his  German  colleagues  in  no  uncertain 
terms  in  speaking  to  the  manager  of  the  Congress  who  was  charged 
with  the  disposition  of  the  papers.  Of  course  the  rejection  or 
acceptance  of  the  communications  did  not  rest  wholly  with  the 
manager  but  was  committed  to  the  Publication  Committee  of 
each  section,  made  up  entirely  of  American  members.  This 
plan  does  not  seem  to  have  worked  well  and  it  would  be  better 
to  leave  the  disposition  of  the  papers  in  the  hands  of  an  inter- 
national committee  and  to  demand  an  earlier  submission  of  the 
communications.  I  may  add  that  my  own  experience  was  un- 
fortunate when  I  wished  for  report  purposes  to  acquaint  myself 
with  the  scientific  articles  which  had  been  sent  to  some  of  the 
sections.  My  efforts  were  opposed  in  the  most  unfriendly 
way  by  the  manager  who  insisted  upon  reserving  to  himself 
all  rights  of  deciding  such  matters.  The  woman  in  charge  of  the 
office  was  very  willing  to  grant  my  request  to  make  abstracts 
of  those  contributions  and  discussions  which  had  been  handed 
in  but  not  yet  printed.  Some  of  these  articles  I  was  not  able  to 
hear  or  could  not  follow  on  account  of  difficulties  with  the 
language.  The  manager,  however,  refused  my  request  with  the 
harsh  order  "You  can  print  nothing  over  there  (in  Germany) 
until  everything  is  published  here."  A  bureaucratic  European 
could  scarcely  have  acted  in  a  more  dictatorial  manner  than  he 
did  with  the  consciousness  of  unrestricted  power  in  his  de- 
cisions on  many  matters  of  moment  while  no  doubt  he  was  of 
considerable  service  to  the  success  of  the  Congress  in  other 
respects. 

A  pleasing  novelty  introduced  in  this  Congress  was  the  pre- 
sentation to  the  members  of  twenty-four  volumes  of  the  Original 
Communications  before  the  opening  of  the  Congress.  This 
satisfaction  was  somewhat  modified  by  the  fact  that  they  were 
not  distributed  until  just  at  the  beginning  of  the  session  and  that 
the  members  had  the  burden  of  their  impressive  bulk  to  carry- 
off  while  they  might  have  been  sent  before  the  members  had 
started  on  their  long  trip.  This  was  done  with  the  articles 
communicated  to  the  International  Congress  for  Testing  Ma- 
terials which  held  its  sessions  in  New  York  coincidental  with 
our  own.  Only  a,  small  number  of  members  took  part  in  the 
discussions  or  were  prepared  to  do  so.  It  could  hardly  be  ex- 
pected to  be  otherwise  when  one  considers  the  many  attractions 
and  diversions  of  the  city,  the  oppressive  heat  that  prevailed 
and  the  merely  casual  interest  of  many  of  the  auditors  who 
lingered  at  the  lectures 

A  novel  American  practice  was  employed  for  recording  the 
communications  of  the  Congress.  It  was  intended  to  have  all 
the  discussions  of  the  lecture  room  taken  down  by  dictaphone; 
each  one  who  took  part  in  the  discussion  was  to  correct  the 
record  on  the  following  morning,  but  as  often  happens  this  fine 
novelty  worked  poorly  and  many  of  the  discussions  became  un- 
intelligible. Later  on  the  arrangements  for  the  use  of  the 
dictaphone  were  so  perfected  that  it  is  supposed  to  have  worked 
much  better.  It  would  have  been  better  to  depend  on  the  re- 
liable stenographic  method  for  recording  the  discussions. 

Some  meetings  had  to  be  abandoned  entirely,  e.  g.,  those  of 
Section  Ve  which  shortly  following  its  opening  closed  on  account 
of  the  barrack-like  quarters  with  only  a  temporary  roof  which 
economy  had  made  necessary.  Here  the  intense  heat  made  it 
impossible  to  hold  the  meeting  and  any  transactions  were  im- 
possible. The  faults  here  described  are  referred  to  in  order  that 
later  Congresses  may  not  repeat  them.  The  insistence  on  them 
here  does  not,  in  any  way,  diminish  our  appreciation  of  the  ex- 
treme care  and  trouble,  often  at  great  personal  sacrifice  that 
was  taken  by  the  leaders  in  the  Congress.  Our  American 
'  See  also  H.  Grossmann,  Chem.  Ind..  36  (1912),  629 


colleagues  tried  to  make  our  stay  in  New  York  extremely 
pleasant,  both  from  the  scientific  and  personal  standpoint; 
they  assisted  us  in  every  way,  both  there  and  on  the  various 
technical  trips  that  were  taken.  This  we  can  never  forget  and 
it  affords  a  firm  basis  for  the  cultivation  of  many  friendships. 
Special  thanks  must  be  given  for  my  own  part,  to  the  respective 
section  chairmen  Dr  D  T.  Day,  Dr  F.  Schniewind,  Dr.  M.  H. 
Ittner  and  Dr.  G.  Bumcke,  for  the  special  information  furnished 
me. 

Among  the  many  addresses  I  heard  were  the  following:  Eng- 
ler'  on  the  formation  of  asphalt;  Bergius  of  Hanover  on  the 
formation  of  coal  from  peat  under  the  influence  of  high  pressure 
and  temperature;  Sadtler  of  Philadelphia  on  the  direct  estima- 
tion of  oxygen  in  organic  bodies  by  the  action  of  hydrogen  in  the 
presence  of  iron  as  a  catalyst;  A.  M.  Nastjukow'  of  Moscow 
on  studies  of  the  constitution  of  lubricating  oils,  as  a  result  of  the 
formolith  reaction;  P.  H.  Coru^adscn-  of  Franklin,  Pa  ,  on  the  un- 
desirable chemical  changes  brought  about  on  lubricating  oils  in  tur- 
bine bearings,  etc.,  by  water,  different  metals  and  electric  currents. 
The  last  mentioned  address  was  given  before  section  Vc,  "Fuels 
and  Asphalts,"  and  on  account  of  its  great  interest  to  the  petro- 
leum industry  was  repeated  at  the  meeting  of  the  International 
Petroleum  Commission  held  in  The  Chemists'  Club  on  the  yth 
of  September  under  the  direction  of  Irving  C.  Allen  Of  those 
lectures  which  were  noteworthy  both  because  of  the  eminence 
of  their  authors  and  because  of  general  interest  in  their  subjects, 
the  following  may  be  mentioned:  Bernthsen  of  Ludwigshafen- 
Mannheim'  spoke  on  the  synthetic  production  of  ammonia, 
and  after  an  erudite  historical  survey  of  the  subject,  described 
the  development  of  that  field  of  research  which  has  been  holding 
the  attention  of  chemists  for  a  long  time,  i.  e.,  the  develop- 
ment of  the  newest  and  now  technically  accomplished  sj'nthesis 
of  ammonia  from  atmospheric  nitrogen  and  hydrogen  under  the 
influence  of  high  pressure  and  temperatures  and  with  the  assist- 
ance of  catalysts,  as  based  on  the  ideas  and  experiments  of  F. 
Haber  of  Karlsruhe  (now  of  Berlin).' 

A  lecture  by  Eyde  on  the  utilization  of  atmospheric  nitrogen 
in  other  ways,  received  much  approval,  not  so  much  by  reason 
of  its  novelty  as  on  account  of  the  excellent  illustrations  shown.* 
G.  Ciamician^  of  Bologna,  the  master  of  scientific  photochem- 
istry, showed  in  his  lecture  (delivered  in  Italian)  on  the  "Photo- 
chemistry of  the  Future,"  numerous  characteristic  instances 
taken  both  from  nature  and  organic  synthetic  chemistry,  of 
how  the  low  temperature  light  rays  of  the  sun  induce  chemical 
processes  in  plants  and  in  chemical  organic  bodies. 

Although  the  lecture  was  not  scheduled,  Perkin,  by  invitation 
of  the  Americans,  described  his  work  on  the  synthesis  of  rubber* 
and  it  was  extremely  interesting  to  note  that  the  lecturer  showed 
the  specimen  originally  made  by  Tilden,  and  that  apparently 
the  Americans  were  anxious  to  emphasize  the  work  of  Tilden, 
which  to  this  day  is  of  purely  theoretical  value  as  opposed  to  the 
great  and  decided  success  of  Germany  in  the  synthesis  of  techni- 
cally useful  rubber.  Any  one  who  knows  the  German  chemical 
literature  on  the  question  of  rubber  syntheses  has  been  thor- 
oughly acquainted  with  Tilden's  researches  on  the  synthesis  of 
rubber  for  a  long  time.  Another  address  by  Perkin  was  on  the 
subject  of  the  fireproofing  of  cotton  fabrics'  by  means  of  sodium 
stannate  and  ammonium  sulfate;  his  exposition  of  the  method 
and  the  numerous  experiments  shown  won  for  him  much  ap- 
plause. 

Gabriel  Bertrand  of  Paris,  Perkin  of  Manchester,  Duisberg 
of  Leverkusen  and  Ciamician  of|^Bologne  constituted  the  four 
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S|)cakers  invited  to  dtliver  addresses.  Bertrand  spoke  on  the 
surprisingly  great  effect  of  small  quantities  of  chemical  sub- 
stances in  biology,  especially  in  agriculture.'  In  the  general 
assembly  on  the  9th  of  September  held  in  the  large  Assembly 
Hall  of  the  beautiful  College  of  the  City  of  New  York,  C.  Duis- 
berg  gave  his  lecture  on  the  "Latest  Achievements  and  Prob- 
lems of  the  Chemical  Industry;"'  this  received  general  and 
noisy  applause  on  account  of  the  masterly  presentation  as  well 
as  the  magnificent  illustration  and  experiments  and  the  sterling 
quality  of  its  contents  Of  much  interest  of  those  engaged  in  the 
petroleum  industry  was  the  fact  mentioned  in  the  lecture  that 
the  benzene  works  in  Reisholz  near  Ducsscldorf  arc  isolating 
aromatic  hydrocarbons  from  Borneo  petroleum. 

As  I  was  invited  to  visit  the  large  refineries  of  the  Standard 
Oil  Co.  in  Hayonne,  N.  J.,  near  New  York  and  the  Glycerin 
Works  of  Marx  &  KawoUe  In  Brooklyn,  I  was  forced  to  be 
absent  from  some  of  the  im[)ortant  lectures  In  addition  to 
this,  like  a  good  many  of  my  colleagues,  I  was  more  than  once 
indisposed  and  thus  also  prevented  from  attending  at  times, 
and  had  to  be  satisfied  with  reading  them  after  the  Congress 
had  closed.  When  I  add  to  what  I  (and  others  i)OssiI)ly  more  so) 
have  derived  from  hearing  the  lectures,  the  value  of  the  active 
discussion  and  what  we  learned  from  the  visits  to  factories  and 
laboratories  I  must  give  expression  to  what  I  heard  on  all  sides, 
namely,  that  the  Congress  must  be  pronouncefl  a  distinct  success 
and  I  am  sure  each  member  on  either  side  of  the  ocean  is  of  a 
similar  opinion.  V.vcn  now  in  looking  back  u\K>n  the  Congress 
an  especial  attraction  seems  to  hover  about  the  city  of  New  York 
and  each  one  of  us  feels  that  if  not  an  actual,  he  is  an  academic 
citizen  of  the  proud  Metropolis. 

It  was  to  this  decided  success  of  the  Congress  that  the  refusal 
of  the  suggestion  to  have  it  at  longer  intervals  was  due.  The 
German  members,  somewhat  tired  of  the  duties  of  the  Congress, 
made  the  proposition  that  it  should  be  held  only  every  five 
years.  It  would  undoubtedly  be  much  better  if  the  number 
of  the  sections'  were  diminished — in  New  York  there  were  24 — 
when  one  considers  what  demands  the  activities  of  the  meeting 
make  upon  the  jiarticipants  and  a  much  more  distinct  and 
generally  recognized  success  would  certainly  be  attained  if  a 
smaller  number  of  papers  were  read.  In  Berlin  in  1909  at  the 
5th  International  Congress  there  were  479  communications. 
In  Rome  658,  in  London  985  but  in  New  York  kxxj  articles 
were  sent  in,  300  contributed  by  Americans  alone.  It  would  be 
well  then,  to  diminish,  in  some  degree,  this  trouble  to  the  organi- 
zation and  simplify  the  question  of  eligibility  of  the  members. 
A  groat  deal  of  the  vexation  during  the  Congress  was  caused  by 
the  (liflicultics  placed  in  the  way  of  the  memlx-rs  in  this  latter 
iiKilter. 

But  the  (|Ucstions  touched  here  also  have  a  serious  side. 
The  excess  of  scientific  material  furnished  lowers  tlie  plane  and 
lessens  the  significance  of  the  Congress  and  furnishes  too  great 
a  field  for  those  who  visit  it  for  the  social  and  other  non-scientific 
purposes.  Hereby  the  opponents  of  such  congresses  which 
arc  of  so  great  an  importance  to  the  progress  of  science  and  the 
strengthening  of  the  international  relations  are  unnecessarily 
given  material  for  criticism  and  many  earnest  colleagues  turn 
to  special  Congresses  smaller  in  their  sco|h.'  and  extent  It 
must  be  said,  however,  to  the  advantage  of  New  York  that  the  . 
.social  activities  did  not  in  any  way  prejudice  the  scientific  value 
of  the  meeting.  A  social  feature  of  the  Congress  well  worthy 
of  imitation  and  especially  enjoyed  by  the  ladies,  was  the  daily 
5  o'clock  informal  tea  held  on  tlie  lawn  of  the  College  of  the 
City  of  New  York.  These  were  most  enjoyable,  both  because 
of  their  social  simplicity  and  the  refrcshn\cnt  which  they  afforded. 

Of  the  two  receptions  held  in  New  York.  I  was  able  to  attend 
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only  that  at  the  Chemists'  Club.  This  function  was  rendered 
somewhat  unpleasant  on  account  of  the  intense  heat  and  the 
large  number  of  participants  who  gathered  in  the  quarters  which 
were  too  small  for  the  1500  in  attendance.  The  official  dinner 
of  the  Congress  took  place  in  the  most  luxurious  hotel  in  New 
York,  the  Waldorf-Astoria,  and  was  exceptionally  well  conducted 
and  interesting.  Care  should  be  taken,  however,  lest  this 
function  of  the  International  Congress  become  entirely  too 
exclusive,  by  reason  of  its  expensive  character.  Many  members 
in  ordinary  circumstances  and  the  younger  memlx-rs  not  yet 
richly  endowed  with  this  world's  goods,  are  prevented  from  at- 
tending these  affairs.  One  of  the  most  attractive  features  of  the 
meeting  was  the  trip  up  the  Hudson  on  Sunday.  September 
8th,  for  which  we  had  fine  weather  although  it  was  rather  hot. 
During  the  hours  of  leisure  or  interruption  in  the  work  of  the 
Congress.  I  visited  Central  Park,  which  gave  ample  opjMjrtunity 
for  recreation,  and  the  zodlogical  and  b<Jtanical  gardens  furnished 
a  good  means  of  studying  the  flora  and  the  fauna  of  the  country. 
Unfortunately,  a  few  days  after  the  close  of  tlic  Congress, 
when  most  of  us  had  started  on  the  technical  trips,  a  shadow 
fell  over  the  activities  of  the  Congress.  Gcheimrat  Wiel>e'  of 
Berlin  died  on  the  i8th  of  September  of  cerebral  paralysis. 
He  was  a  friend  of  many  of  the  members  of  the  Congress  and  wiU 
long  l>e  remembered  by  them  The  incident  was  especially 
sad  to  nie  as  I  had  parted  from  him  at  our  hotel  on  the  morning 
of  September  15th  not  exftccting  anything  so  lamentable.  Al- 
though a  i)hysicist,  he  had  earlier  pursued  chemical  studies  whidi 
gave  him  a  lively  interest  in  questions  of  chemical  apparatus 
and  other  related  subjects  and  had  contributed  interesting 
conununications  to  the  work  of  the  Congress  under  the  section 
"Kuels  and  Asphalt"  and  to  the  International  Petroleum  Com- 
mission • 

Impressions  of  Industrial  Plants 

The  following  is  a  description  of  the  industrial  plants  visited 
by  me  in  company  with  my  friend  Dr.  Hans  Alexander  of  Berlin, 
and  his  brother.  These  plants,  in  the  neighlwrhood  of  New  York, 
were  insjK'Ctcd  by  us  after  the  close  of  the  Congress  during  a 
journey  lasting  atx)ut  2'/,  weeks.  On  account  of  the  fatigue 
consequent  ui)on  the  Congress  we  had  decided  not  to  take  part 
in  one  of  the  longer  official  trips  and  although  strangers  in  the 
land  we  traveled  according  to  our  own  whims.  By  a  practical 
division  of  lalxir  we  simplified  the  resimn.sibilities  of  the  trip. 
My  companions  concerned  thcm.sclves  with  the  somewhat 
complicated  arrangements  of  the  tour  which  included  Atlantic 
City.  Philadelphia,  Baltimore,  Pitt.sburgh,  Chicago,  Detroit, 
Niagara  Falls,  Toronto,  the  St.  I-awrcncc  River,  Montreal,  the 
White  Mountains,  Boston  and  New  York.  I  looked  after  the 
arrangements  for  the  visits  to  places  of  technical  interest.  Our 
journey  was  a  pleiis^int  one  from  first  to  last,  barruig  a  delay  of 
six  hours  caused  by  a  railroad  WTeck  near  Pittsburgh  and  a 
collision  of  our  carriage  with  an  automobile  in  Montreal  in  which 
some  glass  and  one  of  our  trunks  were  broken. 

Our  first  stopping  place  completely  refreshed  us  after  the 
labors  of  the  Congress.  This  was  the  beautiful  seashore  resort, 
.Atlantic  City.  Its  long  piers  with  their  roomy  i>avilions.  the 
fairy  like  illuminations  in  the  evening  and  its  numerous  op- 
portimities  for  recreation  and  pleasure,  astonislied  mc  as  well  as 
my  more  exi>erienccd  fellow  travelers.  On  our  journey  we 
visited  petroleum  works,  oil  wells,  lalmratorics.  stock  yards,  the 
great  steel  and  iron  works  of  Chicago  and  the  pharmaceutical 
works  of  Parke.  Davis  &  Co.,  as  well  as  an  automobile  factory 
in  Detroit.  In  visiting  the  plants  of  the  Stiindard  Oil  Co. 
and  its  branch  concerns  an  intrinluctory  letter  which  I  owe  to 
Dr.  Riedemann  of  the  Germ.in  .Vmcrican  I*rUoleum  Co.  was  of 
great  service  to  mc  as  were  also  certain  acquaintances  I  had 
made  in  Berlin.     My  chief  interest  was  in  the  refining  of  pctro- 
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leum  and  if  I  devote  a  large  space  to  the  subject  it  is  because  I 
can  presume,  since  the  petroleum  question  is  now  such  an  im- 
portant matter  in  our  national  politics,  that  a  wider  circle  of 
readers  is  desirous  of  becoming  acquainted  with  the  methods 
employed  in  American  practice. 

The  Coal- Tar  Industry  in  America  is  really  limited  to  the 
production  of  light  and  heavy  crude  distillates  of  the  lower  and 
higher  phenols,  creosote,  naphthalene,  anthracene  oil  and 
pitches  only,  while  more  advanced  products  and  dyestuffs  can 
scarcely  be  said  to  be  produced.  The  same  holds  true  for  the 
Canadian  coal-tar  industry.  The  inconsiderable  pamphlet 
comprising  the  communications  to  Section  IV  of  the  Congress, 
"  Aniline  Colors  and  Dyestuffs,  "  is  eloquent  of  the  local  situation. 
The  so-called  "coal-tar  trip,"  which  was  taken  by  23  chemists 
employed  either  in  German  dyestuff  works  or  in  allied  industries,' 
owes  its  name  not  to  the  objective  point  of  the  trip  but  rather 
to  the  character  of  the  activities  pursued  by  the  tourists  when  at 
home. 

I.    THE    PETROLEUM   INDUSTRY 

According  to  the  statistics  gathered  by  D.  T.  Day^  the  world's 
production  of  petroleum  has  again  very  largely  increased  in  the 
last  five  years  in  all  those  countries  coming  into  consideration, 
with  the  exception  of  slight  variations  in  Galicia  and  Japan. 
In  1907,  35  million  tons  were  produced  while  in  1911  the  output 
had  grown  to  forty-six  and  a  half  million  tons,  an  increase  of 
about  one-third  in  the  world's  production,  and  this  proportion 
was  maintained  when  we  consider  the  U.  S.  production  alone, 
■whereas  in  Mexico,  in  a  similar  period,  the  production  had  become 
thirteen  times  greater.  Of  this  forty-six  and  a  half  million  tons 
of  raw  petroleum,  the  U.  S.  alone  furnishes  29.4  and  Mexico 
1.9  million  tons,  the  two  countries  together  thus  producing 
about  two-thirds  of  the  total  output.  Galicia  and  Roumania 
produce  about  one  and  a  half  million  tons  per  year.  The  pro- 
duction of  petroleum  in  the  U.  vS.  in  the  last  decade  has  shifted 
gradually  more  and  more  to  the  West,  two-fifths  of  the  American 
field  being  located  in  California.  The  Standard  Oil  Co.,  which 
was  dissolved  lately  into  a  large  number  of  independent  sub- 
sidiary companies,  buys  and  refines  the  greater  part  of  the  r^ 
petroleum  obtained  in  the  U.  S.  but  actually  develops,  on  its  own 
account,  but  few  of  the  sources  of  raw  oil.  Not  much  more  than 
25%  of  its  supplies  come  from  these  privately  controlled  sources. 
The  rest  is  bought  from  the  pipe-line  companies  whose  tanks 
often  adjoin  the  oil  works  or  from  the  smaller  producers.  How- 
ever, since  most  of  the  pipe  lines  are  owned  by  the  Standard 
Oil  Co.  it  naturally  exerts  immense  influence  on  the  raw  oil 
market.  It  may  thus  be  assumed,  and  the  belief  corresponds 
to  information  otherwise  obtained,  that  the  Standard  Oil  Co. 
does  not  regard  the  actual  extraction  of  the  oil  from  the  earth  as  a 
business  attractive  to  investment  at  the  present  time.  During 
my  somewhat  short  stay  in  the  United  States  I  visited  a  number 
of  the  larger  refineries  in  the  northeastern  states.  These  take 
up  a  considerable  area,  so  much  so,  that  in  my  inspection  of  the 
Bayonne  works,  to  which  I  devoted  a  half  day,  I  could  scarcely 
see  all  of  the  plant  although  I  availed  myself  of  an  automobile 
which  is  always  available  for  the  use  of  the  Works.  As  Hater 
visited  a  large  number  of  other  refineries  and  excluded  any  ex- 
amination of  that  part  of  their  installations  which  I  had  pre- 
viously seen  in  other  plants,  I  believe  that  the  following  accounts 
give  a  fairly  good  survey  of  the  methods  employed  in  oil  re- 
fining. Before  entering  upon  the  description  of  the  plants  I 
must  not  omit  to  express  my  appreciation  for  the  extraordinary 
courtesy  and  kindness  with  which  all  my  requests  for  desirable 
information  were  met,  as  well  as  the  freedom  and  thoroughness 
with  which  later  information  was  supplied  by  correspondence. 

I.  THE  BAYONNE  REFINERY — -The  Bayonnc  Refinery,  which 
is  just  across  from  New  York  in  the  New  Jersey  group  of  Standard 

1  See  also  the  above  menlioned  report  of  Bernthscn. 
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Oil  Works,  is  probably  the  second  largest  in  the  world.  It  was 
the  first  oil  works  in  the  East  which  I  had  an  opportunity  of 
visiting  during  the  Congress  on  the  12  th  of  September.  The 
director,  Mr.  Gifford,  and  the  head  chemists,  Messrs.  Cobbs  & 
Robinson,  conducted  me  about  the  works,  which  are  separated 
from  New  York  by  the  Hudson  and  lie  southwest  of  the  city  in 
Bayonne,  which  is  situated  on  a  small  strip  of  land  lying  between 
Newark  Bay  and  the  upper  bay.  Every  day  the  plant  works  up 
about  40,000  barrels  of  raw  oil,  producing  benzine,  light  oil, 
middle  oils,  paraffin  and  paraffin  oil.  This  is  annually  more 
than  the  total  raw  petroleum  production  of  Galicia  or  Roumania. 
For  its  raw  material  the  Bayonne  works  chiefly  employ  Illinois 
oil  or  that  from  the  Ohio  and  Pennsylvania  fields.  The  oil 
naturally  docs  not  contain  sufficient  light  petroleum  and  benzine 
to  meet  the  needs  of  the  market  and  therefore  in  the  first  distilla- 
tion it  is  decomposed  ("cracked")  so  that  the  heavier  portions 
are  converted  into  the  lighter  illuminating  oil  distillates.  The 
distillation  is  conducted  without  vacuum  or  steam.  To  cause 
the  greatest  possible  decomposition,  the  distillate,  as  it  rises 
from  large  horizontally  arranged  cylindrical  stills,  is  led  into  a 
high  column  filled  with  loosely  packed  stone  where  the  vapors 
are  exposed  to  a  very  large  surface;  they  are  then  led  into  a 
dephlegmator  tower  made  up  of  numerous  vertical  iron  tubes 
and  finally  to  the  condenser.  Thus  in  both  columns,  by  reason 
of  the  large  svu"face  to  which  the  oil  is  exposed  and  of  the  air 
condensation,  a  considerable  proportion  of  the  heavier  vapors 
is  condensed  and  run  back  again  into  the  stills  where  they  suffer 
a  renewed  decomposition  into  lighter  distillates.  This  method 
of  working  up  petroleum,  which  is  characteristic  of  the  north- 
eastern states,  is  carried  as  far  as  is  practicable  to  produce  a 
good  burning  illuminating  oil  and  a  benzine  of  high  boiling 
point.  It  is  adapted  to  oils  not  rich  in  constituents  of  high 
lubricating  value. 

As  in  all  petroleum  refineries,  distillates  of  various  boiling 
points  and  specific  weights  are  led  through  various  separating 
tubes,  and  according  to  their  variation  in  specific  gravity  as 
determined  by  rapid  test,  are  conducted  into  various  reservoirs 
adapted  to  receive  them.  The  stiUs  are  built  in,  in  so  far  as  the 
heating  allows,  but  are  not,  as  is  the  German  custom,  housed 
in  special  buildings.  They  are  heated  in  common,  a  cheap 
rather  small  sized  anthracite  coal  being  employed.  Oil  heating 
is  too  expensive  in  this  locality  on  account  of  the  distance  from 
the  wells.  After  the  benzine  and  illuminating  oil  fractions 
have  been  distilled  off,  the  middle  oils  and  paraffin  remain. 
These  are  finally  driven  off  until  nothing  but  coke  remains. 
This  last  product  is  employed  as  in  Europe  in  manufacturing 
electrodes  for  arc  lamps.  The  so-called  paraffin  fraction  is 
treated  with  a  brine  solution  brought  to  a  low  temperature  by  a 
battery  of  ammonia  ice  machines;  the  paraffin  is  thus  brought 
to  a  salve-like  consistency,  and  is  then  taken  to  a  chilling  room 
and  pressed  between  cloths  in  very  large  horizontal  filter  presses. 
The  chilling  of  the  oils  by  brine  takes  place  in  horizontal 
cylindrical  drums  placed  concentrically  in  cylinders  of  still 
larger  dimension;  the  brine  solution  flows  in  the  surrounding 
space  while  the  oil  is  slowly  conveyed  in  the  opposite  direction 
by  a  series  of  propellers  which  are  revolved  by  a  central  axle. 
About  five  such  chUling  drums  in  which  the  oils  are  brought 
down  about  5°  C.  constitute  a  battery.  This  patented  cooling- 
installation  is  made  by  the  firm  of  S.  L.  Moore  Sons  Co.  of  Eliza- 
beth, N.  J.  The  paraflfin  cake  left  after  pressing  is  then  freed 
of  its  last  traces  of  oil. by  the  Scotch  Sweating  Process.  This 
process  (also  in  use  in  Austria  and  Roumanial  runs  the  molten 
paraffin  into  shallow  pans  and  after  solidification  gradually 
heats  the  pans  and  the  space  about  them  by  means  of  steam 
coils,  until  the  excess  of  oil  is  sweated  out  and  runs  away  through 
apjjropriatcly  arranged  pipes.  The  remaining  paraffin  is  then 
treated  with  concentrated  sulfuric  acid  and  appropriate  bleach- 
ing compounds  such  as  ferricyanidc  residues,  until  it  has  the  de- 
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sired  color  and  a  sufficiently  high  melting  point.  The  great 
output  of  the  Bayonne  refineries  demands  sweat  chambers 
somewhat  different  from  those  employed  in  Huropean  practice. 
Instead  of  a  large  number  of  small  pans  the  paraffin  is  sweated 
in  very  large  ones  arranged  one  above  another.  They  are  about 
30  m.  long,  5  to  6  m.  wide  and  15  cm.  deep  and  take  up  nearly 
the  entire  length  and  breadth  of  the  sweating  chamber.  I'ig.  i 
shows  one  of  the  twelve  sweat  rooms  in  the  plant's  installation. 
The  oil  residues  from  the  paraffin  are  employed  as  light 
liquid  lubricating  oils  after  being  subjected  to  treatment  in 
special  stills  by  the  s<j-callcd  continuous  distillation'  in  which  a 
small  vacuum  is  employed  and  superheated  steam  is  admitted. 
Oils  of  high  viscosity,  i.  e.,  heavy  lubricants  and  cylinder 
oils,  are  not  made  in  the  Bayonne  plant  because  in  the 
cracking  process  employed,  the  heavier  and  viscous  oils  are 
decomposed  into  the  lighter  fractions. 

The  clearing  of  the  oils,  as  well  as  of  that  recovered  from 
the  parafTin,  isdf>ne  by  filtration  thrrjugh  coarsegrained  Fuller's 
earth.  Ohio  oil  which  is  quite  rich  in  sulfur  must  lie  desul- 
furi/.cd  before  it  can  be  employed  for  illumination.  Por  this, 
the  I'rasch  process,  named  after  its  inventor  who  devised  it 
twenty  years  ago,  is  still  employed  at  Bayonne  The  oil  is 
heated,    while   lieing   steadily   stirred    and    mixed    with   copper 


conducted  automatically.  As  soon  as  one  edge  is  soldered  the 
can  is  turned  automatically  and  the  next  edge  presented.  This 
is  done  until  the  can  is  completed,  when  it  is  automatically 
delivered  at  the  end  of  the  ap|>aratus. 

As  far  as  size  is  concerned,  the  nearest  approach  of  the  Euro- 
pean refineries  to  this  large  great  American  plant  is  that  of 
Steaua  Komana  in  Campina,  Koumania,  which  produces  three- 
quarters  of  a  million  tons,  or  at  least  half  the  production  of  the 
country  However,  I  may  say  that  the  l{uror>ean  plants,  for 
example  that  of  the  Vacuum  Oil  Co.  of  Bremen,  which  is  under 
American  control,  is  much  more  satisfactory  from  the  stand- 
point of  the  economy  of  heal.  I  have  not  found  in  the  American 
refineries  anything  like  the  economic  employment  of  the  heat 
from  the  distillation  vapors  and  from  the  distillation  residues 
which  I  have  noted  in  Austria,  Koumania  and  at  the  X'acuum 
(.)il  plant,  where  this  heat  is  employed  in  preheating  the  raw  oil 
thus  effecting  distinct  economy 

The  directors  of  the  American  plants,  while  aware  of  this 
difference  in  Muro|>can  practice,  are  not  inclined  to  consider  the 
point  as  a  very  practical  one  when  the  great  mass  and  cheapness 
of  their  raw  material  is  considered. 

2.  THE  ATLANTIC  RBPINLSG  CO.,  PiiitADBLPHLA — The  Phila- 
delphia   plant   is   the   largest   of   the    three    ticlonging    to   this 


oxide  and  the  greater  part  of  the  sulfur  combines  with  the 
oxide.  The  copper  oxide  slime  thus  proiluced  naturally  om- 
tains  a  great  deal  of  copper  sulfide,  and  is  recovered,  freed 
from  the  desulfured  oil  in  filter  pres.ses  and  then  regenerated 
by  roasting,  after  which  it  is  again  ready  for  use.  The 
waste  ga.ses, ' which  hove  escaped  all  the  methods  employed 
for  their  condensation,  are  used  in  driving  large  gas 
engines  which  are  cou|)led  with  liynamos.  Nor  docs 
this  represent  the  sole  employment  <if  the.se  waste  ga.ses 
as  the  ga.ses  are  used  als<i  in  the  can  works.  .\  large 
number  of  the.se  cans  have  to  he  made  and  an'  sha|K'd  with  ex- 
it aordinury  rapidity  on  automatic  muchiiies.  The  soldering 
b.iths  through  which  the  edges  of  the  tin  cans  are  drawn,  ore 
heated  by  the  waste  gases.  The  cans  hold  ulMiut  .s  gallons 
and  are  used  ehielly  fur  shipping  ilhnnuiatitig  nil  to  the  far  l{ast. 
They  are  uuide  by  the  hundreds  of  thiius.iiids  daily  in  the  works; 
after  they  ctmie  from  the  shop  cut  out  of  the  tin  plate,  they  are 
shaped  in  proper  form,  brought  to  the  al><ive-mentione<l  solder- 
ing bath  and  their  edges  soldered,   the  whole  o|>cration  being 

I  In  lliis  proccM.  whicli  i%  oftrn  (ontut  in  Kuropvan  pl*nt«.  thr  «till« 
lire  nrruniicd  in  trrriicc'"  l>r<uilr  one  annllirr  mill  ilincrrnixj  o(  level  o(.  (or 
insluiK-r.  I,S  i-in  .  willi  rtxlo  on  Ihc  oil  anpply  piiie  ot  each  •lill.  •o  thai  Ihr 
oil,  after  the  rriiiovul  of  the  Itchier  fractions,  may  conttantly  cireulalc  from 
one  xtill  to  llle  fnllowiiii;  one,  anil  he  ttiu*  alway*  preliealnl  In  the  precedinc 
•till.  SiK-h  a  plant  rri|iiim  little  over<l|!ht  and  naturally  allows  for  a  thor 
ough  use  of  the  uvailalile  heal. 


concern;  it  works  up  about  30,000  bbls.  of  crude  oil  per  day. 
(The  other  works  are  at  Franklin  and  Pittsburgh.  1  The  oil 
comes  for  the  greater  part  from  West  Virginia,  and  is  sent  by  a 
pipe  line  300  to  400  miles  long  to  the  Philadelphia  Refinery 
The  works  lie  at  the  dock  and  tank  steamers  take  the  product 
of  the  plant  to  Huropc  and  other  OMintries,  as  pj  per  cent  of  its 
product  is  made  for  exjxirt  trade  The  Pittsburgh  works  of  the 
same  company,  which  refines  alMuit  .i.rmo  bbls  yvi  day,  is  run 
only  to  su|>ply  the  American  market.  The  Franklin  Refinery, 
handling  lo.ixxi  bbls.  a  day,  is  also  chiefly  nin  for  the  domestic 
market  The  I'hiladclphia  plant  refines  a  bright,  reddish  and 
a  darker  nil  which,  however,  is  bright  by  trnnsmittetl  light,  and 
recovers  from  these  oils  lienzcne,  illuniinatiuK  oil.  pnrairm,  paraffin 
oils,  vaseline,  light  and  heavy  machine  oils,  evliin!  ke. 

Ill  contra-.t  to  the  Bavoiine  Refinery  of  the  S'  ■> . 

this  concern  makes  a  s(>eciidty  of  the  l>etter  graili :;ng 

and  cylinder  oils  in  addition  to  light  distillates  and  luraflin. 
Here,  as  in  the  Ra)'onne  refinery,  the  crude  oils  not  adapted  for 
the  mnntifactiire  of  lubricating  oils  are  "craektrd"  l)y  dephle^- 
Illation  and  final  su|>erhealinK.  without  the  use  of  steam,  the 
heavy  Vii|xirs  lieing  again  returned  to  the  still  The  crude  oils 
suitable  for  the  niantifacttirc  of  lubncaiits  are  distilled  in  hori- 
rontal  iron  stills  without  dephlrgmation  with  direct  steam. 
not  sti|ierheated.  after  the  lighter  fractions  have  been  drircn 
otT  from  the  still  without  the  use  of  steam.     In  the  first  case  the 
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distillates,  as  in  the  Bayonne  Refinery,  are  redistilled.  A  greater 
part  of  the  illuminating  and  lubricating  oils  are  filtered  through 
Fuller's  earth.  In  the  second  case  the  horizontal  stills  which, 
like  those  in  Bayonne,  hold  several  thousand  barrels  of  oil,  are 
provided  with  wide  outlet  tubes  through  which  the  vapors  can 
pass  unhindered  and  promptly,  thus  avoiding  decomposition. 
Further  on,  these  vapors  meet  in  a  single  leader.  After  the  dis- 
tillation of  the  heavy  machine  oils,  cylinder  oil  remains  in  the 
still  as  a  dark,  fluid  residue  which,  according  to  the  desired 
viscosity  or  flash  point,  is  further  evaporated.  The  product, 
when  filtered  through  Fuller's  earth,  is  of  a  greenish  color  by 
direct  sunlight  but  of  a  somewhat  reddish  cast  when  viewed  by 
transmitted  light;  without  filtering,  it  is  a  deep  greenish  black. 
The  clearing  of  the  oils  with  Fuller's  earth  is  employed  not  only 
for  cylinder  oils  but  for  many  machine  oils.  The  rather  coarsely 
grained  Fuller's  earth  is  roasted  in  large  rotating  sheet-iron 
drums  of  about  5  ft.  in  diameter  while  the  flames  of  a  strong  coal 
fire  beat  down  upon  the  moving  mass  of  Fuller's  earth.  The 
roasted  earth  is  then  treated  in  rotating  drums  upon  which  cold 
water  is  continually  sprayed.  The  cooled  material  is  then  ready 
for  clearing  the  lubricating  oil.  This  is  done  in  very  large 
cylinders  with  conical  bottoms  upon  which  the  earth  is  spread 
rather  deeply,  the  oil  being  filtered  while  warm.  This  method 
of  clarifying  the  oil  is  much  employed  in  the  Eastern  American 
refineries  as  a  substitute  for  the  sulfuric  acid  and  lye  refining 
in  the  preparation  of  illuminating  oil,  machine  and  cylinder 
lubricants.  An  important  advantage  of  the  process  is  that  it 
prevents  considerable  loss  of  oil  which  takes  place  by  the  acid 
treatment.  When  the  earth  has  lost  its  power  of  clarification, 
by  becoming  charged  with  resinous  matters,  it  may  be  regenera- 
ted by  pressing  out  the  oil  at  a  high  temperature,  or  by  distilling 
off  or  extracting  the  oil  by  benzine ;  after  evaporation  of  the  ben- 
zine the  oil-free  earth  is  roasted  as  above  described. 

Brine  from  ice  machines  is  used  to  chill  the  paraffin-bearing 
oils  for  recovery  of  the  paraffin  wax.  These  machines  are,  as 
in  Bavunne,  horizontal  and  concentric  cylinders,  the  inner  one 
in  the  Philadelphia  plant  having  a  diameter  of  20  in.  The  lat- 
ter is  for  the  reception  of  the  brine  solution,  the  oil  being  placed 
in  the  outer  cylinder,  which  has  a  breadth  of  24  in.  On  the  rota- 
ting oil-cylinders  scrapers  are  placed  which  continuously  detach 
the  chilled  oil  as  it  solidifies.  A  few  such  cylinders  through 
which  the  oil  circulates  in  the  opposite  direction  to  the  brine 
constitute  a  battery.  The  oil  comes  into  the  chilling  cylinder 
at  ordinary  temperature,  where  it  may  be  cooled  as  desired  from 
0°  to  15°  C.  In  all  chilling  machines  working  on  similar  prin- 
ciples it  is  necessary  that  the  chUled  oil  and  paraffin  be  promptly 
scraped  from  the  cylinder. 

According  to  information  given  me  by  the  directors  of  the 
■works  the  following  methods  of  chilling  are  generally  employed 
in  the  American  plants;  First,  either  a  vertical  cylinder  60  in. 
broad  for  the  circulation  of  the  oil  stands  in  another  cylinder  of 
64  in.  breadth.  In  a  concentric  space  between  these  two  the 
chilled  brine  solution  is  pumped.  In  the  oil  cylinder  a  rotary 
scraper  detaches  the  solidified  oil  from  the  walls.  Second,  a 
6  in.  tube  for  the  circulation  of  oil  is  placed  within  an  8  in. 
pipe  so  that  the  brine  circulates  in  the  space  between.  In  this 
case  the  device  employed  for  scraping  consists  of  an  Archimidean 
screw  which  slowly  moves  forward  in  the  oil.  As  in  Bayonne, 
the  paraffin  mass  is  freed  in  the  filter  press  from  most  of  its  oil 
and  then  brought  into  the  sweating  room  where  the  remainder 
is  removed. 

Of  course  vaseline  is  also  made  at  the  Atlantic  Refining  plant 
in  Philadelphia.  For  this  purpose  the  crude  oil  adapted  for  its 
manufacture  is  chilled  to  such  a  degree  that  the  vaseline-like 
amorphous  paraffin  separates.  The  supernatant  oils  are  drawn 
off.  The  crude  vaseline  at  the  bottom  is  freed  by  distillation 
from  any  illuminating  oil  and  is  then  clarified  by  filtration 
through  bone-black  or  Fuller's  earth.     For  the  information  ob- 


tained and  for  my  conduct  about  the  works  I  am  indebted  to 
the  Superintendent,  Mr.  W.  M.  Irish,  and  to  the  Chief  Chemist, 
Dr.  F.  C.  Robinson. 

3.    THE   ATLANTIC   REFINING     CO.,    PITTSBtlKGH — This    waS    the 

smallest  plant  of  the  Atlantic  Refining  Co.  which  I  visited.  It 
works  up  3000  bbls.  of  crude  oil  daily,  using  the  product  of  the 
Illinois  and  Pennsylvania  fields.  While  this  is  small  for  an  Amer- 
ican plant,  it  corresponds  closely  to  the  total  yearly  supply 
of  German  petroleum  or  one-tenth  that  of  Galicia,  or  about 
1,000,000  bbls.  The  distillation  of  the  crude  oil  takes  place 
in  this  works  in  a  different  manner  from  that  employed  in  the  re- 
fineries which  I  visited  earlier  because  the  raw  oil  is  rich  in 
lubricants.  Here  the  oil  is  distUled  with  steam  only,  in  hori- 
zontal stills  which  are  bricked  in  below  but  are  open  above  or 
are  covered  only  with  sheet  iron.  The  stills  of  600  bbls.  capacity 
have  only  one  outlet  tube.  Those  of  1000  bbls.  capacity  have 
several  vapor  outlet  pipes  which  further  on  are  united  in  a  wider 
leader.  All  the  stills  in  addition  to  the  outlets  have  a  vertical 
vapor  tube  provided  with  a  valve  for  the  inlet  of  steam  under 
high  pressure.  The  gases  not  condensable  in  the  ordinary  dis- 
tillation are  carried  off  by  pumps,  compressed  and  sold  as  light 
gasolene.  The  lubricating  oils  are  clarified  partly  by  Fuller's 
earth  and  partly  by  washing  with  sulfiuric  acid  and  lye  in  separate 
apparatus.  The  lighter  oils  are  purified  by  the  chemical  method 
only.  The  paraffin-bearing  oils  are  solidified  by  artificially 
cooled  calcium  chloride  scJutions,  the  paraffin  brought  to  the 
filter  press  and  then  treated  in  large  sweating  rooms  where  it  is 
deprived  of  th^  residual  oil.  In  the  chamber  there  are  about 
10  pans  arranged  one  above  another,  being  zi  X  10  ft.  They 
are  provided  with  a  conical  bottom  and  an  outlet  feed.  The 
outlet  tubes  may  be  raised  or  lowered  from  without  to  the  still. 
The  plant  prepares  various  grades  of  paraffin  of  a  higher  or  a 
lower  melting  point  according  to  the  temperature  which  has  been 
employed  in  the  pressing.  The  low-melting  grades  are  employed 
as  illuminants,  being  substitutes  for  the  liquid  illuminating  oils. 
In  firing  the  steam  boilers  a  rich  bituminous  coal  is  employed 
which  costs  $1 .45  per  ton.  The  combustion  was  excellent  when 
the  fire  was  automatically  regulated.  The  paraffin  estimation 
is  carried  on  in  the  works  laboratory;  500  grams  of  the  paraffin 
to  be  tested  are  pressed  on  a  nine  ton  press  between  cloth  and 
paper  and  the  remaining  dry  cake  is  weighed  The  viscosity 
is  determined  by  a  Saybolt  apparatus  and  the  flash  point  by 
the  open  Tagliabue  tester. 

North  of  Pittsburgh,  in  the  neighborhood  of  Evergreen,  I 
visited  a  few  oil  wells,  but  their  daily  output  was  quite  small — 
only  about  one  or  two  barrels.  The  oil  obtained  was  a  bright 
reddish  yeUow  and  on  account  of  this  quality  sells  at  Si. 25 
per  barrel,  so  that  even  with  such  a  small  yield  of  oil  it  pays  to 
conduct  the  work.  This  is  also  true  of  the  old  wells  at  Wietze, 
in  Germany.  In  contrast  to  the  proportionally  high  price  of 
light  colored  oil,  may  be  cited  that  of  the  dark  California  oil 
which  sells  for  only  30  c.  a  barrel.  On  account  of  the  low  price 
of  this  grade  the  stills  and  boilers  in  the  California  works  are 
often  fired  with  the  liquid  residues  of  the  oil  distillation. 

With  regard  to  other  points  of  technical  interest  visited  in 
Pittsburgh,  the  time  at  our  disposal  was  unfortunately  limited 
by  reason  of  the  railroad  accident  earlier  mentioned.  Still  we 
had  time  to  visit  the  very  interesting  Carnegie  Museum  and  to 
view  the  beautifully  situated  town  which  both  nature  and  art 
contrived  to  render  most  picturesque  in  its  location.  The  view 
of  the  town  with  its  two  rivers  and  the  mountains  of  the  Alle- 
gheny Ridge  surrounding  it  is  most  impressive  and  beautiful 
in  the  evening  when  the  fiery  torches  of  the  iron  works  light  up 
the  town. 

4.  THE  STANDARD  OIL  CO.,  AT  WHITING,  near  Chicago,  has 
one  of  the  greatest  crude  oil  refineries  and  in  many  respects  re- 
calls the  important  European  plants.  It  refines  daily  about 
35,000  bbls.  of  crude  oil  and  owes  its  present  growth  and  develop-- 
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mcnt  chiefly  to  its  experienced  technical  director.  Dr.  Burton, 
a  former  pupil  of  A.  W.  von  Hofinann. 

While  in  IQ03  no  oil  had  yet  been  produced  in  Illinois,  100,000 
lilils,  daily  corresponding  to  a  yearly  production  of  4  >4  mil- 
lion tons,  arc  now  produced.  Besides  the  Illinois  supply,  oil 
from  Kansas  is  also  worked  up  in  this  refinery.  This  plant  pro- 
duces all  the  derivatives  of  the  petroleum  industry  and  in  addi- 
tion to  those  previously  described  it  also  makes  bright  cylinder 
oils.  The  crude  oil  is  generally  dark  colored  and  belongs  to  the 
so-called  parairm-yiclding  oils.  It  comes  in  pipe  lines  from  points 
as  far  as  500  miles  distant.  The  raw  oil  is  distilled  in  batteries 
of  10  stills  each,  the  stills  having  a  capacity  of  1200  bbls. ;  six  of 
these  batteries  are  installed  in  the  plant. 

All  of  the  crude  oil  is  distilled  without  steam,  in  horizontal 
open  stills  with  high  reflux  columns  containing,  however,  no 
further  division  or  stone  filling.  Tlie  heavy  di>;tillatc  is  redis- 
tilled and  gives  at  first,  fuel-oil,  then  light  and  heavy  ma- 
chine oils,  and  in  the  residue  automobile  and  machine  oils. 
All  of  the  oils  arc  refined  with  sulfuric  acid  and  lye  or  soda  or 
anunonia:  they  are  further  clarified  with  Fuller's  earth.     Lubri- 
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eating  oils,  after  this  treatment  with  concentrated  sulfuric  acid, 
are  washed  with  soda  solution  and  then  with  water.  Illumina- 
ting oils  are,  after  the  acid  treatment,  washed  with  ammonia, 
for  the  anunonia  soaps  thus  formed  are  more  easily  soluble  in 
water  and  more  readily  washed  out.  I-'or  refining  Uic  lighter 
paraflin  oils  8  to  10  per  cent  of  concentrated  sulfuric  acid  is  em- 
ployed. In  this  plant  vaseline  is  not  prepared  from  the  raw  oil, 
but  from  the  dark  residue  obtained  on  the  redistillation  of  the 
heavy  oils  with  steam.  These  residues  arc  treated  with  l>cn- 
/iiie  and  then  chilKil  considerably  below  o"  C  The  solution  is 
next  siphoned  ofT  from  the  precipitate  and  after  the  removal  of 
the  benzine  and  filtration  through  Fuller's  earth  furnishes  a 
bright  cylinder  oil.  The  precipitate,  when  freed  from  lienzinc 
and  filtered  Ihrough  l'"uller's  earth  or  bone-black,  gives  a  bright 
colored  vaseline.  The  benzine  recovered  from  Uie  distillation 
of  the  crude  oil  is  again  rectified  in  stills  provided  with  very  sim- 
ple dephleginators.  steam  being  employeil  in  the  redistillation. 
The  filtration  of  the  oil  tlirough  Fuller's  earth  takes  place  in 
immense  cylinders  which  hold  a  charge  of  50  tons.     The  eartli 


costs  S20  a  ton  and  can  be  used  6  or  7  times.  Yet  investigations 
by  Dr.  O.  E.  Bransky,  the  chemist  at  the  works,  seem  to  indicate 
that  it  should  l>c  possible  to  use  the  Fuller's  earth  30  times 
without  regeneration.  The  filtration  of  the  oil  through  the 
Fuller's  earth  is  conducted  at  a  temperature  ranging  between 
20°  and  50°  C,  according  to  the  consistency  of  the  oil.  The 
roasting  of  the  fresh  earth  or  of  that  to  be  regenerated  is  con- 
ducted as  in  the  other  works  in  long  rotating  drums  made  of 
thick  sheet  iron  covered  on  the  inside  with  masonry.  The  drums 
are  fired  with  oil  working  on  tJic  reverberatory  plan.  The 
roasted  earth  drops  from  the  drum  in  which  it  is  heated  into  a 
cooling  drum,  whence  it  is  brought  by  an  elevator  into  targe 
open  air  cooled  futmel-shaped  vessels  and  Ls  finally  carried  by 
moving  belts  to  the  large  filter  houses.  After  the  earth  has  lost 
its  fxjwer  of  clarifying  it  is  extracted  in  the  filtering  cylinders 
with  benzine.  The  la-nzine  solutions  are  distilled  with  steam, 
the  residue  constituting  a  light  or  heavy  dark  machine  oil.  The 
numerous  chimneys  of  the  works  disdiarge  heavy  black  vaixjrs 
which  were  avoided  in  tlic  Pittsburgh  plant  by  securing  better 
combustion  by  automatic  regulation  of  firing. 

Of  special  interest  arc  the  very  extensive  paraflfin  and  candle 
works  of  the  plant.  Elsewhere  the  pres.scd  parafTm  is  treated 
by  the  Henderson  process,  being  sweated  by  steam  heating  to 
recover  the  last  traces  of  oil,  but  at  Whiting  the  sweating  of  the 
paraffin  takes  place  in  tall  tank-like  cylinders,  ".sweating  ovens" 
of  40.0CJ0  gallons  capacity  Here  the  heating  is  done  by  grad- 
ually warmed  water  led  up  Ihrough  numerous  vertical  tubes 
from  below  somewhat  like  the  preheatcrs  employed  for  the  crude 
oil.  The  paraflin  surrounds  these  tulx-s  and  the  hot  water  pass- 
ing through  them  brings  it  to  the  melting  jKiint  and  sweats  out 
the  oil  which  collects  on  the  horizontal  plates  provided  with 
outlet  tubes.  TheparalTm  treated  is  next  melted,  led  into  the  top 
of  the  oven  and  then  by  the  pumping  in  of  cold  water  through  the 
i'  <  inch  vertical  pijies.  is  brought  to  the  solidification  (xiint. 
W'arm  water  is  then  led  into  the  tubes  until  the  more  easily 
melting  paralTin  has  run  ofT  and  the  parafTin  of  higher  melting 
point  is  left  on  the  perforated  plates.  This  is  finally  melted 
by  steam,  run  off.  and  the  oven  charged  anew.  The  advantage 
of  this  sweating  process,  in  so  far  as  I  can  make  out,  consists 
in  demanding  no  s|>ecial  building  and  in  the  promptness  with 
which  the  paraffin  can  be  warmed  by  tlie  water.  The  paraffin 
is  kept  in  tanks  similar  -to  the  ordinary  oil  tanks  but  provided 
with  steam  circulation  for  melting  the  material  so  that  it  may 
be  readily  put  in  or  removed.  In  the  candle  factory  which  com- 
prises three  large  moulding  houses,  candles  of  various  sizes, 
color  aiul  form  arc  made,  for  the  most  part  mixed  with  stearin. 

The  plant  also  prepares  lubricating  and  axle  greases.  The 
former  are  made  from  a  mixture  of  rape-seed  oil  and  tallow,  or 
:i  mixttire  of  lime  and  |>otash  made  up  in  a  large  battery  of  vat3 
and  treated  with  soap,  the  final  product  being  led  into  tanks 
filled  with  mineral  oil  and  mixed  hot.  The  finished  fat  cxmtains 
about  2  per  cent  of  water  and  is  packed  in  cases  or  wooden  firkins 
In  the  preparation  of  axle  grease,  the  mineral  oil  is  treated 
with  acid  resin  oil  and  lime. 

I  must  there  tliank  Dr.  Burton  and  Dr.  O.  E.  Bransky  for 
s|>ecial  information  and  for  so  kindly  guiding  me  about  the 
works. 

I  may  adil  to  the  preceding  rc|>ort  u|>on  the  American  petro- 
leum refineries  of  the  East  the  following  information  whicli  was 
gathered  by  Dr  E.  Erlenbadi,  who  took  the  "long  trip"  of  the 
Congress  and  visited  the  refineries  and  oil  fields  of  the  West  and 
South. 

c.\LiFORNiA  otL3 — California  produces  a  large  amount  of  a 
ilark  oil  very  poor  in  benzine.  This  is  found  in  the  large  oil 
fields  of  Bakersficld,  from  which  it  is  pumped  in  pijic  lines  to 
the  Richmond  Refinery  of  the  Standard  Oil  Co..  near  San  Fran- 
cisco, and  to  I^-is  .\ngcles,  both  of  which  cities  lie  on  the  coast. 
The  oil  is  so  thick  tliat  it  bos  to  be  warmed  again  on  the  way 
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and  repumped.  In  the  larger  refinery  of  Richmond  about 
60,000  bills,  a  day  are  worked  up  chiefly  for  illuminating  oils, 
lubricating  oils,  tar  and  coke.  The  refining  processes  are  quite 
as  simijle  as  those  employed  in  the  Eastern  works,  although  a 
few  departures  from  the  Eastern  practice  must,  of  course,  be  ex- 
pected on  account  of  the  nature  of  the  material.  Dr.  Erlen- 
bach  was  impressed  with  the  more  economic  prosecution  of  the 
distillation  in  the  European  refineries  by  reason  of  the  economy 
of  heat  employed  and  the  fact  that  while  these  European  installa- 
tions demand  a  much  more  complicated  apparatus  they  un- 
doubtedly save  in  materials  consumed. 

Apart  from  the  already  referred  to  wastefulness  of  the  East- 
ern Refineries  in  the  matter  of  the  economy  of  heat  in  distilla- 
tion, the  extraordinarily  high  wages  for  workmen  employed  in 
construction  is  sharply  in  contrast  with  European  experience. 
According  to  Dr.  Erlenbach,  a  mason  received  as  high  as 
$7.00  per  day  and  in  San  Francisco  even  as  high  as  $10.  It  is 
not  at  all  unusual  nor  unnatural,  when  one  considers  his  income, 
for  a  mason  to  go  to  and  from  his  work  in  an  automobile.  In 
California  the  question  of  economy  in  the  saving  of  heating  ma- 
terial is  not  so  important  when  one  views  the  cost  per  calorie 
here,  as  it  is  in  the  Eastern  part  of  the  U.  S.  Raw  oil  can  be 
had  as  low  as  30  c.  per  barrel.  On  this  account  even  the  loco- 
motives from  Salt  Lake  City  westward  are  arranged  for  oil 
firing,  whereas  from  the  Rocky  Mts.  to  Salt  Lake  City  they  com- 
bine oils  and  coal  firing.  If  one  calculates  the  heating  effect  of 
the  oil  as  about  10,000  calories  per  kilo,  which  is  a  million  cal- 
ories per  100  kilos,  then  the  cost  for  these  calories  amounts  to 
30  cents,  which,  especially  for  large  steam  boiler  installations 
or  a  great  number  of  stills,  effects  a  considerable  economy, 
more  especially  when  one  considers  the  saving  due  to  absence 
of  ashes  and  smoke,  and  the  small  attention  needed.  A  million 
calories,  in  Germany,  costs  for  coal,  which  has  only  a  heating 
effect  of  about  6,000  calories,  nearly  twice  as  much  as  this  figure, 
not  to  speak  of  the  corresponding  increase  in  labor  which  is 
demanded  in  firing  by  coal,  the  saving  of  the  disposal  of  the  ashes, 
the  smoke  nuisance,  and  the  correspondingly  greater  money  strin- 
gency here.  All  these  things  must  be  taken  into  consideration 
when  one  comments  upon  the  very  simple  installation  of  the 
American  refinery. 

The  larger  refinery  in  Richmond  has  such  a  demand  for  sul- 
furic acid  for  refining  the  dark  oils  rich  in  asphalt,  that  it  has  con- 
structed its  own  sulfuric  acid  works  using  the  contact  system  of 
the  Vereinigte  Chemische  Fabrikin  of  Mannheim.  Refining 
with  Fuller's  earth  is  not  adapted  to  these  California  oils  which 
are  so  rich  in  asphalt.  This  plant  uses  silica  slags  as  a  contact 
substance.  The  ore  used  in  the  manufacture  of  sulfuric  acid 
comes  from  the  state  of  Washington.  Since  the  California  oil 
is  extremely  rich  in  aromatic  bodies  and  asphalt  the  loss  by 
refining  with  sulfuric  acid  is  extraordinarily  great.  However, 
it  is  said  that  one  of  the  by-products  in  the  regeneration  of  the 
waste  sludge  acid  is  a  material  rich  in  xylol. 

The  toursists  on  the  long  trip  then  visited  the  field  near  Fort 
Worth,  Texas,  where  oil  is  being  obtained  together  with  gyp- 
sum and  sulfur.  The  edible  fat  plant  of  the  Armour  Co.  was 
also  seen  there.  The  material  is  made  by  mixing  animal  fats 
with  cottonseed  oil  which  is  a  product  of  the  same  locality.  In 
Louisiana  the  oil  wells  near  Shreveport,  in  the  great  Caddo 
oil  field,  one  of  the  largest  oil  fields  of  the  southern  states,  were 
visited.  This  field,  whose  production  last  year  was  estimated 
at  J, 000,000  tons,  has  been  developed  for  10  years  and  is  giving 
annually  an  increasing  yield.  The  oil  is  led  to  the  refinery  by 
pipe  lines,  but  must  be  previously  heated  and  also  freed  from 
dissolved  gas  which  has  a  deleterious  effect  on  the  mains.  The 
natural  gas  wells  in  the  neighborhood  of  Shreveport  proved  very 
interesting.  Their  product  is  much  employed  in  industry  and 
even  in  the  household.  One  of  the  gas  wells  was  lit  for  the  mem- 
bers of  the  Congress.     Simultaneously  with  the  gas,   brine  is 


often  thrown  out  from  these  wells  and,  as  was  the  case  here, 
the  steam  produced  extinguishes  the  flame. 

II.    ASPHALT   AND   ROOFING    PAPER   INDUSTRY 

The  numerous  asphalt  pavements  which  are  laid  in  America 
are  not  made  as  in  Germany,  from  a  natural  bituminous  lime- 
stone (such  as  found  in  Sicily,  the  Abruzzi  Mts.,  Limmer  in 
Hanover,  or  Vorwohle  in  Brunswick),  but  are  constructed  of 
an  artificial  sand  and  asphalt  mixture,  owing  to  the  lack  of  these 
naturally  bituminous  rocks  in  America.  The  mixture  consists 
of  sand  and  ground  rock  such  as  diabase,  together  with  Trini- 
dad or  Bermuda  asphalt  and  the  addition  of  proper  fluid 
materials  such  as  petroleum  residues,  mineral  oils,  etc.  The 
municipal  authorities  in  the  United  States  have  stringent  rules 
for  the  character  of  the  methods  employed  in  paving  streets 
and  in  many  localities  the  cities  have  their  own  asphalt  plants.' 
According  to  H.  Kayser,  the  American  asphalt  streets  are  laid 
more  cheaply  than  those  of  Germany,  and  the  German  Trinidad 
Company  is  attempting  to  develop  cement  and  sand  asphalt 
pavements  to  do  away  with  the  necessity  for  the  use  of  the 
bituminous  limestone  and  thus  avoid  the  heavy  transportation 
costs  of  this  article.  Sand,  as  a  rule,  can  be  had  in  the  neighbor- 
hood of  the  paving  job  quite  cheaply.  Further  experience, 
however,  must  be  had  before  it  can  be  decided  that  this  process 
can  successfully  compete  with  the  methods  already  successfully 
employed  in  inland  Germany.  In  New  York  rather  stringent 
specifications  are  made  for  the  supply  of  asphalt  to  prevent 
any  material  being  employed  for  paving  which  has  a  considerable 
paraffin  content.  This  impurity  (the  natural  asphalt  contains 
no  paraffin)  is  introduced  when  the  residues  of  the  refining  of 
petroleum  are  employed  in  asphalt  manufacture,  as  these  resi- 
dues contain  considerable  paraffin.  Experience  has  shown  that 
much  of  this  material  renders  the  asphalt  less  elastic  and  resistant 
to  changes  of  temperature. 

The  refinery  of  the  Barber  Asphalt  Paving  Co.  is  situated  in 
Maurer,  N.  J.,  about  an  hour's  journey  south  of  New  York  City. 
I  visited  the  works  in  company  with  its  consulting  chemist, 
Mr.  Clifford  Richardson,  whose  excellent  researches  on  asphalt 
have  rendered  him  widely  known.  On  the  way  we  passed  through 
the  new  Baway  Refinery  of  the  Standard  Oil  Co.,  and  had  a 
chance  of  seeing,  near  the  works,  the  immense  pipe  lines  which 
here  are  above  ground  and  which  carry  the  crude  oil  from  Okla- 
homa, 2000  miles  away.  The  asphalt  refineries  at  Maurer 
work  up  chiefly  Trinidad — Bermuda — and  other  natural  asphalts 
into  a  product  adapted  for  paving  purposes.  The  plant  also 
impregnates  wooden  blocks  and  railroad  ties  with  tar  oils, 
asphalt  oils,  etc.  The  Trinidad  asphalt  is  obtained  from  a  lake 
on  the  island  of  Trinidad  which  annually  produces  200,000  tons. 
For  each  ton  gathered  the  company,  which  works  up  80,000  tons 
at  Maurer,  pays  to  the  English  Government  $1.25.  which  tax 
constitutes  the  chief  source  of  the  income  of  the  island.  The 
crude  asphalt  contains  25  per  cent  mineral  matter  and  29  per 
cent  water  and  is  brought  directly  from  the  steamer  to  the 
melting  pans,  which  are  square  in  section  and  provided  with 
iron  steam  coils  to  raise  the  material  to  a  temperature  of  150°- 
160°  C.  and  thus  free  it  as  far  as  possible  from  gas  and  water. 
The  asphalt  then  contains  56^^  per  cent  carbon  bisulfide-soluble 
bitumen  and  36^2  per  cent  mineral  matter  consisting  chiefly 
of  sand  and  clay.  The  asphalt  is  then  brought  into  mixers  for 
the  addition  of  the  oils  which,  according  to  the  use  of  the  material, 
bring  it  to  the  desired  consistency.  For  tliis  purpose  mineral 
oils  are  used :  for  instance,  the  dark  oil  remaining  after  American 
oil  has  been  treated  with  steam  to  remove  the  paraffin  contain- 
ing distillates  and  one  specially  adapted  to  this  purpose  is  known 
as  Trinidad  crude  oil  and,  after  about  10  per  cent  of  gasoline 
and  illuminating  oil  have  been  driven  off  from  it,  it  contains  no 
available  lubricating  oil,  but  is  a  thick  residue  serv'ing  well  in 
1  H.  Kayser,  "Report  on  Artificial  .\sphalt  Pavements  in  America," 
Techn.  CemnmlMall.  14  (1912),  No.   12. 
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an  asphalt  mixture.  The  oil  is  brought  directly  to  Maurer 
and  worked  up  in  the  plant  erected  and  managed  by  Dr.  A. 
Summer  in  the  manner  above  described.  A  simple  distillation 
with  steam  in  cylindrical  stills  is  employed  with  no  condensing 
column.  The  purified  crude  asjjhalt  is  sent  out  in  barrels  as 
paving  material  or  it  is  nii.xed  with  80  per  cent  ground  rock, 
sand,  and  10  per  cent  of  powdered  diabase  which  is  found  near 
the  works  and  then  in  a  pasty  condition  is  moulded  into  blocks 
which  are  used  for  paving  material. 

The  charging  of  the  asphalt-oil  mixture  into  the  barrels  is 
most  rapidly  done.  The  barrels  are  movcil  on  an  endless  belt 
and  are  brought  under  the  tank  containing  the  mixture,  which 
runs  into  the  Ijarrtl  through  a  tap,  when,  after  the  barrel  is 
filled,  the  next  one  is  promptly  presented.  Bermuda  asphalt 
also  is  worked  up  in  the  plant.  This  contains  about  95  per  cent 
of  pure  bitumen  and  a  production  of  z.s.rxx)  tons  yearly  is  at- 
tained here.  The  Trinidad  asphalt  occurs  in  irregular  grayish 
black  lumps  and  comes  to  the  works  in  its  original  condition 
while  Bermuda  asphalt  is  a  soft  material  which  is  readily  shoveled 
out  of  the  storing  sheds.  The  mixes  made  with  this  material 
are  governed  by  this  soft  consistency. 

As  above  remarked,  railroad  tics  and  wood  paving  blocks  also 
are  impregnated  with  tar  and  asphalt  in  various  ways  to  suit 
the  purchaser.  The  goods  to  be  impregnated  are  placed  in 
large  horizontal  cylinders  with  grated  sides,  and  then  this  cylin- 
der is  brought  into  a  larger  one  containing  the  impregnating 
material,  pressure  being  used  to  aid  the  penetration  which  is 
conducted  hot.  The  works  latioratory  is  in  charge  of  Mr. 
ClifTr)rd  Richardson  and  his  assistant,  C.  N.  I'orrest,  and  in  it 
routine  analyses  of  the  asphalt  content  of  the  raw  material  and 
of  the  advanced  products  of  the  works  are  made,  as  well  as  the 
necessary  physical  tests.  The  laboratory  is  well  supplied 
with  pul)lications  relating  to  the  industry  and  with  jiractical  ap- 
paratus for  the  chemical,  physical  and  mechaniciil  testing  of 
asphalt.  A  simple  test  of  the  bitumen  content  of  asphalt  ix)W- 
der,  or  similar  products,  is  conducted  by  taking  10  grams  of  the 
nuiferial,  placing  it  in  a  tube  about  s  nun.  wide  and  25  cm.  high 
and  then  shaking  with  carbon  bisulfide.  It  is  then  placed  in  a 
cenlrifuge  and  treated  with  fresh  quantities  of  carbon  bisulfide 
until  the  latter  is  no  longer  colored.  The  tulx:  with  the  insolu- 
ble residue  is  then  weighed.  The  solution  is  then  evaporated 
and  the  a.sh  of  this  residue  determined.  This  figtire  is  then  added 
1(1  the  residue  remaining  in  the  tube  and  the  difference  between 
these  conibine<l  figures  and  the  mass  of  the  material  taken  for 
the  test  gives  the  actual  bitumen  content  of  the  original  ma- 
terial. From  the  average  of  the  bitumen  content  the  ash  con- 
tent can  be  deduced.  For  more  exact  determinations  of  the 
bitumen  a  larger  mass  of  material  is  placed  in  a  paper  shell  in  a 
metal  extraction  apparatus  and  treated  with  the  solvent  until 
the  latter  no  longer  runs  colored  into  the  extraction  flask.  The 
heating  of  the  extractor  is  done  by  a  wire  spiral  which  is  led 
into  the  llask  and  hangs  down  to  the  lioltum,  thus  effecting  a 
regular  boiling  of  the  solvent.  The  ash  content  of  the  extracted 
bitumen  is  deduced  as  before 

The  melting  points  of  asphalts  which  are  not  liquid  at  ordinary 
temperature  are  detcrinined  in  an  apparatus  quite  similar  to  the 
Kraeiner-Sarnow'  but  the  tube  in  which  the  material  is  held 
is  of  brass,  eonically  sha|>ed,  >i  inch  wide  at  the  top.  '/i  inch 
at  the  bottom,  and  'A  inch  long  In  the  lower  i>art  of  the  small 
tube  is  a  screw  joint  which  is  used  when  it  is  employed  in  the  de- 
termination of  the  vi.scosily  of  asphalt.  To  charge  the  tulic 
it  is  placed  on  a  brass  plate  which  has  been  coated  with  mercury 
and  then  filled  to  the  very  top  with  the  molten  asphalt  .\ftcr 
remaining  in  ice  water  at  5°  C.  for  about  i.s  minutes,  it  is  heated 
in  the  water  bath  until  the  asphalt  runs  from  it.  The  tempera- 
ture at  which  this  takes  place  is  the  melting  |>oint.  The  viscosity 
determiiuition  for  asphalt  materiiUs  used  in  street  paving  can- 
'  Holdc,  "Untenucliuiig'ilcc  Mincralocic  u.  ».  w."  iPW)).  Jrd  Ed..  22i. 


not  be  conducted  on  the  Englcr  apparatus  which  is,  however, 
adapted  to  the  determination  of  the  above  fluid  asphalts.  On 
this  account  C.  N.  Forrest'  has  devised  the  apparatus  which 
is  employed  by  his  company  and  in  the  New  York  Testing 
Laboratory  as  a  standard  for  the  determination  of  the  viscosity 
of  asphalt  at  32.2°  C.  The  material  is  filled  into  the  small 
tube  as  above  descriljed,  chilled  in  ice  water,  and  then  by  the 
thread  which  it  Ix-ars  below  the  tube  is  screwed  into  a  round 
aluminium  cup.  This  is  then  heated  in  water,  brought  to  32  2  ° 
C,  or  any  other  standard  temperature  that  may  be  selected. 
The  time  which  elapses  Ijefore  the  melting  asphalt  jx-rmits  the 
entrance  of  the  water  into  the  cup  and  the  consequent  sinking 
of  the  tester  gives  the  viscosity.  According  to  the  figures  given 
for  the  test  conducted  at  32.2°  C.  on  17  samples  of  material 
of  varying  degrees  of  viscosity  employed  in  paving,  compared 
with  the  figures  obtained  on  the  Knglcr  instrument,  most  of  the 
materials  do  not  flow  from  the  Engler  apparatus  either  at  25° 
or  at  54  4°.  Only  at  121  °  C.  were  all  samples  iwith  the  excep- 
tion of  one  for  which  the  Forrest  apparatus  gave  a  result  of  69 
minutes  and  55  seconds)  sufficiently  liquid  in  the  Kngler  appara- 
tus that  the  interval  of  flowing  could  l>c  determined.  On  this 
account  the  Fngler  ap|iaratus  is  to  l>e  recommended  for  corre- 
spondingly high  temiH-ratures,  e.  g.,  between  120°  and  175°  C. 
and  the  Forrest  apparatus  for  tests  made  at  32  2°  C.  The  duc- 
tility of  the  asphalt  is  determined  in  this  laboratory  by  placing 
the  material  iK-tween  two  steel  plates  in  a  water  bath  at  constant 
temperature  and  drawing  these  plates  apart  by  a  threaded  spin- 
dle in  a  fixed  numl)er  of  seconds.  The  length  of  the  threads 
of  asphalt  thus  produc-ed  is  a  measure  of  the  ductility  of  the  ma- 
terial. In  the  Barber  Asphalt  Paving  Co  's  plant,  rtxifing  paper 
is  made  in  a  manner  quite  similar  to  that  employed  in  charging 
these  materials  with  coal  tar.  the  difference  being  that  the 
material  after  a  previous  impregnation  with  an  asphalt  solu- 
tion containing  no  tar  is  pressed  between  rotating  steel  cylinders. 
After  this  the  chief  process  is  the  impregnation  of  the  material 
by  mechanically  dipping  it  in  a  hot  bath  of  a  mixture  of  natural 
asphalt  an<I  oils  and  this  is  followed  by  pressing  in  these  materials 
by  passing  it  through  rolls.  The  surface  is  then  sprinkled  with 
powdered  gray  limestone  to  prevent  the  adherence  of  the  layers 
as  the  paper  is  rolled  up. 

UI.    SOAP,    r.LYCKRIN    AND   OIL    I.NDfSTllV 

The  soap  works  of  Colgate  &  Co.,  in  Jersey  City,  are  direcOy 
at  the  exit  from  the  Hudstin  Tunnel  op|>osite  the  Jersey  Central 
Railroad  Station  of  New  York  City.  I  had  a  chance  to  visit 
the  works  under  the  frientlly  guidance  of  the  chemical  director. 
Dr.  M.  11  Ittiier,  and  to  witness  the  prcjiaration  of  soap,  caus- 
tic soda,  and  glycerin  from  the  .s«)ap  lye.  As  filling  agents  for 
some  of  tlic  soaps,  sodium  silicate  and  sodium  carbonate  are 
employed.  The  crude  fats,  cottonseed  oil,  tallow,  |>alm  oil, 
etc..  are  jiurified  in  the  works  The  soap  stock  obtained  by  puri- 
fication of  the  ctitton  si'ed  oil  with  cau.stic  soda  consists  of  the 
free  fatty  acids  in  the  form  of  soaps  and  the  free  neutral  fats 
that  are  carried  along  with  the  dark  colnred  materials  of  the  raw 
oil.  The  soap  stock  is  treated  with  dilute  sulfuric  acid  to  set 
free  the  ci>mbined  fatty  acids;  these  arc  then  extracted,  together 
with  the  neutral  fats  carried  with  them,  from  the  add  waters 
and  final  treatment  by  the  TwitchcU  pn>ce.ss.  with  the  so-called 
aromatic  sulfonic  acids,  converts  any  neutral  fats  still  retained 
into  free  fatly  acids  The  total  fatty  acids  thus  recovered  are 
purified  by  distillation  in  su|>erheated  steam  by  the  recognized 
method.  The  o^icrations  for  the  manufacture  of  soap  are  sim- 
ple and  well  known.  For  the  greater  |>art  neutral  fats,  and  not 
fatty  acids  as  is  our  present  practice,  arc  sa|X)iufied.  The  saponi- 
fication takes  place  in  a  large  number  of  immense  kettles  of 
Qj.ooo-i2o.r«x)  golloiu  capacity  with  an  miet  for  direct  steam. 
After  sa|H)nitication  is  complete  the  heating  is  continued  with 
indirect  steam.  The  large  kettles  are  about  20  X  50  feet.  The 
>  £>(.  RtcctJ  11909).  iSi. 
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soap  separated  after  the  addition  of  the  salt  is  removed  from  the 
glycerin  and  salty  layers  and  then  converted  into  a  homogeneous 
mass  by  the  addition  of  water  and  heating  with  steam.  After 
some  days  the  so-called  "nigger"  has  separated  from  the  soap, 
which  is  then  pumped  into  large  square  steel  bo.xes  with  de- 
mountable sides  and  there  solidified.  After  the  removal  of  the 
walls  the  soap  block  is  cut  by  wire  in  the  usual  manner  into  small 
pieces  and  then  pressed  into  any  shape  desired  for  household 
or  toilet  uses.  The  wrapping  is  done  by  machine.  Domestic 
soap  to  the  amount  of  yi  million  pounds  daily  is  produced,  as 
well  as  various  sorts  of  toilet  soaps,  shaving  soaps  and  sticks, 
tooth  pastes,  etc.,  and  perfumes  in  large  quantities  by  the  use 
of  the  proper  ingredients. 

Glycerin  is  made  in  the  works  chiefly  from  the  residual  lyes 
obtained  after  the  soap  has  formed.  The  glycerin  is  brought 
up  to  98.5  per  cent  purity  for  chemical  and  pharmaceutical 
purposes  and  to  from  99 .  i  per  cent  to  99 . 2  per  cent  for  dynamite 
manufacture.  The  greater  part  of  the  alkali  is  neutralized  in 
these  lyes,  which  are  then  concentrated,  whereupon  most  of  the 
dissolved  soap  separates  out  and  is  removed.  The  further 
evaporation  takes  place  under  vacuum  in  vertical  cast-iron  vessels 
and  is  carried  to  the  point  where  the  increased  concentration 
brings  about  the  precipitation  of  salt  and  soap  at  the  bottom 
of  the  vessel.  Here  lies  a  wide  tap  through  which  these  ma- 
terials may  be  removed  as  they  settle.  A  large  horizontal  ves- 
sel lies  below  to  receive  this  discharge.  The  stills  are  also  pro- 
vided with  inlets  for  the  charging  of  further  quantities  of  the  ma- 
terial to  be  concentrated.     In  these  vacuum  stills  the  concen- 


tration of  the  glycerin  is  brought  up  to  about  75  per  cent.  The 
glycerin  is  then  distilled  with  superheated  steam  in  vertical  stills 
and  the  vapors  are  led  through  a  row  of  wide  pipes  which  act 
as  an  air-cooled  condenser,  and  then  finally  into  a  water  cooler. 
The  condensed  matter  from  the  air  coolers  is  the  pure  glycerin 
while  the  steam  condenses  for  the  greater  part  on  the  water  cooler. 
Since  the  glycerin  recovered  in  soap  manufacture  is  not  always 
sufficient  to  meet  the  demands  of  this  concern's  customers, 
it  is  frequently  forced  to  buy  crude  glycerin.  The  factory,  in 
addition  to  its  soap  and  glycerin  plant,  refines  oils  and  fats 
and  is  said  to  have  50,000  customers. 

The  largest  cotton  seed  oil  works  of  the  U.  S.  (which,  how- 
ever I  did  not  visit)  is  that  of  the  Proctor  and  Gamble  Co.  in 
Cincinnati  with  a  capital  of  $50,000,000.  It  has  also  a  branch 
works  in  Staten  Island  near  New  York  and  in  addition  to  cotton 
seed  oil  and  soap,  it  makes  candles.  This  firm  is  said  to  have 
bought  from  the  firm  Crossfield  Sons,  Warrington,  England, 
the  license  to  employ  the  oil  hydrogcnation  process  of  W.  Nor- 
man and  to  have  started  on  this  new  industry  with  considerable 
activity.  The  long  trip  of  the  Congress  included  in  its  path 
many   large   cotton   seed   oil    plants.     For   example,    those   at 


Forth  Worth,  Shreveport,  Atlanta  and  Charlotte.  Such  plants 
are  numerous  in  the  U.  S.,  owing  to  the  importance  of  the  cotton 
industry.  The  oil  cake  remaining  after  the  expression  of  the 
oil  is  used  both  as  a  cattle  food  and  fertilizer;  in  the  latter  in- 
stance it  is  usually  employed  mixed  with  other  artificial  ferti- 
lizers. 

The  method  of  refining  cotton  seed  oil  shown  in  Charlotte 
consists  in  treating  the  material  with  lye,  whereby  the  coloring 
matter  of  the  oil  is  taken  up  by  the  precipitated  soap  stock, 
"black  grease."  The  thus  clarified  oil  is  further  decolorized 
with  Fuller's  earth  and  is  then  adapted  for  use  in  cooking,  etc. 

On  the  invitation  of  Dr.  A.  C.  Langmuir  I  visited  the  glycerin 
factory  of  Marx  and  Rawolle  in  Brooklyn  of  which  he  is  the 
director.  This  is  one  of  the  largest  works  in  the  world  with  a 
production  of  about  8000  tons  yearly.  The  chief  supply  of  raw 
material  is  from  soap  lyes,  but  the  glycerin-bearing  water  of 
the  Twitchell  Process  which,  being  an  American  process,  is  com- 
monly employed,  and  the  glycerin  derived  from  the  autoclave 
process  are  also  used.  This  plant  is  especially  interesting  for 
the  progress  that  has  been  made  in  the  last  four  years  in  the 
perfection  of  the  heat  economies  in  distillation.  The  process 
employed  is  the  patented  one  of  F.  J.  Wood'  which  refines  a 
previously  purified  glycerin  by  a  distillation  with  multiple 
effect  producing  pure  glycerin  for  dynamite  manufacture  and 
pharmaceutical  purposes.  A  similar  plant  is  in  operation  in 
Montreal  belonging  to  Marx  and  Rawolle,  Ltd.,  of  Canada. 
The  process  has  also  been  tested  out  in  Europe  in  a  large  plant. 
The  purpose  of  the  process  which  distills  the  glycerine  under  the 
combined  influence  of  steam  and  vacuum  is  the  economy  of  heat. 
The  saving  of  coal  is  remarkable  and  is  due  to  the  fact  that  only 
a  single  current  of  steam  is  employed  in  the  distillation  which, 
however,  traverses  a  series  of  stills,  i  to  6  in  Fig.  3.  For  this 
purpose  the  glycerin  is  pumped  into  the  stills  by  centrifugal 
pumps  after  it  has  passed  through  the  heater  which  gets  its 
heat  from  the  steam  boiler.  It  flows  into  the  stills  in  the  form 
of  a  fine  spray  in  a  direction  opposed  to  the  steam  current  which 
comes  from  the  distilled  water  evaporator.  By  the  combined 
action  of  the  vacuum  the  glycerin  is  vaporized  and  rises  out 
of  the  still  into  the  hot  water  condensers,  1-6.  The  temperature 
of  these  condensers  is  adjusted  by  automatic  pressure  regulators 
so  that  the  glycerin  is  condensed  while  the  steam  passes  on 
uncondensed  into  the  next  still  where  it  meets  a  further  spray 
of  glycerin  as  in  the  former  case  and  with  it  passes  to  the  con- 
denser tube  and  so  on  through  the  series.  Each  time  the  glycerin 
is  condensed  it  gives  up  its  latent  heat  to  the  boiling  water  em- 
ployed in  liquefying  the  glycerin  vapors.  In  the  wide  outlet 
tube  shown  on  the  right  the  water  vapors  pass  separated  from 
the  glycerin  into  the  next  stUl.  A  similar  vacuum  is  maintained 
throughout  the  whole  system  in  order  that  the  steam  may  not 
pass,  as  it  did  in  the  earlier  apparatus,  down  through  the  glycerin, 
but  rather  that  the  glycerin  courses  down  through  the  steam. 
In  this  way  a  back  pressure  against  the  steam  current  is  avoided 
and  the  water  and  glycerin  vapors  can  pass  unhindered  through 
the  whole  system.  After  the  steam  has  passed  through  the 
whole  condensing  system  it  finally  arrives  in  the  cold  water 
condenser.  The  further  employment  of  all  waste  vapors  and 
effluents  is  also  remarkable.  The  vapors  arriving  in  the  boiling 
water  condenser  above  the  fluid  are  carried  to  a  main  above 
these  and  from  there  go  downward  partly  to  the  distilled  water 
evaporator  from  which  the  stiUs  are  fed  and  partly  to  the  sweet 
water  evaporator  where  it  comes  in  contact  with  the  current 
of  steam  coming  from  the  second  sweet  water  evaporator.  The 
sweet  water  evaporators  get  their  charge  from  the  condensed 
water  which  still  contains  a  smaU  quantity  of  glycerin.     This 

'  U.  S.  rat.  91,044;  German  Pat.  217,689;  Chem.  Ztg.  Reperl  (1910), 
45.  See  also  Wood  and  Langmuir,  Trans.  Am.  Inst.  Chcm.  Eng.  and  Chem. 
Ztg.  (1910).  99,  as  well  as  Ubbelohde-Goldschmidfs  "Handbuch  der  Chemie 
und  Technologie  der  Oele  und  Fette,"  1911,  Vol.  3.  Part  2.  "Chemie.  .An- 
alyse und  Technologie  der  Fettsacuren,  des  Glycerins  u.  s.  w.,"  p.  100. 
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comes  from  the  cold  water  cooler  at   the  end   of  the  battery. 
This  company  also  operates  a  shellac  bleaching  plant.     The 
shellac  is  first  dissolved  in  a  sfjda  solution  and  then  bleached 
with  sodium  hypochlorite. 

IV.    THE      POWER      PLANTS     AND     THE      INTERNATIONAL      ACHESON 
GRAPHITE   CO.    AT    NIAGARA    FALLS 

These  installations  lie  above  the  Falls,  on  the  American  side. 
The  broad  river  is  divided  by  Goat  Island  into  two  waterfalls 
coursing  between  the  projecting  rock  masses,  the  American 
Falls  1000  ft.  broad  and  the  wildly  foaming  Canadian  Falls' 
about  three  times  as  broad  and  much  more  picturesque. 

The  opinion  is  rather  widespread  that  the  use  of  the  water 
for  the  |)Ower  plants  and  the  various  chemical  plants  has  marred 
the  beauty  of  the  Falls.  This  is  certainly  not  yet  the  case, 
for  according  to  the  printed  description  of  the  Power-house,  the 
mass  of  water  abstracted  corresponds  to  but  4  [M;r  cent  of  the 
total,  corresponding,  as  our  guide  informed  us,  to  a  lowering 
stream  level  by  but  '/i  of  an  inch.  The  only  question  which 
remains  is  whether  the  scenic  beauty  of  the  Falls  is  diminished  by 
the  presence  of  the  various  plants.  Here  we  may  observe  that 
the  works  lie  so  far 
above  the  Fulls  and 
viewed  from  the  neigh- 
borhood of  the  Falls 
appears  so  small  that 
there  can  be  little  ob- 
jection on  this  score  to 
their  presence.  To  be 
thoroughly  acquainted 
with  the  beauty  of  the 
Falls  it  is  necessary  to 
devote  to  it  at  least  two 
days  of  good  weather 
and  if  possible  an  eve- 
ning in  full  moonlight; 
this  we  were  fortunately 
able  to  do.  Then,  not  not  only 
c;in  the  double  rainbow  that  forms 
in  the  mist  of  the  falls  be  observed, 
but  also  the  grayish  phantom  rain- 
bow which  the  nioonliglit  forms, 
such  as  is  mentioned  in  Wilhclm 
Tell,  Act.  2,  Scene  2,  in  the  scene 
on  the  Lake  of  the  Four  Cantons. 

The  water  is  drawn  from  the  river 
and  led  by  a  channel  to  the  Power- 
house as  shown  in  Fig.  4  and  is  then 
let  down  into  a  shaft  130  ft.  deep 
through  a  pipe  about  3  ft.  broad, 
at  the  bottom  of  which  12  turbines 
lire  installed.  The  vertical  axes  of 
these  turbines  arc  directly  coupled 
with  I  i  dynamos  at  the  top  of  the 
shaft.  We  went  from  the  turbine 
room  of  one  power  plant  by  an 
underground  passage  to  the  tur- 
bines of  another  plant.  It  was 
(|tiile  remarkable  that  in  one  of 
these  works  where  the  12  turbines 
and  12  dynamos  developed    60,000 

horse-powcr.only  4  gallonsof  oil  were  consiunen  ii.un  .1  ii.xifof  the 
excellent  annular  lubrication  of  the  dynamos,  the  turbines  lacing 
lubricated  by  the  water  alone,  hence  .Vclie.son  CirBphitc  (Oil- 
dag)  is  not  here  employed  for  economy  in  lubrication.  The 
water  from  the  turbine  drops  into  a  still  dce|>cr  shaft  and  is 
conducted  by  a  canal  to  the  river  below  the  Foils.  Among  the 
>  Coniparr  Cktm.  Zlt-.  S*  U**!-).  "■<>■ 


power  plants  and  factories  above  the  Falls  are  the  .\cetylene 
Works,  the  Caslner  ElectroI>"tic  .\lkali  Works,  the  Niagara 
Lead  Works,  the  works  of  the  National  Fix>d  Co.,  of  the  Car- 
borundum Conijiany  and  of  the  International  .■\cheson  Graphite 
Co.  I  visited  only  the  last  of  these  plants  where,  however, 
I  al.so  had  a  chance  to  sec  carborundum  made  as  a  by-product, 
and  I  also  inspected  one  of  the  American  jxiwcr  plants. 

In  the  International  Graphite  Works,  Dr  Acheson  himself 
guided  us.  He  took  us  into  his  oflBce  and  showed  us  the  graphite 
which  he  has  introduced  for  some  years  as  a  substitute  for  oil 
lubricants  in  steam  cylinders,  etc  It  is  almost  chemically 
pure  carlxjn.  The  history  of  the  manufacture  of  this  graphite 
is  a  development  of  Acheson's  work'  on  carlxirundum.  Hoping 
to  get  an  abrasive  which  would  be  harder  than  the  diamond, 
he  melted  a  mixture  of  clay  and  coal  du.st  in  the  electric  oven. 
Instead  of  getting  a  diamond  like  form  of  carlxin,  however, 
he  got  hard  blue-black  crystals  of  silicon  carbide  which  is  known 
as  cartMjrundum  and  used  as  a  diamond-cutting  material.  Later 
the  clay  was  substituted  by  sand  and  the  coal  by  coke.  It  was 
soon  shown  that  on  the  elevation  of  tcra|>craturc,  the  silicon 
carbide  produced  accf)rding  to  the  reaction  SiOi  +  3C  •«  SiC  -4- 
2CO  suffers  a  decom|Misition  into  silicon  and  graphitic  carbon. 
Therefore  in  the  preparation  of  the  .Acheson  grai>hite  it  is  not 
a  question  of  the  direct  conversion  of  coal  into  graphite  but  its 
manufacture  through  the  intermediate  product  silicon  carbide. 
While  the  presence  of  mineral  substances  in  the  coal  employed 
originally  was  not  necessary,  still  these  mineral  impurities  are 
advantageous  to  a  good  yield  of  graphite.  The  furnaces  in  which 
the  graphite  is  formed  arc  alxiut  30  ft.  in  length  and  aUiut 
3  sq.  ft  in  cross-section  and  are  covered  both  on  the  bottoms 
and  tlie  sides  with  carlx^rundum  plates.  The  si<le  walls  which 
are  installed  without  the  use  of  any  binding  material  ore  taken 
apart  after  each  firing  for  the  removal  of  the  charge.  The  elec- 
trodes ctjusisting  of  coal  and  of  cop|>er  are  built  in  at  the  ends 
of  the  furnace  and  are  then  connected  with  the  source  of  the 
current,  which  is  alternating.  The  charge  lanthracite  or  coke 
mixed  with  .•i;inil)  is  simply  covered  willi  coal  dust  or  fine  clay 
and  through  this  layer  the  silicon  va|Mirs  pass  producing  Ixrauti- 
ful  crystalline  aggregates  of  carborundum,  some  fine  samples 
of  which  I  obtained.  In  order  to  adapt  this  graphite  for  sus- 
pension in  a  finely  di.s.>;cminated  condition  in  oil  or  water,  the 
material  is  incor)><>rated  with  an  aqueous  emulsion  of  tannin 
and  a  very  small  quantity  of  onunonia.  This  process  is  not 
possible  with  the  ordinar)-  kinds  of  graphite.  The  material  is 
thus  rendered  applicable  for  purimscs  of  lubrication.  This 
ver>'  fine  sus|jension  of  the  graphite  is  destroyed  by  the  smallest 
quantity  of  hydrochloric  acid.  It  comes  into  trade  in  the  form 
of  a  paste  rubbed  up  with  either  water  or  oil  and  known,  re-iinrct- 
ively,  as  aquadag  or  oildag.  The  latter  i>  made  from  the  aqua- 
dag  by  grinding  with  oil  until  the  water  is  completely  expelled. 
In  the  United  States  natural  graphite  has  been  produced  for 
some  time.  Between  1900  and  1907  the  yield  remained  fairly 
constant  and  fluctuatetl  l>ctwcrn  2000  :md  3000  tons.  It  is 
obtained  chiefly  in  North  Carolina  in  the  central  and  western 
portion  of  the  state.  In  Uic  year  1907  the  production  of  Acheson 
graphite  amounted  to  4000,  a  noteworthy  increase  over  the 
450  tons  which  had  l>ccn  made  seven  years  before  in  1900.  This 
graphite  constitutes  a  very  favorable  quantity'  as  compared 
to  the  quantity  at  that  time  (1907)  im|>orted  which  amounted 
to  23,000  tons. 

v.    OniHR  WORK.S  VISITED 

( )f  the  factories  and  other  works  w  hich  I  visited  on  my  journey 
I  shall  make  but  brief  mention  of  the  following,  since  ihcv  more 
complete    description    will    probably    follow    by    other    writers. 

'  S«  the  inirrntiDC    mooocraph  bj  P.  WcmCT.  Z   Cktm   /oj.  A'UVoU* 
(19101.  I6I:C*<«.  Ztt.  U  (1911).  I3J7:/»<W.  M  (191?).  69. 

•  T    W.   Ihnr.   Tttkn.     RmmiuUu  dtt  BtHtmtr    T^t^*^^IU.  14  (1908), 
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One  of  these  visits  was  to  the  famous  factory  of  Parke,  Davis 
&  Co.,  in  Detroit,  where  we  spent  about  2  hours  visiting  the 
various  shops  of  the  plant,  inspecting  the  manufacture  of  pills, 
tablets,  the  making  of  extracts  and  the  fine  physiological  lab- 
oratory. Alkaloids  are  not  made  in  the  works  but  are  brought 
from  Germany.  As  above  mentioned,  Adrenalin,  the  active 
material  of  the  suprarenal  gland  of  the  cow,  is  prepared  here 
by  Dr.  Takamine's  process.  The  factory  furnishes  employment 
for  200  chemists  and  7000  workmen  and  is  very  likely  superior 
to  any  of  the  pharmaceutical  divisions  of  the  well  known  German 
chemical  works. 

In  the  world-famous  stock-yards  of  Swift  &  Co.  and  Armour 
&  Co.  we  saw  the  slaughtering  of  pigs  and  cows  which  are  butch- 
ered daily  by  the  thousands.  Here  with  the  most  astonishing 
rapidity,  they  are  killed,  skinned  and  dismembered  into  all  the 
edible  or  technically  useful  parts.  Everything  is  done  in  the  most 
cleanly  manner.  The  preparation  which  is  perhaps  of  most 
interest  to  the  chemist  is  the  manufacture  of  margarin  which 
is  an  important  process  in  America.  It  takes  place  in  apparatus, 
however,  which  is  of  the  simplest  structure  and  involves  no 
novelty.  A  mixture  of  milk,  cream,  oleomargarin,  lard,  cotton 
seed  oil  and  salt  are  churned  in  a  machine  of  known  construction' 
and  the  product  is  treated  with  ice  and  filtered  water  according 
to  processes  which  give  it  the  peculiar  butter-like  consistency. 
The  mixture  is  then  placed  in  a  kneading  machine  also  of  known 
construction-  where  the  excess  water  and  the  buttermilk  are 
pressed  out  and  finally  salt  is  mixed  in.  Then  follows  the 
shaping,  pressing,  cooling  and  packing  of  the  butter. 

In  the  Illinois  Steel  Works  in  South  Chicago  we  witnessed  the 
preparation  of  cast  iron  from  the  ore  in  the  many  blast  furnaces 
of  the  plant.  We  then  saw  its  conversion  by  the  Bessemer 
process  and  the  rolling  of  the  great  Bessemer  billets  into  rails 
and  plates.  As  I  am  not  specially  acquainted  with  the  industry 
and  spent  but  two  hours  in  visiting  these  monstrous  works, 
I  am  not  able  to  judge  of  any  important  novelty  employed  in 
the  practice,  which  is  not  already  shown  in  our  Rhine  factories. 
The  gigantic  character  of  the  operations  and  the  speed  employed 
especially  in  the  Bessemer  converter  plants  and  in  the  rolling 
mills,  aroused  our  most  intense  interest.  It  would  indeed  take 
a  more  skillful  pen  to  describe  adequately  the  immense  iron 
industry  of  the  United  States  and  the  works  such  as  are  at 
Pittsburgh  and  Chicago. 

I  may  further  mention  that  we  visited  the  Ford  Automobile 
works  in  Detroit.  Here  there  is  an  annual  production  of  75,000 
cars  and  works  corresponding  in  their  dimensions  to  this  immense 
production  are  found  here.  It  need  not  be  said  that  even 
the  chemist  is  specially  interested  in  very  ingenious  construction 
of  the  machines  used.  These  work  with  extreme  speed  and  with 
the  greatest  accuracy  produce  the  many  thousands  of  single 
parts  employed  in  the  manufacture  of  the  cars.  Since  these 
machines  stand  rather  close  together  and  the  threatening  cranes 
passed  us  every  moment,  we  had  to  pay  especial  attention  to 
our  safety.  The  measures  taken  to  minimize  the  risk  of  accident 
are  not  as  numerous  as  with  us  in  Germany  and  we  had  to  adopt 
the  American  motto  "Help  yourself"  as  the  best  danger  signal 
to  keep  us  from  harm.  This  counsel  we  found  necessary  wher- 
ever we  went.  The  actual  consumption  of  oil  for  lubrication 
and  tempering  is  not  very  large  considering  the  immense  amount 
of  oil  used  in  the  works.  Most  of  the  machines  are  so  devised 
that  the  oil  used  in  their  lubrication  is  caught  as  it  drips  from 
them  and  is  pumped  back  again  to  the  bearings.  I  have  been 
informed  that  this  plant  has  a  yearly  output  of  cars  correspond- 
ing to  the  total  German  production  for  the  year,  i.  e.,  100,000. 
It  may  be  mentioned  in  contrast  that  while  the  American  auto- 
mobile is  produced  at  a  considerably  cheaper  price  than  the 

'  For  further  description  of  construction  see  Hefter,     Technologic  der 
Felle  and  Oile,  Vol.  3,  Pp.  114  and  115. 

=  Ibid.,  p.  146. 


German  machine,  the  taxicabs  in  New  York  and  other  American 
cities  demand  an  astonishingly  high  rate  of  fare.  As  far  as  the 
character  of  the  American  automobile  product  is  concerned 
I  cannot  speak  with  authority  but  the  fact  that  they  do  not 
take  part  to  any  large  extent  in  the  International  races,  is 
possibly  the  reason  why  they  are  regarded  with  disfavor  by 
German  experts. 

In  the  many  rapid  and  long  trips,  however,  which  I  took  in 
American  automobiles,  both  in  the  works  of  the  Vacuum  Oil 
Co.  in  Schulau  and  in  the  visitation  of  the  American  factories 
and  the  extensive  tours  throughout  the  country,  I  have  never  been 
stalled  or  delayed  on  the  way.  Moreover,  in  the  American 
works  the  chemist  or  director  of  the  factory  frequently  has  a 
car  of  his  own  and  has  no  difficulty  in  driving  it  himself.  It 
happened  that  our  journey  took  us  to  Chicago  just  as  the  members 
of  the  Congress  taking  the  two  official  trips,  arrived  there.  We 
met  in  the  Hotel  La  Salle.  In  Chicago  these  two  trips  divided, 
the  long  trip  going  westward  through  Denver  and  Salt  Lake 
City  toward  California,  those  taking  the  short  trip  going  to 
Cleveland,  then  to  Boston  and  finally  to  New  York.  The  re- 
newal of  our  acquaintance  with  these  members  of  the  Congress 
was  most  cordial.  In  the  short  time  that  we  were  together 
we  exchanged  experiences  and  impressions  of  the  tours  that  we 
had  thus  taken  and  the  direction  and  management  of  both  these 
trips  was  praised  in  no  small  degree  by  all.  Dr.  Day  again 
tried  to  induce  me  to  accompany  the  party  to  California  but  my 
engagements  prevented  me  from  doing  so.  Before  our 
farewell  we  all  met  together  at  the  Sherman  Hotel  which 
was  the  headquarters  of  both  trips  in  Chicago  and  had  a  very- 
fine  luncheon  and  then  together  we  saw  the  slaughter-houses 
which  I  mentioned  above.  Again  I  had  a  chance  to  see  Niagara 
Falls  and  met  there,  on  the  return  journey,  the  members  of  the 
Coal  Tar  trip,  22  in  number.  We  foregathered  at  a  pleasant 
sociable  kommers  where  a  German  colleague.  Dr.  Ornstein,  as 
a  representative  of  the  German  Club,  received  us.  Next  day 
we  parted  from  our  company  since  I  had  to  go  with  my  two 
companions  to  Toronto  by  steamer  and  then  down  the  St. 
Lawrence  River  into  Canada,  after  passing  through  the  famous 
Thousand  Islands.  The  latter  portion  of  this  trip,  however, 
was  spoiled  by  rain  and  cloudy  weather  so  that  the  trip  through 
the  Rapids  could  not  be  taken  and  we  were  forced  to  proceed 
by  rail  to  Montreal  which  we  found  most  beautifully  situated. 
Here  we  were  recompensed  by  fine  weather  and  by  attractive 
places  of  interest.  We  were  most  impressed  by  the  fine  twelve 
story  railroad  station  of  the  Canadian  Pacific,  the  Dominion 
Square  and  the  well  laid  out  university  with  its  sporting  fields 
upon  which  the  students  played  in  their  odd  uniforms.  Through- 
out the  U.  S.  not  only  have  the  universities  their  sporting  fields 
but  we  found  the  employees  of  the  Bureau  of  Standards  pro- 
vided with  tennis  courts  as  well. 

CONCLUSION 

Our  joiu-ney  back  to  New  York  was  made  by  way  of  the  White 
Mountains  which  lie  near  the  Canadian  border.  Their  impression 
upon  us  was  spoiled  by  rainy  weather.  The  lack  of  sign  posts 
hereabout,  an  index  of  the  American  "Help  yourself"  policy, 
led  us  into  a  rather  dangerous  situation.  We  visited  a  gorge 
which  Baedeker  unwarrantedly  recommended  and  on  our  way 
back  from  this  would-be  gorge  to  make  our  train  connection  we 
had  to  walk  between  or  beside  the  railroad  rails  and  part  of  the 
way  led  over  a  long  open  trestle,  provided  with  no  hand  rail 
and  which  crossed  a  deep  abyss.  We  finally  escaped  this  danger 
and  arrived  in  New  York  on  Oct.  ist  after  a  stop  in  Boston 
which,  I  regret,  was  only  for  a  few  hours.  I  visited  then  those 
works  above  described  which  are  located  in  the  vicinity  dis- 
charged some  remaining  personal  obligations  and  made  ready 
for  my  return  trip. 

On  the  8th  of  October,  two  fellow  tourists  and  myself  boarded 
the  "Nordam"  of  the  Holland-American  Line,  all  of  us  inspired 
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with  the  hope  of  revisiting  shortly  this  intensely  interesting 
and  hospitable  country.  We  were  this  time  the  only  chemists 
aboard  the  steamer,  which  carried  only  29  first-class  passengers 
and  we  were  well  looked  after.  Well  satisfied  with  the  trip 
during  which  good  weather  prevailed,  we  reached  Rotterdam 
on  the  1 8th  of  October.  After  three  days  of  a  leisurely  so- 
journ in  this  unfamiliar  ancient  art  center  of  Holland,  I  com- 
pleted my  journey  by  a  visit  to  the  Germania  Oil  Works  at 
Emmerich  on  the  Khine.  This  is  the  first  German  plant  for 
the  hydrogenation  of  oils,  and  it  daily  converts  dozens  of  tons 
of  oil  into  hard  white  fat  by  catalytic  hydrogenation. 

TRAVELS   THROUGH    THE    UNITED    STATES    IN    CON- 
JUNCTION WITH  THE  EIGHTH  INTERNATIONAL 
CONGRESS  OF  APPLIED  CHEMISTRY  AT  NEW 
YORK,  BY  MEMBERS  OF  THE  CONGRESS' 
By  K.  HcifrMANN,  o[  Claustlml 

The  following  account  of  a  tour  through  the  I'nited  Slates 
carried  out.  in  conjunction  with  the  lughth  International  Con- 
gress of  Applied  Chemistry  at  New  York,  by  a  niimlier  of  the 
members  of  the  Congress  (a  tour  which  was  arranged  by  the 
Congress  and  known  to  the  participants  as  the  so-called  "Long 
Trip")  will  .serve  to  supplement  the  excellent  account  of  I'rof. 
I).  Molde,  Zehlendorf-Berlin,  entitled  "  Imiiressions  of  the 
Ivighth  International  Congress  of  Applied  Chemistry  at  New 
York  and  of  Various  Branches  of  Industry  in  the  I'nited  States,"' 
as  well  as  the  abstract  of  I'rof.  I'Veuiid,'  I'raiikfort ,  on  the  so- 
called  "Short  Trip,"  with  a  short  resum*;  of  the  details  of  the 
long  trip.  Circular  No.  3 — "Announcement,  No.  3,  General 
Information,  Program  of  Kxcursions  and  Factory  Visits" — 
contained  an  outline  of  eleven  tours,  of  which  one.  the  visit  to 
Yellowstone  Park,  was  to  take  place  before  the  Congress,  while 
the  other  ten  were  to  be  devoted  to  the  study  of  the  various 
branches  of  industry  in  the  I'nited  Slates.  An  excellently 
prepared  map,  attached  to  the  pamphlet,  showed  the  various 
localities  to  be  visited  and  the  route  while  a  cla.ssificd  list  of  the 
works  showed  which  firms  had  opened  their  factories  to  the 
Congress.  Another  such  opportunity  for  becoming  acquainted, 
in  so  pleasant  and  comfortable  a  manner,  with  American  in- 
dustry, and  of  obtaining  a  comprehensive  view  of  its  position 
and  condition,  would  not  so  readily  present  itself  again  to  the 
German.  These  considerations  letl  me  to  subscribe  as  a  member 
of  the  longest  tour  planned;  this  was  to  compri.sc  a  trij)  through 
tlie  Iva.st,  down  to  the  South,  over  to  the  West  and  then  back 
again  to  the  Ivast  by  way  of  Canada.  Announcement  No.  4, 
however,  brought  a  radical  change  in  the  original  plans  for  the 
excursions  as  the  subscriptions  thereto  had  not  arrived  in 
sufficient  quantity.  Hence,  only  two  excursions  were  planned, 
the  "Short  Trip"  and  the  "Long  Trip."  The  former  was  to 
consist  of  a  ten-day  tour,  taking  in  Phihulelphia,  Pittsburgh, 
Niagara  Falls,  Detroit,  Chicago  and  Boston;  the  latter,  lasting 
thirty-six  days,  Was  to  include  in  common  witli  the  "Short 
Trip,"  all  the  cities  up  to  Chicago  mid  then  prcK-eed  through 
Denver,  Salt  Lake  City  an<l  BakersfieKl  to  San  Francisco; 
dun,  after  a  tour  of  the  States  of  Culifoniia,  Arizona,  New 
Mexico  and  Texas,  reach  the  southernmost  (xiint  of  the  route — 
New  Orleans  and  return  to  New  York  by  way  of  .'Mabiuna, 
Teiuicssee,  South  and  North  Carolina.  I  subscril>cd  as  a  mem- 
ber of  the  "  Long  Trip"  and  on  the  jjnd  of  August,  eagerly  left 
ll.uuhiirg  on  the  "Cleveland,"  to  embrace  this  opiMirtunity 
for  a  glimpse  of  the  interesting  industries  of  the  land  of  un- 
limited opiHirtunitics. 

Ill  spite  of  the  discomfort  suffereil  by  many  on  account  of  the 
stormy  weather  we  eneountereil,  the  trip  across  the  ocean  wos 

'  Trnnsliilion    iimclc    by    The    CIteinistit'    Club    Library    from  Cktmiker 
ZeilHKt.tl    UVU):   804,  86<).  yOJ.  V4b.  UH.'.  1104,    1118.  1141.    i;70.    Htl. 
•  Ctum.  Zit .  «T  (1913):  3.  33.  86.  129.  138. 
'Ibid.,  IT  (I"I3):  101. 


most  pleasant  and  interesting;  in  the  company  of  both  younger 
and  older  colleagues,  the  days  flew  by  only  too  quickly.  After 
a  safe  journey  we  reached  New  York  on  Septemljcr  2,  191 2. 
As  we  set  f'Kjt  upon  the  shores  of  America,  it  was  with  the 
pleasurable  certainty  that  we  should  see  much  of  interest  and 
much  that  was  new  in  this  counlr>'  so  rich  in  industry  and  that  we 
should  get  in  intimate  touch  with  our  American  colleagues  and 
co-workers — thanks  to  chemical  literature,  we  already  knew 
them  by  name — thereby  obtaining  new  stimulation  for  our  own 
work. 

The  exceedingly  interesting  account  of  my  Colleague  Prof. 
Molde  contains  everything  of  importance  about  the  general 
procedure  of  the  Congress,  so  that  I  need  devote  but  little  space 
to  this  phase  of  my  visit  to  America. 

Ivven  though,  as  so  often  happens  at  so  many  Congresses, 
the  part  devoted  to  entertainment  did  not  usurp  so  much  of 
our  attention  that  we  lost  sight  of  the  main  object,  attend- 
ance at  the  various  discussions,  still  there  were,  in  New  York, 
other  causes  to  which  Prof.  Holdc  has  already  called  attention, 
which  had  a  tendency  to  lessen  attendance  at  the  meetings 
Of  the.se,  a  nuin)>er  of  insufTiciencics  which  were  noticeable  in 
the  organization  of  the  Congress,  and  the  cxtx-edingly  hot  and 
sultry  weather,  to  which  we  Germans  were  not  accustomed, 
were  the  most  imiKirtant.  Valuable  time  was  m-edlcvsly  con- 
sumed in  waiting  for  admission  cards  to  the  various  acti^nties, 
etc.  The  deficiencies  in  the  organization  of  the  Congress  be- 
came the  more  prominent  iK-causc  the  general  well-lx-ing  of  the 
German  meinlK-rs  was  very  much  ujiset  by  the  close,  muggy 
climate  of  New  York,  together  with  the  very  cold  drinks  and  the 
highly  seasoned  fcxMl  which  arc  not  iUways  acceptable  tti  the 
German  stomach  A  great  many  of  the  members  of  the  Con- 
gress were  comi>elled  to  remain  in  their  rooms  for  shorter  or 
longer  jieriods  in  order  to  alTord  outraged  nature  an  oppor- 
tunity for  rest  and  recui>cration. 

The  consequences  of  this  general  indis|x>sition  were,  more- 
over, fell  in  still  other  ways.  The  numlxrr  of  those  who  were  to 
participate  in  the  "Long  Trip."  instead  of  increasing,  actually 
decreased.  Many  of  those  who  originally  had  expressed  a 
desire  to  make  this  excursion,  hesitated  to  go  as  they  feared 
the  difficulties  of  the  journey,  which  were  much  overestimated 
Ix-cause  of  the  experiences  during  the  Congress.  Immediately 
after  the  Congress  many  had  to  seek  out  more  congenial  localities 
and  climates  where  thcv  could  recover  from  the  strain  of  the  days 
at  the  Congress.  .\l  times  it  a|)j)eared  vcr>-  doubtful  if  the 
"Long  Trip"  would  take  place  at  all.  In  the  course  of  the 
common  tour  of  the  "Long"  and  the  "Short  Trips."  however, 
the  niimlicr  of  tourists  for  the  "Long  Trip"  was  once  more 
increased,  the  new  recruits  coming  from  the  ranks  of  the  mem- 
bers of  the  "Short  Trip."  ns  many  were  imbued  with  renewed 
courage  as  a  result  of  the  wonderful  and  happy  course  of  the 
common  journey.  .^Ixiut  sixty-five,  mostly  Germans,  com- 
prised the  iiersonnel  of  the  "Long  Trip." 

The  "I^mg  Trip"  was  in  charge  of  Dr.  Da\-id  T.  Day.  head 
of  the  Petroleum  Division  of  the  Geological  Survey  at  Wash- 
ington, and  of  Dr.  George  D.  Roscngarten  of  Philadelphia. 
.\ided  by  the  local  committees  in  various  parts  of  the  country, 
these  two  gentlemen  had  organized  and  prep.ired  the  trip  so 
excellently  that  it  met  with  splendid  success  The  members 
of  this  excellent  and  highly  interesting  tour  will  always  re- 
mcnilxT  them  with  the  greatest  plea.sure  and  the  sincerest 
gratefulness  I'nder  the  faithful  leadership  of  these  two  gentle- 
men, aideil  by  the  menit>ers  of  our  profession  and  the  vari«ms 
local  c\)inmittees.  the  jouniev  through  the  states  ga\-e  us  a 
dear  anil  c»>ncisc  view  of  all  that  the  American's  country-  offers 
and  of  all  that  which  he,  after  hardy  battle,  has  wrung  from 
nature.  The  greatest  contrasts  were  offered  those  participating 
in  this  excursion  For  example,  after  we.  with  the  complacency 
which  comes  from  a  knowledge  of  being  well-care<l  for  and  well- 
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provided  with  food  and  drink,  looked  out  from  our  observation 
car  upon  the  Mojavc  desert  and  learned  to  know  it  with  all  its 
desolation  and  barren  soil,  there  was  presented  to  us  a  picture 
of  that  paradise — California — which  the  American  has  created 
out  of  a  desert  wilderness  by  means  of  irrigation. 

The  reception  everyTvhere  accorded  the  excursionists  showed 
Americans  from  an  angle  whose  praises  should  always  be  sung. 
We  learned  to  know  the  great  hospitality  of  the  American,  who 
is  only  too  glad  to  afford  a  few  hours  of  pleasant  rest  and  recrea- 
tion to  a  weary,  wandering  stranger.  Many  an  hour,  to  which 
we  look  back  and  always  shall  look  back  with  mingled  feelings 
of  pleasure  and  the  greatest  gratefulness,  was  spent  in  hospitable 
American  circles.  Finally,  the  inspection  of  numerous  processes 
in  the  most  varied  branches  of  applied  chemistry  and  its  allied 
sciences  gave  us  a  most  interesting  and  accurate  idea  of  what 
the  American  has  accomplished  and  does  in  this  branch  of 
industry.  For  the  most  part,  the  visits  were  well-planned  and 
executed.  Usually,  an  auto,  omnibus  or  carriage  was  waiting 
to  take  us  quickly  to  the  factory  which  we  were  to  inspect. 
In  general,  we  were  received  most  warmly  and,  as  a  rule,  but 
little  was  withheld  that  might  be  shown.  Yet,  the  various 
visits  were  very  different  both  in  kind  and  in  results.  In  the 
beginning  when  the  "Long"  and  the  "Short  Trips"  were  to- 
gether, many  of  the  visits  suffered  because  of  the  large  number 
of  participants,  particularly  the  large  number  of  women  re- 
cruited from  the  ranks  of  the  local  chemical  and  trade  circles. 
It  often  happened  that  the  ladies  and  the  professional  people 
who  were  but  slightly  acquainted  with  the  process,  its  control 
and  operation,  would  remain  standing  at  relatively  unimportant 
points  which,  though  they  appeal  very  strongly  to  the  lay- 
man, have  but  little  significance  for  the  scientist.  On  this 
account,  inspection  tours  suffered  frequent  interruptions,  pro- 
gressed but  slowly  and  the  time  devoted  to  the  more  important 
aspects  of  the  problem  was  so  curtailed  that  in  many  instances 
the  manufacturer  could  not  arrive  at  a  question  of  costs.  In 
many  of  the  tours,  particularly  those  in  the  West  and  in  the 
South,  the  lack  of  organization  was  greatly  felt.  When,  how- 
ever, it  was  simply  a  question  of  showing  about  but  few  people, 
the  American  was  seen  at  his  best  and  but  little  was  withheld 
from  inspection.  The  lack  of  organization  in  the  tour  became 
noticeable  as  soon  as  larger  groups  had  to  be  accommodated. 
Instead  of  facilitating  matters  by  dividing  the  excursionists 
into  small  groups,  an  attempt  was  made  to  hold  the  large  com- 
pany together.  These  efforts  did  not  always  meet  with  success 
for  while  the  manufacturer  tried  to  push  forward  to  the  dis- 
cussion of  points  which,  to  him,  were  of  the  greatest  interest 
and  importance,  the  group  would  often,  as  I  have  before  noted, 
stop  at  the  unessentials.  In  those  instances  where  Germans, 
or  those  familiar  with  German  methods,  had  charge  of  a  tour, 
the  inspection  went  along  easily  and  without  a  hitch.  We 
Germans  are  more  accustomed  to  showing  through  our  plants 
large  groups  of  visitors,  more  or  less  remotely  interested  in  the 
process  of  manufacture,  than  Americans,  particularly  those 
who  control  the  factories  of  the  West  and  the  South.  The 
organization  of  German  tours  was  best  seen  at  the  atmospheric 
nitrogen  recovery  plant  at  Nitrolee,  South  Carolina,  where, 
after  the  splendid  introductory  remarks  of  Mr.  Pauling,  the 
comparatively  large  number  of  excursionists  was  divided  into 
three  groups  and  shown  through  this  most  interesting  estab- 
lishment under  the  guidance  of  the  three  German  engineers 
connected  with  the  plant.  Profiting  by  the  above-mentioned 
experience  gained  in  regard  to  American  guidance,  the  members 
of  the  excursion  were  led  to  adopt  an  organization  which  proved 
a  very  happy  choice  but  which,  unfortunately,  was  done  only 
in  the  latter  half  of  our  trip.  In  order  to  learn  the  most  possible 
about  the  various  works  in  the  relatively  short  time  at  our 
disposal,  there  were  put  under  the  direction  of  our  chief  guide 
representatives   of  the   respective   industry   among   the   excur- 


sionists and  by  means  of  explanatory  talks,  both  during  the 
inspection  of  the  plants  and  after  we  had  resumed  our  journeys, 
they  informed  us  of  the  various  details  of  a  given  process  or 
factory. 

With  feelings  of  sincerest  gratefulness  and  utmost  apprecia- 
tion we  shall  always  remember  oiu-  two  leaders.  Dr.  Day  and  Dr. 
Rosengarten,  who  gave  us  such  valuable  aid  in  so  many  different 
ways.  Both  gentlemen,  having  a  perfect  command  of  the 
German  language,  not  only  made  their  explanatory  remarks 
in  German  but  also  acted  as  interpreters  between  Germans  and 
non-German  speaking  Americans  so  that  any  information 
tendered  by  the  latter  was  put  at  the  disposal  of  those  members 
of  the  trip  to  whom  the  language  of  the  country  was  more  or 
less  of  an  unknown  quantity.  Unfortunately,  Dr.  Rosen- 
garten was  compelled  to  withdraw  from  the  excursion  at  San 
Francisco  as  he  became  seriously  ill  with  typhoid.  There- 
upon, Dr.  D^y  devoted  himself  to  our  needs  with  re-doubled 
zeal  and  he  left  us  only  at  Washington  after  we  had  boarded  the 
train  for  New  York.  To  both  these  gentlemen  do  I,  on  this 
account — I  am  quite  sure  all  my  companions  are  in  perfect 
accord  with  me — once  more  extend  the  sincerest  thanks  of  all 
those  participating  in  the  excursion,  for  the  splendid  way  in 
which  they  organized  and  conducted  this  trip  and  for  the  assist- 
ance and  the  many  personal  courtesies  shown  us. 

The  program  of  these  excursions — the  "Long"  and  the 
"Short  Trips" — which  were  under  the  direction  of  the  Pennsyl- 
vania Railroad,  was  set  forth  in  an  excellently  prepared  pamphlet 
(containing  a  goodly  number  of  illustrations  and  a  fine  map) 
entitled  "Tours  of  the  Members  of  the  Eighth  International 
Congress  of  Apphed  Chemistry,  1912."  The  special  train  which 
the  Pennsylvania  Railroad  placed  at  the  disposal  of  the  so-called 
"Long  Trip" — the  Pacific  Tovu" — consisted,  besides  the  power- 
ful locomotives  put  on  by  the  various  railroads  on  the  different 
stretches,  of  a  baggage-car,  a  smoking  car,  a  dining  car,  two 
twelve-section  sleepers  with  drawing  rooms,  two  sixteen-section 
sleepers,  a  car  with  ten  state-rooms  and  an  observation  car  with 
six  state-rooms.  This  very  large  (considering  the  comparatively 
small  number  of  participants)  and,  therefore,  very  comfortable 
train  received  us  on  the  forenoon  of  the  i6th  of  September,  1912, 
and  for  the  thirty-five  days  which  were  to  comprise  the  trip, 
served  us,  almost  exclusively,  as  our  home.  Because  of  its 
splendid  equipment,  we  were  always  glad,  after  we  had  com- 
pleted any  given  tour,  to  return  to  the  comparative  rest  and 
quiet  of  our  peregrinating  home.  Only  in  three  instances — in 
Chicago,  in  San  Francisco  and  in  Los  Angeles — did  we  resort 
to  the  use  of  a  hotel.  Limitations  of  space  prevent  me  from 
dilating  on  the  equipment  of  our  train  but  I  may,  however, 
call  attention  to  the  fact  that,  for  the  great  distances  which  come 
into  consideration  when  it  is  a  question  of  getting  from  one 
large  city  in  the  United  States  to  another — distances  which  have 
absolutely  no  counterpart  in  our  German  problem — the  equip- 
ment of  railroads  is  well  taken  care  of.  If  there  were  the  assur- 
ance of  the  same  degree  of  safety  as  that  enjoyed  in  Germany, 
railroad  travel  in  the  United  States  would  be  an  exceedingly 
pleasant  affair.  During  our  thirty-five  day  tour,  we  ourselves 
underwent  mi:ch  that  serves  to  remind  us  of  the  great  danger 
attendant  upon  American  railroads.  For  this  reason  when, 
at  the  close  of  our  trip,  the  train  was  once  more  bringing  us  back 
to  New  York,  it  was  with  a  certain  feeling  of  joy  and  satisfac- 
tion that  many  of  us  greeted  the  rapidly  approaching  city.  This 
joy  and  satisfaction  originated  in  the  fact  that  neither  he  nor 
any  one  of  his  traveling  companions  had  suffered  any  injury 
or  harm  during  a  railroad  journey  fraught  with  so  many  dangers. 

The  following  statistics  will  give  an  idea  of  the  danger  of 
American  railroad  travel:  In  the  period  from  July  1,  191 1  to 
July  30,  19 1 2,'  there  were  8215  derailments  on  American  rail- 
roads; 10585  persons  were  killed  and  169,538  injured;  both  of 
'  Zeil.  d.  Vercins  deutscher  Eisenhalmen,  issue  of  Feb.  5,  1913.       ^ 


Jan.,  1014  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


these  figures  are  much  higher  than  the  corresponding  ones  for 
the  preceding  year.  For  the  operation  of  the  Prusso-Hessian 
Railroads  the  corresponding  figures  for  19 10- 191 1  are:  243 
derailments,  645  killed  and  1554  injured.  While  the  total 
number  of  passengers  carried  on  the  Prusso-Hessian  Rail- 
roads during  the  year  reached  the  grand  total  of  1038  million 
people,  the  corresponding  number  for  the  United  States  during 
L912  was  only  971  million.  According  to  the  investigations  of 
the  United  Railways  Bureau,  the  derailments  in  America  are 
mainly  due  to  the  poor  condition  of  road-bed  and  rails. 

That  this  is  actually  true,  we  had  an  opportunity  of  ascertain- 
ing for  ourselves  at  a  derailment  of  our  special  train  on  the 
Santa  Fe,  on  the  stretch  between  Seligman  and  Williams, 
Arizona.  Fortunately  there  was  no  injury  to  either  the  travelers 
or  the  train  crew.  Under  the  weight  of  the  train,  the  ties  sank 
into  the  very  poor  road-bed;  the  rails,  being  inadequately 
fastened  to  the  ties,  became  loosened  and  actually  swung  in  the 
air,  thereby  causing  a  partial  overturning  of  tender,  baggage 
and  dining  cars.  At  one  point,  the  massive  rails  had  been 
broken  off  clean,  showing  a  hole  in  the  lower  part  of  the  rail-head, 
which  surely  indicated  that  in  so  far  as  its  value  and  utility 
was  concerned,  this  rail  left  much  to  be  desired.  A  number 
of  the  excursionists  took  some  sample  pieces  as  souvenirs  from 
the  scene  of  the  accident  and  these  bear  mute  testimony  to  the 
fact  that  not  as  much  care  in  the  choice  of  rails  is  shown  in  the 
U.  S.  as  in  Germany.  In  addition  to  a  number  of  minor  rail- 
road, auto  and  carriage  accidents,  which  altogether  passed  by 
without  affecting  the  general  well-being  of  the  travelers,  we 
experienced  a  collision  between  an  electric  railway  car  and  a 
freight  train  in  Los  Angeles,  Cal.  Fortunately,  however, 
because  of  the  diminished  speed  due  to  a  grade-crossing,  only 
one  car  was  rendered  luiserviceable,  whUe,  aside  from  a  few 
minor  injuries  and  the  shock,  we  excursionists  came  out  of  the 
collision  unharmed.  I,  as  well  as  the  other  participants  in  this 
tour,  am  firmly  convinced  of,  and  delighted  with,  the  comfort  of 
American  railroads,  comfort  which  becomes  absolutely  in- 
dispensable on  the  long  distances  one  must  travel  via  rail- 
road— distances,  which  in  every  case  are  much  greater  than 
anything  we  have  in  Germany.  But  nevertheless,  because  of 
the  relatively  greater  safety,  we  shall  always  find  travel  on  our 
German  railroads  much  pleasanter.  In  the  course  of  thirty- 
five  days  we  covered  a  distance  of  about  nine  thousand  miles, 
visited  25  cities  and  traveled  through  22  states  of  the  United 
States. 

PHILADELPHIA 

At  nine  o'clock,  on  the  morning  of  Monday,  September  16, 
191 2  we  started  from  the  Pennsylvania  Station,  New  York,  with 
Philadelphia  as  our  first  goal.  In  the  historic  chambers  of 
Independence  Hall,  those  venerable  chambers  in  which  the 
American  Declaration  of  Independence  first  came  into  being, 
we,  together  with  the  members  of  the  "Short  Trip,"  received 
a  most  enthusiastic  reception,  being  welcomed  by  the  mayor 
of  the  city,  Mr.  Rudolph  Blankenburg,  a  native-born  German. 
For  the  various  tours  through  the  city  and  its  magnificent 
parks,  of  which  one,  beautiful  Fairmount  Park,  is  the  largest 
in  the  United  States  and  has  an  area  of  about  3500  acres,  as  well 
as  for  the  inspection  of  a  number  of  its  factories,  we  broke  up 
into  various  groups.  The  visit  to  the  Philadelphia  Mint  showed 
that  the  various  machinery  used  in  American  mints  is  the  same 
as  that  used  in  Germany  as  well  as  that  which  I  have  seen  also 
in  Vienna  and  London.  We  were  not  shown  the  separating 
room  for  the  various  substances  containing  the  noble  metals, 
but  the  process  employed  is  the  same  electrolytic  method  used 
in  so  many  other  plants.  Prof.  Holde  has  given  an  excellent 
account  of  the  Petroleum  Refinery  of  the  Atlantic  Refining 
Co.  which  I  next  visited,  so  I  need  hardly  go  further  into  that. 

PITTSBURGH    DISTRICT 

That  same  night,  we  leftJ^Philadelphia,  reaching  Pittsburgh 


on  Tuesday  morning;  we  remained  there  until  Wednesday 
evening.  In  a  most  voluminous  handbook  with  which  the 
excursionists  were  provided,  a  comprehensive  survey  of  all  that 
could  be  visited  was  given  not  only  by  means  of  a  list  of  the 
plants  open  to  inspection  but  also  by  articles  on  Pittsburgh  and 
its  various  phases  of  industry. 

The  main  excursions — in  which  I  also  took  part — were  de- 
voted to  an  inspection  of  the  Clairton  Steel  Works  and  Blast 
Furnaces  of  the  Carnegie  Steel  Co.  at  Clairton  on  the  Mononga- 
hela  River,  a  visit  to  the  laboratories  and  experimental  stations 
of  the  Bureau  of  Mines  and  the  Bureau  of  Standards  and  an 
inspection  of  the  Water  Filtering  plant  of  the  city  of  Pittsburgh. 
From  the  first  of  these  a  most  interesting  return  trip  was  made 
down  the  Monongahela  through  that  fascinating  industrial 
district  on  a  river-steamboat  (which,  considering  the  smoke- 
befogged  and  sooty  locality,  bore  the  highly  euphonious  but 
inappropriate  name  of  "Simshine").  On  the  last  afternoon  I 
visited  the  Permsylvania  Smelting  and  Refining  Works,  at 
Rosslyn  Station,  Carnegie,  Pennsylvania,  in  the  company  of 
Dr.  Heberlein  of  Frankfort  and  his  assistant  Mr.  Bickle.  I 
also  made  a  short  trip  through  the  Carnegie  Institute  of  Technol- 
ogy and  the  Carnegie  Library. 

The  city  of  Pittsburgh  is  situated  in  the  state  of  Pennsylvania, 
at  the  junction  of  the  Monongahela  and  Allegheny  Rivers, 
which  unite  here  to  form  the  Ohio  River.  A  most  important 
shipping  center  has  grown  up  at  this  point  which  forms  the 
natural  gateway  between  the  East  and  the  West  and  lies  in  the 
midst  of  a  district  rich  in  natural  resources,  leading  readily 
to  the  development  of  the  city  as  an  industrial  center.  Since 
the  coal,  the  petroleum  and  the  natural  gas  essential  for  the 
conversion  of  the  rich,  available  iron  ore,  occur  most  plenti- 
fully, a  tremendous  iron  industry  has  been  developed  in  and 
around  Pittsburgh.  The  coal  of  this  district  is  bituminous, 
uniform  in  quality.  Pennsylvania  yields  about  ten  mUlion  tons 
of  this  bituminous  coal.  About  loo.ooo  Coke-Ovens,  of  which 
about  85%  are  the  Bee  Hive  type,  convert  this  coal  into  coke. 
The  use  of  ovens  with  arrangement  for  the  recovery  of  by- 
products is  increasing  only  gradually.  Pennsylvania  produces 
about  26  million  tons  of  coke  annually  in  these  coke  ovens. 
It  also  yields  about  8-9  million  barrels  of  petroleum  (i  barrel  = 
39.7  gals,  petroleum)  of  a  value  of  about  $1.75  per  barrel.  The 
petroleum  is  rich  in  gasoline  and  illuminating  oil.  Petroleum 
wells  are  generally  at  a  depth  of  1000-2200  ft.  Pennsylvania 
natural  gas  consists  of  88%  methane  and  12%  ethane.  The 
production  of  natural  gas  has  an  annual  value  of  about  21 
million  dollars;  i  cubic  meter  of  the  gas  is  now  sold  for  house- 
hold purposes  at  a  cost  of  about  32  cents  per  1000  cu.  ft.  while 
in  the  8o's  the  price  was  only  5-10  cents  per  1000  cu.  ft.  The 
production  of  iron  ore  is  decreasing  in  Pennsylvania  and  this  raw 
material  is,  of  course,  brought  in  from  other  localities,  particu- 
larly from  Minnesota,  Wisconsin  and  Michigan. 

The  Pittsburgh  district  converts  about  14  million  tons  of  iron 
ore  and  produces  about  7,600,000  tons  of  cast  iron  and  6,900,000 
tons  of  steel  annually.  As  a  natural  consequence  there  has  been 
developed  in  and  around  Pittsburgh  an  enormous  industrj' 
which  further  converts  these  large  quantities  of  steel  and  iron. 
Various  other  industries,  such  as  the  glass  and  various  branches 
of  applied  chemistry,  also  flourish  in  this  locality. 

THE   CLAIRTON   STEEL  WORKS    OF   THE  CARNEGIE  STEEL  WORKS 

comprise :  First  a  blast-furnace  plant  with  three  400  ton  blast  fur- 
naces equipped  with  all  modem  conveniences,  together  with  the 
necessary  compressors,  and  having  a  maximum  annual  capacity 
of  460,000  tons  of  iron.  Second,  a  reverberatory  furnace  plant 
with  twelve  60  ton  furnaces,  a  200  ton  mixer,  with  aU  accessories; 
the  combustible  used  for  heating  these  reverberatory  furnaces 
is  natural  gas;  the  maximum  annual  production  of  Martin  steel 
is  53 1 ,500  tons.  Third,  a  rolling  mill  with  six  rolls,  one  of  which 
is  for  plates,  etc.,  with  a  maximum  annual  production  of  475,000 
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tons,  a  sheet  mill  with  a  maximum  annual  capacity  of  400,000 
tons  and  four  rolling-mills,  etc.,  with  an  annual  capacity  of 
460,000  tons;  in  all  cases,  the  furnaces  are  heated  with  natural 
gas.  In  the  various  parts  of  the  works  about  200  men  are  em- 
ployed about  the  blast  furnaces,  about  280  men  in  the  reverbera- 
tory  furnaces  and  about  700  in  the  rolling  mills,  to  which  figures 
arc  added  about  600  men  in  the  incidental  occupations.  The 
steam  boiler  plant,  consisting  of  53  boilers,  40  of  which  are 
heated  by  producer  gas,  and  the  remainder  with  coal,  yields 
about  18,000  horse  power  and  the  electrical  plant  about  2100 
kilowatts. 

This  plant  represents  one  of  the  ten  plants  of  the  Carnegie 
Steel  Co.,  which,  with  a  complement  of  39,000  men  in  59  blast 
furnaces,  13  mixers,  138  Siemens-Martin  ovens,  16  converters 
and  the  requisite  number  of  rolling  mills,  produces  7,500,000 
tons  of  iron  and  9,000,000  tons  of  steel  annually  with  a  daily 
consumption  of  about  40,000  tons  of  ore,  19,500  tons  coke, 
10,000  tons  limestone,  8000  tons  coal  and  3,000,000  cubic  meters 
of  gas.  The  blast  furnaces  of  the  Clairton  Works  convert 
Lake  Superior  iron  ores.  The  producer  gases'  are  not  utilized 
in  producer  gas  machines  but  serve  only  as  the  combustible 
for  the  blast  heaters  and  for  the  steam  boilers,  while  at  the 
Homestead  Works  at  Rankin  and  at  another  plant  of  the  same 
company,  the  producer  gas  is  utilized  to  drive  nine,  and  four, 
respectively,  producer  gas  machines  which  generate  the  elec- 
tricity for  the  entire  plants.  The  first  plant  for  drying  the  blast 
artificially  by  means  of  the  Gayley  process,  was  installed  at  the 
Isabella  Furnaces  at  Etna,  Pa.,  of  the  Carnegie  Steel  Co.  Three 
modern  blast  furnaces  of  500  ton  capacity,  at  that  place,  which 
serve  for  the  preparation  of  spiegels  and  ferromanganese 
iron,  are  equipped  with  a  Gayley  air-drying  plant  with  a  capacity 
of  1200  cubic  meters  of  air  per  minute  at  a  maximum  tempera- 
ture of  32°  C.  and  a  maximum  moisture  content  of  about  20 
grams  per  cubic  meter.  The  moisture  of  the  blast  often  sinks 
below  2.5  grams  per  cubic  meter. 

The  three  hour  steamboat  ride  back  to  the  city  was  most 
interesting.  In  the  twenty  miles  of  the  run  down  the  river 
we  passed  a  great  many  large  factories  from  whose  chimneys 
soot  and  smoke  poured  forth  so  thick  and  fast  that  the  sun's 
rays  could  hardly  penetrate  through  the  clouds  thus  formed. 
This  trip  gave  an  idea  of  the  enormous  industry  of  this  locality. 

THE  SMALL  SMELTER  OP  THE  PENNSYLVANIA  SMELTING  CO. 

which  I  visited  the  next  day,  has  a  capacity  of  2500  tons  ore  and 
1500  tons  lead-plate  per  month;  the  maximum  capacity  of  the 
plant  consists  of  18,000  tons  silver-free  lead,  180,000  pounds  of 
silver,  600  tons  of  crude  lead,  and  100  tons  of  litharge  for  analyti- 
cal purposes.  The  plant  comprises  two  water-jacketed  furnaces 
for  melting  the  lead  ores,  reverberatory  furnaces  for  roasting 
the  blocks,  the  furnaces  and  apparatus  requisite  for  refining  and 
de-silverizing  the  lead-plate  by  the  zinc  de-silverization  process, 
the  necessary  furnaces  for  the  separation  of  lead  and  silver,  and 
finally  a  number  of  Bee-Hive  ovens  for  the  production  of  the 
coke  for  the  smelters.  The  most  varied  lead  and  silver  ores  are 
converted  in  this  plant,  such  as  ores  from  the  Canadian  Cobalt 
District,  lead  ores  from  the  Cour  d'Alene  district  in  Idaho,  etc. 
The  greater  part  of  the  ore  now  being  converted  is  silver  ore  from 
the  silver,  nickel,  cobalt  and  arsenic  ores  occurring  at  Cobalt,  in 
Ontario,  Canada,  ore  with  a  variable  silver  content.  The 
richest  ores  contain  up  to  9%  silver,  with  about  15"^  nickel  and 
cobalt  and  25-35%  arsenic;  the  ordinary  ores  contain  about 
3~3-5%  silver  with  5-6%  nickel  and  cobalt;  the  ores  are  essen- 
tially silicates.  The  ordinary  ores,  after  the  addition  of  lime, 
lead-ore  and  roasted  pigs  from  a  similar  operation,  are  smelted 
in  water-jacketed  furnaces,  to  lead-plate  pigs  (containing  up  to 
1.8%  silver)  which  are  roasted  in  reverberatory  furnaces 
ard  go  back  into  the  .process  and  are  re- worked  and  to  slag. 
The  resulting  speiss  is  melted  up  once  more,  in  cupolas,  with 
'  Really  the  Blast  Furnace  gases. 


lead  ores  having  a  low  silver  content,  and  in  this  form  is  said 
to  be  sold  to  German  factories.  The  finest  lead-plate  coming 
from  blast  and  alloy-refining  furnaces  is  recovered  in  English 
cupelling  furnaces,  while  other  grades  of  lead  plate  must  be 
refined  and  go  through  the  zinc-de-silverizing  process.  The  high- 
grade  lead  thus  obtained  then  passes  through  the  cupelling 
furnaces.  According  to  the  information  advanced,  it  is  pref- 
erable to  produce  the  coke  from  coal  in  the  Bee-Hive 
ovens  by  more  or  less  antiquated  methods  rather  than 
to  buy  it.  It  is  estimated  that  this  brings  about  a  saving  of 
about  52  cents  per  ton  because  coke  purchased  on  the  open 
market  costs  S2.72  per  ton  while  when  prepared  at  the  plant 
in  the  Bee-Hive  ovens  it  costs,  with  a  60 >f  yield,  only  S2.20 
per  ton. 

THE    PITTSBURGH    WATER-FILTRATION    PLANT,   situated    On    the 

north  bank  of  the  Allegheny  river,  above  Aspinwall,  is  indica- 
tive of  the  effort  the  various  cities  of  the  United  States  are  mak- 
ing to  raise  the  general  standard  of  health  of  the  community 
by  bettering  the  drinking-water  supply.  Unfortunately,  it 
is  only  too  true  that  in  most  cities  of  the  United  States,  the  use, 
for  drinking  purposes,  of  water  which  has  not  previously  been 
boiled,  is  attendant  with  grave  dangers,  for  nature  seldom 
places  a  potable  water  at  our  disposal  and  the  resources  of  the 
ofttimes  splendid  filtration  plants  which  have  been  installed 
by  the  larger  cities  are  taxed  beyond  their  capacity  by  the 
needs  of  the  rapidly  growing  communities.  Although  the 
Water  Filtration  plant  of  the  city  of  Pittsburgh  is  a  most  ex- 
cellent and  modern  system,  the  city  has  developed  so  quickly 
and  enormously  that  it  relieves  but  inadequately  the  demands 
for  the  supply  of  drinking  water  made  upon  it.  At  the  several 
pumping  stations  along  the  Une,  the  water  is  tapped  from  the 
Allegheny  River  and  led  into  settling  basins,  in  which,  when- 
ever necessary,  it  is  treated  with  calcium  chloride  in  order  that 
the  acid  of  any  iron  sulfate  present  may  be  removed,  while,  at 
the  same  time,  the  precipitated  calcium  sulfate  tends  to  carry 
down  with  it  any  foreign  bodies  in  suspension  in  the  water. 
From  the  settling  basins,  the  water  is  led  on  to  low  sand  filters 
which  rest  on  arches  supported  by  pillars.  One  part  of  the 
Filtration  Plant  at  Aspinwall  has  been  in  operation  since  1908 
but  the  operation  of  the  other  part  is  yet  to  be  begun.  The 
water  passes  through  the  filter  diagonally  from  the  top  to  the 
bottom  and  then  reaches  the  reservoir  from  which  it  is  led  to  the 
city  through  steel  pipes.  The  plant  is  augmented  by  a  new 
pumping  station.  The  laboratory  of  this  plant  is  in  the  Power 
House  and  is  equipped  with  all  conveniences  and  apparatus 
necessary  for  the  chemical  and  bacteriological  examination  of 
water. 

This  plant  also  illustrates  the  prominent  American  trait  of 
providing  their  cities  with  beautiful  parks,  to  which,  after  the 
toil  and  turmoil  of  the  day's  work,  one  can  retire  and  in  the 
midst  of  the  noise  and  the  bustle  of  the  city  find  a  pretty  spot 
which  affords  a  few  breaths  of  fresh  air.  It  has  been  so  planned 
that  in  the  course  of  the  natural  development  of  the  city,  a  park 
will  be  built  about  the  filters  and  the  reservoirs;  the  streets  of 
this  park  have  already  been  laid  out,  trees,  shrubbery,  etc., 
have  been  planted,  and  provision  made  for  electric  lighting. 

BUREAU  OF  MINES — In  1910,  the  federal  government  established 
the  Bureau  of  Mines  which  consists  of  an  experimental  station  for 
mine  building  and  the  same  for  engineering  and  diemical  investiga- 
tions. The  greatest  possible  utilization  of  the  natural  mineral  re- 
sources of  the  United  States  together  with  greater  safety  of 
miners  in  their  work  are  the  aims  of  this  Bureau.  The  latter 
purpose  is  accomplished  by  the  determination  of  the  causes  of 
mine  accidents  and  the  means  of  lessening  their  number. 
Investigations  similar  to  those  made  in  the  Mining  Institutes 
of  our  German  High  and  Trade  Schools  are  undertaken  here; 
explosives  are  examined  and  tested  in  all  ways;  an  experimental 
gallery  is  utilized  for  the  study  of  explosibility  of  gas  mixtures. 
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etc.,  combustibles  are  examined,  experiments  on  briquetting. 
on  gas  production  are  undertaken,  questions  on  the  abatement 
of  the  smoke  nuisance  and  the  process  of  combustion  are  studied, 
etc. 

The  experimental  station  of  the  Bureau  of  Standards_  con- 
sists of  a  laboratory  for  the  investigation  and  the  testing  of 
construction  materials.  These  are  examined  chemically, 
physically  and  microscopically  and  their  resistance  strengths 
tested  by  means  of  loading  tests  in  appropriate  apparatus. 
We  were  shown  the  greater  part  of  the  apparatus  used  in  both 
these  Bureaus  in  operation.  As  a  larger  experiment  on  the 
inflammability  of  coal-dust,  there  was  carried  out,  in  the  experi- 
mental gallery,  a  test  of  the  adaptability  of  black  powder  for 
use  in  coal-dust  mines.  A  load  of  375  grams  of  black  powder 
was  set  off  in  the  experimental  gallery  under  conditions  similar 
to  those  in  a  coal-dust  mine;  in  connection  with  this  artificial 
coal-dust  explosion?  there  was  a  demonstration  of  safety  ap- 
paratus for  traveling  through,  areas  filled  with  such  gases.  We 
were  also  treated  to  a  practical  demonstration  of  the  resistance 
strength  of  fire-proof  bricks  against  loads  at  a  higher  tempera- 
ture, and  we  were  shown  the  operation  of  electric  ovens  for  the 
study  of  the  softening  of  porcelain,  etc. 

THE  CARNEGIE  INSTITUTE  OF  TECHNOLOGY,  situated  in 
Pittsburgh  and  which,  though  still  in  course  of  construction, 
occupies  an  area  of  32  acres  in  Shenley  Park,  is  of  much  interest 
to  members  of  the  technical  trades.  It  was  founded  by  Andrew 
Carnegie  with  an  endowment  of  over  eleven  million  dollars, 
including  both  buildings  and  foundation.  In  four  sections, 
which  include  both  day  and  night  sessions,  about  iioo  day 
students  and  1300  night  students  are  educated;  the  men  in  the 
various  engineering  trades;  the  women  who  comprise  the  Fourth 
Section  receive  instruction  in  the  various  womanly  arts  such  as 
Domestic  Science,  Dressmaking,  Millinery,  Commercial  Work 
and  Teaching.  In  order  that  those  of  moderate  means  may 
obtain  a  technical  education  of  approved  standards,  the  cost  of 
tuition  is  kept  at  a  minimum. 

THE  CARNEGIE  LIBRARY — There  is  still  another  institution 
in  Pittsburgh  which  was  founded  by  Andrew  Carnegie  and 
which  is  also  devoted  to  the  education  of  the  masses.  This  is 
the  Carnegie  Library,  the  largest  of  its  kind  founded  by  Carnegie. 
In  1895  it  was  opened  with  only  9000  volumes  on  its  shelves; 
now  it  contains  about  400,000  volumes,  has  8  branches  in  various 
parts  of  the  city  which  contain  mostly  more  popular  works 
(so  that  in  many  cases  borrowers  are  spared  the  long  trip  to  the 
Central  Library)  and  200  small  branches  all  over  the  city  which 
facilitate  the  distribution  of  books.  The  main  library  is  aug- 
mented by  a  number  of  special  libraries,  such  as  a  collection  of 
Books  for  the  Blind  and  for  Teachers  of  the  Blind,  a  technical 
Division  for  Workmen,  Engineers  and  Manufacturers  with  a 
collection  of  Patent  Specifications,  etc.,  a  collection  of  trade 
catalogs,  etc.  Among  other  branches  of  the  Technical  Division, 
there  is  one  on  Telephony  and  in  addition  it  contains  concise 
information  and  bibliographical  lists  for  the  investigation  of 
special  subjects.  I  had  the  opportunity  of  visiting  very  many 
public  and  secondary  school  libraries  in  the  United  States,  such 
as  the  John  Crerar  Library  in  Chicago,  the  Public  Library  in 
Boston,  the  library  of  the  University  at  Palo  Alto,  Cal.  From 
these  visits  I  may  safely  conclude  that  the  public  libraries  of  the 
United  States,  which  are  meant  to  be  educational  institutions 
for  rich  and  poor  alike,  have  been  wonderfully  developed  and 
splendidly  organized.  Practically  every  large  city  boasts  a 
larger  or  smaller  library,  built  and  maintained  by  either  private 
or  public  means,  in  which  the  reading  and  educational  needs 
of  both  rich  and  poor,  young  and  old,  are  admirably  looked 
after;  there  is  even  a  special  division  for  school  children — always 
equipped  with  a  large,  well-fumis'hed  and  well-lighted  reading- 
room  in  which  they  may  slake  the  youthful  thirst  for  knowledge. 
The  card  catalog  system   is  so  well  organized  that  any  book 


whose  author  or  title  is  not  accurately  known  can  be  located 
without  much  trouble.  The  way  in  which  the  libraries,  with 
all  their  splendid  equipment  of  reading-rooms,  etc.,  is  placed 
at  the  disposal  of  everyone  is  worthy  of  much  praise.  For- 
tunately, in  all  parts  of  Germany  we,  also,  are  becoming  con- 
scious of  this  need  (so  readily  recognized  and  aided  by  private 
capital  of  the  rich  American  industries  in  the  United  States) 
and  of  the  desirability  of  placing  the  large  libraries  of  our  sec- 
ondary schools,  with  their  priceless  treasures,  at  the  disposal 
of  the  public. 

NIAGARA   FALLS 

After  a  ride  through  the  night  had  taken  us  from  Pittsburgh 
to  Buffalo  and  thence  to  Niagara  Falls,  we  visited,  on  Thurs- 
day morning,  the  works  of  the  International  Acheson  Graphite 
Co.  at  Niagara  Falls,  and  the  Power  Houses  of  the  Niagara 
Falls  Power  Co.,  as  well  as  those  of  the  Ontario  Power  Co.  of 
Niagara  Falls  and  the  Ontario  Transmission  Company,  Ltd. 
The  wonderful  weather  added  to  the  pleasantness  of  our  tour, 
so  that  we  were  able  to  view  the  Falls  in  all  their  full  force  and 
majestic  beauty  and  gaze  with  rapture  and  amazement  upon  the 
white,  foaming  masses  of  water,  the  downward  plunge,  and  the 
seething,  frothing  whirlpool  formed  below.  When  in  October 
on  a  little  trip  to  Canada,  I  once  more  visited  the  Falls,  how 
different  was  the  picture  as  I  gazed  upon  the  waters  through  the 
fog  and  the  mist  with  which  all-harmonious  nature  had  enveloped 
them.  Throughout  our  35  day  tour  we  were  particularly 
fortunate  for  we  were  practically  always  blessed  with  just  such 
charming  weather  as  that  which  greeted  us  at  Niagara.  As 
a  result,  everywhere  we  went,  we  saw  the  country  at  its  best, 
and  in  memory  there  still  remains  a  picture  of  the  beautiful 
aspect,  the  beaming  sun,  the  azure  depths  of  heaven,  nature  at 
its  best.  One  day  in  Chicago,  one  day  in  New  Orleans  and  one 
day  in  Great  Falls,  these  were  practically  the  only  rainy  days 
we  encountered  during  the  entire  trip.  How  different,  how 
much  less  pleasant  would  have  been  our  tour  if  we  had  been 
forced  to  cope  with  inclement  weather!  Many  a  visit  would 
not  have  passed  so  easily  and  so  smoothly.  Many  of  the  in- 
dustrial plants  lie  on  the  outskirts  of  the  city  proper,  in  neigh- 
borhoods in  which  very  little  is  done  for  the  care  of  the  streets 
and  in  bad  weather  the  poor  and  dirty  roads  are  often  trans- 
formed into  impassable  morasses.  We  excursionists  will  not 
so  readily  forget  the  morass  at  Great  Falls,  the  trip  on  the 
muddy,  rain-softened  road  from  Denver  to  the  Globe  Smelter. 
This  gave  us  an  idea  of  just  what  such  neighborhoods  can  de- 
scend to  during  inclement  weather.  In  contrast  to  this,  as  a 
general  rule,  the  streets  within  the  city  proper  are  well  cared 
for. 

THE  FALLS — The  great  Falls  of  the  Niagara,  which  unite  Lake 
Erie  and  Lake  Ontario,  are  one  of  the  greatest  marvels  of  the 
world.  By  means  of  Goat  Island,  the  water  is  divided  into  two 
parts,  the  smaller  American  Fall,  with  a  drop  of  about  155  feet 
and  a  width  of  about  1080  feet,  and  the  larger  and  more  beauti- 
ful Canadian  Fall,  the  Horseshoe  Falls,  which  is  155  feet  high 
and  2830  feet  wide.  The  quantity  of  water  which  is  plunged 
down  to  this  great  depth  has  been  estimated  at  over  a  half 
million  cubic  yards  per  minute  and  this  could  generate  an 
enormous  amount  of  energy  of  which,  up  to  the  present  time, 
only  a  small  quantity  has  been  harnessed  and  utilized.  The 
energy  attainable  from  the  Niagara  Falls  is  estimated  at  five 
million  horse-power,  of  which  only  367,500  horse-power  are  now 
utilized  for  industrial  purposes,  about  one-half  for  electro- 
chemical processes  and  the  other  half  for  railways,  electric 
lighting  and  other  industrial  purposes. 

THE  NIAGARA  FALLS  POWER  COMPANY  has  its  power-house 
on  the  American  side,  about  a  mile  above  the  Falls.  The  neces- 
sary water  is  led  off  by  means  of  a  canal  or  conduit  and  the  fall 
of  the  same  is  utilized  in  two  power-houses  for  the  generation 
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of  105,000  horse-power.  Further  data  on  these  plants  are 
contained  in  the  account  of  Prof.  Holde.' 

THE  ONTARIO  POWER  COMPANY,  situated  Oil  the  Canadian 
side,  takes  its  water  about  one  mile  above  the  ridge  of  the  Horse- 
shoe Falls,  and  leads  it  through  a  subterranean  conduit  of  steel 
and  re-enforced  concrete  to  the  Generating  Station,  situated 
on  a  cliff  below  the  falls,  where,  with  the  aid  of  10  turbines  and 
10  generators,  the  electrical  energy  is  obtained,  to  be  then  led 
by  means  of  subterranean  cables  to  the  distributing  stations 
above.  From  the  turbines,  the  water  is  led  back  to  the  river 
through  conduits  below  the  Power  House.  There  are,  at  present, 
10  generators,  three  of  10,000  horse-power  each  and  seven  of 
12,000  horse-power  each,  each  of  which  is  coupled  directly  with 
its  respective  turbine  by  means  of  a  horizontal  shaft.  The  cur- 
rent generated  is  a  three-phase  current  of  12,000  volts.  In  the 
Distribution  Station  it  is  transformed  to  60,000  volts  for  the 
cables  which  lead  it  to  Queenstown  and  the  wires  of  the  Niagara, 
I.ockport  and  Ontario  Power  Co.  (which  furnishes  the  current 
for  use  in  the  United  States)  but  to  12,000  volts  for  the  distribu- 
tion of  the  current  for  use  in  Canada. 

Most  eagerly  did  we  step  from  the  train  after  the  trip  to  the 
Power  House  of  the  Niagara  Falls  Power  Co.,  for,  according  to  the 
original  plans  of  Announcement  No.  3,  we  looked  forward  to  a 
hearty  welcome  at  the  various  plants  of  Niagara  Falls'  most 
flourishing  electro-chemical  industries.  Unfortunately,  only 
part  of  our  expectations  was  realized.  Only  the  International 
Acheson  Graphite  Company  opened  its  doors  to  us.  The 
Calcium  Nitrid  factory,  as  well  as  the  Hooker  Electrochemical 
Company  (which  produces  alkali  electrolytically  by  the  Town- 
send  process)  had  withdrawn  the  permission  which  they  had 
originally  granted  for  the  inspection  of  their  plants.  The 
reasons  which  led  these  firms  to  such  action  remain  unknown 
to  us.  The  same  thing  occurred  still  another  time,  in  the 
South.  Prof.  Holde'  reports  at  length  on  the  visit  to  the  works 
of  the  International  Acheson  Graphite  Company  so  that  I 
have  nothing  to  add  thereto.  A  round  trip  on  the  electric 
railway  down  the  left  bank  of  the  river  to  Lake  Ontario  and  back 
again  on  the  right  bank  to  Niagara  Falls  gave  us  an  opportunity 
of  enjoying  the  beauties  of  nature. 

DETROIT 

A  ride  at  night  from  the  19th  to  the  20th  of  September,  1912, 
brought  us  to  the  city  of  Detroit,  a  rapidly  growing  industrial 
center  on  the  Detroit  River,  which  unites  Lake  Erie  with  Lake 
St.  Clair  and  Lake  Huron.  The  annual  trafSc  through  this  river 
is  said  to  be  more  than  double  the  traffic  through  the  Suez  canal; 
all  die  freight  of  the  Great  Lakes  must  pass  through  this  river. 
Detroit  is  the  Automobile  City.  This  industry  has  been  de- 
veloped here  to  an  enormous  extent  and  its  importance  for  this 
city  was  demonstrated  to  the  excursionists  by  visits  to  the  va- 
rious automobile  factories.  I,  personally,  joined  a  section  which 
inspected  the  automobile  factory  of  the  Packard  Motor  Car 
Company,  the  Acme  White  Lead  and  Color  Works  and  the  plant 
of  the  Aluminium  Castings  Co.  Together,  we  then  visited  the 
whiskey  factory  of  Hiram  Walker  &  Sons  in  Walkerville,  Canada, 
and  the  Chemical  Factory  of  Parke,  Davis  &  Company.  A 
steamboat  trip  on  the  Detroit  River  and  Lake  St.  Clair — during 
which  an  aeroplane  which  was  then  flying  circumnavigated 
the  steamer — closed  our  most  interesting  day  in  the  beautiful 
city  of   Detroit. 

AUTOMOBILE  FACTORIES — The  automobile  industry  is  the 
chief  industry  of  the  city  of  Detroit.  In  the  course  of  the  last 
few  years,  this  industry,  which,  but  a  decade  ago,  was  but  a  minor 
part  of  the  industrial  development  of  the  United  States,  has 
taken  great  strides  forward  In  the  year  from  July  i,  1911- 
July  I,  1912,  the  total  production  of  automobiles  in  the  United 
States  was  275,000  cars,  of  an  average  value  of  $ii50-$i200, 
of  which  the  Ford  automobile  factory  in  Detroit  alone  produced 
1  Chem.  Zeil.  (1913),  p.  158. 


75,000,  while  the  total  output  for  the  year  1912-1913  is  esti- 
mated at  400,000  cars.  The  average  value,  however,  will  be 
lower  for  this  year  than  for  the  preceding,  because  the  number 
of  lower-priced  cars  increases  from  year  to  year.  The  United 
States  exports  annually  about  30  million  dollars  worth  of  auto- 
mobile and  automobile  parts.  The  operation  of  an  automobile 
factory  was  watched  and  studied  with  the  greatest  interest  by  all 
participating  in  the  excursion.  The  operation  and  control  of  the 
machiner>'  must  necessarily  arouse  the  interest  of  even  the  lay- 
man. Its  construction  is  often  remarkable,  and  within  a  few 
moments  can  be  seen  either  the  formation  of  an  auto  part  or  its 
coupling  to  another  in  anyone  of  the  appropriate  machines. 
If  we  take  into  consideration  the  high  prices  generally  prevail- 
ing for  most  necessaries  and  luxuries,  American  automobile 
factories  produce  comparatively  cheap  cars.  These  low  prices 
can  be  attributed  solely  to  large  scale  production  and  to  a 
widespread  division  of  labor.  Only  a  few  specific  types  of  cars 
are  built,  so  that  only  a  relatively  small  number  of  machines 
are  required  and  every  individual  workman  prepares  only  one, 
or  only  a  few  parts  of  the  final  product.  This  workman,  who 
year  in  and  year  out,  need  go  through  only  a  few  definite  motions 
can  soon  perform  them  in  the  shortest  possible  time,  so  that  he 
produces  the  part  in  question  in  the  quickest  and  cheapest 
way.  But,  on  the  other  hand,  the  advantage  of  causing  a  rela- 
tively cheap-working  industry,  brings  with  it,  also,  an  enormous 
disadvantage.  The  workman  is  no  longer  a  thinking  force  or 
hand-worker,  but  is,  instead,  only  a  small  part  of  a  big  machine. 
He  can  easily  be  replaced  by  another  man,  but,  he  himself,  can 
not  readily  take  up  some  other  industry  or  independent  employ- 
ment. The  more  this  large-scale  production  is  introduced, 
the  more  does  the  independence  of  the  individual  worker  tend  to 
disappear.  He  comes  to  be  directly  dependent  on  his  factory 
so  that,  if  discharged,  it  is  only  with  diflSculty  that  he  can  find 
similar  work.  We  must,  unfortunately,  admit  that  in  Germany 
also,  a  similar  division  of  labor  has  taken  place  in  many  branches 
of  industry. 

I,  as  well  as  every  other  member  of  this  tour,  together  with 
everyone  who  has  visited  smaller  or  larger  plants  in  the 
United  States,  can  subscribe  to  aU  that  Holde,  in  his  account, 
says  of  the  danger  attendant  upon  visits  to  the  Ford  and  other 
factories.  On  all  sides  in  the  various  factories  and  plants,  there 
is  noticeable  a  conservation  of  space  which  is  not  always 
caused  by  local  conditions  and  which  does  not  take  into  con- 
sideration the  dangers  to  which  the  laborers  are  thereby 
exposed.  I  can  not  guard  against  the  impression  gained  in 
the  large  industrial  centers  of  having  seen,  much  more  fre- 
quently than  in  Germany,  workmen,  who,  through  accidents, 
had  lost  an  arm,  a  leg,  etc.  We  have  done  much  more  in  the 
direction  of  the  prevention  of  accidents  so  that  the  number 
of  casualties  is  much  smaller  than  in  the  United  States,  where, 
in  addition  to  the  above  conditions,  accidents  occur  very  easily 
because  of  insufficient  protection  for  moving  objects,  etc. 

ACME  WHITE  LEAD  AND  COLOR  WORKS — Since  1906  the  white 
lead  factory  of  this  company  has  used  the  Mild  Process  for  the 
preparation  of  this  pigment.  The  procedure,  in  this  process, 
is  as  follows:  The  lead,  after  it  has  been  melted  in  the  proper 
vats,  is  brought,  by  means  of  hot  pipes,  from  the  bottom  of  the 
boilers,  into  the  atomizers,  in  which,  through  the  agency  of  super- 
heated steam,  the  molten  lead  is  converted  into  a  very  finely 
divided  state.  The  tiny  molten  bits  of  lead  fall  into  steel  tanks 
which  are  filled  with  water,  thus  solidifying  and  then  they 
are  led  through  worms  to  the  pumps  which  force  them  into  the 
settling  tanks  situated  above.  After  settling,  the  water  runs 
back  to  the  steel  tanks  while  the  lead  is  brought  to  the  oxidizing 
apparatus — the  so-called  oxidizers — in  which,  after  the  addition 
of  water,  it  is  mechanically  agitated  for  24  to  36  hours  by  means 
of  a  blast  of  air  at  a  comparatively  low  pressure.  The  bits  of 
lead  which  have  already  acquired  a  thin  layer  of    suboxid    in 
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the  dusting  apparatus,  react  chemically  with  the  air  and  form 
basic  lead  hydroxide  with  the  development  of  quite  some  heat, 
as  we  ourselves  could  determine.  Eighty  per  cent  of  the  lead 
is  changed.  The  material  is  then  put  into  a  trough — the  so- 
called  "Float  System" — in  which  the  basic  oxide  and  the  metal- 
lic lead  are  separated  from  one  another.  The  latter  goes 
back  to  the  oxidizers,  while  the  basic  oxide  goes  to  thecarbonators, 
large  wooden  vats  in  which  the  lead  hydroxide  is  treated  for  36 
hours  with  the  purified  (free,  as  far  as  possible  from  carbon 
monoxide)  chimney  gases  from  the  boiler  plant.  The  resulting 
pure  white  basic  lead  carbonate  then  goes  into  the  drying  pans. 
From  this  point  it  receives  the  customary  treatment. 

THE  ALUMINIUM  CASTINGS  CO. — The  aluminium  foundry  we 
visited  resembled  to  a  great  extent  all  large  alloy  foundries. 
The  forms  and  the  molds  were  prepared  in  the  usual  manner. 
The  aluminium  was  melted  in  smelters  provided  with  a  blast 
from  below.  The  casting  temperature  is  725  "-740°  C.  The 
various  parts  are  soldered  together  by  means  of  the  oxy-acetyl- 
ene  flame.  No  information  was  tendered  on  the  composition 
of  either  the  aluminium  and  aluminium  alloys  used  for  castings 
or  of  the  solder  employed. 

PARKE  DAVIS  &  CO. — The  inspection  of  the  large  pharma- 
ceutical factory  of  Parke,  Davis  &  Co.  (whose  products  can  be 
obtained  in  Germany)  was  particularly  interesting.  Two  hun- 
dred chemists  and  7000  workmen  are  employed  in  this  enormous 
plant.  We  saw  all  kinds  of  machines  for  the  manufacture  of 
pills  and  tablets  which  were  busily  turning  out  their  products 
to  satisfy  the  demands  of  Americans  who  seem  to  have  a  pre- 
dilection for  pills  and  treatises.  A  large,  well-equipped  labora- 
tory (in  w^hich  we  were,  also,  given  a  demonstration  of  some 
physiological  experiments  on  animals)  proved  that  science  had 
been  accorded  a  secure  position  in  this  plant, 

CHICAGO 

Our  special  train  brought  us  over  night  from  Detroit  to  Chi- 
cago, our  next  stop,  where  we  spent  three  days  with  the  mem- 
bers of  the  "Short  Trip."  The  separation  of  the  tours  was  to 
take  place  here;  while  members  of  the  "Short  Trip"  were  to 
return  to  New  York  via  Cleveland  and  Boston,  we  were  to  con- 
tinue westward  through  Denver  and  Salt  Lake  City  to  Cali- 
fornia. A  farewell  banquet  at  the  Sherman  Hotel  on  the  last 
night  brought  us  together  for  the  last  time  for  a  few  pleasant 
hours.  Not  only  in  our  own  branches  of  industry,  but  also  in 
many  other  ways  did  those  three  days  in  Chicago  present 
us  with  much  of  interest.  The  visit  to  this  city  will  always  be 
a  pleasant  reminiscence.  As  everywhere  on  our  trip,  we  found 
everj'thing  in  Chicago  well  organized  and  splendidly  executed. 
The  members  of  the  local  committee  placed  themselves  at  our  dis- 
posal in  the  most  obliging  way  and  the  reception  accorded  us 
on  all  sides  was  most  friendly  and  hospitable.  We  visited  the 
various  banks,  the  exchanges,  the  warehouses  of  Marshall  Field 
&  Co.  and  the  John  Crerar  Library.  The  equipment  and  opera- 
tion of  the  banks  was  most  fascinating  and  we  marveled  much 
at  the  remarkable  ability  to  remember  persons  shown  by  the 
various  tellers  and  officials.  The  system  of  cataloging  and  the 
equipment  for  the  loan  of  books,  etc.,  was  explained  to  us  at  the 
John  Crerar  Library,  which  is  a  free,  public  library  of  scientific 
and  technical  literature.  A  certain  German  book  on  Pharma- 
ceutical Preparations  which  was  asked  for  by  its  author,  one 
of  the  members  of  the  excursion,  was  quickly  located  in  the 
proper  division  of  the  card-catalog  and  was  soon  in  the  author's 
hands.  We  also  visited  an-d  studied  the  organization  and  equip- 
ment of  an  American  mercantile  house. 

As  far  as  industrial  plants  are  concerned,  I  visited  the  works 
of  Gary  Steel  Co.  in  Indiana  and  the  white  lead  factory 
of  the  National  Lead  Co.  A  visit  to  the  Union  Stock  Yards  and 
to  the  Slaughter-Houses  of  Swift  &  Co.  and  Armour  &  Co.  gave 
us  an  idea  of  one  of  the  important  branches  of  industry  of  this 
city,  the  second  largest  in  the  L'nited  States.     Some  of  us  made 


a  side  trip  to  LaSalle,  Illinois,  where  we  visited  the  zinc  works 
of  the  Matthiessen  &  Hegeler  Zinc  Company. 

Chicago,  with  its  2'/2  millions  inhabitants,  forms,  because  of 
its  fortunate  traffic  conditions,  the  uniting  link  between  the  great 
agricultural  and  cattle-raising  districts  of  the  West  and  the  in- 
dustrial plants  of  the  East.  An  enormous  meat  industry, 
without  a  parallel  at  any  other  place  on  the  earth,  has  been  de- 
veloped at  this  point.  The  vast  incoming  hordes  of  Western 
cattle  are  slaughtered  here  and  every  part  is  made  use  of.  This 
locality  furnishes  the  meat  for  practically  the  entire  country. 
The  following  figures  will  give  an  idea  of  the  enormous  operations 
involved.  Swift  &  Co. — one  of  the  firms  engaged  in  this  indus- 
try— has  a  capitalization  of  75  million  dollars  and  a  reserve 
fund  of  over  26  million  dollars.  About  7000  hogs  and  5000 
cattle  are  slaughtered  and  prepared  daily  by  this  firm. 

GARY  STEEL  CO. — The  steamship  ride  on  Lake  Michigan  to 
the  iron  works  of  the  Gary  Steel  Co.  at  Gary  was  spoiled  by  mist 
and  rain.  As  there  was  no  real  factory  visit,  but  rather  an 
actual  ride  on  a  railroad  train  here,  but  a  slight  insight  into 
this  colossal  and  most  interesting  plant  was  obtained.  We 
did  not  see  very  much  of  the  place  at  close  range  and  the  oppor- 
tunity for  more  intimate  inspection  was  afforded  at  only  a  few 
points.  However,  the  railroad  trip  gave  us  an  idea  of  the  size 
of  the  works.  It  lasted  one  and  one-half  hours  and  we  were 
allowed  to  inspect  thoroughly  the  interesting  devices  for  unload- 
ing the  ore  from  the  ships  and  for  transporting  the  same  to  the 
yards  and  from  there  to  the  blast  furnaces.  We  also  saw  the 
Kopper  Ovens  in  operation. 

Gary,  which  lies  on  the  shores  of  Lake  Michigan,  southeast 
from  Chicago,  in  the  state  of  Indiana,  is  one  of  the  youngest, 
albeit  one  of  the  most  important  cities  of  the  iron  industry  in 
the  United  States.  Founded  in  1906,  it  has  witnessed  a  very 
rapid  development.  At  the  present  time  it  has  about  30,000 
inhabitants.  There  are  in  operation  in  the  iron  works  560 
Kopper  Ovens  with  accessories  for  the  recovery  of  by-products, 
which  yield  over  200,000  tons  of  coke  a  month,  8  blast  furnaces 
with  a  daily  yield  of  about  400  tons,  23  gas  machines,  operated 
by  blast  furnace  gases,  42  Siemens-Martin  ovens  with  an  average 
capacity  of  85  tons,  a  rail  and  plate  rolling  mill  and  a  number  of 
rolling  mills  for  other  purposes.  In  connection  with  this  plant 
there  has  been  a  development  in  Gary  of  those  industries  which 
utilize  and  convert  iron.  There  are,  for  example,  factories  for 
building  cranes,  for  manufacturing  tin,  etc.  The  raw  materials 
for  this  enormous  work  come  from  Lake  Superior  and  are  un- 
loaded in  the  harbor  of  Gary  by  means  of  10  electrically  con- 
trolled unloading  machines.  These  can  unload  as  much  as  1 100 
tons  of  ore  per  hour.  To  these  are  joined  ten  traveling  cranes 
about  500  feet  long  which  extend  from  the  place  where  the 
machines  dump  their  ore,  all  over  the  ore  yard.  Each  crane  is 
equipped  with  a  15-ton  bucket  for  scooping  up  the  ore  and  bring- 
ing it  to  the  reserve  piles  from  which,  as  required,  it  is  once  more 
scooped  up  and  loaded  on  the  freight  cars  that  bring  it  to  the 
blast  furnaces.  The  cranes  rest  on  two  shafts  mounted  on  wheels 
by  means  of  which  they  run  up  and  down  the  rails  laid  all  over 
the  ore  yard.  The  ore  yard  has  a  capacity  of  5  million  tons  of 
ore.  Behind  the  ore  yard  are  the  blast  furnaces.  Between 
this  yard  and  the  blast  furnaces  are  a  large  number  of  raised 
bins,  set  in  two  rows,  one  for  coke  and  one  for  ore  and  limestone. 
Over  the  bins  are  two  tracks  on  which  nm  two  electrically 
driven  60  ton  freight  cars  for  the  ore.  Coke  and  limestone  are 
brought  directly  from  the  railroad  over  these  pockets  and  loaded 
into  them  directly.  At  the  bottom,  the  pockets  are  closed  by 
electrically  controlled  chutes.  Alongside  these  bins  are  tracks 
on  which  run  the  cars  which  bring  the  material  to  the  furnaces. 
The  trip  from  furnace  to  bin  is  made  in  one  minute  and  on  an 
average  each  car  carries  2.6  tons  ore  or  2.2  tons  limestone  or  1.3 
tons  coke.  The  car  is  automatically  stopped  at  the  mouth  of 
the  furnace.     The  melting  of  the  ore  yields  a  blast  furnace  gas 
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which  represents  an  energy  content  of  250,000  H.  P.  Of  this,  30 
per  cent  is  used  for  heating  the  blast;  7'/s  per  cent  for  the  pro- 
duction of  steam  for  a  special  purpose;  12 'A  per  cent  for  the 
blast  and  45  per  cent  for  the  generation  of  electrical  energy. 
The  blast  furnace  plant,  when  in  full  operation,  requires  about 
4000  tons  of  coke  per  day,  corresponding  to  about  5000 
tons  of  coal.  The  coke  ovens  are  situated  on  a  stretch 
about  ,3600  feet  long  by  about  1080  feet  wide,  and  provision  has 
Ijeen  made  for  a  plant,  equal  in  size,  adjoining.  The  coal  is 
Ijrought  to  the  works  by  railroad  from  Pennsylvania  and 
Ohio. 

The  coal  not  used  directly  for  various  purposes  is  stored  in 
a  yard  which  has  a  capacity  of  350,000  tons,  and  in  which  the 
same  devices  are  used  for  loading  and  unloading  as  in  the  case 
of  the  ore.  The  coal  required  for  immediate  consumption  is 
put  into  3x4  bins  of  about  50  tons  capacity,  from  which  by 
means  of  shakers  it  comes  to  the  conveying  belts.  These  carry 
the  coal  to  the  crushers  where  it  is  crushed,  in  4  coal-breakers 
of  a  capacity  of  350  tons  of  coal  per  hour,  to  a  fineness  of  40  mm. 
and  then  further  ground,  in  8  coal-mills  with  a  capacity  of  250 
tons  per  hour,  to  such  a  degree  of  fineness  that  80-85  per  cent 
will  pass  through  a  32  mesh  sieve.  From  here,  conveyors  take 
the  coal  to  the  two  mixers  in  the  middle  of  the  coke  oven  plant; 
these  have  a  total  capacity  of  1700  tons  of  coal.  From  here  the 
coal  is  brought  by  means  of  conveying  belts  to  4  coal-chutes,  each 
of  which  holds  2100  tons  coal.  From  these  chutes  the  coal  is 
let  down  into  4-part,  electrically  driven  cars,  which  load  the 
coal  into  the  ovens  through  their  four  loading  holes.  The  ovens 
are  grouped  in  two  rows  about  200  feet  apart;  each  row  is  di- 
vided again,  so  that  the  total  oven  plant  consists  of  4  groups 
about  630  feet  long,  88  feet  wide,  each  of  two  batteries  of  70 
ovens  each,  so  that  the  total  number  of  ovens  is  560.  The  coke 
ovens  are  the  well-known  Koppers  Regenerative  ovens.  Each 
chamber  is  3700  feet  long,  10  feet  high  and  1.6  feet  wide  in  the 
middle  and  can  hold  1 2 '/4  tons  coal.  It  takes  over  1 6  hours  to  feed 
one  of  these  ovens.  The  yield  of  coke  is  about  82  per  cent  weight 
of  dry  coal.  The  total  capacity  of  an  oven  is  about  13  tons 
for  every  twenty-four  hours,  which  is  rather  high,  in  fact,  much 
higher  than  is  the  case  with  us.  This  is  because  the  oven  itself 
is  comparatively  large  and  the  feeding-time  relatively  short. 
Since  a  very  large  plant  comes  into  consideration,  mechanical 
power  is  used  to  a  great  extent  in  the  operation  of  these  ovens. 
Large  emptying  and  rolling  appliances  take  care  of  their  re- 
spective work.  One  oven  is  loaded  and  emptied  every  three 
minutes.  While  the  glowing  coke  is  being  washed  by  a  strong 
stream  of  water  it  falls  directly  into  an  extinguishing  car,  which 
is  then  brought,  by  means  of  an  electric  locomotive,  to  one  of  the 
four  quenching  towers,  where  the  coke  is  completely  quenched 
by  two  perforated  water  tubes.  The  car  is  then  brought  to 
the  coke  sieve  and  emptied  into  two  containers  which  are  above 
the  sieve  and  empty  directly  into  it.  Here  it  is  divided  into 
coke  dust,  fine  coke  and  blast  furnace  coke,  about  92  per  cent  of 
the  latter  being  obtained.  The  coke  oven  gases  are  converted 
into  by-products — tar  and  ammonium  sulfate — by  the  direct 
process  of  H.  Koppers,  and  about  120  tons  of  tar  and  30  tons  of 
ammonia  are  recovered  daily  in  this  way. 

THE  NATIONAL  LEAD  CO.  makes  all  kinds  of  lead  products. 
In  the  white  lead  division  this  substance  is  made  by  the  "Old 
Dutch"  process.  The  lead  is  cast  into  perforated  sheets  and 
is  then  filled  into  earthenware  pots,  in  the  lower,  restricted  parts 
of  which  there  is  acetic  acid.  These  pots  are  placed  in  moist 
tan-bark  in  large  rooms  and  after  being  filled  with  the  lead, 
are  covered  entirely  with  the  tan-bark.  In  this  way  a  room  is 
filled  with  rows  of  superimposed  beds.  By  means  of  the  heat 
thus  evolved,  acetic  acid  vapors  are  formed  and  these  act  upon 
the  lead,  converting  it  into  the  acetate  which  is  then  transformed 
into  a  basic  lead  carbonate  by  the  carbonic  acid  (formed 
by  the  decomposition  of  the  tan-bark)  and  enters  through  holes 


in  the  pots.  The  acetic  acid  which  is  re-liberated  enters  once 
more  into  reaction,  causing  the  further  formation  of  lead  acetate. 
This  process  continues  for  several  weeks  until  practically  all 
the  lead  has  been  converted  to  white  lead,  which  can  be  then 
obtained  by  clearing  the  chamber.  This  white  lead,  containing 
a  little  metallic  lead,  is  then  brought  into  sieves  in  which  three 
kinds  of  white  lead — the  fine,  the  coarse  and  that  polluted 
with  metallic  lead — are  separated.  The  coarse  and  the  fine  white 
lead  are  ground  in  a  rolling  mill  and  then  brought  to  grinders 
by  means  of  buckets.  The  ground  material  is  then  either 
packed  directly  for  use,  in  kegs,  or  it  is  put  into  a  mixer,  together 
with  linseed  oil,  and  rubbed  up  to  a  pigment.  The  finished, 
pastry  pigment  is  packed  in  small  kegs  for  the  market.  Mechan- 
ical appliances  have  facilitated  all  stages  of  the  process.  The 
plant  has  an  annual  yield  of  1200  tons  of  white  lead.  It  also 
produces  about  4000  tons  of  litharge  and  5000  tons  of  various 
lead  alloys  each  year.  The  various  intermediate  compounds — 
oxidized  products,  etc. — occurring  in  the  different  processes 
are  melted  up  and  reduced  to  lead. 

DENVER 

At  noon  on  September  24th  we  unwillingly  left  Chicago  and 
our  worthy  hosts  after  spending  i^/t  days  in  that  neighborhood. 
We  realized  only  too  well  that  the  time  had  been  indeed  short 
for  gaining  an  intimate  knowledge  of  Chicago  and  the  indus- 
tries which  make  it.  For  nineteen  hours  our  train  proceeded 
westward  to  Denver,  the  beautiful  capital  of  the  state  of  Colo- 
rado. Denver  is  typical  of  the  modern  cities  of  the  United  States 
and  ranks  as  one  of  the  most  beautiful  of  them.  A  tour  of  the 
city,  which  at  the  same  time  brought  us  to  the  various  plants 
we  were  interested  in,  showed  us  its  beauties.  On  the  one  hand 
are  broad  streets,  with  neat  one-family  houses  standing  in  the 
midst  of  well-kept  gardens,  representing  the  residential  section 
in  which  are  situated  the  American  homes;  on  the  other  hand, 
we  have  the  business  section  of  the  city  in  which  sky-scrapers 
form  the  dominating  feature.  It  seems  that  the  inhabitants 
of  even  the  newer  American  cities  can  not  do  without  sky- 
scrapers. Each  city  must  boast  of  at  least  one  building  which 
towers  into  the  clouds,  if  it  is  only  for  the  mere  possession  of  it, 
even  though  there  is  no  necessity,  as  in  Eastern  cities,  for  the 
existence  of  any  such  building.  The  snow-capped  peaks  of  the 
Rocky  Mountains  to  the  North,  Long's  Peak  and  to  the  South, 
Pike's  Peak,  are  visible  from  Denver. 

To  a  great  extent,  Denver  and  its  inhabitants  are  bound  up 
with  the  mining  and  smelting  industries  of  the  Western  States. 
Large  machine  shops  are  engaged  in  the  manufacture  of  all 
the  equipment  necessary  for  mines,  ore-dressing  and  smelting 
works.  There  are  large  plants  for  the  supply  of  the  labora- 
tory requirements  of  mines  and  smelters,  experimental  stations 
for  the  examination  of  the  ores  of  the  W^est  and  the  working 
out  of  methods  for  the  conversion  of  ores,  etc.  In  our  visits 
to  the  plants  of  local  industry  we  confined  ourselves  in  Denver 
to  the  Globe  Smelter  of  the  American  Smelting  &  Refining  Co., 
the  earthenware  factory  of  the  Denver  Fire  Clay  Co.,  the  fac- 
tories of  the  Western  Chemical  Manufacturing  Co.  and  the 
experimental  station  of  the  Henry  E.  Wood  Ore  Testing  Co. 
The  latter  is  used  for  the  investigation  of  the  convertibility  of 
ores,  their  analysis,  examination,  etc.  As  far  as  questions 
of  ore-dressing  are  concerned,  this  plant  is  somewhat  similar 
(even  though  to  a  much  lesser  degree)  to  the  experimental 
station  for  ore-testing  of  the  firm  of  Humboldt,  in  Coelu  Kalk 
and  that  of  Friedrich  Krupp-Grusonwerk  in  Magdeburg- 
Buckau,  and  like  these  it  reports  on  the  practicability  of  mining 
and  smelting  certain  ores,  and  works  out  plans  for  these  plants 
and  their  accessories.  In  addition,  the  station  makes  analyses 
of  ores,  and  of  the  various  intermediate  products  during  ore- 
dressing  and  smelting,  for  small  plants  which  are  not  in  a  posi- 
tion to  maintain  a  laboratory  of  their  own.  It  has  special  ap- 
pliances for  all  processes  of  importance  in  Colorado-  crushing 
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ores,  wet  concentration,  the  flotation  process,  magnetic  and 
electrostatic  ore-dressing,  roasting,  amalgamation,  cyanid 
treatment  and  hyposulfite  treatment,  hence  we  did  not  see 
much  of  value  in  the  factories  of  the  Western  Chemical  Manu- 
facturing Company,  which  especially  prepares  ammonia,  nitric 
acid,  sulfuric  acid  and  carbonic  acid  in  various  grades  of  purity; 
but  a  short  time  before  our  visit  it  had  suffered  from  a  fire. 
Later  on  in  the  course  of  our  trip  we  learned  that  shortly  after 
our  stay  in  Denver,  the  factory  was  burned  completely  to  the 
ground.  Although  the  factory  was  considered  one  of  the  most 
important  in  the  West — for  otherwise  we  should  hardly  have 
been  brought  there  and  shown  through — it  had  little  in  common, 
either  in  outward  appearance  or  interior  construction,  with 
a  chemical  plant  such  as  we  in  Germany  know  it.  Even  though 
a  part  of  the  confusion  and  the  dirt,  etc.  could  be  ascribed  to 
the  recent  fire,  that  cause  could  hardly  be  held  responsible  for 
everything.  I  have  often  noted  that  in  American  factories, 
even  those  which  are  large,  modern  and  in  everyway  up  to  the 
mark,  the  same  emphasis  is  not  placed  on  cleanliness,  order, 
etc.  as  in  German  plants.  The  high  cost  of  labor  is  partially 
responsible  for  this  condition.  In  order  to  keep  a  smelter  or 
a  factory  reasonably  clean,  a  large  working  force  is  required. 
In  many  parts  of  the  United  States,  not  only  is  this  hard  to  ob- 
tain, but  the  cost  is  largely  increased,  so  that  it  often  happens 
that  because  of  financial  considerations  the  manufacturer  places 
but  little  value  on  this  work  and  finally  becomes  calloused 
and  accustomed  to  the  unsightliness  of  his  plant.  Similar  ob- 
servations could  be  made  in  many  cities  and  localities;  in  an 
out-of-the-way  corner  could  be  found  cars,  material,  etc.,  which 
had  lost  their  utility.  Though  they  made  an  unfavorable 
impression  upon  us  who  are  so  accustomed  to  cleanliness  and 
order,  there  they  lay  and  no  one  gave  them  a  second  thought. 

THE  DENVER  FIRE  CLAY  CO.  PLANT  manufactures  particularly 
ovens  and  containers  for  metallurgical  and  similar  operations. 
It  turns  out  ovens  of  different  kinds  and  sizes,  similar  in  con- 
struction to  those  built  by  German  firms.  Settling  basins, 
cupolas,  etc.  are  moulded  and,  in  addition,  it  produces  fire-proof 
bricks  in  various  sizes  and  shapes.  The  ovens  used  for  burning 
the  fire-proofing  materials  are  exceedingly  simple  in  construc- 
tion In  the  evening,  after  dinner,  the  president  of  the  con- 
cern, Mr.  W.  Case,  was  kind  enough  to  take  me  through  his 
plant  and  show  me  their  extensive  and  elaborate  stock-rooms 
for  fire-proofed  materials,  and  all  the  various  chemical  apparatus 
and  appliances.  From  their  warehouses  in  Denver  and  Salt 
Lake  City,  this  firm,  which  is  well  known  in  trade  circles,  sup- 
plies the  demands  of  the  chemical  and  metallurgical  labora- 
tories of  the  West  and  of  part  of  Mexico.  I  was  glad  to  note 
that,  being  very  particular  as  to  the  quality  of  the  products 
they  handle,  this  large  firm  supplies  German  chemicals  exclu- 
sively— those  of  E.  Merck,   Darmstadt. 

The  presence,  in  the  Rocky  Mountains,  of  lead  ores  contain- 
ing silver  and  of  silver  and  gold  ores,  lays  the  foundation  of  the 
lead-silver-smelting  industries  in  the  interior  of  the  United 
States.  Lead  is  used  as  the  collecting  medium  for  the  noble 
metals  in  all  cases  where  the  latter  can  not  be  recovered  by  the 
wet  process,  that  is,  in  those  cases  where  smelting  has  superior 
economic  advantages  over  the  wet  methods  of  recovery.  The 
most  important  silver  smelters  are  situated  in  the  neighborhood 
of  Pueblo,  Denver  and  LeadvUle,  Colorado,  as  well  as  at  Salt 
Lake   City,   Utah. 

THE  GLOBE  SMELTER  OP  THE  AMERICAN  SMELTING  AND  REFIN- 
ING CO.  at  Denver  yields  annually  about  20,000  tons  of  sheet 
lead  and  about  2,400  tons  of  copper-lead  pigs  containing  about 
50  per  cent  copper.  On  the  whole,  Colorado  ores  (chiefly  sili- 
cates) are  converted,  but  in  addition,  lead  ores  from  neighbor- 
ing states  such  as  South  Dakota,  Idaho,  as  well  as  the  concen- 
trates from  the  gold  district  at  Cripple  Creek  are  also  converted. 
The  limestone  and  the  lignite,  used  as  steam  fuel,  are  mined 


in  the  vicinity  of  Denver,  while  the  coal  and  coke  come  from 
Trinidad,  Colorado.  The  process  is  controlled  electrically. 
All  sulfid  ores  are  roasted,  except  the  slimes  and  concentrates 
from  gold  ore  dressing  and  the  rich  Idaho  ores.  The  roasting 
plant  formerly  consisted  of  15  Freiberger  furnaces,  2  Brown- 
O'Harra  furnaces  and  12  Briickner  furnaces.  An  attempt  was 
then  made  to  replace  this  by  a  similar  plant  for  the  Huntington- 
Heberlein  process,  consisting  of  8  round  furnaces  and  24  con- 
verters. Still  later,  the  tendency  has  been  to  use  the  Dwight- 
Lloyd  suction  process.  The  plant  now  consists  of  various  in- 
dividual parts  which  give  a  most  interesting  perspective  of  the 
development  and  progress  of  lead-ore  roasting.  A  small  number 
of  the  Freidberger  furnaces  remain  and  are  being  used,  not  for 
lead-ore  roasting,  but  for  roasting  lead  pigs.  For  the  purpose 
of  roasting  lead-ores  there  is  in  operation,  in  addition  to  the  old 
plant  consisting  of  the  2  Brown-O'Harra  furnaces  of  the 
first  plant,  and  a  blast  system  (with  several  of  well- 
known  mechanical  and  a  corresponding  number  of  converters) 
of  the  Huntington-Heberlein  process,  a  suction  system  accord- 
ing to  the  Dwight-Lloyd  process,  with  its  apparatus  in  the  form 
of  an  endless  chain.  The  Freiberger  ovens  are  about  60  X  14 
and  80  X  16  feet,  respectively  (outer  dimensions)  and  each 
oven  is  run  by  one  fireman  and  two  roasters.  The  two  Brown- 
O'Harra  round  furnaces,  which  have  two  levels,  are  about  90 
feet  long  and  are  electrically  controlled;  connected  with  each  is 
a  small  sinter  oven  for  sintering  the  lead  ores.  Each  oven  has 
three  firing  holes  along  each  length  and  each  can  roast  26  tons 
of  ore  to  a  3  to  4  per  cent  sulfur  content  every  24  hours.  As  pre- 
roasters  used  in  the  Huntington-Heberlein  process,  however, 
they  can  handle  60  tons  which  they  bring  to  a  sulfur  content  of 
about  13  per  cent. 

Because  of  the  silicious  properties  of  the  ore,  no  addition  of 
silicic  acid  is  required  in  roasting  by  the  Huntington-Heberlein 
process,  but  instead  there  is  an  addition  of  iron  to  the  ore.  The 
round  furnace  for  roasting  by  this  process  has  a  hearth  24.6 
feet  cross-section,  a  capacity  of  about  25  tons  or.e  which  is  roasted 
to  a  sulfur  content  of  13-14  per  cent.  The  oven  is  similar  in 
construction  to  the  puddling  furnaces  used  in  Germany;  the 
round  furnace  was  operated  by  means  of  a  cog-wheel.  The 
converters  are  situated  in  a  ditch,  with  an  area  of  I3V2  X  36 
feet  and  about  10V2  feet  deep,  and  they  can  be  lifted  up  and 
carried  away  by  means  of  cranes.  The  crane  carries  the  con- 
verters to  the  filling  hoppers  (situated  in  front  of  the  round  fur- 
naces) for  hot  and  then  for  cold  material ;  they  are  then  brought 
back  to  tlieir  original  position  and  connected  with  the  blast. 
After  the  blasting  process  has  been  completed,  the  converter 
is  once  more  brought  by  the  crane  to  the  emptying  place  and  there 
it  is  emptied  from  a  measured  height  so  that  the  entire  block 
is  broken  up  into  small  pieces.  The  Dwight-Lloyd  process 
consists  of  various  apparatus  in  the  form  of  an  endless 
chain,  a  steel  frame  carries  a  loading-hopper,  an  ignition 
furnace,  a  suction  tank  and  a  pair  of  endless  tracks  for 
the  accommodation  of  a  train  of  little  cars  which,  in  the  Ameri- 
can literature,  are  known  as  "pallets."  Each  of  these  pallets 
has  four  wheels,  by  means  of  which  it  rests  on  the  rails,  and  its 
bottom  is  in  the  form  of  a  grate,  where  the  ore  to  be  roasted 
is  placed.  These  pallets  are  joined  to  one  another  in  such  a 
way  that  they  form  a  sort  of  endless,  moving  belt  or  conveyor 
on  the  tracks.  Each  pallet  receives  its  load  at  the  filling  hopper. 
It  then  passes  through  the  ignition  furnace  which  brings  the 
mass  to  a  glow  and  starts  the  roasting  process,  and  then,  the 
still-glowing  mass  is  carried  on  to  the  suction  tank  which  is 
connected  with  a  fan  and  here  the  process  is  ended.  In  passing 
through  the  suction  tank,  the  beveUed  bottom  of  the  pallets 
slide  over  the  bevelled  walls  of  the  suction  tank,  thus  making 
this  air-tight,  as  each  of  the  connections  between  the  various 
pallets  themselves  are  perfectly  air-tight.  During  the  passage 
of  the  ore  through  the  suction  tank,  air  is  sucked  through  the 
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roast  and  the  ore,  thereby  bringing  about  the  roasting  of  the 
ore.  The  pallet  next  passes  through  a  "dead"  area,  which 
prevents  the  formation  of  air-holes  in  the  suction  tank.  Thus 
the  pallet  finally  reaches  the  end  of  the  "road,"  is  there  raised 
slightly  by  means  of  .suitable  apparatus  so  that  the  sintered 
parts  are  separated  from  the  rest  of  the  mass  and  broken  off 
from  the  resulting  substances.  As  the  pallets  slide  over  the 
cog-wheel  (at  the  bottom),  which  causes  the  motion  of  the  sys- 
tem, they  become  attached  once  more,  are  then  brought  to  the 
lower  end  of  the  train,  where  they  are  once  more  attached 
to  the  other  wheel,  raised  up  and  the  cycle  starts  all 
over. 

The  suction  system  for  roasting  ores  (introduced  simulta- 
neously by  Dwight-Lloyd  in  America  and  F.  v  Schlippenbach 
in  Germany)  has  several  marked  advantages  over  the  blast 
process,  such  as  continuous  operation,  the  use  of  thin  roasting 
layers  (whereby,  under  certain  conditions,  a  separate  loosening 
appliance  for  the  process  can  be  dispensed  with  and  the  breaking 
up  of  the  roasts  obtained  is  simplified),  and  the  prevention  of 
the  formation  of  a  larger  number  of  air-holes,  which  often  hap- 
pens in  the  blast  process,  either  by  the  air  employed  or  by  the 
prolonged  agitation  of  the  bits  of  material  which  this  air  causes 
during  sintering.  Added  to  this  is  the  possibility,  in  the  models 
introduced  by  v.  Schlippenbach  in  Germany,  of  easily  obtain- 
ing about  60  per  cent  of  the  sulfurous  acid  in  such  concentration 
that  it  can  be  used  for  the  manufacture  of  sulfuric  acid.  These 
sinters  have  pushed  their  way  forward  very  rapidly  in  the  United 
States  and  I  saw  them  in  use  in  practically  every  smelter  I  visi- 
ted. The  yield  of  such  an  apparatus  is  50  to  100  tons  according 
to  the  properties  of  the  ores.  At  the  Globe  Smelter  a  number 
of  blast-furnaces  (made  by  the  Colorado  Iron  Works  Co.)  are 
used  for  smelting  the  roasted  material.  Each  has  sixteen  molds, 
about  nineteen  feet  high  and  about  0.4  X  1.4  inches.  The  air 
pressure  is  about  loo-iio  mm.  mercury.  Both  slag  and  metal 
are  emptied  into  large  pots  which  are  also  made  by  the  Colorado 
Iron  Works.  By  means  of  an  electric  locomotive,  these  pots 
are  brought  to  a  reverberatory  furnace  (with  a  hearth  area  of 
about  20  X  12  feet)  where  in  masses  of  14-15  tons  the  material 
is  kept  molten  for  several  hours  in  order  that  a  better  separation 
of  the  various  products  may  be  effected.  A  little  impure  lead 
and  a  pig  (which  is  emptied  into  a  one  ton  cast-iron  pan)  are 
recovered  from  the  slag  in  this  furnace  while  slag,  itself,  which 
still  contains  0.5-0.8  per  cent  lead  and  0.0019-0. 0021  per  cent 
silver,  is  carried  away  in  5  ton  pots  and  emptied  in  the  yard. 
The  metallic  block  obtained  from  the  ore  contains  up  to  10-12 
per  cent  copper,  12-15  per  cent  lead,  0.14  per  cent  silver  and 
0.00017  per  cent  gold.  It  is  broken  up  in  a  rolling  mill,  roasted 
in  the  above-mentioned  Freiberger  furnaces,  and  then  melted 
up  in  bla,st  furnaces  with  50  per  cent  copper;  this  material  is 
later  re-worked,  in  the  Eastern  States,  for  copper.  The  impure 
lead,  while  in  a  molten  condition,  is  emptied  by  means  of  the 
stoking-hole  of  the  blast  furnace  into  a  ton  buckets,  in  which 
copper-containing  scums  are  formed  and  drawn  off.  By  means 
of  steam  forced  in  for'  ten  minutes,  the  lead  is  >vell  agitated  and 
mixed  for  sampling  and  is  then  finally  formed  into  bars  which 
contain  about  29  per  cent  antimony,  0.7  per  cent  silver  and 
0.025  per  cent  gold.  This  impure  lead  is  then  shipped  East, 
where  it  is  refined  and  desilverized.  The  blast  furnace  gases 
are  led  through  long,  brick  flue-dust  canals  to  a  filtering  house 
containing  4000  cotton  bags  about  30  feet  long  by  V2  foot  diam- 
eter. The  gas  supply  is  interrupted  every  six  hours  in  order 
to  shake  the  bags.  The  resulting  flue  dust  is  collected  and  re- 
smelted.  The  flue  dust  from  the  blast  and  roasting  funiace 
canals  are  first  sublimed  in  a  small  reverberatory  furnace  and 
finally  in  an  arsenic  sublimation  furnace  and  obtained  as  a  white 
meal — arsenious  acid.  Connersville  blasts  are  used  for  the 
blast  furnace,  two  being  No.  7  and  two  No.  8  blasts.  I{ach 
blast  furnace  requires  about  1275  cubic  meters  of  air  per  minute. 


CRIPPLE    CREEK   DISTRICT 

From  Denver  we  continued  on  our  journey  towards  Colo- 
rado Springs,  whence  we  made  two  side-trips,  one  to  the  Cripple 
Creek  gold  district  and  another,  the  ascent  of  Pike's  Peak,  by 
the  cable  road.  We  had  the  good  fortune  to  see  a  most  wonder- 
ful sunset  from  the  latter  point,  at  a  high  height  of  about  14,150 
feet.  The  trip  to  the  Cripple  Creek  district  is  a  50  mile  ride 
through  one  of  the  most  beautiful  parts  of  Colorado.  From 
Colorado  Springs,  at  an  altitude  of  6.000  feet,  the  train  gradu- 
ally rises  through  a  40  mile  stretch  to  Cameron.  10.446  feet 
above  sea-level,  and  then  descends  for  about  six  lAiles  until  it 
reaches  Cripple  Creek,  9800  feet  above  sea-level.  As  one  rises 
higher  and  higher  a  most  gorgeous  view  of  the  city  is  obtained 
and  beyond  this  is  the  never-ending,  rolling  prairie  which,  in  the 
distance,  looks  remarkably  like  the  sea;  this  illusion  is  much 
strengthened  by  the  shadows  which,  here  and  there,  flutter 
across  the  horizon — smoke  from  some  far-ofT  locomotive,  etc. 
The  town  of  Cripple  Creek  lies  in  a  mountainous  country  which 
is  the  result  of  ancient  volcanic  eruptions.  The  Cripple  Creek 
lodes  are  practically  gold  ores  with  a  small  silver  content.  Free 
gold  seldom  occurs  in  the  non-oxidized  zone.  The  most  impor- 
tant gold  ore  is  Calaverite,  a  tellurium-gold  compound  which 
contains  about  40  per  cent  gold  and  1-3  per  cent  silver.  At 
depths  of  over  100  feet,  free  gold  is  found,  the  greater  part  of 
which  has  been  liberated  from  the  tellurid.  The  ore  occurs  in 
very  narrow  lodes;  the  gangue  occurs  not  only  at  the  surface  but 
remains  unchanged  at  all  depths  reached  and  it  has  practically 
the  same  noble  metal  content  as  the  lode  proper.  Pyrites  is 
widely  distributed  both  in  the  gangue  and  in  the  lode  but  it  is 
often  free  of  gold.  Calaverite  is,  in  every  instance,  the  most 
important  gold-carrier.  The  Cripple  Creek  gold  lodes  were  dis- 
covered in  1 89 1  and  in  the  period  from  1891  to  1901  yielded  about 
140  million  dollars  worth  of  gold.  In  1906  the  largest  gold  pro- 
duction took  place,  its  value  being  about  20  million  dollars. 
Ore  is  found  even  at  a  depth  of  over  1 200  feet  but  the  gold  con- 
tent decreases  so  that  an  increased  gold  production  can  hardly 
be  expected  from  this  district.  The  first  ores  showed  great 
variations  in  gold  content,  the  amounts  ranging  from  75  to  130 
grains  per  ton.  Formerly,  open-working  was  the  practice, 
but  at  present  the  ores  are  mined  in  shafts  iioo  to  1300  feet 
deep.  Those  ores  which  are  comparatively  rich  and  will  there- 
for bear  the  cost  of  transportation  are  sent,  along  with  the  pyr- 
itical  concentration  products  from  ore-dressing,  to  the  neigh- 
boring lead  smelters  at  Denver  and  Pueblo  while  the  poorer 
grades  of  ore  (having  a  gold  content  of  S2  to  S3  per  ton)  are  re- 
covered on  the  spot  by  means  of  the  cyanid  process. 

STRATTONS  INDEPENDENCE,  LTD.  PLANT — This  plant  is  the 
most  important  one  in  the  Cripple  Creek  district.  Inasmuch  as 
the  properties  of  the  gold  telluride  present  in  the  Cripple  Creek 
ores  are  very  characteristic,  the  use  of  the  ordinary  methods  for 
the  recovery  of  gold  presents  many  difficulties.  The  various 
methods  of  gold  production  developed  in  the  course  of  the 
metallurgy  of  gold,  from  amalgamation  up  to  the  modem  cyanide 
process  and  its  modifications,  have  been  used  in  the  Cripple 
Creek  district.  Even  the  process  recently  discovered  by  Clancy 
for  the  electrolysis  of  ores  in  a  solution  containing  atmospheric 
nitrogen,  lime  and  potassium  ferrocyanide  has  been  tried  for 
some  time  at  one  of  the  works — the  Ajax  mine  at  Victor.  At 
the  time  we  were  in  Cripple  Creek,  however,  the  process  had 
already  been  abandoned,  as  it  did  not  pay  for  cost  of  operation. 
At  the  present  time  the  cyanide  process  is  the  one  generally  em- 
ployed, but  this  is  combined  with  concentration  or  some  other 
supplementary  method.  The  process  in  operation  at  the  In- 
dependence Mill  is  substantially  the  following:  A  relatively 
coarse  breaking  up  by  means  of  stamp  mills  (Chilean)  in  the 
cyanide  solution  together  with  a  very  careful  concentration  of  the 
material  thus  obtained,  by  means  of  which  there  is  produced 
a  high  content  concentrate  and  an  intermediate  product  which 
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is  then  re-crushed  anrl  re-concentrated.  The  sand  is  treated  by 
sprinkling  and  the  slag  by  agitation  with  potassium  cyanide  solu- 
tion, while  the  concentrates  are  sold  to  lead  smelters,  this  being 
more  economical  than  recovery  on  the  spot  an  account  of  the 
high  sulfur  content.  The  substances  containing  gold  telluride 
undergo  another  washing  with  cyanogen  bromide.  The  potas- 
sium cyanide  which  contains  the  gold  is  precipitated  by  zinc 
flakes  and  this  precipitate  is  sold. 

The  process  used  by  the  Independence  Mill  for  the  treatment 
of  the  most  resistant  gold  ores  has  been  worked  out  by  Philip 
Argall.  The  plant  established  for  this  process  can  convert 
10.000  tons  of  ore  per  month.  The  ore  is  in  an  enormous  heap 
which  has  accumulated  during  the  many  years  that  the  com- 
pany has  been  in  operation  and  has  an  average  gold  content  of 
about  $3.75  per  ton.  It  is  to  be  noted  that  in  the  coarse  crushing 
of  ores  it  has  been  found  that  the  resulting  fine  material  is  much 
richer  in  gold  content  than  the  relatively  larger  pieces;  that  is 
to  say,  the  finest  material  contains  the  most  gold.  On  the  basis 
of  this  fact  the  entire  crushing  system  of  the  plant  has  been 
installed.  An  effort  is  made  to  free  the  gold  telluride  as  com- 
pletely as  possible  in  the  crushing  operation  so  that  it  can  be 
readily  separated  by  concentration  and  a  sand  obtained  with  a 
smaller  gold  content — say  less  than  $1  per  ton — which  can  be 
easily  extracted  by  means  of  potassium  cyanide  solution.  The 
scum  obtained  which  is  rather  rich  in  gold — about  $2  per  ton — 
is  concentrated  as  far  as  possible  and  then  carefully  extracted 
by  means  of  potassium  cyanide.  The  concentrates  contain 
o. IS  to  0.22  per  cent  gold.  After  foreign  material  has  been 
separated  from  the  ore  on  a  sorting  conveyor,  it  is  crushed  in 
rollers  to  a  fineness  of  about  36  mm.  From  the  stock  containers 
the  ore  (after  first  being  washed  with  potassium  cyanide  solu- 
tion) is  brought  to  the  mills  in  which  it  is  further  crashed  and  very 
intimately  mixed  with  lime.  It  is  next  ground  very  fine  in  Chil- 
ean mills  with  the  addition  of  a  0.02  per  cent  potassium  cyanide 
solution  which  is  added  so  that  instead  of  a  uniform  scum  there 
is  obtained  a  finely  divided  product,  admirably  adapted  for  the 
en.suing  concentration  processes.  A  number  of  separators  free 
the  material  from  sand  and  this  is  then  concentrated  on  hearths, 
resulting  in  a  salable  high  content  concentrate  and  an  inter- 
mediate product  which  must  be  re-ground  and  re-concentrated. 
Marketable  high  content  concentrators  are  again  obtained, 
together  with  residues  which  have   a   very  small   gold   content. 

The  scums  are  concentrated  on  Deister  tables  and  vanners. 
The  sand  and  the  scum  are  parted  in  separators.  The  sand  is 
washed  in  tanks  for  4  days  with  a  0.02  per  cent  potassium  cyanide 
solution  and  is  then  thrown  away.  All  the  scums  from  various 
parts  of  the  plant  go  into  settling  tanks  and  then  into  wash- 
ing vats  in  which,  because  of  the  high  alkali  content  of  the  solu- 
tions, they  are  treated  for  six  hours  with  a  0.03  per  cent  solu- 
tion of  potassium  cyanide  and  then  for  4  hours  with  a  solution 
of  cyanogen  bromide.  The  gold  solution  is  filtered  in  vacuo 
and  then  forced  through  filter  presses.  The  precipitation  of 
the  gold  is  accomplished  in  the  usual  way  by  means  of  zinc 
flakes.  The  dilute  solutions  return  to  the  concentration  tables 
while  the  gold  precipitate  is  dried  and  sold.  The  total  ex- 
traction is  estimated  by  Megraw'  at  71.5  per  cent,  of  which 
43.6  per  cent  takes  place  in  the  concentrates  and  27.9  per  cent 
in  the  cyanide  process  while  the  consumption  of  chemicals  is 
about  0.2  per  cent  of  potassium  cyanide,  0.12  per  cent  of  zinc, 
I  per  cent  of  lime,  and  0.18  per  cent  of  cyanogen  bromide.  The 
cost  according  to  Megraw  is  about  $1.30  per  ton. 

GLENWOOD    SPRINGS    AND    SALT   LAKE    CITY 

Leaving  Colorado  Springs  on  September  27,  1912,  we  traveled 
on  throughout  the  day  until  we  reached  Glenwood  Springs. 
This  stretch  proved  to  be  one  of  the  most  beautiful  trips  we 
made  in  all  our  tour.  We  rode  through  the  Garden  of  the  Gods 
(near  Colorado  Springs)  with  its  marvelous  columns  and  pillars 
'  Eng.  and  Uin.  Journal  (1913).  Vol.  95.  p.  313. 


of  red  and  white  sandstone,  entry  to  which  is  gained  by  the 
gate  of  the  Garden  of  the  Gods,  a  narrow  defile  formed  by  two 
sandstone  cliff's  about  330  feet  high.  Beyond  Canon  City  we 
went  through  the  great  Caiion  of  Western  Arkansas,  a  mag- 
nificent defile  about  8  miles  long  and  between  whose  perpen- 
dicular, towering  walls,  the  foaming,  turbulent  Arkansas  river 
flows.  At  the  narrowest  point,  the  Royal  Gorge  (at  which  place 
the  train  stopped  for  a  few  minutes),  the  enormous  rocks  tower 
to  a  height  of  more  than  2600  feet.  At  this  point  the  train  crosses 
a  bridge  whose  supports  are  lodged  in  the  smooth  walls  of  the 
caiion.  On  leaving  the  caiion  the  train  follows  along  the  course 
of  the  mad,  on-rushing  Arkansas.  It  was  on  this  stretch  that 
we  were  shown  an  arrangement  which  we  Germans  might  well 
emulate.  Before  this  beautiful  locality  was  reached,  an  open 
car  with  seats  was  added  to  our  train;  from  this  we  could  enjoy 
the  pleasures  incident  to  observation  of  nature,  with  greater 
ease  and  facility  than  from  our  closed  cars.  Unfortunately, 
however,  our  enjoyment  was  the  least  bit  marred  by  the  large 
amount  of  soot,  ashes  and  unburned  coal  which  our  powerful 
locomotive  emptied  upon  our  car. 

GLENWOOD  SPRINGS,  a  bathing  place,  is  situated  in  a  beautiful 
valley  at  the  entry  of  the  Roaring  Fork  into  the  Grand  River. 
This  bathing  place  is  renowned  for  its  hot  sulfur  springs.  These 
have  a  temperature  of  45-60°  C.  A  stop-over  of  .several  hours 
gave  us  an  opportunity  to  bathe  either  in  the  swimming  pool,  or 
in  the  bath-house  or  to  enjoy  a  natural  sweat  bath  in  the  hot 
(40-43°  C.)  vapor  caves.  From  Glenwood  Springs  our  train 
brought  us  on  to  Salt  Lake  City  via  Grand  Junction,  the  Price 
River  Caiion  and  the  Wasatch  Mountains  Pass  (at  an  altitude 
of  about  7500  feet).  Our  train,  unfortunately,  was  several 
hours  late,  so  that  in  order  not  to  delay  the  rest  of  the  trip  we 
were  forced  to  dispense  with  part  of  our  original  program,  the 
visit  to  the  Garfield  Smelters. 

SALT  LAKE  CITY — A  tour  of  this  city  and  its  environs  ac- 
quainted us  with  the  beauties  of  this  spot  which  has  been  created 
anew  from  a  barren  desert  through  the  efforts  of  the  Mormons. 
By  the  aid  of  artificial  irrigation,  this  sect  (which,  because  of  its 
polygamous  tenets  was  compelled  to  migrate  from  the  east) 
has  transformed  the  parched  and  desolate  region  of  the  present 
state  of  LItah,  on  the  so-called  Great  Salt  Lake,  into  a  veritable, 
fruitful  paradise  and  thus  has  built  itself  a  new  home.  This 
fact  proves  that,  with  sufficient  water,  this  district  makes  an 
especially  fruitful  country,  because  the  soil  itself  has  the  com- 
position requisite  for  luxuriant  vegetation.  The  stranger 
marvels  much  at  the  sight  of  this  flourishing  city  situated  in 
the  midst  of  a  barren  waste  and  surrounded  by  naked  hills  on 
which  practically  nothing  grows.  There  are  many  important 
and  beautiful  buildings  in  Salt  Lake  City.  The  large  Mormon 
Temple  and  the  Tabernacle  are  particularly  worthy  of  mention. 
The  large  Temple,  of  gray  granite,  is  about  180  feet  long,  100 
feet  wide  and  its  towers  are  about  213  feet  high.  Begun  in  1853. 
it  was  completed  only  in  1893.  The  cost  of  construction  was 
about  4'/4  million  dollars.  The  Tabernacle  is  a  long,  low 
building  about  70  feet  high  and  covers  an  area  of  about  250 
by  148  feet.  This  building  is  used  for  the  public  gatherings 
of  the  Mormons  and  has  space  for  13,500  people.  It  contains 
the  second  largest  organ  in  America,  consisting  of  3000  pipes 
and  several  hundred  stops.  We  had  the  opportunity  of  listening 
to  several  pieces  played  on  this  organ.  We  shall  long  remember 
the  masterful  execution  and  the  gripping  effect  of  Handel's 
"Largo"  and  a  Bach  fugue  which  we  heard  on  this  occasion  but 
the  "Evening  Song"  from  "Tannhauser"  was  received  with  less 
approbation.  In  spite  of  the  fact  that  we  recognized  the  cour- 
tesy which  was  thereby  shown  us,  the  rendition  of  the"Wacht 
Am  Rhein  '  received  but  little  appreciation  from  us  Germans 
because  the  organ  is  not  adapted  to  this  piece. 

GREAT  SALT  LAKE — We  visited  the  neighboring  Great  Salt 
Lake,  which  covers  an  area  of  about  16,000  sq.  miles,  as  well 
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Sp.  G.  of 

Solid 

Year 

the  brine 

content 

1900 

1.180 

23.36 

1907 

1.220 

27.72 

19)0 

1.181 

22.92 

1911 

,      1.133 

17,63 

as  the  Salt  Gardens  along  its  shores.  Several  rivers  flow  into 
this  lake  but  it  has  no  outlet  and  the  excess  water  is  removed 
only  through  evaporation.  The  lake  is  but  a  small  residue  of 
the  prehistoric  Bonneville  Lake,  which  was  a  fresh-water  lake 
until  its  waters  lost  their  outlet.  The  periodically  variable 
lake  depth  is,  on  the  average,  about  1.3  feet;  about  3  feet  in  large 
stretches  and  about  39  feet  in  the  deepest  places.  Very  interest- 
ing information  was  advanced  concerning  the  lake  and  its  variable 
salt  content.  For  a  number  of  years,  the  salt  content  increased 
more  and  more  since  more  water  was  lost  by  evaporation  than 
was  brought  into  the  lake.  As  a  natural  consequence,  the  shores 
advanced  further  and  further.  In  the  period  1900  to  1904,  it 
was  even  feared  that  the  lake  would  disappear  altogether. 
But  from  this  time  on,  the  level  of  the  lake  rose  once  more  be- 
cause of  a  very  strong  rainfall.  In  the  last  few  years  the  salt 
content  has  once  more  decreased  and  the  lake  has  become  larger 
because  during  this  time  the  relation  between  water  addition 
and  water  loss  is  the  reverse  of  that  during  the  years  from 
1900  to  1904. 

Sp   G.  of         Solid 

Year  the  brine  content 

1850  1.170  22.28 

1873  1.102  13  42 

1889  1.157  19.56 

1892  1.156  20.51 

The  lake  has  a  minimum  solid  content  in  the  spring  of  the 
year,  this  being  slightly  higher  in  winter  but  at  a  maximum  in 
the  fall.  The  solid  content  consists  of  9.5-153  per  cent  CI, 
0.1-0.4  per  cent  Mg,  5.8-9.6  per  cent  Na,  i. 0-1.9  per  cent  SO4, 
0.04-0.08  per  cent  Ca,  0.7-0.9  per  cent  K. 

The  Garfield  Smelter  is  situated  at  the  foot  of  a  cliff  on  the 
shore  of  the  lake.  It  is  one  of  the  largest  copper  smelters  in 
the  United  States  but,  unfortunately,  we  were  unable  to  visit 
it  on  account  of  lack  of  time.  A  bit  of  the  smelter  chimney 
was  all  that  we  saw  of  this  large  jjlant  and  from  this  such  large 
quantities  of  smoke  and  soot  poured  forth  that  the  remainder 
of  the  smelter  as  well  as  part  of  the  neighborhood  was  completely 
enveloped.  It  was  only  because  of  this,  that  the  presence  of 
a  large  plant  could  be  surmised.  This  picture  of  the  smelter 
will  certainly  remain  with  every  member  of  the  excursion  for 
it  gave  us  a  splendid  idea  of  how  the  smelters  of  the  United 
States  formerly  (and  in  some  localities  still  do)  worked  without 
any  consideration  for  the  neighborhood,  etc. 

BAKERSPIELD,    CALIFORNIA 

On  the  day  of  arrival  we  left  beautiful  Salt  Lake  City;  after 
a  24-hour  journey  over  a  distance  of  868  mUes  through  the 
barren  and  desolate  wastes  of  the  Mojave  Desert  into  the  state 
of  California,  we  reached  Bakersfield  on  the  evening  of  the  29th 
of  September.  The  following  day,  September  30th,  was  spent 
in  visiting  the  oil  fields  of  Bakersfield.  This  oil  district  is  the 
largest  in  the  United  States.  Of  the  total  oil  produced  in  the 
United  States  during  the  years  191 2  and  1911,  California  pro- 
duces a  good  third. 

The  production  of  natural  gas  in  California  is  very  small; 
it  has  an  approximate  value  of  $800,000. 


On.  I'l 


DucTioN  IN  Barrels  of  . 


•  300  LBS.  Each 


Total  United  States 220,400,000 

California 81,100,000 

Oklahoma 56. 100.000 

Illinois 31 ,300.000 

Louisiana 10.700,000 

West  Virginia 9,800,000 

Texas 9,500,000 

Ohio 8,800.000 

Pennsylvania 8,200.000 

Indiana 1 ,700,000 

'  Kansas 1,300,000 

N.  Y.,  Ken.,  Col.,  etc 1 .900.000 


1912 

(estimated) 

220,200,000 

87,000,000 

52,000,000 

28,000,000 

10,000.000 

11,800,000 

10.500,000 

8,500,000 

8,000,000 

1.200,000 

1 ,300,000 

1.900,000 


SAN    FRANCISCO 

On  the  evening  of  Monday,  the  30th  of  September,  we  left 
Bakersfield,  reaching  San  Francisco,  the  most  westerly  point 
of  our  travels,  on  the  morning  of  the  next  day.  Three  and  a 
half  days  were  spent  in  visiting  this  most  interesting  city.  Like 
unto  the  fabled  Phoenix,  San  Francisco  has  risen  anew  from  its 
ashes  and  fragments  since  the  great  earthquake  of  1906.  But 
little  remains  to  remind  one  of  this  cataclysm  and  only  slight 
traces  of  the  desolation  can  be  seen.  The  city  lies  on  the  shores 
of  San  Francisco  Bay  and  upon  the  hills  which  rise  up  majestic- 
ally from  its  waters.  From  this  point  it  stretches  out  over  the 
entire  peninsula  on  whose  northern  side  is  the  Golden  Gate — the 
entrance  to  the  Bay — one  mile  in  width.  This  city,  together 
with  its  environs,  boasts  a  wonderfully  temperate,  even  climate 
which  is  somewhat  similar  to  that  of  Southern  France.  The 
average  temperature  throughout  the  year  is  about  14°  C.  The 
picturesque  bay,  one  of  the  most  beautiful  harbors  in  the  world, 
is  surrounded  by  a  number  of  places  like  Oakland,  Berkeley, 
Richmond,  etc.  It  would  have  been  very  pleasant  to  tarry 
longer  in  San  Francisco  but  it  is  also  true  that  every  one  of  the 
excursionists  expressed  the  wish  that  we  could  have  spent  more 
time  in  California,  both  in  Los  Angeles  and  Pasadena  as  well 
as  in  this  city.  It  was  with  heavy  hearts  indeed  that  we  tore 
ourselves  from  this  paradise. 

Our  reception  and  entertainment  in  San  Francisco  were  most 
excellent,  the  program  and  its  execution  received  the  highest 
commendation  from  all  the  excursionists,  so  that  we  shall  always 
look  back  with  much  satisfaction  and  joy  to  the  happy  hours 
spent  in  this  and  in  other  parts  of  the  state  of  California.  We  had 
every  opportunity  for  utilizing  to  the  utmost  the  short  time  at 
our  disposal  for  becoming  acquainted  with  San  Francisco  and 
the  most  beautiful  parts  of  its  surroundings.  In  addition,  a 
number  of  visits  gave  us  an  idea  of  the  various  phases  of  industry 
of  this  part  of  the  country.  A  little  trip  to  Muir  Woods  and  to 
Mount  Tamalpais  took  us  for  a  ride  over  San  Francisco  Bay. 
From  here  is  seen  a  beautiful  panorama  of  the  city  itself  with  the 
Golden  Gate  in  the  east  and  Oakland  and  Richmond  in  the  west. 
Landing  on  the  northeast  shore  of  the  Bay,  we  passed  through 
wonderful  forests  with  tropical  verdure,  up  to  Mount  Tamalpais, 
the  top  of  which  affords  a  most  gorgeous  view  of  San  Francisco 
Bay  and  the  surrounding  country.  From  here  a  side-trip  was 
made  to  Muir  Woods  and  tlie  Grove  where  we  were  amazed  by 
several  examples  of  the  Sequoia  gigantea  and  the  Sequoia  sem- 
perviseus  (Redwoods)  which  have  such  enormous  proportions, 
being  15  feet  in  diameter  and  about  200  feet  high.  On  the  re- 
turn ride  over  San  Francisco  Bay  (as  well  as  on  the  next  night) 
we  had  the  good  fortune  of  witnessing  a  marvelous  sight — a 
sunset  at  the  Golden  Gate,  an  experience  which  had  been  vouch- 
safed but  few  of  us  before  that  time.  The  next  day  was  spent 
in  a  trip  to  Berkeley,  visiting  the  University  of  California. 
An  auto  ride  from  the  steamer  landing  through  the  evergreens 
and  gardens  of  Oakland's  streets  to  Berkeley,  gave  us  a  view  of 
this  beautiful  locality.  The  afternoon  was  spent  in  visiting  the 
refinery  of  the  Standard  Oil  Co.  There  is  no  necessity  for  going 
into  any  details  on  this  plant  as  Prof.  Holde.'  described  this 
fully  from  the  verbal  account  of  Dr.  Erlenbach.  one  of  the  excur- 
sionists. The  afternoon  of  the  third  day  was  devoted  to  a  trip 
over  the  Bay  to  the  works  of  the  Selby  Smelting  and  Lead  Co.. 
and  to  an  inspection  of  this  plant  as  well  as  the  wine  factory  of 
the  California  Wine  Association  at  Winchaven.  No  program 
had  been  scheduled  for  the  morning  so  that  the  indi\ndual  mem- 
bers of  the  tour  were  given  an  opportunity  of  either  seeking  a  little 
rest  from  the  fatigues  of  the  jouniey  or  of  undertaking  little 
trips  on  their  own  account.  The  morning  of  tlie  fourth  day  was 
devoted  to  a  tour  of  the  city  and  a  trip  to  Golden  Gate  Park, 
the  Cliff  House  and  the  grounds  of  the  1915  World's  Exposition. 
In  the  afternoon,  we  left  San  Francisco,  visiting  the  plant  of 
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the  Leslie  Salt  Co.  and  Leland  Stanford  Jr.  University  at  Palo 
Alto.     From  this  point  we  continued  on  south  to  Los  Angeles. 

GAS  WORKS  AT  OAKLAND — A  report  made  by  two  of  the 
excursionists  who  had  an  opportunity  to  visit  the  Gas  Works  at 
Oakland,  was  most  interesting.  To  a  great  extent,  petroleum 
is  used  for  the  manufacture  of  illuminating  gas  in  California; 
lampblack  and  tar  are  by-products.  In  order  to  raise  the  quality 
of  the  lampblack  (which  contains  tar  and  is  otherwise  used  for 
boiler  firing)  the  California  Gas  and  Electric  Corporation  has 
introduced  into  its  works  at  Oakland  a  process  whereby  lamp- 
black is  thoroughly  mixed  with  crude  oil  and  coked  by  a  retort 
system.  By  means  of  the  necessary  generators,  water  gas  is 
now  produced  at  this  plant  from  the  lampblack  resulting 
from  the  manufacture  of  gas  from  petroleum. 

CALIFORNIA  WINE  ASSOCIATION — The  German,  who  is  ac- 
customed to  seeing  wine  produced  from  grapes  with  the  greatest 
care  in  manipulation,  is  quite  overcome  by  the  operation  of  a 
California  wine  factory — this  is  the  only  name  applicable  to  the 
process  of  making  wine  as  it  is  practised  there — as  we  saw  it  at 
the  plant  of  the  California  Wine  Association.  This  company 
converts  practically  all  the  grapes  which  grow  in  California, 
and  the  plant  at  Winehaven  which  we  visited  is  the  main  one 
of  this  firm.  The  grapes  go  into  the  presses,  etc.,  in  car-load  lots 
and  in  the  operation  of  the  factory,  in  fact  to  accelerate  operation 
— working  on  the  well  known  American  principle  of  handling 
the  largest  possible  quantity  in  the  shortest  possible  time — the 
fermenting  of  the  wine  is  hurried  by  an  increase  of  temperature. 
While  we  in  Germany  require  a  relatively  long  time  for  this 
process,  here  the  wine  is  finished  in  fourteen  days.  Naturally, 
California  wine  is  not  comparable  to  either  French  or  German 
products.  This  fact  is  also  due  to  another  reason.  In  this 
heavenly  climate  the  grapes,  and  all  the  fruits,  grow  to  enormous 
size  in  a  comparatively  short  time  and  ripen  just  as  quickly. 
The  result  is  that  they  become  very  sweet  but  lack  the  flavor 
of  Rhenish  or  Moselle  grapes.  The  wines  which  we  tasted  were 
somewhat  similar  in  flavor  to  the  white  Bordeaux  and  Burgundy 
wines.  California  wine  is  used  to  a  comparatively  small  ex- 
tent in  the  United  States  as  the  American,  when  he  drinks,  seems 
to  prefer  German  or  French  brands. 

THE  UNIVERSITY  OF  CALIFORNIA — The  famous  University  at 
Berkeley  met  with  the  approbation  of  all  the  excursionists. 
A  rather  unfavorable  impression,  however,  was  made  upon  us 
by  the  student  body  with  their  military  uniforms,  equipment 
and  drills  on  the  one  hand,  and  their  non-military  bearing  on 
the  other.  It  was  plain  to  see  that  the  weapon  which  the  youth- 
ful student  carried  about  with  him  was,  to  him,  nothing  but  a  toy. 

■  THE  SELBY  SMELTING  WORKS  at  Valcyo  Junction  lie  on  the 
northern  part  of  San  Francisco  Bay  (known  as  San  Pablo  Bay) 
on  the  shores  of  the  water  so  that  even  larger  sea  vessels  can 
dock  at  the  plant.  The  plant  is  used,  chiefly,  for  refining 
impure  lead,  and  as  a  separatory  for  silver  and  gold.  It  is  the 
largest  and  most  important  refinery  in  the  west  and  possesses  the 
advantage  of  being  readily  accessible  both  by  land  and  by  sea 
so  that  the  products  of  the  rich  silver  districts  of  western  Mexico 
and  of  the  gold  districts  of  northern  and  western  United  States 
can  easily  be  brought  to  it;  hence,  its  gold  and  silver  production 
is  very  considerable.  European  coke  brought  by  way  of  the  sea 
is  used  for  smelting.  Aside  from  this,  oil-gas  firing  is  used  uni- 
versally, in  the  distillation  furnaces,  for  heating  the  steam 
boilers,  etc.  These  boilers  serve  for  the  operation  of  the  elevators 
and  for  the  preparation  of  copper  sulfate  while  the  remaining 
power  systems  are  electrically  driven,  the  required  current,  at 
a  tension  of  9700  volts,  being  brought  from  a  power  house  160 
miles  away.  The  smelters  are  those  of  well  known  firms  and 
do  not  vary  from  the  usual  models.  The  lead  produced  is 
99.89  per  cent  pure.  A  part  of  this  is  used  in  the  plant;  a  white 
lead  and  shot  and  cartridge  factory  in  San  Francisco  is  con- 


nected with  the  smelter.     The  white  lead  factory  works  by  the 
well  known  Dutch  process. 

The  separation  is  accomplished  by  means  of  sulfuric  acid, 
made  in  an  adjoining  sulfuric  acid  factory.  The  precipitation 
of  the  dissolved  silver  by  copper,  with  the  simultaneous  produc- 
tion of  copper  sulfate,  as  well  as  the  further  manipulation  of 
the  silver,  take  place  by  the  usual  methods.  The  gases  from  the 
tanks  being  used  for  dissolving  the  silver  alloys  in  sulfuric  acid, 
are  rich  in  sulfuric  acid;  they  are  freed  from  this  by  means  of  the 
Cottrell  system.  We  were  shown  through  this  part  of  the  plant 
and  the  appearance  of  the  gases,  both  before  entering  and  after 
leaving  the  Cottrell  condensation  apparatus,  was  called  to  our 
attention,  so  that  we  are  able  to  realize  the  strong  condensing 
action  of  the  system.  The  Cottrell  process  precipitates  fine  bits 
of  material,  solid  bodies  like  flue  dust,  etc.,  and  liquid  substances 
like  sulfuric  acid,  out  of  gases  by  means  of  the  electric  current. 
The  separation  of  suspended  parts  of  gases  by  means  of  the 
electrical  discharge,  is,  by  no  means,  a  recent  innovation.  Even 
in  1824,  Hochfeld'  proposed  electricity  as  a  means  of  suppressing 
ordinary  smoke.  In  1850,  C.  F.  Gerillard  made  a  similar  pro- 
posal. O.  J.  Lodge  experimented  once  more  with  the  idea  and 
the  first  tests  on  the  commercial  utilization  of  the  principle  were 
made  by  A.  E.  Walker,  at  the  Dee  Bank  Works.  Apparently, 
however,  the  system  did  not  come  up  to  expectations;  it  appears 
that  the  static  machine  used  was  at  fault.  About  1907,  Cottrell 
took  up  the  experiments  of  Lodge  and  succeeded  in  establishing 
a  practical  system  for  throwing  down  finely  divided  substances 
by  means  of  the  electric  current. 

The  precipitation  of  suspended  material  from  gases  and  liquids 
is  facilitated  by  electricity  either  by  the  use  of  a  direct  or  of  an 
alternating  current.  The  action  of  the  alternating  current  con- 
sists in  gathering  together  the  suspended  particles  and  thereby 
causing  them  to  fall  more  quickly.  Hence,  the  alternating  cur- 
rent can  be  used  to  advantage  on  large  masses  of  gases  or  liquids 
which  remain  perfectly  stationary  and  in  which  a  separation 
by  gravity,  etc.,  can  be  readily  effected  through  a  simple  ag- 
glomeration of  the  suspended  particles  into  larger  aggregates. 
In  the  case  of  large  masses  of  gases  in  rapid  movement,  e.  g., 
in  the  flue  dust  canals  of  smelters,  etc.,  the  conditions  are  alto- 
gether different  and  the  direct  current  can  be  used.  If  a  needle- 
point joined  to  one  pole  of  a  high-tension  direct-current  is  placed 
in  opposition  to  a  plate  joined  with  the  other  pole  of  the  direct 
current,  the  air  space  between  the  two  becomes  charged  with  the 
same  kind  of  electricity  as  the  needle-point  and  isolated  bodies 
brought  into  this  air  space  become  charged  in  the  same  way.  If 
these  bodies  are  free  to  move  they  will  then  be  attracted  to  the 
oppositely  charged  plate  by  a  velocity  proportional  to  the  charge 
and  to  the  potential  difference  between  point  and  plate. 

In  order  that  these  experimental  conclusions  might  be  used 
practically,  it  was  necessary  to  provide  the  high-tension  direct 
current  with  a  suitable  source,  and  this  problem  presented  cer- 
tain difficulties.  In  the  practical  operation  of  the  Cottrell  process, 
an  ordinary  alternating  current,  such  as  is  used  for  lighting  or 
power,  is  transformed  into  a  similar  current  at  a  tension  of  20,000 
to  30,000  volts  and  this  high  tension  alternating  current  is  com- 
mutated  into  an  intermittent  direct  current.  This  current  is 
then  used  on  a  system  of  electrodes  in  the  canals  through  which 
the  gases  in  question  must  travel. 

Although  the  preparation  of  the  plane  electrodes  presents  no 
untoward  difficidties,  the  same  can  not  be  said  of  the  construction 
of  the  discharge  electrodes.  In  the  former  case  practically  any 
flat  conducting  plate  can  be  used.  From  experimental  observa- 
tions, the  use  of  a  cotton-wound  wire  as  discharge  electrode  at 
ordinary  temperature  was  decided  upon  as  it  was  found  that 

1  This  Journal  (1911),  Vol.  3,  No.  8.  F.  G.  CottreU,  "The  Electrical 
Precipitation  of  Suspended  Particles."  For  this  account  I  am  under  obli- 
gations to  Moeller  and  Brackwede.  who  are  interested  in  the  pertinent 
patents  and  control  the  German  rights  to  the  process.  See  German  Patent 
230,570,  Chem.  ZIg.  Repcrt,  1911.  p.  84. 
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this  gave  much  better  results  than  the  system  of  metallic  points 
heretofore  employed.  Asbestos  or  mica  is  used  for  the  hot  acid 
gases  from  smelters,  and  in  this  case  the  fine  threads  or  the  thin 
flakes,  respectively,  form  the  discharge  points.  These  are  so  at- 
tached to  the  wire  that  they  form  the  conductors  for  the  current 
when  moistened  by  the  condensed  water  or  acid  vapors.  The  first 
practical  tests  of  the  Cottrell  process  were  made  in  1906,  at  the 
Hercules  Works  of  the  E.  1  duPont  de  Nemours  Powder  Co.  at 
Pinole,  on  San  Francisco  Bay,  with  the  gases  from  their  Mann- 
heinicr  contact  sulfuric  acid  i)lant.  It  was  because  of  these  tests 
and  their  results  that  this  problem  was  attacked  at  the  Selby 
vSmeller.  A  plant  for  the  Cottrell  process  was  installed  for  the 
gases  from  the  dissolving  tanks  of  the  gold  and  silver  separators. 
Several  rows  of  lead  plates  with  a  surface  area  of  about  4  in.  X  4 
ft.  are  placed  in  the  4  X  4  ft.  lead  canals  approximately  four 
inches  from  one  another.  Between  each  pair  of  lead  plates  is 
hung  a  leaded  iron  rod  which  bears  the  mica.  The  460  volt 
smelter  current  is  transformed  to  1700  volts  and  is  then  brought 
to  the  electrodes  by  means  of  a  synchronous  equalizer.  The 
energy  required  is  about  2  kilowatts.  The  process,  which  has 
been  in  use  for  4  years,  gives  good  results.  We  had  an  oppor- 
tunity of  again  seeing  a  Dwight-Lloyd  system  of  roasting  in 
operation,  at  the  Selby  Smelter.  This  system  was  provided  with 
the  necessary  loading  devices  (automatically  controlled),  silos, 
conveyers,  etc. 

LESLIE  SALT  CO. — The  salt  farms  of  this  company  at  Leslie, 
near  San  Francisco,  afforded  us  a  most  interesting  view  of  the 
process  by  which  salt  is  recovered  from  sea-water  along  the 
shores  of  the  Pacific  Ocean.  The  water  is  pumped  from  the 
ocean  and  allowed  to  evaporate  in  so-called  sea-gardens  by  means 
of  solar  heat.  Each  acre  of  the  salt  gardens  yields  about  400 
tons  of  salt  annually.  The  salt  is  brought  by  a  conveying  worm 
to  a  large  heap  where  it  is  allowed  to  remain  until  it  can  be 
further  worked.  By  means  of  water,  it  is  separated  and  dissolved 
from  the  heap  and  this  solution  is  then  evaporated  in  a  three- 
fold vacuum  system  with  continuous  operation  by  means  of 
elevators.     The  salt  is  used  mainly  for  technical  purposes. 

LELAND  STANFORD  JR.  UNIVERSITY  was  founded  by  Mr.  and 
Mrs.  Leland  Stanford  in  memory  of  their  only  son.  It  has  an 
endowment  of  about  30  million  dollars  and  was  first  opened  in 
1891.  It  has  law,  philological  and  scientific  faculties,  as  well 
as  an  engineering  department.  A  remarkable  impression  is 
produced  by  the  magnificent  buildings  of  light  brown  sandstone 
surrounded  by  oak  and  eucalyptus  trees  and  the  yard  of  the 
older  college  buildings  with  their  pillared  halls,  in  which  yard 
an  almost  tropical  vegetation  holds  sway.  There  is  also  a  splen- 
did library  of  about  1 10,000  volumes  and  an  excellently  equipped 
and  much  used  reading  room. 

LOS  ANGELES 
We  traveled  along  the  coast  of  the  Pacific  Ocean  to  Los  An- 
geles which  we  reached  at  about  noon  on  Saturday,  Oct.  5th. 
This  exceedingly  flourishing  city  lies  on  the  slope  of  the  Sierra 
Santa  Monica,  being  shielded  by  this  from  cold  winds.  The  city 
lies  in  the  midst  of  a  veritable  paradise  of  gardens,  vineyards, 
fruit  and  olive  groves.  Los  Angeles  is  the  emporium  for  the 
famous  California  fruit-growing  industry.  Pleasing  tropical 
vegetation  abounds  on  all  sides.  Eucalyptus,  spice  '  bushes, 
palms,  evergreens,  orange  bushes,  roses,  geraniums,  yuccas  and 
pomegranate  trees  flou'-.'sh  in  remarkable  profusion  and  delight 
the  eyes  of  the  onlooker,  Los  Angeles  owes  this  remarkable 
development  of  fruit  growth  and  this  wonderful  wealth  of  plant 
life  to  the  happy  combination  of  two  circumstances.  First, 
there  is  its  protected  situation  in  the  warmer  district  of  artificial 
irrigation;  second,  by  means  of  enormous  artificial  water  conduit  it 
is  possible  to  bring  in  an  abundant  water  supply.  Without  this, 
this  flourishing  vegetation  would  not  be  possible  for  it  often 
happens  that  not  a  single  drop  of  rain  falls  for  many  months- 
The  water  conduit  comes  from  a  distance  of  about  J50  miles 


and  the  quantity  of  water  thus  brought  approximates  one  million 
cubic  meters  per  day.  From  the  fall  of  this  water  there  is  ob- 
tained, at  the  same  time,  a  force  of  about  120,000  horse-power. 
This  magnificent  system  of  irrigation,  together  with  the  warm 
climate  and  the  fortunate  situation  of  the  district,  has  created  a 
paradise  which  the  traveler  leaves  only  unwillingly.  Unfortunately 
the  duration  of  our  visit  was  very  short  so  that  we  could  devote  but 
little  time  to  the  enjoyment  of  this  magnificent  neighborhood. 
A  wonderful  trip  by  electric  railway  to  Long  Beach,  a  bathing 
resort  on  the  Pacific,  showed  us  the  beautiful  districts  which  lie 
east  and  south  of  Los  Angeles.  Our  further  tour  of  the  coast 
was  prevented  in  a  most  unpleasant  way  by  a  collision  with  a 
freight  train.  Fortunately  none  of  the  excursionists  were  in- 
jured so  that,  after  our  demolished  car  had  been  removed  and 
another  substituted,  we  were  able  to  continue  our  return  to  Los 
Angeles  and  a  trip  to  Pasadena  which  lies  north  of  that  city. 
Late  in  the  afternoon  we  visited  the  laboratory  (now  in  course 
of  construction)  for  the  Observatory  on  Mt.  Wilson  which  is 
situated  at  this  point.  An  interesting  illustrated  lecture  by 
Prof.  Hale  acquainted  us  with  the  equipment  and  work  of  this 
observatory,  which  possesses  the  strongest  telescope  in  the 
world,  a  mirror  telescope  with  a  diameter  of  63  inches. 


RIVERSIDE  PORTLAND  CEMENT  CO. — Only  too  quickly  our 
train  carried  us  further  through  orange  groves,  fertile  orchards 
and  magnificent  country  on  to  Riverside,  a  booming  town, 
which  boasts  gardens  and  streets  with  the  most  luxuriant  vege- 
tation. Here  we  interrupted  our  journey  for  a  few  hours  to 
visit  the  plant  of  the  Riverside  Portland  Cement  Co.,  which, 
on  account  of  an  installment  of  the  Cottrell  process,  was  of  great 
interest.  The  cement  factory  has  a  daily  capacity  of  about 
900  tons;  it  contains  10  ovens.  The  Cottrell  system  was  in- 
spected under  the  able  guidance  of  Mr.  Schmidt  of  the  Western 
Precipitation  Co.,  chemical  engineers  of  Los  Angeles.  The 
cement  factory  was  compelled  to  install  a  system  for  the  con- 
densation of  the  fine  cement  dust,  as  the  near-by  orange  groves 
upon  which  this  was  precipitated  were  injured  by  this  substance. 
The  plant,  which  cost  about  $100,000,  is  very  efficient.  It 
yields,  as  a  by-product,  a  fine  dust  which  may  find  use  in  fertil- 
izers as  a  substitute  for  potash  salts.  Experts,  however,  doubt 
the  claims  which  Americans  make  in  this  regard. 

ARIZONA 

GRAND  caSon — Our  Special  train  took  us  from  the  California 
wonderland  through  barren  districts  into  the  state  of  Arizona, 
where  we  were  able  to  see  one  of  the  most  magnificent  and  in- 
teresting bits  of  scenery  in  the  United  States,  the  Grand  Canon 
of  the  Colorado  River.  On  this  trip,  unfortunately,  we  lost  a 
full  day  of  our  tour  which  we  had  to  make  up  later.  This  we 
did  by  omitting  our  trip  to  Sulphur,  La.,  by  which,  however,  we 
did  not  lose  so  very  much  since  the  Union  Sulphur  Co.  (whose 
plant  was  the  most  important  one  we  could  have  seen  in  Sulphur) 
had  withdrawn  the  permission  originally  accorded  us  for  the 
inspection  of  their  factory  for  the  recovery  of  sulfur  by  the 
Frasch  process.  On  our  trip  to  the  Grand  Canon  that  derail- 
ment of  our  train  took  place,  of  which  I  have  already  spoken. 
This  railroad  accident  was  caused  by  an  almost  unbelievable 
occurrence,  an  undermining  of  the  road  which  gave  way  under 
the  load  of  the  train,  while  the  poorly  fastened  rails  were  loosened 
from  the  ties.  That  we  came  through  tliis  derailment  safe  and 
uninjured  was  due  solely  to  the  fact  that  the  train  was  running 
along  at  a  diminished  speed  on  account  of  an  up-grade.  A  relief 
train  was  on  hand  after  the  lapse  of  a  comparatively  short  time; 
locomotive  and  derailed  cars  were  put  back  on  the  tracks  while 
we  ourselves  continued  on  our  journey  in  a  second  relief  train. 
As  our  special  train  had  to  be  made  up  again,  and.  in  addition, 
the  rails  put  into  condition  for  carrying  traffic,  a  full  day  was  at 
our  disposal  which  we  were  able  to  spend  in  a  visit  to  the  Grand 
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Canon.  The  majority  of  the  party  on  mules  and  horses,  three 
of  us  afoot,  made  a  tour  through  the  Grand  Canon  to  the  Colorado 
River  and  back  which  distance  we  covered  in  nine  hours  (in- 
cluding stops)  making  a  round  trip  of  about  seven  miles  and  a 
total  altitude  of  about  4000  feet.  The  Grand  Cation  of  the 
Colorado  is  one  of  the  most  wonderful  sights  in  the  world;  in 
the  direction  of  the  river  it  is  about  220  miles  long  while  measured 
from  wall  to  wall  it  is  8-10  miles  wide  and  has  a  depth  of  2800- 
4900  feet.  The  280  foot  wide  Colorado,  which,  when  the  water 
is  high,  becomes  swollen  to  a  depth  of  230  feet,  forces  its  way 
through  this  caiion,  eating  further  and  further  into  the  surface 
of  the  soil.  This  enormous  gorge  has  been  formed  by  the  action 
of  the  turbulent  waters  and  shows  the  curious  traveler  all  the 
formations  from  Cambrian  to  Tertiary  from  which  the  corroding 
influence  of  the  waters  has  carved  numberless  cliffs  and  peaks. 
In  wandering  through  this  valley  one  is  amazed  by  the  brilliancy 
of  these  layers  which  glow  wonderfully  with  the  most  varied 
colors.  In  the  upper  portions  of  the  ravine  can  be  seen  massive 
layers  of  light  gray  limestone  to  which,  at  lower  levels,  are 
joined  red  and  white  bands  of  sandstone,  dark  red  limestone, 
dull  gray  slate,  dark  brown  quartz  and  red  granite. 

After  our  train  had  come  to  Grand  Canon  station,  we  left 
the  Grand  Caiion  on  the  evening  of  Thursday,  Oct.  8,  1912, 
and  proceeded  through  Adamana,  Arizona  and  Albuquerque, 
New  Mexico,  to  El  Paso,  Texas.  At  Adamana,  on  the  border- 
line of  Arizona  and  New  Mexico,  we  interrupted  our  journey  in 
order  to  visit  the  Petrified  Woods  or  Chalcedony  Forests  of 
Arizona,  situated  about  seven  miles  south  of  this  point.  By  a 
rapid  journey,  in  a  rocking,  double-teamed  coach  through 
trackless  sandy  wastes  and  completely  dried  up  river  beds,  we 
reached  a  district  occupying  an  area  of  thousands  of  acres  in 
which  there  were  scattered  countless  tree  trunks  30  to  100  feet 
long  (silicified  to  depths  of  3-10  feet)  of  Sigillaria,  Lepidoden- 
drous  from  the  Triassic  Age,  and  Dadocyles  partly  buried  in 
marl,  and  in  other  places  washed  free  from  this  by  wind  and  rain. 
Some  of  these  petrified  trees  are  over  190  feet  long  and  more 
than  10  feet  in  diameter.  Such  a  tree  trunk,  100  feet  long, 
which  was  not  broken  by  its  fall,  forms  a  natural  bridge  over  a 
ravine. 

MEXICO 

We  made  a  stop-over  of  several  hours  in  El  Paso,  the  border- 
town  between  the  United  States  and  Mexico,  which  is  situated 
on  the  Rio  Grande  del  Norte,  in  order  that  we  might  make  a 
little  trip  to  Juarez,  the  Mexican  town  on  the  other  side  of  the 
border.  The  insurrection  of  President  Madero  (who  was  later 
shot)  started  here  and  evidences  of  the  heavy  fighting  which 
took  place  at  that  time  could  be  seen  everywhere  on  the  various 
buildings  and  especially  on  the  churches.  Both  the  inhabitants 
of  the  place  and  the  Mexican  army  made  a  raHier  unfavorable 
impression  upon  us  and  it  can  readily  be  understood  that  the 
government  of  the  United  States  keeps  a  large  body  of  troops 
both  at  El  Paso  and  along  the  boundary  line  which  the  Rio 
Grande  del  Norte  forms  for  quite  a  stretch  in  order  to  prevent 
the  entry  of  bands  of  Mexican  bandits  into  the  territory  of  the 
United  States. 

TEXAS 

In  order  to  reach  Forth  Worth,  Texas,  our  next  stop,  we  then 
traveled  through  the  state  of  Texas,  arriving  at  our  destination 
on  Friday  morning,  Oct.  11,  1912.  On  this  trip  we  rode  through 
wide  stretches  of  country  which  the  Americans  have  recovered 
for  agricultural  purposes  by  means  of  artificial  irrigation.  By 
this  means  the  dry  plateau  of  Leano  Estacado,  to  the  north  of 
the  railroad  and  covering  an  area  of  about  50,000  square  miles, 
which  originally  was  covered  with  only  cacti  and  barren  shrubs, 
has  been  converted  into  a  large  cattle  pasturage.  In  contra- 
distinction to  California  where  the  water  is  brought  in  large 
conduits  from  the  mountains,  here  the  water  must  be  procured 
by  means  of   pumps  from  the  ground-waters  which  are  at  a 


depth  of  15  to  20  feet  as  this  district  is  non-mountainous.  The 
result,  however,  is  the  same  as  in  California.  The  irrigation 
results  in  an  enormous  development  of  the  agriculture  of  this 
locality  and  we  marvelled  much  at  its  products,  which  we  were 
able  to  see  at  an  agricultural  exposition  in  Pecos  which  we  visited 
during  the  two-hour  stop-over  at  that  place.  Wool  and  cotton 
are,  naturally,  the  products  of  this  re-claimed  territory.  The 
fertile  meadows  of  the  state  of  Texas  lend  themselves  readily 
to  cattle  raising  so  that  Texas  has  naturally  developed  into  one 
of  the  chief  cattle-producing  states  of  the  Union.  Large  branches 
of  the  Chicago  slaughter-houses  of  Swift  and  of  Armour  have 
been  established  in  Fort  Worth.  We  did  not  visit  these  plants 
as  we  had  seen  the  similar  ones  in  Chicago.  However,  we  saw 
the  operation  of  several  processes  for  the  further  conversion  of 
various  slaughter-house  by-products.  Then  followed  an  in- 
spection of  the  methods  of  preparing  "butter"  from  the  fat  of 
slaughtered  hogs  and  from  cotton  seed  oil,  which  is  recovered 
on  the  spot.  Moreover,  at  these  plants,  we  saw  the  conversion 
of  meat  and  slaughter-house  residues  into  meat  meal  which  is 
used  in  the  preparation  of  artificial  fertilizers  (a  process  we 
inspected  in  the  corresponding  plants  of  Armour  &  Co.  at  At- 
lanta). We  next  visited  a  corn  elevator,  with  silos,  a  cotton-gin 
to  which  is  attached  a  plant  for  separating  the  oil  from  the  cotton 
seed,  and  finally  several  plants  for  pressing  and  packing  cotton 

LOUISIANA 

On  Saturday  morning,  Oct.  12,  19 12,  we  reached  Shreveport, 
La.,  a  bustling  commercial  and  manufacturing  town  which  has 
become  famous  of  late  on  account  of  its  wealth  of  petroleum 
and  natural  gas. 

THE  CADDO  OIL  FIELDS,  near  Shreveport,  were  opened  recently 
and  are  also  very  rich  in  natural  gas.  This  district  forms  the 
richest  gas  field  in  the  LTnited  States.  In  the  recovery  of  both 
oil  and  natural  gas,  the  Caddo  Fields  have  been  but  partially 
developed.  Although  the  existence  of  this  natural  treasure 
had  been  known  for  years,  it  was  only  in  1906,  that  both  oil  and 
natural  gas  were  recovered  in  considerable  quantities.  The  two 
kinds  of  wells  occur  together.  The  practical  gas  wells  are  bored 
at  an  average  depth  of  1000  feet  and  the  pressure  at  the  be- 
ginning is  500-1000  lbs.  per  sq.  inch,  which  remains  practically 
constant.  The  daily  stream  of  gas  from  these  wells  varies 
from  5-10  million  cubic  feet  for  each.  About  16,000  cubic  feet 
of  Caddo  natural  gas  are  equivalent  to  a  ton  of  coal.  We  were 
told  that  the  United  States  Geological  Survey  has  shown,  after 
careful  investigation,  that  it  would  be  possible  to  produce 
electricity  in  large  quantities  with  a  constant  maximum  utiliza- 
tion, in  Shreveport,  from  Caddo  natural  gas  at  15.6  cents  per 
1000  ft.  cheaper  than  it  can  be  produced  by  the  electric  plant  at 
Niagara  Falls,  by  the  use  of  water  power.  Caddo  natural  gas 
contains  95  per  cent  methane,  2.56  per  cent  nitrogen,  2.34  per 
cent  carbonic  acid  and  o.oi  per  cent  hydrogen,  no  carbon  mon- 
oxid,  no  acetylene.  The  gas  is  piped  to  Shreveport  and  other 
places.  For  household  purposes,  the  gas  is  sold  in  Shreveport 
for  about  23 '/j  cents  per  1000  cu.  ft.;  but  for  industrial  uses  the 
rate  is  from  4'/2-8V2  cents  per  1000  cu.  ft.  In  the  course  of 
the  few  years  it  has  been  in  operation,  the  oil  production  of  the 
Caddo  Fields  has  developed  enormously.  While  in  1906,  only 
3358  barrels  were  produced,  the  yield  in  191 1  had  jumped  to 
6,995,828  barrels  (of  about  40  gallons  each).  In  this  district 
the  petroleum  is  obtained  at  an  average  depth  of  about  2300 
feet.  The  field  is  noted  for  its  large  gushers  which  occur  from 
time  to  time.  One  of  the  wells  produces  72,000  barrels  of  oil  a 
day.  while  wells  which  produce  15,000-25.000  barrels  daily  are 
common.  The  white  oil  has  a  gravity  between  41  °  and  43°  B. 
which  corresponds  to  a  density  of  0.8187-0.8092.  The  Standard 
Oil  Co.  transports  the  oil  to  its  refinery  at  Baton  Rouge.  The 
refineries  of  the  Texas  Co.  are  at  Port  Arthur  and  those  of  the 
Gulf  Refining  Co.  are  at  Beaumont  and  Sabine,  Texas.  Three 
other  companies  have  plants  at  Shreveport.     The  railroads  use 
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a  good  deal  of  the  petroleum  as  fuel  for  locomotives.  The 
price  of  the  oil  is  about  $1.05  per  barrel.  The  price  is  dependent 
upon  the  freight  to  the  place  where  it  is  sold.  About  s'/s 
barrels  of  crude  petroleum  are  equivalent  to  a  ton  of  coal.  The 
Shreveport  Gas,  Electric  Light  and  Power  Co.  sells  electric 
power  at  a  cost  of  SVi-S'/s  cents  per  Kilowatt-hour,  depending 
upon  the  number  of  hours.  It  is  to  be  noted  that  large  quantities 
of  lignite  (which  is  mined  in  Western  Louisiana  and  eastern 
Texas — this  bed  is  the  largest  lignite  bed  in  America)  can  also 
be  obtained  so  very  cheaply  that  the  generator  gas  produced 
from  it  can  compete  with  the  natural  gas.  Shreveport  is  also 
a  cotton  center  and  enormous  quantities  of  cotton  are  prepared 
for  distribution  in  the  local  presses.  During  each  harvest 
period,  300,000  bales  of  cotton  weighing  about  900  pounds  and 
having  a  value  of  16-22  million  dollars  pass  through  this  district. 
The  three  local  cotton  presses  can  bale  about  V2  million  bales 
of  cotton. 

We  had  numerous  opportunities  of  inspecting  gas  and  petrol- 
eum wells.  One  of  these  was  particularly  interesting  because 
it  showed  how  often  the  Americans  still  are  reckless  and  ex- 
travagant in  the  treatment  of  their  rich  natural  resources. 
From  its  history  we  could  also  see  how  laws  which  do  not  meet  with 
the  approbation  of  the  parties  concerned  are  frequently  violated 
in  America.  We  were  shown  a  well  which  was  bored  in  1906- 
1907.  Water  forced  an  entry  into  this  well  and  at  the  same 
time  the  plant  was  destroyed  by  a  cyclone.  From  the  mouth 
of  this  well  there  poured  forth  a  mixture  of  water  and  gas  in 
the  form  of  a  geyser  15-20  feet  high  into  a  pool  thus  formed  about 
the  mouth,  but  the  well  was  simply  abandoned.  After  a  sufficient 
number  of  visits  and  photographs  of  this  exhibition  had  been 
made,  the  geyser  was  ignited  in  order  to  show  the  quantity  of 
gas  which  pours  forth  here  unutilized.  The  burning  lake  with 
its  burning  geyser,  makes  a  wonderful  picture  but  oh,  what 
quantities  of  valuable  gas  are  being  lost!  The  government 
has  even  had  an  expert  look  into  the  question  of  the  well  and  its 
seizure;  a  law  has  been  passed  that  the  well  be  locked  but  this 
is  not  enforced  and  the  gas  is  still  being  lost.  In  order  that  we 
might  see  the  enormous  pressure  with  which  the  gas  issues  from 
the  wells,  a  well  at  Lewis  was  opened  which  yields  30,000  cu.  ft. 
of  gas  per  day.  With  a  terrifying,  shrill  shriek  the  gas  rushed 
out  of  the  conduit  in  a  high  stream  far  over  the  roof  of  the 
building. 

NEW   ORLEANS 

The  trip  planned  to  Sulphur.  La.,  for  the  inspection  of  the 
plant  of  the  Union  Sulfur  Co.,  was  given  up  for  reasons  already 
mentioned  and  so,  once  more  according  to  schedule,  we  arrived 
on  the  morning  of  Sunday,  Oct.  13,  1912,  at  New  Orleans,  which 
was  the  southernmost  point  of  our  journey.  This  city,  in  itself, 
presents  much  of  interest  and  we  got  an  idea  of  its  beauties  and 
characteristics  by  means  of  an  auto  trip  around  town.  On  the 
whole,  the  newer  parts  of  the  city  are  similar  to  all  the  newer 
cities  of  the  United  States.  The  many  private  mansions  bear 
witness  to  the  fact  that  many  people  of  wealth  and  many  cap- 
tains of  industry  have  taken  up  their  abode  in  this  very  beautiful 
city.  In  many  ways.  New  Orleans  is  one  of  the  most  interesting 
cities  of  the  United  States  for  there  remain  many  evidences  of 
its  French  and  Spanish  occupation,  not  only  in  the  undisturbed 
existence  of  entire  quarters  but  also  in  many  of  the  customs  and 
habits  of  the  town.  The  forenoon  was  spent  in  a  visit  to  the 
municipal  water-purification  plant  (which  must  purify  40  million 
gallons  of  water  for  the  city)  but,  unfortunately,  the  trip  which 
we  had  planned  down  the  Mississippi  to  the  Gulf  of  Mexico  had 
to  be  given  up  on  account  of  the  inclemency  of  the  weather. 
In  the  evening  we  left  New  Orleans  to  continue  in  a  northerly 
direction  on  our  travels  through  the  states  of  Alabama,  Georgia, 
Tennessee,  North  and  South  Carolinas,  etc.,  before  we  once 
more  reached  the  starting  point  of  our  tour. 


BIRMINGHAM,    ALABAMA 

The  first  station  on  this  trip  was  Birmingham,  Alabama,  which 
was  reached  on  Monday,  Oct.  14th,  after  a  considerable  delay. 
These  delays  which  our  train  suffered  made  themselves  un- 
comfortably ijrominent  and  in  addition  had  an  appreciable 
eflect  upon  our  original  plans.  However,  it  must  be  said, 
that  the  delays  we  experienced  were  quite  negligible  when 
comijared  with  the  delays  which  regular  trains  must  undergo. 
A  number  of  distributing  factors  had  considerable  influence 
on  the  carrying  out  of  our  Birmingham  program  so  that  we  were 
unfortunately  compelled  to  curtail  our  trip  through  the  Birming- 
ham district,  in  which  so  many  industries  have  found  a  home. 
But  in  spite  of  all  this,  our  tour  was  ver>'  instructive  and  our 
worthy  hosts  made  every  effort  to  make  matters  perfectly 
clear  and  comprehensible  by  explanations  of  all  kinds.  Birming- 
ham is  a  beautiful,  modern  city,  being  only  39  years  old.  It 
is  the  center  for  a  very  considerable  iron  industry.  The  wealth 
of  the  natural  resources  of  this  locality  is  almost  fabulous  while 
enormous  iron  works,  coal  mines  and  various  other  industrial 
plants  tend  to  make  the  city  one  of  the  most  important  of  the 
South.  The  natural  resources  are  of  such  a  nature  as  to  bring 
about  the  development  of  an  important  iron  industry.  The 
quality  of  the  ores  is  such  that  they  can  be  converted  by  them- 
selves without  the  addition  of  any  foreign  ores  in  the  smelting. 
Red  and  brown  hematite,  coal  (which  can  readily  be  coked), 
limestone,  and  dolomite  (both  of  excellent  quality)  occur  in 
abundance  and  a  good  pig  iron  can  be  made  in  this  neighbor- 
hood easily  and  cheaply. 

EnslEY,  which  is  the  largest  industrial  center  in  the  Birming- 
ham District,  was  the  place  chosen  for  particular  observation. 
There  are  located  the  mines,  coke-ovens,  blast-furnaces,  steel 
mills,  rolling  mills  and  machine  shops  of  the  Tennessee  Coal, 
Iron  and  Railroad  Co.,  the  coke  ovens  of  the  Semet-Solvay 
Co.,  the  plant  of  the  Barrett  Manufacturing  Co.  (manufacturers 
of  roof-coverings),  a  branch  factory  of  the  Fire  Brick  Co.,  etc. 
The  blast  furnace  system  of  the  Tennessee  Coal,  Iron  and 
Railroad  Co.  consists  of  6  blast  furnaces,  with  an  annual  capacity 
of  640,000  tons  of  pig  iron.  The  steel  works  comprise  8  rever- 
beratory  furnaces  (of  100  tons  capacity)  and  2  converters  of  20 
tons.  The  rolling  mills  include  both  plate  and  rail  rolling  mills. 
The  latter  has  an  annual  capacity  of  400,000  tons.  Although 
the  ores  are  too  low  in  phosphorus  content  and  too  high  in  silica 
to  be  adaptable  for  the  Thomas  process,  the  phosphorus  content 
is,  nevertheless,  sufficiently  high  so  that  it  is  possible  to  prepare 
a  suitable  molten  iron  for  the  acid  converters.  For  this  reason 
there  are,  in  use,  acid  converters  (in  which  the  iron  is  dissolved 
and  freed  of  silica)  as  well  as  basic  Martin  ovens  (in  which 
the  iron  is  completely  decarbonized  and  freed  of  phosphorus 
by  treatment  with  ores  containing  iron  oxide,  hematite  and  lime. 
Thus  the  oxidation  of  the  pig  iron  is  accomplished  by  means  of 
the  oxygen  of  the  ores).  At  Ensley  we  were  able  to  visit  an 
absolutely  new  coke  oven  plant  built  by  the  Koppers  system 
with  recovery  of  by-products.  From  both  a  technical  and  an 
economic  point  of  view,  the  production  of  coke  in  the  United 
States  is,  as  a  rule,  at  a  rather  low  stage  of  development.  As 
was  previously  mentioned,  in  the  discussion  of  Pennsylvania, 
the  greater  part  of  the  coke  is  still  being  manufactured  in  the 
antiquated  bee-hive  ovens  no  longer  employed  in  any  part  of 
Germany.  These  ovens  (which,  with  a  diameter  of  13  feet 
are  7-8V4  feet  high)  are,  naturally,  combined  in  batteries. 
An  opening  in  the  roof  serves  to  load  them  while  an  opening  in 
the  side-walls  is  used  for  emptying.  Of  late,  the  process  of  load- 
ing is  accomplished  through  the  use  of  large  electric  cars  which 
move  above  the  ovens.  The  coal  is  distributed  either  by  hand 
or  by  appropriate  mechanical  devices.  The  emptying,  particu- 
larly in  localities  where  cost  of  labor  is  relatively  high,  is  also 
done  by  mechanical  means,  and  on  account  of  the  round  shape 
of  the  oven  the  apparatus  for  tliis  purpose  is  rather  complicated 
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in  construction.  On  an  average  the  feeding  time  for  blast- 
furnace coke  is  48  hours.  The  output  of  the  bee-hive  is  poorer 
than  that  of  the  by-product  ovens.  In  the  first  place,  the 
average  yield  is  less  and  secondly,  there  is  a  total  loss  of  all  the 
by-products  [such  as  tar,  (NH4)2S04  and  benzol]  which,  in  Ger- 
many, are  recovered  from  coke  and  the  coke  oven  gases.  In 
the  United  States,  by-product  ovens  are  being  introduced  only 
gradually.  Since  H.  Koppers,  in  1908,  erected  the  first  plant 
for  the  operation  of  the  system  which  bears  his  name  for  the 
Illinois  Steel  Co.,  at  Joliet,  many  Koppers  ovens  have  been 
installed.  In  the  account  of  our  visit  to  the  Gary  Works,  I 
gave  a  brief  description  of  such  a  plant.  The  coke  oven  plant 
(Koppers  system  with  recovery  of  by-products)  which  we 
visited  at  Ensley  consists  of  4  batteries  of  70  regenerating 
furnaces,  three  batteries  being  in  operation.  Each  oven  con- 
verts about  15  tons  every  24  hours  so  that  the  total  capacity 
of  the  3  batteries  is  about  3000  tons  per  day.  The  feeding  time 
is  21-22  hours.  At  the  time  of  our  visit,  the  by-product  re- 
covery system  recovered  only  the  tar  and  the  ammonia  (the 
latter  by  the  direct  Koppers  process)  but  there  was  in  course 
of  construction  a  plant  for  the  recovery  of  benzol,  for,  as  we 
were  told,  about  $3000  worth  of  this  substance  is  uneconomically 
consumed  each  day  in  the  combustion  of  the  gas  in  the  gas 
machines.  A  splendidly  equipped  system  for  the  recovery 
of  by-products  was  planned  for  the  conversion  of  the  gas  from 
560  ovens;  that  is,  from  8  batteries  of  70  ovens  each. 

AMERICAN  CAST  IRON  PIPE  CO. — Late  in  the  evening,  after 
we  had  returned  from  our  trip,  we  were  shown  through  the 
pipe  foundry  of  the  American  Cast  Iron  Pipe  Co.  by  the  president 
of  the  concern.  This  plant  is  located  near  Birmingham.  As 
he  himself  told  us,  we  owed  the  hearty  and  courteous  reception 
which  the  president  accorded  us  to  the  splendid  treatment 
which  two  of  his  employees  (who,  in  the  preceding  year  had  been 
to  Germany  to  study  German  pipe-foundries)  had  received  at  the 
hands  of  the  German  firms  in  this  line.  To  the  spectator,  the  opera- 
tion of  the  factory  in  the  late  hours  of  the  night  presented  a  most 
wonderful  subject  for  a  painting  by  an  artist  who  wished  to 
portray  the  picturesque  process.  The  electric  lights  shone 
but  dimly  through  the  vapor  mists,  here  and  there  the  black 
forms  of  the  workmen  (who,  in  the  main,  were  negroes)  appeared 
but  as  dark  shadows  fluttering  to  and  fro  through  the  hazy  clouds; 
between  these  the  molten  iron  (which  was  flowing  from  the 
cupola)  glimmered  and  glittered;  added  to  this  came  the  loud 
cries  of  the  drivers  (horses  are  used  for  transportation  of  material 
to  the  various  parts  of  the  plant),  the  shouts  of  the  workmen, 
and  the  pounding  of  the  moulders.  This  factory  employs  500 
workmen  and  produces  240  tons  of  pipe  per  day,  ^/s  being 
produced  by  the  day  shift  and  '/a  by  the  night  shift.  The  iron 
is  melted  in  four  cupolas,  two  of  which  have  a  capacity  of  10 
tons  each  per  hour  and  two  a  capacity  of  14  tons  each  per  hour. 
We  had  an  opportunity  to  observe  the  strained  relations  which, 
in  the  locality,  exist  between  employer  and  employee.  Although 
the  laborers  received,  on  the  whole,  rather  courteous  treatment 
from  the  president,  still  it  must  not  be  forgotten  that  the  colored 
laborer  is  just  as  good  a  man  as  his  employer  and,  if  he  becomes 
dissatisfied  with  the  treatment  accorded  him,  he  simply  leaves, 
thus  bringing  about  a  very  unpleasant  situation,  for  shortage 
of  labor  reacts  very  disturbingly  upon  the  operation  of  a  plant. 
Because  of  this  condition,  the  molding  of  pipes  varies  in  two 
respects  from  German  foundry  practice.  In  Germany,  the  pipe 
is  poured  standing  in  such  a  way  that  the  flange  is  underneath 
while  in  America  the  opposite  is  true ;  the  pipes  are  poured  stand- 
ing so  that  the  flange  is  above.  In  this  way,  the  work  is  facili- 
tated and  simplified.  Then  again,  the  wall-thickness  of  the 
pipes  is  greater  than  in  Germany  for,  on  account  of  poorer 
molders,  all  molded  material  is  formed  much  thicker.  It 
is  impossible  not  to  draw  the  conclusipn  that  negroes  are  not 
adapted  for  molders. 


ATLANTA,    GEORGIA 

On  the  evening  of  the  same  day  we  left  the  highly  interesting 
and  hospitable  city  of  Birmingham  and  on  the  next  morning 
reached  Atlanta,  Georgia.  Atlanta,  the  capital  of  Georgia, 
with  a  population  of  175,000,  lies  on  the  water-shed  of  the  southern 
coast  of  the  Atlantic  Ocean  and  the  Gulf  of  Mexico  at  an  altitude 
of  about  1000  feet  above  sea-level.  It  is  the  industrial  center 
of  the  southeastern  states  for  railroads,  banking,  commerce,  etc. 

THE  ARMOUR  FERTILIZER  WORKS  at  Atlanta  were  visited. 
This  factory  makes  a  mixed  fertilizer  with  2  per  cent 
nitrogen,  2  per  cent  potash  and  10  per  cent  phosphoric 
acid  by  combining  slaughter-house  refuse  (the  conversion, 
mealing  and  grinding  of  which  we  saw  at  Fort  Worth,  Texas) 
with  superphosphate  which  is  manufactured  in  Atlanta.  The 
plant  includes  a  sulfuric  acid  factory,  with  24  gravel  burners 
and  180,000  cu.  ft.  volume  chamber,  in  which  about  50  tons 
sulfuric  acid  are  produced  daily.  The  phosphorite  is  ground 
in  Kent  Mills,  then  mixed  in  an  iron  mixing  tank  by  agitation 
with  a  measured  quantity  of  acid  (lead  measuring  tanks  are  used) 
and  then  comes  to  a  wooden  chamber  lined  with  brickwork. 
The  resulting  superphosphate  is  then  combined  with  the  animal 
refuse  and  forms  the  mixed  fertilizer  in  question.  Although  the 
principle  of  such  a  fertilizer  for  agricultural  purposes  has  its  ad- 
vantages for  the  manufacturer,  it  has  distinct  disadvantages 
for  the  farmer  who  would  prefer  that  a  fertilizer  be  prepared 
which  takes  into  consideration  the  varying  requirements  of  dif- 
ferent soils.  After  an  official  reception  by  the  Governor  of 
Georgia,  at  the  Capitol,  Prof.  McCallie  of  the  Geological  Survey 
gave  us  a  most  interesting,  illustrated  lecture  on  the  mineral 
wealth  of  Georgia. 

DUCKTOWN,    TENNESSEE 

The  next  day  was  spent  in  visits  to  the  copper  smelters  of  the 
Tennessee  Coal  and  Iron  Co.  and  the  Isabella  smelters  of  the 
Ducktown  Svdfur,  Copper  and  Iron  Co.  at  Ducktown.  Duck- 
town  is  a  small  plice  in  the  Tennessee  mountains  but  it  is  the  seat 
of  the  main  works  of  the  Tennessee  Coal  and  Iron  Co.  A  pyrites 
which  contains  about  2  per  cent  copper  is  converted  in  this 
district.  The  ores  (which  are  rich  in  sulfur)  are  melted  in  blast 
furnaces  to  copper  without  the  addition  of  coke.  Both  the  iron 
and  the  sulfur  serve  as  the  heating  material,  the  former  burning 
to  ferrous  oxide  (which  is  slagged)  and  the  latter  to  sulfurous 
acid  (which  goes  over  in  the  blast  furnace  gases).  From  purely 
practical  considerations,  a  slight  addition  of  coke  is  made. 
Naturally,  the  conversion  of  large  quantities  of  an  ore  so  rich 
in  sulfur  causes  the  simultaneous  evolution  of  considerable  quanti- 
ties of  harmful  gases  to  the  detriment  of  neighboring  agriculture 
and  forestry.  On  this  account,  both  smelters  which  convert  the 
iron  were  compelled  to  attack  the  problem  of  making  the  acid  blast 
furnace  gases  perfectly  harmless,  a  problem  which  had  not, 
up  to  that  time,  met  with  successful  solution.  The  aim  is  to 
convert  the  hot  blast  furnace  gases  (which  contain  both  carbonic 
acid  and  flue  dust)  to  sulfuric  acid  Both  works  have  solved 
this  problem  with  the  greatest  success.  The  manufacture  of 
sulfuric  acid  which  was  first  undertaken  from  necessity  has  now 
become  a  source  of  income  for  both  plants.  The  preparation  of 
siflfuric  acid  from  the  gases  in  smoke  can  be  pursued  to  ad- 
vantage only  where  there  is  a  market  for  this  substance  and, 
fortunately,  this  is  true  in  this  district.  A  very  important 
industry  has  been  developed  in  the  south — the  manufacture 
of  artificial  fertilizers — which  requires  large  quantities  of  sulfuric 
acid.  The  entry  of  the  Tennessee  Works,  with  their  enormous 
production,  into  the  manufacture  of  sulfuric  acid  had  a  deleterious 
effect  on  the  traffic,  particularly  the  importation  of  pyrites  into 
the  United  States,  and  at  one  time  the  worst  was  feared  in  this 
direction.  But  the  manufacture  of  fertilizers  is  steadily  increas- 
ing and  the  two  works  control  the  sulfuric  acid  market  for 
only  the  southeast  of  the  United  States,  while  for  remoter  lo- 
calities they  do  not  come  into  consideration  at  all  as  pyrites 
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competitors,  because  the  latter  can  be  transported  much  more 
readily  than  sulfuric  acid.  In  their  own  field,  however,  these 
plants  have  an  excellent  market  for  the  enormous  quantities 
of  sulfuric  acid  which  they  produce. 

THE  TENNESSEE  COPPER  CO. — The  plant  of  the  Tennessee 
Copper  Co.  was  begun  in  1906,  completed  in  1907  and  put  into 
operation  in  1908.  At  this  time  the  estimated  total  production 
of  the  plant  was  110,000  tons  of  60  per  cent  acid  per  annum. 
In  1910  the  plant  was  enlarged  so  that  now  the  estimated  ca- 
pacity is  160,000  tons  and  the  actual  production  is  180,000 
tons.  The  plant  is  one  of  the  largest  sulfuric  acid  factories 
ever  built.  It  consists  of  two  octagonal  Glover  towers  50  feet 
high  and  30  feet  in  diameter  with  the  appropriate  saltpeter 
furnace  at  their  base,  a  canal  10  X  20  X  120  feet  from  the 
Glover  towers  to  the  cooling  chambers,  16  cooling  chambers 
10.7  X  10.16  X  70  feet;  8  cooling  chambers  10.7  X  20  X  70  feet, 
4  Hart  lead  ventilators  with  a  capacity  of  1900  cubic  meters 
gas  per  minute,  12  lead  chambers  50  X  50  X  70  feet,  6  lead 
chambers  50  X  50  X  72.4  feet,  8  lead  chambers  23  X  5°  X  80 
feet  (these  chambers  with  a  total  chamber  volume  of  4V2  million 
cu.  ft.),  4  Gay-Lussac  towers  23  X  23  X  50  feet  high,  4  octag- 
onal Gay-Lussac  towers  with  a  diameter  of  19  feet  and  20  feet 
high  and  2  octagonal  Gay-Lussac  towers  36  feet  in  diameter 
and  65  feet  high.  To  these  are  added  the  requisite  acid  coolers, 
acid  pumps,  acid  carriers,  etc.  and  15  storage  tanks  with  a  ca- 
pacity of  15,000  tons  of  acid.  There  were  required  for  the  build- 
ing of  the  plant,  4650  cubic  meters  asphalt  for  the  foundations 
of  the  chambers,  4V2  million  bricks  of  various  kinds  for  the 
canals  and  unions,  8000  tons  quartz  (sand)  for  the  filling  of  the 
towers,  225  tons  absestos  for  insulation  of  the  canals  and  3600 
tons  lead  for  construction  chambers,  towers,  etc. 

Because  of  the  kind  of  chamber  used,  the  construction  of  the 
sulfuric  acid  factory  is  of  interest.  The  chambers  were  built 
according  to  the  Falding  sulfuric  acid  system.  Since,  in  the 
formation  of  sulfuric  from  sulfurous  acid,  there  is  a  liberation 
of  heat  and  because  of  this  the  hot  active  gases  tend  to  rise  to 
the  top  of  the  lead  chambers  while  the  cold  gases  (which  no 
longer  enter  into  the  reaction)  tend  to  sink  to  the  bottom,  these 
chambers  are  so  constructed  on  the  Falding  system  that  they 
are  higher  than  they  are  long  and  the  relation  between  the 
height  and  the  length  is  proportional  to  the  volume  of  the  gases. 
In  chambers  longer  than  they  are  high,  the  chief  reaction  occurs 
where  the  gases  enter  while  no  reaction  is  manifest  at  the  other 
end  of  the  chamber,  and  remixing  of  the  gases  is  necessary  for 
starting  the  reaction  once  more  in  the  further  chambers.  It 
should  be  possible,  in  the  Falding  system,  to  bring  the  reaction 
to  a  complete  development  in  a  single  narrow,  but  exceedingly 
high,  chamber,  so  that  all  the  sulfurous  acid  will  have  been  re- 
moved from  the  gases  which  leave  this  chamber.  The  works 
of  the  Tennessee  Copper  Co.  bear  testimony  to  the  fact  that 
this  is  not  always  feasible,  for  it  has  been  found  necessary  to  put 
up  a  series  of  these  chambers  in  order  that  all  the  sulfurous  acid 
may  be  transformed  to  sulfuric  acid.  The  chamber  walls  are 
so  suspended  from  lead  beams  that  at  no  point  can  steel  and 
lead  come  into  contact  with  one  another.  This  enormous  plan 
has  solved  the  problem  of  converting  large  masses  of  highly 
heated  gas  charged  with  flue  dust,  large  and  variable  quantities 
of  carbonic  acid  (resulting  partially  from  the  ores  and  partially 
from  the  coke  and  the  limestone  of  the  blast  furnace  loads), 
which  pour  forth  from  the  blast  furnaces  in  variable  quantities, 
into  sulfuric  acid.  The  blast  furnaces  which  are  used  for  melting 
the  pyrites  have  been  altered  in  such  a  way  that  they  furnish 
a  uniform  flow  of  gas.  The  furnace  mouth  is  so  arranged  that 
no  mixture  of  furnace  gas  and  outside  air  can  take  place.  The 
blast  furnace  gases  are  led  through  an  enormous  flue-dust 
chamber  25.3  X  36  X  163  feet.  This  chamber  has  iron  wires 
to  effect  as  complete  as  possible  a  separation  of  the  flue-dust, 
while,  at  the  same  time,  the  chamber  serves  to  maintain  and 


regulate  the  temperature  of  the  gases  and  delivers  these  to  the 
Glover-tower  at  a  uniform  temperature  and  pressure.  By 
means  of  an  appropriate,  large  gas  conduit  the  gases  are  then 
brought  to  the  Glover  tower  and  from  these,  for  further  cooling, 
to  a  system  of  tower-like  cooling  chambers  (of  lead)  so  that  they 
may  be  sufficiently  cool  to  enter  the  chambers.  In  the  Glover 
towers  the  acid  is  carried  by  means  of  acid  carriers — large  lead 
buckets  which  are  raised  and  lowered  electrically.  The  plant 
produces  about  140,000  tons  of  60  per  cent  sulfuric  acid  at  a  cost 
of  less  than  $2.40  per  ton. 

The  Tennessee  Copper  Co.  converts  about  400,000  tons  of  low- 
grade  copper  ore  mined  partly  in  open  workings  and  partly 
in  shafts.  The  ore  is  75  per  cent  pyrrhotite  and  a  little  pyrites; 
the  average  copper  content  is  2  per  cent.  The  daily  production 
of  the  copper  smelters  is  about  7,500  tons  blister  copper.  This 
material  is  shipped  to  New  York  and  refined  to  electrolytic 
copper.  The  plant  consists  of  seven  blast  furnaces  and  four 
converters  together  with  an  agglomeration  system  of  3  Dwight- 
Lloyd  apparatus.  There  is  obtained  from  the  blast  furnace, 
after  the  smelting  of  the  pyrites,  a  pig  with  a  15  per  cent  copper 
content;  this  is  then  reworked  by  the  same  process  to  a  pig  with 
30  to  40  per  cent  copper  which  is  finally  converted  to  blister 
copper  in  the  basic  cylindrical  converters.  It  has  been  shown 
that  this  conversion  of  the  ore  to  copper  in  two  operations  is 
much  to  be  preferred  (for  the  Bessemer  process)  to  the  direct 
concentration  of  the  copper  to  30  to  40  per  cent  in  one  smelting 
period,  since,  in  the  first  instance,  the  loss  of  copper  is  smaller 
than  in  the  second  case.  Nozzles  1.2  in.  long  and  0.4  in.  wide 
are  used  in  the  blast-furnaces  and  these  should  stand  up  well. 
The  blast  is  not  brought  to  each  furnace  by  means  of  a  separate 
blower  but  the  blast  from  all  the  blowers  is  brought  to  a  collect- 
ing tank  and  distributed  to  all  the  furnaces  from  this  point 
so  that  the  operation  of  any  given  oven  is  not  interrupted  by  an 
accident  to  any  one  blower.  The  utilization  of  the  blast  furnace 
gases  for  the  manufacture  of  sulfuric  acid  demands  that  an  ore 
be  used  which  is  as  free  as  possible  from  fine  particles;  other- 
wise the  resulting  gases  have  too  great  a  flue-dust  content. 
In  a  suitable  apparatus,  the  fine  ore  is  separated  from  the  coarser 
particles  and  the  former  is  agglomerated  in  a  Dwight-Lloyd 
apparatus.  This  separation  of  the  fine  ore  has  become  very 
advantageous  for  blast  furnace  operation.  By  this  means, 
a  decrease  in  the  coke-consumption  has  been  established  and 
this  represents  not  only  a  saving  in  the  cost  of  the  combustible 
but  also  a  better  oxidation  of  the  sulfur  in  the  furnace  itself, 
so  that  there  is  a  higher  sulfuric  acid  content  in  the  gases.  A 
considerable  coke-saving  has  also  been  obtained  by  the  establish- 
ment of  a  storage  system  which  makes  a  uniform  feeding  of  the 
blast  furnace  possible  so  that  the  carbonic  acid  content  of  the 
furnace  gases  has  decreased  from  5  to  4  per  cent.  The  smelting 
process  for  the  conversion  of  ores,  which  yield  a  slag  with  28 
per  cent  silicic  acid  and  45  per  cent  iron,  takes  place  just  as 
uniformly  as  the  conversion  of  the  pig  obtained,  to  a  pig  with 
a  high  copper  content.  From  the  blast  furnace  for  the  concen- 
tration process  the  pig  is  brought  in  ladles  to  the  basic  converters 
which  lie  in  front  of  the  furnaces  and  have  given  good  results 
at  this  place.  The  converters,  which  have  an  average  capacity 
of  20  tons,  are  lined  with  magnesia.  The  silicic  acid  required 
for  slagging  the  ores  is  added,  in  several  operations,  in  the  form 
of  quartz  ores.  The  flue-dust  recovered  in  the  various  flue- 
dust  chambers  is  sintered,  with  the  fine  ore,  in  the  Dwight- 
Lloyd  system.  This  has  a  capacity  up  to  100  tons,  and  on  the 
average  handles  60  tons.  The  cost,  per  ton,  of  blister  copper 
was  given  at  $250,  mining  cost  $98.25,  blast  furnace  smelting 
?97-75.  operation  of  converters  $10.20,  freight  charges,  ore  to 
smelter,  pig  to  the  East  $31.60  and  overhead  charges  $12.20. 

THE  DUCKTOWN  SULFUR,  COPPER  AND  IRON  CO.  has  finally 
succeeded  in  producing  sulfuric  acid  in  lead  chambers  from  the 
gases  from   blast  furnaces  used   in  smelting  pyrites.     Part  of 


I 


Jan.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


67 


their  smelter  is  still  in  course  of  constfuction.  The  Isabella 
Smelter  now  converts  about  150.000  tons  of  ore.  When  founded 
in  iSgg  the  company,  as  its  name  implies,  intended  to  prepare 
sulfur  from  its  ores;  after  much  experimentation  it  has  finally 
succeeded.  It  now  has  a  sulfuric  acid  factory  with  a  capacity 
of  about  50,000  tons  60  per  cent  per  day.  From  the  blast 
furnaces  the  gases  pass  through  canals  to  the  flue-dust  chambers 
and  from  there  into  a  cylindrical  tower  in  which  they  rise  to  the 
top  in  order  to  pass  into  another  system  of  flue-dust  canals 
situated  at  a  higher  level.  This  system  of  canals  is  of  great 
importance  as  it  serves  to  regulate  the  temperature  of  the  gases 
before  they  reach  the  Glover  towers  and  come  in  contact  with 
the  zinc  and  other  vapors.  From  the  flue-dust  chambers  there 
is  a  canal  which  branches  off  into  the  Glover  towers.  The  salt- 
peter pots  are  built  in  this  branch.  The  purified  gases,  which 
have  acquired  a  uniform  temperature,  enter  the  Glover  towers 
at  the  bottom,  rise  through  these  and  then  pass  out  again  at 
the  bottom  by  means  of  a  descending  conduit,  then  enter  a  special 
tower  and  from  this  reach  the  lead  chambers  by  means  of  two 
large  canals.  Between  the  Glover  towers,  the  chambers  and  the 
Gay-Lussac  towers  are  placed  four  large  ventilators  which  serve 
to  drive  the  gas  through  the  system.  These  ventilators 
are  arranged  in  two  groups  of  two  each.  One  group 
drives  the  gases  into  the  first  chamber  while  the  other  group 
sucks  them  out  from  the  last  chambers.  From  the  chambers 
the  gases  pass  into  the  Gay-Lussac  towers.  The  ore  converted 
has  a  sulfur  content  of  14  to  19  per  cent,  average  16  per  cent. 
The  plant  has  two  blast  furnaces  with  2 1  nozzles  along  each  length . 
The  slag  which  can  be  removed  is  granulated  by  means  of  water 
and  is  emptied  on  the  slag-heaps.  The  pigs  which  are  obtained 
have  a  10  per  cent  copper  content  and  are  then  concentrated  to 
50  per  cent  on  blast  furnaces  by  being  melted  up  with  pyrites, 
the  material  so  obtained  being  sold. 

CANTON 

THE  CHAMPION  COATED  PAPER  CO.  PLANT  is  located  here 
and  to  this  fact  the  town  owes  its  rapid  development  in  the 
course  of  four  years.  The  cellulose  factory  is  the  largest  in  the 
South  and,  since  it  is  the  chief  point  of  interest  in  Canton,  we 
visited  it.  Over  1000  workmen  are  employed  in  the  factory 
proper  while  in  addition  it  affords  work  for  several  hundred  more 
in  the  forests  which  supply  the  raw  material.  The  plant  itself 
represents  a  capital  of  about  3  million  dollars.  Redwoods, 
hemlocks,  firs  and  other  pine  trees  are  converted  by  the  sulfite 
process  to  long-fiber  paper  pulp  while  other  kinds  of  trees  such 
as  chestnut,  poplars,  etc.  are  converted  by  the  soda  process  to 
short-fiber  pulp.  It  is  estimated  that  1000-2000  carloads  go 
through  this  factory.  The  power  consumption  of  the  plant  is 
7000  horse-power  steam  and  8000  horse-power  electric  power. 
Both  in  organization  and  in  kinds  of  appliances,  the  plant  was 
especially  interesting.  In  addition  to  wood  pulp,  both  tannic  acid 
and  turpentine  are  produced  in  this  factory.  The  tannin  is  re- 
covered both  from  the  wood  and  the  bark  of  the  chestnuts.  7  per 
cent  being  yielded  by  the  former  and  10  to  1 2  per  cent  by  the  latter 
(calculated  on  dry  material).  The  crushed  material  is  extracted 
with  hot  water;  after  decantation  of  the  solution  the  residue 
is  rewashed  with  water  and  this  water  is  then  used  as  the  ex- 
tracting medium  for  the  next  charge.  The  washes  are  evap- 
orated to  22-25  per  cent  while  the  residues  are  used  as  heating 
material  for  the  boilers. 

The  sulfurous  acid  required  for  the  cellulose  sulfite  is  obtained 
from  sulfur  in  revolving  hearth  furnaces  and  is  absorbed  in  lime 
water.  The  crushed  wood  is  treated  with  the  .sulfite  bath  in 
large  iron  boilers  lined  with  cement  and  a  layer  of  some  re- 
sistant material.  In  the  preparation  of  the  soda  cellulose, 
caustic  soda  (12°  B.)  is  used  for  dissolving  the  lignin  from 
the  wood-fiber.  The  dark  colored  wash  from  the  preparation 
of  the  soda  cellulose  is  often  revivified  by  being  evaporated  in  a 
vacuum   system,   then   calcined   in   a   reverberatory   furnace   to 


destroy  organic  decomposition  products;  the  block  soda  thus 
obtained  is  then  washed,  the  resulting  solution  being  treated 
with  lime  and  when  necessary  filtered;  the  caustic  soda  thus 
recovered  is  used  again  in  the  manufacture  of  cellulose.  The 
vapors  resulting  in  the  process  of  boiling  the  wood  in  the  caustic 
are  used  for  the  preparation  of  turpentine. 

The  wood  boiled  in  the  caustic  is  rewashed  by  streams  of 
solutions  of  varying  concentrations.  The  woody-fiber  is  then 
put  through  cylindrical  paper  mills  (which  separate  the  sand 
from  the  heavier  material)  and  is  then  sieved,  by  which  operation 
the  small  twigs  are  removed.  It  is  now  bleached  in  a  3°  B. 
chloride  of  lime  solution,  after  which  the  material  receives  a  very 
careful  final  washing;  the  brew,  thus  obtained,  is  brought  on 
to  a  wire  frame  (in  the  form  of  a  mill-board)  and  dried  by  means 
of  heated  rollers.  This  material  is  rewashed  in  the  appropriate 
factories  of  this  company  which  are  situated  in  the  state  of 
Ohio.  The  production  was  given  as  45  to  44  jjer  cent.  Wood- 
fiber  for  chestnut  wood,  55  per  cent  for  poplar  wood  and  45  to 
50  per  cent  for  pine  wood. 

ASHEVILLE 

The  district  lying  around  Asheville  (which  was  shown  us  in 
a  carriage  ride  given  under  the  auspices  of  the  local  committee) 
is  exceedingly  beautiful.  Asheville  lies  between  two  mountains — 
Black  Mountain  and  Balsom  Mountain — which  are  situated 
in  western  North  Carolina.  From  a  climatic  standpoint  it 
has  a  wonderful  location  and  it  is  both  the  American  winter 
resort  of  the  North  and  the  summer  resort  of  the  South.  The 
magnificent  summer  home  of  the  Biltmore  Vanderbilts  (with  its 
beautiful  park  and  gorgeous  foliage)  situated  only  a  few  miles 
from  the  city,  is  easily  the  most  interesting  place  in  this  neigh- 
borhood. The  park  covers  an  area  of  about  152  square  miles. 
The  house,  English  in  style,  stands  in  the  midst  of  lakes  and 
transplanted  flowers  whose  magnificent  color  and  blossoms  can 
be  developed  only  in  the  wonderful  climate  in  which  southern 
plants  grow  and  flourish.  It  must  be  pleasant  indeed  to  wander 
through  this  park  in  the  beautiful  month  of  June  when  rhododen- 
drons and  various  other  multi-colored  flowers  and  shrubs  are 
in   bloom. 

Inasmuch  as  Asheville  was  to  be  the  last  long  stop  on  the  trip, 
all  the  excursionists  united,  at  this  place,  in  tendering  a  farewell 
banquet  to  the  leader  of  our  little  expedition.  Dr.  D.  T.  Day, 
who  was  to  leave  us  at  Washington.  This  banquet  took  place 
in  the  Park  Hotel,  whose  service  in  spite  of  its  wonderful  situa- 
tion, is  very  poor  and  in  which  cleanliness  appears  to  be  but  an 
unwelcome  guest.  The  requisite  amount  of  liquid  refreshment 
for  this  affair  had  to  be  brought  in  secretly  in  suit  cases 
from  a  beer  smuggling  station  by  a  committee  appointed  for  the 
purpose  because,  according  to  local  laws,  the  consumption  of 
beer,  at  least  publicly,  is  not  allowed  as  in  other  states.  Geheim 
Rat.  Knorr,  of  Jena,  made  an  eloquent  address  in  which  he 
felicitated  the  leader  of  our  excursion  and  the  valuable  services 
which  he  had  tendered  us,  while  those  German  ladies  who  had 
taken  part  in  the  trip  showered  our  honored  guest  with  flowers 
and  presented  him  with  a  souvenir  as  a  token  of  their  appre- 
ciation and  gratitude.  Dr.  Day  proposed  the  preparation 
of  an  album  which  should  contain  the  best  of  the  amateur 
photographs  taken  by  the  excursionists  during  the  trip.  This 
album  was  later  prepared  by  a  committee  in  Germany  and  con- 
tained 169  pictures,  while  several  hundred  more  pictures  (which 
represented  only  a  portion  of  the  photographs)  were  submitted 
inasmuch  as  not  all  the  participants  in  the  excursion  were  in  a 
position  to  work  up  their  pictures  in  the  requisite  short  time. 
These  were  placed  at  the  disposal  of  the  excursionists  at  a  nom- 
inal price.  This  collection  of  photographs  will  always  be  a 
beautiful  souvenir  of  a  most  interesting  trip. 

CHARLOTTE,    NORTH    CAROLINA 

Saturday,  Oct.    19,   191 2,  was  the  last  day  of  the  excursion 
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propqr,  and  was  spent  in  an  inspection  tour,  while  on  Sunday  we 
made  the  home  stretch  from  Charlotte,  through  Washington, 
to  New  York.  A  short  stop-over  was  made  at  Charlotte  so  that 
we  could  study  the  process  of  manufacturing  cotton  and  the 
preparation  and  refining  of  cottonseed  oil.  This  little  city  is 
the  cotton  manufacturing  center  of  the  South.  Within  a  radius 
of  lOO  miles  there  are  360  cotton  factories  which  operate  over 
seven  million  spindles  and  represent  a  capital  of  over  150  million 
dollars.  These  plants  use  the  water  power  of  the  Catawba  river. 
THE  SOUTHERN  COTTON  OIL  CO. — Personally,  I  joined  the  party 
which  was  to  visit  the  Southern  Cotton  Oil  Co.  which  recovers 
and  refines  cottonseed  oil.  The  cottonseed  or  cotton  oil,  which 
is  recovered  from  the  cotton  seeds,  is  an  exceptionally  important 
product  for  the  United  States.  About  600,000  tons  of  oil  (of  a 
value  of  about  60  odd  million  dollars)  are  recovered  from  over 
3J^  million  tons  of  cotton.  Cotton  seeds  are  separated  from  the 
cotton  residues,  in  which  they  are  lodged,  in  cotton-gins,  which 
consist  of  rollers  with  sharp  spikes.  The  cotton  residues  go 
into  the  proper  machines  where  they  are  separated  into  the 
various  grades  of  cotton ;  the  material  thus  obtained  is  bleached 
by  being  heated,  by  steam,  with  water  and  bleaching  lime,  to  a 
temperature  of  110°  C.  and  is  then  treated  with  acid,  washed 
with  water,  and  finally  air-dried.  This  material  is  used  in  the 
manufacture  of  mattresses  and  for  similar  purposes.  The  seeds 
enter  the  shelling  machines,  rotating  cylinders  with  sharp 
knife-blades,  where  they  are  shelled.  The  hulls,  after  being 
separated  by  sieving,  are  used  as  fertilizers  or  mi.xed  in  fodders. 
The  kernels  are  finally  ground  in  a  mill  and  the  resulting  meal 
comes  into  a  heated  iron  container,  with  false  bottom,  and  agi- 
tator, from  which  it  is  emptied  automatically  into  a  folded  cloth 
on  a  pre-pressing  table.  The  cloth  is  folded  and  the  material 
receives  a  preliminary  pressing.  The  cake  obtained  then  goes 
to  the  press  proper,  which  has  12  tanks  placed  above  one  another, 
and  here  the  oil  is  squeezed  out  with  a  pressure  of  300  atmos- 
pheres. As  so  often  happens  with  so  many  materials,  no  re- 
pressing takes  place  in  this  instance.  The  material  is  ground 
and  the  meal  sold.  The  latter  contains  6  to  7  per  cent  water, 
7  per  cent  oil  and  7  per  cent  ammonia — the  nitrogen  content  is 
always  expressed  in  terms  of  this  compound.  The  oil  is  al- 
lowed to  settle  and  is  then  refined.  With  a  good  harvest  and 
dry  weather,  the  crude  oil  contains  less  than  i  per  cent  of  free 
acid;  with  poor  weather  its  content  rises  up  to  4  per  cent  and 
more.  The  warmed,  reddish  colored  oil  is  mixed  with  the  cal- 
culated amount  of  12°  to  14°  B.  soda  lye,  agitated  for  15 
minutes  with  a  slight  increase  in  temperature,  and  is  then  al- 
lowed to  settle.  The  oil  is  decanted,  bleached  with  Fuller's 
earth  and  forced  through  filter  presses.  Crude  oil  is  worth 
about  10  to  12^  cents  per  qt. ;  refined  oil,  i2yi  to  15  cents  per 
qt.  The  above  plant  obtains  from  cotton  blossom,  3  .  s  per  cent 
cotton,  35  per  cent  hulls,  2.5  per  cent  sand  and  dirt,  which  is  a 
total  of  41  per  cent,  and  59  per  cent  seed-cake  which  yields  19 
per  cent  of  oil  (sp.  gr.  0.92),  calculated  on  the  seed  at  pressing. 

GREAT  FALLS  AND  NITROLEE 

SOUTHERN  POWER  CO. — We  made  a  little  trip  from  Charlotte  to 
Great  Falls  and  Nitrolee  to  see  the  power  plant  of  the  Southern 
Power  Co.,  at  Great  Falls,  and  the  factory  for  the  conversion  of 
atmospheric  nitrogen  to  nitric  acid  by  the  Pauling  process. 
This  last  visit  was  easily  the  most  interesting  of  our  entire  tour. 
We  were  received  most  cordially  by  Engineer  Pauling  from 
Cologne  on  the  Rhine  (who  was  there  in  order  to  set  the  plant 
in  operation)  and  his  two  assistant  engineers;  after  an  intro- 
ductory lecture  by  Pauling,  we  were  shown  through  this  highly 
interesting  establishment.  The  power  house  of  the  Southern 
Power  Co.,  situated  at  Great  Falls,  utilizes  the  fall  of  the  .small 
but  turbulent  Catawba  River  for  the  production  of  electricity. 
In  the  course  of  5  miles  the  river  has  a  drop  of  about  137  feet. 
This  drop  is  utilized  in  2  falls  (one  of  which  is  72  feet  and  the 
other  65  feet)  made  by  2   dams.     At  each  dam,  30,000  horse- 


power of  electric  energy  are  produced  while  at  another  plant,  situ- 
ated further  up  the  river,  24,000  horse-power  more  are  gained.  In 
the  main,  the  electrical  energy  is  used  in  the  cotton  industry  of 
the  neighborhood.  The  amount  of  water  at  Great  Falls  (being, 
naturally,  dependent  on  the  time  of  the  year)  varies  between 
3,000  and  175,000  cu  ft.  per  second.  The  generators  for  the 
electric  current  are  directly  coupled  to  horizontal  turbines  and 
produce  current  at  an  E.  M.  F.  of  2,500  volts.  A  set  of  16  trans- 
formers transform  the  current  into  one  of  50,000  volts,  while 
another  transformer  system  then  changes  this  to  100,000  volts. 
At  about  this  E.  M.  F.  it  is  sent  to  the  distributing  stations  in 
Charlotte.  The  electricity  is  sold  at  two  prices.  The  lower 
price  is  for  those  consumers  who  do  not  require  a  guaranty  of  a 
specified  current,  but  who  can,  however,  use  to  advantage  any 
excess  current  available,  e.  g.,  the  nitrogen  recovery  plant  at 
Nitrolee — while  the  higher  price  is  for  those  consumers  who  de- 
mand a  guaranty  of  a  given  total  amount  of  power  per  month. 

The  process  of  the  Saltpetersaure-Industrie-Gesellschaft, 
G.  m.  b.  H.,  in  Gelsenkirchen  (founded  by  the  brothers,  H.  and 
G.  Pauling)  was  first  tested  and  worked  out  in  Patsch,  near 
Innsbruck.  The  plant  at  Innsbruck  now  employs  about  15.000 
horse-power  (in  24  furnaces)  and  has  a  daily  production  of  10,000 
kg.  of  98  per  cent  nitric  acid.  The  Pauling  process  for  the  recovery 
of  nitrogen  from  the  air  is  better  than  the  process  of  Eyde  and 
Schoenherr,  which,  in  operation,  requires  a  constant  E.  M.  F., 
because  the  operation  of  the  furnace  suits  the  E  M.  F.  at  any 
given  time.  The  most  important  patents  on  which  the  Pauling 
process  for  the  preparation  of  a  highly  concentrated  nitric  acid 
from  atmospheric  nitrogen  is  based  are  German  Patents  193,366, 
198,241,  205,018,  213,710,  244,840,  246,712,  and  257,809.' 
Flaming  arcs  which  have  been  produced  between  electrodes 
bent  in  the  form  of  crescent-shaped  lightning  rods  are  used  in  the 
process.  The  flaming  arc,  which  is  situated  at  the  narrowest 
point  between  the  two  electrodes,  broadens  out  following  the 
forcing  of  the  hot  gases  to  the  top  and  breaks  after  each  half 
period  of  the  alternating  current,  to  form  anew  at  the  narrowest 
point  between  the  two  electrodes.  A  current  of  air  blown  be- 
tween these  electrodes  broadens  the  arcs  still  more  so  that  flam- 
ing arcs  of  considerable  length  develop.  Since  the  air  forced 
in  rushes  through  so  very  rapidly,  a  very  high  E.  M.  F.  (for  the 
relatively  small  space  between  the  electrodes)  is  required  for 
the  ignition  of  the  arc  but.  naturally,  this  sinks  considerably, 
at  the  moment  of  arc  formation.  The  Pauling  ignition  ar- 
rangement can  be  used  for  the  formation  of  a  high-tension 
flaming  arc  in  which  as  large  as  possible  an  amount  of  energy 
is  discharged  by  the  aid  of  a  rapidly  mo\'ing  gas  stream,  and 
which  consists  of  two  movable  ignition  electrodes  (in  the  form  of 
knife  blades)  which  neither  disturb  nor  retard  the  gas  stream  in 
any  way.  These  narrow  ignition-blades  are  placed  by  hand 
opposite  one  another  in  the  space  (only  a  few  mm.  in  size)  be- 
tween the  two  electrodes  which  serves  for  the  uniform  burning 
of  the  arc.  The  flame  bums  very  quietly  with  a  blinding  white 
light  I  meter  long.  The  water-cooled  electrodes  are  of  iron. 
Every  two  arcs  bum  within  a  brickwork  furnace.  To  effect  the 
disposition  of  several  flaming  arcs  in  a  series  in  one  and  the  same 
current  circuit,  the  Saltpetersaure-Industrie-Gesellschaft  uses 
their  arrangement  which  is  protected  by  German  Patent  213,- 
710.  In  the  operation  of  the  high  tension  electric  arcs,  which 
serve  for  action  on  gases,  the  resistance  of  the  air  spaces  is  excep- 
tionally high,  but  this  resistance  sinks  to  quite  a  small  quantity 
at  the  moment  that  the  spark  pierces  the  space.  Accordingly, 
an  increased  resistance  (which  corresponds  to  the  current  strength 
of  the  discharge)  must  be  inserted  in  the  circuit  so  that  the  differ- 
ence in  E.  M.  F.  before  and  after  the  spark  is  destroyed.  Be- 
cause of  the  difficulties  which  the  process  presents,  the  inventors 
decided  to  give  the  working  current  circuit  an  E.  M.  F.  which 

>  Chcm.  Ztil.  Reperi.  1908.  pp.  108.  178.  277;   1909.  pp.   7.  531;    1912. 
pp.  234.  302:    1913.  p.  166. 
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approximates  the  normal  working  E.  M.  F.  of  the  arc,  while  that 
required  for  sparking  is  obtained  by  the  use  of  a  relay  (or  auxil- 
iary) current  of  considerably  higher  E.  M.  F.  but  smaller  power. 
In  addition,  one  pole  of  the  auxiliary  circuit  is  connected  with 
an  outside  pole  of  the  working  current  while  the  other  pole  is 
connected  with  the  inner  pole  of  the  arc-current  circuit.  In  this 
way,  the  auxiliary  circuit  is  prevented  from  discharging  through 
the  working  circuit;  furthermore,  the  arc  space  which  bridges 
over  the  auxiliary  circuit  must  be  ignited  by  the  high  tension 
circuit.  All  the  arcs,  arranged  in  series  in  the  high  tension  cir- 
cuit, must,  therefore,  be  bridged,  in  each  case  by  a  special  high 
tension  circuit,  and  the  latter  (which  is  an  auxiliary  high  tension 
circuit)  has  a  much  higher  tension  than  the  main  high  tension 
circuit.  The  arrangement,  as  used  by  the  inventors,  is  as  fol- 
lows; The  auxiliary  circuit  (6,  7)  is  started  directly  from  the 
working  current  circuit   (i,   2,  3,   4)   by  interposing  a  suitable 
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transformer  which  "steps  up"  to  a  sufficient  degree  the  E.  M.  F. 
of  the  current  taken  from  the  working  circuit  before  the  latter 
enters  the  bridged  portion  of  the  working  arc  space.  The  above 
arrangement  permits  the  operation  of  any  number  of  ovens 
desired  in  one  and  the  same  circuit  without  the  arc  from  any 
one  having  any  untoward  influence  upon  any  other.  This,  also, 
permits  the  efficient  utilization  of  all  the  energy  available  at 
any  time.  The  electrical  ovens  work  at  5000-7000  volts. 
When  in  full  swing,  the  current  strength  in  the  oven  is  about 
270  amperes.  Two  arcs  are  placed  in  series.  To  start  an  oven, 
an  arc  transformer  changes  the  E.  M.  F.  in  the  oven  to  16,000 
volts.  The  gases  evolved  in  the  oven  are  divided,  one  portion 
going  to  the  blast-heater  and  the  other  portion  giving  up  its 
heat  to  a  steam  boiler.  Thus  the  temperature  of  the  gases  is 
lowered  from  1200°  C.  (the  temperature  at  which  they  leave  the 
oven)  to  200°  C.  The  gases  then  heat  an  acid  concentrating 
tower  and  are  finally  chilled  in  a  cooler  to  30°  C.  From  this 
point  the  gases  pass  through  4  absorption  towers,  being  washed 
in  one  of  these  in  a  stream  of  calcium  hydroxide  and  in  the 
other  three  in  a  current  of  water.  The  final  gases  are  then  led 
through  two  towers  which  are  irrigated  by  80  per  cent  sulfuric  acid. 
The  40  per  cent  HNOj  which  is  recovered  from  the  towers 
is  treated  with  94  per  cent  sulfuric  acid  (in  the  proportion  of 
one  part  nitric  acid  to  two  parts  sulfuric  acid)  in  a  tower  through 
which  steam  passes  from  the  bottom  up.  Ninety-eight  per  cent 
nitric  acid  passes  off  from  the  upper  end  of  the  tower  while  sul- 
furic acid,  diluted  to  68  per  cent,  flows  out  below;  this  sulfuric 
acid  is  re-concentrated  for  further  use  in  the  above-mentioned 
sulfuric  acid  concentration  system  which  is  heated  by  the  hot 
gases.  Complete  denitration  takes  place  in  the  tower  simul- 
taneously with  the  concentration  of  the  nitric  acid.  Four-fifths 
of  the  nitric  acid  produced  are  obtained  from  the  washing  of  the 
gases  in  water  and  the  remaining  one-fifth  is  recovered  in  tire 
tower  washed  by  sulfuric  acid.  In  connection  with  the  plant 
for  the  recovery  of  nitric  acid,  there  is  also  a  plant  for  the  pro- 
duction of  sodium  nitrate.  The  yield  is  60  g.  nitric  acid  per 
kilowatt-hour. 

NEW  YORK,  TORONTO,  COBALT,  BOSTON 

That  night  our  special  train  took  us  back  to  Charlotte  and  we 


reached  New  York  after  a  17  hour  ride  via  Washington.  We 
made  a  stop-over  of  several  minutes  in  Washington,  where  our 
worthy  guide.  Dr.  Day,  left  us.  The  trip  to  New  York,  which 
was  quite  familiar  to  all  of  us  because  of  the  ride  to  the  opening 
of  the  congress,  passed  only  too  rapidly  and  during  it  we  were 
busily  occupied  in  active  preparations  for  leaving  our  traveling 
hotel  and  in  leave-taking  from  all  those  acquaintances  with 
whom  we  had  lived  and  experienced  so  much  for  the  35  days  from 
Sept.  16  to  Oct.  20,  1912.  Arrived  in  New  York,  the  com- 
pany of  excursionists  quickly  disbanded;  the  majority  sailed  for 
home  the  next  day  by  various  steamers  and  but  few  remained 
to  supplement  their  knowledge  of  the  American  aspect  of  their 
various  specialties  by  trips  of  their  own.  I  was  detained  by  the 
desire  to  become  acquainted  with  the  mines  of  the  Cobalt  dis- 
trict in  the  state  of  Ontario,  Canada,  and  to  visit  my  colleague, 
H.  O.  Hofman,  and  become  acquainted  with  the  methods  of 
procedure  in  his  interesting  school,  the  leading  metallurgical 
institute  of  the  United  States,  which  is  under  his  direction.  Before 
I  started  north  I  visited  a  few  smelters  in  the  vicinity  of  New  York. 
Once  more  my  path  led  to  Niagara  Falls.  How  differently  did 
it  appear  this  time!  Rain  and  cloudy  weather  did  not  accord 
the  Falls  the  same  magnificent  appearance  they  had  presented! 
when  viewed  in  brightest  sunshine  as  when  we  visited  them  in 
September.  The  foliage  had  turned  seer  and  yellow,  had  fallea 
from  the  trees,  and  the  friendly  intercourse  between  visitors  hadl 
entirely  disappeared,  so  that  the  spot  held  no  attractions  for  at 
prolonged  stay.  Toronto,  which  I  saw  under  a  driving  rain', 
also  kept  me  but  a  few  hours;  these  I  utilized  for  an  external 
inspection  of  the  University  buildings  and  a  visit  to  a  collection 
of  historical  paintings,  etc.  (relating  to  Canadian  history),  in 
the  University  Library  Building.  After  that  I  remained  two 
days  in  Cobalt,  where  I  was  most  delightfully  entertained  by 
Mr.  Gordon,  the  manager  of  the  Cobalt  Lake  Co.  Finally, 
before  my  return  home,  I  spent  two  days  in  Boston  with  Prof. 
H.  O.  Hofman,  at  whose  hands  I  received  a  most  cordial  recep- 
tion. Under  his  guidance,  I  visited  the  interesting  and  famous 
buildings  of  the  Massachusetts  Institute  of  Technology.  An 
entire  day  was  spent  in  visiting  the  Departments  of  Metal 
Smelting,  Metallurgical  Laboratories  and  Ore-dressing.  An 
extremely  interesting  event  takes  place  on  Tuesday  of  each  week. 
All  the  various  apparatus,  machinery,  etc.,  is  put  into  operation 
and  groups  of  students  are  assigned  to  these  so  that  the  theo- 
retical discussions  with  which  they  are  favored  in  the  various 
lectures  are  in  this  way  supplemented  by  practical  demonstra- 
tions. On  a  wonderful  moonlight  night  one  of  those  splendid 
coast  steamers  brought  me  from  Boston  to  New  York,  landing 
me  at  the  latter  place  on  the  morning  of  Oct.  30,  1912. 

THE   RETURN   TO    GERMANY 

After  the  disposal  of  a  few  final  business  matters,  I  left  the 
shores  of  America  on  the  next  day — Thursday,  Oct.  31,  191 2 — on 
board  the  Lloyd  steamer"George  Washington,"  which  carried  back 
with  it  the  last  of  those  who  had  participated  in  our  magnificent 
tour  of  the  continent.  During  tlie  rather  quiet  sail  we  recovered 
in  a  most  pleasant  way  from  the  extreme  exertion  of  sight- 
seeing. Our  arrival  at  Bremen  was  delayed  by  the  foggy  weather 
we  encountered  in  the  North  Sea,  but  with  much  joy  we  stepped 
ashore  early  on  Saturday,  Nov.  9th.  The  remaining  few  ex- 
cursionists made  their  last  parting  adieus  in  Hanover,  as  from 
this  point  on  their  paths  lay  in  different  directions 

After  a  three  months  absence  from  home  and  Germany,  we 
once  more  resumed  the  accustomed  routine  of  our  daily  lives. 
It  is  with  a  feeling  of  pleasure  that  I,  as  well  as  every  other  per- 
son who  participated  in  this  splendid  tour  through  an  intensely 
interesting  country,  look  back  upon  the  life  and  stress  of  which, 
in  several  weeks,  we  could  catch  but  a  glimpse.  Even  though 
we  have  returned  with  much  joy  to  our  homes  and  our  usual 
activities  after  the  conclusion  of  this  tour,  each  of  the  excur- 
sionists will  cherish  the  wish  to  be  able  to  re-visit,  in  the  near 
future,  that  land  of  unbounded  potentialities. 
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The  Sixth  Annual  Meeting  of  the  American  Institute  of  Chem- 
ical Engineers  was  held  in  New  York,  with  headquarters  at  The 
Chemists'  Club,  December  lo  to   13,   1913. 

The  Council  met  on  Tuesday  evening,  December  9th,  for  the 
transaction  of  routine  business  with  President  Wagner  in  the 
chair.  At  the  first  business  meeting  on  Wednesday,  the  following 
officers  were  elected  for  the  ensuing  year: 

President:  M.  C.  Whitaker,  Professor  of  Chemical  Engi- 
neering, Columbia  University,  New  York. 

First  Vice-President:  Richard  K.  Meade,  General  Manager, 
Tidewater  Portland  Cement  Company,  Baltimore. 

Second  Vice-President:  G.  W.  Thompson,  Chief  Chemist, 
National  Lead  Company,  Brooklyn. 

Third  Vice-President:  A.  C.  Langmuir,  Superintendent  of 
Factory,  Marx  &  Rawolle,  Brooklyn. 

Secretary:  J.  C.  Olsen,  Polytechnic  Institute,  Brooklyn, 
New  York. 

Treasurer:  F.  W.  FrErichs,  Manufacturing  Chemist,  St. 
Louis. 

Auditor:  H.  M.  Kaufmann,  General  Manager,  Mutual 
Chemical  Company  of  America,  New  York  City. 

New  Directors:  Henry  Howard,  Vice-President  Merrimac 
Chemical  Co.,  Brookline,  Mass.;  John  C.  HebdEN,  Vice-Presi- 
dent and  General  Manager,  Franklin  Process  Co.,  Providence; 
I.  P.  LiHME,  Engineer,  Grasselli  Chemical  Co.,   Cleveland,  Ohio. 

The  local  arrangements  were  in  the  hands  of  President  Wagner 
and  Secretary  Olsen.  In  addition  to  the  regular  program,  tlie 
members  of  the  Institute  visited  a  number  of  the  large  industrial 
plants  in  and  about  New  York  City,  the  more  important  of  which 
were  as  follows:  The  Barber  Asphalt  Paving  Co.,  Maurer,  N.  J., 
under  the  personal  guidance  of  Dr.  Clifford  Richardson;  the 
Sanitary  Utilization  Compan)'  at  Barren  Island,  under  the 
guidance  of  Dr.  Maximilian  Toch;  The  Willard  Park  Hospital 
and  Laboratories  of  the  New  York  City  Department  of  Health, 
under  the  guidance  of  Dr.  Ernest  J.  Lederle,  Commission  of 
Health;  the  plant  of  Hanson  &  Van  Winkle  Company,  electro- 
platin  ,  Newark,  N.  J.,  and  the  Atha  Works  of  the  Crucible 
Steel  Company  of  America,  under  the  guidance  of  Dr.  George 
W.  Sargent;  and  the  Chemical  Engineering  Museum  and  Lab- 
oratories of  Columbia  University. 

The  members  also  attended,  by  special  invitation,  the  Inter- 
national lixposition  of  Safety  and  Sanitation  which  was  in  session 
at  the  Grand  Central  Palace. 

For  the  final  meeting,  the  Chemical  Engineers  participated 
in  a  joint  meeting  of  the  American  Chemical  Society,  Society 
of  Chemical  Industry  and  American  Electrochemical  Society 
which  was  a  symposium  for  illustration  of  the  various  forms  of 
welfare  work  obtaining  in  some  of  the  more  important  chemical 
industries. 

The  Annual  Dinner  of  the  Institute  was  held  in  tlie  dining 
room  of  The  Chemists'  Club  on  Thursday  evening.  President 
Wagner  acting  as  toastmaster.  The  Institute  Medal  was 
presented  to  Dr.  F.  W.  Frerichs.  for  his  valuable  contributions 
to  the  Proceedings  of  the  Institute  on  "Some  Problems  in  Chem- 
ical Engineering."  The  presentation  address  was  made  by 
President  Wagner  who  emphasized  the  importance  of  the  papers 
presented  by  Dr.  Frerichs,  especially  from  the  standpoint  of 
their  educational  value  to  students.  Exceedingly  interesting 
and  amusing  after-dinner  speeches  were  made  by  Mr.  Arthur  Von 
Briesen,  the  distinguished  patent  attorney,  who  spoke  on  "The 
Relations  of  the  Chemical  Engineer  to  the  Patent  Laws;"  Dr. 
Chas.  F.  McKenna,  recently  elected  President  of  The  Chemists' 
Club,  who  spoke  on  "The  Chemists'  Club  and  its  Relation  to 
the  Institute;"  and  by  Prof.  Chas.  F.  Chandler  whose  subject 
was  "The  Chemical  Industries  of  Sixty  Years  Ago." 


papers 

The  Effect  of  Legislation  on  Chemical  Industries.  Presi- 
dential Address  by  Dr.  T.  B.  Wagner. — This  Address  was  a 
systematic  treatment  of  this  great  industrial  problem  and  is 
published  in  full  in  this  issue  of  This  Journal. 

Sanitary  Control  of  the  City  of  New  York.  By  Dr.  Ernest 
J.  Lederle,  Commissionei  of  Health,  City  of  New  York. — This 
address  was  a  comprehensive  outline  of  the  organization  and 
equipment  provided  for  handling  the  sanitary  problems  of  Greater 
New  York.  The  speaker  gave  an  interesting  description  illus- 
trated by  lantern  slides  of  the  clean-up  campaigns  which  had 
been  conducted  under  his  administration,  and  also  illustrated  and 
described  the  various  provisions  in  the  city  for  handling  contagious 
and  infectious  diseases.  This  talk  formed  the  basis  for  the  visit 
which  the  members  paid  to  the  laboratories  and  hospitals  of  the 
Department  of  Health. 

Recent  Developments  in  Commercial  Explosives;  and  Electrol- 
ysis Using  Supported  Mercury  Kathode.  By  K.  A.  LeSueur. 
— These  proved  to  be  very  interesting  papers  and  will  be  published 
in  full  in  a  later  issue  of  This  Journal. 

A  New  Form  of  Self-Dumping  Filter  Press.  By  E.  J.  Sweet- 
land. — After  a  general  discussion  of  the  theories  and  problems 
involved  in  the  separation  of  large  quantities  of  solid  from  liquid, 
Mr.  Sweetland  exhibited  a  working  model  of  his  press  and  dem- 
onstrated its  operation.  He  later  showed  a  large  number  of 
lantern  slides  illustrating  installations  in  successful  operation 
as  applied  to  a  wide  variety  of  industrial  processes. 

A  New  Principle  in  Filter  Press.  By  Dr.  Alfred  BtiROER. — 
The  speaker  discussed  in  detail  the  results  of  his  investigations 
on  the  filtration  and  washing  of  precipitates.  These  investi- 
gations have  led  him  to  the  conclusion  that  the  present  system 
of  forcing  the  wash  water  through  the  cake  regardless  of  the 
direction  of  the  flow  of  the  filtrate  is  a  practice  which  is  not  only 
responsible  for  the  loss  of  large  amounts  of  time,  but  also  results 
in  a  low  washing  efficiency.  As  a  result  of  his  conclusions,  he 
has  re-equipped  a  number  of  standard  filter  presses  with  frames 
so  arranged  that  the  wash  water  can  be  made  to  foUow  the  direc- 
tion of  the  filtrate  and  this  without  interruption  of  the  flow. 
The  results  obtained  on  large  scale  installations  justify  him  in 
claiming  that  he  can  reduce  the  time  required  for  filtration  and 
washing  of  slimy  precipitates  from  twelve  hours  to  two  hours, 
and  in  other  cases  from  six  hours  to  one  hour.  Dr.  Burger's 
paper  was  discussed  by  the  members  with  great  interest. 

Ozone;  Its  Manufacture  and  Use.  By  Dr.  A.  Vosmaer. — 
The  subject  of  ozone  was  discussed  under  the  headings  of  Forma- 
tion, Chemistry  and  Application.  The  author  has  definitely 
determined  the  character  of  spark  and  the  efficiency  factors 
requisite  to  the  production  of  ozone.  The  paper  was  illustrated 
by  a  number  of  lantern  slides  describing  the  generating  apparatus 
and  also  the  existing  installations  of  water  sterilizing  equipment. 
The  fundamental  principle  that  the  efficiency  of  the  sterilizing 
treatment  is  a  function  of  concentration  and  time  was  emphasized, 
and  the  discussion  brought  out  the  various  relations  between 
time,  cost  and  efficiency  of  water  purification. 

The  Present  Status  of  the  Wood  Turpentine  Industry.  By 
E.  H.  French  and  Jas.  R.  Withrow.— The  paper  was  presented 
by  Professor  Withrow  and  after  a  brief  outline  of  the  various 
well  known  processes  for  recovering  wood  turpentine,  the  in- 
dustry was  carefully  analyzed,  first  from  the  standpoint  of  tlie 
engineering  problems  and  requirements,  and  later  from  the 
commercial  standpoint.  A  number  of  the  members  who  are 
directly  engaged  in  the  manufacture  and  sale  of  turpentine  con- 
tributed interesting  and  important  material  to  the  discussion. 

Symposium  on  Comfort,  Welfare  and  Safety  Provisions  in 
Chemical  Works. — Miss  Florence  Hughes  who  has  charge  of 
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the  welfare  work  of  the  New  Jersey  Zinc  Company's  plants 
presented  an  interesting  paper  illustrated  by  a  large  number  of 
lantern  slides  on  the  welfare  work  under  her  direction.  This 
was  followed  by  a  paper  by  Mr.  Howard  Lyon,  Physicist  for 
the  Welsbach  Company,  on  welfare  work  and  the  safety  pro- 
visions in  operation  in  the  Welsbach  Company's  plants  in 
Gloucester,  N.  J.,  and  Columbus,  Ohio.  This  paper  was  also 
illustrated  by  lantern  slides.  The  safety  provisions  for  the 
National  Lead  Company  were  discussed  and  illustrated  by 
Mr.  C.  p.  Tolman,  and  the  program  was  concluded  by  an  ad- 
dress by  Dr.  Francis  D.  Patterson,  of  Harrison  Bros.  &  Co., 
of  Philadelphia.  Dr.  Patterson  illustrated  his  talk  by  numerous 
lantern  slides  and  two  moving  picture  films,  one  demonstrating 
the  workman's  risk  as  a  result  of  the  disregard  of  safety  devices 
on  moving  machinery,  and  another  illustrating  the  work  of  the 
United  States  Steel  Corporation  at  Duquesne,  Pa.,  in  the  training 
and  development  of  the  children  of  their  employees. 

Committee  Reports. — Two  important  committee  reports  were 
submitted  at  this  meeting  and  will  later  be  published  in  full  in 
This  Journal. 

Prof.  J.  R.  Withrow,  Chairman  of  the  Committee  on  Educa- 
tion of  Chemical  Engineers,  submitted  a  report  outlining  the 
progress  of  the  work  during  the  past  year  and  offered  for  dis- 
cussion and  approval  of  the  Institute  important  suggestions  for 
future  work. 

The  Committee  on  Standard  Catalogue  for  Chemical  Engineer- 
ing Equipiiient,  represented  by  Dr.  Wm.  M.  Grosvenor,  out- 
lined a  plan  for  the  work  which  this  committee  proposes  to  under- 
take. This  plan  received  the  hearty  approval  of  the  Institute, 
and  no  doubt  the  work  of  this  committee,  under  the  guidance 
of  Dr.  Grosvenor,  will  result  in  the  much  to  be  desired  stand- 
ardization of  a  chemical  equipment  catalogue. 


THE     EFFECT     OF     LEGISLATION      UPON     CHEMICAL 

INDUSTRIES 

PRESIDENTUL  ADDRESS 

By  T.   B.   Wagner 

At  the  end  of  the  eighteenth  century  an  observation  was  made 
by  Scheele  in  his  laboratory,  the  results  of  which  have  meant 
more  to  the  prosperity  of  all  peoples  inhabiting  this  planet  than 
any  other  invention — chemical  or  otherwise.  I  am  referring 
to  the  observation  which  disclosed  the  fact  that  cyanide  of 
potassium  is  capable  of  dissolving  gold.  While  this  discovery 
was  of  much  scientific  interest  at  the  time,  and  led  Faraday  to 
explain  it  by  an  elaborate  theory,  no  industrial  application  was 
made  of  it  until  about  one  hundred  years  later.  In  April, 
1890,  the  first  plant  operating  under  the  Mc Arthur-Forest 
method  for  treating  ore  tailings  was  started  in  Johannesburg. 
The  effect  of  this  process  is  reflected  in  a  tremendous  increase 
of  the  world's  output  of  gold;  consequently,  the  cyanide  process 
plays  an  important  part  in  the  monetary  system  of  the  world, 
as  the  increased  gold  production  effected  by  it  has  dispelled 
the  fear  that  there  might  not  be  enough  of  the  precious  metal 
to  maintain  the  gold  standard  of  the  civilized  nations.  The 
struggle  in  this  country  for  the  maintenance  of  the  gold  standard 
is  within  the  memory  of  all,  but  I  fear  that,  as  in  other  instances, 
credit  was  not  given  to  the  chemist  for  his  share  in  having  the 
gold  standard  preserved. 

The  recital  of  this  invention  has  no  immediate  bearing  upon 
my  subject;  except  in  so  far  as  it  goes  to  prove  that  the  further- 
ance of  civilization  and  the  furtherance  of  industries  depend 
largely  upon  underlying  conditions,  which,  in  their  incipiency, 
may  seem  trivial.  That  is  the  case  with  the  effect  of  legisla- 
tion upon  the  development  of  chemical  industries.  The  chem- 
ical industries  of  the  world  are  a  little  over  one  hundred  years 
old,  yet,  in  point  of  advancement  and  financial  returns,  their 
success  is  without  a  rival.     Strange  as  it  may  seem,  the  starting 


of  industrial  enterprises  is  not  always  due  to  the  chase  for  the 
almighty  dollar,  as  is  generally  and  perhaps  pardonably  assumed, 
but  in  many  instances  it  is  directly  caused  by  the  enactment 
of  laws  with  more  or  less  restrictive  tendencies. 

THE   BEET   SUGAR    INDUSTRY 

Let  us  go  back  to  the  birth  of  the  chemical  industries  in  the 
beginning  of  the  last  century.  Napoleon  the  First,  whose 
fame  as  a  statesman  and  as  a  conqueror  will  stand  like  a  beacon 
light  as  long  as  history  shall  be  written,  was  at  war  with  England. 
To  crush  his  rival,  this  far-sighted  statesman  conceived  the  idea 
that  the  most  effective  way  of  accomplishing  his  purpose  lay 
in  the  crippling  of  England's  trade.  The  Continent  naturally 
was  the  principal  buyer  of  England's  colonial  products.  Napo- 
leon, therefore,  in  1806,  issued  a  ukase,  according  to  which 
England's  colonial  products  were  barred  from  the  Continent, 
and  all  trade  relations  with  England  were  forbidden;  any  country 
violating  this  ukase  was  apt  to  find  itself  involved  in  war  with 
France.  This  ukase  is  known  as  Napoleon's  "colonial  blockade." 
Among  England's  most  important  colonial  products  was  cane 
sugar,  but  with  the  enforcement  of  the  blockade,  the  Continent 
found  itself  unable  to  obtain  this  sweetening  agent,  without 
which  life  seems  to  be  less  sweet  indeed.  The  price  of  sugar 
rose  enormously  and  an  impetus  was  thus  given  to  the  exploita- 
tion of  the  discovery  of  Margraf,  made  in  1747,  that  the  ordinary 
garden  beet  root  contained  considerable  quantities  of  sugar, 
identical  with  that  found  in  the  sugar  cane.  The  first  factory 
was  built  in  Germany  in  iSoi.  Since  then,  this  industry  has 
had  a  marvelous  growth,  and  the  present  production  of  sugar 
from  this  source  exceeds  that  from  cane.  The  world's  pro- 
duction of  sugar  to-day  is  18,500,000  tons,  of  which  9,000,000 
tons  are  obtained  from  the  sugar  cane,  and  9,500,000  from  the 
sugar  beet.  Of  the  latter  only  a  little  over  600,000  tonS  are 
produced  in  this  country,  the  factories  engaged  in  its  manufac- 
ture numbering  72.  Incidentally  I  might  mention  that  while 
at  the  beginning  of  the  industry  about  twenty  tons  of  beets 
were  required  for  the  production  of  one  ton  of  sugar,  the  same 
amount  of  sugar  is  now  obtained  from  only  seven  tons  of  beets. 
It  is  also  worthy  of  mention  that  all  of  the  potassium  contained 
in  the  sugar  beets  and  fully  65  per  cent  of  their  contents  of  nitro- 
gen are  recovered  from  the  molasses  and  utilized  over  again. 
What  effect  the  latest  legislation,  the  new  tariff,  will  have  upon 
the  industry  in  this  country,  whether  it  will  prove  that  it  has 
outgrown  the  state  of  an  infant  industry,  or  whether  it  still 
requires  the  friendly  and  substantial  support  of  a  high  protective 
tariff — that  the  future  will  demonstrate  within  a  few  years. 

THE    PRODUCTION    OF    GRAPE    SUGAR   FROM    STARCH 

Coincident  with  the  establishment  of  the  beet  sugar  industry 
was  that  of  another  industry  which  was  destined  to  play  an  im- 
portant part  in  the  economic  conditions  of  this  country  and 
Germany,  viz.,  the  production  of  grape  sugar  from  starch. 
The  success  of  this  new  industry,  it  may  be  rightly  assumed, 
is  also  attributable  to  Napoleon's  exclusion  of  England's  cane 
sugar  from  the  Continent.  The  conversion  of  starch  into  a  re- 
ducing sugar,  by  means  of  a  dilute  acid  and  heat,  was  discoveretL 
in  181 1  by  Kirchhoff,  a  teacher  at  the  Imperial  Academy  of 
Sciences  at  St.  Petersburg,  and  the  first  factory  was  built  in 
Germany  in  the  same  year  by  the  Grand  Duke  of  Saxe-Weimar, 
at  the  instance  of  Professor  Doebereiner,  of  the  University  of 
Jena,  whom  you  will  remember  as  the  inventor  of  the  first 
"hydrogen  lamp."  Bearing  in  mind  the  present  magnitude 
of  this  industry,  it  is  interesting  to  read  of  the  financing  of  this 
pioneer  factory  in  Germany.  I  quote  from  a  letter  of  the  Grand 
Duke  to  Professor  Doebereiner: 

"The  subscription  is  assured;  my  wife  and  I,  my  son  and  his 
wife  are  the  four  stockholders,  each  contributing  one  hundred 
taler.  I  shall  advance  the  capital  of  four  hundred  taler,  which 
is  to  bear  interest  at  five  percent,  and  shall  turn  this  over  to  you; 
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you  may  then  proceed  immediately  to  start  the  plant.  I  shall 
deed  my  shares  to  you;  I  wish  you  every  success  and  I  am  con- 
vinced that  you  will  proceed  carefully.  As  regards  the  conces- 
sion I  believe  it  can  be  arranged  that  it  shall  be  granted  for  a 
period  of  years;  however,  it  must  not  include  the  home  production 
of  syrup  for  home  use.  I  intend  coming  to  Jena  this  week; 
I  shall  then  liring  the  money  with  me  and  we  may  discuss  fur- 
ther details.  1  have  looked  up  the  manufacture  of  sulfuric 
acid  in  Chaptal  &  Klaproth.  It  seems  to  require  a  large  capita!, 
however,  to  build  the  lead  chamber." 

From  this  small  beginning,  the  industry  has  grown  into  one  of 
vast  proportions,  the  yearly  production  in  Germany  being 
120,000,000  poimds,  and  whereas,  at  the  start,  only  grape  sugar 
and  syrup  were  produced,  and  the  potato  was  the  only  form  of 
raw  material,  at  jjrcsent  by  far  the  largest  amount  is  produced 
from  Indian  corn  and  the  number  of  different  commercial  com- 
modities produced  from  the  latter  reaches  almost  one  hundred. 
The  industry  consumes,  in  this  country,  about  fifty  million  bushels 
of  corn  annually,  or  practically  one-sixth  of  all  the  corn  which 
reaches  the  markets.  These  figures  must  not  be  interpreted 
as  meaning  a  steady  and  unhampered  growth  of  the  industry. 
On  the  contrary,  if  all  the  legislation  enacted  had  had  the  effect 
anticipated  at  the  time  of  enactment,  the  industry  would  not 
have  survived  these  attacks.  For  instance,  in  various  states, 
laws  were  passed  putting  glucose  and  grape  sugar  in  the  same 
category  as  poisons  and  prohibiting  their  use  in  food  products. 
Only  last  year,  attempts  were  made  in  the  legislatures  of  two 
states  to  exclude  glucose  from  use  in  confectionery,  although 
it  is  conceded  that  its  use  results  in  a  better  grade  of  candy  and 
that  certain  goods  cannot  be  made  without  it. 

THE   WINE   INDUSTRY 

Again,  when  it  was  discovered  by  Dr.  Ludwig  Gall  that  grape 
sugar  lends  itself  admirably  to  the  improving  of  wines,  in  which 
the  amount  of  sugar  produced  by  nature  is  deficient  on  account 
of  adverse  climatic  conditions,  this  method  of  ameliorating 
wines,  which  has  come  to  be  known  as  "Gallizing,"  was  hailed 
in  Germany  as  one  of  the  most  important  discoveries,  affecting 
and  improving  the  economic  conditions  of  the  provinces  in  which 
the  wines  were  produced.  Owing  to  the  large  demand  which 
Dr.  Gall's  discovery  created  for  this  sugar,  it  contributed  ma- 
terially to  the  growth  of  the  industry.  Yet  we  find  that  only 
a  few  years  ago  conditions  were  reversed  by  legislative  action 
and  great  restrictions  were  placed  upon  the  use  of  this  sugar 
in  the  amelioration  of  wines.  In  this  country,  the  controversy 
over  the  use  of  sugar  in  wines,  only  a  few  months  ago,  almost 
caused  the  failure  of  the  new  tariff  act.  Our  domestic  wine 
industry  is  centered  principally  in  the  State  of  California  on  one 
side,  and  the  States  of  Ohio  and  Missouri  on  the  other.  Cali- 
fornia produces  grapes  rich  in  sugar,  whereas,  even  the  best 
grapes  produced  in  Ohio  are  deficient  in  sugar  to  such  an  extent 
as  to  produce  a  wine  so  low  in  alcohol  as  to  be  almost  unmer- 
chantable. The  Ohio  and  Missouri  wine  producers,  therefore, 
resorted  to  "Gallizing"  ever  since  the  industry  was  started  in 
their  states,  about  60  years  ago.  Their  ameliorated  wines  are 
said  to  be  as  good  as  any  produced  in  California,  yet  the  wine 
producers  of  that  State  tried  to  create  the  impression  in  Congress 
and  elsewhere  that  California  wines  were  the  only  pure  wines, 
whereas,  those  produced  in  Ohio  and  Missouri  were  adulterated 
because  of  the  addition  of  sugar.  In  the  production  of  sweet 
wines  it  becomes  necessary  to  "fortify"  the  wines  with  brandy, 
and  tlie  California  people  succeeded  in  having  an  act  passed 
by  Congress  in  1890,  which  permitted  them  to  use  brandy  with- 
out paying  the  spirits  tax  of  $1.10.  It  is  said  that  since  the 
passage  of  this  act,  the  amount  of  money  saved  to  the  California 
interests  was  not  less  than  $63,000,000.  To  retaliate  against 
California,  the  Ohio  and  Missouri  interests  appeared  before  Con- 
gress when  the  Underwood  tariff  bill  was  under  consideration. 
One  section  of  the  tariff  act  deals  with  the  income  derived  from 


internal  revenue,  and  here  the  Eastern  interests  saw  their  op- 
portunity and  introduced  a  bill  which  would  take  from  the  Cali- 
fornia wine  producers  the  privilege  of  using  tax-free  brandy. 
It  would  compel  them  to  pay  into  the  United  States  Treasury 
annually  something  like  S8,ooo,ooo.  The  California  interests 
answered  in  kind  by  introducing  a  bill,  placing  a  tax  of  twenty- 
five  cents  per  gallon  upon  all  wines  produced  in  the  territory 
east  of  the  Rocky  Mountains,  which,  if  enacted  into  law,  would 
mean  the  annihilation  of  the  industry  in  that  territory.  This, 
in  turn,  would  injure  the  grape  sugar  industry,  as  it  would  curtail 
the  consumption  of  grape  sugar.  Further  consideration  of  the 
tariff  bill  came  to  a  standstill,  as  this  so-called  wine  clause  proved 
the  stumbling-block,  and  no  headway  was  made  until  the  entire 
wine  clause  was  eliminated  for  the  time  being — Congress  agreeing 
to  give  it  attention  during  the  regular  session. 

I  cite  these  cases  to  show  the  influence  of  legislation,  even 
though  indirect,  upon  the  development  of  a  chemical  industry. 
What  is  one's  loss  is  another's  gain.  For  instance;  the  loss  of 
the  sugar  business  to  England  meant  the  birth  of  two  important 
new  industries  and  ihese  in  turn  influenced  the  development  of 
other  branches  of  the  chemical  industries.  It  is  but  fair  to  state 
that  the  chemical  industries  in  general  owe  a  great  deal  to  the 
beet  sugar  industry.  Looking  over  the  list  of  early  chemists, 
and  chemical  engineers,  who  have  distinguished  themselves 
in  the  chemical  industries,  we  find  that  most  of  them  had  their 
start  in  a  beet  sugar  factory,  likewise  many  successful  works 
managers,  for  it  was  in  this  industry  that  the  first  complicated 
machinery  was  installed.  The  modern  evaporating  devices 
as  well  as  the  separation  of  solids  from  liquids  by  centrifugal 
force  had  their  inception  in  beet  sugar  works. 

I  cannot  leave  this  chapter  without  mentioning  another  instance 
bearing  upon  the  beneficial,  although  unlooked  for,  results 
of  restrictive  legislation.  A  number  of  years  ago  a  law  was 
enacted  in  one  of  the  wine-producing  countries  abroad  with 
reference  to  wines  made  from  the  residue  of  the  pressings  of  the 
grapes,  the  so-called  "Pomace"  wines.  These  wines  were  in- 
troduced by  Petiot,  a  French  wine  merchant,  and  were  produced 
from  Bordeaux  wines  by  adding  a  sugar  solution  to  the  residue 
from  the  first  must  and  fermenting  a  second  time.  The  alcohol 
generated  thereby  dissolved  coloring  substances,  as  well  as 
tannin  and  the  flavoring  principles,  the  "bouquet."  This 
treatment  is  known  as  "  Petiotizing  "  and  is  applied  to  Bordeaux 
wines  four  or  five  times  in  succession.  Much  sophistication 
was  practised — the  pomace  wines  being  sold  frequently  as  natural 
wines.  That  government  recognized  the  legitimacy  of  the 
"pomace"  wines  business,  but  it  wanted  these  wines  to  be  sold 
for  what  they  were  and  did  not  want  them  sold  to  the  public 
under  a  misleading  name.  The  wines  were  supposed  to  be  sold 
as  "Pomace  Wines,"  and  to  enable  the  government  officers 
to  distinguish  them  from  "natural"  wines,  and  to  identify  a 
pomace  wine,  the  law  provided  that  these  wines  must  receive, 
before  marketing,  the  addition  of  a  small  amount  of  phenol- 
phthalein.  The  Inspector  would  examine  the  wines  by  adding 
a  few  drops  of  an  alkaline  solution  which,  of  course,  would  turn 
the  color  red.  If  the  color  of  a  "natural"  wine  turned  red.  it 
was  prima  facie  evidence  that  a  pomace  wine  had  been  substi- 
tuted. After  this  law  had  been  in  effect  for  about  a  year,  it  was 
observed  that  peasants  living  in  the  district  where  tliese  pomace 
wines  were  produced,  and  consuming  rather  large  quantities 
of  these  wines,  developed  what  was  then  considered  a  disease 
and  which  assumed  the  proportions  of  an  epidemic.  The  govern- 
ment despatched  its  medical  officers  to  make  a  thorough  investi- 
gation, and  subsequently  they  reported  that  they  believed 
phenolphthalein  to  be  the  cause  of  the  trouble.  Thereupon 
clinical  tests  were  instituted  and  tlie  fact  established  that  phenol- 
phthalein was  a  most  effective  cathartic.  A^'hile  heretofore 
phenolphthalein  was  used  primarily  in  the  laboratories  as  an 
indicator,   it  now   assumed   an   important  position  among  our 
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therapeutic  chemicals  and  is  at  present  manufactured  in  very- 
large  quantities. 

THE   USE    OF    SACCHARIN    IN    FOODS 

Before  leaving  the  subject  of  sugars,  I  must  not  omit  a  refer- 
ence to  saccharine,  a  substance  which  has  received  extensive 
attention  at  the  hand  of  legislative  bodies.  As  you  know, 
saccharine  was  discovered  by  Dr.  Fahlberg,  while  taking  a  post- 
graduate course  with  Prof.  Ira  Remsen  at  Johns  Hopkins  Uni- 
versity. It  was  more  or  less  an  accidental  discovery,  as  Dr. 
Fahlberg's  work  was  in  the  direction  of  coal  tar  derivatives 
from  a  purely  scientific  point  of  view.  The  manufacture  of 
this  new  sweetening  agent  was  started  in  Germany  and  a  new 
industry  created  which  grew  in  importance  so  that  it  was  event- 
ually considered  a  menace  to  the  beet  sugar  industry  of  the 
Continent.  The  latter,  of  course,  is  of  greater  importance  to 
continental  countries  from  an  economic  point  of  view,  and  the 
new  rival  of  beet  sugar  was,  therefore,  discriminated  against 
by  laws  which  prohibited  the  use  of  this  sweetening  substance 
as  a  substitute  for  sugar,  permitting  its  employment  solely  for 
medical  purposes,  the  Governments  of  Germany  and  Italy 
going  so  far  as  to  prohibit  the  manufacture  of  the  article  itself. 
It  was  not  prohibited  because  the  article  was  injurious  to  health, 
but  simply  because  of  economic  considerations.  The  importa- 
tion into  Germany  being  prohibited,  it  is  interesting  to  note 
the  accounts  in  the  trade  papers  of  the  vast  amount  of  smuggling 
from  .Switzerland  into  Germany.  Incidentally  this  shows  that 
notwithstanding  the  prohibition  of  saccharine  in  food,  a  large 
demand  for  it  still  exists,  and  I  am  told  that  it  is  used  chiefly 
in  the  households  for  sweetening  jellies,  jams,  preserves  and 
similar  products  in  place  of  the  expensive  beet  sugar,  rather 
than  by  the  manufacturers  of  such  products.  I  read  an  account 
in  one  of  the  trade  journals  recently,  according  to  which  it  was 
observed  for  some  time  by  the  Customs  authorities  that  an 
astoundingly  large  number  of  funeral  parties  crossed  the  vSwiss 
frontier  into  the  adjoining  Grand  Duchy  of  Baden — the  expla- 
nation given  being  that  the  bodies  were  shipped  into  Germany 
in  conformity  with  the  wishes  of  the  deceased  to  be  buried  in 
their  native  land.  The  number  of  funeral  parties  steadily  grow- 
ing in  numbers,  the  Customs  authorities  finally  had  their  sus- 
picions aroused  and  ordered  a  casket  to  be  opened.  It  was  dis- 
covered that  in  place  of  the  supposed  corpse,  the  casket  was 
filled  with  packages  of  saccharine! 

THE    CONTACT   PROCESS   FOR   StlT^FURIC   ACID 

The  most  far-reaching  legislation  ever  enacted  was  that  di- 
rected against  the  discharge  of  sulfurous  acid  fumes  from  ore 
smelters.  With  the  increased  output  of  these  smelters,  the 
volume  of  sulfurous  acid  discharged  into  the  air  became  so  large 
as  to  produce  a  most  destructive  effect  upon  vegetation.  Laws 
were  enacted  in  this  country,  as  well  as  abroad,  to  the  effect 
that  unless  the  sulfurous  acid  fumes  could  be  rendered  harmless, 
the  operation  of  these  smelters  would  have  to  be  stopped.  The 
first  attempts  to  convert  them  into  a  useful  article  were  in  the 
direction  of  compressing  the  gases  into  liquid  sulfurous  acid, 
which  was  used  in  the  manufacture  of  glue  and  gelatine,  but  the 
amount  of  gas  recovered  from  the  furnaces  grew  so  enormous 
that  this  outlet  was  not  sufficient  to  take  care  of  the  supply. 
The  attempts  were  then  directed  to  oxidizing  the  sulfurous  acid 
by  means  of  the  oxygen  of  the  air  for  the  production  of  sulfuric 
trioxide,  following  the  re-action  discovered  by  Clemens  Winkler. 
These  efforts  proved  extremely  successful,  and  works  were 
soon  established  where  SO3  and  finally  sulfuric  acid  was  generated 
from  the  waste  sulfurous  acid  gases.  In  this  manner  a  new  pro- 
cess for  manufacturing  sulfuric  acid  was  created,  the  so-called 
"contact  process,"  which,  in  the  course  of  time,  thoroughly 
revolutionized  a  branch  of  chemical  industry  in  which  the  old 
established  chamber  process  had  come  to  be  considered  impossible 
of  improvement. 


I  am  particularly  pleased  to  be  able  to  refer  in  this  connec- 
tion to  the  splendid  work  of  our  fellow  member,  Mr.  J.  B.  Francis 
Herreshoff,  whose  contact  process  has  proven  so  superior  to 
that  of  the  Badische  Anilin  and  Sodafabrik  in  point  of  economy 
and  simplicity  of  operation  that  it  is  now  being  introduced  into 
Germany. 

The  utilization  of  the  waste  gases  from  smelters  had  the  effect 
of  producing  cheap  sulfuric  acid  in  localities  where  it  would 
have  been  impossible  to  produce  it  by  any  other  method.  This 
had  the  most  beneficial  effect  upon  the  development  of  the  fertil- 
izer industry  in  this  country.  Our  southern  states,  principally 
Florida  and  Tennessee,  furnish  to-day  the  bulk  of  the  world's 
requirements  of  phosphatic  rock.  Liebig  showed  us  how  this 
insoluble  phosphorus  could  be  converted  into  a  soluble  form 
by  a  treatment  with  sulfuric  acid,  and  for  this  purpose  alone 
over  3,000,000  tons  of  acid  are  used  per  annum. 

The  contact  process,  in  turn,  was  responsible  for  the  suc- 
cessful commercial  production  of  synthetic  indigo.  The  most 
successful  method  of  producing  it  is  a  combination  of  methods 
suggested  independently  of  each  other,  and  consists  in  the 
following  steps: 

1 .  Naphthalene  to  phthalic  acid. 

2.  Phthalic  acid  anhydride  to  phthalic  imide. 

3.  Phthalic  imide  to  anthranilic  acid. 

4.  Anthranilic  acid  to  phenylglycin  ortho  carbonic  acid. 

5.  Phenylglycin  ortho  carbonic  acid  to  indigo. 

The  greatest  problem  was  the  production  of  phthalic  acid. 
Heretofore  it  had  been  obtained  through  the  oxidation  of  naph- 
thaline by  chromic  acid.  The  latter,  however,  was  very  ex- 
pensive and  this  method  did  not  hold  out  much  hope  of  commer- 
cial success.  E.  Sapper,  a  chemist  engaged  in  experiments  to 
reduce  the  cost  of  production  of  phthalic  acid,  conceived  a  new 
process  of  making  it  by  heating  naphthalene  with  highly  con- 
centrated fuming  sulfuric  acid.  After  years  of  experimenting, 
a  suitable  method  was  found,  in  the  discovery  of  which  Acci- 
dent, the  patron  saint  of  the  inventor,  played  an  important  role. 
It  was  discovered  that  the  addition  of  mercury  to  the  solution 
of  naphthalene  in  fuming  sulfuric  acid  facilitated  the  re-action 
and  resulted  in  an  almost  theoretical  yield.  We  must  bear 
in  mind,  however,  that  the  commercial  success  of  synthetic 
indigo  was  influenced,  to  a  large  extent,  by  the  fact  that  the  SO2 
generated  by  the  process  of  heating  naphthalene  with  sulfuric 
acid  could  be  re-converted  into  SO3  by  the  contact  process. 
Even  ten  years  ago  one  single  establishment  engaged  in  the  manu- 
facture of  snythetic  indigo  re-converted  into  SO3  40,000  tons  per 
year  of  sulfurous  acid  obtained  in  the  manufacture  of  phthalic 
acid. 

Thus  we  have  seen  that  through  the  instrumentality  of  the 
law,  a  chemical  process  was  introduced  into  metallurgical  es- 
tablishments, the  contact  process  was  created,  a  cheap  supply 
of  sulfuric  acid  was  secured  which,  in  turn,  proved  a  blessing 
to  agricultural  interests  tfirough  the  production  of  a  cheap 
fertilizing  material,  and  finally  it  made  possible  the  commercial 
exploitation  of  one  of  the  finest  achievements  of  scientific  effort 
— the  production  of  synthetic  indigo. 

POLLUTION   OF   STREAMS 

Another  impetus  was  given  to  chemical  industries  by  laws 
aimed  at  stopping  the  contamination  and  pollution  of  rivers 
and  other  waters.  Before  the  value  of  by-products  was  under- 
stood by  manufacturers,  the  rivers  and  water-ways  in  general 
were  used  as  the  most  convenient  and  inexpensive  way  of  re- 
moving offal  and  waste  of  all  kinds  from  the  factory.  It  is  not 
difficult  to  understand  the  results  from  such  abuse  of  natural 
water  courses.  The  communities  deriving  their  supply  of  drink- 
ing water  from  these  sources  were  especially  affected  by  it; 
the  water,  deprived  of  its  natural  content  of  oxygen,  caused 
the  death  of  the  fish  habitating  these  waters  and  the  odor 
produced  by  the  decomposition  of  this  offal  brought  much  dis- 
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comfort  to  the  people  living  within  the  vicinity  of  such  streams. 
It  was  a  condition  of  which  the  Legislatures  were  compelled  to 
take  cognizance,  and  the  inevitable  result  was  the  prohibition 
of  such  use  of  the  streams.  This  legislation  proved  disastrous 
to  many  industries  but  it  proved  of  the  greatest  benefit  to  a  far 
larger  number.  Among  others,  it  affected  beneficially  all  the 
industries  connected  with  fermentation  and  those  connected 
with  the  manufacture  of  starch  from  various  raw  materials. 
The  materials  recovered  from  the  waste  of  these  industries  were 
converted  into  dry  form,  serving,  in  most  instances,  for  the  feed- 
ing of  cattle  and  live  stock.  Such  feeds  are  those  produced 
from  the  starch  works,  distilleries  and  breweries,  and  they  rank 
among  the  most  valuable  concentrated  feeding-stuffs.  They 
are  indispensable  for  the  rational  feeding  of  live  stock,  which, 
together  with  wheat,  form  the  principal  means  of  sustenance 
of  mankind.  The  production  in  this  country  of  feed-stuffs 
from  the  manufacture  of  starch  alone  amounts  to  over  300,000 
tons  per  year,  and  since  these  feed-stuffs  sell  at  approximately 
$25  per  ton,  the  revenue  obtained  from  this  source  amounts  to 
$7,500,000  per  annum. 

In  former  years,  it  was  customary  to  allow  the  germs  of  the 
corn  to  go  to  waste,  but  to-day  the  industry  recovers  about 
75,000,000  pounds  of  oil  per  year,  which  is  sold  in  the  markets 
of  the  world  at  about  $4,500,000.  The  corn  solubles — the  so- 
called  steep  water — are  now  recovered  to  the  extent  of  100,000,000 
pounds  a  year,  which  are  sold  also  in  the  world's  markets  at 
over  $1,000,000.  The  by-products  recovered  from  distilleries 
and  breweries  in  this  country  may  be  said  to  be  worth  about 
$5,000,000  per  year. 

OLEOMARGARINE 

One  of  the  most  prolific  sources  of  legislation  is  oleomargarine. 
Laws  have  been  enacted  in  many  states  aimed  at  the  destruction 
of  this  industry,  as  for  instance  the  oleomargarine  laws  of  Penn- 
sylvania and  New  Hampshire,  which  required  that  no  oleomar- 
garine should  be  sold  in  those  states  unless  it  were  colored  pink. 
Yet,  in  spite  of  these  restrictive,  if  not  prohibitive,  laws,  this 
industry  has  prospered,  simply  because  of  the  underlying  merit 
of  the  product  itself.  This  is  well  illustrated  by  the  fact  that 
the  receipts  of  the  internal  revenue  office  from  the  tax  on  oleo- 
margarine amounted  to  $1,259,987.65  during  the  fiscal  year 
ending  June  30,  1913.  This  subject  furnishes  a  most  interesting 
sidelight  on  the  incongruities  of  laws.  The  artificial  coloring 
of  natural  butter  is  permitted  by  a  special  act  of  Congress,  even 
though  the  butter  color  used  at  the  time  of  the  enactment  of  this 
law  would  not  be  permitted  to-day  under  the  Federal  Food  & 
Drugs  Act  because  of  its  injurious  character. 

The  artificial  coloring  of  oleomargarine,  however,  is  not  per- 
mitted, because  such  practise  would  make  it  an  imitation  of 
butter.  If,  however,  the  producer  of  oleomargarine  is  willing 
to  pay  a  tax  of  10  cents  per  pound,  he  then  acquires  the  right 
to  put  his  "fraudulent"  product  upon  the  market  and  the  govern- 
ment becomes  his  silent  partner.  Most  of  the  oleomargarine 
is  produced  by  the  packers,  but  it  is  only  one  of  a  large  number 
of  chemical  products  manufactured  by  them.  It  is  only  a 
relatively  short  time  since  chemistry  has  entered  the  packing 
houses  and  it  was  not  entirely  a  matter  of  choice  that  led  to  the 
entry  of  the  chemist,  but  rather  stern  necessity,  for  the  law  had 
served  notice  upon  the  packers  that  a  stop  would  soon  be  put 
to  their  practice  of  discharging  their  enormous  putrefactive 
wastes  into  creeks  and  rivers.  This  could  not  be  accomplished 
without  the  aid  of  the  chemist  and  the  chemical  engineer.  As 
a  result  of  their  work,  the  packers  produce  to-day  not  only  meats, 
meat  extracts  and  soups,  Init  they  manufacture  lard,  tallow, 
stearine  and  oleomargarine.  They  also  produce  soaps,  candles 
and  hydrogenated  fats;  in  the  manufacture  of  these  products, 
they  recover  glycerin  as  a  by-product.  From  the  different 
parts  of  the  animal,  especially  from  the  pancreas,  the  thyroid 
and  the  suprarenal  glands,  therapeutic  agents  of  great  medicinal 


value  are  obtained.  From  the  stomachs  of  hogs  pepsin  is  pro- 
duced and  the  use  of  the  latter  has  been  greatly  increased  within 
recent  years  by  the  clever  discovery  of  two  brother  chemists, 
the  Messrs.  Wallerstein  of  this  city,  that  beer  of  absolute  chill- 
proof  quality  is  obtained  by  the  use  of  pepsin.  The  governing 
thought  of  their  invention  lay  in  the  desire  to  keep  in  colloidal 
solution  those  albuminoid  substances  which  could  not  be  sepa- 
rated during  the  process  of  refrigeration;  the  use  of  a  minute 
quantity  of  pepsin  makes  this  possible. 

Further  by-products  of  the  packing-houses  are  glue  and  gela- 
tine, both  products  of  great  importance,  particularly  in  view 
of  the  universal  shortage  all  over  the  world  of  glue  stock,  and 
the  correspondingly  high  prices  prevailing  for  these  products. 
The  bones  of  the  slaughtered  animals  are  charred  for  the  prepara- 
tion of  bone-black,  which,  as  you  know,  is  a  valuable  filtering 
and  refining  material.  In  other  departments  of  the  packing 
plants  brushes  are  made  from  the  bristles  of  the  hogs.  The 
hair  is  also  recovered  and  the  skins  and  hides  go  to  the  tanneries 
to  be  converted  into  leather.  What  is  left  is  placed  on  the  market 
as  fertilizing  materials,  as  for  instance,  dried  blood  and  tankage. 

Viewing  these  remarkable  results,  it  is  obvious  that  there  is 
hardly  any  necessity  of  further  legislation  concerning  the  dis- 
position of  offal  from  the  packing  plants. 

PAPER   AND    PULP   INDUSTRIES 

Other  industries  directly  affected  by  legislation  prohibiting 
the  pollution  of  streams  are  the  paper  and  pulp  industries. 
Here,  however,  the  problem  of  a  satisfactory'  disposition  of  the 
objectionable  materials  offers  greater  difficulties  than  in  most 
of  the  other  industries.  Some  of  the  waste  material  is  recovered 
through  mechanical  separators,  but  most  of  it  still  goes  to  waste, 
and  this  has  resulted  in  the  closing  by  law  of  a  number  of  plants. 
A  beginning  towards  recovery  has  been  made  through  the  Mueller- 
Kestner  process  whereby  the  spent  sulfite  liquors  are  neutralized 
and  then  concentrated  in  a  vacuum  system.  The  liquid  thus 
obtained  is  used  principally  for  laying  dust  on  roads  in  the  same 
manner  as  petroleum  oils  are  used  in  this  country.  In  Sweden 
attempts  are  being  made  to  produce  ethyl  alcohol  from  sulfite 
liquors  and  the  results  are  claimed  to  be  quite  satisfactory,  but 
while  these  are  steps  in  the  right  direction,  the  great  problem 
affecting  these  industries  still  remains  unsolved. 

ETHYL   ALCOHOL    FROM   LUMBER    WASTE 

In  this  connection,  I  do  not  think  it  amiss  to  point  out  another 
incongruity  of  laws  as  enforced  in  various  countries  and  the 
discrimination  shown  against  certain  products.  One  of  the 
greatest  wastes  in  this  country  is  that  of  the  lumber  industry. 
The  waste  in  that  particular  industry  is  appalling  and  when 
we  recall  the  strenuous  efforts  towards  conservation  of  our  natiu-al 
resources,  one  stands  aghast  at  the  wanton  waste  still  going  on 
in  that  industry,  for  wherever  you  see  a  lumber  mill  of  large 
capacity,  you  will  invariably  find  a  burner  installed  where  such 
wood  waste  as  cannot  be  used  in  the  production  of  steam  is 
incinerated,  and  millions  of  dollars  worth  of  material  escapes 
unused  into  the  air  in  the  form  of  gases.  Diu^ing  the  last  years 
an  industry  has  been  started  in  this  country  based  upon  the 
original  discovery  of  Classen  that  ceUulosic  materials  may  be 
converted  into  reducing  sugars,  from  which  ethyl  alcohol  may 
be  produced.  There  is  only  one  plant  in  operation  thus  far, 
but  the  results  obtained  seem  to  indicate  that  this  new  method 
of  producing  ethyl  alcohol  is  commercially  feasible  and  lucrative. 
The  cash  capital  invested  in  this  plant  amounts  to  $1,000,000. 
The  product  obtained  is  of  the  very  highest  grade,  practically 
free  from  fusel  oils  and  surpassing  that  produced  in  grain  dis- 
tilleries, yet  the  most  natural  outlet  for  ethyl  alcohol  is  closed 
to  this  industry,  because  our  laws  provide  that  only  grain  dis- 
tilled spirits  may  be  used  in  the  compounding  of  whiskeys. 
In  Canada,  however,  no  such  restrictive  legislation  exists  be- 
cause there  the  law  simply  provides  tliat  ethyl  alcohol  may  be 
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used,  irrespective  of  its  source.  It  would  not  be  surprising, 
therefore,  if  the  development  of  this  new  industry  should  prove 
speedier  in  Canada  than  in  this  country. 

FERTILIZER    INDUSTRY 

Of  much  interest  to  chemists  is  a  bill  recently  introduced  in 
Congress  by  Representative  Falson,  of  North  Carolina,  pro- 
viding for  an  appropriation  of  $400,000  to  enable  the  Department 
of  Agriculture  to  procure  economical  methods  for  the  produc- 
tion of  artificial  fertilizers  by  means  of  electricity.  It  would 
seem  that  oflBcial  circles  have  taken  cognizance  of  the  fact  that 
saltpetre  deposits  in  Chile  are  not  far  from  complete  exhaustion, 
and  that  our  lawmakers  have  arrived  at  the  conclusion  that 
they  can  rely  upon  the  chemist  to  meet  the  situation — pro- 
ducing in  place  of  saltpetre  a  cheap  nitrogenous  fertilizing  material 
which  can  be  secured  in  unlimited  quantities. 

You  all  know  that  the  utilization  of  nitrogen  from  the  air  by 
the  combination  of  nitrogen  and  o.vygen  of  the  atmosphere 
with  the  formation  of  nitric  acid  is  an  accomplished  fact,  and 
is  brought  about  either  through  the  medium  of  the  electric 
arc  and  the  silent  electric  discharge,  of  under  the  influence  of 
high  electric  tension.  In  the  form  of  a  new  chemical  compound, 
called  calcium  cyanamide,  which  is  produced  by  combining  nitro- 
gen from  the  air  with  calcium  carbide,  a  plant  food  is  obtained 
which,  as  a  fertilizing  agent,  is  as  efficient  as  Chile  saltpetre 
or  ammonium  sulfate.  The  production  of  these  substances 
from  atmospheric  nitrogen  will,  therefore,  remove  the  anxiety 
of  many  writers  on  economics  concerning  the  difficulty  of  feeding 
an  ever-increasing  population,  owing  to  the  gradual  exhaustion 
of  the  soil. 

SYNTHETIC   PRODUCTION    OF    NITRIC   ACID 

Since  nitric  acid  is  also  used  largely  for  nitrating  glycerin, 
cotton  and  cellulose,  and  since  these  nitrated  products  are  the 
principal  constituents  of.  the  smokeless  powder  and  high  ex- 
plosives used  by  the  armies  and  navies  of  the  world,  it  is  ap- 
[jarent  that  aside  from  its  importance  from  economic  considera- 
tions, a  process  of  making  nitric  acid  independently  of  Chile 
saltpetre  will  become  of  extreme  importance  in  case  of  war, 
for  it  removes  the  danger  of  being  cut  off  from  the  supply  of 
Chile  saltpetre  by  a  hostile  navy.  As  yet,  the  principal  produc- 
tion of  nitric  acid  from  atmospheric  nitrogen  is  centered  in  Nor- 
way, because  that  country  has  natural  water  power  of  a  tre- 
mendous magnitude,  with  the  further  advantage  of  being  located 
within  easy  reach  of  the  principal  markets  abroad.  Even  in 
Norway,  however,  restrictions  have  been  placed  by  law  upon 
this  new  industry — the  law  providing  that  only  citizens  of  Nor- 


way may  be  engaged  in  the  exploitation  of  these  natural  water 
powers.  This  caused  the  severance  from  the  Norway  enter- 
prise of  Dr.  Schoenherr,  one  of  the  pioneers  of  this  new  industry. 

CONCLUSION 

The  time  at  my  disposal  does  not  permit  the  enumeration  of 
all  that  has  been  accomplished  in  the  utilization  of  industrial 
wastes  through  the  compelling  force  of  legislation.  The  aniline 
industry,  the  production  of  sulfate  of  ammonia  from  gas  residues, 
of  copperas  from  pickling  liquors  in  steel  and  wire  works,  of 
copper  zinc  and  nickel  from  plating  works,  of  fats  and  soaps' 
from  textile  mills,  and  the  products  obtained  in  the  reduction 
of  garbage  would  all  come  under  this  heading.  The  last  named 
subject  alone  is  not  only  of  the  greatest  importance  and  greatest 
interest,  but  in  itself  would  suffice  for  a  complete  address.  It 
is  our  good  fortune  to  have  been  able  to  make  an  arrangement, 
largely  through  the  cooperation  of  our  fellow  member.  Dr. 
Maximilian  Toch,  to  visit  the  garbage  reduction  plant  on  Barren 
Island,  a  courtesy  which  I  understand  has  not  been  enjoyed 
by  any  other  scientific  or  technical  association.  What  I  might 
say  on  the  subject  of  garbage  reduction,  I  am  sure  will  be  sai^d 
in  a  much  more  comprehensive  manner  at  the  time  of  our  visit 
to  Barren  Island,  so  that  I  believe  I  have  your  permission  to 
leave  the  subject  for  the  time  being. 

I  believe  I  have  shown  that  what  may  at  first  have  seemed 
oppressive  legislation  actually  developed  into  progressive  legis- 
lation, and  led  to  the  building  up  of  important  chemical  industries, 
which,  in  point  of  commercial  value,  as  well  as  in  point  of  direct 
benefit  to  mankind,  rank  second  to  none.  And  now  when 
fears  are  expressed  regarding  the  commercial  and  industrial 
future  of  this  country  because  of  the  present  tendency  to  dis- 
band large  industrial  organizations  and  corporations,  I  believe 
the  chemist  has  no  cause  for  apprehension,  for  it  is  the  chemist, 
first  of  all,  who  is  sought  in  times  of  need.  His  services  are 
appreciated  all  the  more  when  competition  calls  for  a  greater 
exercise  of  scientific  knowledge  and  of  technical  skill.  This 
holds  good  even  with  respect  to  the  effects  of  the  new  tariff. 
While  the  removal  of  a  high  protective  tariff  may  bring  hard- 
.ships  to  certain  industries,  the  ingenuity  of  the  chemist  and  chem- 
ical engineer  will  assert  itself  and  lead  us  to  conditions  possibly 
more  equitable  than  they  have  been  in  the  past.  I  believe  that 
it  will  always  be  a  case  of  history  repeating  itself,  and  I  cannot 
see  other  than  a  most  hopeful  future  for  the  chemical  industries 
of  this  country, 

17   B.1TTERY  Place,  New  York  City 
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TENTATIVE   SPECIFICATIONS   AND    ANALYTICAL   PRO- 
CEDURE FOR  30' ,:  HEVEA  RUBBER  INSULATING 
COMPOUND 

Preliminary  Report  of  the  Joint  Rubber  Insulation  Committee 

Appointed  by  a  Group  of  Manufacturers  and  Users  of 

Rubber  Compounds,  1911-1914 

A  conference  of  manufacturers  and  users  of  rubber  insulation 
was  held  at  New  York  on  December  7,  19H,  upon  the  invi- 
tation of  Mr.  E.  B.  Katte  of  the  N.  Y.  C.  &  H.  R.  R  R.  Co. 
The  following  interests  participated: 

U.  S.  Signal  Corps  General  Electric  Co. 

U.  S.  Bureau  of  Standards  Hazard  Manufacturing  Co. 

American  Chemical  Society         .Simplex  Wire  &  Cable  Co. 

New  York  Central  Lines  Standard  Underground  Cable 

Pennsylvania  R.  R.  Co. 

Major  S.  Reber,  of  the  U.  S.  Signal  Corps,  was  elected  chair- 
man. 


Attention  was  called  to  the  diversity  of  the  specifications  and 
methods  of  analyzing  rubber  insulation  then  in  vogue,  and  it 
was  suggested  that  steps  be  taken  to  improve  and  standardize 
them.  After  full  discussion,  it  was  decided  to  appoint  a  Committee 
to  devise  specifications  and  an  analytical  procedure  for  rub- 
lier  insulating  compounds.  The  report  of  this  committee, 
which  is  known  as  the  Joint  Rubber  Insulation  Committee,  is 
presented  herewith. 

The  committee  has  consulted  the  available  literature  on  rubber 
analysis  and  has  also  obtained  assistance  and  advice  from  chem- 
ists interested  in  this  field  of  work.  Some  of  the  details  in  the 
methods  of  analysis  were  taken  directly  from  the  work  of  others 
when  such  action  was  warranted  by  the  experimental  results  ob- 
tained, and  in  certain  cases  modifications  were  made  in  avail- 
able methods.  In  some  cases  the  methods  adopted  constitute 
distinctly  new  features  in  rubber  analysis. 

The   committee   desires   to   express   its   thanks,  especially   to 
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Messrs.  D.  A.  Cutler,  F.  Dannerth,  F.  S.  Deemer,  F.  A.  Hull, 
M.  M   Kahn,  G.  H.  Savage  and  D.  Whipple. 

W.  A.  Del  Mar 
Sub-Committee  on  Publication  of  Report       \  P.  Poetschke 

E.    L.    WiLLSON 
PART    I        GENERAL   REPORT 

At  the  conference  of  December  7,  191 1,  it  was  resolved  that 
a  committee  be  appointed  to  develop  a  means  of  specifying  and 
analyzing  rubber  insulation,  the  committee  to  report  its  findings 
,  at  a  future  conference. 

The  chairman  of  the  conference,  assisted  by  other  members, 
appointed  the  following  to  serve  upon  this  committee:  C.  R. 
Boggs,  Simplex  Wire  &  Cable  Co. ;  W.  S.  Clark,  General  Electric 
Company;  W.  A.  Del  Mar,  W.  B.  Geiser,  N.  Y.  C.  &  H.  R.  R.  R. 
Co.;  J.  P.  Millwood,  consulting  chemist;  P.  Poetschke,  Lederle 
laboratories;  H.  B.  Rodman,  Pennsylvania  R.  R.  Co.  Later, 
at  the  request  of  the  committee  and  by  unanimous  consent  of 
the  members  of  the  original  conference,  the  following  were  added: 
J.  B.  Tuttle,  U.  S.  Bureau  of  Standards,  and  E.  L.  Willson, 
Hazard   Manufacturing   Company.     The   committee   thus   con- 


is  not  perfect  and  believes  that  it  should  be  put  into  use  for  a 
year  before  being  offered  as  final.  With  this  in  view  the  commit- 
tee hereby  presents  to  the  conference  a  preliminar>'  procedure 
and  requests  the  permission  of  the  conference  to  publish  it  and 
obtain  the  results  of  experience  with  it  during  the  ensuing  year. 
The  committee  proposes  to  avail  itself  of  the  experience  gained 
in  this  year  and  to  incorporate  whatever  improvements  it  may 
decide  upon  in  a  final  report. 

The  committee  has  also  made  a  study  of  specifications  for 
rubber  insulating  compound.  It  presents  herewith  a  chemical 
.specification  for  a  compound  containing  30  per  cent  of  Hevea 
rubber  with  mineral  fillers  and  requests  that  this  specification, 
like  the  analytical  procedure,  be  considered  as  tentative. 

There  may  still  exist  the  possibility  of  making  compounds 
which  will  conform  to  the  specifications  when  analyzed  by  the 
procedure,  but  which  are  not  compounded  as  desired.  The 
committee  believes,  however,  that  the  probability  of  such  com- 
pounds being  supplied  is  very  small  indeed.  After  more  expe- 
rience with  the  procedure  it  may  be  possible  to  narrow  the 
limits  prescribed  in  the  specification. 
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stituted  is  composed  of  three  railroad  men,  three  independent 
chemists  and  three  representatives  of  the  manufacturers.  Of  the 
nine  members,  seven  are  chemists  and  two  are  engineers. 

The  committee,  immediately  upon  its  formation,  decided  to 
confine  itself  to  the  development  of  a  specification  and  an  anal- 
ytical procedure  for  compounds  of  the  30  per  cent  Para  type. 
In  accordance  with  this  policy  it  considered  the  available  anal- 
ytical procedures  and  developed  several  which  formed  the  basis 
of  further  study.  Samples  of  different  rubber  compounds  were 
analyzed  by  these  tentative  methods.  The  results  were  unsatis- 
factory and  the  discrepancies  were  investigated.  Sub-committees 
were  formed  to  do  much  of  this  work.  Twelve  regular  committee 
meetings,  besides  numerous  sub-committee  meetings,  were  held; 
thirteen  different  compounds  were  distributed  to  be  analyzed 
by  the  entire  committee,  and  many  more  compounds  were  experi- 
mented upon  by  the  sub-committees  and  individual  members. 

The  outcome  of  this  work  has  been  a  gradual  elimination  of 
errors  and  the  development  of  a  procedure  which,  with  expe- 
rience, will  give  uniform  and  consistent  results. 

The  committee  feels  that  the  procedure  which  it  has  developed 


PART  II.   PROCEDURE  FOR  THE  ANALYSIS  OF  RUBBER  COMPOUND 

OBJECT — The  object  of  this  procedure  of  analysis  is  to  deter- 
mine whether  rubber  compounds  comply  chemically  with  the 
accompanying  specification,  which  is  intended  to  secure  com- 
pounds containing  30  per  cent  of  the  best  Hevea  rubber  and 
mineral  fillers. 

OUTLINE  OF  PROCEDURE — -The  general  procedure  is  shown  by 
the  above  diagram,  which  gives  an  outline  of  the  separations  to  be 
affected  by  acetone  and  chloroform  extractions,  and  saponifica- 
tion with  alcoholic  potash. 

GENERAL — Make  the  analysis  upon  the  insulation  after  vul- 
canization and,  whenever  possible,  before  the  saturation  of  the 
braid.  Wipe  the  insulation  thoroughly  with  a  damp  cloth  to 
remove  any  adhering  material,  but  do  not  remove  waxy  hydro- 
carbons from  the  surface. 

If,  however,  a  saturated  braided  sample  must  be  used,  remove 
the  braid  and  sandpaper  the  insulation  to  a  depth  of  at  least 
5/1000  of  an  inch  and  wipe  with  a  damp  cloth.  In  such  cases 
report  the  condition  of  the  sample. 

Perform  all  determinations  in  duplicate  and  take  the  average- 
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value  arbitrarily  as  the  true  value.  Duplicate  determinations 
must  check  within  the  limits  specified. 

Make  blanks  on  all  determinations  and  deduct  the  result 
accordingly. 

SAMPLE — Remove  the  insulation  entirely  from  sufficient  wire 
to  give  a  sample  weighing  about  25  grams.  Cut  this  into  small 
strips  and  grind  slowly  in  either  a  No.  O  Enterprise  coffee  mill 
or  a  mill  such  as  shown  by  the  diagram  below.  Adjust 
the  grinder  so  that  not  more  than  20  per  cent  will  pass 
through  a  40  mesh  sieve.  Sift  all  the  material  through  a  20 
mesh  sieve,  regrinding  what  is  retained  on  the  sieve  until  the 
entire  sample  has  passed  through.  The  wires  of  the  sieve  shall 
be  evenly  spaced  in  both  directions  and  shall  be  of  0.016  and 
o.oio  inch  diameter  in  the  20  and  40  mesh  sieves,  respectively. 
Remove  with  a  strong  magnet  any  metal  that  may  have  come 
from  the  grinder  and  thoroughly  mix  the  sample.  , 

EXTRACTION  APPARATUS — The  extraction  apparatus  shall 
conform    with    the  diagram  on  page  78.      It    shall    be    heated 


Desiccate  until  cool  and  weigh.  Continue  to  dry  for  2  hour 
periods  until  constant  weight  is  obtained.  In  drying,  place  the 
flask  on  its  side  but  at  a  sufficient  angle  from  the  horizontal  so 
that  the  extract  does  not  appreciably  run  down  the  side  of  the 
flask. 

UNSAPONiFiABLE  MATERIAL — Add  to  the  acetone  extract 
50  cc.  alcoholic  KOH  solution,  boil  under  a  reflux  condenser  for 
two  hours,  and  evaporate  to  dryness,  removing  all  alcohol.  Add 
10  cc.  water  and  20  cc.  ether,  heat  until  the  wax,  etc.  are  in  solu- 
tion; cool,  transfer  to  a  separatory  funnel,  wash  out  the  flask 
with  warm  water  and,  when  cool,  finally  with  two  20  cc.  portions 
of  ether.  The  water  volume  should  be  100  cc.  and  the  ether  at 
least  40  cc.  Shake  vigorously  for  two  minutes,  and  allow  the 
solutions  to  separate  thoroughly.  Draw  off  the  aqueous  solu- 
tion into  a  second  funnel,  leaving  in  the  first  funnel  the  ethereal 
solution  and  any  flocculent  material  that  may  be  present.  Again 
rinse  the  flask  with  20  cc  ether  and  add  it  to  the  aqueous  solu- 
tion; shake  vigorously  for  two  minutes,  and  when  separated  draw 


[«2.aJN 


Grinding  Plates  of  ttte  No.  0 
Enterprise  Coffee  H/lill  to  l>e  used. 


RUBBER  GRWDER 
/111 dimensions  in   Centimeters. 


so  that  the  period  of  filling  an  empty  siphon  cup  with  acetone 
and  completely  emptying  it  will  be  between  2'/2  and  3V2  min- 
utes. 

PREPARATION  OP  REAGENTS — Acetone  shall  be  freshly  dis- 
tilled over  anhydrous  K2CO3,  using  the  fraction  56-57°  C. 

Alcoholic  KOH  solution  shall  be  of  normal  strength  and  shall 
be  freshly  made  by  dissolving  the  proper  amount  of  KOH  (puri- 
fied by  alcohol)  in  95  per  cent  alcohol  which  has  previously 
been  distilled  over  KOH.  The  solution  shall  be  allowed  to  stand 
for  24  hours  and  only  the  clear  liquid  used. 

Ether  shall  be  washed  with  three  successive  portions  of  dis- 
tilled water  and  distilled,  using  the  fraction  34-36°  C. 

Chloroform  shall  be  pure  and  freshly  distilled. 

Carbon  tetrachloride  shall  be  pure  and  freshly  distilled. 

Reagents  not  otherwise  specified  shall  be  C.  P. 

ACETONE  EXTRACTION- — Extract  continuously  with  60  cc. 
acetone  for  eight  hours,  two  2  g.  samples  that  have  been  pre- 
pared within  24  hours.  Unite  the  extracts  in  a  weighed  flask, 
using  hot  chloroform  to  rinse  the  flasks.  Distill  off  the  reagents 
and  dry  the  flask  and  contents  for  four  hours  at  95-100°  C. 


off  the  aqueous  solution  and  unite  in  the  first  funnel  the  ethereal 
solutions  and  any  flocculent  material.  Repeat,  shaking  with 
20  cc.  portions  of  ether  until  the  extraction  is  complete,  using  at 
least  120  cc.  ether.  Wash  the  flask  and  the  funnel,  from  which 
the  ethereal  solution  has  been  taken,  with  water,  until  they  are 
free  from  alkali,  subsequently  using  this  wash  water  to  wash  the 
ethereal  solution.  Continue  washing  with  water  until  it  has 
been  washed  twice  after  it  shows  no  alkaline  reaction.  Retain 
with  the  ethereal  solution  any  flocculent  material.  Filter  the 
ethereal  solution  from  the  flocculent  material,  through  a  small 
pellet  of  extracted  cotton,  into  a  weighed  flask,  washing  first 
with  ether  and  subsequently  with  hot  chloroform,  using  this  to 
rinse  the  original  flask  and  both  separatory  funnels.  Evaporate 
the  solvents  and  dry  the  extract  to  constant  weight  at  95-100°  C. ; 
desiccate  until  cool  and  weigh. 

HYDROCARBONS  A. — Add  50  CC.  absolute  alcohol  to  the  un- 
saponifiable  material  and  warm  until  solution  is  as  complete  as 
possible.  Cool  the  solution  to  — 4  or  — 5  °  C.  and  maintain  at 
this  temperature  for  one  hour  by  packing  the  flask  in  a  mixture 
of  ice  and  salt.     FUter  out  the  waxy  hydrocarbons,  using  a  fun- 
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nel  packed  with  ice  and  salt,  and  apjjly  suction  if  necessary. 
Wash  the  flask  and  filter  with  about  25  cc.  of  95  per  cent  alcohol, 
which  has  been  previously  cooled  to  the  same  temperature. 
Catch  the  filtrate  in  a  flask  which  is  afterwards  cooled  to  — 4  or 
— 5°  C.  to  make  sure  that  all  possible  waxy  hydrocarbons  have 
been  removed,  and  refilter  if  necessary.  Dissolve  the  residue 
on  the  filter  paper  with  hot  chloroform,  into  the  original  flask. 
Evaporate  the  chloroform  and  dry  the  flask  to  constant  weight 
at  95-100°  C;  cool  in  a  desiccator  and  weigh. 

HYDROCARBONS  B. — Evaporate  the  alcohol  from  the  flask 
containing  the  alcohol-soluble  unsaponifiable  material,  add  25  cc. 
carbon  tetrachloride  and  transfer  to  a  separatory  funnel.  Shake 
with  cone.  HjSOj,  drain  olT  the  discolored  acid  and  repeat  with 

/iUBB£R    y\IslALY'SJS 

EX  TRA.  CTiON     >4  PPj\fiy\  TUS 


/Jll dimensions  in  millimeters. 

fresh  portions  of  acid  until  there  is  no  longer  any  discoloration. 
After  drawing  oft'  all  the  acid,  wash  the  carbon  tetrachloride 
solution  with  repeated  portions  of  water  until  all  traces  of  acid 
are  removed.  Transfer  the  carbon  tetrachloride  solution  to  a 
weighed  flask;  evaporate  off  the  solvent  and  dry  the  flask  to 
constant  weight  at  95-100°  C.  Cool  in  a  desiccator  and 
weigh. 

FREE  SULFUR — Add  two  grams  KNOj  to  the  aqueous  solu- 
tion and  washings  from  the  ethereal  separation  of  the  unsaponi- 
fied  material.  Evaporate  to  dryness  in  a  silver  or  nickel  dish 
and  heat  to  quiet  fusion,  avoiding  contamination  with  sulfur 
fumes.  Transfer  with  water  to  an  evaporating  dish,  acidify 
with  HCl,  evaporate  to  dryness,  and  dehydrate  silica.  Add 
2  cc.  cone.  HCl,  take  up  in  water,' filter  and  wash,  making  a  vol- 
ume of  200  cc.     Heat  to  boiling  and  add  slowly  a  slight  excess 


of  hot  10  per  cent  BaCU  solution.  Allow  to  stand  over  night, 
filter,  wash,  ignite,  weigh  the  BaSOi  and  calculate  to  sulfur. 

DEFINITION    OF    TERMS    DESCRIBING    COMPONENTS    OF    ACETONE 

EXTRACT — The  difference  between  the  Acetone  Extract  and  the 
Free  Sulfur  shall  be  called  the  Organic  Extract. 

The  difference  between  the  Organic  Extract  and  the  Unsaponi- 
fiable Material  shall  be  called  the  Saponifiable  Acetone  Extract. 

The  sum  of  the  Hydrocarbons  A  and  B  shall  be  called  the 
total  Waxy  Hydrocarbons. 

The  difference  between  the  Unsaponifiable  Material  and  the 
Waxy  Hydrocarbons  shall  be  called  Unsaponifiable  Resins. 

CHLOROFORM  EXTRACTION — Extract  continuously  the  residue 
from  one  of  the  acetone  extractions  (without  necessarily  removing 
the  acetone  that  may  be  on  it)  for  four  hours  with  60  cc.  chloro- 
form, using  a  weighed  flask.  Distill  off  the  solvent  and  dry  the 
flask  and  contents  for  two  hours  at  95-100°  C.  Desiccate  until 
cool  and  weigh.  Continue  to  dry  for  one  hour  periods  until 
constant  weight  is  obtained.  In  drying,  place  the  flask  on  its 
side  but  at  a  sufficient  angle  from  the  horizontal  so  that  the  ex- 
tract does  not  appreciably  run  down  the  side  of  the  flask.  (If 
it  is  needful  to  wait  after  the  acetone  extraction,  before  starting 
the  chloroform  extraction,  the  sample  must  be  kept  in  a  vacuum 
of  at  least  50  mm.  of  mercury.) 

ALCOHOLIC  POTASH  EXTRACTION — Dry  the  residue  from  the 
chloroform  extraction  at  50-60°  C,  put  into  a  200  cc.  Erlen- 
meyer  flask  with  50  cc.  alcoholic  KOH  solution  and  boil  for  four 
hours  under  a  reflux  condenser.  Filter  the  solution  into  a  beaker 
and  wash  twice,  using  each  time  25  cc.  hot  absolute  alcohol  and 
then  wash  thoroughly  with  hot  water.  Evaporate  the  solution 
to  approximate  dryness,  take  up  in  warm  water  and  transfer 
to  a  separatory  funnel.  Acidify  with  15  cc.  5A'  HCl,  using 
this  to  rinse  the  beaker.  Add  sufficient  water  to  make  the  bulk 
of  the  solution  100  cc.  When  cool  add  40  cc.  ether,  using  it 
to  rinse  the  beaker  in  20  cc.  portions.  Shake  the  aqueous  and 
ethereal  solutions  thoroughly.  After  complete  separation, 
draw  off  the  aqueous  solution  and  treat  in  another  separatory 
funnel,  with  a  fresh  20  cc.  portion  of  ether.  Continue  to  shake 
the  aqueous  solution  with  fresh  portions  of  ether  until  a  colorless 
portion  has  been  obtained,  then  shake  out  twice  more.  Unite 
the  ethereal  solutions  and  wash  with  successive  additions  of 
water,  continuing  twice  after  the  water  shows  no  acid  reaction. 
Filter  through  a  plug  of  extracted  cotton  into  a  tared  flask, 
wash  the  filter  and  funnel  with  ether,  evaporate  the  ether  with- 
out boiling  and  dry  the  residue  to  constant  weight  at  95-100°  C. 
Cool  in  a  desiccator  and  weigh. 

FILLERS — Extract  a  i  g.  sample  with  acetone  for  five  hours. 
Transfer  the  residues  to  a  tall  200  cc.  lipped  beaker,  add  40  cc. 
terebene  and  20  cc.  xylol  and  heat  on  an  oil  bath  at  105-1 10°  C. 
for  about  20  hours,  or  until  the  bulk  of  the  fillers  settle  promptly 
after  stirring.  Occasional  stirring  will  aid  the  solution.  Allow 
the  beaker  to  stand  until  the  fillers  and  undissolved  residue  have 
settled  thoroughly  and  decant  the  supernatant  solution  into  a 
beaker.  Add  to  the  undisturbed  residue  30  cc.  terebene;  heat 
for  several  hours,  allow  to  settle,  decant,  unite  the  decanted 
solutions  and  repeat  this  treatment  as  long  as  there  is  any  indica- 
tion of  rubber  being  present.  Continue  to  heat  the  decanted 
solutions  during  the  further  treatment  of  the  undissolved  resi- 
due and  filter  them  through  a  tared  filter  paper.  This  filter 
paper  must  be  of  close  texture  and  shall  have  been  washed  with 
terebene,  alcohol  and  acetone.  The  tare  filter  shall  be  treated 
with  the  same  solvents  and  dried  in  the  same  manner  throughout 
the  anah'sis  as  the  filter  containing  the  residue.  Weigh  all 
filter  papers  in  weighing  bottles  of  sufficient  size  to  take  them 
without  folding.  Refilter  if  mineral  matter  runs  through. 
Wash  the  beaker  that  contained  the  decanted  solutions  and  the 
filter  paper,  with  benzol,  using  a  second  beaker  to  catch  the  fil- 
trate. Add  benzol  to  tlie  beaker  containing  the  residue,  heat 
and  after  settling  decant,  repeating  this  treatment  with  benzol 
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until  it  is  thoroughly  washed.  Filter  and  wash  well  with  ben- 
zol. Wash  in  the  same  manner  both  beakers  with  hot  alcohol 
and  then  transfer  the  residues  to  the  filter  paper,  using  hot  alco- 
hol and  an  acetone  extracted  policeman.  Wash  finally  with 
acetone.  Dry  in  air  at  95-100°  C.  and  weigh.  Again  wash  the 
filter  paper  and  contents  with  benzol  and  alcohol,  dry,  weigh  and 
repeat  this  treatment  until  constant  weight  is  obtained.  Evapo- 
rate all  the  filtrates  and  washings,  transfer  to  a  porcelain  dish, 
bum  off  and  weigh.  Add  this  amount  to  the  fillers  found  above. 
If  this  ash  is  greater  than  i  per  cent,  the  entire  determination 
shall  be  repeated.  Subtract  0.5  per  cent  as  an  arbitrary  value 
for  the  amount  of  organic  matter  from  the  rubber  retained  with 
the  fillers. 

SULFUR  IN  FILLERS — Transfer  the  fillers  from  the  filter  paper 
into  an  iron  crucible;  burn  the  filter  paper  and  add  the  ash  to 
the  crucible.  Add  the  Total  Sulfur  flux  and  proceed  with  the 
determination  of  sulfur  as  in  the  next  paragraph.  Subtract 
the  percentage  of  sulfur  found  from  the  percentage  of  fillers  to 
determine  the  percentage  of  fillers  free  from  sulfur. 

TOTAL  SULFUR — Mix  a  0.5  g.  sample  with  4  g.  Na202  and  6  g. 
K2C03  in  a  dry  15  cc.  iron  crucible.  Cover  and  heat  gradually 
until  the  mixture  fuses,  proceeding  cautiously  as  rapid  heating 
will  cause  an  explosion,  and  then  bring  to  quiet  fusion  for  15  to 
20  min.  Apply  the  heat  so  as  to  avoid  contamination  with  sul- 
fur fumes.  Rotate  the  crucible  while  the  melt  solidifies.  When 
cool,  put  crucible  and  cover  into  a  casserole  containing  200  cc. 
of  water;  add  5-10  cc.  bromine  water  and  boil  imtil  the  melt  is 
dissolved.  Allow  the  precipitate  to  settle,  decant  the  liquid 
through  a  thick  filter  and  wash  the  residue  with  hot  water.  Acid- 
ify the  filtrate  with  HCl,  evaporate  to  dryness  and  dehydrate 
silica;  add  2  cc.  cone.  HCl,  take  up  in  water,  filter  and  wash, 
making  the  total  volume  about  400  cc.  Heat  to  boiling  and  add 
slowly  a  slight  excess  of  hot  10  per  cent  BaCIa  solution.  Allow 
to  stand  over  night,  filter,  wash,  ignite,  weigh  the  BaSOi  and 
calculate  to  sulfur. 

SPECIFIC  GRAVITY — The  specific  gravity  shall  be  the  ratio 
of  the  weight  of  a  given  volume  of  the  rubber,  to  the  weight  of 
an  equal  volume  of  water,  both  at  20°  C.  Cut  strips  of  the  lar- 
gest applicable  size  from  the  conductor  and  use  about  5  g.  for 
the  sample.  Determine  the  specific  gravity  in  the  usual  manner 
by  means  of  a  specific  gravity  bottle.  Care  must  be  taken  that 
no  air  bubbles  adhere  to  the  sample. 

CHECKS — Duplicate  determinations  shall  check  within  the 
following  limits  expressed  as  percentages  of  the  original  sample: 

Limits 
Detbrminations  for  checks 

Acetone  Extract 0.  10 

Saponifiable  Acetone  Extract 0.10 

Unsaponifiable  Resins 0.10 

Waxy  Hydrocarbons 0.10 

Free  Sulphur 0.05 

Chloroform  Extract 0.10 

Alcoholic  Potash    Extract 0. 10 

Fillers,  free    from    sulfur 0.50 

Total  Sulfur 0,10 

Specific  Gravity 0.01 

INTERPRETATION — The  Rubber  shall  be  considered  to  be  the 
difference  between  loo  and  the  sum  of  the  Waxy  Hydrocarbons, 
Total  Sulfur  and  the  Fillers  (free  from  sulfur),  expressed  as 
percentages.  If  the  Chloroform  Extract  is  over  3.0  per  cent 
of  the  rubber  so  calculated,  subtract  the  excess  from  the  Rubber. 
If  the  KOH  extract  is  over  1.8  per  cent  of  the  Rubber,  as  first 
calculated,  subtract  this  excess  also  from  the  Rubber. 

CARBON  AND  RED  LEAD — Heat  about  I  g.  of  the  sample  with 
30  cc.  cone.  HNO.i  and  15  cc.  water.  A  black  insoluble  residue 
indicates  the  presence  of  carbon. 

When  the  rubber  is  dissolved,  in  the  fillers  determination, 
the  absence  of  any  red  particles  indicates  the  absence  of  red  lead. 
If  red  particles  are  present,  dissolve  another  sample  by  the  same 


method  as  for  fillers,  filter  the  solution  into  a  Gooch  crucible  and 
wash  thoroughly.  Remove  the  felt  and  a  residue  to  distilling 
flask,  add  HCl  and  distill  over  the  chlorine  liberated  by  the 
lead  peroxide,  absorbing  the  gas  in  a  solution  of  KI  and  starch. 
Not  more  than  o.i  cc.  N/io  thiosulfate  shall  be  required  to 
titrate  the  iodine  liberated. 

STATEMENT  OF  RESULTS — The  results  of  the  analysis  shall 
be  stated  in  the  following  form : 

Per  cent 
Acetone  extract 

Saponifiable  acetone  extract 

Unsaponifiable  resins 

Waxy  hydrocarbons 

Free  sulfur 

Chloroform  extract 

Alcoholic  potash  extract 

Fillers  free  from  sulfur 

Total  sulfur 

Rubber 

Color  of  acetone  extract  (60  cc.  vol.) 

Fluorescence  in  acetone  extract  solution  (present  or  absent) 

Hydrocarbons  A  (consistency  and  color) 

Hydrocarbons  B  (solid  or  liquid) 

Color  of  chloroform  extract  (60  cc.  vol.) 

Carbon  (present  or  absent) 

Red  lead   (present  or  absent) 

Specific    gravity 

PART  III.   EXPLANATION  OF  PROCEDURE 

GENERAL — The  committee  felt  the  more  acceptable  solution 
of  its  problem  of  drawing  up  a  procedure  which  would  give 
the  percentage  of  rubber  present  in  a  compound  with  a  reason- 
able degree  of  accuracy,  to  be  the  perfection  and  amplification 
of  the  difference  method  rather  than  the  development  of  a  direct' 
method,  which,  if  equally  correct,  might  not  inspire  confidence 
because  of  the  comparative  novelty  of  its  application  to  this 
purpose. 

The  most  feasible  means  of  limiting  the  kind  of  rubber  was 
considered  to  be  the  determination  of  the  saponifiable  and  un- 
saponifiable resins.  These  are  fairly  constant  characteristics 
of  the  resins  of  Hevea  rubber,  and  of  compounds  made  from  the 
same.  Other  methods,  such  as  the  determination  of  the  saponi- 
fication number  and  the  optical  activity  of  the  resins,  were 
thought  to  be  unpracticable. 

The  method  as  developed  is  applicable  to  the  analysis  of  any 
pure  rubber  compound  containing  only  mineral  matter  with  or 
without  ceresine  or  paraflfine  wax,  regardless  of  the  kind  or  amount 
of  rubl^er,  and  can  be  used  in  conjunction  with  other  specifi- 
cations, provided  the  limits  are  changed  to  correspond  with  the 
amount  and  kind  of  rubber  desired,  and  due  consideration  is 
given  to  interfering  mineral  matter.  When  applied  to  a  com- 
pound without  ceresin  or  paraffin  wax  the  unsaponifiable 
acetone  extract  is  the  unsaponifiable  resins. 

The  method  has  been  definitely  described,  to  make  it  cer- 
tain that  experienced  chemists  may  obtain  concordant  results. 
The  interpretation  has  been  rigidly  defined,  obviating  any  am- 
biguity as  to  the  meaning  that  will  be  assumed,  even  though 
this  sometimes  appears  to  be  arbitrary. 

SAMPLE — In  order  to  obtain  uniform  results,  the  Committee 
has  established,  by  experiment,  that  a  definite  method  of  sam- 
pling has  to  be  adopted  and  that  for  all  extractions  the  sample 
must  be  reduced  in  a  prescribed  manner  to  at  least  an  approxi- 
mately similar  degree  of  fineness.  For  this  reason  the  procedure 
specifies  a  definite  type  of  grinder  obtainable  in  two  forms,  and 
also  specifies  definite  sieves. 

EXTRACTION  APPARATUS — The  Committee  has  proved  that  the 
extraction  apparatus  used  by  different  chemists  must  be  of 
exactly  the  same  form  and  the  same  size.  It  was  also  proved 
that  small  samples  in  the  apparatus  give  the  maximum  results 
and  that  the  rate  of  extraction  is  dependent  upon  the  amcunt 
of  solvent  and  its  temperature  as  it  passes  through  the  sample. 
The   apparatus   finally    adopted    combines    the    advantages    of 
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several  forms  that  were  studied  and  together  with  simplicity 
of  operation  and  adjustment  to  uniform  conditions,  gives  prac- 
tically complete  extraction  when  used  as  specified.  A  number 
of  other  variations  that  might  have  a  possible  effect  upon  the 
amount  of  extract  were  tried  but  their  effects  were  found  to  be 
inajipreciable. 

ACETONE  EXTRACTION — The  extraction  is  made  within  24 
hours  of  the  preparation  of  the  sample,  so  obviating  any  ap- 
preciable oxidation.  Two  samples  are  extracted  and  united, 
so  that  a  larger  amount  of  extract  may  be  obtained  for  the  sub- 
sequent separations,  and  the  extraction  apparatus  kept  within 
a  convenient  size.  Hot  chloroform  is  used  to  facilitate  the  com- 
plete transference  of  the  extract.  The  flasks  are  placed  on  their 
sides  when  drying  to  hasten  the  emission  of  the  solvent  and  thus 
reduce  chance  of  volatilizing,  through  longer  heating,  some  of 
the  more  volatile  constituents  of  the  extract.  Drying  in  vacuo 
at  room  temperature  does  not  remove  all  the  moisture  if  paraf- 
fin is  present  and  such  drying  with  heat  or  at  100°  C.  in  an  inert 
gas,  presents  no  practical  advantage  over  the  method  given. 

SEPARATION  OF  THE  ACETONE  EXTRACT — The  method  given 
was  developed  so  that  all  the  desired  constituents  could  be  de- 
termined in  one  sample. 

Emphasis  is  laid  on  thorough  extraction  of  the  unsaponifiable 
material  and  the  retention  of  the  flocculent  material  with  the 
ethereal  solution.  This  latter  material  is  not  soluble  in  either 
ether  or  water,  but  it  was  proved  that  if  such  as  was  chloroform- 
soluble  were  included  in  the  unsaponifiable  material,  the  sub- 
sequent determination  of  the  hydrocarbons  would  be  more 
exact.  A  portion  of  this  flocculent  material  is  insoluble  in  chloro- 
form. 

The  hydrocarbons  are  determined  in  two  places,  making  an 
approximate  separation  between  the  solid  and  the  liquid  ones, 
if  both  are  present.  The  first  hydrocarbons  (A)  are  those  in- 
soluble in  the  solvent  at  a  low  temperature.  The  presence  of 
unsaponifiable  resins  in  the  solution  prevents  the  more  complete 
freezing  out  of  the  hydrocarbons,  but  the  remainder  is  obtained 
after  treatment  of  the  resins  with  sulfuric  acid.  In  this  way, 
chance  of  loss  through  the  action  of  the  acid  has  been  largely 
eliminated. 

The  method  for  free  sulfur  gives  all  the  sulfur  in  the  acetone 
extract  with  the  exception  of  negligible  amounts  which  may 
be  in  the  unsaponifiable  material.  It  was  proven  that  the  re- 
sults agree  with  determinations  made  directly  on  other  acetone 
extracts. 

The  saponifiable  and  unsaponifiable  resins  are  obtained  by 
difference., 

CHLOROFORM  EXTRACTION — The  chloroform  extraction  should 
be  made  at  once  after  the  acetone  extraction,  or  the  sample  put 
in  a  vaccum,  so  as  to  avoid  the  danger  of  an  abnormally  high  ex- 
tract. When  the  extract  is  dried  as  specified,  constant  weight 
is  obtained  before  any  appreciable  oxidation  occurs.  If  bitumi- 
'nous  substances  are  present,  that  portion  which  has  not  been 
extracted  by  the  acetone  will  be  largely  soluble  in  chloroform 
and  can  be  readily  distinguished  by  its  color.  The  amount  of 
extract  is  also  affected  by  the  presence  of  uncured  rubber  and 
rubber  of  low  degree  of  polymerization.  A  properly  cured 
Hevea  compound  will  always  give  a  little  extract  with  chloro- 
form, which  varies  somewhat  with  the  method  and  conditions 
of  cure. 

ALCOHOLIC  POTASH  EXTRACTION — The  alcoholic  potash  ex- 
traction is  the  usual  saponification  process  for  obtaining  the 
fatty  acids  of  rubber  substitutes.  The  total  amount  of  such 
substitutes  is  not  obtained,  but  if  any  appreciable  amount  is 
present,  the  value  will  exceed  that  of  the  limit  allowed.  When 
no  substitutes  are  present,  this  determination  always  yields  a 
small  amount  of  extract  from  Hevea  rubber. 

FILLERS — Since  the  rubber  is  determined  by  difference,  it 
is  necessary  to  determine  the  amount  of  fillers.     Ashing  the  com- 


pound gives  accurate  results  provided  no  volatile  or  decompos- 
able fillers  are  included.  This,  however,  cannot  be  assumed  to 
be  the  case.  The  determination  of  fillers  by  using  solvents  to 
dissolve  the  rubber  has  always  presented  a  dilTicult  problem  and 
it  is  only  after  a  great  many  experiments  that  the  committee 
can  report  a  reasonably  satisfactory  method. 

Many  kinds  and  probably  every  class  of  rubber  solvents  were 
tried,  with  the  result  that  some  did  not  completely  dissolve  the 
rubber  at  low  temperatures  and  ordinary  atmospheric  pressure; 
others  appeared  to  dissolve  the  rubber  but  formed  a  colloidal 
solution  holding  some  of  the  fillers  which  could  neither  be  fil- 
tered nor  centrifuged  clear  of  mineral  matter;  the  ones  that  did 
not  present  these  difficulties  consumed  much  time. 

Terebene  was  found  to  be  the  solvent  which  would  most 
completely  dissolve  the  rubber  and  after  continued  heating 
would  completely  destroy  the  rubber  in  solution  as  such,  and 
so  break  up  the  colloidal  solution.  Filtering  out  the  mineral 
matter  is  then  a  comparatively  simple  process.  The  treatment 
with  terebene  must  be  performed  in  the  presence  of  air  to  break 
up  the  colloidal  solutions.  A  disadvantage  of  using  terebene 
is  the  length  of  time  required  to  obtain  satisfactory  solution. 
The  speed  is  greatly  hastened  if  at  first  xylol  is  used  with  the 
terebene.  After  decanting  this  solution,  terebene  is  used  alone. 
The  rapidity  of  the  action  is  also  hastened  by  increasing  the  tem- 
perature. The  specified  gives  reasonable  speed  without  serious 
danger  of  carbonizing  the  rubber  or  of  losing  any  of  the  fillers 
by  decomposition. 

It  was  proved  that  there  is  organic  matter  derived  from  the 
rubber,  which  is  insoluble  in  the  solvents  and  remains  with  the 
fillers.  Without  taking  this  into  account,  the  fillers  will  appear 
high,  and  the  rubber  by  difference,  low.  As  this  organic  matter 
was  proved  to  be  largely  proteid  matter,  and  this  was  originally 
a  part  of  the  rubber,  an  allowance  is  made  for  it.  This  is  the 
amount  generally  retained  when  the  method  is  carried  out  as 
specified.  It  is  possible,  by  centrifuging,  to  throw  out  of  the 
solution  a  great  deal  more  than  this,  and  it  is  also  possible  to 
determine  the  approximate  amount  retained  in  each  case,  but 
the  slight  increase  in  accuracy  does  not  justify  the  extra  deter- 
mination. 

Most  of  the  details  of  this  procedure  are  self-evident,  but  it  is 
probably  worthy  of  note  that  the  benzol  solutions  are  filtered 
into  a  separate  beaker,  as  otherwise  the  benzol  is  apt  to  pre- 
cipitate, from  the  terebene  solution,  organic  matter  which  may 
be  mistaken  for  mineral  matter  or  conceal  mineral  matter  passing 
through  the  filter.  The  filtrates  are  ashed  since  traces  of  min- 
eral matter  are  always  found  in  them.  Emphasis  must  be  laid 
upon  the  necessity  of  conducting  blanks  on  the  solvents. 

SULFUR  IN  FILLERS — The  sulfur  in  fillers  is  determined  in 
order  to  calculate  the  rubber  by  difference.  It  is  carried  out 
only  on  the  fillers  contained  on  the  filter  paper,  the  sulfur  in  the 
ash  from  the  filtrate  and  washings  being  negligible. 

TOTAL  SULFUR — Several  methods  for  total  sulfur  were  tried. 
The  method  given  was  found  to  yield  accurate  results. 

INTERPRETATION  OF  RESULTS — Emphasis  is  laid  on  the  method 
of  calculating  the  results.  The  saponifiable  acetone  extract 
and  the  unsaponifiable  resins  are  considered  to  be  parts  of  the 
rubber.  The  chloroform  and  alcoholic  potash  <'xtracts,  when 
within  the  limits  specified,  are  likewise  so  considered.  It  has  been 
explained  that  the  proteid  matter  with  the  fillers  has  been  allowed 
for,  since  it  is  also  a  part  of  the  rubber.  The  fillers  are  calcu- 
lated sulfur-free,  so  that  the  sulfur  will  not  be  subtracted  twice. 
No  allowance  is  made  for  the  ash  in  the  raw  rubber  as  it  is  con- 
sidered to  be  negligible.  This  method  of  calculation  has  to  be 
adopted  if  the  rubber  found  is  to  agree  with  that  originally  put 
into  the  compound. 

MOISTURE — A  determination  of  moisture  is  not  given,  as  elec- 
trical tests  will  detect  its  presence  if  in  excess.     If  electrical  tests 
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are  required,  the  error  introduced  by  the  omission  of   this   de- 
termination is  very  small. 

Note — With  a  procedure  of  this  length  it  is  impossible  to 
explain  every  detail  without  undue  elaboration  and  the  Com- 
mittee wishes  to  point  out  that  while  to  experienced  chemists 
the  procedure  may  seem  overburdened  by  detail,  yet  every 
specified  detail  was  found  necessary  in  order  that  the  conditions 
essential  to  accurate  and  consistent  work  might  be  reproduced 
by  all  chemists  using  the  procedure.  For  this  reason  it  is  ex- 
tremely important  that  all  instructions  be  observed  even  if 
their  significance  is  not  perceived  by  the  individual  chemist. 
It  will  probably  be  found  that  even  with  the  instructions  properly 
observed,  some  experience  will  be  needed  to  apply  the  method 
successfully. 

PART   IV.       TENTATIVE    SPECIFICATION    FOR   30    PER    CENT   RUBBER 
COMPOUND 

A  30  per  cent  fine  Para  or  smoked  first  latex  Hevea  rubber 
compound  with  mineral  base  shall  be  furnished.  It  shall  con- 
tain only  the  following  ingredients:  Rubber,  sulfur,  inorganic 
mineral  matter,  and  refined  solid  paraffin  or  ceresin. 

It  shall  not  contain  either  red  lead  or  carbon. 

The  vulcanized  compound  shall  conform  to  the  following  re- 
quirements, when  tested  by  the  procedure  which  forms  a  part 
of  this  specification. 

(a)  Results  to  be  expressed  as  percentages  by  weight  of  the 
whole  sample : 

Maximum   Minimum 

Rubber 3i  30 

Waxy  hydrocarbons 4 

Free  sulfur 0.7 

(b)  Results  to  be  taken  between  the  limits  given  in  propor- 
tion to  the  percentage  by  weight  of  rubber  found : 

Limits   allowed 


For  30  per  cent  Rubber  Compound;  Maximum       S 

SaponiEable  acetone  extract 1 .35 

Unsaponifiable  resins 0.45 

Chloroform  extract 0.90 

Alcoholic  potash  extract 0.  55 

Total  sulfur  (see  note  3) 2.10 

Specific  gravity 

For  33  per  cent  Rubber  Compound: 

Saponifiable  acetone  extract 1 .50 

Unsaponifiable  resins 0.50 

Chloroform  extract 1 .  00 

Alcoholic  potash  extract 0.60 

Total  sulfur  (see  note  3) 2.30 

Specific  gravity .... 

The  acetone  solution  shall  not  fluoresce. 

The  acetone  extract  (60  cc.)  shall  be  not  darker  than  a  light 
straw  color. 

Hydrocarbons  shall  be  solid,  waxy  and  not  darker  than  a  light 
brown. 

Chloroform  extract  (60  cc.)  shall  be  not  darker  than  a  straw 
color. 

Failiu'e  to  meet  any  requirement  of  this  specification  will  be 
considered  sufficient  cause  for  rejection. 

Note  I — Contamination  of  the  compound,  such  as  by  the  use 
of  impregnated  tapes,  will  not  excuse  the  manufacturer  from 
conforming  to  this  specification. 

Note  2 — This  specification  shall  be  supplemented  by  appro- 
priate clauses  relating  to  tensile  strength,  elasticity,  insulation 
resistance  and  dielectric  strength. 

Note  J — The  limit  of  total  sulfur  may  be  omitted  at  the 
option  of  the  purchaser  (see  Part  V). 

PART  v.       EXPLANATION  OF  SPECIFICATION 

Experience  has  shown  that  compounds  which  upon  analysis 
show  the  characteristics  of  good  Hevea  rubber,  may  be  relied 


upon  to  be  more  permanent  than  those  made  of  rubber  of  other 
grades.  It  is  not  affirmed  by  the  committee  that  a  compound 
which  conforms  with  this  specification,  is  necessarily  permanent, 
or  that  a  better  compound  cannot  be  made,  but  it  is  believed 
that  enforcement  of  the  specification  will  limit  the  use  of  inferior 
materials  and  that  it  will  put  the  manufacturers  more  nearly 
upon  an  equality  of  endeavor,  where  they  can  use  their  experience 
to  obtain  the  best  results.  Used  in  connection  with  the  anal- 
ytical procedure,  the  specification  will  enable  purchasers  to  order 
a  good  compound  and  to  ascertain  with  a  greater  certainty 
than  heretofore,  whether  the  material  received  represents  the 
compound  specified. 

The  term  Hevea  applied  to  rubber  means  rubber  from  the  Hevea 
Braziiiensis  tree  whether  wild  or  cultivated  and  regardless 
of  the  locaUty  in  which  it  has  been  grown.  Para  rubber  is 
Hevea  rubber  which  has  been  shipped  from  the  port  of  Para, 
Brazil,  and  comes  in  several  grades.  Smoked  first  latex  Hevea 
rubber  is  a  high  grade  of  plantation  rubber  which  is  collected 
prime  and  consists  entirely  of  rubber  which  has  risen  in  the 
settling  vats.  It  is  coagulated  chemically  and  smoked  in  order 
to  give  it  a  hard  cure,  which  ensures  the  greatest  durability. 
The  rubber  required  by  this  specification  should  be  Hevea  rubber 
of  good  quality,  such  as  fine  Para  or  smoked  first  latex. 

Carbon  is  excluded  because  it  is  considered,  by  some  purchasers, 
to  be  deleterious. 

Red  lead  is  excluded  because  of  the  possibilities  of  its  delete- 
rious effects  on  the  rubber. 

Ozokerite  is  prohibited  because  the  acetone  extract  obtainable 
from  it  interferes  with  the  separation  of  the  acetone  extract 
obtainable  from  the  rubber,  thereby  vitiating  the  assay  of  the 
rubber  extract.  This  prohibition  is  unimportant  to  the  manu- 
facturers, as  ceresin,  which  is  permitted,  is  the  essential  con- 
stituent of  ozokerite. 

An  upper  limit  is  placed  upon  the  rubber  in  order  to  prevent 
the  attainment  of  electrical  and  mechanical  strength  by  the  use 
of  an  extra  quantity  of  inferior  rubber  whose  lasting  qualities 
might  not  be  satisfactory. 

The  hydrocarbons  are  limited,  owing  to  their  tendency  to  sep- 
arate from  the  compound  and  thus  possibly  cause  porosity. 

The  free  sulfur  is  limited  because  an  excessive  amount  may 
be  deleterious. 

The  maximum  limit  on  the  saponifiable  acetone  extract  is  to 
prevent  the  use  of  raw  or  reclaimed  rubber  with  high  saponifiable 
extract.  The  minimum  assists  in  forcing  the  use  of  Hevea 
rubber,  since  it  is  characteristic  of  the  acetone  extract  from  Hevea 
rubber  to  be  largely  saponifiable. 

The  unsaponifiable  resins  are  limited  because  a  low  proportion 
of  unsaponifiable  resins  is  characteristic  of  Hevea  rubber.  A 
high  result  might  be  due  to  the  presence  of  reclaimed  rubber. 

The  chloroform  extract  is  limited,  first  to  prevent  the  use  of 
bituminous  substances,  and  second,  to  limit  depolymerized  and 
under-cured  rubber. 

The  alcoholic  potash  extract  is  limited  to  prevent  the  use  of 
saponifiable  rubber  substitutes. 

The  specific  gravity  is  limited  to  reconcile  the  specifications 
of  ingredients  by  weight  with  the  practice  of  purchasing  material 
by  volume. 

Fluorescence  of  the  acetone  solution  is  prohibited  as  it  indi- 
cates the  presence  of  mineral  oils. 

The  color  of  the  acetone  extracts  is  specified  to  conform  with 
the  normal  color  of  the  extract  from  Hevea  rubber.  A  darker 
color  indicates  adulteration  or  an  inferior  grade  of  rubber. 

The  hydrocarbons  are  required  to  be  solid  in  order  to  prevent 
the  use  of  oils  and  paraffin  of  low  melting  point.  The  shade 
required  is  that  obtained  from  paraffin  wax  or  ceresins.  If 
hydrocarbons  B  are  liquid  this  would  indicate  reclaimed  rubber 
softened  with  mineral  oil,  or  a  poor  grade  of  paraffin. 

The  color  of  the  chloroform  extract  is  specified  to  ccnform 
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with  the  color  of  dissolved  yum  in  minute  (juantities.  The  pres- 
ence of  bituminous  substances  would  be  indicated  by  a  brown 
or  black  color. 

It  would  be  desirable  that  the  sulfur  of  vulcanization  be  lim- 
ited to  exclude  reclaimed  rubber,  which  contains  the  sulfur  of 
its  previous  vulcanization,  but  the  committee  has  not  yet  de- 
veloped an  acceptable  method  for  determining  this  quantity. 
It  is  therefore,  confronted  with  the  choice  of  either  placing  a 
limit  on  the  total  sulfur  of  giving  up  the  attempt  to  exclude 
shoddy  by  sulfur  limitations.  Option  is  therefore  given  to  the 
purchaser  to  insert  or  omit  the  limit  on  total  sulfur.  Such 
insertion  will  at  times  exclude  reclaimed  rubber  and  the  commit- 
tee believes  it  possible  to  make  a  suitable  compound  with  this 
limitation.  The  committee  thinks  that  a  sulfur  limit  positively 
excluding  reclaimed  rubber,  would  place  too  great  a  hardship, 
in  other  ways,  on  the  manufacturers.     Where  the  specification 


is  used  with  no  total  sulfur  limit,  the  use  of  many  kinds  of,  or 
much,  reclaimed  rubber,  will  be  guarded  against  by  the  limits 
of  the  various  components  of  the  acetone  extract.  When  the 
limitation  on  total  sulfur  is  omitted,  sulfur-bearing  fillers, 
which  possess  certain  advantages,  may  be  used. 

This  specification  should  be  supplemented  by  appropriate 
elasticity  and  tensile  strength  tests,  in  order  to  add  to  the  assur- 
ance that  good  rubber  has  been  used  and  that  the  vulcanization 
process  has  been  properly  carried  out;  also  by  appropriate  elec- 
tric stress  and  resistance  tests,  to  assure  proper  insulating  quali- 
ties and  homogeneity  of  structure,  The  exact  values  of  the  lim- 
its for  these  tests  will  depend  upon  the  use  to  which  the  material 
is  to  be  put. 

Joint  Rubber  Insit-ation  Committee 
W.  A.  Del  Mar,  Secretary 
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NOTL5  AND  CORRL5PONDLNCL 


OZONE 

Editor  of  the  Journal  of  Induslrial  and  Engineering  Chemistry: 

In  the  November  issue  of  This  Journal,  Mr.  Buswell  con- 
cludes from  the  papers  of  Jordan  and  Carlson,  and  of  Sawyer 
and  the  Misses  Beckwith  and  Skolfield,  in  the  Journal  of  the 
American  Medical  Association,  that  the  use  of  ozone  as  an  ad- 
junct in  ventilation  has  been  proven  totally  unjustifiable.  In 
so  far  as  ozone  is  expected  to  sterilize  the  air,  Mr.  Buswell  is 
correct,  but  when  he  concludes  that  ozone  has  no  function  what- 
ever in  ventilation,  and  that  its  harmfulness  and  inutility  have 
been  demonstrated,  he  is  in  error. 

Ozone  is  applied  to  ventilation  for  the  purpose  of  destroying 
odors  which  result  from  the  presence  of  people,  animals  and  de- 
caying organic  substances.  Its  value  is  demonstrated  in  nu- 
merous cases  where  it  has  stood  the  empirical  test  of  giving  satis- 
faction to  the  user,  and  by  researches  conducted  under  actual 
working  conditions.  Its  application  is  suggested  in  the  first 
place  by  the  logical  expectation  that  it  will  destroy  offensive 
odors  in  crowds,  because  it  does  this  in  the  laboratory,  and 
because  this  is  in  accordance  with  the  theory  of  the  chemical 
action  of  ozone. 

Following  the  practical  demonstration  of  satisfactory  results 
from  the  employment  of  ozone,  it  was  natural  and  proper  that 
physiologists  should  have  endeavored  to  demonstrate  whether 
or  not  ozone  were  capable  of  harmfully  affecting  people  exposed 
to  its  influence,  and  accordingly  numerous  attempts  have  been 
made  to  settle  this  question.  The  evidence  to  date  is  that  no 
single  instance  of  harm  from  the  use  of  ozone  in  the  quantities 
recommended  has  been  published,  but,  on  the  contrary,  numerous 
efforts  to  prove  its  harmfulness  have  been  unsuccessful.  Jordan 
and  Carlson  fail  utterly  to  show  any  harm  to  the  animals  ex- 
posed to  weak  concentrations  of  ozone,  and  are  driven  to  the 
dubious  expedient  of  insinuating  that  harm  might  result  after 
fifty  years  of  exposure.  The  same  line  of  reasoning  might  be 
applied  with  equal  logic  to  the  use  of  electric  lights,  subways 
and  prepared  breakfast  foods.  On  the  other  hand,  Leonard 
Hill  states  that  no  one  could  unconsciously  be  poisoned  by  ozone, 
as  the  danger  signals  are  clearly  set,  and  that  no  one  could  re- 
main in  an  atmosphere  too  strong  with  ozone.  He  states,  more- 
over, that  the  only  penalties  from  breathing  too  strong  ozone 
for  a  short  period  are  a  slight  irritation  of  the  mucous  mem- 
branes and  perhaps  a  headache. 

The  writer  has  had  considerable  experience  with  ozone  and 
has  observed  numerous  co-workers  who,  with  himself,  have  been 
exposed  during  five  years  to  various  concentrations  of  ozone, 
which,  according  to  the  authors  above  quoted,  should  have 
proven  highly  injurious  if  not  fatal,  but  he  has  never  noted  the 


least  ill  effect  from  repeated  and  often  prolonged  exposures  to 
these  relatively  high  concentrations. 

The  bacteriological  experiments  referred  to  are  of  little  or  no 
interest,  for  two  reasons:  First,  Because  they  are  in  accordance 
with  what  is  already  well  known;  Second,  Because  sterilization 
of  the  atmosphere  is  not  of  any  value  whatever  in  sanitation. 
Few  sanitarians  believe  that  diseases  are  transmitted  by  bacteria 
in  the  air;  therefore  the  fact  that  ozone  wdl  not  destroy  bacteria 
in  the  air  is  entirely  aside  from  the  question  and  no  disqualifier 
of  ozone. 

Regarding  the  experiments  with  animals  on  which  tracheotomy 
had  been  practiced,  and  into  whose  lungs  ozone,  in  concentra- 
tions of  from  twenty  to  fifty  times  the  concentrations  recom- 
mended for  ventilation  purposes,  had  been  directly  introduced, 
we  can  say  that  the  results  might  have  been  predicted,  and  that 
they  have  no  bearing  on  the  question  of  ozone  in  ventilation. 
Jordan  and  Carlson  themselves  point  out  that  ozone,  as  used 
in  ventilation,  does  not  get  into  the  lungs,  but  is  absorbed  in 
the  nasal  passages.  They  admit  that  it  does  not  follow  that, 
because  strong  concentrations  of  ozone  are  poisonous,  weak  con- 
centrations are  also  poisonous,  and  further,  they  prove  this  to 
be  the  case  in  their  experiments. 

Referring  to  the  efforts  that  were  made  to  prove  that  ozone 
masks  and  does  not  destroy  organic  odors,  it  can  be  said  that 
experiments  carried  on  in  a  room  such  as  Jordan  and  Carlson 
used,  are  subject  to,  at  least,  one  great  source  of  error,  namely: 
condensation  and  absorption  on  the  walls  and  heterogeneous 
objects  in  the  room.  Bail  has  studied  this  and  points  out  that 
after-odors  may  be  referred  to  this  cause.  Czaplewski  and  also 
Van  Kupffer  have  dwelt  on  this  source  of  error.  I  have  ex- 
perimented personally  and  also  have  had  tests  conducted  by 
others  qualified  to  make  precise  observations,  with  what  appears 
to  be  a  more  accurate  method,  namely:  with  clean  glass  bottles 
in  which  the  surfaces  could  be  washed  free  from  adhering  ema- 
nation, and  the  results  have  shown  that  organic  odors  generally 
are  destroyed,  and  not  masked  by  ozone. 

Jordan  and  Carlson  contend  that  the  removal  of  odors  is  vi- 
cious as  destroying  an  indicator  of  contaminated  atmosphere, 
but,  as  is  generally  known,  there  are  no  poisons  in  vitiated  air, 
and  odor  exists  as  odor  alone  and  as  such  constitutes  a  nuisance 
whose  destruction  vouchsafes  a  most  important  function  to 
ozone  in  ventilation. 

As  a  matter  of  fact,  the  main  attack  on  ozone  is  based  on  two 
implied  premises  both  notoriously  discredited,  t';'s.;  (i)  that 
there  are  organic  poisons  in  vitiated  atmospheres  which  are 
indicated  by  odors,  and  (2)  that  dry  floating  bacteria  in  the  air 
are  active  agents  of  contamination. 

It  is  conceded  that  bacteria  in  the  air  are  of  little  or  no  im- 
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portance  in  sanitation;  that  organic  poisons  do  not  exist;  that 
odors  are  a  nuisance.  It  has  been  shown  that  ozone  removes 
these  odors,  and  while  it  has  been  demonstrated  that  in  strong 
concentrations  ozone  destroys  these  odors,  many  writers,  in- 
cluding Jordan  and  Carlson,  persist  in  the  unsupported  allega- 
tion, that  in  weak  concentrations,  ozone  although  admittedly 
banishing  them,  merely  masks  these  odors. 

Wide  experience  attests  that  ozone  improves  the  condition  of 
the  air,  and  inasmuch  as  all  attempts  have  failed  to  prove  the 
least  harmfulness  of  ozone  when  properly  used,  its  utilization  is 
as  fully  justified  as  is  the  use  of  such  empirical  remedies  as,  for 
instance,  colchicum  in  gout. 

Milton  W.  Franklin 
188  North  Walnut  St.. 
East  Orange.  N.  J. 


PLATINUM  THIEF 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

We  desire  to  call  the  attention  of  the  Society  to  the  recent 
theft  of  platinum  from  this  laboratory.  The  party  suspected 
is  a  man  calling  himself  Harry  E.  Newton  and  representing 
himself  as  a  graduate  of  the  Rolla  School  of  Mines  at  the  Univer- 
sity of  Missouri,   '99.      He  claims  to  have  been  connected  with 


smelter  work  in  Southern  Mexico  and  also  with  the  rubber  indus- 
try in  that  country. 

He  is  a  man  approximately  35  years  of  age,  5  feet  5  inches  in 
height  and  weighing  about  135  pounds.  His  complexion  is  dark 
and  when  last  seen  he  was  smooth  shaven,  with  a  face  showing 
marks  of  considerable  exposure  to  the  weather.  He  has  the  ap- 
pearance of  a  man  addicted  to  the  use  of  drugs  in  some  form. 

We  have  communicated  with  the  secretaries  of  the  four  nearby 
sections  and  would  be  glad  to  receive  any  information  as  to 
his  present  whereabouts. 

WiLLiAMETTE  Pulp  and  Paper  Company 

Oregon    City,    Oregon 
December  I,  l')l,? 

RECOVERY  OF  IODINE  FROM  THE  WASTE  LIQUOR  IN 
COPPER  TITRATIONS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  waste  liquors  obtained  from  copper  titrations  by  the 
iodide  method  contain  large  amounts  of  iodine.  This  may  be 
recovered  by  adding  hydrogen  peroxide  (a  few  cc.  of  30  per  cent 
to  about  2.5  liters).  The  free  iodine  is  precipitated  at  once 
and  can  be  easily  separated  by  filtration. 

Gregory  Torossian 
11014  Detroit    Ave,  Cleveland.    O. 
November   20,  1913 


PERSONAL  NOTL5 


Provost  Edgar  F.  Smith,  of  the  University  of  Pennsylvania, 
has  been  elected  a  member  of  the  Board  of  Trustees  of  the  Car- 
negie Foundation  for  the  Advancement  of  Teaching,  to  succeed 
Dr.  Ira  Remsen. 

Dr.  F.  W.  Frerichs,  of  St.  Louis,  was  awarded  the  Medal  of  the 
American  Institute  of  Chemical  Engineers  at  the  6th  Annual 
Meeting  in  New  York,  on  account  of  his  papers  on  "Problems 
in  Chemical  Engineering." 

Dr.  Bernard  Herstein,  formerly  Chemical  Expert  for  the  Tariff 
Board,  has  gone  to  the  Philippines  to  take  up  his  new  duties 
as  Insular  Collector  of  Customs. 

Dr.  Carl  L.  Alsberg  and  Dr.  A.  L.  Winton,  of  the  Bureau 
of  Chemistry,  have  been  elected  Honorary  Members  of  the 
Philadelphia  College  of  Pharmacy. 

The  General  Electric  Company  Research  Laboratory  at 
Schenectady  is  about  to  move  into  a  new  building  specially 
designed  for  its  use  and  in  which  about  50,000  square  feet  of 
floor  space  are  devoted  to  experimental  work. 

Caswell  A.  Mayo,  Editor  of  the  American  Druggist,  has  been 
elected  President  of  the  American  Pharmaceutical  Association. 

Mr.  Heinrich  J.  Freyn,  formerly  Consulting  Engineer  of  the 
Gas  Engine  Department  of  the  Allis-Chalmers  Manufacturing 
Company  of  Milwaukee,  has  recently  joined  the  H.  Koppers 
Company   of   Chicago   in   the   capacity   of  3rd  Vice-President. 

The  Chemists'  Club  of  New  York  has  received  and  is  preparing 
for  use  the  Friedrich  W.  C.  Schniewind  Library  which  consists 
largely  of  complete  journal  sets  covering  the  field  of  coal,  coke, 
gas  and  by-products  of  the  coal  gas  industry. 

Prof.  L-  B.  Mendel,  of  Yale  LTniversity,  spoke  ort  "Food 
Fads"  under  the  auspices  of  the  Washington  University  Chapter 
of  .Sigma  Xi,  St.  Louis,  on  December  5,  1913. 

Prof.  Alfred  H.  White,  of  the  Chemical  Engineering  Depart- 
ment of  the  University  of  Michigan,  addressed  the  Detroit 
Section  of  the  A.  C.  S.  on  Nov.  28,  1913.  his  subject  being  "LTnder 
what  Circumstances  can  Portland  Cement  be  Considered  a 
Reliable  Building  Material  for  Permanent  Structures?" 

Dr.  Sidney  Born,  of  New  York,  has  recently  accepted  the 
position  of  Director  of  the  Laboratories  of  the  Wm.  J.  Lemp 
Brewing  Co.,  St.  Louis. 

Mr.    Henry   Sellman,   engineering   specialist   in   pebble    mills 


and  grinding  installations,  has  been  employed  by  the  Abbe 
Engineering  Co.  This  company  has  purchased  the  Sellman 
Mill  Co.  business  and  that  of  Geo.  M.  Ball  &  Son,  manufacturers 
of  pulverizing  and  grinding  machinery. 

Prof.  Alexander  Smith  was  to  have  assumed  the  duties  of 
head  of  the  Department  of  Chemistry  in  Princeton  University 
in  the  autumn  of  1914.  By  consent  of  both  parties,  Prof. 
Smith's  acceptance  of  the  position  has  now  been  withdrawn, 
and  he  will  remain  at  Columbia  University. 

G.  S.  Fraps,  President  of  the  Association  of  Official  Agricultural 
Chemists,  delivered  his  presidential  address  before  the  13th 
Annual  Meeting  in  Washington,  Nov.  18,  1913,  on  the  subject, 
"Progress  of  the  Chemistry  of  Agriculture."  This  address  is 
printed  in  full  in  the  Nov.  29th  issue  of  the  American  Fertilizer. 

Dr.  John  A.  Wilkinson,  formerly  at  Ohio  State  University> 
is  now  at  Missouri  State  LTniversity  as  head  of  the  Department 
of  Analytical  Chemistry. 

A  portrait  of  the  late  Prof.  Morris  Loeb  was  presented  by 
Mrs.  Loeb  to  New  York  University  on  Dec.  4th.  The  gift 
was  accepted  by  Chancellor  Brown  on  behalf  of  the  University 
and  memorial  addresses  were  made  by  Professors  Hill  and  Basker- 
ville. 

Prof.  A.  A.  Noyes,  of  the  Massachusetts  Institute  of  Tech- 
nology will  give  a  course  of  lectures  at  the  Throop  College  of 
Technology,  Pasadena,  Cal.,  during  the  second  semester  of  the 
year. 

Mr.  Frank  E.  Carruth,  a  graduate  of  Wesleyan  University, 
and  a  recent  fellow  in  Cornell  University,  has  been  appointed 
assistant  chemist  in  the  North   Carolina  Experiment  Station. 

Mr.  Richard  K.  Meade,  Consulting  Engineer,  Baltimore, 
has  been  retained  by  the  Louisville  Portland  Cement  Co.,  to 
prepare  plans  for  their  new  60- ton  per  day  hydrated  lime  plant. 
Mr.  Meade  is  also  directing  the  erection  of  a  new  steel  and  con- 
crete stockhouse  with  self-emptying  bins  and  a  pack  house 
equipped  with  Bates-Valve  sacking  machines  for  the  Thomas 
Millen  Co.,  Jamesville,  N.  Y. 

Mr.  R.  A.  Fetzer,  a  graduate  of  Davidson  and  Clemson  Col- 
leges, has  been  appointed  instructor  in  chemistry  in  the  North 
Carolina  College  of  Agriculture  and  Mechanic  Arts. 

Mr.   Ashmead   G.    Rodgers,   General   Superintendent   cf   the 
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Carborundum  Company's  plant  at  Niagara  Falls  since  1902, 
died  on  Oct.  23,  1913,  at  the  age  of  41  years. 

Prof.  F.  Haber,  of  Berlin,  delivered  the  Hurter  Memorial 
Lecture  before  the  Liverpool  Section  of  the  Society  of  Chemical 
Industry,  on  Nov.  26,  1913.  Subject:  "Modern  Chemical 
Industry." 

Messrs.  H.  Solomon,  D.  E.  Chadwick  and  L.  S.  Cunning- 
ham were  recently  appointed  assistants  in  chemistry  in  the 
Mississippi  Agricultural  and  Mechanical  College,  Agricultural 
College,  Miss. 

Dr.  C.  E.  K.  Mees,  Director  of  the  Eastman  Kodak  Company 
Research  Laboratory,  talked  at  a  recent  colloquium  of  the 
General  Electric  Company  Research  Laboratory,  on  Photo- 
graphic Research. 

The  new  chemical  laboratory  of  the  Mississippi  Agricultural 
and  Mechanical  College  is  being  occupied.  The  building  is 
four  stories  high  and  contains  about  40,000  sq.  ft.  of  floor  space; 
it  is  practically  fireproof  and  provides  commodious  quarters 
for  the  state  chemical  work,  as  well  as  ample  laboratories  for 
regular  college  classes. 

The  International  Oxygen  Co.  have  removed  their  executive 
offices  from  115  Broadway,  New  York  City,  to  their  works  at 
Newark,  N.  J.  Additional  buildings  have  been  erected  to 
house  the  executive  offices.  The  general  sales  offices  will  re- 
main at  115  Broadway. 


The  Association  of  Official  and  Agricultural  Chemists  met  in 
Washington,  Nov.  lyth-igth.  The  following  officers  were 
elected  for  the  year:  Honorary  President — H.  W.  Wiley,  Wash- 
ington. President — E.  F.  Ladd,  Fargo,  N.  D.  Vice-President — - 
C.  H.  Jones,  Burlington,  Vt.  Secretary — C.  L.  Alsberg,  Wash- 
ington. Additional  Members  of  the  Executive  Committee — ^J.  D. 
Turner,  Lexington,  Ky. ;  W.  F.  Hand,  Agricultural  College,  Miss. 

Mr.  C.  J.  Ramsburg,  formerly  Assistant  Engineer  of  the 
United  Gas  Improvement  Company  of  Philadelphia,  is  now 
2nd  Vice-President  of  the  H.  Koppers  Company  of  Chicago. 

Mr.  M.  D.  ^alcolmson  has  accepted  a  position  in  the  Re- 
search Department  of  Thomas  A.  Edison  at  Orange,  N.  J. 

Dr.  W.  D.  Coolidge  of  the  General  Electric  Company  Research 
Laboratory  has  returned  from  a  trip  to  Berlin  in  connection 
with  the  German  patents  on  ductile  tungsten. 

The  Chicago  Section  of  the  American  Chemical  Society  has 
appointed  the  following  committee  to  wait  upon  the  Mayor  of 
Chicago  and  offer  their  services,  gratis,  as  an  aid  in  the  solution 
of  all  chemical  problems  relative  to  city  waste :  Prof.  Harry  Mc- 
Cormack,  Professor  of  Chemistry.  Armour  Institute,  Chairman; 
Mr.  A.  Lowenstein.  Chief  Chemist,  Morris  &  Co. ;  Dr.  J.  H.Long, 
Professor  of  Chemistry,  Northwestern  University;  Dr.  Julius 
Stieglitz,  Director  of  University  Laboratories,  Chicago  Univer- 
sity; Mr.  William  Brady,  Chief  Chemist,  lUinois  Steel  Co. 


BOOK  REVIEWS 
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Mineral  and  Aerated  Waters.     By  C.  Ainsworth  Mitcheli,, 

B.A,    (Oxon)    F.I.C.     227    pages.      Illustrated.     New  York, 

D.  Van  Nostrand  Co.     $3.00. 

This  book,  as  stated  in  the  preface,  is  intended  to  give  an 
outline  of  the  early  methods  of  making  artificial  mineral  waters 
and  to  trace  the  gradual  evolution  of  the  primitive  forms  of 
apparatus  first  invented  into  the  carbonating  plant  of  the  present 
day. 

Aside  from  the  historical  part  there  is  little  of  interest  to  the 
chemist,  with  the  exception  of  the  chapters  on  carbon  dioxide 
and  radio-activity.  The  latter  chapter  (IV)  is  not  only  new 
but  very  instructive.  The  author  gives  tables  showing  the 
amount  of  helium,  etc.,  in  a  number  of  the  natural  mineral  waters, 
also  an  illustration  and  description  of  the  apparatus  for  measur- 
ing the  radio-activity  of  radium  and  other  radio-active  bodies, 
and  for  the  preparation  of  artificial  radio-active  mineral  waters. 

Considerable  space  is  devoted  to  washing  and  bottling  ma- 
chinery. The  illustrations  are  good,  but  of  little  value  to  the 
American  manufacturer  as  only  English  types  are  given. 

The  chapter  on  the  Examination  of  Mineral  Waters  mentions 
the  metallic  contaminations,  but  with  the  exception  of  Arsenic 
gives  no  directions  for  detecting  them.  In  regard  to  the  Bac- 
terioscopic  examination  and  injurious  Fermentations  he  gives 
considerable  information.  In  this  chapter  we  find  rather  a 
surprising  statement  in  regard  to  the  use  of  distilled  water, 
i.  e.,  "It  by  no  means  follows  that  soda  water  prepared  from 
it  is  any  purer  bacteriologically  than  that  prepared  from  ordi- 
nary hard  waters.  In  fact  bacterioscopic  examinations  of 
soda  water  made  from  distilled  water,  have,  in  some  cases  given 
worse  results  than  those  obtained  with  soda  water  made  from 
ordinary  tap  water."  These  conditions  may  exist  in  England 
but  are  not  in  accord  with  experiments  made  in  this  country. 

In  the  preparation  of  Artificial  Mineral  Waters  no  idea  is  given 
of  the  methods  in  use  at  the  present  time. 

The  author  makes  a  good  suggestion  in  regard  to  the  public 
advantage  of  enforcing  precautions  to  prevent  bacterial  con- 
tamination, and  to  ensure  the  utmost  cleanliness  in  the  factory, 
and  states  that  in  any  case,  a  system  of  inspection  of  factories 


at  irregular  intervals  would  be  a  much  more  efficient  safeguard 
of  purity  than  even  a  frequent  examination  of  samples  bought 
at  random. 

The  Bibliography  is  very  complete,  and  should  prove  very 
useful  to  readers  interested  in  this  subject. 

A.  P.  Hallock 

Technical    Gas   and   Fuel   Analysis.     By  Alfred   H.  Whitb. 

276  pp.     Price,  $2.00.     McGraw-HiU  Book  Co.,  New  York. 

This  book  is  a  very  complete  treatise  covering  the  subject 
fully  and  in  a  way  that  should  be  a  great  help  to  any  chemist 
or  engineer  interested  in  the  sampling  and  analysis  of  gases 
or  fuels.  The  author  has  freely  quoted  from  other  works, 
and  has  pointed  out  the  most  acciu-ate  and  practicable  method 
of  securing  results  of  sufficient  accuracy  for  all  commercial 
work.  He  has  summarized  and  discussed  the  work  of  committees 
of  the  various  societies  relative  to  calorimetry,  photometry, 
coal  analysis,  etc.  The  author  has  laid  particular  stress  upon 
the  importance  of  sampling  both  gases  and  fuel  and  has  pointed 
out  many  precautions  that  are  too  often  overlooked.  Several 
useful  tables  are  included  in  the  appendix. 

E.  G.  Bailey 

Die  Verwendung  der  seltenen  Erden.     By  C.  Richard  Bohm. 

107  pp.     10  illustrations.     Veit  and  Company,  Leipzig,  1913. 

This  little  handbook  is  a  critical  review  in  which  this  authority 
on  the  Fare  earths  has  brought  together  the  more  common  as 
well  as  the  unusual  applications  in  the  scietfces  and  arts  of 
these  interesting  elements. 

The  review  is  well  done,  and  is  as  thorough  as  the  literary 
work  of  the  author  invariably  is. 

The  descriptions  of  the  various  uses  of  these  earths  should 
prove  profitable  reading  to  the  chemist,  and  particularly  to 
the  research  student. 

No  description  is  given  of  the  use  of  the  earths  in  the  gas 
mantle,  as  that  side  is  discussed  by  the  author  in  a  separate 
volume. 

Victor  Lenher 


Jan.,  1914 
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Principles  of  Agricultural  Chemistry.     By  G.  S.  Fraps,  Ph.D. 

Easton,      Pa.,      Chemical     Publishing     Company.     London, 

Williams  &  Norgate.     1913.     XXIV.     493  pp. 

This  book  is  based  on  lectures  given  for  a  number  of  years 
by  the  author  to  students  in  Agriculture.  The  work  is  devoted 
to  the  general  chemical  side  of  agriculture,  and  while  some 
laboratory  methods  are  given,  it  is  in  no  sense  intended  for 
a  laboratory  manual  devoted  to  analytical  processes. 

In  the  preface  the  author  states  that  it  is  his  aim  "to  present 
the  fundamental  principles  of  agricultural  chemistry.  The 
point  of  view  is  that  of  the  chemist  dealing  with  agriciUtural 
problems;  the  attempt  is  made  to  emphasize  chemical  methods 
of  investigation,  and  inculcate  scientific  habits  of  thought. 
Details  are  omitted  so  far  as  they  are  not  necessary  to  the  proper 
treatment  of  the  subject.  Practical  applications  which  are 
necessarily  local,  are  left  out  as  much  as  possible.  The  book 
thus  treats  of  agricultural  chemistry  rather  than  of  chemical 
agriculture.  It  attempts  to  give  a  comprehensive  view  of  the 
subject,  and  to  prepare  the  student  for  a  more  detailed  study 
of  its  various  phases." 

The  scope  of  the  subject  and  the  general  importance  of  the 
relations  of  chemistry  to  agriculture  are  shown  in  the  introduc- 
tion which  comprises  the  first  chapter.  Chapters  II  and  III 
deal  with  the  essentials  of  plant  life.  Chapter  III  treating  more 
especially  with  the  influence  of  the  atmosphere;  Chapters 
V,  VI,  VII,  VIII,  IX,  X,  XI,  XII  and  XIII  deal  with  soils; 
the  next  three  chapters  are  devoted  to  fertilizers;  Chapters 
XVII  and  XVIII  to  the  composition  and  constituents  of  plants; 
Chapter  XIX  to  digestion,  and  the  remaining  five  chapters 
to  the  feeding  of  animals,  utilization  of  food,  calculation  of 
rations,  etc.  Considerable  space  is  devoted  to  experimental 
data  and  to  proper  methods  of  carrying  on  cultural  experiments. 

In  the  discussions  of  the  different  topics  where  '  different 
theories  have  been  advanced  by  investigators  of  prominence, 
the  author  has  noted  the  different  views.  The  doctrines  are 
sound  and  represent  the  latest  ideas  in  scientific  agriculture. 
It  can  hardly  be  considered  a  technical  book,  though  it  is  somewhat 
too  technical  for  the  ordinary  farmer;  however,  it  contains 
a  large  amount  of  valuable  information  which  would  be  useful 
in  farm  operations.  It  will  be  valuable  in  the  class  room  and 
will  be  found  interesting  reading  for  all  who  are  interested  in 
Agricultural  Chemistry. 

On  the  whole,  the  book  is  an  excellent  one;  the  author  has 
succeeded  in  presenting  the  facts  relating  to  our  present  knowl- 
edge of  agricultural  chemistry  in  an  intelligible  and,  generally, 
in  an  accurate  manner. 


The  publishers  have  done  their  part  well  in  producing  a  book 
of  convenient  size,  printed  on  good  paper  with  clear  type,  and 
altogether  it  forms  an  attractive  volume  both  from  the  author's 
and  publisher's  standpoint. 

F.  B.  Carpenter 

Accident  Prevention.  By  Jas.  B.  Douglas,  Manager  Claim 
Department,  United  Gas  Improvement  Company,  Phila- 
delphia. Published  by  the  United  Gas  Improvement  Company. 
1 1 1  pp.     Cloth  bound. 

This  book  includes  a  general  statement  in  regard  to  the  causes 
and  prevention  of  accidents  and  is  illustrated  by  a  large  number 
of  photographs  showing  the  features  in  and  about  a  factory 
yard  which  have  led  to  serious  accidents,  and  the  methods 
adopted  for  their  prevention.  It  is  an  exceedingly  valuable 
little  book,  and  a  careful  consideration  of  the  suggestions  which 
it  contains  would  reduce  the  number  of  accidents  in  almost 
any  manufacturing  plant. 

M.  C.  WhitakER 

Wissenschaftliche  Trundlagen  der  Erdolbearbeitung.      By  Dr. 

L.   GURWITSCH.     278   pp.     16  figs.     Julius  Springer,   Berlin. 

Price,  $2.50. 

The  author  has  successfully  carried  out  his  intention  of  giving 
to  chemists  interested  in  petroleum  a  book  covering  a  general 
survey  of  the  various  scientific  aspects  of  the  industry.  Practical 
questions  of  different  processes  and  construction  of  factory 
apparatus  have  been  purposely  omitted. 

The  book  is  divided  into  three  general  parts.  Part  I  (115  pp.) 
covers  in  detail  the  constitution  of  petroleum  oils  from  the 
chemical  and  physical  sides;  the  general  characteristics  of  the 
oils  found  in  Europe,  America  and  Asia;  and  briefly  the  various 
hypotheses  concerning  the  origin  of  these  natural  oils.  Part 
II  (130  pp.)  gives  very  completely  the  theories  of  working  the 
oils,  under  the  divisions:  Distillation,  and  Refining.  Part  III 
(27  pp.)  is  devoted  to  various  products:  benzine,  burning  oils, 
lubricating  oils,  parafiin,  vaseline. 

Although  certain  conclusions  and  statements  of  the  author 
can  be  criticized — especially  under  the  division  "Distillation" 
— still  the  book  is  highly  recommendable  to  oil  chemists,  and 
this  collection  of  the  scientific  principles  underlying  the  refining 
of  petroleums  should  prove  of  considerable  value.  Generally 
speaking,  the  book  is  of  a  high  class,  the  various  curves  and 
microphotographs  being  especially  noteworthy. 

Robert  K.  Murphy 


NLW  PUBLICATIONS 


By  D.  D.  Berolzhbimeh.  Librarian  The  Chemi.'its'  Club,  New  York 


Allen's  Commercial  Organic  Analysis.  Vol.  VIII.  Enzymes,  Pro- 
teins, etc.  By  W.  D.  Davis  and  Samuel  S.  Sadtler.  8  vols.  4th 
edition.  8vo.  696  pp.  Price,  $5.00.  P.  Blakiston's  Son  &  Co., 
Philadelphia. 

Analysis,  Quantitative  Chemical.  Loose  Leaf  Laboratory  Manual. 
By  Chari.es  M.  Allen.      L.  8vo.      John  Wiley  &  Sons,  New  York. 

Analysis,  Technical  Chemical.  Loose  Leaf  Laboratory  Manual- 
By  R.  H.  H.  HuNCST.     L.  8vo.     John  Wiley  &  Sons,  New  York. 

Arsenic  Compounds,  Handbook  of  the  Organic.  By  A.  Bertheim. 
8vo.     94    pp.      Price,    $2.00.     Ferdinand    Enke,    Stuttgart.      (German.) 

Assaying,  Textbook  of.  By  C.  Beringer  and  J.  J.  Beringer.  13th 
edition.     8vo.     476   pp.     Price,    $4.00.     Chas.    Griffin    &    Co.,    London. 

Brass:  The  Approximate  Melting  Points  of  some  Commercial 
Copper  Alloys.  By  H.  W.  Gillett  and  A.  B.  Norton.  8vo.  9  pp. 
U.  S.  Bureau  of  Mines,  Technical  Paper  60. 

Catalysis  in  Organic  Chemistry.  By  Paul  Sabatier.  8vo.  Price. 
$2.50.      Ch.  Beranger.  Paris.      (French.) 

Chemistry,  Exercises  in  General.  Loose  Leaf  Laboratory  Manual. 
By  Charles  M.  Allen.     L.  8vo.     John  Wiley  &  Sons,  New  York. 

Chemistry,    Treatise   on.     Vol.    II.  The   Metals.     By   H.   E.   RoscoE 


edition.     8vo.      1470    pp.     Price,    57.50 


AND     C.     ScHORLEMMER.       > 

Macmillan  Co..  New  York. 
Chlorophyll,    Studies    on.     By   Richard   Willstaetter   and   Arthur 
Stoll.     8vo.     432    pp.     Price,    $5.00.     Julius    Springer,    Berlin.      (Ger- 

Coal  Tar  Distillation  and  Working  up  of  Tar  Products.  By  Arthur 
R.  Warnes.     8vo.      185  pp.     Price,  $2.00.     John  Allan  &  Co.,  London. 

Dictionary  of  Applied  Chemistry.  Vol.  V.  Sodium-Z.  By  Ed- 
ward Thorpe.  5  vols.  Revised  edition.  8vo.  830  pp.  Price, 
$13.50.     Longmans,  Green  &  Co..  New  York. 

Dyes  and  Dyeing.  By  Charles  E.  Pellew.  8vo.  272  pp.  Price, 
$2.75.     Low,  London.      McBride,  Nast  &  Co..  New  York. 

Dyes:  Yearbook  for  Colorists  and  Dyers.  XV.  By  Herman  A.. 
Metz.     Sm.  8vo.      Price.    $4.19.     Farbwerke-Hoechst    Co..    New    York. 

Essential  Oils:  Semi-annual  Report  of  Schimmel  &  Co.  for  October, 
1913.      8vo.      151   pp.      Schimmel  &  Co.,  Miltitz-Leipzig. 

Fuel,  An  Introduction  to  the  Study  of.  By  F.  J.  Brislee.  8vo. 
2()9  pp.      Price,  S2,25.      Constable  &  Co,,  London, 

Inorganic  Chemistry,  Newer  Views  on.  By  A.  Werner.  3rd  edition. 
8vo.  419  pp.  Price,  $3.00.  Friedrich  Vieweg  und  Sohn.  Brunswick. 
(German.) 
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M&terials,    Laboratory   Manual   of   Testing.     By    William    K.    Hatt 

AND    H.     H.    SCOPIELU.      8vo.      \^S     pp.      I'rkc,    SI.25.      McGraw,     Hill 

Book  Co.,  New  York, 
Metals,    The   Alloy.     By    Eknst    Pancke.     8vo.     83    iip.     Price,    $1,25. 

Wilhelni  Kiiapp,  Halle,      (German,) 
Mineral    Industry,     The.     Its    Statistics,     Technology    and    Trade 

during     1912.      By     Charles    Of.      L.  8vo.      lOyO    pp.      Price,     $10.00. 

.McC.raW'IIill  Book  Co,,  New  York. 
Microchemistry,    Textbook    of.     By    Friedrich    Emich,     8vo.     Price, 

$1.7.S.      J.  F.   BerRmnnn,   Wiesbaden,      (German,) 
Mortar   Materials,    Preparation  of.     Cement,   Lime,    Gypsum.     By 

Karl     Scilocil       .^rd      edition       8vo       946      pp.      Price,      $10.00.      Ton- 

industrie  Zeitiing.  Berlin, 
Oils,  Solvents,   Gums,  Waxes  and  Allied  Substances.     By  Frbderic 

S.    Hyde.     8vo.      182   pp.     Price,   $2.00.     D.   Van   Nostrand   Co.,    New 

York. 
Sanitation,  Handbook  of .     By  George  M.  Price,     .^rd  edition.      12  mo. 

.I.SO  pp.     Price,  $1..S0,     John  Wiley  &  Sons,  New  York, 
Silicates  in  Chemistry  and  Commerce.     By  W.  Asch  and  D.  Asch. 

8vo      4>(>  pp       Price.  ?s  2.S.     Constahle  X;  Co..  London.      (Translation.) 
Sugar,    White,    Manufacture,    Plantation.     By   W.   H.   Th.    Harloff 

AND     H.     Schmidt.     8vo,      l.SO     pp.      Price,     $2,50,     Norman     Rodger. 

London.      (Translation  in  English, ) 
Sugars    and    their    Simple    Derivatives,     By    John    B.    Mackenzie. 

8vo,      Price,  $2.00,      Gurney  &  Jackson.  London, 
Textile  Fibers,  Chemical  Technology  of  the.     By  Karl  Stirm.     8vo. 

410  pp.      Price.  $3.25,      Gebrueder   Borntraeger.   Berlin.      (German.) 
Water:     Its  Production,  Use  and  Removal.     By  Ferdinand  Fischer 

8vo       Price.  $400.      Otto  Spamer,  Leipzig       (German.) 
Welding,    Autogenous.     By    L'Institi't   Scientifique   et   Industriel. 

8vo.      108    pp.      Price,    $0,75,      Mois    .Scientifique    et    Industriel.     Paris. 

(French) 

RECENT   JOURNAL   ARTICLES 

Alcohol,  Manufacture  of,  from  Wood  Waste  in  the  United  States. 

.\N(,NVMOi-s.       Ameritan     Dislillers-    Rnieu:    Vol.    ^.     1913,    No,    7,    pp. 

98    100. 
Alkali  and  Chlorin  Compounds  by  Electrolysis,  A  New  Diaphragm 

Process  for  the  Manufacture  of.     By  J.  B.    C.    Kershaw.     Journal 

of  Ihe  Society  of  Chemical  Industry.   Vol.   i2,    1913,   No.  21.  pp.  995-998. 
Alkali    Processes,    Electrolytic.     By    J.    B.    C.    Kershaw.     Journal   of 

the  Society  of  Chemical  Industry.  Vol.  32,  1913,  No.  21,  pp,  993-995. 
Alloys,       Lead-Tin-Antimony       and       Tin-Antimony-Copper.     By 

William   Campbell.     Proceedings   of    the   16th    Annual    Meeting   of    the 

American  Society  for  Testing  Materials.  Vol.  13,  1913,  pp.  630-668. 
Analysis:     Oils  and  Fats  Used  in  Tanning.     By  Charles  B.  Oberfell- 

Journal    of   the    American    Leather    Chemists'    Association,    Vol.    8,    1913. 

No,   12,  pp,  496-504 
Arsenic,  The  lodometric  Determination  of,  in  Iron  and  Iron  Ores 

after  Precipitation  with  Phosphorous  Acid,     By  L.  Brandt.     Chem- 

iker  Zeitung.  Vol.  37,  1913.  No.   141.  pp,   1445-1447. 
Coal,  Notes  on  the  Carbonization  of,  in  Vertical  Retorts.     By  O.  B. 

Evans,      American  Gas   Light  Journal.   Vol,   99,    1913,   No,    22.   pp.   338- 

343  and  345-348. 
Coke,  Characteristics  of  Basic.     By  J.  R.  Campbell.     Coal  and  Coke 

Operator.  Vol.  32.  1913.  No.  6.  pp,  89-91, 
Dyeing,   A   Contribution  to  the   History   of.     By   Julius   Huebner, 

Journal  of  the  Society  of  Chemical  Industry.   Vol.    i2.    1913.   No.    22.   pp. 

1043-1051. 
Dyeing,    Experiments   in.     By    \.    W.    Davison.     Journal   of  Physical 

Chemistry,  Vol.  17,  1913.  No.  9.  pp,  737-754. 
Elements,    The    Evolution    of.     (Radioactivity    and    Geology.)     By 

W.  W,  Strung,      Radium.  Vol.  2.   1913,  No.  2.  pp.  24-27. 


Enameling  or  Coating  Steel  and  Iron  with  Glass,  The  Art  of.     By 

Raymond  F,  NaillER,      Metallurgical  and  Chemical  Engineering.  Vol,   11, 

1913,  No,   12.  pp.  695   698, 
Evaporating  Apparatus  in  Sugar  Factories,   The  Effect  of  Air  and 

other  Incondensible  Gases  upon  the  Capacity  of  the  Heating  and. 

Ily    IC,    \V.    Kiiku,      I.t.u,-.i,in,i   J'l.mler   and  Sugar   Manufacturer.    Vol,    51. 

1913,  No,  J.^.  pp    385-386. 
Extraction    and    Separation    of    Materials.     By    Bbrthold     Block. 

Chemiker  Zeitung.  Vol.  37,   1913,  No,   139,  pp.  1425-1428. 
Fuel:     Gas    versus    Fuel    Oil.     By    Harold    L.    Alt.     American   Gas 

Light  Jnurnal.  Vu\    99,   1913,  No    23,  pp.  353-356. 
Fuels,   Recent  Progress  in  Sampling  and  Testing.     By  John   B.  C. 

Kershaw.      Chemical   World.  Vol.  3,   1913,  No,   12.  pp.  386-388. 
Fuel:     The  Use  of  Pulverized  Coal  in  Metallurgical  Furnaces.     By 

James  J,ORn.      Proceedings  of  the  Engineers'  Society  of  Western  Pennsyl- 
vania. Vol    29.  1913,  No,  7.  pp.  36.3-417. 
Furnaces,  Electric,  Their  Design,  Characteristics  and  Commercial 

Application.     By  Woolsey  Mc.\.  Johnson  and  George  N.  Lieger. 

Metallurgical  and  Chemical  Engineering.  Vol.   11,   1913.   No.    12,   pp.  68.3- 

685. 
Furnace,  The  Iron  Blast,  and  the  Characteristics  of  its  Fuels.     By 

J,   E.  Johnson,  Jr.     Metallurgical  and  Chemical    Engineering.    Vol,     11. 

1913,  No,   12,  pp,  687-693. 
Gas:     Coal     Liming.     By     Thomas     Holgate.     American     Gas     Light 

Journal.  Vol,  99,   1913.  No.  21,  pp.  330-331. 
Glycerin,  Analysis  of  Crude,  by  the  International  Standard  Methods. 

1911.      By  R.  G.  Grimwood.        Journal  of  the  Society  of  Chemical  Industry, 

Vol.  32.   1913.  No.  22.  pp.   1(J39-1041. 
Hydrocellulose,  Some  Fatty  Acid  Esters  of,  and  their  Saponification. 

By    Albreciit    Stein,     Zeitschrifl  fuer    angewandte   Chemie.    Aufsalzleil. 

Vol,   26,   1913,   No.  91.  pp.  673-677. 
Iron,  The  Influence  of  Silicon  on  the  Solubility  of  Carbon  in.     By 

G.    Charpy    and    Andre    Cornu.      Comptes    rendus    de    VAcademic    des 

Sciences.  Vol.  157.   1913.  No,  20,  pp,  901-903. 
Iron  and  Steel,  Value  of  Existing  Methods  for  the  Determination 

of  Oxygen  in.      By   W.   R.   Fleming.     Proceedings  of  the  16th   .\nnual 

Meeting   of  the    American    Society  for   Testing   Materials,   Vol.    13.    1913. 

pp.  477-488. 
Oil,    Testing   of   Chinese    Wood.     By   E.    W.    Boughtox.     Proceedings 

of  the  I6th  Annual  Meeting  of  the  American  Society  for  Testing  Materials, 

Vol,  13,  1913,  pp-  923-946, 
Paper,    Clays   Used   for    Coating   and   Loading.     By    Alexander    R. 

VorabergER.      Paper.  Vol,   13.   1913.  No.  13,  pp.   15-18. 
Paper:     Removing  Water  of  Condensation  from  Dryers.     By  E-  H. 

Fritchman,      Paper,  Vol.   13.   1913.  No.   11,  pp.   15-18  and  34. 
Refractories,    Testing   of.     By   A.    V.    Bleininger.     Proceedings  of  the 

16th  Annual  Meeting  of  the  American  Society  for  Testing  Materials.  \'o\ 

13.   1913.  pp.  967-982. 
Rubber,    Coloring,    with    Organic    Coloring    Matters.     By    Ditmar. 

India  Rubber  Journal.   Vol.  46.   1913.  Xo    21,  pp     1057-1058, 
Rubber:     The   Role   of  Polyprene   Sulfid  in  Vulcanization.     By   H. 

Spellon.      India   Rubber   Journal.    Vol.    46,    1913.    No.    16.    pp.    723    724. 
Shellac    Bleaching.     .Anonymous.     Drugs.    Oils    and    Paints,    Vol.    29. 

1913    No.  6,  pp.  209-212. 
Sizing,   The   Use   of  Talc  for.     By   H.   Rosenberg.     Canadian   Textile 

Journal.  Vol,  30,   1913,  No.  12.  pp.  373-374. 
Steam,    Generation   of.     By    Charles   L.    Hubbard.     Steam.    Vol.    12. 

1913,  No,  8,  pp,  153-155, 
Wood  Cellulose.      By  Arthur  Klein.     Zeilschrift  fuer  angeuandte  Chemie. 

Aufsatzteil.  Vol.  26,  1913,  No,  93,  pp.  692-694. 
Wood     Distillation.      By     Ossian     .\schan.     Zeilschrift    fuer    angeuandte 

Chemie.  Aufsatzteil.  Vol.  26.  1913.  No.  95.  pp.  709-713. 
Wood.    Impregnation    with    Fluorids,     Practical     Results    of.     By 

Robert     Nowotny.     Zeilschrift    fuer    angeu-andle    Chemie.     Aufsatzteil. 

Vol.  26.   1913.  No.  93.  pp.  694-700. 
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By  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Building,  Washineton,  D.  C. 


Making  Lactic  Acid.  O.  Friedberger,  Oct.  7,  1913.  U.  S. 
Pat.  1,074,708.  Lactic  acid  is  produced  by  fermenting  a 
saccharid  by  the  Bacillus  Delbriicki,  previously  brought  to 
a  healthy  development  and  accustomed  to  dextrose. 

Converting  Phosphorites.  H.  V.  Dunham,  Oct.  7,  1913. 
U.  S.  Pat.  1,074,779.  'i'he  iihosphoric  acid  of  phosphate  rock  is 
converted  into  the  ammonium  citrate-solulile  state,  but  not 
into  the  water-soluble  state,  by  heating  an  intimate  mixture 
of  the  rock,  a  carbonate  and  a  sulfate  to  a  white  heat  in  the 
absence  of  reducing  agents,  for  about  an  hour. 


Fertilizer.  A.  R.  Frank,  Oct.  7,  1913.  U.  S.  Pat.  1,074,785. 
The  composition  contains  a  cyanamid  salt,  free  lime  and  an 
acid  sulfate  adopted  to  neutralize  a  portion  of  the  lime. 

Fertilizer.  Newberry  and  Barrett,  Oct.  7,  1913.  U.  S. 
Pat.  1,074,808.  An  intimate  mixture  of  insoluble  phosphate 
and  an  amount  of  gypsum  and  carbonaceous  matter  each  ap- 
proximately equal  to  two-thirds  of  the  phosphoric  acid  contained 
in  the  phosphate,  are  calcined  and  ground. 

Promoting  Fermentation.  E.  Pohl,  Oct.  7,  1913.  U.  S. 
Pat.    1,074,814.     Malt   is   produced   in   the   presence   of   water 
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containing  zeolites,  mashed  to  form  wort  in  the  presence  of  the 
zeolites  and  fermented,  still  in  the  presence  of  the  zeolites. 

Metalloidal  Materials.  E.  Weintraub,  Oct.  7,  1913.  H.  S. 
Pat.  1,074,672.  I{IementaI  boron  differing  materially  from  the 
material  commonly  designated  as  boron  in  the  technical  litera- 
ture, is  produced  by  passing  boron 
chlorid  vapor  and  hydrogen  through 
an  electrical  arc,  the  boron  being 
produced  according  to  the  following 
reaction: 

BCI3  +  3H  =  3HCI  +  B 
The  boron  is  described  as  being  a 
dense,  hard,  black  mass  having  a 
high  melting  point,  convertible  by 
oxidation  into  boric  anhydrid,  being 
electrically  conductive  and  having 
a  very  high  negative  temperature 
resistance  coefficient,  its  conduc- 
tivity approximately  doubling  for 
17°  C.  rise  in  temperature  above 
room  temperature.  The  material  can  be  fused  into  dense  bodies 
having  a  conchoidal  fracture  and  a  hardness  considerably 
greater  than  sapphire   (see  This  Journal,  5,  106). 

Electrolysis.     H.    M.    DuBois,  Oct. 
7,    1913.     U.  S.  Pat.  1,075,026.     The 

process  consists  in  flowing  the  elec- 
trolyte over  the  upper  end  of  a  ver- 
tically arranged  diaphragm  and  thence 
downward  between  the  diaphragm  and 
the  exposed  cathode  surface,  whereby 
the  flowing  of  the  cathode  liquor  is 
not  dependent  solely  upon  the  porosity 
of  the  diaphragm,  while  the  electrolyte 
action  is  unimpaired. 

White  Lead.  E.  Euston,  Oct.  7, 
1913.  U.  S.  Pat.  1,075,143.  Basic 
carbonate  of  lead  is  first  precipitated 
by  carbon  dioxid  from  basic  lead  ace- 
tate solution  maintained  alkaline.  A 
precipitate  is  then  separately  formed  by  the  action  of  carbon  dioxid 
upon  basic  lead  acetate  solution  eventually  acid  and  the  two 
precipitates  are  mixed  in  proportions  to  form  a  pigment  con- 
taining 1 1.3  per  cent  to  14.5  per  cent  carbon  dioxid. 

Refining  and  Purifying  Oils.  D.  F.  Lasher,  Oct.  14,  1913. 
TJ.^^S.  Pat.  1,075,481.  Petroleum  is  treated  with  acid  and 
alkali,  washed  to  remove  these  materials  and  run  through  rice 
hull  ashes. 

Arc  Lamp  Electrode.  G.  M.  Little,  Oct.  14,  1913.  U.  S. 
Pat.  1,075,484.  The  electrode  contains  iron  oxid  and  potassium 
silicate. 

Treating  Cream  and  Similar  Substances.  F.  H.  Stanley, 
Oct.  14,  1913.  U.  S.  Pat.  1,075,514.  The  material  under 
treatment  is  inoculated  with  lactic  acid  germs  and  impregnated 
with  oxygen  in  the  form  of  air,  during  the  development  of  the 
lactic  acid  germs. 

Metal  Filaments.  C.  A.  Hansen,  Oct.  14,  1913.  U.  S.  Pat. 
i>075)563.  A  squirtable  mixture  for  the  manufacture  of  lamp 
filaments  is  produced  comprising  an  oxid  of  tungsten  starch, 
glucose  and  glycerin. 

Anhydrid  of  SalicyUc  Acid.  Kopetschni,  Karczag  and  Fodor, 
Oct.  14,  1913.  U.  S.  Pat.  1,075,581.  .Salicylic  acid  chlorid 
is  treated  to  split  olT  therefrom  hydrochloric  acid.  The  re- 
sulting anhydrid  of  salicylic  acid  is  described  as  being  readily 


soluble  in  ether,  acetone,  glacial  acetic  acid,  ethyl  acetate  and 
benzol,  melting  between  90°  and  100°  C.  and  converted  by 
boiling  with  anilin  into  salicylanilid. 

Molten  Bath  and  Means  for  Coating  Iron  Articles  Therewith. 
H.  J.  Lohmann,  Oct.  14,  1913.  U.  S.  Pat.  1,075,583.  A  coat- 
ting  bath  of  molten  lead  and  zinc  is  maintained  in  a  homogeneous 
condition  for  an  indefinite  length  of  time  by  the  addition  of  a 
small  proportion  of  mercury. 

Ferrosoferric  Oxid.  H.  Goldschmidt,  Oct.  14,  1913.  U.  S. 
Pat.  1,075,709.  Mill  scale  is  calcined  by  an  oxidizing  fJame 
and  impurities  removed  by  magnetic  separation,  the  product 
being  mixed  with  a  powdered  reducing  metal 

Waste  Sulfite  Liquor.  H.  H.  Hurt,  Oct.  14,  1913.  U.  S. 
Pat.  1,075,916.  \  tanning  composition  is  produced  by  treating 
waste  sulfite  liquor  containing  the  original  organic  matters  in 
their  unchanged  normal  relative  ratios,  with  a  sesquioxid  salt  of  an 
acid  capable  of  forming  insoluble  lime  salts  and  removing  the 
insoluble  lime  salts  produced. 

Translucent  Uniformly-Colored  Paraffin.  J.  v.  R.  v.  ALka- 
mede,  Oct.  14,  1913.  U.  S.  Pat.  1,076,000.  Paraftin  is  rendered 
uniformly  translucent  by  removing  the  air  from  it  and  excluding 
the  air  until  the  material  has  cooled  to  molding  condition. 

Precious-Metal-Dissolving  Means.  H.  Foersterling,  Oct.  14, 
1913.  U.  S.  Pat.  1,076,006.  A  homogeneous  solidified  mixture 
of  sodium  cyanid  and  sodium  bromid  is  formed  and  dissolved 
in  the  presence  of  an  oxidizing  agent,  such  as  an  acid  solution  of 
hydrogen  peroxid. 

Converting  Phosphorites.  H.  V.  Dunham,  Oct.  21,  1913. 
U.  S.  Pat.  1,076,200.  An  intimate  mixture  of  phosphate  rock, 
an  alkali  metal  salt  in  amount  sufficient  to  convert  the  phos- 
phate into  citrate-soluble  but  not  water-soluble  condition, 
and  a  sufficient  amount  of  alumina  to  prevent  fusion  is  heated 
to  a  white  heat. 

Water-Resistant  Cement.  C.  Ellis,  Oct.  21,  1913.  U.  S. 
Pat.  1,076,028.  The  cement  is  produced  by  passing  finely- 
divided  dry  mineral  material  capable  of  bonding  on  exposure 
through  an  atomized  spray  of  a  normally-solid  organic  water- 
proofing material  maintained  in  molten  condition. 

Peroxid  of  Hydrogen.  C.  R.  Jacobs,  Oct.  21,  1913.  U.  S. 
Pat.  1,076,039.  The  compound  consists  of  anhydrous  meta- 
borate  of  sodium  peroxid  which  upon  the  addition  of  water 
produces   a   non-acid   and   non-caustic   solution   of   peroxid   of 

hydrogen. 

Separating  Phosphoric  Acid  from  Natural  Phosphates.  M. 
M.  Haff,  Oct.  21,  1913.  U.  S.  Pat.  1,076,497.  Sixty  parts  of  a 
non-feldspathic  aluminum  silicate  and  one  hundred  parts  of  a 
natural  phosphate  are  subjected  to  the  heat  of  an  electric  arc  to 
volatilize  the  phosphoric  acid,  which  is  condensed. 

Separation  of  Lead  from  Zinc.  J.  Babe,  Sept.  16,  1913. 
U.  S.  Pat.  1,073,461.  The  mixture  to  be  separated  is  heated  to 
from  Soo°  to  900°  C.  in  the  presence  of  a  mixture  of  alkaline 
sulfid  and  carbon  powder  impregnated  with  sulfuric  acid  whereby 
the  lead  is  sulfurreted  while  the  zinc  is  unaffected. 

Substitute  for  Rubber.  J.  B.  Scammell,  Sept.  16,  1913. 
U.  S.  Pat.  1,073,527.  Cotton  is  first  soaked  in  butyric  acid,  the 
excess  of  acid  being  removed.  The  treated  cotton  is  then  added 
to  an  oil  vulcanizable  by  sulfur  chlorid.  Sulfur  chlorid  is  added 
to  dissolve  the  cotton  and  the  acids  formed  are  neutralized. 
A  further  quantity  of  sulfur  chlorid  is  then  added  to  cause  the 
mixture  to  solidify. 


MARKKnr  REPORT 


AVERAGE    WHOLESALE    PRICES    OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE   MONTH    OP    DECEMBER,    1913 


ORGANIC  CHEMICALS 

Acetanilid Lb- 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcohol,  denatured  (180  proof) Gal. 

Alcohol,  grain  (188  proof) GaL 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate GaL 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) ., Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 

Alum  (lump) C. 

Aluminum  Sulfate  (high-grade) C. 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonia  (drums)  16° Lb. 

Arsenic,  white Lb. 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Ton 

Bromine,  bulk Lb. 

Calcium  Chloride,  fused C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspal- Ton 

Fuller's  Earth,  powdered.  Foreign Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite   "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Phosphoric  Acid  (sp.  gr.  1 .75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  50° Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined).  80  ®  85% C. 

Potassium  Chlorate,  crystals Lb. 

.  Cyanide  (bulk).  98-99% Lb. 

1  Hydroxide C. 

1  Iodide  (bulk) Lb. 

1  Nitrate  (crude) Lb. 

L  Permanganate  (bulk) Lb. 

■r.  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glass-makers') C. 
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Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide.  60  per  cent C. 


Hyposuiete C. 

Nitrate,  95  per  cent,  spot C. 

Silicate  (liquid) C. 

im  Nitrate Lb. 

Flowers  (sublimed) C. 

Roll C. 

:  Acid.  60°  B C.  85        ©1.00 

Ton    15.00        @  20.00 
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Sodiur 
Sodiur 
Sodiuc 

Sulfur, 
Sulfur, 
Sulfuric 
Talc  (A 
Terra  Alb; 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate Lb. 

OILS,  WAXES.  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil.  29  gravity Gal. 

Castor  OU  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed   Oil  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude.  120  &  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

Shellac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter).  38° Gal. 

Spindle  Oil,  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) Lb. 

Copper  (lake) _.  .  .Lb. 

Lead.  N.  Y .Lb. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin C. 

Zinc C. 

FERTILIZER  MATERIALS 

Ammonium  Sulfate C.  2 .  95 

Blood,  dried Unit     3.30 

Bone,  4'A  and  50.  ground,  raw Ton    27.25 

Calcium  Nitrate  (Norwegian) C.   -      2 .  05 

Castor  meal Unit 

Fish  Scrap,  domestic,  dried Unit  1 

Mowrah  meal Ton  1 

Phosphate,  acid,  16  per  cent  bulk Ton  — 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton      2.  75 

Tennessee,  70-80  per  cent Ton      5.00 

Potassium,  "muriate,"  basis  80  per  cent Ton    39.07 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade Unit  .> . 
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THE  INVENTION  OF  CELLULOID.' 

Never  has  the  Perkin  Medal  been  better  awarded 
than  to  John  Wesley  Hyatt.  He  created  a  distinctly 
American  industry,  chemical  in  its  very  essence, 
although  the  inventor  never  claimed  to  be  a  chemist. 
He  not  only  invented  the  fundamental  principle  on 
which  this  important  industry  is  based,  but  he  gave  his 
fertile  inventive  genius  and  the  better  part  of  his  life 
to  the  development  of  the  many  details  which  built 
up  the  technique  of  celluloid. 

The  technique  of  celluloid  is  strikingly  different 
from  that  of  rubber  and  all  other  plastics.  This 
explains  why  rubber  technologists  ordinarily  fail  when 
they  attempt  celluloid  manufacturing.  It  provides 
an  excuse^why  the  hard  rubber  concerns  of  this  country 
failed  to  see  the  coming  importance  of  celluloid  when 
the  new  material  was  offered  to  them. 

I  believe  it  was  Rudyard  Kipling  who,  in  one  of  his 
writings,  refers  to  a  fisherman  who  was  specially 
successful  because  "he  could  think  as  a  cod-fish  would 
think."  I  have  observed  in  meeting  celluloid  or  rub- 
ber manufacturers  that  the  former  cannot  think  but 
"celluloid,"  and  the  latter  "rubber,"  and  are  much 
at  sea  when  they  are  confronted  with  the  technique 
of  a  new  plastic. 

The  history  of  the  discovery  and  industrial  develop- 
ment of  celluloid  by  Hyatt  has  been  described  in  detail 
by  E.  C.  Worden,  in  "The  Nitrocellulose  Industry," 
Van  Nostrand,  New  York,  191 1. 

I  may  mention  here,  from  conversations  with  the 
inventor  himself,  that  celluloid  and  the  celluloid 
industry  with  all  that  it  implies,  after  all  meant  merely 
a  big  parenthesis  in  the  life  of  Hyatt  in  his  quest  of  a 
perfect  billiard  ball  which  would  replace  the  expensive 
ivory  article.  This  is  so  true  that  even  during  his 
later  years,  when  he  is  well  in  the  seventies,  he  has 
spent  considerable  time  in  the  study  of  other  plastics 
in  his  effort  to  still  further  perfect  billiard  balls.  Cel- 
luloid and  the  celluloid  industry  are  by  no  means  the 
only  inventions  which  Hyatt  has  to  his  credit;  the 
famous  Hyatt  Roller  Bearing  which  has  developed  into 
a  large  and  successful  manufacturing  enterprise,  his 
methods  of  water  purification  (with  Isaiah  S.  Hyatt) , 
his  process  for  crushing  sugar  cane,  and  his  many 
other  patents  testify  to  the  abundance  as  well  as 
the  diversity  of  his  inventive  achievements. 

The  invention  of  celluloid  is  an  excellent  example 
of  how  sometimes  it  is  a  real  advantage  for  a  man  of 
genius  not  "to  know  too  much;"  not  to  be  hampered 
by  too  much  book  knowledge  if  the  latter  tends  to 
petrify  the  mind  into  a  too  one-sided  point  of  view. 
In  all  his  work  Hyatt's  keen  observing  mind  was  his 
sole  guide.  He  tried  things  for  himself.  He  did  not 
rely  overmuch  on  what  others  told  him  to  be  the 
facts,  or  on  what  was  written  in  books.  He  wanted 
to   be   his   own   "authority."     He   had   found   by   ex- 

'  The  Perkin  Medal  for  valuable  researches  leading  to  the  establish- 
ment of  industries  was  awarded  on  January  23rd  to  Mr.  Hyatt.  \  full 
report  of  the  meeting  is  published  in  this  issue  of  This  JoirRNAi.. 


perience  thai  there  are  many  things  printed  in  books 
and  chemical  treatises  "that  ain't  so." 

He  thus  discovered  the  important  fact,  on  which 
the  whole  celluloid  industry  is  based,  that  a  mixture 
of  nitrocellulose,  camphor  and  a  small  amount  of 
alcohol,  when  properly  prepared,  becomes  thermo- 
plastic. In  other  words,  it  becomes  soft  when  heated, 
can  be  molded  in  a  hydraulic  press,  and  after  cooling 
to  ordinary  atmospheric  pressure,  it  becomes  again 
hard  and  strong. 

His  predecessors  all  used  nitrocellulose  in  presence 
of  relatively  large  amounts  of  solvents,  and  used  a 
solution,  or  a  relatively  soft  mass,  from  which  the 
solvents  were  left  to  evaporate.  This  not  only  meant 
a  considerable  loss  of  solvents,  but  restricted  enor- 
mously many  possible  technical  applications.  The 
mass  shrunk  in  the  act  of  drying,  and  rapid  molding 
was  impractical,  if  not  totally  impossible. 

Some  of  his  predecessors  had  even  used  camphor  in 
their  solutions,  although  Hyatt  knew  nothing  about 
this  until  it  came  out  later  in  his  patent  suits.  But 
his  predecessors  had  used  camphor  merely  as  any 
other  solvent.  They  had  failed  to  observe  or  to  grasp 
the  great  technical  importance  of  the  fact  that  cam- 
phor could  make  a  solid  solution  with  nitrocellulose 
and  produce  a  thermoplastic  mass. 

This  seemingly  simple  observation  might  have  left 
very  little  imprint  on  any  other  but  the  actively  con- 
structive mind  of  a  Hyatt.  He  saw  right  away  that 
from  that  moment  on,  he  could  employ  purely  mechan- 
ical means  for  molding  rapidly  and  effectively,  and 
develop  the  technique  of  nitrocellulose  plastics,  for 
purposes  never  dreamt  of  before.  The  principle  was 
simple  and  the  available  methods  seemed  simple 
enough.  But  as  usual,  when  one  tries  a  process 
commercially,  it  was  found  that  there  were  endless  details 
which  conspired  to  render  the  industrial  and  com- 
mercial development  a  far  more  difficult  problem  than 
the  mere  discovery  of  the  new  principle  in  the  laboratory. 
Here  the  whole  problem  might  have  suffered  ship- 
wreck in  the  hands  of  any  other  man  than  Hyatt. 
The  whole  technique  of  celluloid  was  then  developed 
painstakingly  by  him,  in  all  its  endless  details.  Special 
machinery  was  invented,  new  methods  were  conceived. 
All  this  is  shown  by  the  numerous  subsequent  Hj-att 
patents. 

It  is  an  axiom  that  the  test  of  a  valuable  invention  is 
that  it  should  be  infringed,  or  attacked  by  those  whose 
thinking  cells  are  passive  until  some  inventor  arouses 
them  out  of  their  mental  drowsiness. 

Hyatt,  in  his  patent  suits,  had  plenty  of  experience 
of  the  kind.  Fortunately,  his  financial  backers  could 
afford  to  defend  his  rights  in  the  absurdedly  long  and 
expensive  patent  litigation,  which  is  a  proverbial 
characteristic  of  the  inefficient  administration  of  the 
patent  laws  of  this  country. 

I  believe  it  was  George  Westinghouse  who  reminded 
us  that  every  successful  invention  passes  through  three 
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stages:  The  Jirst,  when  it  is  said:  ''Such  a  thing  is 
absurd  or  impossible."  The  second  stage,  after  the 
patent  descriptions  have  become  public,  and  have  given 
others  the  means  to  imitate  and  try  to  find  loopholes 
in  the  patent  claims,  begins  when  it  is  said:  "The 
thing  is  not  new."  And  finally,  after  the  usefulness 
of  the  invention  has  become  so  obvious  and  the  details 
connected  therewith  have  penetrated  through  the  hard 
skulls  of  the  laggards,  then  it  sounds:  "There  is  no 
invention  at  all." 

Lawyers  are  great  in  this  game.  Hyatt's  invention 
went  through  every  one  of  these  three  stages  and  were 
it  not  for  the  Perkin  Medal,  many  of  us  might  have 
forgotten  that  there  ever  was  such  a  man  as  Hyatt, 
and  that  there  was  a  time  when  celluloid  did  not  e.xist, 
or  involved  very  difficult  problems. 

His  patents  were  assailed  on  the  ground  that  others 
before  him  had  used  solvents  and  camphor  in  con- 
junction with  nitrocellulose,  but  it  was  studiously 
omitted  that  his  predecessors  had  used  these  ingre- 
dients under  entirely  different  conditions,  for  entirely 
diff'erent  purposes,  and  could  not  produce  in  that  way, 
Hyatt's  valuable  technical  effect.  The  very  solvents 
which  proved  a  bar  to  any  important  applications  for 
molded  plastics,  Hyatt  did  away  with,  when  he  con- 
ceived his  thermoplastic  mass. 

Some  of  the  early  drawbacks  in  the  technical  applica- 
tions of  Hyatt's  discovery  were  none  other  than  chemical 
experts  with  which  his  financial  backers  surrounded 
him.  Hyatt  knew  no  chemistry,  but  he  knew  well 
observed  facts  intimately  connected  with  the  details 
of  the  work  he  had  undertaken.  His  knowledge  of 
nitrocellulose  was  obtained  piece-meal  by  his  own 
experimenting.  Pacts  found  in  books  he  accepted 
only  after  he  had  verified  them.  It  so  happened  that 
he  frequently  noticed  that  printed  statements  did 
not  agree  with  his  own  observations.  One  of  the 
chemical  experts  insisted  that  "cellulose  was  cellulose," 
regardless  of  the  source  of  supply,  provided  it  was 
sufficiently  purified,  and  that  nitrocellulose  made  from 
any  kind  of  pure  cellulose  had  the  same  properties. 
Hyatt   knew   better   when   he   found   that   the   article 


made  from  ramie,  the  strongest  and  most  expensive 
cellulose,  was  incomparably  superior  to  that  obtained 
from  cheap  cotton  or  cheap  pulp  cellulose. 

Some  chemical  experts  also  made  the  positive 
statement  to  his  backers,  that  his  process  would  surely 
lead  to  terrific  explosion  because  he  was  heating  in  a 
hot  press  nothing  less  than  guncotton,  which  was 
known  to  be  a  violent  explosive.  Though  Hyatt 
stated  that  he  had  been  using  his  process  for  quite  a 
time  and  still  was  alive,  it  was  objected  that  this  was 
simply  due  to  sheer  good  luck  which  would  cease  at 
some  time;  if  ever  it  happened  that  by  accident  or 
carelessness,  the  heat  in  his  presses  rose  a  little  higher, 
a  violent  explosion  was  bound  to  occur,  and  this  would 
be  the  end  of  the  celluloid  industry.  These  arguments 
were  not  by  any  means  without  logic.  At  that  time,  it  is 
doubtful  whether  any  chemist  who  knew  the  chemical 
properties  of  nitrocellulose  would  not  have  thought  it 
the  height  of  folly  to  heat  this  substance  under  pressure. 

Hyatt  not  being  a  chemist,  preferred  to  try  and  see 
for  himself  what  would  occur.  He  took  a  good-sized 
block  of  celluloid  and  heated  it  in  the  hydraulic  press 
at  a  temperature  far  superior  to  the  relatively  low 
temperatures  he  was  using  in  practice.  He  tells  me 
that  he  was  sufficiently  impressed  by  all  the  threaten- 
ing talk  of  the  chemical  experts  to  screen  himself 
from  the  press  by  means  of  several  thicknesses  of  cross 
boards  behind  which  he  could  peep  on  and  see  what 
was  going  to  occur.  After  the  temperature  rose  to 
the  point  when  the  celluloid  began  to  be  destroyed, 
the  block  started  sizzling  on  account  of  the  emission 
of  gaseous  products.  But  he  continued  the  experiment 
until  he  made  sure  that  nothing  worse  occurred  than 
to  spoil  the  material. 

The  pessimistic  chemical  experts  had  failed  to  take 
into  consideration  that  the  introduction  of  such  a  large 
proportion  of  camphor  had  profoundly  modified  the 
properties  of  nitrocellulose.  They  had  also  over- 
looked the  fact  that  soluble  nitrocellulose  is  not  ni- 
trated so  much  as  the  more  explosive  higher  nitrated 
cotton. 

L.   H.   Baekel.\nd 
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THE  COMPOSITION  OF  PAINT  VAPORS 

By  Henry  A.  Gardner' 
Received  December   18,   1913 

Freshly  painted  surfaces  give  to  the  surrounding  air 
a  peculiar  odor.  In  closed  rooms,  this  odor  is  pro- 
nounced. Its  nauseating  effects  are  well  known. 
Painters  are  in'  the  habit  of  stating  that  the  vapors  of 
fresh  paint  have  a  "leady  smell."  This  is  probably 
due  to  the  fact  that  white  lead  is  used  as  the  base  upon 
which  the  majority  of  paints  are  prepared.  The  painter 
has  therefore  always  associated  this  pigment  with  the 
characteristic  odor  of  fresh  paint.  Some  cases  of  ill- 
ness among  painters  have  been  ascribed  to  the  effects 
of  paint  vapors.  People  occupying  freshly  decorated 
sleeping  rooms  which  are  not  well  ventilated,  have  at 

'  Assistant  Director,  The  Institute  of  Industrial  Research,  Washington, 


times  complained  of  illness  from  the  same  cause.  E.  C. 
Baly'  examined  spectroscopically  the  vapors  from  basic 
carbonate-white  lead  paint,  and  found  evidences  of 
metallic  lead  therein.  The  vapors  from  basic  sulfate- 
white  lead  paint  or  zinc  oxide  paint,  when  examined  in 
a  similar  manner,  showed  the  absence  of  metallic  con- 
stituents. Some  cases  of  lead  poisoning  among  painters 
could  be  ascribed  to  the  vapors  from  basic  carbonate- 
white  lead  paints,  if  lead  compounds  could  actually 
be  found  present  in  such  vapors.  Armstrong  and 
Klein,-  after  conducting  an  elaborate  series  of  tests, 
concluded  that  lead  is  not  present  in  the  vapors  from 
white  lead  paint,  but  that  the  toxic  effects  produced  by 
such  vapors  are  due  almost  entirely  to  the  volatile  sub- 
stances given  off  by  the  turpentine  present. 

'  The  Oil  and  Colour  Trades  Journal.  May  6,  1911,  p    1518 
=  J.  S.  C.  I..  32,  320  (1913). 
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The  writer  has  made  a  series  of  tests  which  confirm 
those  of  Armstrong  and  Klein,  insofar  as  their  results 
are  concerned  with  the  non-metallic  constitution  of 
paint  vapors.  The  writer's  tests,  however,  show  that 
the  vapors  from  paint  apparently  contain  carbon 
monoxide,  the  poisonous  nature  of  which  is  too  well 
known  to  be  commented  upon.  The  amount  of  carbon 
monoxide  evolved  is  also  shown  to  be  directly  influenced 
by  the  type  of  pigments  used  in  the  paint.  The  definite 
presence  of  aldehydes  and  organic  acid  substances  in 
paint  vapors  has  also  been  established  by  these  tests. 
The  data  presented  has  brought  forth  considerable 
information  regarding  the  phenomenon  of  oxidation 
as  applied  to  linseed  oil  and  linseed  oil  paints.  The 
results  are  given  with  a  view  to  awakening  further  re- 
search work  of  a  similar  nature.  An  outline  of  the 
tests  made  is  herewith  presented,  together  with  a  sum- 
mary of  the  results  obtained  and  in  some  instances  a 
discussion  of  the  data.  Many  of  the  tests  outlined 
were  made  in  duplicate. 

EXPERIMENT  I. — Four  cylinders  each  30  in.  long  and  g  in.  in 
diameter,  were  formed  of  galvanized  sheet  iron.  One  end  of 
each  cylinder  was  fitted  with  a  removable  lid.  The  other  end 
.was  closed.  The  seams  were  all  soldered.  The  tanks  were 
numbered  from  i  to  4.  The  interiors  of  the  tanks  were  brush- 
coated  with  raw  linseed  oil,  soya  bean  oil,  tung  oil,  and  men- 
haden oil,  respectively.  The  tanks  were  weighed  previous  to 
and  subsequent  to  the  application  of  the  oil,  in  order  to  determine 
the  amount  of  oil  applied.  The  tanks  were  individually  con- 
nected up  to  a  train  of  three  Woulff  bottles,  the  first  of  which 
contained  66°  sulfuric  acid,  the  second  and  third  containing  a 
saturated   solution   of   barium   hydrate.     Vacuum   was   applied 


common  to  each  tank.  The  discolored  sulfuric  acid  from  each 
test  had  an  acrid  odor.  The  bottles  containing  barium  car- 
bonate had  an  odor  suggestive  of  aldehydes. 

results:  These  tests  indicate  that  the  phenomenon  of 
o.xygen  absorption  which  takes  place  when  oils  are  spread  in 
thin  layers  and  exposed  to  the  air,  is  accompanied  by  the  evolution 
of  considerable  amounts  of  organic  substances.  Large  quantities 
of  carbon  dioxide  are  simultaneously  evolved. 

EXPERIMENT  II. — A  series  of  paints  was  prepared  from  those 
oijaque  white  pigments  which  are  most  widely  used  in  the  man- 
ufacture of  exterior  and  interior  paints  (basic  carbonate-white 
lead,  basic  sulfate-white  lead,  zinc  oxide,  and  lithoponej.  The 
oil  used  was  raw  linseed  oil.  No  turpentine  or  drier  was  added. 
The  lead  pigments  were  ground  to  a  thick  paste  with  10  per  cent 
of  oil.  The  zinc  pigments  were  ground  to  a  paste  with  15 
per  cent  of  oil.  Oil  in  the  proportion  of  about  7  gals,  to  the  cwt. 
of  paste  was  then  added  to  each  paint,  the  quantity  of  oil  added 
in  each  instance  being  sufficient  to  make  paints  containing 
approximately  60  per  cent  pigment  and  40  per  cent  oil.  Each 
of  the  four  iron  cylinders  described  in  Experiment  I  was  then 
cleaned  and  painted  on  the  inside  with  one  of  the  four  paints. 
An  effort  was  made  to  spread  the  same  amount  of  paint  in  each 
tank.  After  painting,  the  tops  were  placed  upon  the  tanks 
and  they  were  connected  up  to  Woulff  bottles  containing  various 
reagents  as  shown  in  Fig.  I.  Uniform  vacuum  was  applied 
to  the  end  of  each  apparatus,  and  a  48-hour  nm  was 
made.  The  air  passing  into  the  apparatus  was  scrubbed  through 
a  10  per  cent  solution  of  caustic  soda  and  then  passed  over  soda 
lime  in  order  to  remove  the  carbonic  acid  present.  The  glass 
tubes  coming  from  the  ends  of  the  cans  were  bent  as  shown  in 
the  illustration,  to  hold  back  any  particles  of  paint  which  might 
be  carried  over,  although  such  occurrence  seemed  highly  improb- 
able and  such  precautions  unnecessary.  A  part  of  each  exit 
tube  was  heated  with  the  flame  of  a  Bunsen  burner,  in  order  to 
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to  the  end  bottle.  The  air  entering  the  tank  was  scrubbed 
through  a  lo  per  cent  solution  of  caustic  soda,  and  then  passed 
over  soda  lime  to  eliminate  carbon  dioxide. 

Soon  after  the  tests  were  started,  the  sulfuric  acid  in  the  first 
bottle  of  each  train  became  discolored.  Within  an  hour  the 
acid  had  assumed  an  amber  color.  The  barium  hydrate 
contained  in  the  other  bottles  became  opaque  within  a  short 
time.  At  the  end  of  a  2-day  run,  the  sulfuric  acid  was  dark 
red,  and  the  barium  hydrate  solutions  contained  a  dense  white 
precipitate  which  proved  to  be  barium  carbonate.  Each  series 
of  apparatus  was  disconnected  and  the  coatings  on  the  interior 
of  the  tanks  examined.  The  amount  of  air  passing  through 
the  tanks  in  2  days  was  evidently  insuificient  to  complete  the 
oxidation  of  the  oils  which  under  normal  conditions  would  have 
been  quite  dry  in  that  time.  The  linseed  oil  was  very  soft  and 
tacky.  The  soya  bean  oil  was  but  slightly  oxidized.  The  fish 
oil  was  somewhat  tacky,  but  it  had  dried  to  a  greater  extent 
than  the  other  two  oils  mentioned.  The  tung  oil  was  very 
hard  and  dry.  The  smell  emanating  from  the  tanks  was  most 
impleasant,  being  somewhat  characteristic  in  each  instance 
of  the  type  of  oil  used.     A  certain  nauseous  smell,  however,  was 


break  up,  if  possible,  any  organic  form  of  lead  or  zinc,  which 
might  be  present  in  the  vapors,  since  certain  organic  compounds 
of  lead  may  not  respond  to  tests  for  lead  as  made  with  ordinary 
reagents. 

In  every  test  the  sulfiuric  acid  contained  in  the  bottle  next 
to  the  tank  was  turned  amber  color  within  5  minutes  after  the 
beginning  of  the  test,  thus  showing  that  the  drying  paints  were 
giving  off  considerable  organic  matter.  After  a  48-hour  run, 
the  acid  in  each  bottle  was  dark  red.  The  amount  of  carbon 
dioxide  evolved  in  each  test  was  considerable.  No  quantitative 
determination  of  carbon  dioxide  was  made  ih  any  case.  At 
the  end  of  the  experiment,  the  cans  were  re-weighed  to  determine 
the  amount  of  oxygen  absorbed.  To  the  wTiter's  surprise,  there 
was  recorded  a  loss  of  weight  in  one  test,  and  but  slight,  if  any, 
gains  in  the  other  tests.  The  basic  carbonate-white  lead  paint 
lost  2  per  cent  by  weight.  The  basic  sulfate-white  lead  paint 
and  the  zinc  oxide  paint  neither  gained  nor  lost,  the  weight  of 
the  films  remaining  constant.  The  lithopone  paint  showed 
less  than  i  per  cent  gain. 

The  bottles  containing  the  sulfuric  acid  were  removed  from 
each  train  and  the  contents  examined.     Upon  dilution  with  water. 
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the  acid  in  the  bottle,  through  which  the  fumes  from  the  drying 
basic  carbonate-white  lead  paint  had  been  passed,  became 
opaque.  It  was  at  first  thought  that  this  cloudiness  of  the 
diluted  acid  might  be  due  to  the  presence  of  lead  sulfate,  formed 
by  the  absorption  of  volatile  lead  compounds  eliminated  by  the 
drying  paint.  Alcohol  was  added  to  a  portion  of  the  liquid. 
It  immediately  became  clear,  thus  indicating  the  absence  of 
lead.  A  very  thorough  examination  of  the  liquid  was  then  made, 
and  not  a  trace  of  lead  was  found.  The  sulfuric  acid  through 
which  the  vapors  from  the  other  paints  were  passed,  was  also 
examined.  No  metallic  compounds  were  found.  The  exper- 
iments were  repeated,  the  only  refinement  being  that  of  intro- 
ducing in  front  of  the  sulfuric  acid  bottles  in  the  trains  con- 
nected to  the  lead-painted  cylinders,  a  bottle  containing  strips 
of  filter  paper  saturated  with  sodium  sulfide  solution.  The 
papers  were  not  darkened  in  either  case,  thus  giving  further 
indication  of  the  absence  of  lead  compounds.  In  another 
experiment,  one  of  the  cylinders  was  painted  with  basic  car- 
bonate-white lead  paint  and  the  gases  evolved  were  passed 
through  a  heated  tube,  finally  being  drawn  through  a  2  per  cent 
solution  of  nitric  acid.  The  test  was  run  for  forty-eight  hours. 
The  acid  was  evaporated  on  a  steam  bath.  The  residue  was 
taken  up  with  dilute  acetic  acid  and  a  few  drops  of  water.     It 


lead  paints  each  required  about  ico  cc.  permanganate  solution. 
The  acids  in  the  trains  connected  to  the  cylinders  painted  with 
zinc  paints  required  from  19  to  39  cc.  of  permanganate,  that 
connected  to  the  lithopone  cylinder  requiring  the  least  amount. 
The  solutions  of  acid  thus  oxidized  were  transferred  to  separatory 
flasks  and  shaken  with  ether.  The  ether  solutions  were  thor- 
oughly washed  with  water  and  then  evaporated.  In  each 
instance  a  dark  substance  which  had  the  appearance  of  heavy 
oil  was  left  as  a  residue.  This  substance  was  found  to  be  soluble 
in  alcohol,  in  which  solvent  very  acid  reactions  were  given. 
No  attempt  was  made  to  identify  the  acids  present.  Their 
complex  nature  would  make  such  determination  rather  difficult, 
especially  when  working  on  small  quantities.    . 

results:  I.  The  above  experiments  indicate  that  the 
vapors  from  drying  paints  contain  acids  of  a  water-soluble  nature. 
These  acids  apparently  contain  formic  acid.  The  amount  of 
such  acid  evolved  may  be  influenced  by  the  type  of  pigment 
present  in  the  paint.  The  basic  pigments  are  apparently  more 
active  than  the  neutral  or  inert  pigments. 

2.  Organic  acids  of  a  fatty  or  aromatic  nature  are  apparently 
evolved  from  drying  paints.  The  amount  evolved  may  bear 
some  direct  relation  to  the  pigment  present  in  the  paints.  The 
basic  pigments  apparently  are  most  active  in  this  respect. 


Fig.  II — Apparatus  for  Dbtsrmination  of  CO2  and  CO  in  Vapors  from  Painted  Surfaces 
1 — Solution  KOH.  10  per  cent  6.7 — Bottles  Painted  on  Inside 


2,  14 — Iodic  acid  in  tube;  Soya  Oil  Bath 

3,  4,  15.  16 — 1  per  cent  KI  Solution 
5 — Soda  Lime 

was  tested  microscopically'  for  lead  after  the  addition  of  copper 
acetate  and  potassium  nitrate.  No  response  for  lead  was  shown 
in  the  test. 

results;  The  results  of  these  tests  indicate  that  drying 
paints,  containing  zinc  or  lead  pigments,  do  not  emit  volatile 
compounds  of  a  metallic  character. 

When  spread  as  thin  films,  oil-pigment  paints  are  capable  of 
evolving  considerable  amounts  of  organic  substances  without 
showing  any  material  increase  in  their  respective  weights. 

EXPERIMENT  III.— Experiment  II  was  repeated  after 
cleaning  the  interior  of  the  tanks  and  applying  fresh  coats  of  paint. 
The  first  WoulfF  bottle  in  each  train  contained  distilled  water. 
The  second  bottle  contained  66°  sulfuric  acid.  After  a 
48-hoiu-  run,  the  contents  of  the  first  bottle  in  each  train 
were  examined.  The  water  in  each  instance  was  acid  in  reaction. 
There  were  required  for  neutralization  from  i  cc.  to  14  cc.  of 
N/io  KOH.  The  water  in  the  bottle  connected  to  the  cylinder 
painted  with  lithopone  showed  the  lowest  amount  of  acid,  while 
the  water  connected  to  the  cylinder  painted  with  basic  carbonate- 
white  lead  showed  the  largest  percentage  of  acid.  The  presence 
of  carbon  dioxide  in  the  water  may  partially  account  for  the 
acidity  of  these  tests.  A  portion  of  the  neutralized  acid  was 
tested  qualitatively  for  the  presence  of  aldehydes.  Small 
amounts  of  aldehydes  were  found  present.  Formates  were  also 
found  present.  The  sulfuric  acid  in  each  of  the  four  bottles  was 
diluted  with  water  and  titrated  with  A';  10  potassium  permangan- 
ate to  determine  the  amount  of  reducing  substances  present.  The 
acids  in  the  trains  connected  to  the  cylinders  painted  with  white 

'  Page  167.  "Lead  Poisoning  and  Lead  Absorption,"  Legge  and  Goadby. 
Longmans,  Green  &  Co..  Publishers. 


8 — Fuming  Sulfuric  Acid 

9— Distilled  Water 

10-13.  17,  18— Barium  Hydrate  Solution 

The  aldehydic  reducing  substances  and  the  acids 
which  are  evolved  from  paints  are,  no  doubt,  respon- 
sible for  the  odors  which  are  coincident  to  the  drying 
of  paints.  In  the  writer's  opinion,  however,  there  are 
also  evolved  substances  of  a  more  poisonous  nature. 
Inasmuch  as  large  percentages  of  carbon  dioxide  are 
formed,  it  is  at  least  possible  that  carbon  monoxide  may 
also  be  produced.  The  following  experiments  w-ere 
designed  to  determine  whether  this  gas  is  really  formed 

EXPERIMENT  IV. — After  many  attempts  to  devise  a  suitable 
apparatus  in  which  to  determine  the  percentage  of  carbon 
dioxide  or  carbon  monoxide  which  might  be  evolved  by  drying 
paints,  the  apparatus  shown  in  Fig.  II  was  found  to  be  most 
satisfactory  for  the  purpose.  The  first  experiment  made  with 
this  apparatus  was  conducted  upon  raw  linseed  oil.  The  in- 
teriors of  two  carefully  weighed  glass  bottles,  each  having  a 
capacity  of  one  gallon,  were  coated  with  linseed  oil.  The  oil 
was  poured  into  each  bottle  and  allowed  to  flow  over  the  entire 
area  of  the  interior,  this  being  accomplished  by  revolving  the 
bottle.  After  draining  out  the  superfluous  oil,  the  bottles 
were  re-weighed  to  determine  the  amount  of  oil  used  for  the  test. 
Cork  stoppers  carrj'uig  glass  air-tubes,  were  then  inserted. 
The  stoppers  were  thickly  coated  with  paraffin  to  make 
them  air-tight.  The  apparatus  was  coimected  up  as  shown 
in  Fig.  II.  Vacuum  was  applied  at  one  end.  As  the  purpose  of 
the  experiment  was  to  determine  the  presence  and  amount  of 
carbon  dioxide  or  carbon  monoxide  in  the  vapors  from  the  oil, 
the  air  entering  the  bottles  was  first  freed  of  its  content  of  carbon 
dioxide  and  carbon  monoxide.     This  was  accomplished  by  first 
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scrubbing  it  through  a  solution  of  caustic  soda  in  order  to  remove 
the  carbon  dioxide.  The  air  was  then  run  through  a  U-tube 
containing  iodine  pentoxide  heated  in  a  bath  of  soya  oil  to  150° 
C.  at  which  temperature  carbon  monoxide  is  oxidized  to  carbon 
dioxide.'  The  iodine  liberated  was  absorbed  in  a  i  per  cent 
solution  of  potassium  iodide  and  the  carbon  dioxide  formed  was 
taken  up  by  the  caustic  soda  and  soda  lime  in  the  subsequent 
train  of  apparatus. 

After  the  tests  had  been  running  for  15  minutes,  the  fuming 
sulfuric  acid  in  bottle  8  was  turned  amber  color,  showing  that 
organic  substances  evolved  by  the  oil  were  being  absorbed. 
The  absorption  of  these  organic  vapors  by  the  sulfuric  acid  pre- 
vented such  vapors  from  interfering  with  the  subsequent  train 
of  liquids  in  which  the  percentage  of  carbon  dioxide  and  carbon 
monoxide  were  to  be  determined.  Bottle  10  containing  saturated 
barium  hydrate,  the  strength  of  which  was  determined  by  titra- 
tion, showed  a  slight  precijMtate  of  barium  carbonate  at  the 
end  of  the  first  lo-minute  run.  At  the  end  of  a  5-hour  run, 
bottles  lo-i  I  and  12  showed  quite  a  noticeable  deposit  of  barium 
carbonate.  Bottle  15,  containing  potassium  iodide,  did  not 
change  color  until  the  tests  had  been  under  way  for  over  an  hour. 
At  that  period  the  reagent  became  slightly  yellow,  showing  that 
some  iodine  had  been  carried  over  into  this  bottle,  thus  indicating 
the  presence  of  carbon  monoxide  in  the  vapor.  The  barium 
hydrate  in  bottle  17  at  the  same  time  became  cloudy,  showing 
that  traces  of  carbon  monoxide  which  had  been  evolved,  had  been 
oxidized  and  absorbed  as  carbon  dioxide.  The  percentage  of 
carbon  monoxide  evolved  by  the  drying  oil  in  five  hours  was 
determined  by  titrating  the  barium  hydrate  contained  in  bottles 
10  to  13  with  A'/io  oxalic  acid,  using  phenolphthalein  as  an  indi- 
cator. The  titration  was  made  direct.  The  amount  of  carbon 
dioxide  found  present  was  0.016  per  cent.  The  amount  of 
carbon  monoxide  was  not  measurable,  although  it  was  shown 
to  be  present  in  traces. 

results:  This  experiment  indicates  that  linseed  oil  in 
drying  gives  off  traces  of  carbon  monoxide. 

EXPERIMENT  V. — Experiment  IV  was  repeated,  coating  the 
interior  of  the  bottles  in  this  case  with,  basic  carbonate-white 
lead  paint  in  place  of  raw  linseed  oil.  The  test  was  run  for  five 
hours.  The  amount  of  carbon  dioxide  produced  in  that  time 
was  0.0305  per  cent.  The  carbon  monoxide  evolved  amounted 
to  0.006  per  cent.  The  experiment  was  made  with  basic  sulfate- 
white  lead  paint  in  place  of  basic  carbonate-white  lead.  The 
experiment  was  accidentally  interrupted. 

The  experiment  was  again  repeated,  using  zinc  oxide  paint 
in  place  of  the  white  lead  paint.  The  amount  of  carbon  dioxide 
evolved  was  0.0292  per  cent.  The  amount  of  carbon  monoxide 
evolved  was  0.0039  per  cent. 

The  experiment  was  again  repeated,  using  lithopone  paint 
in  place  of  the  zinc  oxide  paint.  The  amount  of  carbon  dioxide 
evolved  was  0.022  per  cent.  A  mere  trace  of  carbon  monoxide 
was  found. 

Experiment  V  was  repeated  with  a  basic  carbonate-white  lead 
paint.  The  first  bottle  leading  from  the  painted  bottles  con- 
tained fuming  sulfuric  acid  to  intercept  and  collect  the  organic 
vapors.  The  second  bottle  contained  water.  The  third  bottle 
contained  alkaline  bisulfite  solution  to  collect  any  traces  of 
aldehydes  which,  if  evolved  by  the  paint,  might  possibly  escape 
absorption  by  the  sulfuric  acid.  The  fourth  and  fifth  bottles 
contained  water  and  caustic  soda  solutions,  respectively,  the 
latter  to  collect  the  carbon  dioxide  or  phenols  evolved.  The 
vapors  passing  from  the  last  bottle  were  passed  through  a  U-tube 
containing  small  lumps  of  caustic  potash.  The  U-tube  was 
immersed  in  hot  soya  oil.  At  the  end  of  a  5-hour  test,  the 
U-tube  was  removed  from  the  hot  oil  and  the  lumps  of  caustic 
potash  removed  and  examined  for  the  presence  of  formates  which, 

'  "Method  Used  for  Examination  of  Tunnel  Gas,"  by   Dr.   .\.  Sydell. 
Hygienic  Laboratory,  Washington.  D.  C. 


if  present,  would  indicate  that  absorption  of  carbon  monoxide 
had  occurred.  After  dissolving  the  potassium  hydrate  in  water, 
making  acid  with  tartaric  acid  and  distilling  over  barium  car- 
bonate suspended  in  water,  the  filtrate  from  the  barium  carbon- 
ate was  treated  with  a  small  percentage  of  bichloride  of  merciuy. 
After  the  solution  had  stood  over  night,  a  very  faint  precipitate 
of  calomel  was  observed,  indicating  the  presence  of  carbon 
monoxide. 

results:  These  experiments  would  tend  to  show  that  the 
highly  basic  pigments  stimulate  the  evolution  of  organic  sub- 
stances from  linseed  oil  paints,  especially  influencing  the  amount 
of  carbon  dioxide  and  carbon  monoxide  evolved. 

The  amount  of  air  entering  the  painted  bottle  in  a 
S-hour  run  was  insufficient  to  cause  any  marked  oxida- 
tion. This  explains  why  such  small  amounts  of  carbon 
dioxide  and  carbon  monoxide  were  obtained.  The 
extremely  small  quantities  present  made  the  analytical 
determinations  a  matter  of  great  care.  Tests  extending 
over  a  greater  period  should  be  made,  in  order  to  sub- 
stantiate the  figures  presented.  The  writer  is  design- 
ing another  type  of  apparatus  in  which  it  is  hoped  more 
accurate  determinations  may  be  made. 

EXPERIMENT  VI. — In  this  experiment  a  portion  of  lithopone 
paint  was  reduced  with  15  per  cent  of  turpentine  and  then  applied 
to  the  interior  of  the  bottles.  At  the  end  of  three  horn's,  the 
percentage  of  carbon  dioxide  evolved  was  0.04,  while  the  per- 
centage of  carbon  monoxide  was  0.003.  This  result  may  be  due 
to  the  oxidation  of  the  turpentine. 

results:  Turpentine  apparently  accelerates  the  reactions 
which  are  responsible  for  the  formation  of  volatile  products  from 
drying  oils.  The  oxidative  properties  of  the  tiu'pentine  are 
probably  responsible  for  this  result. 

GENERAL    DISCUSSION    OF    RESULTS 

The  results  obtained  in  Experiment  II,  in  which  the 
paint  films  showed  but  slight  if  any  increase  of  weight 
at  the  end  of  the  tests,  are  interesting.  They  may  be 
partially  accounted  for  by  assuming  that  the  amount 
of  air  passed  through  the  tanks  in  48  hours  was  very 
small.  It  will  be  well  at  this  point  to  discuss  the  ex- 
periments on  linseed  oil  and  oil-pigment  paints,  as 
made  by  Sabin.'  He  describes  a  series  of  tests  in 
which  various  paints  were  applied  to  small  glass  plates, 
the  increase  in  weight  shown  bj'  the  paints  being  re- 
corded at  different  periods.  At  the  end  of  7  days,  raw 
linseed  oil  showed  a  gain  in  weight  of  18  per  cent, 
while  white  lead  paint  showed  a  gain  of  approximately 
15  per  cent. 

The  writer  carried  out  a  similar  series  of  tests  with 
a  set  of  paints  made  up  with  60  per  cent  of  pigment  and 
40  per  cent  of  raw  linseed  oil.  The  gain  in  weight  of 
the  films  at  the  end  of  7  days  was  as  follows: 

Per  cent 

Linseed  oil 14.0 

Corroded  white  lead 6.4 

Sublimed  white  lead 7.1 

Zinc  oxide 5.4 

Lithopone .        5.9 

These  tests  indicate  that  oil-pigment  paints  do  not 
gain  in  weight  to  the  same  extent  as  raw  linseed  oil. 
Heretofore,  however,  investigators  have  not  given  con- 
sideration to  the  possibility  that  pigments  may  stim- 
ulate not  only  those  processes  which  cause  the  oil  to 
increase  in  weight  through  the  absorption  of  oxygen, 

'  This  Joxjrnai,.  3,  84. 
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but  also  those  processes  and  reactions  which  cause  the 
oil  to  eliminate  volatile  substances,  which  might  de- 
tract materially  from  the  weight  of  the  paint.  In  this 
connection  it  is  of  interest  to  cite  the  tests  of  Olsen  and 
Ratner'  upon  the  drying  of  linseed  oil.  They  record 
a  gain  in  weight  of  18  per  cent  at  the  end  of  approxi- 
mately 10  weeks.  They  also  showed  the  elimination  of 
approximately  s  per  cent  of  carbon  dioxide  and  15 
per  cent  of  water. 

SUMMARY    or    CONCLUSIONS 

I.  When  linseed  oil  or  similar  drying  oils  are  spread 
in  thin  layers,  the  absorption  of  oxygen  which  takes 
place  is  accompanied  by  the  evolution  of  considerable 
amounts  of  carbon  dioxide  and  organic  substances. 
Carbon  monoxide  is  also  evolved  in  small  amount. 

II.  Oil  paints  containing  lead  or  zinc  pigments  do 
not  emit  volatile  compounds  of  a  metallic  nature. 

III.  Drying  paints  evolve  water-soluble  acid  sub- 
stances such  as  formic  acid,  as  well  as  acid  substances 
which  are  apparently  of  a  fatty  nature.  Carbon  di- 
oxide and  carbon  monoxide  are  also  present  in  the  va- 
pors from  the  drying  paint.  The  type  of  pigment  used 
in  the  paint  may  directly  affect  the  amount  and  char- 
acter of  the  volatile  substances  produced.  Basic 
pigments  apparently  stimulate  the  evolution  of  such 
products. 

IV.  Aldehydic  substances  are  present  in  the  vapors 
from  drying  oil  paints.  These  substances  probably 
have  a  marked  bactericidal  effect  upon  pathogenic 
bacteria  and  would  thus  account  for  the  sanitary 
value  ascribed  to  oil-pigment  paints. 

The  writer  desires  to  thank  H.  C.  Fuller,  L.  G.  Car- 
mick  and  the  staff  of  The  Institute  of  Industrial  Re- 
search for  their  assistance  in  carrying  out  the  above 
experiments. 

Institute  of  Industrial  Research 
Washington 


METALLOGRAPHY  AS  APPLIED  TO  INSPECTION 
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The  sudden  failure  of  engineering  structures  of  metal, 
the  static  physical  tests  of  which,  before  use,  pointed 
to  the  good  quality  of  the  materials,  is  well  known. 
Such  failures  have  usually  been  attributed  to  a  so- 
called  deterioration  known  as  "fatigue." 

Whether  or  not  repeated  stresses  below  the  elastic 
limit  of  the  metal  can  set  up  such  a  deterioration  may 
be  questioned.  One  fact  has  however  been  proven  be- 
yond all  question,  and  that  is  that  in  any  metal  there  are 
always  present  certain  structural  conditions,  the  in- 
fluence of  which  are  either  favorable  or  unfavorable 
to  "fatigue." 

The  character  of  these  structural  conditions  is  indi- 
cated in  part  only,  and  then  often  by  chance,  by  the 
static  and  dynamic  tests.  It  may,  however,  be  com- 
pletely revealed  by  metallographic  methods,  that  is,  by 
the  study  of  the  structure  of  the  metal  as  seen  on  the 
etched  surface  under  the  microscope. 

The  possibilities  of  metallographic  methods  as  an 
additional  safeguard  to   determine   quality  have  been 

■  /.  S.  C.  /.,  31,  937  (1912). 


recognized,  but  their  usefulness  has  been  limited  by  the 
lack  of  protability  in  the  appliances  necessary  for 
their  use.  This  has  made  it  difficult,  if  not  impossible, 
to  study  the  forging,  the  casting  or  the  bar  as  a  whole, 
with  the  result  that  the  metallographic  field  has  been 
limited  to  the  examination  of  more  or  less  small  speci- 
mens cut  from  the  piece  and  which,  like  the  bar  used  for 
the  machine  tests,  may  or  may  not  be  representative 
of  the  whole. 

It  is  the  purpose  of  this  paper  to  describe  a  complete 
metallographic  outfit  which  is  portable  and  may  be 
used  either  in  the  mill  or  the  laboratory  and  is  service- 
able for  the  study  of  the  forging,  the  bar  or  the  casting 
as  a  whole;  to  give  certain  types  of  structure  found 
in  the  ferrous  metals;  to  give  a  list  of  certain  probable 
causes  for  failure  and  to  outline  a  scheme  for  their  de- 
tection and  thus  supplement  other  methods  of  testing. 

THE    APPARATUS 

The  apparatus'  consists  of  a  microscope,  illuminating 
device  and  a  camera,  all  self-contained,  Fig.  i,  .4,  B  and 
C. 

The  microscope,  Fig.  2,  consists  of  a  barrel,  h,  and  a 
draw-tube,  d,  mounted  on  a  handle  arm  provided  with 
a  coarse  and  a  fine  adjustment.  Attached  to  the  barrel 
is  a  shoulder,  c,  which  holds  a  rod,  r,  controlled  by  a 
set  screw.  The  base  of  this  rod  rests  on  the  pinion 
head  of  the  handle-arm  and  when  locked  with  the  set- 
screw  prevents  the  coarse  adjustment  from  overrun- 
ning when  using  the  camera.  The  whole  is  carried 
on  a  base  which  is  the  stage.  Through  the  center  of 
the  stage  is  a  i-inch  circular  opening  which  affords 
free  space  for  the  objective  when  examining  large 
masses  below  it.  Leveling  screws  are  provided,  one 
in  each  of  the  four  corners  of  the  stage,  which  permit 
the  adjustment  of  the  microscope  perpendicular  to 
nearly  any  surface. 

The  illuminating  device  consists  of  an  arm,  a,  in  Fig. 
2,  which  locks  into  the  microscope  barrel  by  means  of 
a  threaded  collar.  The  arm  serves  to  carry  the  con- 
densing arrangement  made  up  of  a  telescope  tube. 
It,  which  carries  the  lenses.  The  tube  is  mounted  in  a 
sleeve,  y,  provided  with  a  set-screw  to  lock  it  in  any 
position.  A  hanger,  h,  from  the  arm  is  attached 
to  this  sleeve  by  means  of  a  trunnion  controlled  by  a 
set-screw  which  permits  the  tube  as  a  whole  to  be 
tilted  at  any  angle.  A  vertical  adjustment  is  pro- 
vided for  by  a  set-screw  at  the  outer  extremity  of  the 
arm.  The  rear  of  the  telescope  tube  carries  a  shield, 
XX,  provided  with  clips  to  hold  the  source  of  light  when 
electricity  is  used  and  is  slotted  to  hold  a  rod  and  a 
movable  lamp  carrier  when  gas  is  used. 

The  source  of  light  may  be  an  acetylene  jet  or  an 
electric  lamp. 

When  acetylene  is  used  the  gas  may  be  obtained 
from  a  generator  or  from  a  prestolite  tank.  The  sup- 
port for  the  lamp  is  a  rod  which  locks  into  the  slot  in 
the  shield  of  the  illuminator.  On  the  rod  is  placed 
the  movable  carrier  for  the  source  of  light,  see  B,  Fig.  i. 

When  electricity  is  used  the  lamp  is  carried  in  a 
socket  fixed  in   an  insulated   metal  hood  and  held  in 

'  Manufactured  by  Bausch  and  Lomb.  Rochester,  N.  Y. 
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position  with  reference  to  the  lenses  of  the  condensing 
train  by  clips  fastened  to  the  shield  of  the  illuminator; 
see  A,  Fig.  i. 

The  current  may  be  obtained  from  an  accumulator 
or  by  cutting  down  the  lighting  current.  A  lamp  bank 
to  reduce  a  no  volt  current  is  wired  as  in  Fig.  3.  The 
lamp  resistance  needed  for  the  various  candle  power 
6  volt  tungsten  miniature  lamps  is: 

Two  32  and  one  16  c.  p.  carbon  lamps  for  a  6  volt, 
16  c.  p.  tungsten  miniature. 

One  32  and  one  8  c.  p.  carbon  for  a  6  volt,  8  c.  p. 
lamp. 

One  32,  or  two  16,  and  one  4  c.  p.  carbon  lamps  for 
a  6  volt,  6  c.  p.  tungsten  miniature. 


Verf.c^/ ///.m,^>,fi,^ 


One  16  and  one  4  c.  p.  carbon  for  a  6  volt,  4  c.  p. 
tungsten. 

Any  of  these  candle  power  tungsten  lamps  may  be 
used  but  the  one  recommended  is  the  6  volt,  16  c.  p. 
lamp  known  as  "  Headhght  Mazda,  No.  68,  12  G., 
candelabra  base." 

.  To  get  the  light  from  the  condensing  train  through  the 
objective  use  is  made  of  a  device  known  as  a  "vertical 
illuminator,"  K  in  Fig  2.  This  device  screws  into  the 
barrel  of  the  microscope  below  the  hanger  which  carries 
the  condensing  train.  Turning  the  plate  d  of  the 
illuminator  to  some  desired  angle  reflects  the  illumi- 
nating ray,  which  enters  the  aperture,  down  upon 
the  surface  of  the  metal.  This  in  turn  reflects  the  light 
up  through  the  barrel  to  the  eye. 

A  "quick-acting  nose  piece"  is  fitted  to  the  lower 
end  of  the  vertical  illuminator.     This  device  permits 


of  a  ready  change  of  objectives  without  an  unscrewing 
motion  and  consists  of  a  clamp  operated  by  a  spring 
controlled  by  two  handles.  Pressing  the  handles 
opens  the  clamp  and  permits  the  insertion  of  a  ring, 
one  of  which  is  provided  for  each  objective  and  to 
which  it  has  been  previously  fastened. 

The  camera,  see  Fig.  i,  is  connected  with  the  barrel 
of  the  microscope  by  a  tube  which  slips  in  and  out  like 
the  draw  tube  of  the  microscope  and  may  be  removed 
with  the  same  ease.  The  camera  moves  with,  and 
becomes  part  of  the  barrel  and  any  degree  of  focusing 
is  possible.  The  distance  between  the  eye  piece  and 
the  ground  glass  is  a  constant  so  that  the  amplification 
is  standard  for  each  magnification.  To  use  the  camera 
the  draw  tube  of  the  microscope  is  removed  and  the 
tube   of  the   camera  inserted. 


/^aje/a  /^/WaAf/v  /o/r^. 


The  apparatus  lends  itself  readily  to  all  forms  of 
metallographic  work  and  is  adapted  to  the  needs  of 
the  inspector,  the  engineer  of  tests  and  the  metal- 
lurgist. It  may  be  used  in  the  mill  or  the  laboratory 
and  is  equally  adapted  for  the  study  of  the  mass.  Figs. 
4,  5  and  6,  or  the  small  specimen.  It  is  used  both  for 
visual  examinations  and  for  making  photographic 
records.     It  is  portable,  self-contained  and  compact. 

METALLOGRAPHIC    METHODS 

SAMPLING. — By  sampling  is  meant  the  location  and 
number  of  areas  to  be  polished.  It  is  iiot  necessary 
nor  practicable  to  polish  the  entire  surface  of  the  mass 
provided  that  a  sufficient  number  of  small  areas  be 
taken  which  shall  properly  represent  it.  In  selecting 
these  areas  it  is  desirable  to  follow  some  fixed  rule  and 
always  prepare  the  surface  at  definite  positions  which 
shall  be  the  same  for  the  same  kind  of  objects  so  as  to 
be  of  value  for  comparison.  This  is  especially  de- 
sirable when  grain  size  is  to  be  taken  into  consideration 
as  the  grain  may  vary  greatly  in  different  parts  of  the 
work  as  from  the  thick  to  the  thin  parts  of  a  casting. 
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In  billets  the  cross  section  at  each  end  should  be 
taken,  together  with  several  areas  parallel  to  the  direc- 
tion of  the  work  and  preferably  on  two. or  more  sides. 
With  rounds  prepare  a  cross  section  at  each  end  and 
several  others  parallel  to  the  direction  of  the  work. 
With  flats  take  along  the  center  lines  of  the  several 
sides.  With  hollow  forgings  and  similar  material 
areas  along  the  outer  and  inner  surfaces  in  the  direction 
of  the  work  should  be  chosen  together  with  two  or  more 
cross  sections  at  each  end.  With  castings  both  thick 
and  thin  parts  should  be  selected  and  where  the  cope 
and  drag  can  be  distinguished,  sections  along  each 
should  be  taken  together  with  areas  in  those  parts 
which  have  to  take  the  major  part  of  any  sudden  load, 
as  trunnions. 

Sections  should  never  be  prepared  too  near  any 
distorted  part  as  a  sheared  edge  or  punched  hole. 
With  annealed  material,  especially  with  castings  where 
the  soaking  has  been  prolonged,  care  should  be  taken 
to  get  below  that  part  decarbonized  by  the  action  of 
the  flame. 


CLEANING. — After  polishing  and  before  etching  clean 
the  surface  with  cotton  moistened  with  alcohol  or 
gasoline. 

ETCHING. — After  cleaning,  the  surface  is  now  ready 
to  have  its  structure  developed.  This  is  usually  done 
by  means  of  some  reagent  which  attacks  or  colors  some 
constituent  of  the  metal  more  than  it  does  others. 
For  the  ferrous  metals  a  lo  per  cent  solution  of 
picric  acid  in  95  per  cent  alcohol  will  be  found  the 
more  useful.  Soak  some  absorbent  cotton  in  the  solu- 
tion. Take  up  the  cotton  with  a  pair  of  tongs  or 
tweezers  and  allow  the  excess  acid  to  drain  off.  Place 
the  cotton  on  the  surface  to  be  etched  and  move  it 
back  and  forth  till  the  desired  depth  of  etch  is  obtained. 
The  degree  of  temperature  affects  the  speed  of  etching, 
the  colder  it  is  the  longer  the  time;  with  55  to  70  degrees 
of  temperature  about  20  seconds  is  sufficient. 

After  etching  wipe  off'  the  acid  with  cotton  or  clean, 
soft  waste,  then  clean  thoroughly  with  cotton  mois- 
tened with  alcohol. 

Care  must  be  taken  that  the  etching  fluid  covers  the 


The  size  of  the  sections  polished  should  be  about 
three  inches  wide  by  about  twelve  inches  long. 

POLISHING. — This  is  done  by  wheels  and  buffs  driven 
by  an  electric  or  a  pneumatic  grinder,  one  or  the  other 
of  which  is  usually  to  be  found  in  any  mill.  When 
preparing  a  surface  the  following  treatment  has  been 
found  satisfactory  for  most  purposes:  If  the  surface 
is  very  rough  grind  down  with  a  24  grain  emery  wheel, 
follow  with  a  cloth  wheel  charged  with  60  emery,  then 
use  a  similar  wheel  charged  with  120  emery,  follow 
with  a  buff  charged  with  washed  flour  emery  paste  and 
finish  with  a  buflf  charged  with  rouge. 

The  above  procedure  requires  about  15  minutes  to 
finish  an  area  3  inches  by  12  inches  and  will  give  a  sur- 
face that  is  perfectly  satisfactory  if  the  etching  is  done 
with  picric  acid  or  iodine.  It  is  not  necessary  that  the 
surface  should  be  free  from  scratches  but  it  is  necessary 
that  the  scratches  should  all  lie  in  the  same  direction. 


whole  area  and  that  the  saturated  cotton  is  moved 
back  and  forth  with  a  rapidity  sufficient  to  insure  the 
even  distribution  of  the  acid  over  the  surface  at  all 
times  as  otherwise  there  may  be  variations  in  the  char- 
acter of  the  etch  which  may  give  rise  to  false  conclu- 
sions. This  variation  in  the  etch  is  less  likely  to  happen 
with  picric  acid  than  with  other  etching  mediums. 

THE  VISUAL  EXAMINATION. — With  the  Unaided  eye 
look  for  streaks  or  areas  which  are  differently  colored. 
Carbon-rich  areas  will  usually  appear  darker  and  car- 
bon-lean areas  lighter  than  the  rest  of  the  surface.  In 
general  the  segregations  of  the  alloy  elements  will  also 
be  indicated  by  a  color  difference.  Heat  and  forging 
cracks  are  commonly  rendered  visible  as  well  as  pipes, 
seams,  shakes,  flow  lines,  cold  shuts,  welds,  etc. 

When  making  the  microscopic  examination  the  in- 
strument should  be  leveled,  if  necessary,  by  means  of 
the  screws  on  the  stage. 
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The  field  should  be  clear,  distinct  and  free  from  any 
haze,  glare  or  image  of  the  lamp.  Should  any  of  these 
appear  the  illumination  is  faulty  and  must  be  corrected. 
To  adjust  the  illumination  the  condensing  train  as  a 
whole  should  be  raised  or  lowered  so  that  the  plane 
of  its  lenses  is  centrally  in  line  with  the  opening  of  the 
vertical  illuminator.  Then  shift  the  angle  of  the 
mirror  in  the  illuminator,  or  the  source  of  light. 

It  is  recommended  that  but  three  sizes  of  objectives 
and  one  size  eye  piece  be  used,  a  32  mm.,  a  16  mm.,  and 
an  8  mm.  Bausch  &  Lomb  objective  and  a  7.SX  eye 
piece.  These  will  give  magnifications  of  30,  65  and 
150,  respectively.  Where  higher  magnifications  are 
desired  eye  piece  magnifications  are  preferable  to  the 
use  of  higher  powered  objectives  and  a  magnification 
of  315  can  be  obtained  with  a  isx  eye  piece  and  the 
8  mm.  objective. 

Care  should  be  taken  that  the  entire  area  etched 
should  be  gone  over  and  that  part  selected  for  the 
photograph  should  be  strictly  representative. 

PHOTOGRAPHING. — When  inserting  the  camera  it 
is  advisable  to  rack  the  tube  of  the  microscope  well 
up  away  from  the  surface  of  the  metal  before  removing 
the  draw  tube  and  attaching  the  camera.  This  will 
prevent  the  chance  of  damaging  the  objective  by 
jamming  it  against  the  metal.  After  attaching  the 
camera  it  is  brought  in  focus  by  the  coarse  adjustment. 
The  rod  r,  in  Fig.  2,  is  brought  squarely  down  on  the 
pinion  head  and  locked  with  the  set-screw;  this  pre- 
vents a  change  of  focus  when  changing  plate  holders. 
Further  should  the  tube  rack  too  easily,  tighten  it  by 
setting  down  the  screws  holding  the  pinion  of  the 
coarse  adjustment.  The  final  focus  is  fixed  with  the 
fine  adjustment,  the  sharpness  of  the  image  as  seen  on 
the  clear  spot  of  the  ground  glass  being  determined 
with  a  pocket  magnifier. 

All  photographs  should  be  taken  with  the  eye  piece 
in  the  camera  and  it  will  be  found  convenient  to  have 
two  7.5X  eye  pieces,  one  for  the  draw  tube  of  the  micro- 
scope and  one  to  be  kept  in  the  tube  of  the  camera. 

The  plates  used  should  be  fast  and  give  good  color 
values  and  to  this  end  Seed's  "LOrtho"  are  recom- 
mended. The  size  of  the  plate  is  3\'2  X  3'/2  inches 
and  the  image  is  about  3V4  inches. 

The  time  of  the  exposure  depends  upon  the  char- 
acter of  the  surface  and  the  plates  used.  For  steel, 
using  the  above  plates  it  will  not  average  over  10  sec- 
onds.. 

After  exposing  it  is  always  well  to  verify  the  focus  by 
looking  through  the  ground  glass  and  thus  make  sure 
that  it  has  not  been  overrun  as  a  result  of  changing 
the  plate  holder. 

DEVELOPING. — The  plates  may  be  developed  in  the 
ordinary  way  with  any  of  the  developers  on  the  market. 
It  is  suggested  that  "  Ingento  edinol  hydrochinon 
developing  tablets"  be  used  because  of  their  adapta- 
bility for  dish  and  tank  developing  and  for  printing. 

Where  a  dark  room  is  not  available  an  Ingento 
changing  bag  will  be  found  an  efficient  substitute  while 
loading  and  changing  plates.  Such  a  bag  together 
with  two  tanks  makes  it  possible  to  develop  and  fix 
the  plates  without  leaving  the  work. 


For  tank  developing  in  addition  to  the  Ingento 
developer  referred  to  the  following  formulas  may  be 
used  for  20  miuute  developing  at  60  to  70  degrees: 

Hydrochinon 90  grains 

Sod.  sulfite  (anhydrous) 400  grains 

Sod.  carbonate  (anhydrous) 390  grains 

Water - 30  ounces 

To  each  part  of  this  stock  solution  add  three  parts 
of  water  before  using. 

Edinol 1 45  grains 

Sod.   sulfite  (anhydrous) 300  grains 

Sod.  carbonate  (anhydrous) 300  grains 

Water 40  ounces 

To  each  part  of  this  stock  solution  add  three  parts 
of  water  before  using. 

The  plain  fixing  bath  of  4  ounces  of  "hypo"  to  16 
ounces  of  water  may  be  used  with  any  of  these  formulas; 
the  following  is,  however,  to  be  preferred: 


Water 96  ounces 

Sol.  1  \  Hypo 2  pounds 

Sod.  sulfite 2  ounces 


,  Sulfuric  acid.. 


Dissolve  I  and  2  separately,  then  slowly  pour  2  into 
I  with  constant  stirring. 

It  should  be  remembered  that  for  the  permanency 
of  the  negative,  a  complete  fixing  followed  by  a  thorough 
washing  and  a  slow  drying  is  an  essential.  Occasion- 
ally prints  are  desired  as  soon  as  possible.  Then  the 
plate  after  fixing  may  be  quickly  rinsed  with  water, 
soaked  in  alcohol  and  dried  in  1 5  minutes.  After  the 
prints  are  made  the  plate  should  be  washed  thoroughly 
in  water  to  remove  any  traces  of  the  fixing  bath  which 
may  remain  and  again  dried. 

CARE  OF  NEGATIVES. — The  negatives  should  be  kept 
in  envelopes  plainly  marked  with  sufficient  data  to 
identify  them  at  any  time. 

Most  micrographic  negatives  contain  areas  that  are 
not  needed  or  are  out  of  focus.  It  will  be  found  con- 
venient to  use  a  mask  to  cut  out  such  parts  when 
printing  from  them.  Time  will  be  saved  if  each  neg- 
ative is  matted  out  permanently.  To  this  end  it  will 
be  found  convenient  to  prepare  a  template  out  of  ^/is" 
sheet  steel  or  brass  which  shall  be  a  3  inch  square  with  a 
2'/i6  inch  circular  central  opening.  Laying  the  template 
and  a  suitable  piece  of  paper  on  a  sheet  of  glass  any 
number  of  masks  may  be  quickly  and  easily  cut  with 
a  sharp  knife.  One  of  these  masks  is  then  pasted  on 
the  film  side  of  the  negative  thus  always  ensuring  the 
same  field. 

PRINTING. — Any  of  the  gaslight  papers  may  be  used. 
The  glossy  papers  give  better  detail  but  they  are  liable 
to  be  scratched  during  manipulation,  and  require 
squeegeeing  to  get  the  best  results  and  are  to  this  degree 
not  so  desirable  as  the  velvet  or  satin  finishes. 

In  printing,  where  electric  light  is  available,  a  print- 
ing or  developing  lantern  as  shown  in  Fig.  7  will  be 
found  convenient.  Throwing  the  switch  one  way 
gives  the  exposure,  the  other  way  gives  the  developing 
light.  With  two  100  c.  p.  Mazda  lamps  the  time  of 
exposure  will  rarely  exceed  1 2  seconds. 

The  prints  after  developing  should  be  thoroughly 
fixed  and  washed  and  preferably  dried  between  blot- 
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ters.  If  they  are  needed  quickly  they  may  be  soaked 
in  alcohol  and  dried  within  1 5  minutes. 

RECORDS. — It  is  always  well  to  make  notes  at  the 
time  of  the  examination  as  the  eye  is  better  than  the 
best  of  photographs. 

The  records  should  include  remarks  as  to  appearance, 
opinion  as  to  what  the  area  indicates  and  other  details. 
Note  the  number  and  description  of  the  piece,  location 
of  the  area  examined,  the  etching  medium  and  the  time 
of  etching,  the  number  of  the  objective  and  eye  piece 
and  the  magnification. 

TYPES    or    STRUCTURE 

The  structure  of  steel  may  be  profoundly  modified 
by  the  rate  of  cooling  from  a  high  temperature,  the 
degree  of  re-heating  and  the  amount  and  kind  of  work 
to  which  it  has  been  subjected.  The  several  structures 
so  obtained  may  each  be  referred  to  a  type. 

In  a  steel  obtained  by  the  simple  solidification  of 
the  liquid  metal  followed  by  a  slow  and  undisturbed 


£>CT/?/L  SfCT/o^/,  /?.8. 


■rou&^r  rf^eorf  si^rraf 


^7 


HV/ec  £)/.'isien/^  Fi.'. 


cooling  the  grain  size  will  be  large;  Fig.  8.  If  now  the 
metal  be  re-heated  to  some  temperature  below  its 
melting  point  and  cooled  slowly  without  mechanical 
work  being  applied,  there  will  be  a  corresponding 
change  in  the  grain;  Fig.  9. 

In  any  steel,  other  things  being  equal,  the  smaller 
and  more  uniform  the  grain  the  better  the  physical 
properties  and  the  size  and  uniformity  of  the  grain  is 
influenced  by  heat  and  by  work. 

Steel  is  heated  to  give  the  plasticity  required  for 
rolling  or  forging.  It  is  heated  to  relieve  internal 
stress  but  an  improper  heating  or  an  interrupted  cool- 
ing may  set  up  such  stresses  and  even  cause  rupture. 
It  is  heated  to  give  hardness  or  to  take  it  away.  The 
higher  the  temperature  from  which  it  cools  the  larger 
will  be  the  grain.  Heating  to  some  certain  tempera- 
ture will  give  the  finest  grain  possible  and  all  previously 
existing  structures,  however  coarse,  will  be  obliterated. 
Heating  for  a  longer  period  or  a  shorter  time  at  too 
high  a  temperature,  or  a  long  heating  at  too  low  a 
temperature  will  coarsen  the  structure.  Too  rapid 
heating  or  too  rapid  cooling  or  an  unequal  rate  of  cool- 
ing may  set  up  internal  stresses  and  cause  rupture. 

With  steel  castings  the  effect  of  these  conditions 
is  shown    by    Fig.    10,  the  structure  of  the   metal  as 


cast;  Fig.  11,  the  structure  as  properly  annealed;  Fig.  12, 
the  effect  of  annealing  at  too  low  a  temperature. 

With  rolled  or  forged  material  they  are  shown  by 
Figs.  13,  14  and  15  which  show  the  normal  grain  as 
properly  annealed  and  the  effect  of  higher  temperatures 
upon  it. 

The  size  of  the  grain  and  its  uniformity  is  also  af- 
fected by  the  amount  and  kind  of  work  to  which  the 
metal  has  been  subjected.  Work  may  be  applied  in 
two  ways,  hot  or  cold.  Hot  working  when  finished 
at  some  certain  temperature  gives  a  small  grain  and 
the  most  tough  and  ductile  metal.  If  the  finishing 
temperature  be  too  low  the  grain  will  be  more  or  less 
distorted  and  if  the  work  be  carried  far  enough  the  metal 
will  have  a  tendency  to  become  brittle  or  to  split  along 
the  direction  of  the  work.  The  higher  the  finishing 
temperature  the  coarser  the  grain  and  the  weaker  and 
more  brittle  the  metal.  Cold  working  distorts  the 
grain  and  renders  it  fibrous. 

The  effect  of  work  can  be  seen  best  on  the  cross 
section.  Thus  in  a  hammer-forged  piece  if  the  work 
be  applied  during  the  proper  temperature  and  is  vig- 
orous enough,  each  blow  will  penetrate  the  center  and 
the  grain  will  be  practically  uniform  throughout.  If 
the  work  is  not  vigorous  enough,  or  the  metal  hotter 
in  one  portion  than  in  another  there  will  be  more  or 
less  marked  differences  in  grain  and  there  may  be 
alternate  layers  of  hard  and  soft  metal  if  the  heating 
be  followed  by  work  with  portions  of  the  interior  colder 
than  the  exterior  or  if  the  work  be  applied  locally  when 
the  exterior  is  much  colder  than  the  interior.  Fig.  16 
shows  the  fracture  of  a  hammered  piece  having  the. 
interior  much  hotter  than  the  exterior. 

The  tendency  of  the  several  constituents  of  steel 
to  segregate  is  known  and  in  general  they  are  to  be 
regarded  as  elements  of  weakness.  Figs.  17  and  18 
show  the  appearance  of  such  segregations  to  the  un- 
aided eye  after  etching;  Figs.  19  and  20  their  ap- 
pearance under  the  microscope.  These  areas  are  in 
general  relatively  large  and  they  can  be  seen  best  with 
the  lowest  powers;  in  fact  the  higher  powers,  because 
of  the  smallness  of  the  field,  often  fail  to  show  the 
structural  differences  between  the  segregated  and  non- 
segregated  areas. 

Slag  is  liable  to  be  found  in  any  steel  and  when  spar- 
ingly distributed  in  isolated  particles  may  be  disre- 
garded, but  when  occurring  in  any  amount  it  is  always 
a  source  of  weakness.  Fig.  21  is  an  illustration  of 
its  occurrence  under  conditions  where  it  is  an  element 
of  danger. 

Sulfides,  Figs.  22  to  24,  like  slag,  may  be  found  in 
any  steel  and  when  sparingly  distributed  in  isolated 
or  minute  particles  may  be  disregarded,  but  as  the 
amount  increases  the  element  of  weakness  increases. 

STRUCTURE  OF  SOUND  STEEL. — Steel  of  normal  com- 
position and  treatment  will  show  after  etching  a  surface 
free  from  segregations  and  laminations.  The  structure 
will  be  regular  and  tiniform  and  the  grain  will 
show  a  gradual  increase  in  size  from  the  outside  to  the 
center  as  the  result  of  work.  The  boundaries  of  the 
grain  will  be  quite  regular  in  outline  with  little  or  no 
signs  of  ingotism,  or  incomplete  grain  refining.     Slag 
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and  sulfides  are  absent  or  only  sparingly  present  and 
in  isolated  particles. 

When  cold  rolled  or  drawn  the  grain  will  be  dis- 
torted in  those  parts  affected  by  the  work  but  there 
will  be  no  cracks  or  fissures  either  in  or  between  the 
grain  nor  any  "loosening." 

STRUCTURE  OF  UNSOUND  STEEL. — The  causes  which 
may  give  rise  to  unsoundness  and  failure  are  sand 
splits,  seams,  pipes,  blowholes,  cavities  and  honey- 
comb, all  of  which  during  work  are  extended  as  cracks. 
Etching  develops  these  defects  and  usually  renders 
them  plainly  visible  to  the  unaided  eye. 

Ingotism,   incomplete   grain   refining   and    failure   to 


destroy  an  existing  coarse  structure — -these  conditions 
if  present  to  any  extent  imply  internal  stress,  lack  of 
cohesion,  liability  to  cleavage  and  brittleness. 

Lack  of  uniformity  of  the  grain  in  which  those  nearer 
the  center  are  smaller  than  those  further  away  from  it — 
such  a  structure  is  common  to  material  which  has  been 
heated  either  too  high  or  too  long.  Too  high  heating 
coarsens  the  grain;  Figs.  13,  14  and  15.  In  general  any 
marked  lack  of  uniformity  of  the  grain  implies  a  lowered 
resistance  to  a  repeated  or  a  suddenly  applied  load. 

Segregations  of  certain  essential  components  of  the 
steel  as  the  carbon  or  the  alloying  elements — Figs.  17 
and     18 — give    rise    to    areas     each    of    which     have 
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different  physical  properties.  The  presence  of  such 
areas  implies  a  lack  of  continuity  in  the  metal,  since 
the  junction  lines  between  them  are  more  or  less  sharp; 
Figs.  19  and  20.  Such  areas  when  under  a  load  have 
a  tendency  to  slip  one  upon  the  other,  thus  setting  up 
a  rupture.  Their  presence  is  revealed  microscopically 
and  macroscopically  by  etching.  When  studying 
them  under  the  microscope  the  use  of  the  lowest  powers 
is  advised. 

Layers,  streaks  or  patches  of  various  impurities  as 
slag,  sulfide,  etc. — all  of  these  are  less  ductile  and  more 
brittle  than  the  steel. 

METHOD     OF    EXAMINATION 

Sample,  polish  and  etch.  Examine  macroscopically 
for  pipes,  cracks,  seam,  laps,  blow-holes,  honeycomb 
or  sponginess,  welds,  segregations  and  laminations 
(especially  on  the  cross  section),  flow  lines,  excessive 
slag  and  sulfide  areas,  cinder,  etc..  Examine  micro- 
scopically for  lack  of  uniformity  of  grain,  coarseness, 
ingotism  or  incomplete  refining.  Look  for  slag  and 
sulfide  areas  with  reference  to  their  abundance  and 
distribution. 

CONCLUSION 

It  can  be  shown  that  a  large  piece  of  work  can  be 
spot  polished  in  eight  or  more  different  places  with  but 
little,  if  any,  more  expense  and  time  than  it  takes  to 
prepare  a  standard  test  bar;  that  there  is  a 
relation  between  structure  and  physical  properties. 
It  follows  that  given  sufficient  experience  and  a  set 
of  standards,  metallographic  methods  will  give  infor- 
mation that  cannot  be  obtained  conveniently  by  any 
other  method  of  inspection. 

It  should  be  stated  that  metallography  is  not  in- 
tended to  replace  other  methods  of  test  and  inspection 
but  to  supplement  them  and  thus  afford  an  additional 
safeguard  against  failure. 

1423  R.  St.,  Washington,  D.  C. 


MAHONE  PETROLEUM 
Its  Recent  Origin,  and  the  Origin  of  Petroleum  in  General 

By  Charles  F.  Mabery 
Received  December  22,  1913 

Six  years  ago  I  was  invited  to  visit  a  section  of  the 
Valley  of  the  Mahoning  River  in  Mahoning  County, 
Ohio,  where  a  deposit  of  petroleum  had  been  known 
in  Milton  Township  for  several  years,  and  where  an 
open  well  was  still  to  be  seen  from  which  oozed  a  small 
stream  of  thick  oil.  At  the  time  of  this  visit,  several 
wells  had  recently  been  drilled  over  an  extended  area, 
and  were  producing  a  considerable  supply  of  oil. 
But  on  account  of  faulty  operation  and  mismanage- 
ment, these  wells  soon  afterward  became  inoperative 
and  the  entire  field  was  .closed  until  some  years  later. 
Several  wells  were  then  to  be  seen  on  a  farm  bordering 
on  the  river  valley,  the  property  of  Mr,  R,  Wiesener, 
from  which  some  years  earlier  oil  had  been  pumped 
freely  and  sold  as  a  lubricant  without  refining. 

On  learning  of  the  shallow  depths  at  which  this 
petroleum  was  reached,  m_y  interest  was  naturally 
aroused  with  reference  to  its  origin,  and  I  made  several 
subsequent  visits  to  become  better  acquainted  with  its 


occurrence,  in  connection  with  a  laboratory  study 
of  the  oil  which  seemed  especially  inviting,  for  it 
evidently  differed  very  materially  in  its  composition 
from  the  other  well  known  varieties  of  petroleum. 
It  had  the  further  attraction  that,  associated  with 
the  petroleum  in  or  near  the  river  valley,  there  were 
extensive  beds  of  high-grade  bituminous  coal,  sections 
of  which  in  the  adjoining  Township  of  Palmyra, 
were  mined  on  an  extensive  scale.  In  a  narrow  section 
of  the  valley,  approximately  one  hundred  feet  in  width, 
where  the  river  had  cut  its  way  down  from  a  consider- 
able height,  exposing  an  abrupt  vertical  section  of 
the  geological  formations,  a  vein  was  exposed,  three 
or  four  feet  in  thickness,  of  partially  weathered  car- 
boniferous deposits  with  the .  accompanying  shales 
so  friable  that  they  were  easily  crushed  in  the  hands. 
Analysis  showed  that  these  deposits  contained  nearly 
fifty  per  cent  of  pure  carboniferous  material.  It, 
therefore,  seemed  probable  that  the  coal  and  the  oil 
were  of  a  common  origin,  which,  in  connection  with 
the  shallow  depths  of  the  oil  strata,  less  than  150  ft., 
presented  an  inviting  opportunity  to  study  the  origin 
of  petroleum  at  close  range. 

GEOLOGICAL    OCCURRENCE    OF    MAHONE    PETROLEUM 

The  Mahoning  River  rises  in  Columbiana  County, 
and  flowing  sinuously  through  Portage,  Trumbull, 
and  Mahoning  Counties,  finally  enters  the  Ohio 
River.  In  Mahoning  County  the  valley  is  a  few  miles 
in  length,  and  its  greatest  width  is  2800  ft.  The 
wells  drilled  for  oil  vary  in  depth  from  135  to  150  ft.; 
in  one  well  the  oil  sand  was  reached  at  a  depth  of 
115  ft.  According  to  the  report  of  the  driller,  the 
surface  layer  extends  in  a  depth  of  20  ft.  to  a  bed  rock 
of  shales  that  are  continuous  to  the  oil-bearing  sand. 
These  shales  are  partly  light  and  partly  dark  in  color, 
and  just  above  the  upper  layer,  below  the  surface 
silt  is  a  bed  of  sand  and  below  that  a  bed  of  shale  im- 
pregnated with  bituminous  carbon.  The  oil  sand 
composed  of  rather  coarse  granules  of  very  pure  quartz 
is  overlaid  by  a  soapstone  shale  14  ft.  thick,  and  it 
extends  to  a  depth  of  105  ft.,  of  which  the  upper  coarser 
layer,  16-18  ft.  thick,  carries  the  oil  above  a  large 
volume  of  water.  Below  this  sand  is  a  brown  shale 
sixty  feet  thick,  and  below  this  a  lighter  shale  extending 
to  the  Berea  Grit. 

So  far  as  it  appears  from  the  25  or  more  wells  that 
have  been  drilled  by  the  Mahone  Oil  and  Gas  Company, 
there  are  no  restricted  pockets  in  the  oil  strata,  but 
a  somewhat  regular  anticlinal  and  synclinal  formation, 
the  anticlinals  approximately  20  ft.  in  height  and 
200-300  ft.  in  diameter.  On  account  of  the  inertness 
of  the  crude  oil,  special  care  is  necessary  in  drilling, 
and  particularly  in  pumping:  it  is  raised  with  some 
water  into  large  settling  tanks  and  the  water  drawn 
oft".  The  daily  yield  from  a  single  well  is  small;  the 
largest  daily  output  from  any  one  well  has  been  8 
barrels.  There  is  evidently  nothing  especially,  striking 
in  the  formations  connected  with  the  occurrence  of 
this  petroleum,  except  the  shallow  depths  at  which 
the  oil  is  found,  and  the  absence  of  any  complicated 
conditions  connected  with  its  origin. 

As   mentioned   above,   the   Berea   Grit   appearing  in 
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this  section  as  an  underlying  formation  suggested 
the  probability  that  the  abundance  of  oil  and  gas 
elsewhere  in  this  oil  strata  should  likewise  promise 
similar  yields  in  this  field.  Accordingly  a  well  was 
started  with  the  intention  of  drilling  to  a  sufficient 
depth  to  reach  any  possible  deposits  in  this  section 
of  the  Berea  Grit.  This  well  has  been  carried  to  a 
depth  of  1800  ft.  and  will  be  continued  with  the  ex- 
pectation of  reaching  an  abundant  flow  of  gas  and 
the  lighter  Berea  Grit  oil. 

PHYSICAL    CHARACTERISTICS    AND    COMPOSITION    OF 
MAHONE    PETROLEUM 

Soon  after  the  first  wells  were  drilled,  specimens 
of  the  oil  placed  in  n;y  hands  for  examination  ap- 
peared to  be  so  unlike  any  that  had  been  brought 
to  my  attention,  that  I  undertook  a  thorough  study 
of  the  crude  oil  and  the  products  to  be  obtained  from 
it,  both  on  account  of  its  interest  from  a  scientific  point 
of  view  and  the  possibility  of  the  preparation  from  it 
of  commercial  products.  After  three  years  with  the 
aid  of  two  assistants,  although  much  has  yet  to  be 
done  on  the  composition  of  its  constituents  it  seems 
advisable  to  place  on  record  the  accumulated  observa- 
tions on  the  nature  of  the  crude  oil. 

This  petroleum  is  quite  dark,  approaching  black 
in  color  and  it  has  scarcely  any  odor.  In  consistency 
it  is  very  thick  and  viscous;  its  specific  gravity  taken 
from  samples  pumped  at  different  times  during  three 
years  gave,  at  20°  C,  in  four  samples: 


showing  practically  no  variation  in  different  sections 
of  the  field  during  this  period.  Its  extremely  high 
viscosity — 928 — explains  its  former  use  as  a  lubricant 
without  refining.  Its  refractive  index  as  determined 
by  the  Abbe  refractometer  is  1.4878,  a  value  itnusually 
high  as  compared  with  other  varieties  of  petroleum. 
So  much  atterition  has  recently  been  given  to  the  optical 
activity  of  petroleum,  and  rotation  has  been  observed 
in  so  many  varieties  of  crude  oil  and  products  of  re- 
fining, that  it  became  necessary  to  ascertain  whether 
this  petroleum  was  also  optically  active;  but  in  neither 
the  crude  oil  nor  in  any  products  separated  from  it 
could  the  slightest  effect  on  the  polarized  ray  be  de- 
tected. Perhaps  this  is  what  should  be  expected  in 
view  of  its  composition  which  is  much  less  complex 
than  that  of  other  varieties  of  petroleum,  in  fact 
consisting  (as  will  be  shown  later)  of  a  comparatively 
few  hydrocarbons,  so  far  as  examined  only  of  the 
series  C„H2„-2  and  C„H2«-4. 

In  testing  the  crude  oil  for  sulfur  by  decomposition 
with  sodium  and  comparing  the  color  given  by  potas- 
sium nitroferrocyanide  with  colors  obtained  from 
oils  containing  known  percentages  of  sulfur,  it  gave 
a  color  corresponding  to  less  than  o.oi  per  cent.^ 
Inasmuch  as  petroleum  dissolves  svilfur  to  the  ex- 
tent of  3  per  cent  there  are  probably  few  crude  oils 

'  This  is  an  extremely  delicate  test  for  sulfur  in  petroleum  oils,  and  ex- 
tremely accurate  quantitatively  based  on  the  comparative  depths  of  color 
given  by  oils  with   0.1,   0.01,   .and   0.001  percentages  as  standards. 


that  do  not  contain  this  element  or  its  hydrocarbon 
derivatives.  A  wide  range  of  crude  oils  tested  by 
this  method  all  gave  colors  for  sulfur  except  such  light 
varieties  as  those  from  Pennsylvania,  West  Virginia 
and  the  Berea  Grit  oils  of  southern  Ohio,  all  of  which 
consists  very  largely  of  the  series  C„H2n  +  2.  including 
the  solid  paraffine  hydrocarbons,  none  of  which  showed 
a  trace  of  sulfur. 

Nitrogen  is  a  significant  element  relating  to  the 
formation  of  petroleum,  since  it  has  been  assumed 
that  nitrogen  compounds  in  petroleum  could  have  had 
their  source  only  in  organic  matter  of  animal  origin. 
In  most  varieties  of  American  petroleum  nitrogen 
has  been  identified — to  the  largest  extent  in  California 
oils.  It  therefore  seemed  interesting  to  ascertain 
whether  Mahone  petroleum  contains  nitrogen:  5 
grams  of  the  oil  were  subjected  to  the  Kjeldahl  method 
with  the  precaution  necessary  to  convert  all  the  nitrogen 
of  the  possible  pyridine  or  chinoline  compounds  into 
ammonia,  and  the  resulting  solution  distilled,  and 
Nesslerized.  No  trace  of  color  appeared,  thus  ex- 
cluding nitrogen  as  a  constituent.  A  specimen  of 
Pennsylvania  petroleum  tested  in  the  same  way  gave 
not  a  trace  of  nitrogen  as  ammonia.  The  question 
as  to  the  presence  of  nitrogen  in  other  varieties  of 
American  petroleum  will  be  determined  in  this 
manner. 

Mahone  petroleum  is  unique  in  composition  in 
that  it  contains  no  hydrocarbon  of  the  series  C„H2„  +  2. 
gasoline  or  kerosene,  and  none  of  the  series  CnH2B  that 
constitutes  so  large  a  proportion  of  Pennsylvania 
lubricants.  So  far  as  it  can  be  distilled  in 
vacuo  this  oil  consists  very  largely  if  not  en- 
tirely of  the  series  C„H2„-2,  and  the  series  C„H2„_4. 
As  to  the  composition  of  the  residue  of  distillation 
above  350°  under  30  mm.  pressure  nothing  can  be 
said,  for  at  this  point  or  perhaps  somewhat  lower  in 
temperature  the  hydrocarbons  simply  fall  asunder, 
having  reached  the  limit  of  their  capacity  to  maintain 
molecular  composition,  and  the  distillates  come  over 
as  thinner  oils.  These  changes  are  readily  and  ac- 
curately detected  by  the  viscosity  and  cold  tests  of 
the  distillates  which  without  warning  may  change 
in  viscosity  from  250  to  less  than  100,  and  the  cold 
test  from  — 20  to  -|-io°.  Under  atmospheric  pressure 
the  crude  oil  begins  to  distil  at  230°,  and  at  250° 
it  begins  to  decompose,  breaking  down  into  thinner 
oils.  It  will  be  interesting  to  ascertain  the  composi- 
tion of  these  products  of  decomposition.  If  the  dis- 
tillation be  continued  beyond  this  point,  the  residue 
consists  of  a  thin  tar  which,  in  vacuo,  may  be  run  down 
to  within  two  per  cent  of  residue  without  coking. 
The  general  distinction  of  the  varieties  of  petroleum, 
those  with  a  paraffine  base  and  those  with  an  asphaltic 
base,  does  not  apply  to  Mahone  petroleum,  which  con- 
tains neither  paraffine  nor  the  so-called  asphaltic 
hydrocarbons.  While  the  crude  oil  contains  no  crys- 
talline hydrocarbons  (at  least  none  were  observed  at 
a  temperature  of  — 20°)  when  decomposition  is  caused 
by  distillation,  crystalline  hydrocarbons  appear  in 
the  residue,  and  in  the  higher  distillates.  There  is 
a    close    conjiection    between    the    formation    of   these 
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crystalline  bodies  and  changes  in  the  cold  test.  These 
changes  are  directly  the  opposite  of  those  which  occur 
under  similar  conditions  in  other  petroleums  where 
the  tendency  is  toward  a  breaking  down  of  the  crys- 
talline hydrocarbons  into  thin  oils.  Nevertheless 
the  hydrocarbons  in  Mahone  petroleum  are  remarkably 
stable  in  distillation' when  air  is  excluded  and  under 
diminished  pressure.  Distillates  prepared  in  the  course 
of  this  work  were  carried  apparently  unchanged  as 
shown  by  analysis  through  fourteen  repetitions,  and 
as  it  seemed,  the  distillations  could  have  been  con- 
tinued indefinitely  without  decomposition. 

Determinations  of  carbon  and  hydrogen  in  the  crude 
oil  gave  percentages  corresponding  to  the  series 
C„H2„_2:  C,  86.42;  H,  13.31.  Assuming  a  mean  com- 
position represented  by  the  formula  CooHss,  the  pro- 
portions of  carbon  and  hydrogen  are:  C,  86.33;  H,  13.67. 
To  separate  the  constituents  of  the  crude  oil,  so  far 
as  it  can  be  done  by  distillation  in  vacuo  without  de- 
composition, the  light  and  heavy  fractions  from  five 
gallons,  separated  first  in  iron  stills,  were  carried 
through  a  prolonged  series  of  distillations  and  finally 
collected  within  limits  of  single  degrees  under  30  mm. 
The  lowest  fraction  came  over  in  the  vicinity  of  90° 
and  in  quantity  only  1 5  grams.  Its  odor  resembled  that 
of  the  terpenes — quite  unlike  the  odors  of  the  petro- 
leum hydrocarbons.  A  somewhat  larger  amount,  35 
grams,  collected  after  the  twelfth  distillation  at  97°-98°. 
Fractions  also  collected  in  much  larger  amounts  at 
quite  regular  intervals  of  10°  as  the  distillation 
proceeded,  as  follows:  io9°-iio°,  40  grams;  120°- 
121°,  79  grams;  i3o°-i3i°,  143  grams;  138°- 
139°,  207  grams;  151°— 152°,  300  grams;  i6i°-i62°, 
425  grams;  171  "-172  °,  500  grams.  At  higher  tempera- 
tures there  was  still  a  tendency  for  quantities  to  ac- 
cumulate but  at  somewhat  longer  limits,  15°.  Hitherto, 
good  evidence  of  the  series  C„H2m-2j  and  C„H2,, -4 
in  petroleum  has  been  obtained  in  this  laboratory, 
but  the  results  herewith  presented  are  conclusive  and 
more  comprehensive.  The  series  in  Mahone  pe- 
troleum is  defined  by  analysis,  and  the  individual  hydro- 
carbons by  determinations  of  their  molecular  weights, 
which  gave  very  satisfactory  results  by  reason  of 
the  prolonged  distillations  on  which  an  assistant  was 
engaged  nearly  all  his  time  during  twelve  months. 
All  molecular  weights  were  determined  by  the  Beck- 
mann  freezing-point  method. 

The  fraction  97''-g8°  was  examined  with  considerable 
interest,  for  if  any  hydrocarbon  of  the  series  C„H2„ 
were  present  in  the  crude  oil  it  should  appear  at  this 
point-  But  its  molecular  weight  was  found  to  be  153; 
calculated  for  the  formula  CiiHjo,  152;  specific  gravity 
at  20  ,  0-8549.  A  combustion  gave  percentages  re- 
quired for  the  same  formula:  Carbon,  86.76;  Hydrogen, 
13-26;  required  for  CuHao:  Carbon,  86-84 ;  Hydrogen, 
13-26-  It  is,  therefore,  safe  to  conclude  that  the  series 
C„H2n  is  not  present  in  this  petroleum-  The  fraction 
collected  at  109°-!  10°  gave  as  its  specific  gravity  at 
20  ,  0-8576,  and  as  its  molecular  weight,  166;  required 
for    the    formula    C12H22,    166-        A   combustion  gave: 


Carbon,  86.49;  Hydrogen,  13-44;  required  for  the 
formula  Ci^H^:  Carbon,  86.74;  Hydrogen,  13.26- 

Hydrocarbons  of  this  series  with  such  low  molecular 
weights  have  not  hitherto  been  separated  from  petro- 
leum. A  hydrocarbon,  C13H24,  wa.s  identified  in  this 
laboratory  as  a  constituent  of  San ta^ Barbara,  Cal., 
petroleum,  and  several  of  the  same  series  with  much 
higher  molecular  weights  from  Ohio  and  Pennsylvania 
oils  as  constituents  of  lubricants  prepared  from  these 
oils- 

The  composition  of  the  fraction  120°— 121°  was 
shown  by  its  molecular  weight,  180.4;  required  for  the 
formula  C13H2-1,  180,  and  by  combustion:  Carbon.  86.  72; 
Hydrogen,  13.33;  required:  Carbon,  86.66;  Hydrogen, 
13.34;  specific  gravity,  0-8614.  Since  the  hydrocar- 
bon separated  from  Santa  Barbara  oil  was  collected 
under  60  mm.  and  none  of  that  product  is  still  on  hand, 
it  cannot  be  compared  with  the  one  now  under  examina- 
tion- 

The  molecular  weight  of  the  fraction  i3o°-i3i°  was 
found  to  be  194;  required  for  CuHoe,  194.  By  com- 
bustion it  gave:  Carbon,  86.48;  Hydrogen,  13.64;  re- 
quired: Carbon,  86.60;  Hydrogen,  13.40;  specific  gravity 
at  20°.  0.S654. 

A  molecular  weight  determination  of  the  fraction 
i38°-i39°  gave  206.7;  required  for  C15H28,  208.  It 
gave  by  combustion:  Carbon,  86.38;  Hydrogen,  13.64; 
required  for  C15H28:  Carbon,  86.54;  Hydrogen,  13.46; 
specific  gravity  at  20°,  0.8662.  The  fraction  151°— 152° 
gave  as  its  molecular  weight,  218.7;  required  for  the 
formula  CieHjs,  218.  It  gave  by  combustion  the  follow- 
ing percentages  of  carbon  and  hydrogen:  Carbon,  87.07; 
Hydrogen,  12.88;  required:  Carbon,  87.28;  Hydrogen, 
12.72;  specific  gravity  at  20°,  0.8692. 

For  the  fraction  171  "-172°  was- found  the  molecular 
weight  235;  required  for  the  formula  C17H30,  234.  A 
combustion  gave  the  following  percentages  of  carbon 
and  hydrogen:  Carbon,  87.02;  Hydrogen,  12.90;  re- 
quired for  C17H30:  Carbon,  87.18;  Hydrogen,  12.82; 
specific  gravity  at  20°,  0.8716.  Of  the  higher  frac- 
tions to  be  more  fully  examined  later,  that  collected 
at  212°- 214°  gave  as  its  molecular  weight  263; 
corresponding  to  the  formula  C19H34,  molecular 
weight  262.  It  gave,  by  combustion,  percentages  of 
carbon  and  hydrogen  required  by  this  formula:  Carbon, 
87.12;  Hydrogen,  13.01;  required  for  CigHsj:  Carbon, 
87. 03;  Hydrogen,  12.97;  specific  gravity  at  20°, 
0.8790.  The  series  C„H2„-4  is,  therefore,  established 
as  constituting  much  the  larger  part  of  Mahone 
petroleum  so  far  as  this  examination  extended.  It 
appears  also  that  as  commercial  products  lubricants 
may  be  prepared  from  this  crude  oil  that  shall  contain 
four  hydrocarbons,  and  even  only  two,  of  this 
single  series.  This  applies  likewise  to  Texas  petroleum 
since  it  has  been  found  in  this  laboratory  that  the  most 
valuable  lubricants  separated  fromthatcrude  oilare  com- 
posed of  hydrocarbons  of  this  series,  C„H2„-4,  as  has 
also  been  shown  for  lubricants  prepared  from  California 
petroleum. 

These  results  are  summarized  in  the  following  table: 
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Mol. 

Mol. 
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wt 

C 

H 

for 

wt. 

C 

n 

97  0-98  » 

0.8549 

15,3 

86.76 

1 3 .  26 

CoHm 

152 

86.84 

13.16 

I09°-110'' 

0.8575 

166 

86.49 

13.44 

Ci-Hsj 

166 

86.74 

13.26 

120<'-121° 

0.8614 

180.4 

86.72 

13.33 

CijHn 

180 

86.66 

13.34 

ISO'-lSl" 

0.8654 

194 

86.48 

13.64 

CmHm 

194 

86.60 

13.40 

ISS'-IJ';" 

0.8662 

206.7 

.86.38 

13.64 

CsHi, 

208 

86.54 

13,46 

151°-152'' 

0.8692 

218.7 

87.07 

12.88 

CioH-j8 

218 

87.28 

12.72 

171°-172° 

0.8716 

233 

87.02 

12.90 

CiiH.o 

234 

87.18 

12.02 

212'>-2I4<' 

0.8790 

263 

87.12 

13.01 

C1.H31 

262 

87.03 

12.97 

The  higher  fractions  will  be  more  fully  examined 
later. 

INDEX    OF    REFRACTION 

Three  specimens  of  the  crude  oil  collected  in  differ- 
ent years  and  from  different  wells  gave  the  following 
indices  of  refraction  in  an  Abbe  refractometer  at  26°: 


1.4878  1,4878  1,4882 

Fractions  obtained  by  prolonged  distillation  as 
described  above  gave  the  following  indices: 

80°-81''  1,4499 

97°-98°  1,4570 

120^-121° 1,4625 

138°-139'' 1,4645 

15l°-152° 1.4688 

230°-265° 1.4820 

265°~315° 1,4879 

These  results  were  obtained  after  treatment  with  sul- 
furic acid;  the  indices  were  the  same  before  and  after 
this  treatment. 

ORIGIN    OF    MAHONE    PETROLEUM 

The  question  of  the  origin  of  petroleum  has  received 
profound  attention  both  from  geologists  and  chemists, 
but  it  is  yet  elusive  on  account  of  the  difficulty  of 
securing  reliable  data.that  should  explain  the  conditions 
under  which  it  was  formed,  and  of  accounting  for  the 
several  series  of  hydrocarbons  of  which  it  is  composed. 
Then,  further,,  the  absence  of  organic  material  as 
a  possible  source,  and  the  geological  disturbances 
associated  with  its  present  situation  afford  too 
meager  information  for  its  complete  elucidation. 
In  the  petroleum  under  consideration  several  of  these 
uncertain  features  were  eliminated.  In  the  first  place, 
the  shallow  depths  of  the  oil  strata  and  its  apparent 
common  origin  from  vegetation  with  the  extensive 
beds  of  coal  close  at  hand  indicate  a  more  recent  forma- 
tion of  these  oil  deposits  than  can  be  assigned  to  other 
well  known  varieties  that  occur  at  greater  depths. 
In  the  Mahone  field,  the  oil  sand  has  evidently  not 
been  disturbed  since  the  oil  was  therein  accumulated. 
The  neighboring  coal  strata  suggested  a  coincident 
formation  of  the  oil  as  an  intermediary  product  between 
vegetation  and  coal  and  that  subsequent  geological 
conditions  of  heat  and  pressure  forced  out  the  liquid 
hydrocarbons  forming  the  oil  deposits  as  they  now 
appear.  This  view  of  its  origin  is  supported  by  recent 
experimental  evidence.  Pictet  and  Bouvier'  dis- 
tilled Montrambert  (Loire)  .coal  under  15-17  mm. 
pressure,  and  fractionated  the  tar.  They  isolated  two 
hydrocarbons,  CioHjo  and  CuH22,  which  they  found  to 
be  identical  with  hydrocarbons  separated  from  Cana- 
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dian  petroleum.  After  giving  the  closely  agreeing 
values  as  to  specific  gravity,  molecular  weights,  and 
refractive  indices,  they  summarized  the  comparison 
as  follows: 

"Vergleicht  man  nun  die  von  Mabery  engegebenen 
Eigenschaften  dieser  beiden  Fraktionen  mit  dienen 
unserer  Kohlenwasserstoffe  C10H20  und  C21H22  aus 
dem  Vakuumteer,  so  sieht  man,  dass  sie  sich  ebenfalls 
fast  genau  decken.  Die  Uebereinstimmung  ist  eine 
so  gute,  dass  man  daran  nicht  zweifeln  kann,  dass 
es  sich  nicht  mehr  um  isomere,  sondern  um  identische 
Korper  handelt,  und  dass  im  canadischen  Petroleum 
und  im  Vakuumteer  der  Steinkohle  von  Montrambert 
dieselben  Kohlenwasserstoffe  C10H20  und  C21H22  vor- 
handen  sind.  Mit  andren  Worten  warden  durch 
Vakuumdistillation  gewisser  Steinkohlen  Korper  ge- 
wonnen,  die  sich  anderswo  als  Bestandteile  gewisser 
Erdole  vorfinden.  Somit  ist  zum  ersten  Mai  ein 
chemischer  Zusammenhang  zwischen  den  beiden  Natur- 
produkten  auf  experimentellen  Wege  dargetan." 

The  last  important  statement  may  be  translated 
as  follows: 

Therewith  for  the  first  time  is  a  chemical  connection 
between  both  these  natural  products  (coal  and  petro- , 
leum)  established  by  experiment. 

The  complete  absence  of  the  series  C„H2„-t-2  is 
not  unusual;  those  hydrocarbons  are  wanting  in  most 
heavy  varieties,  but  the  series  C„Y{.2n  is  more  fre- 
quently present.  In  composition,  Mahone  petroleum 
evidently"  stands  between  varieties  with  the  so-called 
paraffine  base,  such  as  Pennsylvania  and  Ohio  on  the 
one  hand,  and  those  with  an  asphaltic  base  such  as 
the  Texas  and  California  varieties  on  the  other.  The 
absence  of  paraffine  is  significant  since  it  shows  that 
the  oil  as  originally  formed  has  all  been  converted  into 
series  with  less  hydrogen.  Likewise  the  absence  of 
asphaltic  constituents  is  significant  as  indicating  that 
the  changes  in  formation  have  not  been  such  as  to 
include  these  bodies  poorer  in  hydrogen,  either  through 
the  agency  of  heat  or  pressure,  or  by  the  prolonged 
action  of  sulfur  on  the  atmosphere,  which  no  doubt 
are  concerned  with  the  formation  of  natural  asphalts. 

The  determining  influence  of  sulfur  and  oxygen  in 
the  primary  formation  of  the  principal  constituents 
of  petroleum  evidently  cannot  be  disregarded  in  at- 
tempting to  account  for  their  origin.  As  mentioned 
above,  the  heavy  varieties  of  petroleum  dissolve 
sulfur  to  the  extent  of  three  per  cent  of  their  weight. 
I  found  that  one  variety  of  Texas  oil,  the  "Humble 
Crude,  "  contained  three  per  cent  of  sulfur,  the  greater 
part  as  the  element  in  mechanical  solution.  Much 
the  larger  proportion  of  the  world's  supply  of  petroleum 
contains  sulfur  in  considerable  quantities,  in  part, 
in  the  form  of  hydrocarbon  derivatives,  such,  for  ex- 
ample, as  compounds  of  the  series  C„H2nS  which  were 
identified  in  this  laboratory  as  constituents  of  Ohio. 
Indiana,  and  Canadian  petroleum. 

In  a  paper  published  several  years  ago  I  expressed 
the  opinion  which  was  quoted  by  Engler  in  "Das 
Erdol,"  that  petroleum  containing  sulfur  probably  had 
its  source  in  organic  remains  of  animal  origin.  But 
more  recent  .study  of  the  relations  of  sulfur  and  petro- 
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leum  hydrocarbons  especially  in  connection  with  crude 
oils  from  the  Texas  fields  makes  it  plain  that  any  pe- 
troleum may  contain  sulfur  whatever  its  origin,  pro- 
vided it  comes  in  contact  with  native  sulfur  which  is 
widely  distributed. 

As  is  well  known  any  hydrocarbon  heated  with  sul- 
fur loses  hydrogen  and  evolves  H2S;  if  the  hydrocarbon 
be  of  the  series  C„H2n-(-2  it  is  pretty  certain  under 
carefully  regulated  conditions  that  the  hydrocarbon 
nucleus  will  combine  with  more  of  the  sulfur  but 
this  feature  of  its  action  has  not  been  fully  verified. 
In  the  study  of  the  hydrocarbons  distilled  from  coal 
by  Pictet  and  Bouvier  it  was  found  that  H2S  was 
evolved  when  the  hydrocarbons  were  heated  with  sul- 
fur and  that  sulfur  derivatives  were  formed.  On 
account  of  the  instability  of  the  sulfur  derivatives  of 
the  hydrocarbons,  unless  special  care  is  exercised, 
it  is  probable  that  the  principal  products  should  be 
hydrocarbons  poorer  in  hydrogen,  such  as  the  series 
C„H2„,  C„H2h-2,  C„H2b-4,  that  constitute  the 
main  body  of  petroleum.  The  formation  of  the  great 
quantities  of  hydrogen  sulfide  that  escape  from  many 
oil  wells  takes  place  freely  under  the  influence  of  heat 
and  pressure;  it  may  be, by  simple  contact  under  pres- 
sure in  long  geological  periods.  Experimentally  by 
prolonged  heating  with  sulfur  the  lighter  hydrocarbons 
may  be  converted  into  solid  asphalts. 

All  natural  asphalts  contain  sulfur  to  a  greater  or 
less  extent,  and  in  view  of  its  ready  action  on  the  hydro- 
carbons it  is  safe  to  conclude  that  it  has  had  much  to 
do  with  their  formation.  What  most  impresses  a 
visitor  to  the  great  asphalt  lake  on  the  Island  of  Trini- 
dad, is  the  question  as  to  its  formation.  On  observing 
close  at  hand,  however,  numerous  petroleum  wells 
with  a  large  output,  and  bearing  in  mind  the  large 
amounts  of  sulfur  contained  in  these  immense  beds 
of  semi-solid  bitumen,  the  answer  is  not  far  to  seek. 
The  instability  of  the  petroleum  hydrocarbons  in 
presence  of  air  is  a  matter  of  common  observation 
in  the  manipulation  of  crude  oil  and  its  products. 
In  lighter  refined  oils  on  standing  color  reappears. 
During  distillation  the  heavier  constituents  increase 
in  gravity,  finally  forming  asphaltic  residuum  and  coke. 
The  difficulties  arising  from  this  influence  of  oxygen 
are  the  most  perplexing  of  all  that  beset  the  arduous 
duties  of  the  reflner.  This  action  of  oxygen  on  the 
hydrocarbons  is  taken  advantage  of  in  the  Byerley 
process  for  the  conversion  of  residuum  into  hard  as- 
phalts by  passing  air  through  the  residuum  at  care- 
fully regulated  temperatures.  Evidently  all  changes 
of  this  nature  with  oxygen  as  with  sulfur  depend  on 
the  abstraction  of  hydrogen;  it  is  doubtful  whether 
under  these  conditions  oxygen  enters  at  all  into  combi- 
nation with  the  hydrocarbon  nucleus. 

While  a  full  explanation  of  the  origin  of  petroleum 
should  include  a  plausible  source  of  all  its  constituents, 
sulfur  and  nitrogen  derivatives,  phenols,  acids,  and 
aromatic  hydrocarbons,  the  fundamental  demand  is 
for  a  clear  statement  based  on  experimental  data  con^ 
cerning  the  principal  series  of  hydrocarbons.  The 
unquestionable  source  of  the  petroleum  hydrocarbons 
IS  organic  remains  either  of  vegetable  or  animal  origin. 


it  matters  little  which,  for  either  is  experimentally 
known  to  yield  hydrocarbons  by  decomposition. 
In  one  section  of  oil  territory  it  may  have  been  the 
enormous  growth  of  the  carboniferous  age  that  gave 
the  coal;  in  other  sections  it  may  have  been  the  ex- 
tensive beds  of  sea  weeds,  and  in  still  another  the  or- 
ganic remains  of  the  great  masses  of  shells  that  have 
formed  the  limestones  and  dolomites. 

Reichenbach  was  the  first  to  recognize  the  presence 
of  paraffine  in  the  products  of  decomposition  of  organic 
matter,  and  it  has  since  been  frequently  obtained  with 
its  lower  congeners  from  various  animal  and  vegetable 
sources.  Breaking  down  of  paraffine  into  lower  mem- 
bers of  the  same  series  under  the  influence  of  heat 
and  pressure  was  observed  by  Thorpe,  and  no  doubt 
this  experimental  formation  is  a  close  duplicate  of 
similar  changes  produced  in  long  periods  of  time  under 
natural  agencies.  Even  when  heated  with  exposure 
to  air,  paraffine  gradually  breaks  down  to  lower  hydro- 
carbons. It  is  certain  that  these  changes  are  not 
possible  in  the  reverse  order,  that  is,  the  production 
of  paraffine  from  lower  hydrocarbons.  In  such  molecu- 
lar decompositions  by  a  simple  break  in  the  hydrocarbon 
chain,  a  paraffine  hydrocarbon,  for  example,  C25H52, 
should  give  one  Ci2H;6,  and  one  C13H26,  or  by  simple 
loss  of  hydrogen  it  should  give  C25H46  of  the  series 
C„H2„-4.  Evidently  in  such  decompositions  other 
bodies  are  formed  even  proceeding  as  far  as  marsh 
gas.  A  great  variety  of  such  changes  are  experimentally 
possible  especially  with  the  aid  of  sulfur  or  atmospheric 
oxygen,  and  in  the  earth  with  the  aid  of  natural  heat 
and  pressure,  yielding  as  final  products  the  asphalts, 
or  proceeding  directly  from  vegetation  to  the  beds  of 
coal.  These  changes  together  with  possible  evapora- 
tion doubtless  explain  why  the  series  C„H2k  +  2  is 
not  found  in  the  heavier  varieties  of  petroleum. 

In  studying  the  characteristics  of  these  series  as 
they  appear  in  extended  distillation  up  to  the  breaking 
point,  together  with  their  behavior  toward  oxygen 
and  sulfur,  one  can  hardly  escape  the  conviction  that 
the  hydrocarbons  which  constitute  the  main  body  of 
all  varieties  of  petroleum  have  been  formed  from  organic 
matter  in  nature's  laboratory  by  these  progressive 
changes.  Certainly  any  attempt  to  account  for  the 
origin  of  petroleum  must  be  based  on  its  composition 
which  includes  principally  the  series  of  hydrocarbons 
above  mentioned,  and  the  fact  that  changes  in  compo- 
sition are  always  in  the  direction  of  the  lower  series 
and  lower  members,  with  loss  of  hydrogen. 

In  the  origin  of  Mahone  petroleum  the  influence  of 
sulfur  was  precluded,  for  the  oil  is  practically  free  from 
this  element.  By  reason  of  the  shallow  depths  of  the 
porous  strata,  contact  with  air  was  possible  with  its 
influence  in  removing  hydrogen,  but  this  action  did 
not  continue  beyond  the  formation  of  the  few  series 
of  hydrocarbons  which  the  crude  oil  contains,  since 
the  oil  is  free  from  the  asphaltic  hydrocarbons.  These 
porous  conditions  were  likewise  favorable  for  the  es- 
cape of  the  hydrocarbons  C„H2„  +  2  and  C„H2„.  Its 
proximity  to  the  coal,  its  shallow  occurrence,  and  the 
experimental  results  of  Pictet  and  Bouvier  are  pretty 
conclusive  evidence  that  the  oil  was  exuded  from  the 
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coal  doubtless  long  subsequent  to  its  formation,  and 
perhaps  with  later  changes  in  composition.  This 
connection  between  Mahone  petroleum  and  the  neigh- 
boring coal  will  receive  further  attention  in  this  labora- 
tory, together  with  the  products  of  distillation  of  the 
natural  asphalts. 

On  account  of  the  simple  composition  of  Mahone 
petroleum  and  its  freedom  from  deteriorating  bodies 
it  is  especially  adapted  for  the  preparation  of  superior 
lubricants.  In  the  absence  of  gasoline  and  kerosene 
hydrocarbons,  parafifine  or  other  crystalline  bodies, 
with  due  precautions,  distillates  may  be  obtained  with 
extremely  low  cold  tests.  So  long  as  the  hydrocarbons 
C„H2«-4  remain  intact  they  constitute  the  most 
durable  body  in  lubrication  that  it  is  possible  to  pre- 
pare from  petroleum.  The  lighter  hydrocarbons  of 
the  series  Cn^2n-2  with  lower  viscosity,  100°  to  125°, 
have  similar  qualities.  This  petroleum,  therefore, 
yields  a  range  of  lubricants  especially  adapted  for  deli- 
cate mechanism  from  a  chronometer  to  a  sewing  ma- 
chine, and  they  are  widely  in  use  as  prepared  by  the 
Eagle  Lubricant  Manufacturing  Company. 

With  reference  to  the  formation  of  petroleum  in 
general,  no  additional  evidence  concerning  its  geological 
occurrence  has  been  forthcoming  within  recent  years. 
More  extended  knowledge  as  to  its  composition  and 
the  relations  of  its  constituents  have  an  important 
bearing  on  its  origin.  All  published  results  and  opinions 
bearing  on  the  chemical  aspects  of  its  origin  were  recently 
thoroughly  reviewed  by  Engler("Das  Erdol",  Leipsic, 
1912).  The  theory  of  its  formation  from  carbides, 
suggested  by  Mendeleeff  and  more  forcibly  presented 
by  Moissan  and  accepted  ten  years  ago  as  a  plausible 
theory,  is  now  generally  considered  as  involving  too 
many  hypotheses  and  subsequent  changes.  Earlier 
views  of  the  transportation  or  migration  of  petroleum 
from  the  place  of  its  origin  to  other  strata  are  no  longer 
generally  accepted.  Filtration  was  possible  of  the 
thinner  varieties.  That  Ohio  and  Indiana  petroleum 
was  formed  from  the  remains  of  shell  fish  coincident 
with  the  formation  of  its  Trenton  limestone  habitat 
as  ably  maintained  by  Orton  admits  of  no  other  ex- 
planation. The  same  may  be  said  of  Hunt's  views 
as  to  the  formation  of  petroleum  in  the  Corniferous 
limestone. 

Under  the  term  bitumen  is  included  natural  gas, 
petroleum,  natural  asphalts,  and  coal — the  "organoids" 
(Engler) — with  a  closer  similarity  between  the  members 
of  the  group  than  has  been  hitherto  admitted,  especially 
in  their  primal  evolution.  It  seems  evident  that  the 
formation  from  vegetation  of  Pennsylvania  petroleum 
as  well  as  of  other  similar  oils  which  consist  mainly 
of  the  hydrocarbons  C„H2„  +  2,  was  accompanied  by 
less  chemical  change  than  that  of  other  varieties. 
The  vegetable  matter  first  gave  paraffine  as  the  princi- 
pal product,  which  by  natural  agencies  broke  down 
into  lower  hydrocarbons.  Then  Pennsylvania  pe- 
troleum was  not  subject  to  the  action  of  sulfur  which 
has  been  evidently  an  active  agent  in  the  formation 
of  the  heavier  varieties. 

Between  the  Pennsylvania  type  of  petroleum  and 
the  asphalts  and  coals  there  are  all  stages  of  variation 


in  composition  resulting  from  the  greater  or  less  chem- 
ical changes  in  the  primary  seriesof  hydrocarbons.  Since 
sulfur  is  associated  with  all  the  heavier  varieties  of 
oil,  asphalts,  and  coal,  as  well  as  a  part  of  their  com- 
position, from  what  is  known  concerning  its  action 
on  the  hydrocarbons,  it  is  difficult  to  escape  the  con- 
viction that  this  element  was  largely  instrumental  in 
forming  the  series  of  hydrocarbons  poorer  in  hydrogen 
that  constitute  the  principal  body  of  all  these  natural 
products.  Only  a  moderate  increase  in  temperature 
is  necessary  for  its  action,  and  such  temperatures 
are  quite  sufficient  to  account  for  the  loss  of  hydrogen 
even  to  carbonization  as  in  the  formation  of  coal. 
But  since  in  the  coals  are  still  to  be  found  petroleum 
hydrocarbons,  the  similar  origin  of  coal  and  at  least 
some  varieties  of  petroleum  is  evident.  Unquestionaby 
the  vast  deposits  of  oil  in  Texas  were  formed  in  a  manner 
analogous  to  those  in  Pennsylvania,  probably  from 
vegetable  matter  and  that  through  their  association 
with  extensive  beds  of  sulfur,  the  series  C„H2„  +  2 
disappeared  completely  by  conversion  into  the  series 
with  less  hydrogen  including  the  asphaltic  hydro- 
carbons. 

In  the  immense  fields  of  California  of  more  recent 
origin  where  the  oil  contains  large  proportions  of  nitro- 
gen and  sulfur  compounds,  aromatic  hydrocarbons, 
and  an  exceptionally  large  proportion  of  asphaltic 
bodies,  there  is  good  evidence  of  the  action  of  sulfur. 
With  reference  to  the  large  amount  of  nitrogen  com- 
pounds contained  in  California  petroleum,  they  could 
evidently  have  been  formed  from  vegetation  and  their 
presence  may  be  explained  by  their  recent  origin  of 
which  there  is  undoubted  evidence  in  some  of  the  Cali- 
fornia fields.  That  the  older  oil  deposits  in  Pennsyl- 
vania and  Texas  contain  only  very  small  proportions 
of  nitrogen  compounds,  may  have  resulted  from  the 
breaking  up  of  these  compounds  and  their  disappearance 
in  the  longer  periods  of  time.  The  swarming  maggots 
that  have  been  observed  in  some  California  petroleum 
are  doubtless  the  result  of  bacterial  action  on  the  prod- 
ucts of  decayed  vegetation.  It,  therefore,  seems 
evident  that  the  origin  of  California  petroleum  must 
also  be  looked  for  chiefly,  if  not  entirely,  in  the  decay 
of  vegetation  and  that  the  hydrocarbons  of  which 
California  oil  now  consists  were  formed  primarily 
from  the  series  C„H2n  +  2  by  loss  of  hydrogen. 

At  any  rate,  whatever  conclusion  is  reached  as  to 
the  source  of  the  bitumens,  it  must  be  in  accordance 
with  the  predominating  characteristic  of  the  hydro- 
carbons to  lose  hydrogen  and  to  break  down  from  those 
most  highly  hydrogenized  through  lower  series  to 
the  asphalts  and  even  to  coal.  It  should  also  account 
for  a  closer  relationship  in  origin  between  the  deposits 
of  coal,  asphalts  and  petroleum  than  has  hitherto  been 
recognized. 

While  these  views  are  evidently  in  some  respects 
at  variance  with  those  formerly  expressed,  if  as  it 
seems  plain,  the  origin  of  petroleum  as  well  as  of  the 
other  bitvimens,  is  to  be  explained  more  directly  on  the 
basis  of  its  composition,  and  the  chemical  changes  to 
which  it  has  been  subjected  in,  and  since,  its  evolution 
from  organic  , matter,  the  question  as  to  its  history  is 
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divested  of  many  complicating  assumptions,  and  greatly 
simplified. 

I  should  acknowledge  my  obligations  to  Mr.  James 
Graham  for  assistance  in  the  experimental  work  of 
this  paper. 

Case  Schooi.  of  Applied  Science 
Cleveland.  Ohio 


THE  PREPARATION  OF  METALLIC  COBALT  BY  REDUC- 
TION OF  THE  OXIDE' 

By  Herbert  T.  Kalmus 

In  connection  with  the  work  on  cobalt  it  has  been 
necessary  to  prepare  considerable  quantities  of  the 
metal  in  as  pure  a  state  as  possible.  Nearly  1000 
pounds  of  commercial  black  cobalt  oxide  have  been 
given  to  this  laboratory  for  these  researches  by  the 
Deloro  Mining  and  Reduction  Co.  of  Deloro,  Ontario, 
to  whom  we  take  this  opportunity  of  expressing  our 
thanks. 

The  writer  wishes  to  acknowledge  the  work  of  Messrs. 
C.  Harper,  W.  L.  Savell,  C.  W.  Day  and  R.  Wilcox, 
who,  in  the  capacity  of  research  assistants  at  these 
laboratories,  have  done  most  of  the  actual  experiment- 
ing. To  Professor  S.  F.  Kirkpatrick  of  the  Depart- 
ment of  Metallurgy,  Queen's  University,  thanks  are 
due  for  many  valuable  suggestions. 

The  process  for  the  preparation  of  fairly  pure  cobalt 
oxide  has  been  very  completely  worked  out,  and  has 
been  practised  on  a  large  scale  at  several  Canadian 
smelters.  For  this  reason  the  oxide  was  chosen  as  a 
raw  material  from  which  to  prepare  the  metal.  As 
the  work  progressed,  it  became  more  and  more  ap- 
parent that  some  of  the  uses  for  cobalt  which  were 
being  demonstrated  at  these  laboratories  and  else- 
where, would  lead  to  the  preparation  of  the  metal  in 
large  quantities.  Hence,  it  became  of  increasing  im- 
portance that  the  metallurgy  of  the  preparation  of 
the  metal  from  the  oxide  be  studied,  and  this  has  been 
done  with  greater  care  than  was  necessary  merely 
for  the  production  of  the  quantities  required  for  ex- 
perimental purposes.  There  are  four  important  re- 
ducing agents  for  obtaining  metallic  cobalt  in  reason- 
ably pure  form  from  commercial  cobalt  oxide.  They 
are:  I,  Carbon;  II,  Hydrogen;  III,  Carbon  Monoxide; 
IV,  Aluminum. 

The  CosOj  used^  for  these  experiments  was  made 
from  cobalt  hydrate,  precipitated  by  bleach  from  a 
cobalt  chloride  solution.  This  hydrate,  in  contact 
with  the  atmosphere,  is  greenish  black  in  color.  It 
was  calcined  at  750°  C,  yielding  a  black  oxide 
of  approximately  the  composition  C03O4.  This  is 
shown  by  the  following  analyses,  made  at  widely 
different  times,   which  .are  typical  of   a  large  number: 

1  Author's  abstract  of  report  under  the  above  title  to  the  Canadian 
Department  of  Mines.  Published  by  permission  of  the  Director  of  Mines, 
Ottawa,  Canada.  The  general  investigation  of  the  metal  cobalt  and  its 
alloys,  with  reference  to  finding  increased  commercial  \isages  for  them  is 
being  conducted  at  the  School  of  Mining,  Queen's  University,  Kingston, 
Ontario,  for  the  Mines  Branch,  Canada  Department  of  Mines. 

2  For  a  consideration  of  the  various  oxides  of  cobalt,  including  the  proof 
that  the  black  oxide  used  for  these  reductions  was  largely  CoaOj,  see  the 
following  article,  page  115. 


Analyses  of  Purified  Cobalt  Oxide  (Percentages) 

June,  1912  November,  1912  April,  1913 

Co 71.99                  71.52  72.3 

Fe 0.11                     0.27  0.10 

Ni 0.040                  0.020  Trace 

S 0.020                  Trace  0.052 

Ca 0.030                   ...  0.15 

SiOi 0.19                    0.18  0.39 

The  oxides  corresponding  with  the  theoretical  for- 
mulas would  have  cobalt   content  as  follows: 

Formula  Percentage,  cobalt 

CojOs 71.1 

Co304 73.4 

CotO: 76.0 

CoO 78.8 

It  is  obvious  then,  when  we  take  into  account  the 
portion  of  the  sample  which  is  not  cobalt  oxide,  that 
the  oxide  itself  is  largely  C03O4.  It  is  not  necessary 
for  the  purpose  of  our  calculations  to  assume  that  this 
oxide  alone  is  present,  for  we  shall  base  our  compu- 
tations upon  the  actual  analyses  as  we  have  found 
them.  However,  in  writing  the  reactions  throughout 
this  paper,  we  shall,  for  simplicity,  consider  the  oxide 
to  be  Co"304. 

PURIFICATION    OF    COBALT    OXIDE 

Cobalt  oxide  as  we  obtained  it  from  the  smelters, 
and  as  sold  on  the  market,  analyzed  approximately 
as  follows: 

Barrels  3  and  4             Percentages 
Co 69.2 


Barrel  I 
Co 

Percentages 
70.36 

Ni 

1  .  12 

Fe 

0  8' 

S 

....      0 . 45 

As 

0. 10 

SiO 

Ca 

0.20 

0.50 

Insoluble 
Ag 


1.4 
0.50 
0.37 
0.54 
1.46 
Trace 


Analyses,  of  course,  vary  considerably  from  one 
shipment  to  another;  the  above  samples  are  high  in 
Fe,  S  and  Ca,  and  would  be  considered  by  most  smelters 
as  No.  2  grade. 

Metal  produced  from  oxide  analyzing  as  above,  by 
the  method  to  be  described,  is  of  sufficient  purity  for 
most  purposes.  This  is  especially  true  if  lime  be 
added  to  the  melt  to  slag  off  the  sulfur.  However, 
for  other  purposes  metal  is  required  in  which  the  im- 
purities, nickel,  iron,  sulfur,  arsenic  and  silica,  are 
reduced  to  very  small  percentages.  In  this  case  it  is 
best  to  remove  these  impurities  from  the  oxide  before 
reduction.  Starting  with  a  crude  cobalt  oxide,  these 
impurities  may  be  reduced  as  far  as  is  desired  by  the 
following  procedure: 

SILICA — Dissolve  the  crude  oxide  in  hydrochloric 
acid  according  to  the  reaction: 

C03O4  +  8HC1  =  3C0CI2  -f  4H2O  -I-  CI2 
This  may  be  done  best  by  heating  and  agitating  with 
steam.  If  silica  is  present,  it  will  not  dissolve,  and  may 
be  removed  by  filtration  or  decantation.  The  same  is 
true  of  silicates  which  are  not  decomposed  by  this 
treatment.  Decomposable  silicates  would  send  a 
certain  amount  of  silica  into  solution,  which"  would  be 
thrown  out  during  the  next  step. 

IRON  AND  .\RSENic — To  the  cobalt  chloride  solution 
formed  by  dissolving  the  oxide  in  hj^drochloric  acid. 
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gradually  add  finely  divided  CaCOs  or  pure  marble, 
until  no  further  precipitate  is  formed.  The  heavy 
brown  mud  precipitated  contains  the  iron  and  arsenic 
content  of  the  original  oxide. 

NICKEL — For  most  purposes  it  will  not  be  necessary 
to  separate  the  small  amount  of  nickel  from  the  cobalt, 
but  it  may  be  done  as  follows:  The  cobalt  chloride 
solution,  containing  a  certain  amount  of  nickel  chloride, 
is  of  an  intense  red  or  claret  color.  Add  a  solution 
of  bleach  to  the  solution  until  it  has  almost  completely 
lost  its  color.  The  bleach  solution  differentially  pre- 
cipitates hydrates  of  nickel  and  cobalt,  so  that  the 
nickel  is  not  appreciably  brought  down  until  the 
cobalt  has  been  almost  entirely  precipitated. 

The  bleach  will  precipitate  a  black  hydrated 
oxide  of  cobalt,  and  the  diminishing  redness  of  the 
solution  will  indicate  the  end  point.  If  all  of  the 
steps  above  outlined  have  been  applied  to  the  original 
oxide,  this  final  black  precipitate  may  be  calcined  at 
about  730°  C,  to  yield  black  C03O4. 

SULFUR — Any  sulfur  present  in  the  original  oxide 
and  carried  through  to  the  final  product,  or  introduced 
with  the  bleach,  may  be  removed  by  boiling  the  final 
dried  oxide  with  sodium  carbonate  and  dilute  hydro- 
chloric acid.     The  reaction  is: 

CaSOj  +  NaoCOs  =  Na.SOj  -|-  CaCOj 

The  soluble  sodium  sulfate  formed  is  washed  out  with 
water.  A  further  washing  is  given  with  dilute  hydro- 
chloric acid,  which  decomposes  the  calcium  carbonate 
into  soluble  calcium  chloride  and  CO2  gas.  The  CaCU 
is  washed  out  with  water.  This  method  is,  of  course, 
applicable  only  for  the  removal  of  the  small  per- 
centages of  Ca  and  S  found  in  the  oxides  in  question. 

A  shipment  of  oxide  from  the  smelter  was  analyzed 
before  and  after  treatment  by  the  above  method,  with 
the  following  results: 

Percentages  Before  After 

Co 70.36  71.99 

Ni 1.12  0.041 

Fe 0.82  0.11 

S 0.45  0.020 

Ca 0.50  0.021 

.4s 0.10  None 

SiO- 0.20  None 

There  are  other  obvious  methods  of  purifying  the 
C03O4.  For  example,  the  bleach  solution  may  be  freed 
of  its  SO4  content  with  BaCU,  and  the  Ca  and  excess 
Ba  precipitated  with  NaoCOs,  thus  yielding  a  fairly 
pure  solution  of  soda  bleach.  The  SO4  content  of  the 
C0CI2  solution  may  be  precipitated  with  BaClo  and  the 
differential  precipitation  of  cobalt  and  nickel  accom- 
plished with  the  purified  solution  of  soda  bleach. 

I REDUCTION   OF   COBALT   OXIDE    WITH   CARBON 

METHOD  OF  EXPERIMENT — These  experiments  all 
consisted  in  intimately  mixing  definite  amounts 
of  finely  divided  carbon  in  various  forms  with  C03O4, 
and  heating  the  mixture  to  constant  temperature  for 
a  measured  time.  The  charges  employed  varied  in 
size  from  a  few  grams  to  10  lbs.,  and  were  heated  in 
lined  and  unlined  graphite  crucibles,  and  in  porcelain 
crucibles. 

FURNACES — The   reduction   took   place   either  in  -an 


oil-fired  "Steele-Harvey"  furnace  of  60  pounds,  metal 
capacity,  No.  20  crucible,  which  could  be  controlled 
at  any  temperature  up  to  1550°  C,  or  in  a  modified 
Hoskins  electric  resistor  furnace.  This  latter  has  a 
heating  chamber,  8  inches  cube,  which  can  be  main- 
tained constant  to  within  about  10-20°  C,  at  any 
temperature  up  to  1650°  C.  Some  of  the  small  charges 
were  run  in  porcelain  crucibles  heated  within  an  electric 
resistor  furnace. 

The  reactions  for  the  reduction  of  cobalt  oxide  with 
carbon  are: 

(1)   Co^Oj  -I-  4C  =  3C0  -I-  4CO, 
and  (2)   C03O4  -F4C0  =  3C0  -|-  4CO2; 
or,  combining  (3)    2C03O4  -|-  4C  =   6C0  -|-  4C0;. 

If  all  the  oxygen  for  the  oxidation  of  the  carbon  be 
supplied  by  the  cobalt  oxide,  and  if  all  the  carbon  be 
burned  to  COo  then  the  reaction  goes  according  to  the 
last  equation. 

■  In  practice,  neither  of  these  conditions  is  strictly 
obtained,  but  with  proper  design  of  furnace  they  may 
be  closely  approximated. 

THE  RUN — In  each  case  the  charge  was  made  up  by 
intimately  mixing  a  weighed  amount  of  finely  divided 
oxide  with  a  weighed  amount  of  finely  ground  carbon. 
This  mixture  was  placed  in  the  crucible,  which,  with  its 
charge,  was  placed  either  in  the  Steele-Harvey  oil 
furnace  or  in  the  electric  furnace.  The  mixture  was 
frequently  stirred  with  an  iron  rod  during  the  reduction. 

THE  CARBON — The  form  of  carbor>  chosen  for  the 
reduction,  whether  powdered  charcoal,  coke,  coal,  etc., 
depends  somewhat  upon  the  impurities  from  which  it 
is  desirable  to  keep  the  resulting  metal  free, -but  also 
this  choice  greatly  influences  the  speed  of  the  reduction. 

Three  sets  of  experiments  were  made  with  powdered 
anthracite  coal,  while  further  runs  were  made  with 
lampblack  or  with  powdered  charcoal.  The  carbon 
was  in  all  cases  powdered  to  an  extremely  fine  flour. 

TEMPERATURE  MEASUREMENTS — Temperature  read- 
ings were  made  at  frequent  intervals  with  a  platinum 
platinum-rhodium  thermo-element,  with  a  Wanner 
optical  pyrometer,  or  with  a  Fery  radiation  pyrometer, 
and  the  furnace  adjusted  to  keep  the  temperature 
constant  to  within  about  20°. 

The  charge  was  put  into  the  crucible  which  was 
within  the  furnace,  both  crucible  and  furnace  being 
at  a  temperature  somewhat  higher  than  the  intended 
temperature  of  the  run.  Some  of  the  smallest  charges 
were  inserted  with  containing  crucible.  It  was  learned, 
by  experience,  for  the  different  sizes  of  charge  and 
qualities  of  crucible,  at  about  what  temperature  to 
maintain  the  furnace  prior  to  inserting  the  charge, 
in  order  that  the  charge  might  come  to  the  desired  equi- 
librium temperature,  with  proper  furnace  adjustment, 
in  about  ten  minutes.  There  is,  therefore,  a  period 
of  about  ten  minutes,  at  the  beginning  of  each  run, 
during  which  the  average  temperature  of  the  charge 
is  not  as  high  as  that  noted  with  the  Wanner  optical 
pyrometer,  which  observes  the  surface  of  the  charge. 
We  satisfied  ourselves  that  the  center  of  the  charge 
was  at  the  same  temperature  as  the  surface,  within 
20  or  30°  C,  after  the  first  ten  minutes,  by  exploring 
the  center  with  a  thermo-element,   and  noting  simul- 
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taneously  its  readings  and  those  of  another  thermo- 
element near  the  surface,  and  of  the  Wanner  optical 
pyrometer. 

In  the  following  runs  we  have  not  attempted  to 
make  a  correction  for  the  lag  in  coming  to  temperature 
during  these  first  ten  minutes.  This  lag  would  be 
considerably  less  than  ten  minutes  for  the  smallest 
crucibles  used,  about  ten  minutes  for  the  four-pound 
charges,  and  possibly  as  long  as  twenty  minutes  in 
the  worst  cases,  with  the  ten-pound  charges. 

The  oxides  used  for  the  runs  reported  in  Tables 
I  and  II  analyzed  as  follows: 

Percentages 

Runs  A-H  RI-RVIII 

Co 71.36  69.2 

Ni 1.12  1.4 

Fe 0.82  0.50 

S 0.45  0.54 

Ca 0.50  CaO 0.37 

As 0,10  Insoluble 1.46 

SiO: 0.20  Ag Trace 

The  anthracite  coal  used  was  very  finely  powdered. 
In  the  typical  runs  A— H,  No.  12  unlined  carbon  cru- 
cibles were  used,  and  the  charge  was  stirred  every 
ten     minutes     during     reduction.      In     these     runs     no 

Table  I — Reduction  of  C03O4  with  Powdered  Anthracite  Coal   (A) 
Runs  A,  C.  H — Harvey-Steel  Oil  Furnace 
G.  B.  D.  E.  F — Electric  Crucible  Furn.\ce 
Yield  of  cobalt 

Charge         Average      Time ^ 

No.        . ■ .  tempera-  of  reduc-  Per  cent    Per  cent 

of  C03O1    Coal  tare  tion  of  theo-    carbon  in 

run  Lbs.       Oz.  "  C.  Min.  I,b.   Oz.  retical        metal 

A 5  8.3  1200  90  5      1.5  87 

C 4  6.9  1200  30  2    12.5  98  0.18 

H 10        16.0  1200  105  6      9  92  0.086 

G 4  6.6  900  150  2    13  99  0.21 

B 4  6.54      ■     1200  60  2    13  99  0.29 

D 4  5.9  1200  120  2    13.5  100  0.20 

E 4  6.9  1500  60  2    11.75  96  0.22 

F 4  6.6  1500  90  2    12.7  98  0.23 

A — Considerable    unreduced    oxide    slag.       Carbon    used   is   approxi- 
tnately  the  theoretical  amount  according  to  reaction  (3). 

C — Melt    free    from    unreducible   oxide   slag.      Carbon    10   per    cent    in 
excess  of  theoretical  requirement. 

H — 3    oz.    lime    added    shortly    before    pouring.     Carbon,    theoretical 

G — At  end  of  2.5  hours,  charge  not  completely  reduced,  but  completed 
during  subsequent  raising  to  melting  point. 

Table  II — Reduction  of  CojO<  with  Powdered  .Anthracite  Coal  (B) 
Harvey-Steele  Oil  Furnace 
Reduction 
Charge  time  to 

No.     . ' N   Average           removal  Per  cent 

of          CoiOi      Coal          temp.          of  sample  Co  in  Reduction 

run            Lbs.         Oz.              "  C.               Minutes  sample(a)  complete   =    100 

I    ...    10          17.5            601              R2      82  73.6  Very  slight 

II,...    10           16.5             750               R3h    91  74.1  Very  slight 

III    .     .    10           16.5             888               R46    90  73,8  Very  slight 

IV,.,,    10           16,5           1057               RS6    95  80,8  28 

VI    ,     ,     U)           16.5           1203               R6a    30  81,3  30 

R6(i    49  93,0  74 

VII,,,,     10           16,5           1283               R7a    31  91,1  70 

R7b    47  93.9  77 

VIII....     10           17.4           1502                1           11  76.7  12 

2  16  81.8  32 

3  21  91,0  66 

4  26  93.9  77 

5  31  93 , 9  Apparently  some 

6  36  91,8  oxidation 
(a)These  analyses  are  for  cobalt,   nickel  and  iron  combined,  of  which 

about  97  per  cent  was  cobalt,  as  may  be  seen  from  the  analysis  of  the  original 
oxide.  Carbon  analyses  were  of  course  made,  and  the  percentage  of  cobalt 
given  in  this  column  takes  into  account  the  residual  carbon. 


attempt  was  made  to  show  the  progress  of  the  re- 
duction, but  at  the  close  of  the  run  the  charge  was 
raised  as  rapidly  as  possible  to  the  melting  point  and 
the  melt  poured  into  an  iron  mould  to  be  weighed. 
Considerable  reduction  must  take  place  during  the 
interval  of  melting  the  charge  after  the  close  of  the  run. 
The  purpose  of  these  particular  runs  was  to  study 
the  yields  under  somewhat  the  same  conditions  which 
must  necessarily  obtain  in  practice.  In  the  runs 
I— VIII,  No.  20  unlined  carbon  crucibles  were  used; 
no  attem.pt  was  made  to  obtain  a  yield.  They  are 
intended  to  show  the  progress  of  the  reduction. 

It  will  be  noticed  in  the  above  runs  with  powdered 
anthracite  coal  that  the  reductions  are  extremely  low. 
It  was,  therefore,  thought  advisable  to  check  these 
runs  with  experiments  on  a  very  small  scale  in  porcelain 
crucibles,  in  such  a  manner  that  there  could  be  no  doubt 
as  to  the  time  during  which  the  charge  was  maintained 
at  the  temperature  in  question. 

A  number  of  such  runs  was  made  with  a  thermo- 
element near  the  center  and  at  the  outside  of  the  charge. 
In  the  small  furnace  used,  the  crucible  with  its  charge 
came  to  temperature  in  a  very  few  minutes,  so  that  the 
outside  and  inside  thermo-element  agreed  to  within 
20°  C.  Approximately  this  condition  was  main- 
tained throughout  the  run. 

The  results  of  the  previous  runs  with  powdered 
anthracite  coal  were  confirmed  by  these  small  scale 
runs,  and  a  satisfactory  complete  reduction  could 
not  be  obtained  at  temperatures  much  below  1200°  C. 

REDUCTION    OF     CO3O4    WITH    POWDERED    CHARCOAL 

Further  experiments  were  tried  on  the  reduction  of 
C03O4  with  very  finely  powdered  charcoal.  A  large 
number  of  these  gave  fairly  concordant  results,  which 
showed  a  greater  reduction  at  all  temperatures  than 
the  corresponding  powdered  anthracite  coal  runs. 

Without  giving  the  details  of  about  twenty-five 
runs,  it  may  be  said  that  complete  reduction  was 
obtained  with  from  20  to  30  per  cent  excess  of  powdered 
charcoal,  at  900°  C.  or  over,  in  less  than  an  hour. 
At  1000-1100°  C,  the  reduction  with  powdered  char- 
coal was  very  much  more  rapid  than  at  900°  C, 
often  completing  itself  in  less  than  10  minutes.  Of 
course,  the  time  required  depends,  to  some  extent, 
upon  the  size  of  the  furnace  and  charge. 

REDUCTION    OF    C03O4    WITH    LAMPBLACK 

Experiments  on  the  reduction  of  C03O4  with  lamp- 
black were  tried  with  results  identical  with  those  on 
the  reduction  of  C03O4  with  powdered  charcoal. 

BRIQUETS — Experiments  on  the  reduction  of  C03O4 
with  powdered  charcoal  were  tried,  forming  the  charge 
into  briquets.  A  small'  percentage  of  molasses  was 
used  as  a  binder.  These  experiments  were  made 
under  the  same  furnace  and  temperature  conditions 
as  those  on  the  reduction  of  C03O4  with  powdered 
charcoal  in  bulk.  Seven  such  runs  showed,  throughout, 
that  the  reduction  was  not  very  different  in  its  velocitj' 
from  the  corresponding  runs  with  powdered  charcoal, 
although  the  difference  was  uniformly  in  favor  of 
the     briquetted     charges.     A     satisfactory     reduction 

'  The  molasses  would  correspond  to  the  addition  of  about  1  per  cent 
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could  probably  not  be  made  at  temperatures  below 
800-850°  C,  even  briquetting  the  charges,  as  com- 
pared with  900°  C.  for  the  charges  in  bulk. 

The  preparation  of  metallic  cobalt  by  reduction 
in  briquets  or  rondelles  offers  distinct  commercial 
advantages  in  that  th?  resulting  metal  is  in  a  salable 
form  without  further  melting  and  casting. 

THE  METAL — The  metal  produced  by  reduction  of 
cobalt  oxide  with  carbon  is  sufficiently  pure  for  most 
purposes;  it  need  not  contain  more  than  a  few  tenths 
of  a  per  cent  of  carbon.  The  following  characteristic 
analyses  are  taken  at  random  from  a  large  number 
to  show  the  nature  of  the  metal: 

Analysbs  of  MetalI/IC  Cobalt  Produced  by  Reduction  of  Commercial 

Cobalt  Oxide  with  Carbon  (Percentages) 

7 12  8-15-12     10-10-12   10-11-12  6-11-13 

Co 97.05  98.50         98.84         98.62         98.30 

Ni 1.50  0.65            0.61            0.50         Trace 

Fe 1.00  0.58            0.56           0.15            1.39 

S 0.22  0.47             0.21             0.22            0.46 

C '. 0.20  0.22            0.24            0.13 

Ca 0.25  0.60           0.24           0.27            0.58 

Mn ...                0.06 

As ...               ...               ...              0.11 

SiOi 0,12  0.13             0.14            0.11             0.12 

It  is  obvious  that  the  oxides  taken  for  reduction 
with  carbon  were  those  directly  from  the  smelter, 
which  had  not  been  treated  by  the  method  outlined 
above  to  remove  the  impurities.  The  iron,  nickel, 
sulfur  and  silica  content  could  have  been  reduced 
to  mere  traces  by  purifying  the  oxide  before  reduction 
in  accordance  with  the  method  given.  We  have  done 
this  repeatedly,  where  a  pure  metal  was  required 
for  experimental  purposes.  It  is,  however,  of  import- 
ance to  note  that  metal  with  very  low  carbon  content 
may  be  made  by  direct  reduction  of  the  oxide  with 
carbon. 

CONCLUSIONS 

I.  Reduction  of  C03O4  with  powdered  anthracite 
coal  does  not  take  place  rapidly  enough  to  make  it 
commercially  interesting,  either  in  the  oil-fired  crucible 
type  of  furnace  or  in  the  electric  crucible  type  of 
furnace,  until  a  temperature  in  the  neighborhood  of 
1200°  C.  is  reached. 

II.  In  either  the  oil-fired  crucible  type  of  furnace 
or  in  the  electric  crucible  type  of  furnace,  substantially 
complete  yields  of  metallic  cobalt  may  be  obtained 
by  reduction  of  C03O4  with  powdered  anthracite  coal, 
in  the  neighborhood  of  1200°  C,  for  not  more  than 
I   hour,   with   subsequent  rapid   melting   and  pouring. 

III.  With  the  oil-fired  crucible  furnace,  using  un- 
lined  graphite  crucibles,  complete  yields  are  obtained 
with  powdered  anthracite  coal  only  when  there  is 
an  excess  of  approximately  10  per  cent  of  this  latter. 

IV.  With  the  electric  crucible  type  of  furnace 
used  by  us,  complete  reduction  may  be  obtained, 
using  only  the  theoretical  quantity  of  powdered  an- 
thracite coal.  In  this  furnace  there  is  a  considerable 
reduction  due  to  the  carbon  monoxide  atmosphere 
caused  by  the  carbon  resistor  plates. 

V.  Both  in  the  oil-fired  and  in  the  electric  crucible 
type  of  furnace,  greater  reductions  of  C03O4  are  ob- 
tained using  powdered  charcoal  than  with  powdered 
anthracite  coal,  at  corresponding  temperatures. 


VI.  With  the  oil-fired  or  electric  crucible  type  of 
furnace,  complete  reduction  may  be  obtained  with 
powdered  charcoal  at  900°  C.  or  higher.  For  this 
reduction  a  considerable  excess  of  charcoal  was  re- 
quired: under  our  conditions  from  20  to  30  per  cent. 

VII.  Powdered  lampblack  shows  results  in  accordance 
with  those  for  powdered  charcoal. 

VIII.  Briquetting  the  charges  with  an  organic 
binder  tends  to  increase  the  rate  of  reduction  at  all 
temperatures.  A  minimum  of  about  800°  C.  may  be 
employed  for  the  reduction  of  C03O4  with  charcoal 
in  the  form  of  briquets  as  against  900°  C.  for  the 
same  charge  in  bulk. 

IX.  With  sufficient  carbon  to  get  a  complete  yield 
of  metal,  the  final  product  need  contain  only  about 
0.2  per  cent  of  carbon. 

X.  At  this  laboratory,  in  an  electric  furnace  not 
especially  designed  for  this  work,  we  reduce  enough 
o.xide  to  make  56  pounds  of  the  metal  in  an  eight- 
hour  day,  with  the  furnace  absorbing  12  kw.  Thus, 
on  a  commercial  basis,  the  power  charge  for  this 
reduction  would  be  small. 

II PREPARATION    OF    METALLIC    COBALT    BY    REDUCTION 

OF    THE    OXIDE    WITH    HYDROGEN 

METHOD  AND  APPARATUS. — These  experiments  con- 
sisted in  placing  an  alundum  boat,  containing  a  weighed 
amount  of  dried  cobalt  oxide,  in  a  horizontal  tube 
electric  resistor  furnace,  maintaining  its  temperature 
therein  constant  for  a  definite  length  of  time,  during 
which  a  stream  of  hydrogen  gas  was  passed  through 
the  furnace.  A  schematic  sketch  of  the  apparatus 
is  shown  in  Fig.  i. 

After  purification,  the  hydrogen  entered  the  furnace 


1 — Arrangement  of  Apparatus  for  Reduction  op  CojO* 
BY  Hydrogen 


H  =  Hydrogen  Tank  O  =  K0H  Tower 

Ci  and  C2  =  Hot  Copper     S  =  HjSO.  Washer 
K  =  K2Cr20;  Tower  J  =  Carbon  Rings 


Y  =  Stop  Cock 
L  =  Leads  to  Ammetei 
and  Bus  Bars 


at  F  and  the  excess  was  burned  at  B.  .During  the  run 
the  exit  for  the  gas  was  through  the  by-pass  PB, 
the  end  Q  being  sealed. 

The  heating  element  of  the  furnace  itself  was  a 
series  of  co-axial  carbon  ring  plates,  which  could  be 
pressed  together  more  or  less  tightly  by  suitable 
screws.  The  furnace  was  supplied  with  alternating 
current  at  25  volts  from  a  transformer,  and  could 
be  controlled  at  any  temperature  up  to  1350°  C. 

The  details  of  the    furnace    are    shown    in    Fig.    2. 

The    temperature    measurements    were    made    by    a 
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platinum-rhodium  thermo-element  Th,  and  readings 
were  taken  at  frequent  intervals  on  a  very  sensitive 
millivoltmeter.  In  this  way,  the  temperature  was 
maintained  substantially  constant  by  hand  regula- 
tion of  the  screws  I.  All  temperature  measurements 
were  made  with  thermo-elements  calibrated  at  frequent 
intervals,  in  the  usual  way,  against  known  melting 
points. 

CONDUCTING  A  RUN — After  having  heated  the  fur- 
nace to  the  desired  temperature,  by  a  suitable  current 
through  the  carbon  rings,  runs  were  made  as  follows: 

(a)  After  closing  the  cock  X,  which  separates 
the  purifying  system  from  the  furnace,  the  air  was 
exhausted  from  the  hydrogen  system  by  opening 
cock  Y,  and  operating  a  purhp. 

(6)  Gas  burners  were  lighted  to  heat  copper  filings 
in  tubes  Ci  and  Co. 

(f)  Solutions  of  potassium  bichromate,  potas- 
sium hydrate  and  sulfuric  acid  were  started  flowing 
through  the  purifying  towers  K,  O  and  S,  which  were 
partially  filled  with  glass  beads. 


Fig.   2 — Details  of  Electric  Furnace  for  Reduction  of  Co304  with 
Hydrogen 

{d)  Cock  Y  was  closed  and  cock  at  outlet  of  hydrogen 
tank  H  was  partially  opened  to  allow  a  flow  of  hydrogen 
into  the  purifying  system,  until  the  pressure  inside 
the  system  was  a  little  greater  than  atmospheric 
pressure. 

(e)  Cock  X  was  now  opened  to  allow  hydrogen  to 
flow  into  the  hot  furnace. 

(/)  Flow  of  hydrogen  was  adjusted  by  cock  at  out- 
let of  hydrogen  tank  H,  until  hydrogen  burned  freely 
at  outlet  end  of  furnace  B.  During  the  run  the  end 
Q  was  closed,  and  the  gas  escaped  through  the  by-pass 
P-B. 

(g)  When  adjustment  (/)  was  satisfactory,  assuring 
an  excess  of  hydrogen  within  the  furnace,  the  weighed 
dried  alundum  boat,  containing  the  charge  of  cobalt 
oxide,  was  placed  in  the  hot  furnace  at  the  position  A, 
and  the  time  noted. 

{h)  The  run  proper  had  now  begun,  during  which 
observations  of  time,  temperature,  and  power  were 
made,  and  the  furnace  adjusted  to  keep  the  tempera- 
ture constant. 

ii)  After  a  definite  time,  the  boat,  with  its  contents, 
was  withdrawn  from  the  centre  of  the  furnace  to  the 
overhanging  cool  end  of  the  furnace  core  N,  in  which 
it  was  allowed  to  cool,  but  through  which,  during  the 
cooling,  hydrogen  was  passed. 

0")  When  cool,  the  boat  was  removed  to  a  desiccator 
and  weighed. 


II COBALT   OXIDE  REDUCTION     WITH    HYDROGEN COOL- 
ING   IN    AN    ATMOSPHERE    OF    HYDROGEN 

The  cobalt  oxide  used  for  the  following  runs,  I  to 
IX,  analyzed  as  follows  in  percentages: 

Co 72.3  Ca 0,15 

Ni Trace  S 0.052 

Fe 0.10  Si02 0.39 

It    will   be    noticed   that   this   oxide   contained    72.4 

Table  III — Reduction  of  Cobalt  Cxide  with  Hydrogen 


Temperature  °  C. 


Average 
deviation 


IV  (c)      598 


reduction 
Minutes 


Loss  in 
weight 
Per  cent 

25.5 
25.4 
25.8 
26.0 
26.6 
26.2 
26.1 
26.2 
26.1 
16.8 
22.1 


25.4 
25.2 

25.5 

25.5 

25.8 

25.7 

26.5 

26.5 

26.6 

26.6 

26.6 

26.5 

26.6 

26.6 

26.6 

26.7 

26.75 

26.75 

26.8 

26.61 

26.71 

26.75 

26.75 

26.80 

25.6 

26.9 

27.1 

27.1 

26.8 

26.9 

26.9 

27.0 

26.28 

26.90 

27.00 

27.05 

24.38 

26.90 


Reduction 

100  = 
complete 
94.2 
94.0 
95.6 
96.2 


96.8 
97.0 
96.8 
62.2 
81.8 
83.0 
93.0 
94.0 
94.2 


94.3 
94.3 


60 


.10 


98.5 
98.9 
98.8 


99.0 
94.8 
99.7 
100.0 
100.0 
99.  1 
99.4 
99.4 
99.7 
96.8 
99.4 
99.7 
99.9 
90.0 
99.7 
99.8 
100.0 


1  slight  ( 


(a)  It  was  noted  at  the  close  of  this  run  that  there  i 
at  one  point  in  the  boat. 

(6)  All  the  reduced  samples  were  steel-gray. 

(t )  Boat  showed  slight  reoxidation  at  one  end  when  removed  from  furnace. 

((i)  This  final  material  analyzed  97.25  and  97.30  per  cent  cobalt  on  dupli- 
cates. The  material  resulting  from  this  run  contained  0.75  per  cent 
of  unreducible  CaS04.  CaO  and  SiOa.  and  1.4  per  cent  of  oxygen  presumably 
in  the  form  of  C03O4  (the  stable  oxide  at  598°  C,  see  following  article, 
page  115).  and  0. 10  per  cent  of  nickel  and  iron.  It  should,  therefore,  contain 
100  —  2.3  =  97,7  per  cent  of  cobalt.  This  checks  with  the  value  deter- 
mined by  analyses,  97,3.  to  within  the  accumulative  error  in  the  analyses, 

ie)  The  product  from  this  run  seemed  to  be  of  a  slightly  lighter  gray 
shade  than  that  from  the  runs  at  lower  temperatures. 
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per  cent  of  the  metals  cobalt,  nickel  and  iron,  in  the 
form  of  oxides  which  may  be  computed  without  error 
to  be  cobalt  oxide.  Any  sample  contains,  therefore, 
0.7  s  per  cent  of  unreducible  calcium  sulfate,  calcium 
oxide  and  silica,  99.2  per  cent  of  cobalt  oxide  running 
72.4/99.2  =  72.9  per  cent  in  cobalt.  This  oxide, 
therefore,  corresponds  very  closely  to  C03O4.  The 
oxygen  content  of  the  substance  which  could  be  re- 
duced by  hydrogen,  is  equal  to  27.1  per  cent  of  99.2 
per  cent  =  27.0  per  cent.  This  figure  is  accurate 
to  within  the  experimental  error  of  the  runs,  and  is 
used  as  the  basis  of  the  following  computations;  that 
is  to  say,  in  the  column  headed  "Percentage  loss  in 
weight,"  27  per  cent  would  represent  complete  reduc- 
tion, and  the  last  column  headed  "Reduction  where 
100  per  cent  is  complete  reduction"  is  computed 
in  terms  of  27  per  cent  actual  reduction  as  total. 
The  boats  used  ranged  in  weight  from  5  to  6.5  grams 
and  the  charges  of  cobalt  oxide  from  2.0  to  2.1  grams. 

The  check  between  the  composition  of  the  oxide 
used  for  these  hydrogen  reduction  experiments,  as 
determined  by  analysis  and  as  determined  by 
the  reduction  experiments,  is  entirely  satisfactory 
(see  following  article,  p.  115). 

A  number  of  the  early  experiments  to  reduce  CosOj 
with  hydrogen  were  made  allowing  the  reduced  product 
to  cool  in  the  atmosphere.  In  every  case  reoxidation 
took  place.  These  runs  were  made  at  various  tem- 
peratures from  500°  C.  to  1000°  C,  and  curiously 
enough  the  reoxidation  at  the  higher  temperatures 
was  progressively  less  than  at  the  lower  temperatures. 

CONCLUSIONS 

I.  The  reduction  of  CosOj  to  metallic  cobalt  by 
hydrogen  gas  takes  place  very  rapidly  at  all  tem- 
peratures above  500°  C. 

II.  At  temperatures  between  500°  C.  and  700°  C, 
over  90  per  cent  of  the  reduction  of  C03O4  to  Co  takes 
place  in  a  few  minutes,  but  a  further  reduction  takes 
place  very  slowly,  if  at  all. 

III.  Between  700°  C.  and  1100°  C,  the  amount  of 
reduction  of  C03O.1  to  Co  which  takes  place  during 
the  first  few  minutes  increases  very  rapidly  with  rising 
temperature,  and  at  the  higher  temperatures  it  is 
complete. 

IV.  The  hydrogen  reduction  method  is  to  be 
especially  recommended  for  the  production  of  moderate 
quantities  of  very  pure  carbon-free  cobalt  for  special 
pvirposes,  just  as  it  has  been  used  for  the  prodviction 
of  metallic  tungsten. 

V.  For  the  production  of  cobalt  from  C03O4  by 
hydrogen,  the  charge  must  be  completely  cooled  in  an 
atmosphere  of  hydrogen. 

Ill PREPARATION  OF    METALLIC    COBALT    BY    REDUCTION 

OF    THE     OXIDE     WITH    CARBON     MONOXIDE 

METHOD  AND  APPARATUS — These  experiments  were 
performed  by  placing  an  alundum  boat,  containing  a 
weighed  amount  of  dried  cobalt  oxide,  in  a  horizontal 
tube  electric  resistor  furnace,  maintaining  its  tem- 
perature therein  constant  for  a  definite  length  of 
time,  during  which  a  stream  of  carbon  monoxide  was 
passed  through  the  furnace  (see  Figs.  3  and  4). 

CARBON  MONOXIDE    GENERATOR — The    carbon    mon- 


oxide was  supplied  by  passing  carbon  dioxide  over  hot 
wood  charcoal,  which  reduced  it  according  to  the  re- 
action, CO2  +  C  =  2CO. 

Carbon  dioxide,  after  purification,  entered  the  lower 
end  of  the  carbon  monoxide  generating  furnace  at  G. 


Fig.  3 — App.^ratus  for  Reduction  of  CoaO*  with  Carbon  Monoxide 

This  furnace  was  of  the  electric  resistance  type,  made 
by  winding  nichrome  wire  over  an  alundum  cylinder, 
the  two  being  embedded  in  magnesite  cement,  and 
insulated  within  a  cylindrical  iron  container.  The 
wire  is  shown  in  section  at  H  and  the  iron  container 
at  I.  The  entire  core  of  the  furnace  was  filled  with 
wood  charcoal,  maintained  at  about  1000°  C.  by  an 
appropriate  current  through  the  heating  element. 
As  a  result,  carbon  monoxide  gas  left  the  generator  at 
J,  with  a  certain  amount  of  moisture  which  was  ab- 
sorbed by  passing  through  calcium  chloride  at  K. 
Thus,  substantially  pure  carbon  monoxide  entered  the 
reaction  furnace  proper  at  L,  passed  over  the  alundum 
boat  M,  with  its  cobalt  content,  and  the  excess  burned 
off  at  N. 

THE  REACTION  FURNACE — The  reaction  furnace 
proper  is  shown  in  Fig.  3.  It  consisted  of  a  central 
silica  tube   LN,    2   ft.   in  length,   and    i   in.   in  internal 


I 


Fig.  4 

diameter.  This  was  wound  with  calorite  or  nichrome 
wire,  of  such  resistance  that  it  could  be  controlled  by  a 
suitable  rheostat  Rh  on  no  volt  direct  current  mains, 
to  maintain  a  temperature  constant  to  within  less 
than  10°  during  a  run,  at  any  temperature  up  to 
1000°  C. 
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TEMPERATURE  MEASUREMENTS — The  temperature 
measurements  were  made  by  a  platinum  platinum- 
rhodium  thermo-element  Th,  and  readings  were  taken 
at  frequent  intervals  on  a  very  sensitive  millivolt- 
meter  Mv.  The  thermo-elements  used  for  the  tem- 
perature measurements  were  calibrated  at  frequent 
intervals. 

COOLING  CHARGE  IN  CARBON  MONOXIDE  ATMOSPHERE 

— The  silica  tube  NL  extended  beyond  the  end  of  the 
furnace  proper  from  O  to  N.  The  portion  0-N  was 
I  ft.  in  length  and  was  kept  cool  by  a  circulation  of 
water,  so  that  at  the  close  of  a  run  the  boat  was  re- 
moved from  the  centre  of  the  furnace  to  0— N,  where 
it  cooled  to  room  temperature  in  the  stream  of  CO 
gas. 

CONDUCTING  A  RUN — After  having  heated  the  re- 
action furnace,  and  the  CO  producer  furnace,  by 
suitable  currents,  to  the  desired  temperature,  runs 
were  made  as  follows: 

(a)  The  cock  C  was  opened  to  allow  CO2  gas  to 
pass  through  the  purifying  system  DEF  into  the 
producer  furnace  at  G. 

{b)  The  CO  gas  generated  in  the  producer  furnace 
GJ  passed  through  the  reaction  furnace  LN  and  was 
lighted  at  N. 

(c)  The  weighed  dried  boat  with  its  charge  was 
introduced  into  the  exterior  ON  of  the  reaction  fur- 
nace. 

(d)  Temperature  and  time  observations  were  be- 
gun, and  when  the  desired  temperature  had  been 
reached,  the  boat  was  moved  to  M. 

(e)  The  run  proper  had  now  begun,  during  which 
observations  of  time  and  temperature  were  made  and 
the  rheostat  Rh  adjusted  to  keep  the  temperature 
constant. 

(/)  After  a  definite  time  the  boat,  with  its  con- 
tents, was  withdrawn  from  M  to  ON,  where  it  was 
allowed  to  cool  in  a  current  of  carbon  monoxide  gas. 

(g)  When  the  boat  was  cool,  the  current  of  carbon 
monoxide  was  gradually  diminished  by  closing  the 
cock  C,  until  it  was  finally  entirely  cut  off. 

(//)  When  the  boat  was  cooled  to  room  tempera- 
ture, it  was  removed  to  a  desiccator  and  weighed. 

COBALT      OXIDE      FOR      CARBON      MONOXIDE      REDLTCTION 
EXPERIMENTS 

The  cobalt  oxide  for  the  CO  reduction  experiments 
was  identical  with  that  used  for  the  hydrogen  re- 
duction experimetits  so  that  the  column  headed 
"Reduction  where  100  per  cent  is  complete  reduction" 
is  computed  in  terms  of  27.0  per  cent  actual  reduction 
as  total. 

A  number  of  the  first  runs  were  made,  reducing 
C03O4  with  CO  and  allowing  the  reduced  product  to 
cool  in  the  atmosphere  before  weighing.  Under  these 
conditions,  reoxidation  took  place  rapidly,  so  that  but 
a  single  pair  of  typical  runs  are  given.  The  boats 
used  weighed  10.5-I-  and  13.3  grams  and  the  charges 
of  cobalt  oxide,  2 —  grams. 

The    reoxidation    of    cobalt    oxide    after    reduction 


with  carbon  monoxide  takes  place  with  great  vigor. 
If  the  boat  be  withdrawn  from  the  hot  furnace  directly 
into  the  atmosphere,  it  may  be  seen  to  glow  with 
great  brilliancy.  If  the  content  of  the  boat,  while 
still  warm,  be  snapped  out  on  the  floor,  it  will  re- 
oxidize  with  such  vigor  that  a  cracking  sound,  as  of  a 
mild  explosion,  attends  the  reaction,  i.  c.  the  re- 
oxidation taking  place  according  to  the  reaction 
6C0O  -|-  Oo   =   2Co.i04  is  extremely  exothermic. 

In  the  runs  of  Table  IV,  during  the  first  part  of  the 
run,  and  up  to  the  time  that  it  began  to  gain  in  weight, 


Table 

IV- 

— Reduction  of  CosOi  with  CC:i — Cooli 

NG 

IN    .\IR 

Temperature 

Number 

Time  of 

Per  cent 

Reduction 

Average 
Mean         deviation 

reduction 
Minutes 

100  = 

:un     Boat 

weight 

complete 

I           I 

602°                  9 

15 
30 
45 

10.6 
III 
10.8 

39.3 
41  .  1 
39.9 

the  C03O4  in  both  boats  gradually  became  a  gray  color. 
This  gray  material  is  CoO.  At  the  end  of  the  run  it 
was  black  again. 

On  account  of  the  irregularities  of  reoxidation,  the 
furnace  reaction  chamber  was  lengthened  by  sub- 
stituting a  silica  tube  of  length  LN  for  the  one  of 
length  LO  as  shown  in  Fig.  3.  The  overhanging 
tube  ON,  about  i  ft.  in  length,  was  cooled  by  water, 
and  served  as  a  cooling  chamber  for  the  boat  while 
CO  gas  was  still  passed  through  it. 

The  following  runs,  representative  of  a  large  number, 
show  the  rate  of  the  reduction  of  cobalt  oxide  by  CO 
gas  when  the  cooling  was  controlled  so  that  no  re- 
oxidation could  take  place.  The  boats  used  weighed 
about  8  grams  and  the  charges  of  oxide  about  2 
grams. 

In  Run  III,  Table  V,  the  oxide  became  a  greenish 
gray  color  at  the  end  of  the  first  five  minutes,  and  a 
uniform  steel-gray  color  at  the  end  of  fifteen  minutes. 
From  then  on  it  began  to  gain  in  weight,  due  to  a  de- 
posit of  carbon.  At  the  close  of  many  runs  at  this 
temperature,  there  was  an  extremely  heavy  deposit 
of  carbon  in  the  boat. 

This  run  was  typical  of  a  number,  which  showed  a 
reduction  from  the  original  black  oxide  to  the  green, 
followed  by  a  change  from  the  green  to  the  gray, 
and  then  a  gain  in  weight,  due  to  a  deposit  of  carbon. 
The  only  possible  source  of  carbon  was  from  the 
carbon  monoxide  gas,  so  that  the  finely  divided  metallic 
cobalt,  which  was  formed  during  the  first  stage  of  the 
reduction  of  the  gray  oxide,  probably  acted  catalyti- 
cally  to  decompose  carbon  monoxide  gas  at  this  tem- 
perature. This  is  an  extremely  interesting  decom- 
position which  might  well  be  studied  with  considerable 
care. 
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Pable    V — 

Reduction   of   Cobaut  Oxide  by 

Carbon  Mo 

■iO.XIOE  Gas- 

COOUNG 

IN  CO  Gas 

Temperature  °C. 

Number 

Time  of 

Loss  in 

Reduetion 

^ 

Average 

reduction 

weight 

100  = 

Run    Boat 

Mean 

deviation 

Miuutes 

Per  cent 

complete 

III 

347 

3 

5 

18.2 

67.3 

15 

25.2 

93.2 

45 

Deposit  of 

60 

carbon 

IV          I 

451 

3 

5 

22.1 

81.8 

15 

13.4 

49.5 

V            I 

453 

3— 

5 

21.4 

79.2 

15 

13,2 

48.4 

45 

Gain 

60 

Gain 

VI         I 

583 

5 

5 

16.2 

60.0 

15 

26.4 

97.8 

35 

26.8 

98.0 

50 

26.9 

99.6 

65 

27.0 

100.0 

VII        II 

596 

3 

20 

26.5 

98.1 

30 

26.6 

98.4 

VIII      I 

600 

5 

10 

21.0 

77.9 

IX         II 

597 

6 

5 

21  .2 

78.3 

15 

24.7 

91.0 

X 

611 

6 

49 

26.3 

97.7 

69 

26.7 

98.8 

86 

27.2 

100.0 

146 

27.1 

100.0 

XI         I 

594 

6 

5 

25.7 

95.0 

15 

26.3 

97.2 

45 

26.7 

99.0 

60 

26.7 

99.0 

XII       11 

601 

1 

5 

25.6 

94.9 

15 

26.5 

98.0 

45 

26.5 

98.0 

60 

26.6 

98.4 

XIII 

754 

3 

5 

26.7 

99.0 

15 

26.8 

99.3 

45 

26.9 

99.8 

60 

26.9 

99.8 

XIV 

752 

4 

5 

26.8 

99.6 

15 

26.8 

99.6 

45 

26.9 

99.8 

60 

26.9 

99.8 

XV 

749 

3 

5 

24.9 

92.3 

15 

26.7 

99.1 

45 

26.8 

99.6 

60 

26.8 

99.6 

ISO 

26.8 

99.6 

XVI 

751 

3 

5 

26.0 

96.2 

15 

26.6 

98.8 

45 

26.7 

99.1 

60 

26.7 

99.1 

XVII  . 

900 

4 

5 

26.5 

98.3 

15 

26.9 

99.8 

45 

27.0 

100.0 

60 

27.0 

100.0 

XVIII 

900 

4 

5 

26.6 

98.8 

15 

26.8 

99.7 

45 

26.9 

99.8 

60 

26.9 

99.8 

A  strong  odor  of  hydrocyanic  acid  was  noticed 
throughout  run  IV.  After  five  minutes  or  so,  a  de- 
posit of  carbon  began  to  form  in  the  boat,  due  to  the 
decomposition  of  carbon  monoxide  by  finely  divided 
cobalt,  as  in  the  runs  at  350°  C. 

Throughout  run  V  a  strong  odor  of  HCN  was 
noticed.  This  is  true  of  all  the  reductions  of  cobalt 
oxide   with   carbon  monoxide  in  the   neighborhood  of 

4S°°  C. 

These  two  runs  are  typical  of  a  large  number  of 
similar  ones.  Our  observations  seem  to  show  that  the 
decomposition  of  CO  by  cobalt  takes  place  only 
through  a  temperature  interval  in  the  neighborhood  of 
from  300-450°  C. 

The  check  between  composition  of  the  oxide  used  for 


these  CO  reduction  experiments,  as  determined  by 
analysis  and  as  determined  by  the  reduction  experi- 
ments themselves,  is  entirely  satisfactory.  (See  fol- 
lowing article,  p.  115.) 

CONCLUSIONS 

I.  The  reduction  of  C03O4  to  metallic  cobalt  by 
carbon  monoxide  gas  takes  place  very  rapidly  at  all 
temperatures  above  600°  C. 

II.  Between  350°  C.  and  450°  C,  carbon  monoxide 
at  first  reduces  C03O4  to  cobalt,  but  after  a  time  the 
finely  divided  cobalt  decomposes  the  CO  gas,  de- 
positing carbon. 

III.  At  temperatures  between  500°  C.  and  750°  C, 
over  90  per  cent  of  the  reduction  of  C03O4  to  Co  takes 
place  in  a  few  minutes,  but  a  further  reduction  to  com- 
pletion takes  place  very  slowly. 

IV.  Between  750°  C.  and  900°  C,  the  amount  of 
reduction  of  C03O4  to  Co,  which  takes  place  during 
the  first  few  minutes  increases  very  rapidly,  and  at  the 
higher  temperatures  it  is  complete. 

V.  Where  producer  gas  is  available  it  should  offer 
a  cheap  and  efficient  means  of  producing  large  quan- 
tities of  pure  metallic  cobalt  from  the  oxide. 

VI.  For  the  production  of  cobalt  from  C03O4  by 
CO,  the  charge  must  be  completely  cooled  in  an  atmos- 
phere of  CO. 

IV REDUCTION    OF   COBALT    OXIDE    WITH   ALUMINUM 

The  heat  of  formation  of  a  molecular  weight  in 
kilograms  of  aluminum  oxide  (AI2O3)  is  392,600  kilo- 
gram-calories, and  is  greater  than  that  of  any  other 
metallic  oxide.  The  molecular  heat  of  formation  of 
ferric  oxide  (Fe203)  is  correspondingly  195,600  kilo- 
gram-calories. It  is  therefore  obvious  that  if  finely 
divided  aluminum  be  intimately  mixed  with  ferric 
oxide  (Fe203),  the  latter,  possibly  in  the  form  of 
rolling  mill  scale,  that  the  reaction  Fe203  +  2AI  = 
AI2O3  -h  2Fe  will  take  place,  provided  the  tempera- 
ture be  raised  at  some  point  in  the  mixture  sufficient 
to  start  the  reaction.  This  principle  has  been  used 
by  the  Goldschmidt  Thermit  Co.  to  produce  molten 
iron  for  welding  purposes. 

It  is  obvious  that  for  every  160  kilograms  of  ferric 
oxide  and  54  kilograms  of  metallic  aluminum  that  are 
mixed  together  and  fired  in  this  way,  there  are  de- 
veloped 392,600  —  195,600  =  197,000  kilogram- 
calories  of  heat.  This  is  sufficient  to  raise  the  entire 
mass  to  a  white  heat,  so  that  the  molten  iron  readily 
settles  to  the  bottom  from  where  it  may  be  tapped. 

In  a  similar  manner,  metalHc  cobalt  may  be  prepared 
by  reduction  of  cobalt  oxide  with  aluminum  according 
to  the  reaction: 

3C03O4  +  8A1  =  4AI2O3  -j-  9C0 
The  molecular  heat  of  formation  of  C03O4  is   193,400 
calories.' 

It  is  therefore  obvious  that  for  every  723  kilo- 
grams C03O4  and  216  kilograms  of  aluminum  that  are 
mixed  together  and  fired,  there  are  developed 
4  X  392,600  —  3  X  193,400  =  990,200  kilogram- 
calories  of  heat.     We  would,  therefore,  expect  a  reaction 

'  Tables  A>inudles  Internationales  des  Constanles.  1,  428  (1910). 
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quite  as  vigorous,  if  not  more  vigorous,  than  tlie  corre- 
sponding one  with  ferric  oxide. 

Experiments  were  tried,  October,  1912,  using  a 
standard  Goldschmidt  Thermit  conical  welding  fur- 
nace. Into  this  was  charged  5—10  lbs.  of  finely  divided 
C03O4  with  the  theoretical  amount  of  aluminum, 
according  to  the  equation  3C03O1  -f  8A1  =  4AI2O3  -f 
9C0.  The  reaction  was  started  by  lighting  a  fuse  of 
finely  divided  aluminum  and  potassium  chlorate, 
rolled  in  a  piece  of  tissue  paper.  The  furnace  fired 
with  extreme  violence,  in  every  case  becoming  an  in- 
tense white  heat.  The  vigor  of  the  reaction  was  so 
great  that  the  lining  of  the  furnace,  although  the  best 
alundum-magnesite-cement  mixture,  would  stand  up 
for  only  two  or  three  charges. 

THE  METAL — The  metal  produced  in  this  manner 
was  readily  tapped  from  the  bottom  of  the  furnace 
into  iron  or  sand  moulds.  It  frequently  contained  less 
than  0.1  per  cent  of  aluminum,  and,  of  course,  was 
carbon-free. 

The  various  metals,  chromium,  molybdenum,  etc., 
made  by  the  Goldschmidt  Co.  by  this  method,  as  they 
have  come  to  us,  run  about  0.5  per  cent  in  aluminum 
and  are  carbon-free. 

CONCLUSIONS 

This  aluminum  reduction  method  can  obviously 
be  used  with  considerable  satisfaction  where  ab- 
solutely carbon-free  metal  is  required,  and  where  a 
somewhat  increased  cost  is  not  prohibitive.  More- 
over, it  affords  a  method  of  preparing  cobalt-aluminum 
alloys  at  once  by  adding  an  excess  of  metallic 
aluminum. 

The  price  of  crude  aluminum,  such  as  might  be  used 
for  this  purpose,  is  in  the  neighborhood  of  17  cts.  per 
lb.  One  pound  of  aluminum  will  reduce  and  melt 
in  this  way  a  little  over  two  pounds  of  metallic  cobalt. 
Therefore,  there  is  a  charge  of  17  cts.  in  the  form  of 
I  lb.  of  metallic  aluminum,  for  the  power  for  re- 
ducing and  melting  two  pounds  of  metallic  cobalt. 
There  might,  of  course,  be  some  return  for  the  fused 
aluminum  oxide  which  resulted  from  the  process,  but 
even  allowing  liberally  for  this,  the  costs  are  high  as 
compared  with  the  carbon  and  carbon  monoxide 
methods  of  reduction  described  elsewhere  in  this  paper. 

It  is  obvious  that  the  heating  costs  must  be  high  by 
the  aluminum  method,  for  heat  is  being  supplied  at  a 
temperature  greater  than  2100°  C,  that  is,  at  a  tem- 
perature far  in  excess  of  what  is  required  for  the 
reduction  of  the  oxide  and  the  melting  of  the  metal, 
and  with  consequent  attendant  increased  losses,  due 
to  conduction  and  radiation. 
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OXIDES  OF  COBALT' 

By  Herbert  T.  Kalmus 

The  following  oxides  of  cobalt  have  been  described 
in  various  places  throughout  the  literature:  C02O, 
CoO,    C08O5,    CoeO,,    C04O5,    Co,,04,    C07O10,    C02O3, 

'  Published  by  permission  of  the  Director  of   Mines,  Ottawa,  Canada. 
See  footnote  to  previous  article,  page  107. 


C012O19,  C03O5,  C0O2,  and  considerable  disagreement 
is  to  be  found  among  the  statements  concerning  them. 
The  existence  of  many  of  these  compounds  is  doubt- 
ful, and  there  are  but  three  of  them  which  particularly 
concern  the  commercial  manufacturer  of  cobalt  oxide: 
C03O4,  C06O7  and  CoO.  These  concern  us  in  the 
production  of  metallic  cobalt.  We  shall,  therefore, 
describe  these  three  oxides  as  we  have  observed  them 
in  the  course  of  the  experiments  reported  in  our  pre- 
vious article,  p.  107  of  this  issue  of  This  Journal. 

COBALTO-COBALTIC    oxide,    CO3O4 

The  ordinary  black  commercial  cobalt  oxide  which 
has  been  prepared  from  the  hydrate,  by  calcining  in 
the  neighborhood  of  750°  C,  is  a  mixture  of  C03O4 
and  CoeO,,  but  largely  the  former. 

There  is  an  abundance  of  proof  throughout  the 
previous  paper  that  this  black  oxide  is  largely  C03O4, 
of  which  the  following  may  be  particularly  noted: 

(a)  The  purified  cobalt  oxide  used  for  hydrogen 
reduction  experiments,  making  allowance  for  the  im- 
purities according  to  the  analyses,  was  computed  to 
contain  72.9  per  cent  cobalt.  The  hydrogen  reduction 
experiments,  using  this  same  oxide,  showed,  wherever 
the  reduction  was  complete,  a  loss  of  oxygen  amounting 
to  27.0  per  cent.  As  was  shown  on  p.  iii,  this  checks 
with  the  72.9  per  cent  of  cobalt,  with  allowance  made 
for  the  slight  impurities.  Hence,  this  black  oxide 
must  be  largely  C03O4,  as  may  be  seen  from  the  fol- 
lowing theoretical  percentages: 

Per  cent  cobalt 

C020a 71.1 

CojO) 73  .  4 

CocO? 75.9 

CoO 78.8 

(b)  The  purified  cobalt  oxide  used  for  the  carbon 
monoxide  experiments,  making  allowance  for  the  im- 
purities according  to  the  analysis,  was  computed  to 
contain  72.9  per  cent  cobalt.  The  CO  reduction 
experiments,  using  this  same  oxide,  wherever  re- 
duction was  complete,  showed  a  loss  of  oxygen  amount- 
ing to  27.0  per  cent.  As  was  shown  on  pp.  no  and  in, 
this  checks  with  72.9  per  cent  cobalt,  with  allowance 
made  for  the  slight  impurities.  Hence,  this  black 
oxide  must  be  largely  C03O4  according  to  the  table 
under  (<;). 

(f)  As  a  further  proof  that  the  black  oxide  calcined 
at  a  good  red  heat  is  C03O4,  the  following  experiment 
was  tried: 

A  pure  black  hydrate  of  cobalt  was  made  from 
electrolytic  cobalt  by  the  potassium-cobalti-nitrite 
method.  This  was  calcined  to  constant  weight  at 
105°  C,  yielding  a  chocolate-brown  powder,  which  was 
uniform  .under  the  microscope.  Several  samples  of 
this  brown  powder  were  calcined  to  constant  weight 
at  640°  C,  and  in  each  instance  showed  a  loss  of 
water  between  11.5  per  cent  and  11.8  per  cent.  There- 
fore, the  brown  powder  corresponds  very  closely  to 
C02O3.H2O. 

The  material  resulting  from  these  calcinations  was 
a  black  powder  identical  in  appearance  under  the 
microscope  with  the  black  cobalt  oxide  of  commerce. 


ii6 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY        Vol.  6,  Xo.  2 


A  sample  of  this  previously  calcined  black  oxide  was 
calcined  at  a  red  heat  to  a  constant  weight  of  0.8300 
gram.  The  same  sample  was  then  completely  re- 
duced with  a  mixture  of  hydrogen  and  carbon  mon- 
oxide gas  at  goo°  C,  which  brought  it  to  a  constant 
weight  of  0.6063  gram.     Thus,  the  loss  in  weight  was 

27.2  per  cent.  Except  for  traces,  this  material  was 
free  from  non-reducible  substances,  so  that  the  oxide 
contained  72.8  per  cent  cobalt,  against  73.4  per  cent 
corresponding  theoretically  with  C03O4.  This  was 
checked  several  times,  which  substantiates  the  state- 
ment that  black  cobalt  oxide  is  Co304. 

(d)  A  further  experiment  was  as  follows:  Black 
oxide  was  brought  to  constant  weight  at  640°  C,  and 
immediately  thereafter  brought  to  constant  weight 
by  heating  to  1020°  C.  This  experiment  was  tried 
several  times  and  in  every  instance  the  percentage 
loss  in  weight  was  found  to  be  very  close  to  7.1  per 
cent.     The  resulting  gray  oxide  at   1020°  C.  analyzed 

79.3  per  cent  Co,  corresponding  very  well  with  CoO 
(78.8  per  cent  Co). 

The  theoretical  loss  in  passing  from  C03D4  to  CoO 
is  6.6  per  cent.  As  against  this,  the  theoretical  loss 
passing  from  C03O4  to  CoeO,  would  be  3.3  per  cent, 
and  correspondingly,  passing  from  CoeO,  to  CoO  the 
loss  would  be  3.3  per  cent.  Thus,  there  is  very  little 
doubt  but  that  our  reduction  of  the  black  oxide  formed 
at  red  heat,  to  the  gray  at  1020°  C,  corresponds  with 
the  transition  from  C03O4  to  CoO. 

(e)  Two  independent  samples  of  brown  Co20,-!.H20, 
calcined  to  constant  weight  at  640°  C,  analyzed  for 
cobalt,'  respectively,  74.7  per  cent  and  73.8  per  cent. 
This  analysis  is  between  C03O4  =  73.4  per  cent  Co  and 
CoeO;  =  75.9  per  cent  Co.  This  black  oxide  is  there- 
fore largely  C03O4  with  some  CoeO,. 

The  black  hydrated  cobalt  oxide,  as  formed  com- 
mercially by  precipitation  of  a  chloride  or  sulfate 
solution  with  bleach,^  or  the  brown  C02O3.H2O,  may 
be  calcined  at  any  temperature  between  385°  C.  and 
910°  C,  to  yield  substantially  the  same  product, 
but  in  practice  it  is  better  to  calcine  at  a  good  red 
temperature,  in  order  that  the  calcination  may  take 
place  with  reasonable  speed. 

That  there  is  a  range  between  385°  C.  and  910°  C, 
through  which  very  little  oxidation  or  reduction  of  the 
black  C03O4  takes  place,  is  shown  by  the  following 
figures: 

Starting  with  C03O4,  heated  to  constant  weight  at 
385°  C.  the  loss  in  weight  heating  it  to  constant 
weight  is 


at  640"  C 0.7  per  < 

at  770°  C 1.2  per  ( 


:it  860°  C 2.4  per  cent 

al  910°  C 2.5  per  cent 


Just  above  910°  C,  however,  the  reduction  begins  to 
take  place  very  rapidly,  and  the  black  C03O4  reacts 
to  become  gray  CoO.  Continuing  the  experiment 
for  which  the  figures  above  are  given,  we  have  loss  in 
weight  heating  it  to  constant  weight 

at  980°  C 7.0  per  cent 

This  oxide,  C03O4,  shows  no  trace  of  being  magnetic. 

'  Including  very  small  amounts  of  Ni  and  Fe. 
2  See  page  107. 


THE    OXIDE    COeO; 

CoeO;  is  not  to  be  distinguished  from  C03O4  either 
in  appearance  or  in  method  of  preparation;  in  fact, 
we  have  not  succeeded  in  forming  a  pure  oxide  of 
cobalt  which  analyzed  very  close  to  75.9  per  cent. 
On  the  other  hand,  as  will  be  noticed  in  many  places 
throughout  this  paper,  the  analyses  of  the  material 
obtained  by  calcining  at  a  red  heat  are  frequently 
something  in  excess  of  73.4  per  cent  after  making 
allowance  for  impurities.  We,  therefore,  assume  that 
a  certain  amount  of  CoeOj  accompanies  the  C03O.1. 

COB.ALT    MONOXIDE,    CoO 

Cobalt  monoxide  is  the  stable  oxide  of  cobalt  when 
calcination  takes  place  at  a  high  temperature,  that  is, 
in  the  neighborhood  of  1000°  C.  It  is  a  gray  powder 
and  reacts  to  form  the  metal  by  heating  with  carbon 
monoxide  gas  at  any  temperature  above  450°  C,  or 
with  hydrogen  gas  at  any  temperature  above  250° 
C. 

Cobalt  monoxide  also  exists  in  an  allotropic  form 
which  is  a  yellow-green  powder.  Either  the  yellow- 
green  or  the  gray  cobalt  monoxide  oxidizes  to  C03O4, 
or  to  a  mixture  of  C03O4  and  CoeO;  when  heated  in  the 
air  to  any  temperature  between  385°  C.  and  910°  C. 
The  yellow-green  variety  is  readily  formed  by  heating 
C03O4  with  2  to  3%  by  weight  of  C  at  temperatures 
in  the  neighborhood  of  900°  C. 

Numerous  analyses  of  the  purified  gray  oxide  have 
been  made,  which  range  around  the  theoretical  value 
78.8  per  cent.  The  following  experiment  was  tried 
to  prove  that  yellow-green  oxide  is  an  allotropic  form 
of  the  gray  CoO:  Black  C03O4  calcined  at  640°  C. 
to  constant  weight  was  then  calcined  to  constant 
weight  at  1020°  C.  It  lost,  thereby,  7.1  per 
cent  in  weight,  and  the  product  was  gray  CoO. 
Yellow-green  CoO,  produced  by  the  reduction  of 
black  C03O4  with'  hydrogen  at  300°  C,  was 
calcined  to  constant  weight  in  air  at  640°  C, 
gaining,  thereby,  6.5  per  cent  in  weight  and  becoming 
black.  This  experiment,  like  the  others,  indicates 
that  the  gray  and  the  yellow-green  oxides  are  identical 
to  within  such  limits  that  if  the  yellow-green  be  CoO, 
the  gray  cannot  depart  from  it  by  more  than  the 
formula  C019O20.  Such  differences  as  there  are,  how- 
ever, seem  to  show  uniformly  that  the  gray  has  slightly 
the  greater  oxygen  content  of  the  two. 

A  further  experiment  was  performed  with  the  yellow- 
green  oxide  as  follows:  Freshly  prepared  yellow- 
green  oxide  was  reduced  to  metal  with  hydrogen  and 
carbon  monoxide  gas,  and  brought  to  constant  weight. 
During  the  reduction,  the  loss  in  weight  was  21.5  per 
cent  in  one  case  and  21.3  per  cent  in  another,  corre- 
sponding very  well  with  the  reduction  of  CoO  to 
metallic  cobalt  which  would  be  21.3  per  cent. 

Both  the  gray  and  the  green  CoO  are  nonmagnetic, 
and  the  samples  of  gray  prepared  by  us,  as  well  as  those 
obtained  from  commercial  sources,  are  homogeneous 
powders  under  100  diameters  magnification. 

l''l,iictrochkmic.\l  and  metallurgical  research  laboratories 
School  of  Mining.  Queen's  University 
Kingston.  Ontario 
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THE  ANALYTICAL  CONSTANTS  OF  HYDROGENATED 
OILS 

By  Carleton  Ei.lis 
Received  January  5.    1913 

The  hydrogenation  of  oils  has  to  such  an  extent 
changed  certain  of  the  constants  by  which  oils  and  fats 
are  at  least  in  part  identified,  namely,  the  iodine  num- 
ber and  the  specific  gravity,  that  the  identification  of 
a  fat  or  fatty  mixtures,  often  heretofore  a  trouble- 
some matter  at  best,  now  promises  to  become  even 
more  difficult. 

The  reduction  of  the  iodine  number  through  the 
introduction  of  hydrogen  into  the  oil,  in  a  sense  is  arbi- 
trary; there  is  no  difficulty  in  reducing  the  iodine  num- 
ber almost  to  zero  through  the  hydrogenation  process, 
or  at  any  moment  to  interrupt  the  operation  and  from 
one  and  the  same  initial  material  to  produce  products 
having  the  most  varied  iodine  numbers. 

The  specific  gravity  and  melting  point  advance  hand 
in  hand  as  saturation  progresses,  the  specific  gravity 
approaching  that  of  tristearine,  while  the  resultant 
melting  point  in  considerable  measure  depends  upon 
the  molecular  weight  and  the  hydroxyl  content  of  the 
fatty  acid  components  of  the  oil.  The  specific  gravity 
of  a  hardened  cottonseed  oil  whose  iodine  number  had 
been  reduced  to  zero  was  found  by  Normann  and  Hugel' 
to  be  cgggg  at  15°  C,  while  they  note  that  tristearine 
has  a  specific  gravity  of  i.oioi  at  the  same  tempera- 
ture.^ 

The  index  of  refraction  also  is  strongly  modified. 
A  sample  of  fish  oil  at  56°  C,  according  to  Normann 
and  Hugel,  showed  a  figure  of  53.8;  while  after  hard- 
ening to  an  iodine  number  of  22.5  the  index  was  36°  C. 
at  the  same  temperature.  (Scale  of  the  Zeiss  butter 
refractometer.) 

Observations  made  in  the  writer's  laboratory  on 
the  index  of  refraction  of  a  number  of  hydrogenated 
oils  gave  the  results  noted  below: 


Index  of  Repkaction  at  5 
(Abbe  Refractometer)^ 
Original  Oil 

Corn 1.461,'i 

Whale  (No.   1) 1  .4603 

Soya  bean 1  ,  46 1  7 

Cocoanut  oil  ("olein") 1  .  4429 

I.inseed 1  .4730 

Palm 1  .45_'3 

Palm 1  .4523 

Peanut  (edible) 1  .  4S67 


The  gradual  reduction  of  the  index  of  refraction  by 
progressive  hydrogenation  is  shown  in  the  following 
table  compiled  from  determinations  made  in  the 
writer's  laboratory. 

Cottonseed  oil  was  hydrogenated  for  a  period  of  ten 
hours  and  samples  were  drawn  at  one  hour  intervals. 

>  Chem.  Zlg..  1913,  815. 

-  The  specific  gravity  of  tristearine  is  given  by  the  "Chemiker  Kalender" 
as  1. 0101  at  15°  C,  while  Lewkowitsch  reports  the  specific  gravity  of 
a  specimen  of  not  quite  pure  stearine  in  the  melted  state  as  0.9235  at 
65.5°  C. 

3  Refraction  values  are  given  in  terms  of  true  refractive  index  and  also 
according  to  the  arbitrary  scale  of  the  butyro-refractoraeter.  in  order  to  fol- 
low the  data  available,  as  rendered. 


Hydrogenated  Oil 

1.4514  (M.  P.  55.7° 

C.) 

1.4550  (M.  P.  41.5° 

C.) 

1.4538  (M.  P.  50.3° 

C.) 

1.4425  (M.  P.  24.7° 

'  C.) 

1.4610  (M.  P.  42.3° 

C.) 

1.4517  (M.  P.  38.7° 

'  C.) 

1.4494  (M.  P.  44.8° 

'O 

1.4547  (M.  P.  34.7  = 

'  C.) 

Orig 

1 

3 
4 
5 
6 

il  Oil 
hour 
hour- 

It  is  of  interest  to  note  that  while  the  addition  of 
hydrogen  to  fatty  oils  reduces  the  index  of  refraction, 
the  addition  of  oxygen  increases  the  index  as  is  shown 
in  the  case  of  blown  or  ozonized  oils. 

Melting        Index  of  refraction 

point  55°  C. 

1 .4588 

28.2°C.  1.4577 

31.3  1 . 4568 

34.3  1.4557 

...      37.9  1.4549 

40.8  1.4540 

43 . 8  1 . 4527 

7  "       45.6  1.4518 

8  "       47.3  1.4510 

10     "       55.9  1.4496 

The  saponification  number  practically  does  not 
change.  The  content  of  free  fatty  acids  changes  but 
little.  A  sample  of  cottonseed  oil  containing  i.S 
per  cent  fatty  acid  was  found,  after  hardening  to  va- 
rious degrees,  to  have  a  fatty  acid  content  ranging 
from  1.4  per  cent  to  1.9  per  cent.  With  sesame  oil  con- 
taining 2.44  per  cent  fatty  acid  the  resulting  hardened 
oil  contained  2.55  per  cent  of  acid.  The  content  of  un- 
saponifiable  bodies  does  not  essentially  change.  Cot- 
tonseed oil  having  0.55  per  cent  unsaponifiable  matter, 
after  hardening,  showed  a  content  of  unsaponifiable 
bodies  ranging  from  0.45  per  cent  to  0.55  per  cent; 
sesame  oil  with  an  unsaponifiable  content  of  o.7opercent, 
after  hardening  contained  0.85  per  cent  unsaponifiable. 

Cholesterol  and  phytosterol,  according  to  Bomer, 
are  not  changed  by  treating  oils  with  hydrogen,  although 
this  is  somewhat  contrary  to  the  statement  of  Win- 
daus,'  according  to  whom  cholesterol  may  be  easily 
reduced  by  the  catalytic  process.  Willstatter  and 
Mayer-  hydrogenated  cholesterol  in  ether  solution 
with  a  platinum  catalyzer. 

In  the  case  of  the  acetyl  number  more  noticeable 
changes  take  place  according  to  Normann  and  Hugel. 
When  hardening  castor  oil,  for  example,  the  hydroxyl 
number  in  one  sample  dropped  from  156  to  102;  in 
another  sample  the  number  fell  to  131.  The  hydroxyl 
group  is  thus  more  or  less  broken  down  by  the  hydro- 
genation process,  at  least  under  some  conditions  of 
treatment. 

Acid  number 3.5 

Saponification  number 183.5 

Iodine  number 4.8 

Acetyl  number : 153.5 

Acetyl  number  of  the  fatty  acids 1 43  .  1 

Acid  number  of  the  fatty  acids 184.5 

Saponification  number  of  the  fatty  acids 187.9 

Melting  point  of  the  fat 68°  C. 

Melting  point  of  the  fatty  acids 70°  C. 

Melting  point  of  the  acetylated  acids ; 47°  C. 

The  properties  of  hardened  castor  oil  have  been 
noted  by  Garth,'  whose  observations  differ  somewhat 
from  those  of  Normann  and  Hugel.  As  is  generally 
known,  castor  oil  differs  materially  from  many  other 
common  oils  in  such  respects  as  its  high  viscosity,  solu- 
bility in  alcohol  and  difficulty  of  salting  out  its  soaps 
by  electrolytes.  Hardened  castor  oil  dissolves  in 
alcohol  only  by  heating  and  separates  on  cooling,  but 
is  soluble  at  ordinary  temperature  in  chloroform.  The 
constants  of  one  sample  of  hardened  castor  oil  exam- 
ined by  Garth  are  given  in  the  above  table. 

1  Bit.  d.  (hem.  Ces..   1912,  3051. 
■  Ibid..   1908,  41.  2199. 
I  .SV.>>«  Zlg..   1912,  1309. 
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These  results  obtained  by  Garth  would  indicate  that 
the  saponification  and  acetyl  number  do  not  change. 
The  iodine  number  has  fallen  greatly  and  the  melting 
point  is  much  increased.  The  difference  between  the 
acid  number  of  the  fatty  acids  and  their  saponification 
number  points  to  the  formation  of  lactones.  As  is 
known  castor  oil  has  the  property  at  high  temperatures 
of  forming  anhydrides,  accompanied  by  polymeriza- 
tion. 

The  effect  of  hydrogenation  on  color  tests  of  oils 
is  variable.  Thus  the  Boudouin  sesame  oil  test  is  not 
influenced;  in  fact  the  reaction  seemingly  is  sharper 
after  treatment  of  the  oil  with  hydrogen,  while  the 
Halphen  test  is  not  likely  to  give  positive  results  even 
with  oils  which  have  been  only  slightly  hardened. 

The  Becci  test  is  operative  with  slightly  hardened 
cottonseed  oil,  but  is  indistinct  with  highly  hardened 
oil  so  that  this  test  is  significant  only  in  event  of  a  posi- 
tive coloration. 

Hardened  fish  oil  loses  all  its  essential  characteristics 
such  as  the  formation  of  well  defined  bromine  com- 
pounds of  the  higher  unsaturated  fatty  acids.  Thus 
there  are  obtained  after  hardening,  new  fatty  acids 
corresponding  to  the  saturated  bodies,  -arachidic 
(C20H40O2)  and  behenic  acids  (C22H44O2),  which  in 
variable  amounts  up  to  a  proportion  of  20  per  cent  and 
more  have  been  observed  in  certain  hydrogenated  oils. 
In  the  hardening  of  rape  oil  behenic  acid  is  formed  from 
the  erucic  acid  present.  Other  oils  or  fats  with  a 
noticeable  proportion  of  acids  with  more  than  18  car- 
bon atoms  in  the  molecule  apparently  scarcely  ever 
come  into  the  trade. 

As  a  test  for  hydrogenated  peanut  oil,  Kreiss  and 
Roth'  have  given  a  method  which  consists  in  saponi- 
fying 20  grams  of  the  oil  with  40  cc.  of  alcoholic 
potash;  then  adding  60  cc.  of  alcohol  and  acidifying  by 
the  addition  of  50  per  cent  acetic  acid  of  which  ap- 
proximately 15  cc.  are  required.  One  and  one-half 
grams  of  lead  acetate  are  added  and  the  mixture  al- 
lowed to  stand  over  night.  The  lead  salts  which 
separate  are  decomposed  by  boiling  with  5  per  cent 
hydrochloric  acid,  the  fatty  acids  are  dissolved  in  50  cc. 
of  go  per  cent  alcohol  with  slight  warming  and  the 
solution  is  placed  in  water  at  15°  for  about  one-half 
hour.  The  crystals  which  separate  are  recrystallized 
from  25  cc,  then  12V2  cc.  of  90  per  cent  alcohol  and 
the  melting  point  determined.  The  presence  ot  at 
least  5  per  cent  arachidic  acid  causes  the  melting 
point  of  the  third  crystallization  to  be  over  70°  C. 

Normann  and  HugeP  state  that  this  test  is  applicable 
likewise  to  hardened  fish  and  rape  oil.  They  tested  a 
number  of  samples  of  fish  oil  from  several  sources  and 
found  in  each  case  that  the  melting  point  of  the  re- 
crystallized  fatty  acids  was  at  least  70°.  Normann 
and  Hugel  state  that  it  is  unnecessary  with  hardened 
fish  oil  to  allow  the  lead  acetate  to  react  for  several 
hours,  it  sufficing  simply  to  let  the  mixture  stand  until 
cooled  to  room  temperature;  this  can  be  hastened  by 
cooling  with  water.  So  large  a  proportion  of  fatty 
acids  is  obtained  according  to  this  procedure  that  the 

'  Chem.  Zle-,  1913,  S8  and  369. 
'Ibid..  1913,  SIS. 


specified  amount  of  alcohol  is  not  sufficient  to  dissolve 
them.  It  is  better  to  use  100-150  cc.  of  alcohol  and 
heat  on  the  water-bath  until  solution  is  affected.  The 
application  of  heat  should  not  be  continued  for  any 
great  length  of  time  as  arachidic  acid  readily  forms 
esters.  The  mixture  is  then  placed  in  cold  water, 
cooled  to  room  temperature  and  the  separated  material 
collected  and  crystallized  several  times  from  alcohol 
used  in  progressively  diminishing  proportions.  Three 
crystallizations  suffice  for  only  slightly  hardened  fats. 
With  fats  of  higher  consistency  one  must  recrystallize 
several  times  more  until  the  melting  point  is  constant. 

In  one  case  using  hardened  fish  oil  having  a  melting 
point  of  44,  three  recrystallizations  from  alcohol  gave 
a  constant  melting  point  of  only  63°,  while  further  re- 
crystallization  using  acetone  caused  the  melting  point 
to  advance  to  76°.  In  doubtful  cases  one  should  try 
several  solvent  mediums.  If  the  melting  point  is 
found  to  be  above  70°  C.  Normann  and  Hugel  think 
it  proof  that  either  hardened  fish,  rape  or  peanut  oil 
is  present.  If  one  is  certain  of  the  unitary  character 
of  the  oil  then  peanut  and  rape  oil  can  be  distinguished 
from  fish  oil  by  the  cholesterol  test,  provided  the  state- 
ment of  Bomer  in  regard  to  the  unchangeability  of 
cholesterol  and  phytosterol  under  ordinary  conditions 
of  oil  hydrogenation  is  confirmed. 

Data  on  hardened  oils  by  Davidsohn'  are  tabulated 
below: 

SaponiScation 

M.  P.  Acid  No.  number  Moisture  .Ash 

Talgol 39.3               3.4  191.0  0.10.  0.07 

Talgol  extra 46.5               3.5  191.3  0.13  0.05 

Candelite 49.0              3.2  191.0  0.20  0.()& 

Candelite  extra 51.9              3.9  190.8  0.15  0.04 

Coryphol 79.3               3.3  189.9  0.18  0  05 

These  hardened  fish  oils  or  other  hardened  oils  put 
out  under  the  trade  names  indicated  are  manufactured 
by  the  Germania  Oil  Works  of  Emmerich. 

Knapp-  states  that  the  attention  of  analysts  should 
be  directed  to  the  fact  that  in  the  immediate  future 
they  will  be  called  upon  to  analyze  certain  new  artificial 
fats  prepared  by  hydrogenation  and,  not  improbably, 
to  detect  their  presence  as  adulterants.  Thus,  for 
example,  starting  with  olive  oil,  as  the  absorption  of 
hydrogen  proceeds,  a  turbid  oil,  then  a  liquid  magma, 
then  a  soft  fat,  and  finally  a  hard  fat,  is  obtained. 
Knapp  observes  "A  similar  change  occurs  with  all  oils 
containing  glycerides  of  unsaturated  acids.  This  rise 
in  the  melting  point  is  naturally  accompanied  b  a 
decrease  in  the  iodine  value  and  refractive  index. 
Fats  have  been  prepared  in  this  way  from  cottonseed 
oil  with  iodine  values  as  low  as  5,  and  if  desired  the 
iodine  value  could  doubtless  be  reduced  to  o,  and  the 
melting  point  raised  to  60°— 70°  C.  -  While  it  is  too 
costly  for  commercial  purposes  to  carry  the  saturation 
of  the  unsaturated  glycerides  to  completion,  it  might 
be  of  value  in  the  laboratory  as  an  aid  to  determining 
the  component  glycerides  in  a  pure  oil.  Not  only  the 
oils  containing  glycerides  of  oleic  acid  can  be  hardened, 
but  also  those  containing  glycerides  of  linolic  acid  and 
linoleic  acid  (the  drying  oils),  and  even  of  such  highly 

1  Org.  /.  d.  01-  und  Fellhdl.,  191S,  No.  14  and  15.  and  Seifen.  ZIg..  1913, 
529. 

»  The  .■l>ia;v.sr.,1913,  102. 
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unsaturated  acids  as  clupanodonic  (in  whale  oils). 
Anyone  who  has  seen  a  malodorous  oil  converted  into 
a  bland  odorless  tallow  realizes  the  commercial  possi- 
bilities of  the  process.  And  when  it  is  remembered 
that  the  process  can  be  stopped  when  the  iodine  value 
reaches  a  desired  number,  the  possibility  becomes  evi- 
dent of  the  preparation  of  a  fat  with  any  required 
analytical  figures."  In  support  of  the  foregoing, 
Knapp  furnishes  the  following  data: 

Original  Hardened  oils 

oil        . ■ . 

Appearance Clear    Solid  particles  Soft  greasy      Brittle 

liquid     floating  in  oil         solid  solid 

Butyro-refractometer 

(corrected  to  40°  C.) 57.7  ..  47.7 

Fatty  acids 

Iodine  value 110  94  55  22 

Titer 34.7°  C.  37.0"  C.         42.5°C.  52.2°C. 

Neutralization  value 

(mg.   KOH) 197  196  196  192 

The  analyst  is  chiefly  interested  in  the  question  of 
how  these  fats  are  to  be  detected.  It  is  doubtful  if 
their  most  characteristic  feature,  the  relatively  high 
percentage  of  stearic  glycerides  which  they  contain, 
will  be  of  much  service.  Knapp  states  that  until  the 
manufacturer  accomplishes  the  difficult  step  of  com- 
pletely removing  the  nickel,  the  detection  of  traces  of 
this  metal  will  be  the  simplest  and  most  reliable  test 
for  hardened  oils.'  Although  the  catalyst  is  very  finely 
divided,  the  manufacturer  can  obtain  a  perfectly  clear 
fat  by  careful  filtration,  and  hence  it  is  the  nickel  con- 
tained in  the  nickel  soaps  formed  by  the  free  fatty  acids 
present  that  one  has  to  detect.  The  following  method 
is  suggested:  50  grams  of  the  fat  are  heated  in  a  flask 
with  20  cc.  hydrochloric  acid,  with  continued  vigorous 
shaking.  The  mixture  is  allowed  to  separate  while 
hot,  and  part  of  the  acid  solution  is  evaporated  to 
dryness,  dissolved  in  a  drop  of  water,  and  placed  on  a 
white  tile.  One  drop  of  ammonium  sulfide  is  added  to 
this  and  also  to  a  drop  of  water  for  comparison.  Knapp 
however,  tried  this  test  only  on  a  few  hardened  oils, 
and  in  some  cases  with  negative  results.  Dimethyl- 
glyoxime  is  a  much  more  delicate  test,  but  unfortunately 
Prall  has  found^  that  certain  pure  untreated  oils  give 
a  red  coloration.      Hence  further  investigation  is  needed. 

One  of  the  most  characteristic  tests  for  fish  oils — the 
bromide  estimation — is  quantitatively  useless  for  these 
oils  after  hardening,  as  the  percentage  of  ether-insol- 
uble brominated  glycerides  is  greatly  reduced  thereby. 
Not  only  are  the  analytical  figures  for  the  oils  altered 
by  this  absorption  of  hydrogen,  but  also  the  traces  of 
substances  which  often  serve  as  a  useful  test  for  the 
particular  oil  in  which  they  occur — e.  g.,  Halphen's 
reaction.  Knapp  believes  Bomer's  observation  that 
phytosterol  and  cholesterol  are  not  changed  in  this 
process  is  of  great  analytical  value. 

Three  fats  obtained  by  Knapp  from  a  clear  cotton- 
seed oil,  hardened  by  hydrogen  with  the  help  of  dif- 
ferent catalysts,  gave  the  following  figures: 

^  Too  much  reliance  should  not  be  placed  on  the  nickel  test  as  evi- 
dencing the  presence  or  absence  of  hydrogenated  oils.  It  is  known  to  the 
writer  that  hardened  oils  which  are  free  from  nickel  are  on  the  market,  these 
in  some  cases  presumably  having  been  prepared  with  the  aid  of  palladium  as 
a  catalyzer. 

2  Bomer,  Zeilsch.  Unlersuch.  Nahr.  Cenussm.,  i912,  24,  104;  and 
Analyst.  1912,  37,  452. 


Butyro-refrac-  Melting 

Percentage  of        Character               tion  (Cor-  point 

Catalyst                    catalyst  in  oil       of  product      rected  to  40°  C.)  °C. 

Nickel 1  .  00                        Hard                          45  .  7  49 

Platinum 1.10                      Hard                       47.8  46 

Palladium 0.06                        Brittle                      45.5  52 

The  keeping  properties  of  these  hardened  oils  were 
found  to  be  remarkably  good.  Although  prepared  nearly 
a  year  and  a  half  previously  and  having  often  been  ex- 
posed to  damp  air,  yet  they  showed  no  signs  of  rancidity. 
The  free  acidity  (0.70  per  cent  as  oleic  acid)  did  not 
appreciably  change  during  the  period  of  observation. 

Bomer'  is  in  substantial  agreement  with  the  fore- 
going, for  he  states  that  (i)  the  hardened  oils,  as  a 
result  of  the  more  or  less  complete  transformation  of 
unsaturated  fatty  acids  (oleic,  linoleic,  linolenic)  into 
stearic  acid,  show  an  increase  in  the  melting  and  solidi- 
fying points  as  well  as  a  lowering  of  the  refractometer 
number  and  iodine  number  while  the  saponification 
number  is  but  little  altered. 

(2)  Judging  by  the  iodine  numbers  of  the  liquid  fatty 
acids,  these  acids  appear  to  be  not  uniformly  trans- 
formed into  stearic  acid,  but  the  transformation  of 
oleic  acid  appears  to  progress  more  slowly  than  the  less 
saturated  linoleic  and  linolenic  acids,  etc. 

(3)  Among  the  hardened  oils,  the  soft  and  medium 
hard  products,  in  color,  consistency  and  in  part  also 
in  odor  and  taste,  show  a  greater  or  less  similarity  to 
beef  or  mutton  tallow,  so  that  by  external  appearance 
one  cannot  distinguish  these  hardened  oils  from  such 
animal  fats;  for  example  medium  hard  peanut  oil  is  so 
completely  like  neutral  lard,  and  hardened  whale  oil 
is  so  like  mutton  tallow,  that  one  is  not  able  to  dis- 
tinguish between  these  fats  by  appearance,  consistency, 
odor  nor  taste. 

(4)  Not  only  in  their  outward  properties  are  these 
hardened  oils  like  hog  fat  and  mutton  tallow,  but  also 
the  usual  analytical  constants  are  so  similar  that  one 
cannot  distinguish  some  samples  of  hardened  peanut 
oils  and  hardened  sesame  oil  from  hog  fat,  nor  whale 
oil,  in  some  cases,  from  mutton  or  beef  tallow.  In  the 
latter  case  even  the  Polenske  numbers  agree  while  in  the 
case  of  sesame  oil  they  are  somewhat  lower  than  hog  fat. 


o  <  'S,       m      a         <     A  S, 

Peanut  oil  j  Yellow 

untreated       (liquid 56.8        1.1        191.1      84.4 

Peanut  oil  (  White 

hardened       ]  tallowy 51.2     36.5     50.1        1.0      188.7        47.4 

Sesame  oil         J  White 

hardened        (tallowy 62.1      45.3     38.4(6)4.7      188.9       25.4 

Cottonseed         (  Yellowish 

oil  hardened  (  lard  like 38.5     25.4     53.8       0.6     195.7        69.7 

Cocoanut  oil     (  White 

untreated        (soft 25.6      20.4     37.4       0.3      255.6        U.S 

Cocoanut  oil      I  White 

hardened         (  lard  like 44.5      27.7      35.9        0.4      254.1  1.0 

Whale  oil  (  Yellowish 

hardened        (tallowy 45.4     33.7     49.1        1.1      193.0       46.8 

(a)  Milligrams  potassium  hydroxide  for  1  gram  fat. 
(h)  Determined  at  50°  C. 

Bomer  examined  a  number  of  hydrogenated  oils  and 
tabulated  the  results  of  his  investigations  and  from 
these  the  above  condensed  table  has  been  compiled. 

■  Chem.  Rev.  u.  d.  Fell  und  Harz  Ind..  1912,  220. 
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The  solid  and  liquid  fatty  acids  separated  from  the 
hydrogenated  fat  by  the  method  of  Farnsteiner 
showed  the  following  properties: 

Litiuid  fatly  acids 

Solid  fatty  acids  ' * 

, Refraction      Iodine 

Oil                                     M.  P.         Acid  No.  at  40°  C.         No. 

Peanut  oil  untreated ..  AT  .6             91.8 

Peanut  oil  hardened 199.7  42.9              82.9 

Sesame  oil  hardened .56.4                199.5  44.7              88.9 

Cottonseed  oil  hardened..            45.0                206.8  48.1            115.6 

Whale  oil  hardened ..                     199.5  44  4               96.0 

Samples  of  these  hardened  oils  were  examined  for 
cholesterol  and  phytosterol.  Hardened  peanut  oil 
was  found  to  contain  0.4  per  cent,  sesame  oil  1.9  per 
cent,  cottonseed  oil  1.6  per  cent,  and  whale  oil  0.2  per 
cent  of  sterol,  of  which  the  three  first  hardened  prod- 
ucts mentioned  exhibited  the  typical  crystalline  form 
of  phytosterol.  The  melting  point  of  these  sterols 
ranged  from  132  to  139°  C,  yielding  acetates  melting 
between  about  126  and  129°  C.  The  hardened  whale 
oil  gave  a  sterol  melting  at  149-7  °  C. 

Bomer  made  a  series  of  fractional  crystallizations 
of  hardened  oil  and  from  a  sample  of  hydrogenated 
peanut  oil  obtained  tristearine  (amount  ng  to  about 
2-3  per  cent).  Bomer  has  called  attention  to  the 
rather  striking  behavior  of  cocoanut  oil.  He  calcu- 
lated from  the  iodine  number  that  the  natural  oil  con- 
tained 13  per  cent  of  oleic  acid  and  after  hydrogenation 
approximately  about  i  per  cent  of  this  acid  was  present. 
As  a  result  of  the  transformation  of  1 2  per  cent  of  oleic 
acid  into  stearic  acid,  the  melting  point  increased  from 
25.6°  C.  to  44.5°  C,  or  thus  18.9°  C,  while  the  solidi- 
fying point  advanced  from  20.4°  C.  to  27.7°  C,  or 
only  7.3°  C. 

A  species  of  hardened  fish  or  whale  oil  known  as 
"Talgit"  has  been  examined  by  Miiller,'  who  found 
the  product  to  have  an  acid  value  of  12.S,  an  iodine 
number  of  49  and  a  titer  (fatty  acids)  of  39.4°  C.  The 
fat  was  saponified  and  pressed  to  obtain  stearic  acid. 
It  was  found  that  the  operation  of  pressing  could  be 
carried  out  effectively  to  yield  a  product  technically 
free  from  liquid  fatty  acids:  35  per  cent  of  solid  fatty 
acid  having  a  titer  of  48.7°  C.  was  thus  obtained. 
Miiller  states  that  since  mixtures  of  stearic  and  palmitic 
acids  possess  a  solidifying  point  above  53.5°  C.  the 
low  titer  of  the  solid  acids  of  Talgit  points  to  the  pres- 
ence of  solid  acids  other  than  stearic  and  palmitic. 
Dubovitz^  thinks  the  low  melting  point  to  be  due  to 
the  presence  in  the  original  fish  or  whale  oil  of 
hypogaeic  and  physetoleic  acid  or  similar  acids  with 
possibly  unsaturated  fatty  acids  of  a  still  lower  number 
of  carbon  atoms. 

Leimdorfer'  regards  the  stearine  produced  by  the 
hydrogenation  of  some  oils  to  be  perhaps  an  allotropic 
form  of  natural  stearine. 

An  attempt  is  made  by  Grimme'  to  identify  fish  oils 
after  they  have  been  hardened.  As  stated,  the  ordi- 
nary constants  give  no  clue  to  the  original  source  of  a 
hardened  oil   and   hence   Grimme  resorts   to  color  re- 

■  Seihn  Zle..  1913,   I.576, 

=  Ibid.,  1914,   1445. 

'Ibid..  1913,    1,117. 

<  Chem.  Rn:  u.  d.  Fell  uttd  Ilarz  hut.,  1913,  129  and  155. 


actions.  A  list  of  tests  is  given  for  each  of  the  four 
classes  of  fish  oils:  (i).  Seal  oils;  (2)  Whale  oils;  (3) 
Liver  oils;  (4)  Fish  oils;  and  also  characteristic  tests  for 
individual  oils.  These  tests  were  also  applied  to  two 
hardened  oils  of  unknown  origin  and  Grimme  believes 
from  his  results  that  the  color  reactions  are  character- 
istic enough  to  establish  the  presence  of  fish  oils. 
Nickel  was  found  in  the  samples,  Fortini's  test  (as 
detailed  below)  giving  the  strongest  coloration. 
Color  reactions  were  applied  to  six  authentic  whale  oils 
from  two  different  sources,  and  hardened  to  different 
degrees.  These  tests  were  carried  out  by  dissolving 
5  parts  of  the  sample  in  95  parts  of  benzine-xylene 
(1:1)  and  agitating  5  cc.  of  the  solution  with  the  rea- 
gent; after  5  minutes  and  60  minutes  the  color  was 
noted.  Grimme  finds  the  iodine-sulfuric  acid  reaction 
(i  cc.  concentrated  sulfuric  acid  and  i  drop  tincture 
of  iodine)  to  give  a  characteristic  violet-red  color  for 
whale  oil  though  the  intensity  of  coloration  decreases 
with  increasing  hardness.  The  constants  of  the  six 
samples  of  hydrogenated  fish  and  whale  oils  employed 
and  the  coloration  produced  by  different  reagents  are 
tabulated  by  Grimme. 

A  draft  of  the  Codex  alimentarius  Austriacus,  which 
has  been  prepared  by  a  board  of  prominent  chemists 
and  officials  including  Hefter,  Wolfbauer,  Fischer, 
Hartl  and  Pellischek,'  embraces  the  subject  of  hydro- 
genated oils  and  it  is  stated  that  considered  as  a  food 
product  these  oils  will  require  further  careful  investi- 
gation before  it  is  determined  with  certainty  just  what 
rank  they  will  take  as  edible  products.  It  is  noted  that 
the  fats  now  offered  for  edible  purposes  are  white  to 
yellowish  in  color,  almost  odorless  and  tasteless. 
Usually  the  consistency  lies  between  that  of  ordinary 
butter  and  hard  tallow.  Now  and  then  samples  are 
found  which  melt  at  about  60°  C.  and  are  as  brittle 
as  carnauba  wax.  These  hard  products,  of  course, 
are  not  intended  by  themselves  to  be  used  for  edible 
purposes,  but  are  employed  to  raise  the  melting  point 
of  soft  fats.  Samples  of  hardened  peanut  and  sesame 
oil  with  iodine  numbers  reduced  to  50  or  lower,  some- 
times down  to  20,  have  been  examined.  Cocoanut 
oil  with  an  iodine  number  of  2  or  even  lower  has  been 
met  with.  The  cholesterol  of  animal  fats  and  the 
phytosterol  of  vegetable  oils  is  not  altered  by  the  hydro- 
genation process.  The  hardened  fats,  it  is  'stated, 
scarcely  ever  appear  on  the  market  in  their  true  light 
but  usually  are  put  out  under  some  trade  name  such 
as  "  Peanut-oleo,"  "  Sesame-oleo,"  "Peanut-margar- 
ine," "Sesame-margarine,"  "Crisco,"  and  the  like. 

Hardened  oils  examined  by  Aufrecht-  in  outward 
appearances  resembled  palm  kernel  oil.  They  were 
very  hard  and  of  granular  fracture,  were  either  pure 
white  or  yellowish  in  color.  A  distinct  odor  was  per- 
ceptible on  melting  or  heating.  The  taste  recalled 
that  of  tallowy  fats.  The  products  were  readily  soluble 
in  the  usual  fat  solvent  mediums,  but  the  solubility 
in  methyl  and  ethyl  alcohol  was  very  slight.  The  fats 
were  easily  saponifiable.  The  content  of  free  fatty 
acid  fluctuated  between  0.51-0. S3  per  cent.     The  ash 

'  Seifen.  Zlg.,  1913,  1087. 
=  Pharm.  Zlg.,  1912,  876. 
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reacted  alkaline  and  consisted  of  alkali  carbonate  and 
traces  of  iron  oxide,  but  no  nickel  or  other  constituent 
could  be  detected.  The  following  analytical  results 
are  given : 

1.  2.  i. 

Durotol  Durotol  Hydrogen- 

(yellow)  (white)  ated  Tran. 

Color yellowish           white  white 

Specific  gravity  at  15°  C 0.9252  0,9257  0.9268 

Melting  point   °C 46.5  46.  48. 

Solidification  point  °C 43  . 5  4,3  .  5  45  . 5 

Viscosity  at  50°  C 5.4                    5+  5.6 

Acid  No.  (calculated  as  oleic  acid)...  0.51                    0.57  0.83 

Saponification  No 162.2  161.  173,5 

Unsaponifiable  matter  (per  cent) ....  1 .  92                  2.1  2.4 

Acetyl  No 1.2                     1,2  0.95 

Iodine  No 3.9                      4.2  7.8 

Hehner  No 95,8  95,8  96.4 

Reichert-Meissl  No 0.38                  0,36  0.52 

Water 0.                         0.  0. 

Ash 0.037                  0.03  0.05 

The  detection  of  traces  of  nickel  by  the  usual  analyt- 
ical methods  is  often  difficult.  Dimethylglyoxime, 
proposed  by  Tchugaeff,  is  a  reagent  of  great  sensitive- 
ness. Its  application  has  been  investigated  by  a  num- 
ber of  chemists,  and  among  these  Bianchi  and  DiNola' 
report  that  the  presence  of  copper  and  iron  interferes 
with  the  test.  They  worked  with  an  acid  reagent  and 
used  the  following  procedure: 

To  the  substance  supposed  to  contain  nickel  one  or 
two  drops  of  concentrated  hydrochloric  or  nitric  acid 
are  added  and  the  acid  solution  so  obtained  is  placed 
in  a  porcelain  dish,  or  preferably  on  a  strip  of  filter 
paper.  A  few  drops  of  ammonia  are  added,  or  in  case 
the  strip  of  filter  paper  is  used,  this  may  simply  be 
exposed  to  the  vapors  of  ammonia.  The  liquid  is 
acidified  with  acetic  acid  and  a  drop  of  concentrated 
alcoholic  solution  of  dimethylglyoxime  is  added.  The 
presence  of  nickel  is  shown  by  a  red  coloration  which 
grows  more  pronounced  in  the  course  of  time.  This 
reaction  is  a  very  simple  one  and  does  not  require  any 
particular  technical  knowledge  for  carrying  out. 

Fortini^  has  simplified  this  reaction  and  uses  an  alka- 
line instead  of  an  acid  reagent  which  apparently  gives 
more  satisfactory  results  than  the  above  procedure. 
Fortini  mixes  one-half  gram  of  dimethylglyoxime,  s  cc. 
98  per  cent  alcohol,  and  5  cc.  concentrated  ammonium 
hydroxide  in  the  order  as  given,  yielding  a  clear,  faintly 
yellowish  liquid  which  in  glass-stoppered  bottles  may 
be  kept  for  a  long  time  unchanged.  The  test  is  carried 
out  as  follows: 

The  sample  to  be  examined  is  freed  from  fat  by  ex- 
traction with  ether  and  to  the  residue  a  drop  of  the  rea- 
gent is  added.  When  nickel  is  present  there  will  ap- 
pear in  a  few  seconds  a  rose  colored  flock  caused  by 
reaction  with  the  nickel  oxide  present  on  the  surface 
of  the  metallic  nickel.  Of  course,  if  nickel  is  present 
in  the  form  of  a  soap,  the  fat  should  be  extracted  with, 
for  example,  aqueous  hydrochloric  acid  in  the  manner 
prescribed  by  Knapp  in  the  foregoing.  In  order  to 
make  the  reaction  even  more  sensitive,  the  residue  may 
be  heated  for  a  few  moments  in  an  oxidizing  flame  to 
produce  nickel  oxide. 

The  detection  and  determination  of  small  quantities 

■  BoU.  Chim.  Farm.,  1910,  517. 
^Chtm.  Ztg  .   1912,  1461. 


of  nickel  by  a-benzildioxime  is  described  by  Atack'  as 
follows: 

An  alcoholic  solution  of  a-benzildioxime  gives  with 
nickel  compounds  a  bulky  red  precipitate  which  is 
insoluble  in  water,  alcohol,  acetone,  lo  per  cent  acetic 
acid,  and  ammonia;  the  precipitate  becomes  reddish 
yellow  on  boiling.  The  reagent  is  much  more  sensitive 
than  dimethylglyoxime,  showing  i  part  of  nickel  in 
S  million  of  water,  and  the  precipitate  is  readily  filtered.^ 
Small  quantities  of  nickel  are  determined  as  follows: 
I  50  cc.  of  a  hot  saturated  alcoholic  solution  of  the  oxime 
are  added  for  every  o.oi  gram  of  nickel,  the  mixture 
is  heated  for  a  few  minutes  on  the  water-bath,  filtered, 
the  precipitate  washed  with  hot  alcohol,  and  dried  at 
iio°-ii2°C.;  it  has  the  formula  C28H22N404Ni  and 
contains  10.93  per  cent  Ni.  Nickel  may  be  separated 
from  cobalt  in  ammoniacal  solution.  a-Benzildioxime 
is  prepared  by  boiling  10  grams  of  benzil,  dissolved  in 
50  cc.  of  methyl  alcohol,  with  a  concentrated  aqueous 
solution  of  8  grams  of  hydroxylamine  hydrochloride, 
for  6  hours,  washing  the  precipitate  with  hot  water  and 
then  with  a  small  quantity  of  ethyl  alcohol,  in  which 
it  is  only  slightly  soluble.  It  may  be  crystallized  from 
acetone. 

The  hydrogen  value  is  proposed  by  Fokin^  as  a 
means  of  determining  unsaturated  organic  compounds 
in  a  manner  similar  to  the  iodine  values  of  Hubl  and 
Wijs. 

The  "hydrogen  value"  of  an  organic  compound  is 
defined  as  the  number  of  cubic  centimeters  of  hydrogen 
(at  0°  and  760  mm.),  which  are  absorbed  by  i  gram  of 
the  compound.  For  the  test,  an  apparatus  is  devised 
consisting  of  a  distillation  flask  (50-150  cc.)  having  a 
small  beaker  fused  inside  on  the  bottom,  and  connected 
by  means  of  the  side-tube  to  a  gas  burette  and  a  gaso- 
meter containing  hydrogen.  In  the  small  beaker  are 
placed  about  o.i  gram  of  catalytic  platinum,  moistened 
with  "A  cc.  of  water,  and  in  the  flask  the  substance  to 
be  examined  and  20-30  cc.  of  alcohol  free  from  dissolved 
o.xygen.  Hydrogen  is  admitted  and  the  flask  is  shaken 
by  a  shaking  machine  until  absorption  is  complete. 
The  following  hydrogen  values  were  obtained  by  Fokin, 
the  figures  in  parentheses  being  either  the  hydrogen  val- 
ues corresponding  with  Wijs'  iodine  value,  or,  where 
indicated,  the  theoretical  hydrogen  values.  Elaidic 
acid,  78.6-81.4  (78.8);  oleic  acid,  86.2-87.2  (86.2);  fatty 
acids  from  sunflower  oil,  119. 6-120.8  (122.9) ;  fatty  acids 
from  linseed  oil,  164. 9-166. 3  (i66.o);  castor  oil,  73.7 
(75-5);  Croton  oil,  260.9  (theoretical,  258.4);  undecoic 
acid,  115. 6  (114. i);  erucic  acid,  39.4  (65.6).  Colo- 
phony does  not  absorb  hydrogen  under  the  conditions 
of  the  test.  The  "hydrogen  value"  of  course  is  not 
a  determination  as  yet  of  use  in  the  identification  of 
hardened  oils,  but  is  noted  here  because  of  its  incidental 
interest. 

The  foregoing  embraces  most  of  the  information 
available  from  published  sources  on  the  analytical  side 
of  hydrogenated  or  hardened  oils  and  it  is  hoped  that 
the  very  meagreness  of  the  data  may  serve  as  a  stimulus 


'  Chem.  Ztg..  1913,  37,  773. 
■  Compare  Ibbotson;  J.  S.  C.  I.,  1911,  13  I  7. 
'  J.  Russ.  Phys.  Chem.  Soc.  40  (1908),  700;  J.  Che 
(1908),  II,  637. 
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for  abundant  investigations  tending  to  clarify  the  sub- 
ject   and    enabling    fairly    definite    procedures    to    be 
adopted  for  the  qualitative  and  (juantitative  examina- 
tion of  these  products. 
92  Greenwood  Ave. 
montclair,  n.  j. 


THE  CHEMISTRY  AND  PROPERTIES  OF  GLYCERO- 
PHOSPHATES (GLYCERINOPHOSPHATES) 

By   ( '.ASTON    DmBois 
Received   October    16.    1913 

In  an  article  on  "Calcium  Glycerophosphate," 
which  appeared  in  two  numbers  of  the  Journal  de 
Pharmacie  el  de  Chimie  of  May  i  and  i6,  1913, 
the  authors,  E.  Francois  and  E.  Boismenu,  start  their 
critical  review  of  the  literature  on  glycerophosphates 
by  pointing  to  the  great  number  of  publications  on  the 
subject. 

They  believe  that  in  spite  of  the  comparatively 
voluminous  literature  few  of  those  interested  in  this 
subject  can  draw  exact  conclusions  from  those  publi- 
cations as  to  the  nature  or  composition  of  synthetic 
glycerophosphates  and  of  the  products  found  on  the 
market. 

In  the  literature  including  the  leading  authoritative 
publications  on  organic  chemistry  we  find  such  con- 
tradictory statements  as  to  make  it  impossible  for 
any  one  unfamiliar  with  the  subject  to  recognize  which 
are  correct. 

The  writer  having  had  some  experience  in  the  manu- 
facture of  glycerophosphates,  and  having,  therefore, 
spent  some  time  studying  the  chemistry  of  these 
products,  deemed  it  advisable  to  collect  the  most  im- 
portant known  facts  on  the  subject  and  to  endeavor 
to  draw  conclusions  by  adding  his  experience  to  that 
gathered  from  the  research  work  of  others,  and  also 
to  point  out  a  few  of  the  erroneous  statements  and  in- 
consistencies found  in  some  publications. 

Before  going  into  the  details  of  the  chemistry  and 
properties  of  glycerophosphates,  and  the  findings 
of  the  various  chemists  who  have  developed  this  field, 
let  us  briefly  examine  what  compounds  are  theoretically 
possible  as  a  result  of  the  action  of  phosphoric  acid 
or  its  salts,  on  glycerine. 

By  the  interaction  of  i  molecule  phosphoric  acid 
with  one  molecule  glycerine,  two  isomeric  monoglycero- 
phosphoric  acids  are  possible. 

rH.OH 


/O.CHXHOH.CH.OH 
OP^OH 

I.  a  monoglycerophos- 
phoric  acid 


/O.CH 

2.  /3  monoglycero- 
phos'phoric  acid 

These  acids  can  form  mono-  and  dibasic  salts. 
The  dibasic  calcium  salts  of  above  acids  are  the  main 
components  of  calcium  glycerophosphate  of  the 
market. 

If  one  molecule  phosphoric  acid  interacts  with  two 
molecules  glycerine,  again  two  isomeric  diglyccro- 
phosphoric  acids  are  possible: 


/O.CH..CHOH.CH.OH 
OP^O.CH..CHOH.CH.OH 
\0H 


-O.CH 
\ 


CH.OH 


CH.OH 

CHaOH 


OP— O.CH 


3.  a  diglycerophosphoric  acid 


I  ^CH.OH 

I OH 

4.  /3  diglycerophos- 
phoric acid 

Some    authors    claim    diglycerophosphoric    acids    to 
have  the  following  constitution:' 

CH.OH 
I 
O  — CH 

0P~ O— CH, 


,0  — CHa 

OP^ OH    CHOH 

\  I 

^O  — CH. 

5.  a  diglycerophos- 
phoric acid 


^OH 
6.  fi  diglycerophos- 
phoric acid 


The  diglycerophosphoric  acids,  whatever  their  con- 
stitution may  be,  can  form  only  monobasic  salts. 
The  salts  of  these  acids  are  readily  partly  saponified 
by  the  action  of  alkali  hydroxides  yielding  mainlj' 
monoglycerophosphates. 

Diglycerophosphoric  acids  are  formed  when  phos- 
phoric acid  is  mixed  with  glycerine,  preferably  an  ex- 
cess of  the  latter,  and  the  mixture  heated  to  above  110° 
under  reduced  or  atmospheric  pressure.  The  formation 
of  diglycerides  at  temperatures  above  110°  was  demon- 
strated very  conclusively  by  Adrian  and  Trillat,- 
hy  Power  and  Tutin,'  and  also  by  Carre. ■* 

The  question,  which  are  the  correct  formulas  for 
the  a  and  /3  diglycerophosphoric  acids,  formulas 
3  and  4  or  5  and  6  is  not  settled  yet.  Adrian  and  Trillat 
analyzed  diglycerophosphoric  acid  and  obtained  figures 
for  C  and  H  corresponding  about  with  the  amount 
contained  in  formulas  3  and  4. 

It  is  possible  that  both  are  correct  as  it  is  reasonable 
to  expect  that  monoglycerophosphoric  acid  when 
heated  could,  by  the  elimination  of  water,  form  di- 
glycerophosphoric acid: 

^OH 


OP^OH 


'O.CH,.CHOH.CH,OH 
.OH 


,0— CH. 


OP^ 


,/ 


-O.CH.CH,OH  +  H.Oor  OP:^ OH  CHOH 

I  \ 


^O.CH,  ^O— CH, 

We   now   come   to   the   last   class   of   esters   formed 

'  Carr^.  C.  r.  de  I'Acad.  des  Sciencfs.  1S7,  1070-7.1.  also  138,  47-t9. 

2  J.  Phar.  el  Ch.,  [6]  7,  226-30. 

=  Power  and  Tutin,  /.  Chem.  Soc.  87,  240-57. 

*  Carrd.  C.  r.de  I'Acad.  des  Sciences.  137,  1070-73. 
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by  the  action  of  phosphoric  acid  on  glycerine,  the  tri- 
glycerophosphoric  ester.  This  compound  has  the 
following  formula: 

/OCHo 


OP:: 


OCH 


"OCH2 


Monoether 

Diether 

Triether 

Total 

39.3 

37.4 

0.6 

77.3 

43.9 

33.5 

0.6 

78.0 

36.8 

29.0 

0.6 

66.4 

36.1 

27.1 

1.9 

65.1 

It  is,  according  to  Carre,  insoluble  in  water,  alcohol 
and  acetone,  and  forms  a  hard,  spongy  mass  which 
can  be  powdered. 

It  is  interesting  to  note  from  the  following  ex- 
ample the  relative  amounts  of  mono,  di  and  tri  esters 
formed  under  various  conditions,  which  is  shown  in 
the  following  table  taken  from  G.  Prunier's  investi- 
gations. 

Equal  amounts  of  60  per  cent  phosphoric  acid  and 
glycerine  28°  B.  were  heated  together  under  atmos- 
pheric pressure. 


130" 
130° 


Equally  interesting  is  the  result  of  investigations 
by  G.  Prunier'  on  the  rate  and  limit  of  esterification 
of  phosphoric  acid  by  glycerine  under  varying  condi- 
tions of  concentration,  temperature  and  pressure. 

The  investigation  shows  that  the  best  results  are 
obtained  if  the  water  formed  during  the  reaction  is 
eliminated,  which  can  best  be  attained,  either  by  heat- 
ing the  reaction  mixture  under  reduced  pressure 
or  by  exposing  a  comparatively  large  evaporating 
surface.  The  limit  of  esterification  under  reduced 
pressure  appears  to  be  reached  when  80  per  cent  of 
the  acid  is  esterified  and  this  point  is  arrived  at  more 
quickly  at  higher  temperatures,  24  hours  being  re- 
quired at  110°,  12  hours  at  130°  and  8  hours  at  150°. 
Under  atmospheric  pressure  the  speed  of  esterification 
also  increases  with  higher  temperatures,  but  the  limit 
of  esterification  decreases.  For  example  with  85  per 
cent  acid  and  glycerine  30°  B.  at  110°  the  limit 
of  esterification  is  75.8  per  cent  but  drops  to  60.9 
per  cent  at  130°  and  to  49.4  per  cent  at  150°.  Under 
atmospheric  pressure  the  best  results  for  the  esterifi  - 
cation  are  obtained  at  110°  and  by  using  60  per  cent 
phosphoric  acid  and  glycerine  30°  B.  whereby  78 
per  cent  of  the  acid  is  esterified. 

At  higher  temperatures  and  under  reduced  pressure 
the  chief  product  is  the  diester,  this  being  replaced, 
in  part  by  the  monoester  when  esterification  is  slow 
(namely,  at  higher  pressures  and  lower  temperatures) 
and  by  the  triester  when  the  operation  is  conducted 
at  a  still  higher  temperature. 

Regarding  the  stability  of  glycerophosphoric  acid 
or  in  other  words  its  velocity  of  hydrolysis,  F.  Malen- 
greau  and  G.  Prigent^  found  that  the  decomposition 
of  glycerophosphoric  acid  is  a  case  of  autocatalysis, 
caused  by  the  action  of  the  uncombined  acid  groups 

1  Bull,  de  la  Soc.  Chim.  de  France.  1907,  [4)1,  1046-48. 
'  Z.  Physiol.  Chem.,  1911,  73,  68-84. 


of  the  phosphoric  acid,  as  when  these  are  neutralized 
the  decomposition  at  ioo°  is  practically  reduced  to 
zero.  With  rising  temperature  the  hydrolysis  is 
notably  accelerated.  There  is  a  certain  acidity  or 
concentration  of  H  ions  above  and  below  which  the 
stability  of  the  compound  increases.  This  explains 
why  strong  acids,  such  as  HCl,  HsS04,  acetic  acid, 
etc.,  retard  the  decomposition  owing  to  the  increase 
in  the  concentration  of  the  H  ions  in  the  solution. 
On  the  other  hand  weak  acids  such  as  oxalic  and  citric 
acids  and  their  salts  accelerate  the  hydrolysis  of 
glycerophosphoric  acid.  The  degree  of  acidity  at 
which  the  hydrolysis  is  the  greatest  is  represented  by 
acid  salts  of  glycerophosphoric  acid. 

The  potassium  salt  decomposes  more  rapidly  than 
the  calcium  and  sodium  salts.  The  salts  of  strong  acids 
have  mostly  but  a  slightly  accelerating  effect  but  the 
salts  of  weak  acids  accelerate  the  hydrolysis  reaction 
considerably. 

Before  leaving  the  subject  of  the  possible  compounds 
resulting  from  the  esterification  of  phosphoric  acid 
by  glycerine,  the  investigations  by  A.  Contardi, 
recently  published  should  be  briefly  mentioned.' 

By  heating  at  120—130°  three  molecules  crystallized 
phosphoric  acid  under  reduced  pressure  with  one  mole- 
cule   glycerine,    glyccrotriphosphoric    acid    is   obtained: 

CH,— O  — PO(OH), 

i 
CH—  O  — PO(OH), 

CH3  — O  — PO(OH). 

This  triphosphoric  ester  heated  with  one  molecule 
glycerine   yields   diglyccrolriphosphoric  ester: 


CH..0     CH,— O  — PO(OH) 


C   H.O     CH  — O  — PO(OH) 

I         r-l . 

CH..0     CH.— O  — PO(OH) 

which  compound  yields  when  again  heated  with  one 
more  molecule  glycerine  the  neutral  triglycerotri- 
phosphoric  ester: 


CH..0     CH, 


CH.  0     CH 


■PO— CH.—  O 
PO  — CH—  O 


CH..0     CH,  — 0  — PO— CH. 


O 


This  'compound  is  identical  with  Carre's  triglycero- 
CH.  —  O 

I  \ 

phosphoric  ester  CH  ^ —  O-^PO,  the   latter   being    just 

I  / 

CH.  —  O 

one-third  of  the  formula  proposed  by  Contardi. 

The  correctness  of  Contardi's  formula  for  triglycero- 
phosphoric  ester  has   not   yet   been   proved   owing   to 

■  Gazz.  Chim.  Ital,  42,  II,  270-82. 
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the  insolubility  of  this  compound,  which  makes  it 
impossible  to  determine  the  molecular  weight. 

P.  Carre  does  not  agree  with  Contardi's  findings;' 
the  question  of  the  existence  of  above  compounds 
is,  therefore,  not  definitely  settled. 

In  contrast  to  the  methods  used  by  all  of  the  above 
mentioned  authors  for  synthesizing  glycerophosphoric 
esters,  I  find  that  the  present  manufacturing  methods, 
judging  from  the  patent  literature,  start  not  from  phos- 
phoric acid,  but  mostly  from  mono-  and  dibasic 
salts  of  ortho-  or  metaphosphoric  acids.  One  patent 
describes  the  use  of  a  mi.xture  of  metaphosphoric 
acid,  disodium  phosphate  and  glycerine;  another 
patent  covers  the  use  of  monosodium  phosphate 
and  glycerine,  etc. 

The  purpose  of  deviating  from  the  original  method 
of  Pelouze  (phosphoric  acid  and  glycerine)  is  partly 
in  order  to  prevent  the  formation  of  triglyceroesters, 
by  protecting  one  of  the  acid  groups  by  a  base,  and 
partly  for  other  practical  reasons  which  do  not  enter 
into  the  subject  of  this  paper. 

We  now  come  to  the  examination  of  the  principal 
salts  of  glycerophosphoric  acid  found  on  the  market, 
the  calcium,  sodium  and  potassium  glycerophosphates. 

CALCIUM  GLYCEROPHOSPHATE. — An  examination  of 
various  market  products  which  I  carried  out  in  our 
laboratories  showed  how  widely  these  products  differ 
in  composition. 

H;0  of  Added  org. 

crysts.  Based  on  anhydrous  product     acid  fig. 

and  . * ^  as  citric  • 

Sample  moisture  Ash         CaO       P2O6     Titration     acid 

1 10.0.1  55.32      19.23     32.03       56.1% 

2 9.43  50.93      22.70     28.15        80.7%  7% 

3 8.79  54.66     24.45     29.58       85.3%         5% 

4 10.39  56.35      22.2        33.68        71.0% 

5 12.73  59.02      26.56     31.9  

L.  P.  6,  1,25  60.32      26.96     33.77        99.29 

Theory  7.89  60.47      26.68      33.80      100.0% 

Sample  No.  6  was  a  laboratory  preparation  almost  free 
of  water. 

From  the  above  figures  we  find  the  moisture  in  the 
products  varying  from  8.79-12.73  per  cent,  the  ash 
from  50.93-59.02  per  cent,  CaO  from  19.23-26.56 
per  cent,  P2O5  from  28.15-33.68  per  cent.  All  of  the 
figures  for  ash,  CaO,  P2O5  being  based  on  dry  substance. 

If  we  compare  their  solubilities  we  find  still  greater 
differences  and  it  is,  therefore,  evident  that  these 
products  must  differ  widely  from  one  another. 

G.  Prunier  examined  samples  which  showed  solu- 
bilities in  water  ranging  from  i  :  1 1  up  to  i  :  60  parts 
of  water. 

The  causes  for  these  divergences  are  mainly: 

1.  The  presence  of  organic  acids  (citric  acid,  etc.) 
which  increase  the  solubility. 

2.  The  presence  of  diglycerophosphates  which  also 
increase  the  solubility. 

3.  Different  mixtures  of  a  and  /3  glycerophosphates 
the  (3  glycerophosphate  being  less  soluble  than  the 
a  isomeride. 

The  two  first  causes  will  not  be  discussed  in  this 
paper  as  organic  acids  or  diglycerides  are  impurities 
added   for   the    purpose   of   apparently   increasing   the 

'  Cumpl.  rriul  .  1912,   15.S,  \52(1-21. 


solubility.  That  the  solubility  is  mostly  only  appar- 
ently increased  is  explained  by  the  fact  that  although 
such  products  will  at  first  readily  dissolve  in  25-40 
parts  of  water,  on  longer  standing,  however,  calcium 
citrate  will  gradually  be  formed  and  precipitate  out  of 
the  solution  and  in  the  case  of  diglycerides  being 
present,  they  will  slowly  hydrolyze  forming  mono- 
glycerophosphates  and  also  some  free  phosphoric  acid. 
Furthermore,  as  is  shown  in  this  paper,  the  presence  of 
organic  acids  (weak  acids)  or  their  salts  will  increase  the 
hydrolysis  of  monoglycerophosphates,  thereby  causing 
CaHPO^  to  be  formed. 

The  mistake  has  been  repeatedly  made  by  various 
authors  in  determining  the  solubility  of  pure  calcium 
glycerophosphate,  not  to  take  into  consideration  the 
fact  that  the  products  examined  may  have  contained 
one  or  the  other  of  the  two  possible  isomerides  or 
even  a  mixture  of  both  of  these,  and  the  result,  naturally, 
has  been  that  very  widely  differing  statements  were 
made  concerning  the  solubility  of  these  products. 

Tutin  and  Hann  in  an  endeavor  to  finally  ascertain 
the  nature  of  the  natural  and  synthetical'  glycero- 
phosphoric acids,  have  prepared  these  products  and 
their  barium  salts  and  also  the  a  and  /3  monoglycero- 
phosphoric  acids  separately  and  their  barium  salts 
under  such  conditions  as  they  hoped  would  exclude 
the  formation  of  other  products. 

As  the  determination  of  the  properties  of  the  a 
and  /3  isomerides  is  of  the  utmost  importance  as  a  basis 
for  a  thorough  knowledge  of  the  composition  of  com- 
mercial products  and  of  the  requirements  to  be  es- 
tablished for  such  products,  the  writer  will  briefly 
discuss  a  fiart  of  Tutin  and  Hann's  work  and  results. 
This  appears  all  the  more  necessary  in  view  of  the 
importance  of  their  researches  and  because  their 
findings  regarding  the  solubility  of  a  barium  glycero- 
phosphate as  well  as  that  of  the  synthetical  product 
do  not  coincide  with  the  results  of  more  recent  in- 
vestigations. 

Tutin  and  Hann  prepared  a  barium  glycerophos- 
phate by  chlorinating  dry  allyl  alcohol  and  thereby 
producing  /J  dichlorhydrin,  which  was  heated  with 
one  and  a  half  molecules  of  crystallized  phosphoric 
acid  at  a  temperatue  of  150-155°.  The  product  ob- 
tained was  boiled  with  milk  of  lime  and  the  a-calcium 
glycerophosphate  thereby  obtained,  converted  into 
the  barium  salt. 

It  should  be  noted  that  the  yield  in  the  esterifica- 
tion  of  (3  dichlorhydrin  with  phosphoric  acid  is  small 
and  that  furthermore,  the  heating  of  the  mixture  at 
155°  for  several  hours  does  not  exclude  the  possibility 
of  HCl  being  driven  off,  whereby  phosphoric  acid 
would  combine  with  glycerine  allowing  the  formation 
of  /3  glycero-  or  diglycerophosphates,  or  even  glycero- 
(liphosphoric  esters. 

In  connection  with  the  above  method  of  preparing 
a  calcium  glycerophosphate,  it  is  interesting  to  com- 
pare the  Eng.  Pat.  2S83,  whereby  monochlorhydrin 
or  monoacetin  is  heated  with  syrupy  phosphoric  acid 
until  )(()  more  hydrochloric  acid  or  acetic  acid  is  evolved. 

•  By  synthetical  glycerophosphoric  acid  is  meant  the  product  obtained 
by  heating  glycerirte  and  phosphoric  acid  for  24  hours  at  105-110**  C. 
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We  find  here  an  attempt  to  produce  the  esterification 
by  introducing  phosphoric  acid  in  the  position  occupied 
by  the  chlorine  in  monochlorhydrin  whereas  Tutin 
and  Hann  did  just  the  opposite;  they  intended  to 
introduce  phosphoric  acid  in  the  only  remaining  hy- 
droxyl  group  of  /3  dichlorhydrin  leaving  the  chlorine 
groups  intact. 

Tutin  and  Hann 
CHo.Cl  CH2.CI 


Synthetic 

Ca  glycerophosphate 1  :  22.4/16° 

Ca  glycerophosphate 1  :  22.0/'25° 


and  Tutin' 
and  Trillat 


CH.Cl      +      H3PO4 


CHo.OH 


CH.Cl 


+  H20 


CH2.0P(OH)2 

II 
O 


/3  dichlorhydrin 


Eng.   Pat.  2SS3 


O 


CH..C1  CH,.OP(OH), 

I  I 

CH.OH  +  HiPO^   =    CH.OH  +  HCl 

I  I 

CH..OH  CH..OH 

a  monochlorhydrin 

In  view  of  the  above,  I  am  of  the  opinion  that  the 
figure  obtained  by  Tutin  and  Hann  for  a  barium  glycero- 
phosphate, soluble  1  :  26.6/17°,  cannot  be  accepted 
as  final.  This  figure  does  not  correspond  with  the 
solubility  determined  quite  recently  by  Langheld, 
Oppmann  and  Meyer,'  which  they  found  to  be  i  :   11.9. 

The  solubility  i  :  53.7,  found  by  Tutin  and  Hann 
for  the  synthetical  bariurn  glycerophosphate,  ob- 
tained by  heating  glycerine  and  phosphoric  acid  for 
24  hours  at  105-110°,  is  also  so  far  ofl:  from  the  solu- 
bility of  a  barium  glycerophosphate  that  their  result 
would  apparently  require  confirmation. 

I  compare  in  the  preceding  paragraph  the  synthetical 
barium  glycerophosphate,  obtained  by  Tutin  and  Hann, 
with  the  a  barium  glycerophosphate  obtained  by 
Langheld,  Oppmann  and  Meyer.  This  comparison 
is  justifiable  as  the  two  products  should  be  almost 
identical.  The  main  product  of  esterification  of  glycer- 
ine by  phosphoric  acid  under  the  conditions  as  carried 
out  by  Tutin  and  Hann,  is  the  a-isomeride.  This 
corresponds  to  the  fact  that  when  glycerine  is  treated 
with  an  equivalent  amount  of  hydrochloric  acid, 
a  chlorhydrin  is  the  chief  product  obtained,  only 
a  small  amount  of  /3  chlorhydrin  being  formed. 

We  find  that  in  all  cases  in  which  mono  esters  of 
glycerine  are  formed  at  low  temperatures,  by  the  inter- 
action of  acids  or  their  salts  on  glycerine,  the  a 
isomeride  is  the  chief  product  of  the  reaction. 

If  the  solubility  of  synthetical  barium  glycero- 
phosphate of  I  :  53.7  found  by  Tutin  and  Hann 
were  correct,  this  barium  compound  would  then  be 
less  soluble  than  the  corresponding  synthetical  calcium 
glycerophosphate,  the  solubility  of  which  was  de- 
termined by  Power  and  Tutin  and  also  by  Adrian  and 
Trillat. 

1  Bcr.  d.  chem.    Gcs.,  45,  3757  (1912). 


I  find,  however,  that  the  barium  glycerophosphates 
are  more  soluble  than  their  corresponding  calcium  salts. 
Let  us  for  instance  compare  the  solubilities  of  the  bar- 
ium and  calcium  salts  prepared  from  crystallized  so- 
dium glycerophosphate,  which  latter  product  was  pre- 
pared for  the  first  time  about  seven  years  ago  and  has 
since  been  examined  very  carefully  by  various  authors 
and  recognized  as  pure  /S  sodium  monoglycerophos- 
phate. 

0  Ca  glycerophosphate.  . .  . 
/3  Ca  glycerophosphate. .  .  . 
0  Ba  glycerophosphate.  .  .  . 
fi  Ba  glycerophosphate. . . . 


59.5/18° 

Rogier  and  Fio 

77      /I5° 

Paolini 

22.2/21° 

Rogier  and  Fior 

36.8/17° 

Tutin  and  Han 

If  we  admit  that  the  synthetical  calcium  glycero- 
phosphate prepared  as  above  described,  contains  mostly 
the  a  isomeride,  we  can  conclude  that  the  solubility 
of  a  calcium  glycerophosphate  in  water  must  be  about 
I  :  22/16°,  and  that  the  solubility  of  the  a  barium 
glycerophosphate  is  greater  than  that  of  the  calcium 
salt  or  as  found  by  Langheld,  Oppmann  and  Meyer, 
I  :  11.9/22°,  which, as  these  authorsremark,  corresponds 
very  closely  to  the  figure  obtained  by  Tutin  and  Hann 
for  barium  glycerophosphate  produced  from  lecithin, 
the  solubility  of  which  they  found  to  be  i  :   13.9. 

The  foregoing  leads  forcibly  to  the  conclusion  that 
the  synthetical  glycerophosphates  produced  at  low 
temperatures  (100-110°),  and  the  natural  glycero- 
phosphates obtained  from  lecithin  are  almost  identical, 
and  in  all  probability,  a  mixture  of  the  a  and  fi 
isomerides,    in    which    the  a    isomeride  predominates. 

By  eliminating  the  statements,  which  by  their  con- 
tradictory nature  and  inconsistency  have  tended  so 
far  to  obscure  the  true  knowledge  of  the  chemistrj' 
and  properties  of  glycerophosphates,  and  by  condens- 
ing from  the  foregoing  the  actual  facts,  we  come  to 
the  following  description  of  the  principal  salts  of 
glycerophosphoric  acid: 

CALCIUM      MONOGLYCEROPHOSPHATE. Both       the        a 

and  ;3  isomerides  are  known. 

a  CALCIUM  GLYCEROPHOSPHATE  is  a  white  amor- 
phous or  crystalline  powder  of  the  following  formula: 

CHo  —    0P<;        >Ca 

I  II  ^q/ 

CHOH       O  (+  H2O) 

! 

CHoOH 

When  precipitated  from  a  cold,  saturated,  aqueous 
solution,  by  prolonged  heating  on  the  water  bath,  it 
separates  as  a  fine  crystalline  powder,  which  after 
drying  at  70°  C.  is  practically  anhydrous. 

When  precipitated  out  of  a  cold  aqueous  solution 
by  the  addition  of  alcohol,  it  forms  an  apparently 
amorphous  precipitate  which  on  drying  below  70°  C. 
retains  one  molecule  of  water;  when,  however,  it  is 
precipitated  from  the  solution  of  its  corresponding 
sodium  salt,  by  the  addition  of  CaCl;,  it  forms  a  crys- 

'  J.  Chem.  Soc.  Transactions.  89,  249-57. 
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talline  precipitate,  containing  one  molecule  of  water 
of  crystallization,  which  is  not  driven  off  when  the 
product  is  dried  below  70°  C.  Both  products  are 
hygroscopic. 

Anhydrous  a  calcium  glycerophosphate  is  soluble 
in  about  22  parts  of  water  at  20°  C,  and  precipitates 
out  on  heating,  being  soluble  only  in  108  parts  of  water 
at  100°. 

It  is  insoluble  in  alcohol. 

It  is  neutral  or  very  slightly  alkaline  towards  phenol- 
phthalein;  on  addition  of  one  equivalent  of  acid,  the 
acid  salt  is  obtained  which  is  neutral  towards  methyl 
orange. 

The  dry  salt  contains  26.68  per  cent  CaO  and  33.80 
per  cent  PjOs  and  yields  on  incineration  60.47  per  cent 
ash. 

|3  CALCIUM  GLYCEROPHOSPHATE  is  niuch  less  soluble 
than  the  a  isomcride;  it  dissolves  in  about  60  parts 
of  water  at'  20°  C.  It  is  obtainable  as  a  crystalline 
or  amorphous  precipitate  under  the  same  conditions 
as  were  enumerated  for  the  a  isomeride.  It  has  the 
following  formula: 


CH2OH 


O 


/Os 


CH     —     OPC        >Ca(+H20) 
CH2OH 

COMMERCIAL  CALCIUM  GLYCEROPHOSPHATE  is  a  mix- 
ture of  the  two  above  described  isomerides;  therefore, 
no  specific  solubility  can  be  given  for  this  mixture. 
It  is  evident  that  very  different  results  will  be  ob- 
tained if  the  solubility  of  such  a  mixture  is  determined 
by  shaking  an  excess  of  the  product  with  water  and 
determining  the  amount  of  substance  dissolved  in 
a  weighed  amount  of  water,  or  whether  the  solubility 
is  determined  by  adding  to  a  weighed  amount  of  the 
product  barely  as  much  water  as  is  required  to  produce 
a  clear  solution.  The  first  method  is  naturally  worth- 
less in  this  case,  whereas  the  second  method  gives  us 
the  actual  solubility. 

Commercial  products  should  dissolve  in  40  to  50 
parts  of  water  at  20°  C.  For  the  rapid  estimation 
and  comparison  of  market  products  I  would  recommend 
the  following  tests: 

Moisture  Determination. — Dry  the  product  at  120- 
130°  C.  or  better  still  at  100°  C,  but  under  reduced 
pressure,  to  constant  weight. 

Titration. — If  the  product  is  acid  towards  phenol- 
phthalein,  2  grams  of  the  dried  substance  in  100  cc. 
of  water  are  titrated  with  N/2  NaOH  (determination 
of  organic  acids). 

If  the  product  is  neutral  or  very  slightly  alkaline 
towards  phenolphthalein,  2  grams  in  100  cc.  of  water 
are  titrated  with  N/2  HCl  using  methyl  orange  as 
indicator;  1  cc.  N/2  HCl  equals  0.105  gram  calcium, 
glycerophosphate.  Although  the  titration  is  not  an 
exact  determination,  still  it  is  a  convenient  method 
for  the  rough  estimation  of  calcium  monoglycerophos- 
phate. 

If   diglyceridcs   are   present,   the   titration   will   yield 


low  results  indicating,  in  some  cases,  the  presence  of 
10  per  cent  or  more  diglycerides. 

Ash  Determination  is  made  by  very  slow  and  careful 
incineration  of  0.5  gram  dried  substance,  until  a  white 
ash  is  obtained. 

A  low  ash  percentage  indicates  the  presence  of  or- 
ganic acids  and  other  organic  impurities  including 
diglycerides.  A  high  ash  percentage  indicates  the 
presence  of  inorganic  salts,  such  as  chlorides,  sulfates, 
phosphates. 

Further  qualitative  and,  if  necessary,  quantitative 
determinations  of  such  impurities  as  chlorides,  sulfates 
and  phosphates  complete  the  preliminary  examination 
of  the  product. 

SODIUM      MONOGLYCEROPHOSPHATE. Up      tO      a      feW 

years  ago,  sodium  glycerophosphate  was  known  only 
in  form  of  a  syrupy  liquid,  or  as  a  very  hygroscopic 
white  powder.  The  crystalline  sodium  glycerophos- 
phate was  discovered  by  a  chemist  of  the  Soc.  Anon, 
des  Etabl.  Poulenc  Fr&res,  and  the  formation  of  this 
product  was  evidently  due  to  a  change  made  at  the 
time  in  their  method  of  manufacture. 

V.  Paolini,  who  was  the  first  to  publish  results  of 
investigations  of  this  crystalline  product,'  found 
that  it  was  pure  disodium  monoglycerophosphate 
and  concluded  that  it  was  the  /3  isomeride.  This 
explains  why  it  could  be  obtained  in  a  crystalline  form, 
whereas  the  products  obtained  by  the  interaction  of 
glycerine  and  phosphoric  acid  at  temperatures  below 
110°  C,  after  conversion  into  the  sodium  salt,  had 
never  been  known  to  crystallize,  which  can  be  ex- 
plained by  the  fact  that  in  this  case,  principally  the 
a  isomeride  is  formed. 

In  the  early  part  of  191 2,  I  analyzed  sodium  glycero- 
phosphate, which,  for  purposes  of  purification,  I  re- 
crystallized  several  times,  and  found 

Per  cent 

Water 31.2 

Sod.  monoglycerophosphate 68.9  by  titration 

Sod.  monoglycerophosphate 68 . 5      by      gravimetric      PiOs 

determination 

Conflicting  statements  are  found  throughout  the 
literature  concerning  the  water  of  crystallization  in 
sodium  glycerophosphate;  some  authors  give  it  as 
I,  some  as  3,  and  again  others  as  7  molecules. 

I  found  that  the  crystalline  product  contained 
sV:  molecules  of  water,  for  which  the  following  the- 
oretical figures  would  correspond: 

HjO 31.41'^ 

Sod.  glycerophosphate 68.59% 

these  correspond  very  closely  to  our  analysis  figures 
(given  above). 

My  views  in  this  matter  were  confirmed  by  a  pub- 
lication by  V.  Paolini,^  which  appeared  a  few  months 
later,  in  which  the  author  having  examined  samples 
of  four  different  sources,  found  them  also  to  contain 
sVs  molecules  of  water  of  crystallization. 

a  SODIUM  MONOGLYCEROPHOSPHATE  is  obtainable  as 
a    colorless    or    slightly    yellow    syrupy    liquid    which, 

'  \".  Paolini,  AUi  R.  .Ucad.  dei  Lincti.  Roma.  1911,  20,  I.  807-12  and 
also  from  same  publication,  1912,  21,  II,  330-52. 

'  .4(/i  R.  .iccai.  dci  Lined.  Roma.  1912,  21,  II.  350-52. 
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when  dried  completely  under  reduced  pressure,  forms 
a  white  porous  mass  which  can  be  powdered  but  is 
very  hygroscopic. 

It  has  the  following  formula: 


O 


CH2  O— P< 


^ONa 


-ONa 


CHOH 

CH2OH 

It  mixes  with  water  in  all  proportions  but  is  prac- 
tically insoluble  in  alcohol. 

It  is  slightly  alkaline  to  phenolphthalein  and  on 
addition  of  one  equivalent  amount  of  acid  to  its  acjueous 
solution,  the  acid  sdt  is  obtained  which  is  neutral 
to  methyl  orange. 

Its  solution  can  be  heated  up  to  120°  without 
decomposing. 

(3  SODIUM  MONOGLYCEROPHOStHATE  is  obtainable 
in  form  of  colorless  or  white  monoclinic  crystals, 
containing   5V2  molecules  of  water  of  crystallization. 

It  has  the  following  formula: 

CH2OH 

I  xONa 

CH— 0— P\  +  5V2  aq. 

I  IPONa 

CHoOH     O 

It  is  easily  soluble  in  water;  a  saturated  water  solu- 
tion at  20°  C.  contains  about  40  per  cent  of  the  salt. 

In'the  form  of  large  crystals,  this  salt  is,  at  15°,  stable 
when  exposed  to  the  air,  whereas  when  finely  powdered 
and  exposed  to  the  air  it  effloresces.  This  explains  why 
the  fine  sodium  glycerophosphate  crystals  found  on  the 
market  contain  usually  more  anhydrous  sodium  glycero- 
phosphate than  corresponds  to  a  salt  containing 
5V2  molecules  of  water. 

COMMERCIAL  SODIUM  GLYCEROPHOSPHATE. The  prod- 
ucts that  have  been  sold  under  the  name  of  "sodium 
glycerophosphate  50  per  cent"  or  "75  per  cent"  and 
also  "about  100  per  cent"  which  I  have  had  the  op- 
portunity to  examine,  showed  a  surprising  lack  of 
uniformity  in  strength  as  well  as  purity. 

Most  of  these  products  were  in  form  of  a  syrupy 
liquid.  It  is  of  course  impossible  to  produce  a  75 
per  cent  or  even  50  per  cent  solution  of  ;S  sodium  gly- 
cerophosphate, as  we  have  just  seen  that  a  saturated 
solution  contains  only  about  40  per  cent  /J  sodium 
glycerophosphate  crystals. 

The  liquid  market  products  are  composed  of  mix- 
tures in  which  therefore  mostly  the  a  sodium  glycero- 
phosphate predominates. 

Some  manufacturers  in  determining  the  strength 
of  their  products  have  been  guided  merely  by  the  specific 
gravity,  others  evidently  have  determined  the  strength 
on  the  basis  of  a  variable  amount  of  water  of  crystalliza- 
tion which,  of  course,  accounts  partly  for  the  lack 
of  uniformity  in  strength. 

A  75  per  cent  solution,  containing  75  per  cent  sodium 
glycerophosphate  -|-  5^/0  aq.  is  a  syrupy  liquid,  which 


mixes  readily  with  water  and  is,  therefore,  quite  con- 
venient for  use. 

A  preparation  containing  75  per  cent  anhydrous 
sodium  glycerophosphate,  however,  although  it  mixes 
in  all  proportions  with  water,  has  the  great  inconve- 
nience of  dissolving  very  slowly  in  cold  water,  and  re- 
ciuiring  many  hours'  stirring  before  complete  solution 
is  obtained.  Even  when  heated  the  product  does  not 
dissolve  readily. 

I  am,  therefore,  of  the  opinion  that,  for  the  sake  of 
uniformity  and  convenience  in  handling,  it  should 
be  required  that  the  strength  of  the  product  be  figured 
on  the  basis  of  its  contents  in  sodium  glycerophos- 
phate +  5^/2  aq.  and  this  basis  being  admitted,  a 
7  5  per  cent  solution  would  unquestionably  be- the  most 
desirable  form  for  the  consumer,  if  he  must  have  a 
liciuid  preparation. 

The  last  but  not  least  interesting  form  in  which 
sodium  glycerophosphate  is  found  on  the  market  is 
the  crystal  form,  which  in  itself  is  the  best  guarantee 
of  its  purity  and,  therefore,  is  preferable  to  all  other 
forms   wherever   purity   is   of   paramount   importance. 

The  strength  of  the  various  sodium  glycerophos- 
phates can  readily  be  determined  by  titration.  This 
method  yields  for  pure  products  checking  results  with 
the  gravimetric  method  (PiOs  determination).  It 
is  carried  out  as  follows: 

Titration. — 2-4  grams  of  the  product  accurately 
weighed  are  dissolved  in  100  cc.  of  water  and  titrated 
with  N/2  HCl,  using  methyl  orange  as  indicator. 

One  cc.  N/2  HCl  equals  0.1576  gram  monosodium 
glycerophosphate  +  5V2  aq. 

The  product  should  also  be  tested  for  sulfates, 
chlorides  and  carbonates,  which  are  almost  invariably 
present  in  the  liquid  preparations  but  should  not  be 
present  in  the  crystals. 

The  products   should   not   contain   any   phosphates. 

POTASSIUM  GLYCEROPHOSPHATE. — Both  a  and  /3 
isomerides  are  obtainable  as  a  colorless  or  slightly 
yellow  syrupy  liquid.  When  dried  completely  under 
reduced  pressure  a  porous  and  very  hygroscopic  mass 
is  obtained. 

Potassium  glycerophosphate  mixes  readily  in  all 
proportions  with  water.  The  product  has  never  been 
obtained  in  crystal  form  in  either  of  its  modifications 
(a  and  fi). 

COMMERCIAL     PPTASSIUM     GLYCEROPHOSPHATE. This 

product  is  known  mostly  in  form  of  50  per  cent  and 
75  per  cent  solutions. 

Some  manufacturers  figure  the  contents  on  the  basis 
of  potassium  glycerophosphate  plus  a  certain  amount 
of  water  of  crystallization.  I  can  see  no  reason  for 
doing  this  as  the  product  has  never  been  obtained 
in  crystal  form.  The  only  logical  way  of  figuring 
the  contents  is  on  the  basis  of  anhydrous  potassium 
glycerophosphate. 

These  market  products  are  best  tested  exactly  as 
described  for  the  sodium  salts,  whereby  in  tihe  titra- 
tion, 1  cc.  N/2  HCl  equals  0.124  gram  potassium 
glycerophosphate. 

Concluding,  I  wish  to  emphasize  that  while  I  be- 
lieve  the   above   data  embodies   the   most  important 
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investigations  on  the  chemistry  of  glycerophosphates, 
and  resulting  conclusions,  yet  I  fully  realize  that  much 
remains  to  be  done  in  order  to  define,  without  a  doubt, 
the  characteristics  of  the  various  isomeric  glycero- 
phosphoric  esters,  which  naturally  can  be  achieved  only 
after  the  various  compounds  shall  have  been  synthe- 
sized in  such  a  way  as  to  exclude  the  possibility  of 
other  compounds  being  formed. 

Until  such  time  the  figures  given  for  the  solubilities, 
for  instance,  must  be  regarded  only  as  tentative. 

Laboratories  of  the  Monsanto  Chemical  Works 
St.  Louis.  Missouri 


TOXICITY  OF  VARIOUS  WOOD  PRESERVATIVES' 

ny  C.  J.  Humphrey  and  Ruth  M.  Fleminc, 
Received  January  8,   1914 

During  the  past  three  years  the  writers  have  been 
conducting  toxicity  tests  at  the  Forest  Products 
Laboratory,  Madison,  Wisconsin,  on  various  wood 
preservatives.  These  tests  have  been  limited  to 
substances  in  actual  use  in  the  industry  or  to  those 
compounds  submitted  by  cooperators  as  having  a 
possible  preservative  value. 

The  toxicity  of  a  given  substance  is  not  necessarily 
an  ultimate  criterion  of  its  service  value,  but  when 
correlated  with  other  suitable  properties,  such  as 
cost,  ease  of  injection,  permanence,  non-corrosive 
action  on  metals  and  wood,  fire  resistance,  and  ease 
and  safety  in  handling  it  assumes  high  importance  in 
influencing  our  judgment  as  to  what  may  normally 
be  expected  from  the  substance. 

The  writers  have  confined  their  attention  to  toxicity 
only,  and  with  the  view  of  bringing  the  essential  data 
to  the  attention  of  the  industry  the  more  important 
results  of  our  investigations  to  date  are  here  presented. 

While  we  are  attacking  the  problem  from  two  angles, 
namely,  by  the  quick  method  of  mixing  the  preserva- 
tive with  agar  culture  media  and  inoculating  with 
fungi,  and  by  the  slower  and  probably  more  conclusive 
method  of  testing  small  injected  wood  blocks,  the 
present  paper  will  consider  only  the  former,  as  the 
latter  work  is  not  yet  far  enough  along  to  report  upon. 

Our  method  is  essentially  this:  Agar  culture  media 
of  the  following  formula  is  prepared: 

Extract  of  1  lb.  lean  beef  in  1000  cc.  distilled  water. 

25  grams  Lofilundls  malt  extract. 

20  grams  agar-agar. 

(Carefully  filtered  hut  reaction  not  adjusted;  slightly  acid.) 

Seventeen  cc.  of  this  medium  are  measured  out 
into  50  cc.  glass-stoppered  bottles,  using  a  specially 
graduated  17  cc.  pipette,  the  bottles  then  being  placed 
in  clamp-frames  and  sterilized  with  steam  at  100°  C. 
for  25,  20  and  20  minutes,  respectively,  on  three  suc- 
cessive days. 

The  handling  of  the  preservatives  involved  slight 
modifications  for  individual  cases,  but  in  all  instances 
the  concentrations  reported  are  based  on  the  actual 
weight  of  preservative  in  20  cc.  agar-preservative 
mixture.  The  character  of  the  substance  determined 
the   method  of  introducing  it  into  the  agar  medium. 

With  inorganic  salts  soluble  in  water,  from  3  to 
10  per  cent  solutions  (grams  per  100  cc.  solution) 
were   prepared    and    measured   out   into    50   cc.    glass- 

I  Published  by  permission  of  the  Secretary  of  .\griculture. 


stoppered  bottles  from  either  a  10  or  25  cc.  standardized 
burette  graduated  in  V20  or  Vio  cc,  respectively. 
To  each  bottle  sufficient  distilled  water  was  added  to 
make  3  cc. 

All  other  preservatives  were  weighed  out  into  similar 
bottles  on  an  analytical  balance,  and  distilled  water 
likewise  added  to  make  3  cc.  In  the  case  of  certain 
thick  viscous  oils,  namely,  wood  tar,  wood  creosote, 
coal  tar  creosote  and  its  fifth  fraction,  which  do  not 
readily  emulsify  with  water,  5  to  33V3  per  cent  stock 
emulsions  were  prepared,  using  equal  amounts  of 
gum  arabic  and  preservative  and  diluting  with  water 
to  the  desired  concentration;  these  emulsions  were 
then  used  in  place  of  the  crude  preservative. 

In  a  few  instances  where  the  preservatives  were 
very  low  in  toxic  properties,  more  than  the  specified 
3  cc.  were  necessary  in  order  to  secure  the  higher  con- 
centrations, and  in  these  cases  it  became  necessary 
to  take  into  consideration  the  excess  of  preservative 
and  to  reduce  the  amount  of  agar  by  just  this  amount 
in  order  that  the  combined  volume  inight  not  exceed 
20  cc. 

After  the  preservative  had  been  introduced  into 
the  bottles  as  indicated,  the  stoppers  were  sealed  in 
with  a  rubber-glycerine  burette  cock  grease  and  the 
bottles  were  then  sterilized  along  with  the  agar  con- 
tainers. 

After  sterilization  both  agar  and  preservative  were 
heated  on  the  water  bath  and  tlie  former  was  poured 
into  the  preservative  bottle  in  a  sterile  culture  box, 
thoroughly  shaken,  and  then  poured  into  sterile  petri 
dishes  100  mm.  in  diameter  and  10  mm.  deep.  After 
cooling,  the  surface  of  the  medium  was  inoculated  at 
the  center  with  a  weft  of  fungus  mycelium  5  to  6  mm. 
square  cut  from  a  petri  dish  culture  2  to  3  weeks  old. 
The  test  dishes  thus  prepared  were  then  placed  in 
an  incubator  and .  held  at  approximately  25°  C.  for 
from  4  to  10  weeks,  usually  4  to  6.  For  each  set  of 
concentrations  a  check  culture,  using  17  cc.  agar  media 
plus  3  cc.  of  distilled  water,  was  prepared. 

The  method  as  above  outlined  is  not,  by  any  means, 
intended  to  furnish  the  last  word  on  the  toxicity  of 
a  preservative,  but  it  has  the  advantage  of  being  quickly 
and  easily  applied  and  gives  us  at  least  valuable  indi- 
cations. The  principal  objection  is  the  possibility 
in  some  instances  that  the  preservative  may  combine 
with  certain  constituents  of  the  culture  media,  thus 
rendering  part  of  it  inert.  This  is  known  to  be  the 
case  with  such  compounds  as  zinc  chloride,  copper 
sulfate  and  mercuric  chloride.  With  the  oils  this 
objection  probably  does  not  enter  so  seriously,  but 
even  here  it  would  be  difficult  to  say  what  might 
occur  in  such  heterogeneous  compounds  as  the  various 
tar  distillates  and  similar  substances  of  highly  complex 
constitution. 

Another  variable  which  only  a  large  number  of 
tests  can  correlate  is  the  difference  in  susceptibility 
among  different  fungi.  Since  molds  are,  as  a  rule, 
much  more  resistant  to  toxic  agents  than  true  wood- 
destroyers,  the  writers  have  avoided  their  use,  as  well 
as  that  of  bacteria  and  yeasts.  Even  among  the  true 
wood-destroying    fungi    considerable    variation    exists, 


Feb.,  1914  THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


Cm  t,  C^       <u     .        . 

6         6         6     I  <     5 


0     O     :       r        r     r    :     §.2 

&    .S'U    u     (Sou    ^S 


'=^. 

0 

»&. 

0.2 

0.2"  J 
III 

> 

> 

>  _>  2 

E 

om 

.t;'J 

'B.»3 

o.s 

at 

1 

"o  "o  3 
m  !«  tfi 

III 

1 

^ 

m 

p 

P 

P    u 

w 

V5 

W   C/2  t/} 

0 

;g  a 


I        2 
6,„     = 


I2:    C    ^ 


=  3.2     " 


§0     S 


0  ii    ii     3 

O.J  E  E  s 

oj  M  O     O    ., 

n  3  O    0    >• 


•        .u  '"- 


'Ie   |i 


.£  '2 

■5  c  c£ 

0  ° 

■S  n  S 

11 

K££„ 

a  „H 

'i^l 

>  a 
uE 

III 

"S  "-^ 

l| 

30S.- 
0  ,-0* 

.eII 

i|| 

•5  b 

..Odi-i 

—            >. 

3 

(C  tfiS 

-In 

c 

1 

i"^  *j 

•3.5  2 

s 

".§" 

'S 

■•  £rt 

o      ♦^     -.-^""'^-■3  3    H  E  «  . 


lU 


"  E  S 


S  i;  ' 


J  •  ■  ;  '■'■'■   's.    °  o  o^     '■  '■ 

g;  :  .  ■■'••S~-°: 

2  <N  ■  ■  ;:o~""!~:  '■        ■ 

6  2  3  "  s     ■'^    I     ^^2    5'  *■      - 

^.  d  -  a  S      :^.    «•     2>:^-    -  S       S 


Iz  £    [I.     t^  (I,  (I, 


2  :        ;    S       I         2 


13° 


Till-:  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  \o.  2 


as  will  be  seen  in  the  tables  following,  but  this  is  usually 
within  narrower  limits. 

Both  the  fungi  used  by  the  writers  grow  well  on  the 
media  employed,  Fames  annosus  Ft.  covering  the  sur- 
face of  the  petri  dish  in  about  20  days  and  Fames 
pinicola  (Sw.)  Fr.  in  about  15. 

Table  I  shows  a  list  of  the  preservatives  tested, 
together  with  salient  properties,  and  the  concentration 
necessary  to  prevent  growth  of  the  organisms.  In 
this  table  the  preservatives  have  been  grouped  accord- 
ing to  their  nature,  such  as  coal  tar,  water  gas  tar, 
and  wood  tar  distillation  products,  petroleum  oils 
and  water-soluble  inorganic  salts,  in  order  to  give 
an  easy  direct  comparison. 

In  general  the  table  shows  that  the  two  fungi  react, 
in  most  cases,  quite  differently  to  the  same  substance. 
Fames  pinicola,  as  a  rule,  being  a  far  less  resistant 
organism  than  Fames  annasus.  With  Fames  annasus 
the  first  three  fractions  of  coal  tar  creosote  are  consider- 

Table  II — Preserv.\tives  Arranged  in  Orde: 


Preservative 

Coal  tar  creosote.  Fraction  II,  No.  1106 

Sodium  fluoride.  No.  1929 

Cresol-calcium.  No.  2098 

Coal  tar  creosote,   Fraction  I.  No.  1094 

Coal  tar  creosote.    Fraction  III.  No,  1 107 

Water  gas  tar  creosote,  sp.  gr.  0.995,  No.  2235. 

Zinc  chloride.  No.  2239 

Zinc  sulfate.  No.  1711 

Coal  tar  creosote.  No.  1074 

Wood  creosote.  No.  1 099 

Wood  tar.  No.  1561 

C.  A.  Wood  preserver.  No.  1931 

Spirittine  wood  preserver.  No.  1932 

S.  P.  F.  Carbolineum,  No.  1844 

Holzhelfer,  No.  2097 

Coal  tar  creosote.  Fraction  IV,  No.  1108 

Water  gas  tar  creosote,  sp.  gr.  1.042,  No.  2233.. 

.Avcnarius  Carbolineum,  No.    1843 

Fuel  oil.  No.  1 103 

Kerosene,  No.  1 847 

Coal  tar  creosote.  Fraction  V,  No.  1109 

Copperized  oil.  No.  1 095 

N.  S.  Special,  No.  2696 

Water  gas  tar  creosote,  .sp.  gr.  1.058,  No.  1101. 
Sapwood  antiseptic.  No.   1611 


properties  and  the  0.995  oil  proving  at  least,  or  more, 
toxic  than  coal  tar  creosote. 

Petroleum  oils,  according  to  the  three  samples 
tested,  have  low  antiseptic  value. 

Cresol-calcium  in  these  tests  shows  a  high  toxicity 
and  the  poor  results  reported  against  it  in  practice 
are  apparently  due  to  a  change  in  chemical  constitu- 
tion which  did  not  take  place  under  our  method  of 
testing. 

Zinc  chloride,  in  the  commercial  form,  is  slightly 
more  toxic  to  Fames  annasus,  and  far  less  toxic  to  Fames 
pinicola,  than  coal  tar  creosote. 

Sodium  fluoride  is  over  twice  as  toxic  to  Fames 
annosus,  and  about  one  and  one-half  times  as  toxic 
to  Fames  pinicola,  as  coal  tar  creosote. 

While  the  work  has  not  progressed  far  enough  with 
zinc  sulfate  to  give  conclusive  results,  the  indications 
are  that  it  compares  very  favorably  with  both  zinc 
chloride  and  coal  tar  creosote. 


Order  of  To: 

xiciIY  AND  Showing  Ratio  to 

Coal  Tar 

Creosote 

Killing  point 

Fames  annosus 

>  coal  tar 

Fames  pinicola 

Ratio  tc 

creosote 

No. 

1074 

Per  cent 

Lbs.  cu.  ft. 

Lbs.  cu.  ft. 

Per  cent 

* 

0.225 

0.140 

2.5 

1.5 

0.094 

0.15 

0.25 

0.156 

2.2 

1.5 

0.094 

0.15 

0.14-0.28 

0.087-0.174 

3.9-2.0 

0.30 

0.187 

1.8 

1.0 

0.140 

0.225 

0.325* 

0.203 

1.7 

1.8 

0.078 

0.125 

Around  0.45 

0.50 

0.312 

1.  1 

0.3 

0.468 

0.75 

Around  0.50 

0.55 

0.343 

0.140 

0.225 

0,65* 

0.405 

0.84 

1  .12 

0.125 

0.20  * 

1.25 

0.78 

0.44 

0.3 

0.468 

0.75 

1-1.5 

0.6-0.9 

0.55-0.37 

1-2 

0.6-1.2 

0.55-0.27 

2.25 

1.404 

0.24 

Above  2.5 

3.3* 

2.059 

0.  16 

1  .8 

0.078 

0.125* 

3-4 

1.9-2.5 

0. 18-0.14 

5.25 

3.27 

0.104 

0.75 

0.187 

0.30 

Above  6 

Above  34 

33* 

20.59        • 

0.017 

0.029 

4.867 

7.80* 

40 

24.96 

0.015 

0.0056 

25  + 

Above  40 

Above  45 

28  + 

0.014— 

0.0045 

31.2  + 

Above  50 

Above  40 

25  + 

0.016— 

0 . 0056 

25  + 

Above  40 

Above  75 

46.8  + 

0.007— 

ably  more  toxic,  and  the  last  two  fractions  much  less 
toxic,  than  the  oil  itself;  with  Fames  pinicola  only 
the  last  fraction  is  less  toxic.  This  indicates  the  ad- 
vantage, from  a  toxicity  standpoint,  of  removing  at 
least  a  part  of  the  heavier  tar  oils. 

The  carbolineums  and  similar  products  which  con- 
sist, in  the  main,  of  the  higher  boiling  constituents 
of  creosote  in  all  cases  proved  much  less  toxic  than 
coal  tar  creosote. 

Wood  creosote  from  Douglas  fir  appears  to  compare 
very  favorably  with  coal  tar  creosote,  but  the  softwood 
creosote,  under  the  trade  name  of  Spirittine  Wood 
Preserver,  which  has  a  much  lower  specific  gravity, 
appears  to  be  much  less  effective. 

In  the  case  of  water  gas  tar  creosotes  the  toxicity 
increased  rapidly  with  decreasing  specific  gravity, 
the   heavier    1.058   oil   possessing   very   low    antiseptic 


None  Such  Special,  which  is  claimed  by  the  manu- 
facturers to  water-proof  and  give  a  hard  finish  to 
timber,  as  well  as  to  prevent  or  stop  decay,  proved  very 
low  in  toxic  properties,  and  even  stimulated  growth  in 
high  concentrations;  however,  the  physical  properties, 
when  injected  into  wood,  may  be  such  as  to  exclude  fungus 
growth   and  thus  substantiate  the  claims  made  for  it. 

In  Table  II  the  preservatives  are  arranged  in  the 
order  of  their  toxicity  to  Fames  annosus,  the  concen- 
trations are  reduced  to  pounds  per  cubic  foot  and  the 
ratios  of  their  efficiency  as  compared  with  coal  tar 
creosote  are  presented.  Had  the  preservatives  been 
listed  in  their  order  of  toxicity'  to  Fames  pinicola 
the  arrangement  would  have  been  somewhat  different 
and  Avenarius  Carbolineum  and  creosote  Fraction  IV 
would  have  appeared  higher  in  the  scale,  and  creosote 
Fraction  I  and  zinc  chloride  considerably  lower. 
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It  is  seen  that  ten  of  the  twenty-five  preservatives 
tested  fall  below  i  per  cent,  or  more  accurately  0.65 
per  cent,  for  their  killing  point  for  Fames  annosus; 
Fames  pinicola  was  used  with  only  fourteen  of  them 
but  of  these  ten  fell  below  i  per  cent,  or  more  accurately, 
0.75  per  cent. 

It  is  interesting  to  note  that  sodium  fluoride  and 
Fraction  II  of  coal  tar  creosote  head  the  list  with 
nearly  equal  toxicities.  Just  what  constituents  of 
the  naphthalene  fraction  are  the  effective  ones  is  not 
known  at  present,  but  the  work  of  other  investigators 
indicates  that  pure  naphthalene  has  low  toxic  properties. 
The  very  favorable  results  from  sodium  fluoride  would 
place  this  in  the  first  rank  of  water-soluble  preservatives. 
This,  together  with  several  other  fluorine  compounds, 
has  come  into  considerable  use  abroad,  particularly  in 
Austria,  and  it  is  the  opinion  of  the  writers  that  we  have 
in  these  substances  very  efficient  wood  preservatives 
which  can  be  adapted  to  use  in  many  situations.  The 
industry  particularly  needs  some  substance  which 
can  safely  be  recommended  for  building  timbers. 

In  comparing  the  two  carbolineums  with  coal  tar 
creosote  it  is  seen  that  approximately  30  per  cent  of 
the  former  distils  below  320°  C,  while  74  per  cent 
of  the  creosote  comes  over.  This  indicates  the  greater 
toxicity  of  the  lower  boiling  constituents.  As  to  what 
causes  the  greater  toxicity  of  S.  P.  F.  Carbolineum 
over  Avenarius  Carbolineum  we  are  not  prepared 
to  say,  but  the  fact  that  the  former  is  higher  in  tar 
acids  is  very  suggestive. 

The  poor  showing  made  by  copperized  oil  against  both 
fungi  indicates  that  adding  copper  in  this  form  to  low-toxic 
petroleum  or  vegetable  oils  is  of  very  doubtful  value. 

In  conclusion,  the  writers  are  prone  to  take  a  very 
conservative  position  when  it  comes  to  analysis  of  the 
data  presented  and  generalizations  drawn  therefrom. 
We  wish  to  strongly  emphasize  again  the  fact  that 
toxicity  alone  does  not  necessarily  give  a  direct  com- 
parison of  the  service  value  of  preservatives,  and  that 
all  the  statements  made  comparing  different  substances 
refer  to  the  toxic  properties  only.  However,  we  do 
feel  that  the  results  here  set  forth  will  prove  of  consider- 
able value  in  outlining  further  tests  which  will  serve 
to  bring  out  actual  service  values. 

We  wish  to  record  our  acknowledgments'  to  Dr. 
Haven  Metcalf,  Pathologist  in  Charge,  Laboratory 
of  Forest  Pathology,  Bureau  of  Plant  Industry,  Wash- 
ington, D.  C;  to  Mr.  Howard  P.  Weiss,  Director 
of  the  Forest  Products  Laboratory,  U.  vS.  Forest  Service, 
Madison,  Wisconsin,  for  facilities  and  material  placed 
at  our  disposal;  also  to  Mr.  Ernest  Bateman,  Chemist 
in  Forest  Products,  Forest  Products  Laboratory, 
who  has  supplied  all  the  data  on  the  physical  and  chem- 
ical properties  of  the  preservatives  examined. 
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A  RAPID  METHOD  FOR  DETERMINING  THE  PERCENT- 
AGE OF  CASEIN  IN  MILK 
By  W.  O.  Walker 
Received  February   14,    1913 

During    the    past    few    years    dairymen    have    been 


giving  a  good  deal  of  attention  to  the  advisability  of 
taking  into  account  the  percentage  of  casein  when 
paying  patrons  for  milk  to  be  used  in  cheese-making. 
Some  advocate  paying  on  a  fat  basis  only,  others  on 
the  fat  and  casein  basis.  It  is  not  the  object  of  this 
article  to  discuss  the  merits  of  either  of  these  methods, 
but  to  outline  a  process  which  has  been  tried  out  in 
the  author's  laboratory  for  quickly  and  simply  ar- 
riving at  the  amount  of  casein  in  milk. 

It  is  well  known  that  several  methods  have  been 
suggested  of  late,  the  most  promising  probably  being 
the  centrifugal  method  of  Hart.  This  has,  apparently, 
yielded  satisfactory  results  in  many  cases,  but  has 
been  found  to  give  varying  results  with  preserved 
samples,  and  with  fresh  milk,  under  different  condi- 
tions of  temperature,  etc. 

Research  into  the  constitution  of  the  protein  molecule 
has  revealed  the  probability  of  its  consisting  of  a  com- 
plex linkage  of  a  large  number  of  amino  acids.  To 
illustrate  this  linking  up  of  amino  acids  we  may  use 
the  following  equation,  which  shows  how  one  molecule 
of  a  simple  amino  acid,  such  as  amino-propionic  acid, 
may  become  bound  to  a  molecule  of  another  amino 
acid  such  as  amino-acetic  acid: 


H        H 


=  H— C 


H 

C— C— H  +HOH 

I 

H— N— H 


Both  the  molecules  of  amino-propionic  acid  and 
amino-acetic    acid,    as    indicated    above,    possess    an 

alkaline  (amino)  group,  H — N — H,  as  well  as  an  acidic 

group,  — C/  ,    and   when   they   combine  we    may 

^OH 
have  the  union  taking  place  in  the  manner  indicated, 
in  which  the  alkaline  (amino)  group  of  one  molecule 
interacts  with  the  acidic  group  of  the  other  molecule, 
thus  leaving  an  alkaline  group  and  an  acidic  group 
still  existing  in  the  product,  which  may  be  looked  upon, 
for  our  purpose,  as  a  very  simple  representative  of  the 
proteins. 

It  has  further  been  observed  that  when  formalde- 
hyde is  added  to  proteins,  the  neutral  character  of 
the  molecule  disappears,  with  the  result  that  the 
acidic  property  predominates  strongly.  It  is  thought 
that  the  formaldehyde  reacts  with  the  alkaline  groups 
forming  methylene  derivatives,  thus  leaving  the 
acidic  groups  free  to  act.  These  acidic  groups  may 
now  be  neutralized  with  standard  alkali,  and  if  the 
value  of  the  alkali  in  terms  of  protein  be  known,  the 
percentage  of  protein  present  may  be  estimated. 
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Hugo  Schiff  was  the  first  to  point  out  the  importance 
of  the  reaction  between  formaldehyde  and  amino 
acids.  S.  P.  L.  Sorensen  worked  out  most  of  the  de- 
tails for  the  quantitative  application  of  the  reaction 
for  estimating  amino  acids.  H.  Droop  Richmond 
adapted  the  reaction  to  the  estimation  of  total  pro- 
teins in  milk. 

The  author  decided  to  apply  the  reaction  to  the 
estimation  of  casein  in  milk,  with  the  use  of  the  alkali 
commonly  used  for  the  'acid  test'  now  in  general  use 
in  cheese  factories  in  Ontario. 

In  hoping  to  apply  the  reaction  to  estimate  casein 
only,  the  problem  is,  of  course,  to  obtain  the  proper 
factor,  which,  when  multiplied  by  the  quantity  of 
alkali  necessary  to  neutralize  the  acidity  developed 
after  treatment  with  formaldehyde,  will  give  the 
quantity  of  casein  in  the  sample.  Since  the  formalde- 
hyde reacts  with  both  casein  and  albumin,  and,  since 
the  amounts  of  these  two  in  milk  do  not  bear  a  con- 
stant ratio  to  one  another,  it  was  not  to  be  expected 
that  a  factor  holding  good  in  all  cases  could  be  ob- 
tained. However,  a  factor  has  been  obtained  that  is 
giving  unexpectedly  good  results. 

The  alkali  solution  was  ninth  normal  sodium  hy- 
droxide, and  the  formaldehyde  was  the  commercial 
article  (40  per  cent)  made  neutral  to  phenolphthalein. 
The  method  for  arriving  at  the  factor  was  the  fol- 
lowing: 10  cc.  of  milk  were  transferred  by  means  of 
a  pipette  to  a  porcelain  casserole.  A  fairly  large  quan- 
tity of  phenolphthklein  solution  (about  i  cc.  of  a  i 
per  cent  solution)  was  added  next.  The  alkali  was 
then  run  in  with  constant  stirring  with  a  glass  rod  until 
a  fairly  deep  pink  color  developed.  So  far  the  test 
is  exactly  the  same  as  the  ordinary  "acid  test."  No 
account  was  kept  of  the  alkali  used  to  bring  the  sample 
of  milk  to  the  neutral  point.  About  2  cc.  of  the 
neutral  formaldehyde  solution  were  next  added,  with 
the  result  that  the  pink  color  at  once  disappeared. 
The  reading  of  the  burette  was  then  taken,  and  alkali 
again  added  with  stirring  until  the  same  degree  of 
color  developed.  The  reading  of  the  burette  was 
again  taken,  the  difference  between  the  two  readings 
being  the  amount  of  alkali  used  in  the  second  titration. 

Sample                                 Kjeldahl  method     New  method  Difference 

1 2.45  2.53  +0.08 

2 2.45  2.45  0.00 

3 2.61  2.63  +0.02 

4 2.51  2.52  +0.01 

5 2.77                          .  2.69  —0.08 

6 2.53  2.61  +0.08 

7 2.32  2.36  +0.04 

8  2.96  2.96  0.00 

9  .  2.69  2.66  —0.03 
10  2.45  2.36  —0.09 

U 2.32  2.30  —0.02 

12 2. .52  2.56  +0.04 

13 2.31  2.27  —0.04 


In  determining  the  percentage  of  casein  in  a  given 
sample  of  milk  the  procedure  is  exactly  as  outlined  for 
determining  the  factor,  omitting  the  Kjeldahl  de- 
termination. The  test  occupies  only  a  few  moments. 
It  has,  of  course,  the  disadvantage  that  only  one  sample 
can  be  handled  at  a  time,  but  as  a  number  of  samples 
can  be  run  in  a  few  minutes,  this  may  not  prove  to  be 
of  very  great  consequence. 

From  the  fact  that  the  chemicals  and  apparatus 
required  are  exactly  the  same  as  are  in  common  use 
in  cheese  factories,  with  the  exception  of  the  formalde- 
hyde which  is  very  inexpensive,  it  is  thought  that  the 
method  should  commend  itself  to  the  serious  con- 
sideration of  dairymen.  It  is,  of  course,  important 
that  the  formaldehyde  solution  be  kept  neutral. 
This  may  be  accomplished  by  adding  a  few  drops  of 
the  indicator  solution  (phenolphthalein)  to  the  form- 
aldehyde in  the  bottle,  and  then  adding  the  alkali 
until  a  pink  color  develops.  This  fades  in  the  course 
of  time,  and  the  formaldehyde  must  then  be  treated 
again  with  the  alkali. 

The  proper  amounts  of  indicator  (i  per  cent  solution) 
and  formaldehyde  solutions  to  be  used  have  been  found 
to  be  about  i  cc.  of  the  former  and  2  cc.  of  the  latter. 
An  excess  of  either,  however,  occasions  no  error. 
In  the  manipulation  of  the  test  it  is  well  to  add  suffi- 
cient of  the  alkali  during  the  first  titration  to  bring 
the  color  to  a  decidedly  deep  pink,  and  at  the  second 
titration  to  bring  the  color  to  the  same  shade.  The 
titrations  are  best  carried  out  in  a  white  cup  or  porce- 
lain casserole. 

If  it  is  desired  to  estimate  the  acidity  also,  the  read- 
ing of  the  burette  may  be  taken  after  the  first  titration. 

The  casein  is  then  estimated  from  the  difference 
between  the  first  and  second  titrations.  Thus  both 
the  acidity  and  the  casein  are  estimated  in  the  one 
operation.  Those '  dairymen  who  use  N/io  alkali 
and  9  cc.  of  milk  as  the  sample  will,  of  course,  employ 
the  same  factor.  The  test  is  at  present  recommended 
for  unpreserved  milk  only,  although  the  author  ex- 
pects to  be  able  to  announce  a  suitable  preservative 
at  an  early  date. 

The  following  table  is  given  for  the  use  of  those 
not  wishing  to  take  the  time  to  multiply  the  amount 
of  alkali  used  by  the  factor  1.63. 


Another  10  cc.  of  milk  was  next  treated  by  the 
official  Kjeldahl  method  for  casein,  and  from  this 
result  the  value  of  i  cc.  of  N/g  alkali  in  terms  of  casein 
was  determined.  From  a  large  number  of  samples 
the  value:  i  cc.  N/g  alkali  =  1.63  per  cent  casein 
was  arrived  at.  Above  is  a  comparison  of  some 
results  obtained  by  the  official  Kjeldahl  method  and 
the  new  method,  using  the  factor  1.63. 

'  Annalen,  SIO,  25  (1900);  S19,  59  (1901);  325,  348  (1902). 


Cc.  .V/9  alkali  used 

1.00 

Per  cent  ca 

1  .  63 

1.71 

1    10                 

I  .79 

1  .87 

1  .95 

1.25 

1.30 

1  .35 

2.04 

2.12 

2.20 

2 .  28 

2.36 

1   50                   

2.44 

. .". 2.53 

2.61 

2.69 

I  .70 

2.77 

1   75                            

2.85 

2.93 

1.85 

1.90 

3.01 

.      3.10 

3.18 

2.00 

3.26 

Instead    of   using   a    lo   cc.    pipette   for   taking   the 
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samples  and  consequently  having  to  multiply  the 
amount  of  alkali  used  by  1.63,  it  is  advisable  to  use  a 
16.3  cc.  pipette,  in  which  case,  the  reading  on  the 
burette  denotes  directly  the  percentage  of  casein. 

A  very  convenient  and  simple  form  of  acidimeter 
has  been  lately  'put  on  the  market  by  the  author 
which  may  be  used  for  both  the  "acid  test"  and  the 
"casein  test." 

A  series  of  comparative  tests,  using  both  the  new 
method  and  the  centrifugal  method,  has  been  carried 
on  at  the  Eastern  Dairy  School,  Kingston.  The 
tests  were  made  independently  on  the  same  milks  by 
Messrs.  Echlin  and  Cameron.  Mr.  Echlin  did  the 
work  with  the  new  test,  and  Mr.  Cameron  that  with 
the  centrifugal  method.  The  resulting  figures,  as 
can  be  seen  from  the  following  table,  are  in  surprisingly 
close  agreement. 


Centrifugal 

New 

Centrifugal 

New        te 

ntrifugal 

New 

method 

method 

method 

method          i 

nethod 

method 

2.6 

2.64 

2.25 

2.35 

2.2 

2,27 

2.7 

2.69 

2.3 

2.35 

2.4 

2.43 

2.5 

2.44 

2.35 

2.43 

2.4 

2.43 

2.55 

2.61 

2.6 

2  59 

2.4 

2  43 

2.55 

2.61 

2.5 

2.51 

2.. 

2.59 

2.55 

2.61 

2.5 

2.51 

2.45 

2.51 

2.3 

2.36 

2.25 

3.27 

2.4 

2.43 

2.3 

2.36 

2.25 

2.27 

2.4 

2.43 

2.6 

2.61 

2.2 

2.19 

2.45 

2.49 

2.5 

2.53 

2.35 

2.35 

2.^ 

2.55 

2.5 

2.53 

2.35 

2.35 

2.2 

2.27 

2.25 

2.28 

2.35 

2.35 

2  35 

2.35 

2.25 

2.28 

2  4 

2.43 

2.4 

2.43 

2.2 

2.20 

2.4 

2.43 

2.5 

2.56 

2.35 

2.35 

2.6 

2.63 

2   35 

2.35 

2.7 

2.67 

2.35 

2.35 

2.3 

2.43 

2.3 

2.27 

2.3 

2.43 

2.3 

2.27 

2.5 

2.43 

2.4 

2.43 

2.45 

2.35 

2.4 

2.43 

2.56 

2.67 

2.4 

2.43 

2.56 

2.67 

•  3 

2.27 

2.55 

2.59 

2.25 

2.27 

2.55 

2.59 

2.55 

2.59 

The   average   ditferer 

ce   for   the   ab 

ove   sixty-thr 

ee 

determinations   is 

0.03 +  . 
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II.  THE    EFFECT    ON    PENETRATIONS    OF   VARIATIONS 

IN  STANDARD  NEEDLES 
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I 

Success  in  the  laying  of  asphalt  pavements  is  prob- 
ably more  dependent  on  the  proper  consistency  of  the 
asphalt  cement  used  to  bind  the  mineral  aggregate 
than  on  any  other  feature.  The  varied  origins  of 
modern  bituminous  cements  have  made  the  determi- 
nation of  their  consistency  the  most  important  test 
applied  to  these  materials.  Formerly  a  few  varieties 
of  standard  solid  bitumens,  quite  uniform  in  char- 
acter, fluxed  with  definite  proportions  of  petroleum 
residuums  of  standard  and  specified  composition, 
yielding  cements  of  a  desired  consistency,  formed  the 
bulk  of  the  asphaltic  cements;  but  recently  many 
paving    bitumens     obtained     by     distilling     asphaltic 


petroleums  to  the  consistency  of  cements  have  come 
on  the  market.  Proximate  chemical  analysis  is  of 
little  value  in  fixing  their  origin,  and  the  highway 
chemist  is  obliged  to  rely  almost  solely  on  determina- 
tions of  consistency  to  ascertain  their  suitability. 

There  are  several  rough  methods  for  determining 
the  consistency  of  asphaltic  cements,  but  the  most 
generally  used  scientific  determination  is  by  means 
of  penetrometers.  The  first  of  these  instruments  was 
devised  by  Bowen,  and  has  been  followed  by  machines 
working  on  the  same  principle  by  Kenyon,  Dow  and 
the  New  York  Testing  Laboratory.  The  two  latter 
are  those  generally  used  at  present.  The  penetrometer 
has  made  it  possible  to  control  the  consistency  or  as 
usually  expressed,  the  penetration,  within  narrow 
limits. 

The  penetrometers  consist  essentially  of  a  needle 
of  specified  size  (Roberts,  No.  2)  fixed  in  a  rod,  the 
rod  and  needle  being  of,  or  loaded  to,  definite  weights. 
A  clamp  of  some  nature  holds  the  rod  with  the  needle, 
allowing  the  latter  to  penetrate  as  nearly  as  possible 
without  friction.  A  device  for  measuring  the  amount 
the  needle  has  penetrated  after  it  has  been  released 
for  a  specified  time  and  again  grasped  by  the  clutch, 
is  also  necessary.  The  penetration  is  expressed  in 
hundredths  of  a  centimeter. 

Penetrations  are  most  commonly  made  at  25°  C. 
(77°  F.)  with  the  needle  loaded  to  100  grams  penetra- 
ting for  five  seconds.  In  order  to  ascertain  the  extent 
an  asphaltic  cement  will  harden  when  chilled  to  0°  C. 
(32°  F.),  penetrations  are  frequently  made  at  this 
temperature  with  the  needle  loaded  to  200  grams  pen.e- 
trating  for  one  minute.  Occasionally  it  is  specified 
that  cements  shall  not  show  more  than  a  stated  pene- 
tration at  37.7°  C.  (100°  F).  or  46°  C.  (115°  F.),  the 
needle  being  under  a  weight  of  50  grams  and  released 
for  five  seconds. 

The  Dow  penetrometer  frame  consists  of  a  base  to 
which  is  fastened  a  broad  upright  support  with  two 
shelves  at  different  distances  from  the  base.  The 
needle  is  held  in  an  aluminum  rod  weighted  by  a  rectang- 
ular frame  of  the  same  metal.  The  latter  is  fixed  to 
the  rod  at  about  one-third  the  distance  from  its  lower 
end.  Weights  are  placed  on  the  lower  part  of  the 
frame  to  load  the  needle.  The  above-mentioned 
framework  encloses  the  lower  shelf  on  which  is  placed 
the  sample.  The  rod  passes  through  a  hole  in  the 
upper  shelf  and  is  here  grasped  by  the  clamp  which  is 
closed  on  the  rod  by  a  spring  when  not  penetrating. 
The  rod  and  needle  are  released  from  the  clamp  by 
pressing  the  spring  together  with  a  button-ended  rod. 

The  device  for  measuring  the  amount  penetrated  is 
fixed  above  the  end  of  the  rod.  This  consists  of  a 
rack,  set  vertically,  the  end  of  which  can  be  brought 
down  to  meet  the  top  of  the  rod.  This  rack  is  in  gear 
with  a  pinion  on  a  horizontal  shaft.  The  latter  passes 
through  a  graduated  dial  and  an  adjustable  hand  is 
fastened  to  it  there.  A  counterweight  which  hangs 
from  a  cord  winding  up  on  a  small  pulley  on  the  pinion 
shaft  allows  the  rack  to  be  raised  or  lowered.  The 
divisions  on  the  dial  correspond  to  a  movement  of 
i/ioo  cm.  by  the  rack. 
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The  Dow  instrument  has  many  features  which  make 
its  use  time-consuming.  It  also  requires  considerable 
skill  and  attention  to  obtain  results  checking  within 
three  or  four  degrees.  The  shelf,  on  which  rests  the 
water  bath  containing  the  sample,  is  fixed  in  position. 
This  limits  the  height, of  the  sample  container  and  the 
bath.  The  weighted  frame  limits  the  width  of  the 
vessel  used  for  a  water  bath,  and  is  an  inconvenience 
in  placing  the  sample  on  the  shelf  and  setting  the  needle. 
When  the  clamp  is  opened  the  space  within  is  quite 
large.  This  allows  the  rod  to  deviate  from  a  vertical 
position  while  penetrating.  The  weight  of  the  large 
frame  also  tends  to  bring  the  needle  out  of  the  vertical. 
To  avoid  this  action  requires  extreme  care  in  setting, 
and  even  then  it  takes  place  to  a  small  extent.  When 
the  rod  is  again  clasped  by  the  clamp,  it  is  moved 
horizontally,  thus  bringing  a  force  on  the  needle  other 
than  its  weight.  On  bringing  the  rack  down  on  the 
rod,  after  the  needle  has  been  set  or  penetrated,  its 
weight  is  liable  to  drive  the  rod  and  needle  down  into 
the  asphalt.  The  operator  is  inclined  to  avoid  this 
by  stopping  the  rack  just  above  the  top  of  the  rod, 
thus  introducing  inaccuracies  in  the  determination. 
The  counterweight  and  its  cord  often  become  tangled 
in  the  shaft  and  shelves  and  are  in  the  way. 

These  objectionable  features  of  the  Dow  penetrom- 
eter led  the  New  York  Testing  Laboratory  to  modify 
it.  This  instrument  is  described  by  Clifford  Richard- 
son in  his  work  on  asphalt  paving.'  The  fixed  shelf  of 
the  Dow  machine  is  replaced  by  one  on  a  screw.  This 
allows  the  sample  to  be  brought  up  to  the  needle  very 
slowly,  and  the  setting  can  be  made  with  greater  ac- 
curacy. The  weighted  frame  is  dispensed  with  and 
replaced  by  a  weight  on  the  lower  part  of  the  rod  just 
above  the  needle.  The  rod  slides  in  a  collar  of  con- 
siderable height  and  is  thus  maintained  in  a  vertical 
position.  The  clamp  holding  the  rod  is  fixed  in  this 
collar  and  grasps  it  more  firmly  than  that  of  the  Dow 
penetrometer.  Instead  of  a  counterweight,  the  rack 
is  kept  in  position  by  a  spring  pressing  against  it. 

The  wide  collar,  forming  part  of  the  clamp  of  the 
New  York  Testing  Laboratory  instrument,  gives  rise 
to  considerable  friction  on  the  rod.  This  violates  the 
basic  requirement  of  the  ideal  penetrometer.  The 
clamp  requires  the  exertion  of  considerable  force  to 
release  the  rod.  This  tends  to  cause  the  operator  to 
allow  the  clamp  to  shut  before  the  expiration  of  the 
standard  penetrating  period.  The  force  required  to 
open  the  clasp  is  also  liable  to  disturb  the  setting  of 
the  instrument  and  thus  introduce  inaccuracies. 

The  errors  due  to  the  construction  of  the  present 
machines  and  to  the  personal  equation  of  the  operator 
often  require  a  long  series  of  determinations  in  order  to 
obtain  three  results  which  lie  within  a  limit  of  three  or 
four  degrees.  Some  specifications  for  asphaltic  cement 
require  its  consistency  to  lie  within  limits  ten  degrees 
apart  on  the  penetrometer.  It  is  therefore  difficult 
to  interpret  the  specifications  strictly  with  the  results 
obtained  on  the  present  penetrometers.  This  has  given 
rise  to  a  demand  for  an  instrument  which  eliminates 
some  of  the  constructional  errors  of  the  present  ones, 
and  also  some  of  the  personal  errors. 

>  "The  Modern  Asphalt  Pavement."  John  Wiley  &  Sons 


The  errors  in  penetrating,  apart  from  those  of  the 
instrument,  are  quite  numerous.  The  sample,  usually 
contained  in  a  small  tin  box,  must  be  firmly  set  in  the 
water  bath.  This  can  be  very  satisfactorily  accom- 
plished by  means  of  a  glass  vessel  with  a  deep  layer  of 
fairly  hard  asphaltic  cement.'  The  sample  must  have 
been  at  the  standard  temperature  long  enough  to  have 
attained  it  throughout.  In  this  connection,  labora- 
tories working  with  a  large  number  of  asphaltic  cements 
will  find  a  good  thermostat  a  great  convenience.  After 
a  sample  has  been  maintained  thirty  minutes  at  con- 
stant temperature  it  can  be  placed  in  the  penetrometer 
water  bath,  filled  with  water  from  the  thermostat  at 
the  same  time. 

A  personal  error  of  considerable  magnitude  has 
already  been  indicated,  that  of  setting  the  rack  on  the 
rod  before  and  after  penetrating.  In  the  timing  of 
the  penetration  period  lies  probably  the  greatest  error 
of  the  determination.  The  timing  is  done  by  either  a 
stop-watch  or  a  metronome.  The  use  "of  the  former 
is  more  open  to  inaccuracies  than  the  latter. 

The  variation  in  the  size  of  the  standard  needles  has 
often  been  pointed  out  as  a  source  of  variation  in  re- 
sults obtained  by  different  chemists  or  by  the  same 
operator  from  tirne  to  time.  The  personal  errors  have 
been  so  large  that  no  definite  conclusions  could  be 
drawn  as  to  the  extent  of  this  source  of  difference. 

The  importance  of  eliminating  the  time  error  and 
shock,  due  to  the  manual  control  of  penetrometers, 
has  long  been  recognized.  With  this  object  in  view, 
Dow  and  Griffith  devised  and  patented^  an  electrical 
limiting-time-interval  clamp,  to  be  applied  to  the  then 
generally  used  Bowen  penetrometer.  This  clamp 
clasped  the  thread  supporting  the  weighted  bar  which 
held  the  needle,  and  released  it  for  the  desired  intervals. 
This  electrical  limiting-time-interval  clamp  was  cum- 
bersome and  complicated  in  its  working  and  regulation. 
When  Dow  devised  the  penetrometer  which  bears  his 
name,  and  which  superseded  the  Bowen  instrument, 
he  omitted  from  it  his  time-interval  clamp. 

The  advent  of  the  simple,  compact,  Sieman's  inter- 
mediate relay  with  time  limits  has  made  it  possible 
to  electrically  time  and  control  penetrometers  of  the 
present  type.  The  penetrating  device  of  the  instru- 
ment can  be  directly  controlled  by  the  electrically 
timed  magnet,  instead  of  through  the  intermediary  of 
a  clamp,  as  in  the  Bowen-Dow-Griffiths  electrical  pene- 
trometer. This  simplifies  the  operating  mechanism 
and  reduces  the  chances  of  trouble  from  its  derangement. 

A  new  form  of  penetrometer,  electrically  controlled 
and  timed,  used  for  over  a  year  in  this  Laboratory, 
is  shown  in  Figure  i.  Figure  2  is  a  sketch  of  the  elec- 
tromagnetic clutch  for  holding  the  rod  with  its  needle. 
The  clutch  is  on  a  bracket  sliding  on  the  upright  rod 
of  the  instrument,  to  which  it  may  be  secured  by  meanSi 
of  a  set  screw.  The  weighted  rod  A,  which  holds  the 
needle,  is  of  steel,  brass-clad.  It  slides  through  the 
openings  in  the  thin  German  silver  plates,  C  C,  and  is 
partly  enclosed  by  the  concave  poles,  B,  B2,of  the  electro- 
magnet. The  plates  are  set  so  the  rod  does  not  come 
into   contact   with   the  poles   of  the   magnet,   and   are 

'  Bull.  38,  Office  of  Public  Roads,  U,  S.  Dept.  of  Agriculture. 
1  U.  S.  Patent  512,687  (1894). 
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rounded  where  they  touch  the  rod,  thus  eliminating 
all  friction.  The  rod  and  needle  weigh  50  grams  and 
are  weighted  to  100  and  200  grams  by  weights  of  50 
and  150  grams,  respectively,  slipped  over  the  rod  above 
the  needle,  and  there  fastened  by  set  screws. 

The  penetration  is  measured,  as  in  other  machines, 
by  means  of  a  rack  and  pinion,  the  latter  being  fastened 
to  an  adjustable  hand  on  a  dial.  The  counterweight 
and  spring,  used  in  the  previous  types  of  instruments 
for  holding  the  rack  in  place,  are  dispensed  with.  The 
pinion  shaft  has  an  additional  gear  wheel.  This  gear 
is  in  mesh  with  a  worm  on  a  shaft  at  right  angles  to 
the  first,  the  worm  shaft  being  driven  by  means  of  a 
milled  head  at  one  side  of  the  dial.  By  turning  the 
milled  head  the  rack  may  be  raised  or  lowered  and 
accurately  set  on  top  of  the  rod.  In  setting  the  needle 
on  the  surface  of  the  sample,  the  latter  is  first  raised 
to  within  less  than  a  millimeter  of  the  former.  The 
rod  is  then  forced  down  by  the  rack  until  the  needle 
touches  the  surface  of  the  asphaltic  cement.  During 
the  setting  the  rod  is  held  by  the  magnet,  the  electro- 
magnetic force  being  overcome  by  that  exerted  by  the 


B, 


yi 
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operated  by  hand.  The  circuit  is  broken  by  pressing 
a  button.  To  eliminate  the  time  error  of  the  observer, 
a  Sieman's  intermediate  relay 
with  time-limit  is  used.  The 
penetrometer  is  placed  in  the 
circuit  with  one  side  of  this 
device,  and  the  lighting  circuit 
passed  through  a  switch  and 
the  relay  electro-magnet.  On 
breaking  the  current  through 
the  latter,  the  penetrometer 
circuit  is  broken  and  auto- 
matically made  at  the  end  of 
five  seconds. 

The  accuracy  of  the  penetro-  Y. 
meter    was    tested    by    deter- 
mining    the     penetration     of 
three  asphaltic  cements,  using 
the    same  needle.     The  pene-  '^'°-  - 

trations  were  made  at  77°  F.,  with  the  needle  loaded 
with  100  grams,  penetrating  for  5  seconds.  After  each 
observation  the  needle  was  cleaned  with  chloroform, 
dried,  and  brought  to  77°  P. 

The  results  are 'given  in  the  following  table: 


J 


NETRATION    OF    ASPHALTIC    CEMENTS. 

(77°  F.,  100 

g..  5  sec.) 

Oil  asphalt 

Oil  asphalt 

Trinidad 

cement 

cement 

asphalt 

No.  1 

No.  2 

cement 

Determination  No.  1. 

...      55 

53 

85 

Determination  No.  2. 

...      55 

53 

84 

Determination  No.  3. 

...      55 

53 

84 

II 

Richardson'  has  stated  that  variations  in  the  size 
of  the  needles  give  rise  to  uncontrollable. variations  in 
penetrations  determined  with  them. 

Since  all  errors  are  eliminated  in  the  machine  de- 
scribed, it  was  possible  to  ascertain  the  extent  of  this 
variation.  Three  needles  were  selected  from  each  of 
three  packages  of  standard  needles.  Oil  asphalt 
cement  No.  i  was  then  penetrated,  using  these  needles, 
taking  the  precautions  outlined  above. 

Penetration  of  Oil   Asphalt   Cement   No.    1.  by  Different  Needles 
(770  F.,  100  g.,  5  sec.) 

Needle     Package  Penetration  Needle       Package  Penetration 


rack.  This  device  and  method  of  procedure  enable 
very  accurate  settings  of  the  needle  and  rack  to  be 
made. 

The  sample  is  placed  on  a  movable  shelf  which  can 
be  rapidly  lowered  to  allow  cleaning  of  the  needle.  In 
order  to  set  the  machine  in  a  vertical  position,  a  plumb 
bob  and  adjusting  screws  are  attached  to  the  penetrom- 
eter. A  small  electric  lamp,  fastened  to  the  top  of 
the  standard  and  in  series  with  the  electro-magnet, 
indicates  when  the  current  is  on.  The  instrument  is 
wound  to  be  connected  to  a  no  volt  direct  current 
circuit. 

The  use  of  the  electro-magnet  clutch  precludes  the 
■shoipjf  pr  djjplacement  of  the  machine,  due  to  a  clamp 


The  greatest  deviation  fro 


Average, 
i  0.6  of  a  unit. 


CONCLUSIONS. — A  new  form  of  penetrometer,  which 
eliminates  the  errors  due  to  the  construction  of  pre- 
vious instruments  and  permits  rapid  accurate  determi- 
nations, has  been  described. 

The  personal  error  in  timing  penetrations  has  been 
eliminated  through  the  use  of  this  penetrometer  in 
connection  with  an  intermediate  relay  with  time-limit. 

The  variations  in  determinations  of  penetration  due 
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to  variations  in  the  standard  needles  has  been  inves- 
tigated and  found  to  be  negligible. 

The  writer  wishes  to  express  his  appreciation  of  the 
help  rendered  by  Mr.  Walter  Erlenkotter  and  Mr.  A. 
D.  St.  John,  of  this  Laboratory,  in  connection  with 
this  paper. 
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AN  APPARATUS  AND  METHOD  FOR  DETERMINING 
THE  HARDNESS  OF  BUTTERFAT 
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The  desirability  of  having  an  accurate  method  for 
determining  the  hardness  or  consistency  of  butter- 
fat  and  other  fats  has  been  felt  for  a  number  of  years. 
Several  methods  and  apparatus  having  a  greater  or 
less  degree  of  efficiency  have  been  devised  from  time 
to  time. 

The  first  methods  were  proposed  for  the  examina- 
tion of  olive  oil.  Of  these  earlier  methods  the  most 
practical  was  devised  by  Serra  Carpi.'  His  method 
was  to  cool  the  olive  oil  down  to  20°  C,  for  three  hours, 
and  by  means  of  a  suitable  arrangement,  he  placed 
on  the  solidified  fat  a  cylindrical  iron  rod,  2  mm.  in 
diameter  and  i  cm.  long  and  conical  at  the  bottom. 
Weights  were  then  put  on  to  the  rod  until  it  sank 
completely  into  the  fat.  Thus,  for  pure  olive  oil 
1700  grams  and  for  cottonseed  oil  25  grams  were  re- 
quired. 

Woods  and  Parsons^  report  satisfactory  results  in 
determining  the  hardness  of  butter  by  the  use  of 
a  method  which  consists  essentially  of  dropping  a 
weighted  glass  rod  through  a  glass  tuVje  i  meter  long, 
held  vertically  above  the  surface  of  the  butter  to  be 
tested,  and  noting  the  depth  of  penetration  on  a  scale 
attached  to  the  glass  tubing.  The  determinations 
were  performed  at  15.5°  C.  after  the  butter  had  stood 
in  a  cool  room  for  several  days.  The  results  were 
expressed  in  mm.  of  penetration. 

R.  Brulle'  measured  the  hardness  of  butter  with 
an  apparatus  which  he  called  an  "oleogrammeter." 
This  is  an  instrument  consisting  of  a  vertical  rod  on 
the  top  of  which  is  fixed  a  large  plate.  The  rod  is 
allowed  to  slide  in  a  ring  fastened  to  a  stand.  The 
end  of  the  rod  is  placed  on  the  surface  of  the  solidified 
fat,  and  then  weights  are  put  on  the  dish  until  the  rod 
sinks  briskly  into  the  fat.  The  weights  required 
represent  the  resistance  of  the  butter  to  the  "oleo- 
grammeter." The  butter  samples  were  kept  at  21°  C. 
for  an  hour  before  testing.  This  method  is  essentially 
the  same  as  that  used  by  Serra  Carpi^  for  olive  oil. 

Sohn'  proposes  three  forms  of  apparatus  and  lays 
down  the  following  rules,  strict  adherence  to  which 
are  necessary: 

I.  The  rod  must  descend  in  an  absolutely  perpendicu- 
lar direction. 

•  Serra  Carpi.  Z,  anal.  Chem..  1884.  23,  566. 

2  Woods  and  Parsons.  Bull.  IS,  New  Hampshire  Exp.  Sla. 
"  R.  Brulle,  Compl.  rend.,  1893,  116,  1255. 

*  Loc,  cit. 

'SoUn.  Analyst,  1893,  p.  218, 


2.  It  must  slide  in  its  bearing  with  the  least  possible 
friction. 

3.  Conditions  of  temperature  must  be  constant. 

4.  Vessels  of  one  diameter  must  be  used  for  the 
material  under  examination. 

5.  The  rod  must  enter  the  center  of  the  vessel  or 
at  a  fixed  distance  from  the  circumference. 

6.  The  same  depth  of  material  must  always  be  used. 

7.  The  material  must  be  allowed  to  rest  a  certain 
fixed  time  before  testing. 

J.  B.  Lindsey'  and  his  associates  determined  the 
hardness  of  butter  with  an  apparatus  analogous  to 
that  used  by  Woods  and  Parsons,-  the  only  real  differ- 
ence being  that  they  dispensed  with  the  large  glass 
tube  and  the  depth  of  penetration  was  measured  on 
the  plunger.  Their  determinations  were  performed 
on  butter  which  had  been  in  cold  storage  for  some  time 
and  then  allowed  to  stand  at  room  temperature  for 
several  hours. 

Hunziger,  Mills  and  Spitzer'  report  results  in  meas- 
uring the  hardness  or  "mechanical  firmness"  of  butter 
with  an  apparatus  which  measured  the  crushing  effect 
of  a  plunger,  size  and  weight  not  stated,  on  briquettes 
of  manufactured  butter.  No  mention  is  made  of  the 
conditions  of  temperature  under  which  the  tests  were 
conducted. 

In  some  of  our  experimental  work  here,  we  considered 
it  desirable  to  measure  the  hardness  of  butter  fat  with 
a  reasonable  degree  of  accuracy,  and  in  such  a  way  that 
results  obtained  throughout  experiments  extending 
over  long  periods  of  time  would  be  entirely  compar- 
able. After  trying  several  of  the  above-mentioned 
methods,  none  of  which  proved  delicate  enough  for 
our  purpose,  the  following  apparatus  and  method 
were  devised. 

The  apparatus  used,  as  shown  in  the  accompanying 
cut,  comprises  a-firm  support  (A)  and  a  separate  light 
frame  (B)  carrying  the  penetrating  needles  and  the 
weights.  The  support  consists  of  a  heavy  iron  base 
(c)  into  which  are  inserted  2  upright  rods  (d  and  e) 
about  I  meter  long,  one  of  which  is  hollow  and  contains 
wires  connecting  the  electro-magnet  (g)  with  (A). 
These  uprights  are  about  25  cm.  apart  and  are 
joined  together  at  the  top  by  a  piece  of  hollow 
iron  rod  (/) :  {h)  and  (k)  are  binding  posts  for  at- 
taching the  batteries  to  operate  the  magnet.  A 
key  0)  attached  to  the  base  serves  for  making  and 
breaking  the  current  through  the  magnet:  (k)  and  (/) 
are  millimeter  scales  reading  downward.  Attached 
to  the  upright  rods  is  an  adjustable  platform  (m) 
for  carrying  the  sample  whose  hardness  is  to  be  tested. 
The  coarser  adjustment  of  the  height  of  the  platform 
is  secured  by  means  of  the  clamps  (n)  and  (0).  This 
adjustment  does  not  need  to  be  regulated  except  at 
rare  intervals.  A  finer  adjustment  is  secured  by  simply 
turning  (w)  which  is  supported  from  (n-o)  by  a  'A 
inch  nut  and  screw.  The  frame  is  of  hollow  brass 
tubing  to  get  it  as  light  as  possible,  while  still  retain- 

'  Lindsey  and  Associates.  IJlh  Ann.  Repl.  Hatch  Exp.  Sla.,  p.  28; 
nth  Ann.  Rpl.  Hatch  Exp.  Sta..  p.  167;  J6lh  Ann.  Rpt.  Hatch  Exp.  Slo.,  p.  59; 
21sl  Ann.  Rpt.  Hatch  Exp.  Sla.,  p.  99. 

-  Woods  and  Parsons,  toe.  cit. 

'  Bull.  169,. Purdue  University,  Indiana  .^gr.  Exp.  Sta. 
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ing  the  necessary  degree  of  strength.  It  is  about 
40  cm.  long  and  15  cm.  wide:  (p)  is  a  piece  of  soft 
Swedish  iron  to  be  acted  on  by  the  magnet.  Directly 
beneath  this  inside  the  frame  is  a  socket  and  a  set- 
screw  (q)  to  hold  the  needle  (/)  in  place.  At  the 
opposite  end  of  the  frame  is  a  small  platform  (r)  for 
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carrying  the  weights,  which  are  made  with  a  hole 
dcilled  through  the  center  so  that  they  can  be  placed 
over  the  screw  projecting  above  the  platform  and  held 
firmly  in  place  by  the  nut  (5).  The  frame  (B)  when 
carrying  any  one  of  the  set  of  needles  weighs  200  grams. 
Additional  weights  are  provided,  making  possible 
any  combination  of  exact  multiples  of  100  grams 
up  to  1400.  A  set  of  needles  is  provided  having  cross- 
sectional  areas  of  5,  10,  15,  25,  50  and  100  sq.  mm. 
They  are  cylindrical  in  shape  and  slightly  more  than 
10  cm.  long,  being  marked  at  a  distance  of  10  cm.  from 
the  end.  The  larger  sizes  are  of  hollow  tubing  plugged 
at  the  ends,  and  the  smaller  made  with  heavy  shanks 
to  secure  uniformity  of  weight.  The  scales  {k  and  /) 
attached  to  the  upright  rods  which  were  previovisly 
referred  to,  are  so  placed  that  when  the  frame  with 
needles  and  weights  is  held  in  place  by  the  electro- 
magnet, preparatory  to  making  the  test,  the  point 
of  the  needle  is  at  zero  on  the  scales.  The  height  of 
the  adjustable  platform  (m)  is  then  so  regulated  that 
the  surface  of  the  sample  to  be  tested  is  at  100  mm.  on 
the  scale.  A  small  plumb  bob  (W)  or  a  wooden  rod  of 
proper  length  measuring  downward  from  (g)  is  made  use  of 


in  this  connection.     The  distance  of  fall  before  reaching 
the  surface  of  the  butter  is,  then,  always  10  cm. 

In   making  the   determination,   the  frame   (B)    with 
a  suitable  needle  and  weights  is  suspended  from  the 
electro-magnet,  and  the  beaker  of  fat  placed  in  posi- 
tion  beneath   the   needle,   the   height  being  regulated 
as   described   above.     The  frame  is  then  released   by 
means  of  the  key.     The  depth  of  penetration  is  as- 
certained by  stretching  a  very  fine  wire  in  line  with 
the  mark  on  the  needle,  and  noting  its  position  on 
either  scale.      The  average  of  the  two  readings  is  taken 
as  the  depth  of  penetration.     Since  the  cross-sectional 
area  of  the  penetrating  needle  is  known,  and  the  depth 
of    penetration    has    been    ascertained,    their    product 
indicates   the    volume    of    butterfat     displaced.      The 
amount  of  weight  acting  on  the  needle  is  known,  and 
the    distance    through    which    it    falls    is    constant;    if 
then,   the  amount   of   weight   employed,   expressed  in 
grams,  is  divided  by  the  volume  of  fat  displaced,  ex- 
pressed  as   cu.    mm.,   the   quotient   will   represent  the 
weight  in  grams  required  to  displace  i  cu.  mm.  of  the 
fat,  or    the    number    of    kilos   required   to    displace    i 
cc.    at    the     stated    temperature.      This    is    the    basis 
employed    to    express    the    proportionate    hardness    of 
the  fat.     A  sample  of  fat  is  said  to  have  a  hardness 
of  I  at  a  given  temperature  when  i  kilo  will  displace 
I  cc.  of  fat;  or  of  1.2  or  0.85  when  1200  or  850  grams, 
respectively,    are    required    to    displace    1    cc.    of    fat. 
When  all  other  conditions  are  constant,  it  is  evident 
that  the  hardness  is  in  inverse  proportion  to  the  depth 
of  penetration,  and  direct  comparisons  can  be  made. 
The   amount   of   weight   employed   and   the   size   of 
the  needle  used  will  depend,  of  course,  on  the  character 
of  the  fat,  and  the  temperature  at  which  the  hardness 
is  determined.      With  a  proper  combination  of  needles 
and   weights,   the   needle   will   remain   practically  sta- 
tionary in  the  fat  after  the  initial  plunge.     If,  how- 
ever, too  much  weight  or  too  small  a  needle  is  employed, 
the  needle  continues  to  sink  slowly,  making  an  accurate 
reading   of   the   depth   of   penetration   impossible.     In 
the  reverse  case  with  too  large  a  needle  or  too  little 
weight,  the  penetration  is  of  course  much  less,  and  the 
percentage  experimental  error  proportionately  greater. 
The  suspension  of  the  weights  far  below  the  needle 
brings  the  center  of  gravity  of  the  falling  portion  of 
the  apparatus  below  the  point  of  the  needle,  causing 
the   latter   to   invariably    assume    a   vertical   position, 
making  it  much  easier  to  ascertain  the  true  depth  of 
penetration  than   would   be  the   case  if  the   point   of 
the  needle  (l)  were  at  or  below  the  center  of  gravity. 
After  its  release  by  the  electro-magnet,  the  apparatus 
meets  with  no  resistance  whatever  in  its  fall,  except 
that  offered  by  the  air  until  the  point  of  the  needle 
reaches  the  surface  of  the  butter. 

It  might  be  argued  that  gravity  was  acting  through 
a  greater  distance  in  the  case  of  a  sample  which  was 
penetrated  30  mm.  than  in  the  case  of  one  which  was 
penetrated,  say  only  15  mm.;  or  again,  it  might  be 
argued  that  the  amount  of_friction  on  the  sides  of  a 
small  needle  would  be  proportionately  greater  than 
that  on  a  larger  needle,  on  account  of  the  greater  area 
in    proportion    to    its    volume.     These    objections,    if 
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they  are  applicable,  would  tend  to  counteract  each 
other;  and  at  any  rate  their  influence  is  not  perceptible 
in  the  results;  for,  duplicate  determinations  carried 
out  with  varying  sizes  of  needles  and  weights,  where 
the  depth  of  penetration  is  necessarily  greater  in  some 
cases  than  in  others,  show  no  greater  variations  than 
occur  when  the  same  sizes  of  needles  and  weights  are 
used  throughout,  provided  combinations  which  render 
readings  difBcult  to  make  be  avoided. 

In  practice  we  endeavor  to  secure  a  combination 
of  needles  and  weights  which  will  give  a  penetration 
of  about  25  or  30  mm.  and  with  our  wide  range  of 
weights,  200  to  1400  grams,  have  ordinarily  found 
it  necessary  to  make  use  only  of  the  needles  having 
sectional  areas  of  25  and  50  sq.  mm.,  when  working 
at  ordinary  temperatures. 

While  the  agreement  of  duplicate  readings  is  not 
as  close  as  is  ordinarily  expected  in  quantitative  chemical 
work,  it  is,  considering  the  nature  of  the  determination, 
reasonably  satisfactory  when  the  samples  have  been 
properly  prepared.  The  extreme  variations  rarely 
exceed  2  or  3  millimeters  with  a  penetration  of  25 
to  30,  and  in  the  majority  of  cases,  the  readings  have 
a  closer  agreement  than  that  mentioned  above.  In 
practice  we  have  taken  the  average  of  five  or  six  read- 
ings as  the  final  result.  After  the  samples  are  prepared, 
we  have  been  able  to  make  and  record  from  40  to  50 
readings  per  hour. 

Since  the  end  to  be  attained  in  this  work  was  knowl- 
edge regarding  the  properties  of  the  fat  itself  as  dis- 
tinguished from  those  properties  which  may  have 
been  introduced  in  the  process  of  manufacturing  the 
fat  into  butter,  the  hardness,  like  the  other  physical 
and  chemical  constants,  has  been  determined  on  the 
rendered  fat.  Data  have  been  introduced  in  Table 
8  showing  the  hardness  of  several  samples  of  butter 
prepared  in  different  ways;  also  the  hardness  of  the 
rendered  fat  from  the  same  butter. 

The  method  of  procedure  adopted  in  working  with 
rendered  butterfat  is  as  follows:  About  200  cc.  of 
the  .mixed  melted  fat  are  placed  in   a    250   cc.    Griffin 

Table  1 — All  the  Samples  Shown  in  Table  1  were  Taken  from  the  Same 
Large  Dish  of  Melted  Butterfat  which  had  been  Thoroughly  Mixed,  and 
were  Identical  in  Composition,  .\fter  Being  Poured  into  the  Small  Jars  in 
which  the  Hardness  was  Measured  the  Samples  Received  the  Same  Treat- 
ment in  Every  Respect,  Except  that  the  Samples  so  Designated  were 
Stirred  with  a  Glass  Rod  as  Described  Elsewhere  in  this  Paper,  while  they 
were  Being  Cooled  in  a  Pan  of  Running  Water.  The  Samples  Designated 
as  Unstirred  were  not  Disturbed  Until  they  were  Solid.  The  Samples 
were  All  Removed  at  the  Same  Time  to  the  Constant  Temperature  Bath 
and  Kept  at  Almost  Exactly  15°  C.  for  18  Hours. 


Stirred  while  cooling 


Not  stirred 


Penetration     Sample  No. 
21.0mm.  8 


2 22.0 

3 22.5 

4 22.5 

5 22.0 

6 23.0 

7 22.0 

Average 22. 1 


Penetration 
28.0  mm. 
24.0  " 
29.0  " 
25.0  ■' 
25. 0  '■ 
27.0  " 
24.0  " 
25.0     " 


Average 25.8 

shape  aluminum  beaker  which  is  set  in  cold  water, 
lo  to  2o°  C.  in  a  pan  having  a  smooth  level  bottom. 
The   fat  is  frequently   stirred   with   a  glass  rod   until 


the  rod  can  just  be  removed  without  leaving  an  im- 
pression in  the  fat.  The  sample  is  allowed  to  stand 
in  the  water  a  few  minutes  longer  until  it  is  well  solidi- 
fied. The  stirring  is  done  to  prevent  the  separation 
of  the  fat  into  zones  of  different  hardness,  a  condition 
which  occurs  when  the  melted  fat  is  left  to  solidify 
without  stirring.  Tables  i,  2,  3  and  4  show  data 
illustrating  the  effect  of  stirring  on  the  observed  hard- 
ness of  the  fat.  It  will  be  noticed  that  the  penetration  in 
the  case  of  the  unstirred  samples,  Tables  i  and  2,  was 

Table  3 — This  Data  is  of  the  Same  Nature  as  that  Shown  in  Table  1, 
the  Samples  Having  Received  Practically  Identical  Treatment  to  that 
Given  the  Samples  in  Table  1.  The  Butterfat  Tested,  however,  was  from 
a  Different  Source. 


Stirred  ? 

rhile  cooling 

Not  stirred 

Sample  No. 

Penetration 
12  5  mm 

Sample 
9.  ., 
10.. 
11.  ., 

No. 

PeDetratioD 

2 

3 

12.5      ■' 

12.5      " 

12.0      ■' 

12.5      ■■ 

13,5      ■' 

13  5 

16.0     " 
16.0     " 

4 

5 

6 

7 

12... 
13... 
14.. 
15.. 

18.0     ■■ 
19.5     " 
18.5     ■■ 

8 

12.5      ■' 

Average 12.7 

greater  on  every  occasion  than  with  the  stirred  samples, 
due  doubtless  to  the  fact  that  in  the  small  vessels  em- 
ployed to  contain  thejfat,the  penetration  invariably  took 
place  near  the  center  where  the  softer  portions  of  the 
fat  were  collected. 

It  will  be  observed  from  Table  3  that  when  the  samples 
were  stirred  during  the  process  of  cooling,  the  pene- 

Table  3 — Fat  in  Large  Containers  (600  Cc.  Griffin  Beakers).  Samples 
were  All  Stirred  While  Cooling.  No  Effort  was  Made  to  Have  Samples 
1.2..^  and  4  of  the  Same  Composition.  Samples  were  Held  at  about  15**  C. 
in  the  Constant  Temperature  Bath  for  18  Hours. 

Penetration  in  mm.  at  center  Penetration  in  mm.  near  edge 

1  determination  only 

Sample    1 20. S 


Average  of  4  determinations 

20. S 

27.0 

2 25.5 

30.5 

3 30.7 

30.5 

4 29.7 

tration  was  practically  the  same  regardless  of  which 
portion  of  fat  was  penetrated.  In  the  case  of  the  ^un- 
stirred samples.  Table  4,  the  penetration  was  much 
greater  when  measured  at  the  center  than  when  meas- 
ured near  the  edges  of  the  receptacle.  The  penetra- 
tion measured  midway  between  the  center  and  edge 

Table  4 — The  Same  Conditions  Obtained  Here  as  Described  for  the 
Samples  in  Table  3,  Except  that  None  of  the  Samples  were  Stirred  during 
the  Cooling  Process. 


Penetration  in  mm.  at  center 

1  determination  only 
Sample  1 


Penetration  in  mm.  near  edge 
Average  of  4  determinations 

30.5  Sample  1.: 22.1 

30.5  2 22.0 

29.5  3 21.8 

29.0  4" 20.8 


was  just  about  the  average  of  that  obtained  at  the 
center  and  that  obtained  at  the  edge.  Stirring  the  fat 
in  this  way  while  it  is  cooling  makes  unnecessary  a 
strict  observance  of  rules  4,  5,  and  6  as  laid  down  by 
Sohn  and  quoted  above. 

The  samples  prepared  in  this  way  are  transferred 
to  a  covered  water  bath  tightly  packed  with  heat  in- 
sulating material  inside  a  double  walled  wooden  box. 
They  are  held  here  for  12  hours  (over  night)  or  longer 
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at  a  temperature  not  more  than  i  °  C.  from  that  at 
which  the  tests  are  to  be  made.  The  temperature  is 
then  adjusted  to  exactly  the  proper  point  and  not 
allowed  to  vary  more  than  0.1°  C.  from  that  tempera- 
ture for  6  hours  before  the  tests  are  made.  Samples 
held  under  these  conditions  gave  much  more  uniform 
and  satisfactory  results  than  we  were  able  to  secure 
on  recently  solidified  samples.  The  method  of  pro- 
cedure in  making  the  determination  itself  has  already 
/0°C 
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been  given  as  a  part  of  the  description  of  the  apparatus. 
Sohn  in  the  article  quoted  above  emphasized  the 
importance  of  a  close  temperature  control,  and  we 
have  likewise  found  this  absolutely  essential,  if  re- 
sults of  any  value  are  to  be  expected.  The  necessity 
of  such  a  close  coiitrol  over  the  temperature  can  be 
better  understood  after  a  study  of  the  results  recorded 
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in  Tables  5  and  6  and  Plates  I  and  II  showing  the  hard- 
ness of  several  samples  of  fat  at  different  temperatures. 
These  results  show  clearly  that  a  difference  in  tempera- 
lure  of  even  0.1°  is  a  very  important  matter  when  at- 
tempting to  measure  the  hardness  of  fat. 

It  will  also  be  noticed  that  the  rate  of  increase  in 
hardness,  due  to  temperature,  is  considerably  greater 
at  lower  temperatures  than  it  is  near  the  freezing 
point  of  the  fat,  which  in  the  case  of  butterfat,  is  in  the 
vicinity  of  20°  C.  These  results  also  serve  to  illustrate 
the  well-known  fact  that  there  is  a  marked  difference 
in  hardness  due  to  the  individuality  of  the  animal 
producing  the  fat.  The  numbers  in  Table  6  and  Plate 
II  correspond  to  the  herd  number  of  the  animal  pro- 
ducing the  sample.     These   were  selected   at  random 


from  cows  in  the  dairy  herd  at  the  Ohio  Experiment 
Station  and  by  no  means  represent  extremes. 

Table  5 — Showing  the  Hardness  of  the  Same  Samples  of  Butterfat  at 
Temperatures  Ranging  from  10°  C.  to  19°  C.  Each  Value  as  Stated  was 
Calculated  from  the  Average  of  Several  Determinations  Carried  Out  Ac- 
cording to  Our  Regular  Method  of  Procedure  as  Given  Elsewhere.  Hard- 
ness in  Terms  of  Kilos  Required  to  Displace  1  Cc.  of  Fat  at  Stated  Tem- 
peratures. 
Temperature  Hardness     Temperature  Hardness 

10° 1.630  15° 0.890 

11° 1.420  16° 0.750 

12° 1.270  17° 0.603 

13° 1.092  18° 0.337 

14° 1.012  19° 0.113 


Other  factors  such  as  breed,  the  advance  of  the  period 
of  lactation,  and  the  character  and  amount  of  food, 
are  supposed  to  have  considerable  influence  on  the 
hardness  of  the  fat.  The  available  data  on  certain 
of  these  points  is  well  summed  up  by  Hunziger,  Mills, 
and  Spitzer.'  As  already  stated  this  method  and 
apparatus  were  devised  as  a  means  of  studying  certain 
of  these  factors. 

For  general  work  with  this  method  the  most  satis- 
factory temperature  to  be  used  in  making  determina- 
tions of  the  hardness  of  butterfat  is  probably  that 
temperature  between  15°  and  0°  C,  which  can  be 
maintained  with  the  greatest  ease  and  constancy  under 
available  conditions.  Any  temperature  above  15°  C. 
will  probably  be  too  warm  to  permit  an  accurate  de- 
termination of  the  hardness  of  soft  samples  of  butter- 
fat. In  some  ways  the  results  secured  at  10°  C.  or 
0°  C.  are  more  satisfactory  than  those  to  be  obtained 
at  higher  temperatures,'  because  in  working  with  the 
greater  values  the  chances  for  error  are  lessened. 

Table  6 — Showing  the  Hardness  of  Several  Samples  of  Butterfat  at 
Different  Temperatures.  The  Numbers  Correspond  to  the  Herd  Number 
of  the  Animal  Producing  the  Sample. 


I  I 


0.65 

2.53 

0.38 

2.33 

1.65 

4.60 

2.25 

5.00 

0.82 

3.54 

1.02 

2.93 

1.18 

4.11 

7.08 

2.41 

6.66 

10.8      1 

(9.5° 

C.) 

o  o 

Temperatures                                      2;  12 

53 .     .  .  0.20 

59.  .  .                         0.12 

61.                                     0.84 

64.  .                                1  .27 

66 0.26 

72 0.56 

Melted  fat  from  Creamery 

print  butter 0.43 

.Sample  of  mixed  fat.      Partly 

rancid 0.21  1  .  II 


The  relative  hardness  of  the  samples  at  these  tempera- 
tures may  not,  however,  always  represent  their  rela- 
tive hardness  at  higher  temperatures  as  shown  by  the 
data  in  Plate  II  and  Table  6;  and  the  fact  must  not 
be  lost  sight  of,  that  from  a  practical  standpoint 
the  hardness  of  butter  at  o°  C.  or  even  io°  C.  is  of 
little  significance;  while  the  hardness  of  butter  at 
temperatures  above  15°  C.  is  a  very  important  matter, 
for  a  butter  which  will  stand  up  well  and  retain  its 
hardness  under  summer  conditions  is  greatly  to  be 
desired;  such  butter  is  especially  demanded  for  export 
to  tropical  countries.  Hunziger,  Mills,  and  Spitzer' 
present  evidence  to  show  that  the  hardness  of  the  fat 
is  a  very  important  matter  which  must  be  taken  into 
account  in  regulating  the  water  content  of  butter. 

'  Bull.  169,   Purdue  University,  Agricultural  Experiment  Station. 
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In  our  work  with  rendered  butterfat  below  10°  C. 
we  have  found  it  necessary  to  melt  and  remove  a  thin 
layer  of  fat  from  the  outer  edges  of  the  container  to 
prevent  the  formation  of  cracks  throughout  the  sample, 
due  to  the  contraction  of  the  fat  on  cooling,  since  these 
interfered  seriously  with  the  determination.  This 
was  accomplished  by  wrapping  the  sides  of  the  con- 
tainer of  well  solidified  fat  for  a  few  seconds  with  a 
towel  wrung  out  of  hot  water,  and  pouring  out  the 
melted  fat.  This  gave  a  solid  block  of  fat  which  did 
not  crack  when  cooled.  At  — 10°  C,  or  below,  the 
fat  samples  are  inclined  to  split,  when  penetrated  by 
the  needle,  like  a  block  of  free  grained  wood  struck 
with  an  ax,  and  we  were  unable  to  secure  satisfactory 
results  at  lower  temperatures. 

Most  of  our  work  has  been  done  either  at  10°  or 
15°  C.  During  the  greater  part  of  the  year  it  has  been 
found  practicable  to  maintain  the  latter  temperature 
quite  satisfactorily  in  an  unheated  basement  room 
with  the  equipment  which  has  already  been  described. 
This  can  be  done  whenever  the  room  temperature  is 
reasonably  constant  and  is  not  more  than  2°  C.  in 
either  direction  from  the  temperature  to  be  maintained. 
A  constant  temperature  room  or  apparatus  is  very 
desirable  when  either  can  be  had.  We  have  used 
with  great  satisfaction  rooms  in  the  cold  storage  plant 
at  the  Ohio  Experiment  Station  in  securing  part  of 
the  data  contained  in  this  paper.  A  temperature  of 
0°  C.  can  be  maintained  quite  satisfactorily  in  a  room 
several  degrees  above  that  temperature  by  keeping 
the  insulated  water  bath  well  supplied  with  crushed  ice. 

Statements  made  by  certain  of  the  investigators 
named  above  suggested  that  previous  exposure  to 
heat  or  cold  might  permanently  affect  the  hardness 
of  the  butterfat.  To  determine  whether  such  was  the 
case,  a  large  number  of  samples  of  mixed  fat  were 
prepared  and  treated  under  much  more  rigorous  con- 
ditions of  both  heat  and  cold  than  those  which  need 
ever  be  met  with  in  carrying  out  determinations  by 
this  method.  Part  of  these  samples  were  held  at 
different  times  for  from  48  to  96  hours  at  a  tempera- 
ture approximating  10°  P.  Others  were  heated  at 
95°  C.  on  a  steam  bath  for  periods  of  48  hours;  others 
were  held  at  15°  C,  the  temperature  at  which  all  were 
tested.  At  the  conclusion  of  the  special  treatment, 
all  were  treated  according  to  the  usual  method  de- 
scribed elsewhere  in  this  paper.  These  results  are 
given  in  Table  7.  They  seem  to  show  that  neither  heat 
nor  cold  within  the  limits  encountered  in  operating 
this  test  have  any  marked  permanent  effect  on  the 
hardness  of  butterfat.  Likewise  samples  which  we 
have  repeatedly  heated  and  cooled  in  obtaining  other 
data  contained  in  this  paper  have  shown  no  change  of 
hardness  in  the  process. 

In  working  with  manufactured  butter,  results  can 
be  obtained  which  duplicate  each  other  more  closely 
than  the  results  secured  on  the  rendered  fat;  also  less 
care  is  required  in  the  preparation  of  the  samples. 
The  butter  under  examination  was  either  in  the  form 
of  I  pound  prints  or  was  well  packed  in  the  230  cc. 
aluminum  beakers  already  referred  to,  and  immersed 
in  the  constant  temperature  bath  in  the  same  manner 


as  described  for  samples  of  rendered  fat.  At  first 
thought,  it  would  seem  that  data  regarding  the  hard- 
ness of  fat  could  be  obtained  to  better  advantage  on 
the  manufactured  butter  than  on  the  rendered  fat 
itself.  Some  of  the  investigators  referred  to  above 
have  followed  this  method.  While  we  have  not  ex- 
tended our  investigation  to  include  all  of  the  details 
of  the  manner  in  which  the  hardness  of  manufactured 

Table  7 — Showing  the  Hardness  of  Several  Samples  of  Butterfat  of 
Uniform  Composition,  Exposed  to  Excessive  Conditions  of  Heat  and  Cold. 
Penetration  in  Mm.  All  Other  Conditions  Constant.  All  Kept  in  Insulated 
Water  Bath  at  15°  C.  for  24  Hours  before  Testing. 

Group  1 

Held  at  Group  3 

approximately  Heated  on  steam 

10°  F.  for  48  Group  2  bath  at  95°  C. 

hrs.  or  more  Held  at  15°  C,  for  48  hours 

22.0  23.0  24.0  20.5  20.0  20.5  24.5  20.5 

23.0  20.5  23.0  22.5  19.0  21.0  24.5  20.5 

22.5  22.0  23.5  23.0  19.0  23.5  20.0  24.0 

23.0  21.0  19.5  23.0  21.0  20.5  20.5  21.0 

24.0  20.5  23.0  22.5  21.0  22.5  20.5  20.0 

23.0  20.0  21.0  25.0  21.0  21.0  20.5  20.5 

21.0  20.5  21.5  21.5  20.0  22.0  21.0  21.0 

21.0  22.5  20.0  22.5  21.0  21.5  20.5  21.0 

24.0  20.0  24.5  24.5  21.0  22.0  20.0  21.5 

23.0  20.5  25.5  25.0  21.0  21.5  20.5  21.0 

20.0  20.5  20.0  19.0  20.0  23.0  22.5  21.5 

19.0  21.5  23.5  19.0  20  0  20.0  20.5 
22.5 

Average.  21.6  Average.  21.6                                   Average.  21.4 

butter  may  be  affected  by  the  methods  employed  dur- 
ing its  manufacture,  the  results  given  in  Table  8 
clearly  show  that  the  hardness  of  the  fat  as  determined 
in  this  way  will  probably  be  very  greatly  influenced  by 
differences  of  method  in  preparing  the  butter.  This 
data  taken  in  connection  with  that  given  in  Table  6 
and  Plate  II  indicate  that  the  differences  in  observed 
hardness  due  to  this  cause  may  readily  be  fully  as 
great  as  those  due  to  the  properties  of  the  fat  itself. 

Table  8 — Showing  Hardness  of  Several  Samples  of  Butter  Prepared  in 
Different  Ways.  Also  of  the  Melted  Fat  from  the  Same,  Hardness  =  Kilos 
to  Displace  1  Cc.  Fat. 

Conditions  under  which  the             Dairy  Dairy  Dairy     Creamery 

different  portions  of  the                butter  butter  butter  print 

samples  were  prepared              Sample  1  Sample  2  Sample  3      butter 
C.  temperatiu-es  at  which  tests  were 

made 10°  10°  10°  15° 

Original    butter    or   butter    worked 

and  packed  under  about  the  usual 

conditions 0.42  0.35  0.55  0.11 

Butter    excessively     worked     while 

soft 0.63  0.44  0.56  0.19 

Butter  excessively  worked  while  hard     0.16  0.14  0.28  0.07 

Rendered  fat  from  the  same  butter     1.15  0.76  0.84  0.44 

It  occurs  as  a  probable  explanation  of  the  above  de- 
scribed phenomena  that  the  crystalline  structure  of 
the  soft  worked  butter  is  developed  by  this  treatment, 
while  that  of  the  butter  worked  excessively  while 
hard  is  broken  up  thereby.  The  soft  worked  butter 
possessed  a  high  luster  while  the  hard  worked  butter 
had  a  dull  lusterless  appearance,  which  may  be  re- 
garded as  further  evidence  in  support  of  the  above 
view. 

Under  the  microscope  the  solidified  rendered  fat 
presented  a  well  defined  crystalline  structure.  The 
butter  worked  somewhat  excessively  while  hard  showed 
no  evidence  of  crystal  formation  but  appeared  in  masses 
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of  varying  size  all  rounded.  The  butter  worked 
excessively  while  in  a  soft  condition  seemed  to  have 
a  structure  intermediate  between  that  of  the  hard 
worked  butter  and  that  of  the  solidified  rendered 
fat,  both  rounded  masses  and  crystals  being  in  evidence. 

This  method  should  be  of  service  to  the  butter- 
judge  under  certain  conditions  where  an  accurate 
judgment  regarding  the  body  of  butter  is  especially 
desired.  It  should  be  particularly  useful  in  labora- 
tories where  detailed  examinations  of  the  properties 
of  fats,  oils  or  lubricants  are  carried  out.  The  ap- 
paratus itself  with  certain  modifications  should  be 
useful  for  determining  the  penetrability  of  asphalt, 
the  setting  point  of  cement,  or  for  any  purpose  where 
an  accurate  penetration  test  is  desired. 

CONCLUSIONS 

1.  This  method  is  the  most  accurate  that  has  yet 
been  described. 

2.  It  is  necessary  to  stir  the  samples  while  cooling 
to  prevent  separation  into  zones  of  different  hardness. 

3.  The  temperature  has  a  very  marked  effect  on 
the  hardness  of  the  butterfat. 

4.  The  sample  should  be  kept  at  a  constant  tempera- 
ture for  6  hours  or  more  before  testing. 

5.  The  temperature  to  which  the  fat  had  previously 
been  subjected  seemed  to  make  no  difference  in  the 
hardness  provided  the  samples  were  treated  as  de- 
scribed. 

6.  The  determinations  can  be  made  with  great 
rapidity  after,  the  samples  are  properly  prepared. 

7.  More  closely  agreeing  duplicate  determinations 
are  procurable  with  this  method  in  examining  manu- 
factured butter  than  in  examining  the  rendered  fat. 

8.  The  results  obtained,  however,  are  likely  to  be 
very  greatly  affected  by  variations  in  the  method  of 
preparing  the  butter;  they  probably  will  not  truly 
represent  the  properties  of  the  fat  itself. 

9.  The  apparatus  with  slight  modifications  should 
be  useful  for  other  work  of  a  similar  nature. 

The  writer  is  indebted  to  Mr.  R.  H.  Shaw  for  the 
use  in  a  preliminary  way  of  an  unpublished  piece  of 
apparatus  designed  by  him  for  the  same  purpose; 
and  to  Prof.  C.  H.  Eckles  and  Dr.  Matthew  Steel 
for  valuable  advice  and  suggestions.  The  apparatus 
was  designed  and  part  of  the  work  done  while  the  writer 
was  employed  in  the  laboratory  maintained  jointly  by 
the  Dairy  Division,  United  States  Department  of 
Agriculture,  and  The  Missouri  Agricultural  Experi- 
ment Station,  at  Columbia,  Mo.  Additional  work 
has  been  done  in  the  laboratory  of  the  Dairy  Depart- 
ment of  the  Ohio  Agricultural  Experiment  Station, 
Wooster,  Ohio. 

Note. — The  original  apparatus  still  in  use  at  the 
Missouri  Station  was  constructed  for  the  writer  by 
Mr.  Emil  Klinkerfuss,  mechanician  at  the  University 
of  Missouri.  A  duplicate  apparatus  for  use  at  the 
Ohio  Experiment  Station  has  been  constructed  by 
Elmer  and  Amend. 


INFLUENCE  OF  SMALL  AMOUNTS  OF  ETHYL  ALCOHOL 

ON  FERMENTATION  IN  CANE  SUGAR  SYRUP 

By  C.  B.  Cochran' AND  J.  H.  Perkins^ 

Received  October   17,    19U 

Preparatory  to  determining  the  preservative  values 
of  a  variety  of  compounds,  we  made  them  up  into 
standard  alcoholic  solutions.  The  volume  of  the  solu- 
tion containing  the  amount  of  the  compound  desired  was 
mixed  with  a  definite  amount  of  simple  syrup,  which 
then  contained,  in  addition  to  the  added  compound,  a 
small  amount  of  alcohol.  In  several  instances,  we  noted 
that  yeast  did  not  act  on  these  syrups  exactly  as  they 
did  on  similar  syrups  containing  no  alcohol.  We  then 
carried  on  the  following  experiments  in  order  to  deter- 
mine just  what  influence  a  small  amount  of  alcohol 
has  on  fermentation  in  cane  sugar  syrup. 

Simple  syrups,  ranging  in  specific  gravity  from  1.2112 
to  1.26  at  20°  C,  were  made  by  dissolving  granulated 
cane  sugar  in  warm — not  hot — water.  SufiBcient 
alcohol  to  make  the  percentage  desired  was  then  added 
to  each  syrup,  some  of  the  syrup,  however,  being  kept 
for  blank  or  control  tests. 


These  syrups  were  then  tested  as  follows :  one  thirty- 
second  of  a  Fleischmann's  yeast  cake  was  thoroughly' 
mixed  with  one  fluid  ounce  of  syrup,  with  the  exception 
of  the  1.24s  syrups,  to  50  cc.  of  which  one-sixteenth 
of  a  yeast  cake  was  added.  Portions  of  the  syrup  were 
then  put  in  two  fermentation  tubes  and  kept  in  an 
incubator  at  between  31  and  32°  C.  The  percentage 
of  gas  was  noted  daily.  When  the  two  tubes  contained 
the  same  amount  of  gas,  the  result  is  not  stated  in 
duplicate. 
The  percentage  of  absolute  alcohol  is  given  by  volume. 


Per  cent 

Sp.gr. 

Per  cent 

Sp.  gr. 

alcohol 

syrup 

Time 

Per  cent 

alcohol 
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Time 

Per  cent 

by  vol. 
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20°  C. 
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of  gas 
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1.259 

I 

100 

None 

1.2558 

1 

70 
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1.259 

1 

55  &  78 

2 

100 

2 

100 

1.633 

1.25544     1 
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53 
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100 

1.25 

1 .2558 
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3.0 

1.245 

3 

30 

2 

100 

5.0 

1.245 

4 

3 

(0)  The  third 

day  bei 

ing  Sunday, 

,  no  rcadi 

ing  was  1 

made. 

CONCLUSIONS. — I.  One  per  cent  or  less  of  alcohol 
markedly  accelerates  fermentation  in  syrup  of  above 
densities. 

2.  1.25  per  cent  of  alcohol  has  very  little  influence. 

3,  Beginning  with  1.25  per  cent  the  presence  of 
alcohol  retards  fermentation  in  these  syrups,  the  amount 
of  retardation  increasing  with  the  increase  in  the  per- 
centage of  alcohol. 

'  Chemist  for  Dairy  and  Food  Dept.  of  Pennsylvania. 
-  Chief  Chemist  for  the  Charles  E.  Hires  Company. 
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LABORATORY  AND  PLANT 


FILTER  PRESSES' 

By    E.    J.    SWEETLAND 

That  there  is  great  room  for  improvement  in  the 
methods  of  filtration  commonly  employed  cannot  be 
doubted.  The  plate  and  frame  filter  press  ordinarily 
used  comprises  anywhere  from  40  to  loo  filter  cham- 
bers, each  of  which  must  be  cleaned  individually  by 
hand  every  time  the  filter  is  filled. 

It  was  to  eliminate  the  excessive  amount  of  hand 
labor  in  cleaning  filter  presses  that  the  filter  under 
discussion  was  primarily  designed,  but  as  the  construc- 
tion was  developed  many  incidental  advantages  of 
importance  developed  with  it,  as  will  be  pointed  out 
further  on. 

The  single  advantage  in  plate  and  frame  filter 
presses  that  has  kept  them  in  favor  is  the  fact  that 
their  peculiar  construction  affords  a  very  large  filter 
area  in  a  comparatively  small  space.  Filtration 
cannot  be  forced  beyond  a  certain  reasonable  limit; 
when  this  limit  is  reached,  it  is  necessary  to  increase 
filter  area  to  increase  capacity.  To  endeavor  to  in- 
crease capacity  by  increasing  pressure  instead  of  filter 
area  is  futile,  for  excessive  pressure  merely  presses 
the  cake  to  a  compact,  almost  impervious  layer  and 
the  object  is  defeated  at  once. 

With  this  in  view,  the  modern  filter  must  not  de- 
part from  a  construction  that  permits  of  ample  filter 
surface.  Other  things  being  equal,  the  capacity, 
and  consequently  the  value,  of  a  filter  is  proportional 
to  the  filter  area. 

The  sluicing  type  of  filter  press  is  one  example  of 
a  filter  press  construction  that  eliminates  hand  labor 
in  cleaning.  In  this  type  the  cake  is  disintegrated 
by  a  stream  of  water  forced  into  each  chamber.  The 
cake  thus  liquefied  flows  to  the  waste  reservoir,  or 
dump.  The  usefulness  of  this  method  is  limited  for 
obvious  reasons,  chief  of  which  is  the  need  of  recover- 
ing the  cake  as  dry  as  possible  in  most  processes. 

The  uses  of  filter  presses  are  so  varied  that  great 
flexibility  is  required.  One  process  will  demand  a 
filter  capable  of  handling  a  thick  sludge  containing 
twenty  or  thirty  per  cent  solids,  forming  cakes  probably 
four  inches  in  thickness,  which  have  to  be  thoroughly 
washed;  the  next  problem  may  consist  of  clarifying 
a  viscous  fluid  containing  but  traces  of  solids,  so  finely 
divided  as  to  make  a  thick  cake  an  impossibility. 
One  problem  calls  for  recovery  of  the  solids  only, 
the  filtrate  being  of  no  value,  while  another  rejects 
the  solids  as  refuse  after  recovering  the  liquid  content; 
still  another  requires  recovery  of  both  liquid  and 
solid.  Some  plants  make  certain  products  at  certain 
seasons  only  and  must  use  the  same  filter  press  for  an  en- 
tirely dififerent  product  at  other  seasons.  To  be  a 
commercial  success  it  would  seem  that  the  modern 
filter  press  should  lend  itself  to  these  various  require- 

'  Prtsented  ill  the  5th  .Annual  Meeting  of  the  AiiitTiciin  Institute  of 
Chemical  Engineers.  The  Chemists'  Chib.  New  York.  December  10-13. 
1913. 


ments   and   the    construction   be    made    adjustable    as 
far  as  possible. 

As  will  be  seen  from  the  following  description,  the 
filter  under  discussion  is  a  radical  d-eparture  from  the 
plate  and  frame  filter  press  and  is  even  more  simple 
in  construction. 

CONSTRUCTION 

This  filter  has  become  known  as  the  "clam-shell" 
type  due  to  the  shell  being  in  two  parts  hinged  together 
to  open  and  close  somewhat  after  the  manner  of  the 
clam-shell  bucket  used  on  steam  shovels. 


IP 


Counter-weighted  Press  Open 

The  filter  body  comprises  two  semi-cylindrical 
members  hinged  together,  one  member  being  provided 
with  an  inserted  gasket  which  seals  the  joint  between 
the  two  to  form  a  water-tight  cylinder  when  closed. 

A  plurality  of  openings  is  provided  along  the  top 
to  receive  the  stem  or  outlet  nipple  of  the  filter  leaves. 
These  outlets  are  spaced  quite  close  together  so  that 
the  leaves  may  be  closely  spaced  if  desired,  as  is  the 
case  when  thin  cakes  are  to  be  formed;  but  the  leaf 
spacing  may  be  increased  to  any  degree  by  taking 
out  part  of  the  leaves  and  stopping  off  the  intermediate 
outlets. 

Variable  spacing  is  quite  essential,  for  it  is  not  always 
possible  to  ascertain  in  advance  exactly  what  spacing 
will  be  best  suited  to  the  material;  and  further,  there 
is  always  the  possibility  of  the  process  being  modified 
to  change  the  filtering  properties  of  the  material  and 
make  a  change  in  leaf  spacing  desirable. 

The  filter  leaves  are  usually  made  of  wire  screen, 
well  crimped  to  provide  ample  drainage.  The  screen 
is  bound  at  the  edges  to  stiffen  the  construction  and 
protect  the  cloth.     An  outlet  nipple  with  a  side  open- 
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ing  furnishes  an  exit  for  the  filtrate  and  means  of  hold- 
ing the  leaf  in  the  filter  body.  The  filter  cloth  covers 
the  entire  metal  construction  of  the  leaf  except  the 
outlet  nipple  and  is  held  on  either  with  metal  clips 
or  by  being  stitched  around  the  edges. 

The  leaves  are  held  in  place  in  the  filter  by  a  cap 
nut  which  engages  the  top  of  the  nipple  and  draws 
the  shoulder  of  the  leaf  tightly  against  the  rubber 
washer  which  fits  in  a  recess  inside  the  filter  body. 
The  side  outlet  of  the  nipple  aligns  with  the  filtrate 
delivery  fittings  on  the  outside  of  the  press. 

The  accompanying  cross-sections  of  the  filter  body 
clearly  show   how  the   filter  leaves  are  held  in  place 


seemed  the  great  problem  in  working  out  this  improve- 
ment was  the  need  of  accurate  hinge  adjustment  to 
take  up  wear  in  the  gasket.  This  problem  like  many 
mechanical  problems  proved  to  be  simpler  than  was 
anticipated,  for  it  was  solved  by  simply  making  the 
hinge  pins  into  one  continuous  shaft  reaching  from 
end  to  end  of  the  press,  and  turning  the  bearing  which 
received  all  of  the  hinges  on  the  upper  member  ec- 
centric to  the  normal  axis  of  the  shaft.  This  con- 
struction   not    only    affords    adjustment,    but    makes 


Counter-weighted  Press  Closed 

by  the  nipple  at  the  top.  Each  leaf  has  separate 
outlet  fittings  comprising  shutoff  cock,  glass  delivery 
tube,  etc.  These  fittings  allow  the  operative  to  see 
the  filtrate  from  each  individual  leaf  as  it  flows  through 
the  glass,  and  any  leaf  that  might  become  injured 
or  require  renewal  of  cloth  is  indicated  at  once  by  a 
turbid  filtrate  in  the  glass.  In  this  event  the  shut- 
off  cock  governing  the  defective  leaf  is  closed  until 
the  filter  is  opened  and  the  leaf  replaced.  To  remove 
a  leaf  only  the  cap  nut  has  to  be  removed — the  outlet 
fittings  are  not  disturbed. 

In  the  earlier  designs  of  this  filter  the  two  halves 
of  the  shell  were  held  in  closed  position  by  hand-oper- 
ated swing  bolts.  These  were  fairly  quick  and  con- 
venient to  operate  but  still  left  room  for  improvement. 
It  was  desired  to  modify  the  construction  to  an  ex- 
tent that  would  reduce  the  time  to  unlock  and  open 
the  filter  from  a  few  minutes  to  a  few  seconds,  if  possible. 
This  was  accomplished  by  a  very  simple  change  in 
the  construction.  The  hinges,  which  formerly  took 
no  strain  while  the  filter  was  in  locked  position,  were 
increased  in  strength  and  number  and  made  to  take 
the  strain  formerly  taken  by  the  swing  bolts  on  the 
back  of  the  filter  body.  To  eliminate  any  possi- 
bility of  breakage,  the  hinges  are  made  of  steel,  which 
can    be    fully    depended    upon    for    strength.     What 


adjustment  of  all  hinges  simultaneous  by  merely 
turning  the  hinge  shaft  slightly  when  adjustment  is 
necessary  to  draw  the  upper  and  lower  halves  of  the 
shell  closer  together  as  the  gasket  gradually  fla;ttens 
out  from  continued  use.  The  shaft  is  held  from  turning 
by  set  screws,  which  are  loosened  when  adjustment 
is  made. 

An  eccentric  shaft  with  swing  bolts  rests  in  babbitted 
bearings  along  the  front  of  the  upper  half.  Each  bolt 
has  an  adjusting  nut  and  lock  nut  for  initial  adjust- 
ment and  for  taking  up  wear.  The  swing  bolts  are 
tightened  or  loosened  simultaneously,  due  to  the 
eccentricity  of  the  shaft,  when  the  latter  is  turned 
through  an  arc  of  180°,  and  means  is  provided  for 
swinging  the  bolts  clear  of  the  lugs  on  the  lower  half 
just  at  the  point  when  they  have  loosened  sufficiently 
to  disengage  themselves. 

This  arrangement  makes  it  possible  to  open  or 
close  a  filter  press  of  moderate  size  in  a  few  seconds. 
The  lower  half  of  the  shell  is  poised  with  counter- 
weights to  facilitate  opening  and  closing. 
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In  large  machines  an  eccentric  shaft  is  used  on 
both  front  and  back,  and  a  hydraulic  cylinder  operates 
the  two  simultaneously  by  means  of  a  crosshead 
and  connecting  rods.  The  lower  member  in  this 
case  is  swung  open  and  shut  by  a  hydraulic  cylinder 
at  either  end  which  is  so  arranged  that  the  shell  is 
opened  so  wide  as  to  invert  it  and  thus  clean  itself 
of  any  cake  that  might  have  fallen  before  it  was  fully 
opened. 

OPERATION 

In  operating  the  filter  the  liquid  to  be  filtered  is 
forced  into  the  filter  body  under  pressure,  expelling 
the  air  and  entirely  submerging  the  filter  leaves. 
The  liquid  filters  through  the  cloth  and  deposits 
the  suspended  solids  on  the  outside  of  the  leaves, 
forming  the  "cakes."  Filtration  continues  until  the 
cakes  on  adjacent  leaves  are  separated  only  by  a 
narrow  space  which  may  vary  in  width  from  '/g  inch 
upward.  When  the  cakes  are  formed  to  the  proper 
thickness  the  wash  water  valve  is  opened  and  the  sludge 
valve  closed  simultaneously.     The  wash  water  enters 


HydraulicaTvLY  Operated  Press  Open 

the  space  between  the  cakes,  forcing  the  small  quantity 
of  unfiltered  sludge  to  deposit  its  solid  component 
upon  the  cake  surface.  The  space  between  adjacent 
cakes  is  now  occupied  by  water  which,  being  under 
pressure,  percolates  through  the  cakes,  driving  the 
strong  liquor  ahead  and  effectively  displacing  it  until 
the  cakes  are  washed  to  the  desired  degree,  which  is 
indicated  by  frequent  tests  of  the  effluent. 

I  feel  justified  in  enlarging  somewhat  upon  the  sub- 
ject of  washing  the  cakes,  for  therein  lies  a  great 
difference  between  this  and  other  leaf  filters.  It 
should  be  noted  that  there  are  no  chambers  or  con- 
tainers to  be  packed  solidly  full  of  cake.  The  spaces 
between  the  leaves  are  not  packed  solidly  full,  but  a 
cake  is  deposited  on  the  surface  of  each  leaf  and  these 
cakes  are  allowed  to  build  up  until  only  a  narrow 
space  remains  between  them,  and  in  this  space  lies 
the  secret  of  successful  automatic  discharging  of  the 
filter,  and  efficient  washing.  The  cakes  have  been 
formed  under  equal  conditions,  the  sludge  being  evenly 
distributed  and  the  pressure  equal  throughout  the 
filter  chamber;  therefore,  the  cakes  must  be  of  even 
thickness  and  density  and  must  wash  evenly.  That 
this  actually  occurs  has  often  been  demonstrated  by 


testing  samples  of  the  washed  cake  from  various  parts 
of  the  press. 

All  filters  of  the  leaf  type  wash  by  "direct  contact" 
methods;  that  is,  the  wash  water  is  in  direct  contact 
with  the  cake;  but  the  methods  of  washing  that  have 
heretofore  been  practiced  with  leaf  filters  whether 
vacuum  or  pressure  are  indeed  anything  but   direct. 

The  usual  method  of  forming  and  washing  the  cakes 
on  filter  leaves  is  as  follows,  assuming  that  the  cake 
has  to  be  washed  first  with  weak  liquor  and  then  with 

water: 

ist.   Fill  filter  tank. 

2nd.   Deposit  cake  on  leaves. 

3rd.   Withdraw  excess  solution. 

4th.   Fill  filter  tank  with  weak  solution. 

5th.   Wash  cakes  with  weak  solution. 

6th.   Withdraw  excess  weak  solution. 

7th.   Fill  filter  tank  with  water. 

8th.   Wash  with  water. 

9th.  Withdraw  excess  water. 

loth.   Discharge  cakes  from  leaves. 

Here  are  ten  distinct  operations,  which  are  still 
further  complicated  by  the  fact  that  the  cakes  will 
not  cling  to  the  leaves  unassisted,  but  must  be  held 
on  with  either  compressed  air  or  vacuum  during  the 
time  each  quantity  of  excess  is  withdrawn.  I  do  not 
dispute  that  the  cakes  can  be  washed  well  by  this 
method,  but  raise  the  point  that  it  is  an  extremely 
round-about  method  of  accomplishing  a  simple  ob- 
ject. Most  of  the  power  consumed  is  not  devoted 
to  filtration  but  to  transferring  solutions,  much  of 
the  time  is  not  devoted  to  filtering  but  to  waiting  for 
transfers  to  be  made,  and  the  operator  is  kept  busy 
manipulating  valves. 

The  delay  in  filtering  necessitated  by  the  many 
transfers  materially  cuts  down  the  duty  of  the  filter, 
and  the  process  becomes  a  complicated  one,  requiring 
many  tanks  and  much  accessory  apparatus  to  take 
care  of  excess  solutions. 

Nor  is  this  all.  The  transfers  of  excess  solutions 
referred  to  introduce  other  complications.  The  cakes 
must  be  supported  upon  the  leaves  at  all  times  by 
pressure.  Air  pressure  (whether  produced  by  suction 
or  otherwise)  must  be  used  during  the  transfers.  If 
too  much  pressure  is  used,  the  cake  will  be  cracked 
(due  to  the  shrinkage  of  partial  drying)  and  the  wash 
water  will  "short-circuit,"  that  is.  pass  through  the 
channels  formed  by  cracking.  If  too  little  pressure 
is  used,  all  or  part  of  the  cakes  may  fall  from  the 
leaves,  which  would  preclude  the  possibility  of  efficient 
washing.  Lastly,  if  the  cakes  are  of  a  slimy  character, 
the  partial  drying  during  the  transfer  packs  the  parti- 
cles of  slime,  and  makes  it  less  pervious  than  ever 
to  the  passage  of  wash  water. 

The  origin  of  the  many  complications  cited  above 
is  traced  directly  to  void  or  "dead"  space  in  the  filter 
tank  or  chamber  which  contains  the  filter  leaves.  If 
there  were  no  dead  space,  there  would  be  no  excess 
solutions,  and  consequently  none  of  the  complications 
which  attend  them. 
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The  "clam-shell"  construction  of  filter  body  has 
no  void  spaces.  It  contains  nothing  but  the  filter 
leaves  and  manifold  pipe.  When  the  filter  leaves  are 
loaded  with  cake,  the  entire  filter  chamber  is  full 
except  the  feed  channel  for  distribution  along  the 
bottom,  and  the  narrow  space  between  the  cakes  for 
the  entrance  of  wash  water.  There  is,  therefore, 
no  excess  solution  to  handle.  Filtration  is  continuous 
from  the  time  cake-forming  is  commenced  until  wash- 
ing is  finished,  and  the  process  of  filtering  and  washing 
is  reduced  to  the  simplest  possible  form. 

When  washing  is  finished,  the  cakes  are  partially 
dried  with  compressed  air,  the  lower  half  of  the  filter 
body  is  swung  open  and  the  cakes  are  dumped  into 
a  car  or  conveyor  underneath.  To  assist  the  cakes 
to  dislodge  from  the  leaves,  the  current  is  reversed 
by  turning  steam  or  compressed  air  inside  of  the  leaves, 
which  not  only  causes  the  cakes  to  drop  off,  but  bene- 
fits the  cloth  by  keeping  the  pores  open. 

For  the  benefit  of  those  who  insist  that  better  wash- 
ing can  be  obtained  by  draining  the  filter  body  before 
introducing  wash  solutions  or  water,  I  would  point 
out  that  the  filter  construction  here  described  offers 
every  facility  for  carrying  out  this  method,  if  desired; 
but  after  installing  many  of  them,  large  and  small 
and  under  widely  varying  conditions,  and  seeing 
trials  made  both  ways,  I  strongly  advocate  the  direct 
method  without  withdrawing  solutions. 

If  the  material  is  very  slow-filtering  and  the  space 
between  the  cakes  wide,  then  it  is  better  to  introduce 
the  wash  water  through  the  manifold  pipe  and  let  the 
water  entering  the  top  fill  the  chamber  by  downward 
displacement,  forcing  the  excess  solution  out  of  the 
drain  valve  at  the  bottom.  The  water,  being  lighter 
than  the  sludge,  does  not  mix  with  it,  but  floats 
on  top  during  displacement.  In  this  case  filtration 
is  continuous,  pressure  is  maintained  in  the  chamber, 
no  time  is  lost,  and  the  cakes  are  constantly  sub- 
merged. 

It  is  so  frequently  asked  why  the  body  of  this  filter 
was  designed  cylindrical  instead  of  square  that  I  shall 
take  this  opportunity  to  point  out  the  reason.  Ob- 
viously the  principle  could  be  carried  out  in  a  filter 
body  of  square  or  rectanglar  section.  The  reasons 
for  cylindrical  construction  are: 

1.  The  cylindrical  construction  affords  great  strength 
whereas  any  shape  with  straight  sides  would  require 
so  much  reinforcement  to  give  it  the  necessary  strength 
as  to  make  it  cumbersome  and  awkward. 

2.  The  leaves  are  exposed  to  view  by  simply  swing- 
ing the  body  open. 

3.  A  circular  leaf  is  conveniently  supported  from 
one  point  and  is  very  strong  and  light. 

4.  If  the  chamber  were  square,  the  leaves  would  be 
inaccessible,  or  else  would  have  to  be  lifted  out  with 
the  cover  to  discharge,  and  this  would  involve  mechan- 
ical difficulties. 

The  circular  form  of  leaf  does  not  involve  as  much 
waste  in  filter  cloth  as  might  be  imagined.  There  is 
to  be  sure  a  slight  waste  of  cloth  cut  from  the  corners 
but  most  of  this  has  an  important  use  in  reinforcing 


the  cloth  at  the  edges  of  the  leaf;  on  the  other  hand, 
a  large  percentage  of  the  cloth  used  in  plate  and  frame 
presses  is  not  used  for  filtering,  but  to  form  a  joint 
between  the  frames.  If  we  figure  it  out  in  any  case, 
we  find  the  percentage  of  cloth  purchased  that  is 
utilized  as  filter  medium,  is  about  the  same  for  either 
shape.  In  fact,  the  cost  of  cloth  per  unit  of  work 
done  is  much  less  in  the  case  of  the  leaf  construction, 
because  the  capacity  per  square  foot  is  greater,  and  the 
cloth  is  not  injured  by  being  squeezed  between  the 
frames. 

As  to  filtering  mixtures  containing  coarse  particles, 
these  offer  difficulty  in  any  type  of  filter,  due  to  the 
coarse  particles  settling  to  the  bottom,  making  the 
bottom  of  the  cakes  more  porous  than  the  top  and 
resulting  in  uneven  washing.  The  remedy  for  this 
trouble  is  to  keep  the  contents  of  the  filter  chamber 
in  a  state  of  agitation.  To  accomplish  this,  the  feed 
pump  is  provided  large  enough  to  supply  the  necessary 
pressvire  for  filtration  with  additional  capacity  enough 
to  permit  a  restricted  overflow  to  run  from  the  manifold 
pipe  back  to  the  supply  tank  during  filtration. 

New  light  is  being  thrown  on  the  subject  of  filtra- 
tion with  almost  every  new  installation,  and  problems 
are  being  successfully  solved  that  appeared  at  the 
start  to  be  impossible  of  solution.  To  cite  an  instance: 
a  sample  of  a  heavy  viscous  liquid  was  submitted  for 
test.  It  contained  a  gummy  residue  that  blocked 
the  filter  cloth  from  the  start,  the  rate  of  flow 
of  filtrate  per  square  foot  of  cloth  was  but  a  few  cubic 
centimeters  per  hour,  and  the  cloth  became  so  coated 
as  to  defy  cleaning  by  any  practical  method.  As  the 
solution  only  was  required,  and  the  residue  was  worth- 
less, there  seemed  to  be  no  objection  to  adding  some 
inert  granular  substance  to  the  liquid  as  an  aid  to 
filtration.  A  series  of  experiments  was  undertaken, 
adding  various  "filter  aids  '  to  the  fluid,  and  the  out- 
come of  this  work  was  that  an  average  rate  of  filtra- 
tion of  three  gallons  per  square  foot  of  cloth  per  hour 
was  obtained  and  the  gummy  residual  matter  was 
sufficiently  broken  up  to  permit  the  filter  cloth  to 
be  readily  cleaned  by  reversal  of  current.  Upon 
completion  of  the  tests,  a  filter  was  installed  in  the 
plant  and  has  fully  demonstrated  the  practicability 
of  the  method  on  a  working  scale.  It  was  found 
that  any  one  of  several  substances  could  be  used  as 
an  aid  to  filtration,  among  which  are  fine  sand,  fuller's 
earth,  kieselguhr,  sulfate  or  carbonate  of  lime,  saw- 
dust, wood  pulp,  etc. 

It  is  not  argued  that  such  methods  are  applicable 
to  all  cases,  but  there  are  unquestionably  many  prob- 
lems that  will  find  solution  in  similar  schemes,  which 
make  possible  rates  of  filtration  such  as  are  usually 
obtainable  only  in  sand  filters,  with  the  added  ad- 
vantage that  the  leaf  filter  off'ers  an  enormous  filter 
area  in  a  small  space,  combined  with  extraordinary 
ease  of  cleaning. 

Another  method  of  filtering  materials  containing 
a  gummy  residue  that  tends  to  choke  the  cloth  is 
that  of  depositing  a  protecting  layer  on  the  cloth 
before  commencing  filtration.     For  instance,  we  may 
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first  fill  the  filter  body  with  a  very  thin  slurry  of  car- 
bonate of  lime  and  filter  this  mixture  for  a  few  seconds 
until  a  film  of  lime,  say  V32  inch  in  thickness,  has  been 
deposited.  This  coats  the  cloth  as  completely  and 
evenly  as  a  deposit  could  possibly  be  made.  The 
lime  slurry  is  then  drained  off  and  filtration  commenced. 
The  coating  of  lime  forms  a  complete  film  between 
the  cloth  and  gummy  residue,  so  the  latter  never 
even  touches  the  cloth.  When  ready  to  clean  the 
cloth  the  reversal  of  current  is  effective  because  the 
coating  of  lime  breaks  away  readily. 

It  is  frequently  asked  how  we  can  tell  when  cakes 
of  sufficient  thickness  have  been  formed,  especially 
when  the  material  filters  and  builds  up  the  cake  rapidly. 
This  is  not  as  difficult  as  would  be  imagined.  The 
usual  way  is  to  work  at  a  given  pressure,  say  forty 
pounds  per  square  inch,  and  pump  for  a  certain  number 
of  minutes,  determined  by  practice  to  form  the  re- 
quired cake.  Another  way  is  to  pump  a  certain  num- 
ber of  inches  from  the  supply  tank  for  each  charge. 
As  in  all  processes,  the  operative  soon  becomes  expert, 
and  can  iudge  from  the  general  conduct  of  the  filter 
when  the  charge  is  sufficient. 

The  usual  skepticism  which  attends  the  introduc- 
tion of  any  new  machine  was  encountered  at  first, 
but  so  many  installations  are  now  in  successful  use 
as  to  establish  fully  the  usefulness  of  the  methods 
described.  A  noteworthy  poiht  is  the  fact  that  many 
of  the  filters  of  this  type  in  use  are  of  much  larger  size 
and  capacity  than  it  is  found  practicable  to  build 
filter  presses.  Many  have  been  built  with  a  capacity 
of  133  cubic  feet  of  cake  per  charge  and  several  others 
ranging  from  80  to  120  cubic  feet  per  charge.  One 
especially  large  one  was  built  which  dumps  over  25 
tons  of  cake  per  charge. 

That  this  apparatus  is  now  far  beyond  the  experi- 
mental stages  is  demonstrated  by  the  fact  that  a  large 
beet  sugar  factory  in  California  installed  three  large 
hydraulically  operated  machines  for  the  1913  cam- 
paign. They  were  installed  almost  at  the  last  minute 
before  the  campaign  started  and  were  at  once  placed 
in  service  at  full  capacity,  and  no  difficulty  was  en- 
countered, in  spite  of  the  fact  that  none  of  the  employees 
who  operated  the  machines  had  ever  seen  one  before. 
The  time  required  to  open,  clean  and  close  one  of  these 
filters  is  about  five  minutes,  which  minimizes  labor 
to  such  an  extent  that  one  operator  can  take  care  of 
several  large  machines,  even  though  each  machine 
has  to  be  cleaned  hourly. 
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in  a  deep  trench,  and  after  lining  this  shell  with  fire- 
brick and  mineral  wool  and  stopping  the  ends  with 
i3-inch  brick  walls,  it  was  covered  with  two  feet  of 
earth.     The  chamber  was  constructed  so  as  to  be  as 


IMPROVISED  MINE  FIRES  ON  AN  EXPERIMENTAL 
SCALE 

Received  January  15.  1914 

The  Bureau  of  Mines  has  recently  installed  at  its 
Pittsburgh  experiment  station  an  underground  cham- 
ber or  furnace  in  which  to  carry  on  experiments  re- 
lating to  mine  fires  and  spontaneous  combustion  as 
occurring  in  mines. 

A  section  of  steel  tube  cylindrical  in  shape,  6'/; 
feet  in  diameter  and  27  feet  long,  was  laid  on  its  side 


Side  View  o»  "Combustion  op  Coai,"  Apparatus 

nearly  air-tight  as  possible,  and  in  such  manner  as 
to  retain  to  the  greatest  degree  practicable  any  heat 
generated  within  its  walls. 

At  one  end  a  motor-driven  fan  will  blow  in  air  at 
a  rate  which  can  be  accurately  measured,  and  at  the 
other  a  stack  is.  provided  which  can  be  opened  or 
closed  as  desired.  Through  the  top  of  the  chamber, 
at  frequent  intervals,  pass  small  pipes  for  withdrawing 
samples  of  air  or  gases  and  for  inserting  pyrometers 
for  temperature  measurement  in  the  interior. 

The  chamber  will  hold  6  to  8  tons  of  coal  when  one- 
third  full.  It  is  expected  that  different  kinds  of  coal 
or  of  the  gob  or  waste  material  from  mines  will  be 
placed  inthe  chamber  and  a  study  made  of  spontaneous 
development  of  heat  in  them  under  various  conditions. 
After  an  active  fire  has  been  started  in  the  chamber 


Cross  Section  of  "Combustion  op  Coal"  .\pparatos  Showing 
Method  op  Construction  op  Brick  Lining 

either  by  this  means  or  artificially,  experiments  will 
be  made  on  controlling  the  fire  by  reducing  the  air 
supply  or  by  sealing  it  off  entirely.  The  progressive 
changes  in  composition  of  the  fire  gases  or  of  the  air 
surrounding  the  coal  will  be  followed  and  temperature 
measurements  made,  in  an  endeavor  to  apply  the  data 
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thus   obtained    to    solving    practical    problems    in    the 
treatment  of  mine  fires. 

Investigations  have  been  made  in  other  countries 
and  to  some  extent  also  in  this  country,  of  the  gases 
produced  in  actual  cases  of  mine  fires  both  before  and 
after  sealing  off  a  burning  area.  The  bureau  is  now 
making,   however,    probably   the   first   attempt   to   in- 


*'CoMBU?T10N    OF    C>iAI,"'    APPARATUS    SHOWING    Gas    AXl.    Alk    CONNEC- 
TIONS TO  Combustion  Chamber 

vestigate  such  problems  in  an  experimental  apparatus 
which  permits  careful  control  of  conditions  and  yet 
is  on  a  scale  nearly  commensurate  with  mining  opera- 
lions.  These  investigations  are  being  carried  on  by 
Horace    C.    Porter,   chemist,   of   the    Bureau   of    Mines. 


A  SHAKER  FOR  THE  MECHANICAL  ANALYSIS  OF  SOIL 

By  Freeman  Ward 
Received  October  23,  1913 

INTRODUCTORY. — In  the  mechanical  analysis  of  soil 
one  of  the  prime  requisites  is  the  complete  separation 
of  all  the  particles  before  sorting  them  into  groups  or 
grades  according  to  size.  The  tendency  in  the  natural 
soil  is  for  the  finer  particles  either  to  gather  among 
themselves  as  aggregates  or  to  cling  to  the  larger 
grains.  If  a  complete  separation  is  not  effected  the 
per  cent  of  the  finer  grades  of  soil  will  be  below,  and 
that  of  the  coarser  grades  above  the  truth. 

The  separation  can  be  effected  mechanically  in  one 
of  two  ways — pestling  and  stirring;  or  shaking,  as  advo- 
cated by  the  Department  of  Agriculture' — water  (very 
slightly  ammoniacal)  being  added  in  either  case.  The 
essential  idea  of  the  latter  is  to  place  bottles  containing 
soil  and  water  in  a  horizontal  position  in  trays  which 
are  jerked  backward  and  forward  by  means  of  an 
eccentric  attachment. 

The  purpose  of  this  article  is  to  describe  a  different 

'  C.  C.  Fletcher  and  H.  Bryan.  "Modification  of  the  Method  of  Me- 
chanical Soil  Analysis."  U.  S.  Dept.  Agr.,  Bur.  Soils,  Bull.  84,  1912. 


type  of  shaker  used  by  the  writer  and  believed  to  have 
certain  advantages. 

DESCRIPTION. — The  principle  is  as  follows:  The 
bottles  with  soil  and  water  are  ended  over  and  over, 
thus  allowing  the  contents  to  fall  from  one  end  of  the 
bottle  to  the  other.  This  is  accomplished  by  having 
the  bottles  attached  radially  to  a  wheel  which  is  rotated 
slowly  in  a  vertical  plane. 

The  machine  used  by  the  writer  is  "home-made" 
and  consists  of  two  small  cart  wheels  sixteen  inches  in 
diameter,  both  on  the  same  axle  and  touching  hub  to 
hub:  this  leaves  the  edges  of  the  tires  about  three 
inches  apart.  Strips  of  tin  fastened  to  the  fellies  serve 
not  only  to  hold  the  two  wheels  together,  but  also  with 
the  fellies  act  as  a  broad  groove  (1^/2  inches  wide)  for 
a  belt  to  run  on. 

The  bottles  used  are  the  kind  known  commercially 
as  "four  ounce  sample  oil  bottles:"  they  are  about 
six  inches  long  and  one  and  one-half  inches  in  diameter, 
and  are  fitted  with  rubber  stoppers:  they  have  a  capac- 
ity of  120  cc.  The  base  of  each  is  slipped  into  a  sleeve 
of  tin  fastened  near  the  hub:  a  wire  clamp  secures  the 
bottle  at  the  neck. 

The  wheel  thus  constructed  will  hold  sixteen  of  these 
bottles  arranged  radially — eight  on  a  side.  It  may  be 
attached  to  a  motor  by  means  of  a  belt.  Plate  I  is 
a  photograph  of  the   machine. 


To  operate — put  weighed  (10  grams)  sample  of  soil 
in  bottle;  fill  one-half  full  of  water  which  is  slightly 
ammoniacal;  attach  bottle  to  wheel  and  revolve  at  the 
rate  of  twenty-five  revolutions  a  minute;  let  run  for 
three   hours. 

ADVANTAGES. — Separation  by  stirring  and  pestling  is 
too  laborious,  consumes  too  much  time,  does  not 
always  result  in  a  clean  separation  and  has  a  tendency 
to  mechanically  fracture  the  particles  of  soil.  Both 
the  shaker  methods  are  not  only  safer,  and  more 
effective,  but,  since  they  can  be  run  by  machinery,  are 
convenient.  And  in  either  case  the  removal  of  the 
grades  silt  and  clay  by  sedimentation  and  decantation 
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can  be  undertaken  directly  after  the  shaking  without 
transferring  the  whole  sample  to  another  vessel. 

The  writer  believes  that  his  method  is  better  than 
the  one  used  by  the  Bureau  of  Soils  in  two  respects. 
In  the  first  place  the  machine  is  simple  and  inexpensive. 
A  greater  advantage  is  the  saving  of  time.  Clean 
separations  can  be  effetted  in  three  hours,  and  in  some 


cases  two  hours:  this  is  a  saving  of  at  least  four  hours 
over  the  Bureau  method.  If  the  quantity  of  the  water 
used  in  the  bottles  is  reduced  one-half,  a  clean  sepa- 
ration results  in  much  less  than  three  hours,  but  there 
is  a  tendency  for  the  grains  to  suffer  some  abrasion. 

Shepfield  Scientific  School 

Vaue  University 

New  Haven,  Conn. 


ADDRESSES 


THE  PRESENT  STATUS  OF  THE  WOOD  TURPENTINE 
INDUSTRY' 

Hy  E.   H.  Krencii  and  James  R.  Withrow 

In  treating  a  subject  that  has  as  many  phases  as  this  one,  it 
will  be  necessary  to  discuss  briefly  an  allied  industry,  namely, 
that  of  Gum  Tun'cntine  as  distinguished  from  Wood  Turpentine, 
in  order  that  the  reasons  calling  for  the  development  of  this 
latter  industry  may  be  seen  with  the  proper  perspective. 

That  the  Wood  Turpentine  Industry  is  at  present  at  an  ex- 
tremely low  ebb  is  unquestionably  true.  Nevertheless,  it  is 
likewise  true  that  its  scientific  development  is  an  economic 
necessity  for  certain  localities,  in  order  that  waste  may  be  con- 
served, that  the  products  from  waste  replace  those  from  the  fast 
disappearing  pine  and  fir  forests  and  that  cut-over  land  may  be 
cleared  at  a  profit  instead  of  at  a  loss.  Therefore,  in  this  in- 
stance, as  is  often  the  case,  necessity  compels  development. 

The  fact  that  thousands  of  dollars  have  been  expended  and  lost 
in  the  incubation  of  this  industry  has  been  due,  in  our  opinion. 
to  three  main  causes,  any  one  of  which  in  itself  would  account 
for  failure:  first,  the  lack  of  practical  scientific  engineers  ex- 
perienced in  this  or  analogous  fields;  second,  financing  tor  the 
sale  of  stock  and  securities  rather  than  product;  and  third,  lack 
of  efficient  marketing  organization.  It  must  also  be  borne  in 
mind,  that  owing  to  the  number  of  different  processes,  there  was 
caused  a  lack  of  uniformity  of  product,  which  naturally  tended 
to  increase  selling  costs.  Except  to  the  U.  S.  Navy,  little,  if 
any,  wood  turpentine  has  been  sold  on  thorough  specifications. 
There  has  as  yet  been  no  real  attempt  by  manufacturers  to  effect 
a  general  standard,  although  a  few  years  ago  the  producers  of 
the  practically  defunct  steam  process  turpentine  did  make  an 
attempt  to  standardize  their  product. 

One  of  the  important  influences  that  tended  at  first  toward 
the  development  of  the  industry  and  later  proved  extremely 
detrimental,  was  the  speculative  nature  of  the  naval  stores 
market.  This  was  made  up  entirely  of  gum  turpentine  and 
rosin,  upon  the  prices  of  which  the  relative  wood  turpentine 
values  were  determined.  This  market  in  the  past  has  been  sub- 
ject to  violent  price  changes,  a  fluctuation  of  from  30  certs  to 
over  $1.00  per  gallon  having  been  experienced,  which  was  due 
almost  wholly  to  speculation.  Naturally,  therefore,  during  the 
upward  swing  of  prices  an  unnatural  development  occurred,  and 
plants  using  costly  processes  and  with  inefficient  management 
were  profitably  operated  and  exploited.  It  followed,  of  course, 
that  when  the  national  government,  through  criminal  prose- 
cution, put  a  stop  to  excessive  speculation,  a  corresponding 
reaction  occurred,  ruining  many  concerns  which  required  ab- 
normal prices  for  financial  success. 

Unreasonably  high  prices  not  only  encouraged  the  develop- 
ment of  the  wood  turijentine  industry,  but  also  caused  an  ex- 
pansion in  operations  by  the  gum  turpentine  maimfacturers  so 
that  a  larger  percentage  of  trees,  and  many  very  young  trees, 
were  boxed,  causing  overproduction, 

'  Presented  at  the  6th   Annua!   Meeting  of   the   .\mer.   Inst,  of  Chem 
Eng.,  The  Chemists'  Club,  New  York,  Deccmlx-r  10-13,   1913. 


GU.M    TURPENTINE 

The  method  of  producing  oil  of  tiu"pentine  from  the  resins  of 
coniferous  trees,  consists  in  cutting  a  broad  wedge-shaped 
notch  or  cup  at  the  base  of  the  tree  and  removing  the  bark  im- 
mediately above  the  notch  for  about  1 8  to  24  inches.  The  resin 
exuding  from  the  peeled  area  runs  into  the  cup  at  the  bottom 
and  is  collected  from  time  to  time.  Each  succeeding  season  the 
barked  area  is  increased  until  it  reaches  about  the  height  of  one's 
head,  usually  taking  five  or  six  years.  As  many  as  four  "boxes" 
are  thus  cut  on  one  tree,  depending  on  its  size,  permitting  only 
enough  of  the  original  bark  to  remain  to  prevent  the  death  of  the 
tree. 

After  collecting  sufficient  quantity  of  the  resin,  it  is  distilled 
in  a  copper  still,  usually  a  "fire  still,"  equipped  with  a  live  steam 
jet  or  a  water  supply.  The  turpentine  thus  produced  is  not 
carried  farther  in  any  refining  process,  but  is  ready  for  the 
market.  The  residue  in  the  still  is  the  rosin  of  commerce  and 
is  barreled  at  the  still.  The  dross  obtained  by  filtering  sticks, 
dirt,  etc.,  from  the  rosin  is  in  many  places  being  worked  into 
cheaper  grades  of  rosin.  With  rosin  at  an  average  price,  it  is 
generally  figured  that  to  make  the  operation  profitable,  about 
42  cents  per  gallon  must  be  obtained  for  the  tmpentine. 

The  marketing  of  the  products  is  done  through  "factors"  as 
they  are  called;  that  is,  companies  or  individuals  who  contract 
with  the  producers  for  their  output,  supply  them  with  funds  for 
pay-rolls,  etc.,  and  advances  when  necessary.  These  "factors" 
take  the  product  when  produced,  but  usually  have  no  other 
connection  with  the  producer.  Savannah,  Georgia,  is  the  lead- 
ing naval  stores  center  in  the  world  and  usually  Savannah  prices 
are  accepted  as  the  standard.  Jacksonville  and  Pensacola, 
Florida,  Brunswick,  Ga.,  and  New  Orleans,  La.,  are  also  large 
"factor"  centers  for  this  industry. 

This  method  of  producing  tiu-pentine  is  generally  conceded  to 
give  the  best  turpentine  and  rosin,  but  unless  more  scientific 
methods  are  very  widely  adopted  the  time  is  rapidly  approaching 
when  it  will  be  necessary  to  supply  these  products  from  another 
sotuce,  for  present  methods  of  operation  are  beginning  to  be 
looked  upon  as  directly  antagonistic  to  all  ideas  of  conser\'ation 
under  American  lumbering  conditions,  as  they  so  weaken  the 
trees  that  the  loss  from  windfalls  is  extremely  large.  In  fact, 
many  large  lumber  companies  have  given  up  "boxing"  for  this 
reason,  and  also  because  they  feel  that  the  growth  of  the  young 
tree  is  retarded. 

Modifications  of  the  old  "bo.xing"  methods  are  being  used  in 
some  places.  Metal  cups  are  substituted  for  the  box  cut  in  the 
base  of  the  tree  and  light  chipping  is  being  tried.  It  is  claimed 
that  the  loss  from  windfalls  is  considerably  reduced  by  some  of 
these  modern  improvements.  At  least  one  large  Southern  lum- 
ber company  is  at  present  experimenting  on  5,000  acre  imits  in 
order  to  determine  definitely,  if  possible,  the  merits  of  these  new 
cups  and  other  modifications  as  to  yield  and  influence  on  wind- 
falls, and  also  to  decide  the  effect  "boxing"  may  have  on  finished 
lumber. 

WOOD    TURPENTINE 

Wood  Turpentine  came  into  commercial  notice  about  the  year 
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1900.  The  name  was,  and  is,  applied  to  the  product  obtained 
from  dead  and  down  timber,  a  waste  product  called  "lightwood.  " 
The  live  or  green  wood  is  not  so  suitable  for  this  manufacture, 
owing  to  the  moisture  content  and  also  to  the  fact  that  the  bark 
still  remains.  Stumps,  however,  are  very  valuable,  as  they  con- 
tain a  much  larger  proport  on  of  resins  than  "lightwood." 
Nevertheless,  the  cost  per  cord  of  stump  wood  is  considerably 
more,  as  the  stumps  usually  require  the  additional  expense  of 
removal  by  explosives.  The  cost  per  cord  of  "lightwood"  at  the 
works  will  run  from  $2.00  to  $3.00,  making,  however,  no  allow- 
ance for  its  value  as  waste;  while  stump  wood  will  vary  from 
553.50  to  S5.00  per  cord,  the  price  depending  on  acre  stumpage 
and  hauling  distances.  The  manufacture  may  be  divided  into 
five  general  processes;  steam  process,  solvent  process,  alkali 
process,  bath  process  and  distillation  process. 

Before  entering  into  a  description  of  these  various  methods  we 
desire  to  emphasize  the  statement  that  the  manufacture  of  wood 
turpentine  necessarily  will  become  of  far-reaching  importance 
in  the  future.  This  is  for  the  reasons  that  it  is  utilizing  an  ab- 
solutely waste  product  and  is  at  the  same  time  clearing  cut-over 
lands  and  rendering  them  fit  for  occupancy.  We  wish  also  to 
emphasize  the  statement  already  made  that  many  past  failures 
were  due  to  the  unreasonable  speculative  condition  of  the  mark- 
ets. Abnormally  high  prices  of  naval  stores  induced  promoters 
and  unscrupulous  persons  to  capitalize  their  concerns  on  the 
earning  capacity  during  this  period,  thereby  making  them 
"stock  jobbing"  propositions  rather  than  legitimate  manufac- 
turing institutions.  This  kind  of  financing  while  apparently 
expanding  the  industry  really  retarded  development,  as  the 
energies  of  the  management  were  expended  primarily  in  the 
office  and  at  the  expense  of  the  manufacturing  organization. 

We  have  seen  from  time  to  time  figures  of  promoters,  regard- 
ing yields  and  manufactiu-ing  costs  of  the  different  processes, 
which  are  not  in  accord  with  the  results  obtained  from  continu- 
ous operations.  It  may  not  be  entirely  without  value  therefore 
to  cite  some  comparative  yields  and  operation  costs  in  these 
different  processes,  especially  since  there  does  not  appear  to  be 
any  published  data  of  this  nature.  While  the  records  themselves 
of  individual  plants  would  be  interesting,  such  records  are  often 
misleading  and  in  view  of  actual  or  possible  competition,  the 
location  of  plants  must  be  withheld. 

In  submitting  data  as  to  yields,  values  and  productive  costs, 
we  have  complied  them  mainly  from  the  actual  results  obtained 
during  continued  operation  of  a  number  of  large  plants.  As  so 
many  elements  making  up  these  figures  are  variable,  owing  to 
location,  construction  and  raw  material,  our  endeavor  has  been 
to  average  them  so  that  a  comprehensive  idea  may  be  had  as  to 
actual  results  obtained  commercially. 

STEAM  PROCESS 

This  process  was  the  first  to  be  extensively  placed  in 
commercial  operation,  and  is  very  simple  in  its  con- 
struction and  handling.  It  consists  merely  of  "hogging"  the 
wood  and  placing  it  in  a  steel  cylinder,  holding  usually  about  a 
cord,  distillation  being  carried  on  with  live  steam  and  under 
varying  pressure.  Hbwever,  there  probably  was  little  difference 
in  results  whether  a  maximum  of  five  pounds  or  twenty  pounds 
pressure  was  used.  Distillation  was  carried  forward  until  oils 
ceased  to  be  obtained  in  quantity. 

It  should  be  borne  in  mind  that  there  is  a  decided  variance  in 
the  resinous  content  of  wood;  therefore,  it  was  quite  possible 
to  make  a  selection  that  would  run  as  high  as  30  gallons  of  tur- 
pentine to  the  cord.  We  believe  the  following  figures,  however, 
based  on  a  cord  of  long  leaf  yellow  pine  lightwood,  weighing 
3500  pounds,  would  be  the  average. 

The  fuel  cost  is  only  the  labor  of  handling  the  treated  chips. 
However,  there  is  no  allowance  made  for  the  office,  upkeep, 
depreciation,  insurance,  etc.  Therefore,  it  can  be  seen  that  the 
steam  process,  in  order  to  be  profitable,  necessarily  demands 


a  market  price  considerably  in  advance  of  tlie  present  markets. 

The  price  of  Wood  Turpentine  is  always  a  few  cents  per  gallon 

under  that  of  Gum  Turpentine.     The  quality  of  the  product 

Turpentine — 91/2  gals,  at  35  cents $3.32 

Pine  Oil — 3  gals,  at  35  cents 1 .  05 

Total  value  of  products $4 .  37 

Production  Cost  Per  Cord 

Wood $3 .  00 

Labor 1.00 

Barrels 0.42 

Freight  (approximate) 0 .  20 

Selling  Commission 0.25 

$4.87 

produced  by  the  steam  process,  however,  is  excellent.  Oiu" 
opinion  is,  nevertheless,  that  at  least  50  cents  per  gallon  is  neces- 
sary as  a  minimum  for  successful  operation. 

SOLVENT   PROCESS 

In  the  early  development  of  this  process  the  wood  was 
subjected  to  the  old  steam  treatment  and  subsequently 
treated]  with  carbon  disulfide  for  the  recovery  of  rosin. 
The  loss  of  solvent  rendered  it  impractical.  In  the  next  stage  of 
development  the  wood  was  hogged  and  placed  in  digestors  for 
the  recovery  of  turpentine  and  pine  oU.  Then  the  solvent  (a 
low  grade  of  gasoline)  was  added,  live  steam  was  applied  recover- 
ing some  turpentine,  pine  oU,  and  solvent  by  distillation  and  the 
dissolved  rosin  drawn  off,  its  volatile  matter  being  recovered  by 
distillation.  This  has  been  improved,  in  some  instances,  by 
omitting  preliminary  steaming,  adding  solvent  direct  and  re- 
covering this  with  the  tiu'pentine  and  pine  oil  by  live  steam  in 
the  primary  distillation,  obtaining  rosin  alone  when  the  still  is 
drawn.  The  rosin,  however,  is  soft,  and  difficulty  has  been  ex- 
perienced in  obtaining  a  hard  product,  but  this  is  overcome  by 
subsequent  treatment.  In  either  method  a  considerable  loss  of 
solvent  is  always  entailed,  varying  from  17  to  30  gallons  per  cord. 
The  approximate  yields  and  operating  costs  per  cord  are  as  fol- 
lows: 

Turpentine — 9'A  gals,  at  35  cents $3.32 

Rosin — 400  lbs.  at  $4.00  per  280  lbs 5.72 

Pine  Oil — 3  gals,  at  35  cents 1 .  05 

$10.09 
Production  Costs  per  Cord 

Wood $3 .  00 

Labor 2.50 

Loss  in  solvent  at  15  cents  (17  gals.) 2.55 

Barrels 42 

Rosin  Barrels 25 

Selling  Costs , 50 

Freight 75 

Total $9.97 

Again  the  actual  fuel  cost  in  this  process  is  negligible  as  use 
is  made  of  the  "treated  chips."  No  allowance  is  made  here  for 
insurance,  upkeep,  overhead  and  interest  charges,  refining  costs 
or  depreciation;  therefore,  it  is  plainly  evident  that,  at  present 
market  prices,  at  least  until  improvement  is  made  in  yields  or  in 
minimizing  costs,  there  is  not  sufficient  margin  for  successful 
operation.  However,  it  is  quite  possible  that  by  using  the 
"treated  chips"  for  paper  pulp  manufacture  this  process  can  be 
made  of  commercial  value.  The  operation  in  this  case  would 
have  to  be  maintained  on  an  enormous  scale  in  order  to  supply 
treated  chips  for  a  pulp  plant  unit  of  an  economic  size.  A  plant 
using  this  solvent  system  and  built  on  a  very  elaborate  scale,  was  in 
operation  in  southeastern  Georgia,  and,  despite  the  most  ad- 
vantageous financial  backing,  was  unable  to  operate  profitably 
on  a  weakened  market,  and  is  now  in  the  hands  of  receivers. 
This  citation  alone  probably  would  not  necessarily  condemn  the 
process,  but  as  several  smaller  plants  are  either  in  like  position 
or  shut  down,  it  indicates  the  necessity  of  research  or  develop- 
ment if  ultimate  success  is"to  be  attained.     As  with  the  steam 
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process,  many  claims  of  higher  yields  than  we  have  above  credited 
are  made  by  interested  parties,  but  these  claims  are  still  subject 
to  substantiation. 

ALKALI   PROCESS 

This  process  is  essentially  one  to  be  applied  to  the  alkali 
processes  for  manufacturing  paper  pulp  from  resinous  woods 
with  the  recovery  of  turpentine  and  rosin  and  at  the  same 
time  improving  the  quality  of  the  pulp,  and  promoting  ease  of 
manufacture.     The  process  is  well  covered  by  patents. 

The  basis  upon  which  this  method  rests  is  the  fact  that  the 
sodium  hydro.\idc  saponifies  the  resins  in  the  wood  and  the  sodium 
resinate  thus  formed  may  be  separated  from  the  spent  soda  pulp 
liquor  by  temperature  regulation.  The  wood  is  handled  in  the 
same  manner  as  in  soda  pulp  manufacture,  except  that  after 
digestion  the  spent  liquor  is  cooled  for  the  separation  of  sodium 
resinate  before  the  liquor  proceeds  to  the  evaporators.  This 
product  has  been  so  purified  and  refined,  commercially,  as  to 
produce  a  good  quality  of  paper  size.  The  resinate  may  if  de- 
sired be  manufactured  into  resin  by  acid  treatment,  or  de- 
structively distilled  to  produce  rosin  oils.  The  turpentine  is 
recovered  from  the  digester  blow-off  during  the  digestion  opera- 
tion. This  process  is  apparently  theoretically  sound,  but  re- 
quires the  outlay  of  capital  to  develop  thoroughly  the  mechanical 
details.  Fifty  to  seventy  thousand  dollars  were  expended  in 
one  case  to  demonstrate  its  commercial  possibilities  and  some 
results  were  obtained.  However,  the  enterprise  has  not  been 
financially  successful  and  the  plant  has  been  dismantled,  a  fact 
which  may  be  due  to  faulty  engineering  or  other  causes;  and 
even  though  the  process  appears  enticing  from  a  theoretical 
viewpoint  the  fact  remains  that  the  trial  was  not  successful  and 
there  is  no  process  of  this  kind  in  actual  operation.  Neverthe- 
less, it  is  our  opinion  that  eventually  it  will  be  of  commercial 
importance  and  ultimately  the  combination  of  the  two  industries, 
paper  pulp  and  turpentine-rosin  recovery,  thus  utilizing  resinous 
wood,  will  be  successful.  Unusual  yields  of  turpentine  are 
claimed  by  a  Florida  plant  using  an  alkali  bath  but  satisfactory 
arrangements  have  not  yet  been  made  regarding  rosin  recovery. 

BATH    PROCESS 

This  process  must  not  be  confounded  with  the  recently 
suggested  process  using  a  bath  or  envelope  of  oil  external 
to  the  oven  for  the  purpose  of  heating  the  same.  This 
external  bath  process  has  not  been  long  enough  in  operation  to 
demonstrate  its  future  and  it  will  be  interesting  to  note  whether 
certain  fundamental  operation  difficulties  can  be  overcome. 

By  Bath  Process  we  refer  to  the  process  commercially  so  called 
which  has  been  in  operation  for  some  time  and  in  which  the  bath 
is  ■within  the  oven  or  retort  in  contact  with  the  wood  itself.  Three 
plants  using  this  method  have  been  built,  the  first  in  North 
Carolina,  which  has  been  dismantled,  the  others  at  Mt.  Pleasant, 
Georgia,  and  Jacksonville,  Florida,  which  have  not  been  suc- 
cessful owing  to  low  market  conditions  and  both  of  which  have 
gone  into  receivers'  hands  within  the  last  few  months. 

The  process  itself  was  divided  into  two  separate  general 
operations:  first,  the  recovery  of  turpentine  and  pine  oil,  or 
"sweet  spirits,"  and  subsequently  the  destructive  distillation 
of  the  wood  itself,  although  this  second  operation  was  not  con- 
templated in  the  original  process. 

The  operation  has  a  decided  advantage  over  the  solvent  and 
steam  processes  in  that  it  does  not  require  the  "hogging"  of  the  wood. 

The  general  construction  used  in  this  first  operation  consists 
of  steel  cylinders  at  Mt.  Pleasant,  and  concrete  ovens  at  the 
Jacksonville  plant,  each  holding  five  to  nine,  one  or  two  cord 
steel  cars,  similar  in  construction  to  those  in  common  use  in 
hardwood  distillation;  thus  each  oven  holds  about  nine  cords  of 
wood.  Placed  at  the  side  of  the  oven  is  a  heater  equipped  with 
a  large  cast  iron  worm  joined  to  the  bottom  of  the  oven.  To  the 
rear  of  the  heater  is  placed  a  large  steel  or  concrete  reservoir  con- 
nected by  cast  iron  pipe  with  the  top  of  the  oven,  and  also  with 


rotary  pumps  which   in   turn  are  joined   to  the  heater  pipes. 

The  loaded  cars  are  placed  in  the  oven  and  melted  rosin  or 
pitch  is  run  into  the  reservoir  and  circulated  by  the  pumps  through 
the  heater  and  the  bottom  oven  connection.  This  pitch  after 
filling  the  oven  in  contact  with  the  'wood  overflows  into  the  reser- 
voir and  is  thus  continually  circulated  through  the  heater  and 
oven,  thereby  vaporizing  the  volatile  resinous  bodies,  without 
dissociating  the  wood  fiber.  The  turpentine  and  oil  vapors  are 
carried  through  a  "vapor"  chamber  in  which  the  high  boiling 
liquids  that  are  mechanically  carried  by  the  vapor  are  separated, 
the  va]jor  continuing  to  an  ordinary  tubular  condenser,  where 
the  crude  "sweet  spirits"  are  obtained.  Afterwards  the  "sweet 
spirits"  are  refined,  the  products  being  turpentine,  pine  oil  and 
a  tarry  residue.  The  time  required  to  treat  a  charge  varies  in 
the  plants  mentioned  from  seven  to  ten  hours,  and  the  product 
obtained  is  of  high  quality,  though  not  so  good  as  steam  process 
turpentine. 

At  first  sight  it  would  appear  that  in  this  process  the  rosin 
from  the  wood  treated  would  gradually  increase  the  volume  of 
the  bath  and  rosin  be  thus  manufactured.  The  reverse  of  this, 
however,  is  the  case,  as  a  serious  loss  of  bath  is  actually  realized. 
This  is  in  fact  a  very  serious  drawback  to  the  process,  and  is 
probably  due  to  the  formation  of  volatile  rosin  oils  when  the 
liquid  bath  encounters  the  high  temperature  of  the  heater. 
These  rosin  oils  are  volatilized  and  pass  into  the  "crude  spirits," 
and  are  lost  in  the  refining  residue,  as  only  from  65  to  70  per  cent 
of  the  spirits  is  received  as  turpentine  and  pine  oil.  By  proper 
arrangement  this  difficulty  could  be  avoided. 

This  process  is  also  seriously  handicapped  by  the  fuel  con- 
sumption of  the  heaters  and  the  heavy  upkeep  for  heater  pipes 
and  pumps.  Nevertheless,  with  proper  design,  operation  costs 
would  be  much  reduced  from  that  actually  experienced. 

After  refining,  the  results  from  this  "sweet  process"  could  be 
averaged  as  follows: 

Turpentine.  T'A  gals,  at  35  cents $2.62 

Pine  Oil.  2.5  gals,  at  35  cents 87 

S3. 49 

After  the  charge  is  withdrawn  in  this  first  operation  the 
"treated"  wood  is  placed  in  ovens  similar  to  those  used  in  the 
hard  wood  industry  and  there  subjected  to  destructive  distil- 
lation. The  results  obtained  here  are  very  important  as  a  good 
market  has  been  created  for  these  products.  An  average  of 
from  68  to  70  gallons  of  oils  is  obtained,  together  with  a  like  vol- 
ume of  "acid  water,"  the  latter  a  "waste."  although  its  utiliza- 
tion was  accomplished  just  prior  to  the  receivership  of  one  of  the 
mentioned  companies.  In  addition  there  remains  in  the  cars 
approximately  900  pounds  of  charcoal  and  there  is  produced 
about  10,000  feet  of  non-condensible  gas  per  cord  which  is  of 
fuel  value. 

This  crude  distillate  above  mentioned  is  called  "destructive 
distillate"  or  "D.  D.  Product"  to  distinguish  it  from  the  prod- 
uct derived  from  the  resins,  called  "sweet  spirits."  On  refining 
there  are  obtained  the  following  products  per  cord: 

Tar.  41  gals,  at  $.08 $3.28 

Light  Oil.  6.8  gals,  at  $.12 *. 81 

Heavy  Oil,  10  gals,  at  $.12 1.20 

Charcoal.  36  bushels  at  $.075 2.70 

I'Votii"   sweet  process" 3.49 

Total $1 1 .48 

Costs  of  Production  per  Cord 
Wood $  3  .  00 


Fuel 

Labor 

Cooperage 

Selling  Costs 

Freights  (approximate^ 


Again  it  can  be  seen  that  this  process  handled  as  it  has  been 
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in  the  past  cannot  be  operated  successfully  on  a  low  market,  as 
no  allowances  have  been  made  for  upkeep,  insurance,  interest 
charges,  refining  costs,  management  or  depreciation.  Although 
the  loss  in  bath  is  partially  made  up  by  the  pitch  obtained,  it 
can  be  seen  from  these  costs  that  improvement  must  be  had 
before  this  process  can  exist  during  low  market  conditions.  It 
is  not  to  be  inferred,  however,  that  the  principles  upon  which  the 
process  is  based  are  entirely  faulty.  The  reasons  for  its  failure 
appeared  to  be  lack  of  knowledge  as  to  the  chemical  nature  of 
the  products  and  troubles  consequent  to  improper  construction 
and  operation.  As  is  common  with  approaching  dissolution 
strenuous  efforts  at  improvements  were  made  in  this  process, 
and  despite  well  known  prior  failures,  experiments  were  com- 
pleted and  operation  commenced  for  the  utilization  of  the  waste 
"acid  water"  just  before  the  closing  of  one  of  the  plants.  The 
results  proved  interesting  and  promised  excellent  recovery,  as 
the  products  recovered,  including  acetate  of  lime  and  wood 
alcohol,  represented  a  net  gain  of  well  over  $1.50  per  cord. 

DISTILLATION  PROCESS 

.A.S  the  wood  turpentine  industry  now  stands,  the  de- 
structive distillation  process  apparently  has  the  best  chance 
of  commercial  success,  as  it  is  not  only  more  simple  in 
construction  and  operation,  but  yields  more  in  volume  of 
products.  Chemical  and  engineering  skill,  nevertheless,  are 
necessary  for  this  success. 

The  distillation  process  may  be  subdivided  into  three  divisions : 
first,  that  division  analogous  to  hard  wood  distillation.  This 
method  in  its  primary  operation  is  very  similar  in  equipment  and 
design  to  the  usual  hard  wood  distillation  plant,  the  wood  being 
placed  in  steel  cars  and  run  into  ovens.  The  products  derived 
from  the  resins  and  those  from  the  dissociated  wood  are  collected 
together,  and  separation  is  made  during  refining,  although  some 
attempt  has  been  made  at  fractional  distillation  in  this  primar>- 
stage.  This  method  gives  a  much  inferior  grade  of  turpentine, 
etc.,  owing  to  the  commercial  difficulty  of  eliminating  the  pyro- 
ligneous  bodies,  and  the  product  will  not  answer  to  the  perman- 
ganate test  which  indicates  pyroligneous  matter.  The  tar  pro- 
duced in  this  operation  is  usually  resinous  and  for  some  uses, 
therefore,  objectionable. 

The  second  division  is  merely  a  modification  of  this  process, 
the  ovens  being  in  duplicate,  and  distillation  for  the  resinous 
bodies  being  carried  out  in  one  oven,  so  designed  or  "set"  that 
the  temperature  can  be  maintained  approximately  uniform. 
After  the  resinous  bodies  have  been  obtained  the  "treated  wood " 
^s  withdrawn  and  placed  in  a  second  oven  and  in  this  oven  the 
distillation  is  carried  at  a  higher  temperature  for  the  destructive 
distillation  of  the  wood  itself. 

The  third  division  is  that  using  concrete  ovens  containing  12 
inch  heater  pipes  running  the  length  of  the  ovens.  These  ovens 
have  dutch-oven  connections  and  the  flue  gases  travel  through 
these  pipes,  and  it  is  claimed  that  temperature  regulation  is 
more  easily  accomplished. 

In  all  these  processes  the  products  obtained  are  the  same,  ex- 
cept so  far  as  the  degree  of  purity  is  concerned. 

The  first  distillate,  or  that  from  the  resins  in  these  methods, 
will  run  on  an  average  22  to  24  gallons  of  "sweet  spirits. "  This 
on  refining  will  give  from  50  to  60  per  cent  or  from  12  to  14  gallons 
of  marketable  turpentine  and  from  9  to  10  per  cent  or  from  2  to 
2V2  gallons  of  pine  oil,  and  also  100  pounds  of  a  very  resinous 
pitch. 

The  destructive  products  are  the  same  as  those  from  the 
"bath  process;"  thus  it  can  be  seen  that  the  gross  total  in  this 
operation  should  be  materially  higher  than  in  the  other  processes, 
while  the  operating  expense  is  very  much  lower.  This,  including 
wood,  upkeep,  and  in  fact  all  expense,  should  not,  under  proper 
design,  construction  and  management,  run  over  $9.00  a  cord. 

The  particular  objection  raised  against  the  destructive  dis- 
tillation process  is  that  the  products  are  difficult  to  market,  and 


this  has  been  true  to  a  certain  extent  in  the  past,  but  when  it  is 
considered  that  many  of  these  products  were  new  to  the  trade 
this  condition  cannot  be  wondered  at,  and  at  present  the  market- 
ing is  not  more  difficult  than  products  of  other  processes.  In 
fact,  just  now  there  is  an  imusual  demand  for  these  products. 

MARKETS 

It  may,  perhaps,  be  of  interest  to  call  attention  to  the  various 
developed  markets  for  the  D.  D.  Products,  for  we  all  realize  that 
the  marketing  of  products  is  at  least  equal  in  importance  to  the 
manufacture;  and  this  industry  shows  many  instances  where 
comparative  merit  of  process  and  operation  was  wholly  lost  by 
inferior  marketing  facilities,  and,  on  the  other  hand,  instances 
in  which  unsound  operation  was  maintained  for  a  considerable 
time  by  a  remarkably  efficient  selling  organization.  The  latter 
cases,  while  losing  ventures  to  those  financially  interested,  have 
no  doubt  succeeded  in  creating  a  growing  demand  for  the  prod- 
ucts, as  indicated  by  the  prices  now  obtained  for  them,  with 
many  plants  closed  down.  At  the  present  time  tar  could  be 
easily  sold  for  12  cents  per  gallon  as  compared  with  the  8  cents 
allowed  in  the  cost  data  in  this  article,  but  which  should  be  con- 
sidered maximum,  as  the  future  will  undoubtedly  increase  sup- 
plies so  as  to  bring  these  prices  back  to  a  more  nearly  normal  con- 
dition. This  fact,  however,  does  show  that  a  demand  has  been 
created  that  did  not  exist  prior  to  the  quite  recent  establishment 
of  plants  of  this  nature.  Perhaps  this  condition  is  more  clearly 
evidenced  in  the  heavy  D.  D.  oil,  for  which  22  cents  per  gallon 
is  being  obtained.  The  tar  demand  had  in  a  measure  been  pre- 
viously supplied  by  that  known  as  "kiln  tar"  made  at  works 
using  the  kiln  system  for  charcoal  manufacture  from  resinous 
woods. 

The  product  mentioned  as  D.  D.  light  oil  is  at  present  most 
difficult  to  market  profitably.  It  is  on  the  market  in  this  form 
and  is  used  to  some  extent  by  manufacturers  of  disinfectants. 
However,  it  has  been  fractionally  distilled  and  has  been  used 
locally  as  a  substitute  for  gasoline  for  use  in  engines  and  has 
proven  itself  to  be  more  efficient  than  gasoline.  The  compara- 
tively small  amount  of  this  product  makes  its  use  in  this  manner 
merely  of  local  interest  but  it  indicates  a  real  value  of  the  prod- 
uct. 

The  heavy  D.  D.  oil  has  been  in  consistent  and  increasing 
demand,  particularly  in  the  paint  industry,  and  notably  for 
shingle  stains;  also  for  the  manufacture  of  tar  oils  for  which  there 
is  a  large  foreign  demand.  The  necessity  of  an  energetic  market 
agency  for  this  product  was  in  one  case  well  illustrated  within  the 
past  year.  One  large  concern,  having  nearly  ioo,oo<i  gallons  in 
storage,  and  finding  it  impossible  to  market,  was  offering  it  for 
5  cents  per  gallon,  while  at  the  same  time  another  company  was 
unable  to  supply  its  customers  at  18  cents  per  gallon.  Of  cour.se, 
the  latter  considered  the  purchase  from  the  former,  but  feared 
future  competition  in  case,  as  seemed  dangerously  probable,  the 
former  concern  should  learn  of  their  customers. 

The  pitch  produced  in  the  distillation  process  and  distinguished 
from  the  tar  has  a  firm  market  demand  from  ship  chandlers  and 
also  is  sold  for  uses  such  as  coating  silos,  rendering  them  imper- 
vious to  moisture. 

The  tar,  of  course,  has  its  established  used  witli  rope  maim- 
facturers  as  well  as  witli  paint  producers,  while  the  charcoal  con- 
sumption, particularly  in  the  south,  is  very  steady  both  for  do- 
mestic use  and  manufactiu-ing.  Of  the  number  of  suggested 
specialties  based  on  the  use  of  tars  and  oils,  doubtless  a  few  will 
ultimately  contribute  a  steady  demand  for  a  portion  of  these 
products. 

COSTS    OF    INSTALLATIONS 

The  various  processes  have  in  most  instances  exceeded  reason- 
able installation  costs.  Undoubtedly  the  same  is  true  in  any 
newly  established  industr>',  and  more  particularly  in  cases  where, 
as  pointed  out  in  this  one,  prices  could  be  obtained  that  were  out 
of  all  proportion  to  production  costs. 
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The  entire  equipment  of  a  steam  process  plant  should  come 
well  within  $750  of>  per  cord  capacity,  while  the  solvent  process 
complete  should  be  approximately  $2,000.00  per  cord.  This 
also  should  be  approximately  that  of  the  bath  system,  while  the 
destructive  distillation  method  ought  to  be  very  close  to  $1500. 
In  making  these  general  estimates  neither  working  capital  nor 
purchase  of  timber  or  stumpage  is  considered. 

CONCLUSION 

When  your  attention  is  brought  to  the  fact  that  the  destructive 
distillation  plants  alone  have  been  able  to  survive  recent  price 
depression,  it  is  reasonable  to  conclude  that,  in  the  present  state 
of  the  art,  this  method  has  inherent  advantages.  Nevertheless, 
in  this  type  of  process  there  is  room  for  much  imi)rovement,  par- 
ticularly in  refining  and  the  utilization  of  waste  products  that 
were  ignored  in  the  past.  Constructive  chemical  engineering 
in  this  industry  apparently  has  opportunity  to  create  an  unusually 
profitable  business,  provided  it  utilizes  the  unfortunate  mistakes 
of  the  past,  by  combining  parts  of  the  various  processes. 

It  is  not  to  be  inferred  from  this  article  that  recommendations 
are  made  for  the  encouragement  of  any  particular  process.  The 
motive  is  merely  to  outline  jiresent  conditions  or,  broadly,  to 
show  cause  and  effect;  and  also  to  show,  if  possible,  that  in  order 
to  attain  success,  many  elements  are  as  necessary  in  this  industry 
as  in  any  other.  Statements  have  been  made  to  the  effect  that 
failures  in  most  instances  were  due  to  lack  of  real  engineering 
skill,  and  this  is  partly  true,  but  lack  of  skill  is  not  wholly  ac- 
countable for  even  the  engineering  failures,  as  no  amount  of 
theoretical  engineering  skill  can  replace  the  knowledge  acquired 
from  continued  intimate  contact  with  the  going  operation. 

Neither  does  this  statement  take  into  consideration  the  market- 
ing organization,  which  is  also  an  essential,  and  is  always  con- 
fronted with  the  general  economic  situation,  although  this  does 
not  affect  directly  the  operation. 

It  can  be  seen  from  this  outline  of  the  industry  that  its  very 
existence  was  primarily  due  to  an  unnatural  market  condition, 
and  as  the  field  for  profit  and  exploitation  was  so  enormous  it 
can  hardly  be  wondered  at  that  there  was  unusual  activity  in 
its  promotion. 

Ohio  State  Untversity.  Columbus 


CHEMISTRY  AS  AFFECTING  THE  PROFITABLENESS  OF 
INDUSTRY' 

By  G.  W.  Thompson 

In  the  preparation  of  this  paper  I  had  thought  of  considering 
chemical  industry  as  if  it  were  distinct  from  other  industries, 
but,  as  the  subject  developed,  it  became  very  apparent  that  no 
such  distinct  line  could  be  drawn.  Properly  speaking,  all  indus- 
tries must  be  considered  as  chemical.  It  is  next  to  impossible 
to  imagine  the  existence  of  an  industry  in  which  chemical  re- 
actions or  considerations,  either  directly  or  indirectly,  do  not 
enter.  It  is  possible  that  we  could  define  chemical  industry 
in  a  somewhat  restricted  sense,  but  such  a  definition  would  hardly 
be  other  than  arbitrary.  The  lines  of  demarcation  would  be 
indistinct  and  shadowy.  The  only  basis  for  such  a  definition 
would  be  the  attitude  of  the  popular  mind.  This  attitude  of 
mind  has  been  steadily  growing  towards  the  recognition  of  the 
fact  that  chemistry  is  an  important  factor  in  every  industry, 
and  when,  in  any  particular  case,  it  becomes  popularly  recognized 
that  chemistry  is  a  factor  in  an  industry,  then  that  industry 
becomes  a  chemical  industry.  Ultimately,  this  popular  recog- 
nition will  extend  to  all  industries  and  the  ra|)idity  of  the  growth 
of  such  recognition  indicates  that  the  time  is  not  far  distant 
when  all  industries  will  be  generally  and  popularly  recognized 
as  chemical. 

My  plan  had  been  to  discuss  the  profitableness  of  chemical 

industry,  but  if  we  accept  the  conception  that  all  industries  are 

chemical,  it  would  seem  better  that  our  discussion  should  be 

>  Chairman's  .\ddress  before  the  New  York  Section  of  the  Society  of 
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broadened  so  as  to  consider  the  general  effect  of  chemistry  upon 
the  profitableness  of  industrial  operations,  using  the  words 
"industrial  operations"  as  including  all  phases  of  the  actual 
production  of  wealth. 

Perhaps  it  would  be  well  to  make  clear  the  conception  that 
all  industries  are  chemical  in  one  or  more  pha,ses.  By  way  of 
illustration,  let  us  consider  the  relation  of  chemistry  to  the  pro- 
duction of  power.  I  think  we  can  show  that  there  is  a  very  close 
connection  between  chemistry  and  such  production,  and  also 
that  there  is  no  industry  which  does  not  depend  upon  the  con- 
sumption of  power;  this  being  the  case,  it  becomes  very  evident 
that,  from  the  i)ower  standi)oint  alone,  all  industries  are  chemical 
industries. 

Our  first  impressions  of  power  are  those  which  we  ourselves 
are  conscious  of  exercising,  and,  in  practice,  the  simplest  form 
of  power  is  man  power  as  manifested  in  manual  labor.  It  is 
not  customary,  perhaps,  except  from  the  humanitarian  stand- 
point, to  consider  the  chemical  changes  in  the  human  body, 
converting  food  into  work,  as  factors  in  industry.  Nevertheless, 
they  deserve  serious  consideration.  It  is  being  learned  daily 
that  properly  fed  employees  are  more  efficient  as  workmen, 
and  the  study  of  food  problems  is  siu'ely  a  phase  of  the  applica- 
tion of  chemistry  to  industry.  In  some  industries,  the  study 
of  the  food  consumed  by  employees  has  a  direct  bearing  upon 
the  health  of  the  employees  as  affected  by  the  industry.  It  is 
found  that  certain  foods  act  as  prophylactics  towards  certain 
industrial  diseases,  and  that  other  foods  (perhaps  improperly 
so  called)  act  in  the  opposite  manner.  The  scientific  study  of 
foods  in  connection  with  efficient  manual  labor  is  a  phase  of 
welfare  work  that  has  not  been  considered  to  the  extent  it  de- 
serves. Take,  on  the  other  hand,  the  horse.  It  is  true  that  the 
horse  is  being  displaced  by  the  locomotive  and  automobile,  and 
as  a  power  factor,  has  been  almost  completely  superseded  by 
mechanical  appliances;  still,  so  far  as  the  horse  is  used  for  the 
power  he  furnishes,  his  proper  feeding  is  a  phase  of  the  applica- 
tion of  chemistry  to  industry.  Perhaps  it  may  be  considered 
that  these  two  illustrations,  the  feeding  of  employees  and  the 
feeding  of  horses,  are  trivial  as  compared  with  the  study  of  the 
production  of  power  through  the  use  of  the  steam  boiler,  the 
steam  engine,  the  gas  producer,  and  the  internal  combustion 
engine.  Probably  this  is  so,  for,  in  the  production  of  power 
by  these  mechanical  means,  we  have  clearly  recognized  chemical 
reactions,  and  the  understanding  of  these  chemical  reactions  is 
essential  to  the  proper  economy  of  fuel  and  the  production  of 
power  with  the  least  outlay.  In  these  cases,  chemistry  teaches 
us  the  need  of  a  proper  balancing  of  the  combustible  material 
used  and  the  air  supply,  so  that  the  loss  of  heat  in  effluent  gases 
may  be  reduced  to  a  minimum.  In  the  steam  boi'cr,  chemistry 
has  taught  much  of  great  value  in  relation  to  the  refractory 
materials  used,  the  utility  of  water  consumed,  and  how  to  cor- 
rect its  scale-forming  tendencies.  In  recent  years,  numerous 
excellent  devices  have  been  developed  for  automatically  giving 
information  as  to  the  composition  of  flue  gases,  with  the  result 
that  great  savings  in  the  cost  of  power  have  been  made.  The 
study  of  the  composition  of  coals  has  resulted  in  a  better  clas- 
sification of  coals,  a  truer  connection  between  price  and  quality, 
and  the  purchase  of  coals  by  specifications  involving  chemical 
examination  is  becoming  more  extensive  each  year.  The 
small  power  plant  cannot  perhaps  give  as  much  attention  to 
chemical  factors  as  can  a  large  plant,  but  in  large  power  plants, 
the  economy  resulting  from  the  study  of  the  chemistry  of  com- 
bustion has  enabled  such  plants  to  furnish  power  to  outsiders 
with  a  profit  to  themselves  and  to  those  to  whom  they  sell  it. 
Chemical  considerations  led  to  the  use  of  blast  furnace  gases 
in  tlic  gas  engine  for  the  production  of  power;  and  if  the  chem- 
ist's dream  comes  true,  there  will  come  a  time  when  power 
will  be  more  directly  produced  from  coal  than  it  is  to-day.  It  is, 
of  course,  recognized  tliat  in  the  utilization  of  the  energy  in  our 
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great  waterfalls,  chemistry  is  an  unimportant  factor,  but  here 
there  is  the  compensating  fact  that  many  of  our  great  chemical 
industries  have  been  dependent  for  their  existence  and  growth 
upon  the  cheap  power  thus  produced. 

This  is  as  far  as  our  time  permits  us  to  speak  of  the  influence 
of  chemistry  upon  the  production  of  power.  The  scope  of  this 
paper  will  not  allow  a  more  detailed  treatment  of  this  subject, 
and  what  we  have  said  is  more  as  a  matter  of  obvious  illustration 
of  one  point  of  the  dependence  of  the  profitableness  of  industry 
in  general  upon  chemical  factors;  hence,  we  shall  proceed  to 
recount  other  phases  of  the  relation  of  chemistry  to  industry. 

The  simplest  phase  is  undoubtedly  that  relating  to  the  purely 
commercial  end  of  industry,  wherein  goods  are  bought  and  sold 
subject  to  analysis,  the  analysis  being  presumed  to  indicate 
the  commercial  value  of  the  goods.  These  goods  may  be  in  the 
raw  state,  partially  finished,  or  finished  and  ready  for  consump- 
tion. The  oldest  form  of  this  kind  of  analytical  control  was 
undoubtedly  for  the  valuation  of  precious  metals  and  the  ores 
containing  them.  The  accuracy  with  which  gold  and  silver 
can  be  determined  by  fire  assay  was  recognized  in  the  early 
stages  of  metallurgical  development.  The  fire  assay  corre- 
sponded on  a  small  scale  to  the  actual  recovery  of  gold  and  silver 
in  smelting  operations.  It  was  natural,  therefore,  to  assume 
that  a  similar  correspondence  existed  between  the  fire  assay 
of  other  metalliferous  substances  and  the  smelting  operations 
then  practised.  What  could  be  done  with  gold  and  silver,  how- 
ever, could  not  be  done  with  the  same  accuracy  with  the  more 
readily  oxidized  metals,  and  while  the  fire  assay  method  is  still 
applied  in  some  places  to  metals  other  than  gold  and  silver, 
in  general,  these  processes  have  been  superseded  by  wet  methods, 
which  are  more  obviously  chemical  in  their  character,  and  of 
greater  accuracy. 

The  chemical  testing  of  commodities  sold  under  specifications 
is  primarily  for  the  purpose  of  protecting  the  purchaser,  al- 
though accuracy  of  testing  is  necessary  in  order  that  justice 
may  be  done  to  the  seller.  Practically  aU  raw  materials  dealt 
in  in  quantity  are  sold  subject  to  chemical  analysis.  Chemical 
analysis  may  not  be  specified  in  the  sale  or  made  use  of  by  the 
purchaser,  but,  in  some  form  or  other,  the  purchaser  has  the 
right  to  test  out  the  products  received,  to  see  whether  the  terms 
of  the  sale  have  been  lived  up  to.  Very  few  commodities  are 
sold  to-day  in  regard  to  which  there  is  not  some  recorded  infor- 
mation on  which  a  purchaser  can  base  claims,  if  chemical  analysis 
shows  these  commodities  to  be  different  from  those  described 
in  the  order  or  contract. 

If  we  consider,  however,  the  whole  question  of  the  ptuchase 
of  commodities  on  either  tacit  or  openly  acknowledged  chemical 
requirements,  we  shall  see  that  chemistry  has  had  a  great  in- 
fluence in  determining  the  profitableness  of  industry,  in  pre- 
venting the  delivery  of  inferior  raw  or  semi-raw  materials,  which 
would  ultimately  affect  the  yield  or  quality  of  the  finished 
product.  The  whole  operation  of  our  pure  food  and  pure  com- 
modity laws  depends  upon  tlie  availability  of  chemical  analysis 
and  testing,  and  it  is  only  natural  that  the  rapid  growth  of  senti- 
ment in  favor  of  these  laws  should  have  produced  some  commer- 
cial hardships  which  have  led  to  the  criticism  of  chemical  control 
and  standards  as  being  too  rigid  and  unsuited  to  popular  require- 
ments. Nevertheless,  such  piu^e  commodity  laws  have  been 
of  great  profit  to  the  piuchasing  public. 

But  if  chemistry  has  had  a  great  influence  upon  the  profit- 
ableness of  industry  in  the  purchasing  of  commodities,  what 
shall  we  say  as  to  its  effect  on  the  profitableness  of  industry  in 
the  sale  of  commodities?  In  the  popular  mind,  profits  are 
made  on  sales,  not  on  purchases,  and  the  salesman  seems  to  be, 
to  use  the  language  of  the  streets,  "the  whole  thing."  Most 
businesses  are  dominated  by  the  salesman,  be  he  projirietor, 
manager,  or  drummer.  According  to  this  idea,  in  the  making 
of  profit,  the  salesman  is  a  factor  greater  than  the  purchasing 


agent,  or  even  the  manager  of  the  manufacturing  department, 
considering  that  these  are  distinct  from  each  other.  There  is 
undoubtedly  a  great  deal  of  truth  in  this  conception  and  the 
popular  idea  rests  on  fairly  well  established  facts.  Taking 
this  to  be  the  case,  what  has  been  the  influence  of  chemistry  on 
the  sale  of  commodities  as  affecting  business  profits?  It  is  gen- 
erally admitted  that  the  old-fashioned  personal  influence  of  the 
salesman  over  the  sale  of  his  goods  is  growing  less  year  by  year. 
In  place  of  this  old-fashioned  personal  influence  is  coming  a 
newer  influence  in  which  the  salesman  secures  his  sales,  not  by 
debauching  the  purchaser,  but  by  his  intelligence  and  the  helpful 
knowledge  which  he  possesses  about  the  goods  he  sells,  and,  we 
must  add,  the  confidence  which  the  purchaser  has  in  the  salesman 
because  of  his  possessing  that  knowledge.  It  is  no  longer  the 
general  practice  to  keep  salesmen  ignorant  of  processes  of  manu- 
facture and  use,  but  salesmen  are  being  educated  in  many 
cases  by  technical  men,  often  chemists,  on  the  merits  of  their 
goods  and  how  they  may  properly  meet  complaints.  Then,  too, 
the  chemist's  influence  in  improving  the  quality  of  products 
assists  the  salesman  by  giving  him  more  salable  products.  I 
cannot  take  more  than  passing  and  regretful  notice  of  the  fact 
that  there  are  some  few  chemists  whose  occupation  appears  to 
be  mostly  that  of  showing  how  goods  may  be  debased  without 
easy  detection.  The  influence  of  the  chemist  in  improving  the 
quality  of  goods  shows  itself  in  the  increased  price  which  may  be 
obtained  for  such  goods.  Perhaps,  also,  we  should  mention  the 
general  effect  upon  the  commercial  atmosphere  of  a  business 
that  has  trained  chemists  in  its  employ,  who  give  confidence 
to  the  general  public  that  its  products  are  made  as  well  as  pos- 
sible with  the  assistance  of  the  best  that  science  can  give. 

With  reference  to  actual  manufacturing  operations,  we  shall 
consider  what  the  chemist  has  done  in  controlling  manufacturing 
processes,  correcting  losses  in  manufacture,  assisting  in  the 
invention  of  new  methods  and  in  the  development  of  new  uses 
for  regular  products,  waste  products,  and  by-products.  Work 
along  this  line  is  particularly  attractive  to  the  chemist,  and,  in 
some  cases,  can  be  conducted  profitably  only  by  the  chemist.  The 
extent  to  which  chemical  knowledge  is  necessary  or  desirable 
can,  of  course,  be  determined  only  by  considering  each  case  by 
itself.  There  are,  in  all  cases,  practical  limitations,  in  regard 
to  which  the  chemist  should  be  reasonable.  Simply  because, 
in  general,  chemistry  is  helpful,  it  must  not,  therefore,  be  as- 
sumed that  in  every  case  the  chemist  can  increase  the  profit- 
ableness of  manufacturing  operations,  because  it  must  be  re- 
membered that  the  chemist  is  worthy  of  his  hire,  and  that  hire 
may  more  than  absorb  the  value  of  what  he  may  accomplish. 
In  the  control  of  manufacturing  processes,  if  uniformity  of  prod- 
uct is  desired,  there  is  probably  no  one  better  qualified  than  the 
chemist  to  establish  such  control.  This  he  will  accomplish  by 
the  systematic  study  of  all  the  materials  entering  into  the  process 
and  the  product  in  all  stages  of  manufactiue,  discovering  the 
chemical  reactions  of  the  process,  where  these  reactions  occur, 
and  how  they  can  be  accelerated  to  advantage  or  made  more 
complete,  if  that  is  desirable.  Considering  in  tlie  abstract  the 
manufacturing  operation  involving  a  consumption  of  raw  ma- 
terials, heat,  power,  and  labor,  the  fundamental  units  of  cost 
are  the  time  consumed  and  the  quantity  of  product  made. 
The  chemist  should  possess  an  analytical  mind,  and.  in  the  study 
of  a  manufacturing  process,  he  will  endeavor  to  develop  the  effect 
of  these  fundamental  factors  and  seek  to  control  the  other  cost 
factors,  keeping  in  mind  tlie  preservation  of  the  full  value  of  the 
chemical  reactions  taking  place.  Chemistry  has  been  a  great 
help  and  profit  to  industry  in  the  control  of  manufacturing  losses, 
and  the  business  man  who  fails  to  recognize  its  value  cannot  be 
considered  as  practical.  For  the  avoidance  of  such  losses,  the 
chemist  is  peculiarly  fitted.  Some  industries,  it  is  true,  can  be 
conducted  profitably  with  large  losses  of  some  of  the  constituents 
contained  in  the  raw  materials,  but,  in  the  course  of  time,  these 
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losses  must  be  controlled,  for  the  industry  that  applies  the  best 
control  will  be  the  most  profitable  and  the  best  able  to  withstand 
competition.  This  can  be  done  only  by  systematic  chemical 
examination  of  the  materials  used  and  by  systematic  study  of 
the  chemical  reactions  entering  into  the  processes.  But  the 
work  that  chemistry  does  in  preventing  losses  in  manufacture 
is  not  merely  the  direct  prevention  of  such  losses.  Chemistry 
impresses  itself  sooner  or  later  upon  the  manufacturer  if  he  is 
awake,  even  though  he  be  not  technically  trained,  and  he  real- 
izes that  his  manufacturing  operations  arc  not  shrouded  in 
mystery.  The  question  of  yield  comes  under  the  law  of  the 
conservation  of  matter.  Matter  does  not  disappear  without 
going  somewhere,  and  if  it  does  disappear,  it  has  been  stolen, 
or  some  mistake  has  been  made  in  accounting,  or  the  matter 
has  been  changed  in  form,  or  actually  lost  in  some  of  the  refuse 
products.  This  is  an  exceedingly  important  subject.  Many 
untechnical  men  think  that  yield,  as  they  would  express  it,  is 
"piu-ely  a  practical  question"  and  that  losses  in  manufacture, 
like  taxes  and  deatli,  are  something  that  we  cannot  get  away 
from.  The  chemist  valiantly  attacks  this  belief.  He  asserts 
that  losses  occur  for  material  reasons.  This  attitude  of  the 
chemist  is  simply  a  rational  attitude  which  increases  very 
materially  the  profitableness  of  industry.  In  developing  new 
uses  for  regular  products,  waste  products,  and  by-products,  the 
chemist  has  left  his  indelible  mark  upon  industry.  Here,  he 
is  in  the  lead,  and  his  constructive  mind  is  not  satisfied  with 
announcing  his  immediate  discoveries,  but  in  pointing  the  way 
to  the  rich  fields  of  possible  discovery  that  lie  before  him. 

It  is  proper  here  to  elaborate  a  little  on  the  value  of  chemical 
societies  and  their  journals.  Chemical  societies,  seeking  at  all 
times  to  bring  out  the  most  recent  information  bearing  on  chemical 
problems,  obtain  numerous  papers,  which,  published  in  their 
journals,  are  available,  in  most  of  our  large  public  libraries,  to 
business  men  whether  technically  educated  or  not.  Frequently, 
the  information  which  they  may  want  is  obtained  in  complete 
form  in  these  journals.  In  other  cases,  the  information  has  to 
be  interpreted  by  chemists,  and  in  still  other  cases,  the  informa- 
tion is  so  distantly  connected  with  the  problems  involved  as 
to  be  available  only  to  chemists  who  open  up  vast  possibilities 
of  profit  to  industry.  It  is  hardly  to  be  expected  that  the  chem- 
ist will  be  acquainted  w  th  all  the  published  facts  relating  to 
any  problem,  but  if  he  knows  where  these  facts  may  be  obtained, 
and  if  he  knows  how  to  interpret  them,  they  soon  become  avail- 
able, no  matter  how  long  they  may  have  remained  buried  in  the 
literature  of  the  subject.  The  application  of  such  facts  frequently 
develops  new  ones,  which  in  their  turn  may  have  high  potential 
value.  So  valuable  are  these  chemical  records  that  I  must  not 
lose  this  opportunity  of  pointing  to  the  great  service  chemists 
are  doing  and  to  urge  them  to  enlarge  this  service  to  the  greatest 
practicable  degree  by  further  contributions.  The  knowledge 
which  we  may  possess  is  of  value  to  us  individually,  but  in  the 
general  service  of  mankind,  we  can  frequently  impart  some  of 
this  knowledge  without  hurting  ourselves,  at  the  same  time 
extending  a  helping  hand  to  others. 

Much  has  been  written  upon  the  influence  of  the  research 
chemical  laboratory  on  the  profitableness  of  industry.  Valuable 
information  is  on  record  showing  how,  in  numerous  cases,  the 
research  laboratory  has  been  a  tremendous  profit  to  industry. 
In  some  cases,  the  research  laboratory  is  devoted  almost  entirely 
to  the  development  of  new  processes  and  products,  and  it  would 
appear  that  the  Germans  have  most  successfully  applied  this 
method,  and  that  their  commercial  high  standing  in  chemical 
manufacture  has  been  more  due  to  this  than  to  any  superiority 
in  methods  or  economies  in  manufacturing.  While  this  is  true, 
it  appears  to  the  writer  that  the  research  laboratory  has  another 
function  not  usually  recognized.  If  I  were  to  try  to  define 
this  function  of  the  research  laboratory  in  popular  language, 
I  would  say  that  it  keeps  the  industry  "ahead  in  the  game." 


It  is  not  only  in  the  concrete  things  which  the  research  laboratory 
does  that  its  profitableness  is  to  be  measured,  but  its  real  value 
is  also  in  the  general  advance  work  that  it  docs.  It  gives  to  an 
industry  a  proper  understanding  of  the  needs  of  the  trade. 
The  industry  that  does  not  keep  itself  informed  as  to  these 
needs  is  sure  to  lag  behind.  The  fundamental  information  as  to 
the  needs  of  the  trade  can  be  furnished  only  by  the  chemist  who 
has  studied  the  possibilities,  theoretical  and  practical,  of  both 
processes  and  products.  The  research  laboratory  is  destroying 
trade  superstitions  which  have  hindered  progress.  It  has  fur- 
nished information  to  salesmen  which  they  have  been  able  to 
use  to  practical  advantage.  It  has  been  in  many  respects  the 
reflective  organ  of  industry.  The  research  laboratory  could 
not  have  been  any  of  these  things  if  it  were  not  continuously 
studying  th  •  problems  presented  directly  and  indirectly  to  it 
and  availing  itself  of  the  invaluable  records  preser%'ed  in  our 
chemical  journals. 

In  those  industries  involving  the  manufacture  of  chemicals 
or  in  which  chemistry  is  a  predominating  and  obvious  influence, 
the  chemist  is,  of  course,  appreciated,  although  there  are  many 
such  industries  which  do  not  utilize  the  chemist  as  fully  and  as 
completely  as  would  be  to  their  advantage  The  really  suc- 
cessful and  profitable  chemical  manufacturing  industries  avail 
themselves  of  the  serv'ices  of  the  best  chemists  obtainable. 

The  indirect  influence  of  chemistrj'  upon  the  profitableness 
of  industry  should  not  be  overlooked.  The  philosopher  who 
once  said  something  to  the  effect  that  the  man  who  made  two 
blades  of  grass  to  grow  where  only  one  grew  before  is  a  public 
benefactor,  stated  a  truth  that  applies  with  a  special  force  to  the 
chemist.  The  discoveries  of  chemistry  which  have  been  of  no 
direct  value  to  the  discoverer,  but  have  been  of  great  indirect 
value  to  humanity,  are  innumerable.  Sometimes  a  chemist 
is  looked  upon  with  scorn  because  he  has  not  made  personal 
profit  out  of  his  discoveries,  which  he  has  published  to  the  world 
and  made  common  property.  This  form  of  communism  is  ideal- 
istic. The  discoveries  of  Pasteur  have  added  immense  profit 
to  the  fermentation  industries  and  have  been  the  sa\-ing  of 
innumerable  lives.  I  know  of  no  class  which  contributes,  as 
chemists  do,  so  freely  to  the  fund  of  general  knowledge  on 
which  profitable  business  is  based.  Then  too,  there  is  the  in- 
direct saving  which  the  chemist  is  responsible  for  in  the  conser- 
vation and  utilization  of  industrial  products.  The  studies 
relating  to  the  corrosion  of  iron  and  steel  and  indeed  to  all  of  the 
phenomena  of  decay  have  resulted  in  greater  permanence  and 
durability  of  the  products  of  industry,  the  benefits  of  which  all 
industries  may  share. 

In  arguing,  as  we  have,  in  favor  of  the  proposition  that  chem- 
istry is  a  powerful  factor  in  making  industry  profitable,  we  must 
not  close  our  eyes  to  its  limitations.  The  chemist  should  be  a 
business  man  in  the  best  sense  of  the  words,  and  should  recognize 
that  in  all  successful  business  operations  a  proper  balancing 
and  coordination  of  all  its  factors  is  necessary.  The  study  of 
power  problems  should  be  made,  but  the  extent  to  which  ex- 
penditure for  the  study  of  power  factors  should  be  made  depends 
upon  the  importance  of  the  power  factor.  The  testing  of  ma- 
terials purchased  and  used  should  be  made,  but  the  extent  to 
which  such  testing  should  be  made  can  be  determined  only  by 
the  proper  consideration  of  its  relative  importance.  New  pro- 
cesses and  products  should  be  developed,  but  there  is  a  limit  to 
expenditure  for  these  ends,  which  limit  is  in  the  hope  of  profit 
to  be  derived.  After  all,  all  industry  depends  upon  the  pro- 
duction or  exchange  of  articles  that  are  desirable,  and  the  de- 
sirability of  an  article  is  a  determining  factor  in  its  value.  But 
not  merely  must  a  product  be  desirable,  it  must  be  produced 
with  proper  economy,  for  that  is  a  limiting  factor  affecting  its 
marketability. 

We  have  discussed  this  subject  in  an  abstract  manner.  Many 
illustrations  could  have  been  introduced  of  how  industries  have 
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profited  through  the  assistance  of  chemistry.  We  have  thought 
it  better,  however,  to  omit  such  illustrations,  but  hope  that  during 
the  coming  year  we  shall  have  many  papers  practically  demon- 
strating that  what  we  have  presented  in  the  abstract  is  con- 
cretely true.  When  we  speak  of  chemistry  as  affecting  the 
profitableness  of  industry,  we  must  bear  in  mind  that,  while  all 
chemical  knowledge  may  be  said  to  come  from  the  chemist,  such 
knowledge  is  often  made  use  of  with  profit  by  those  who  are 
not  chemists.  This  is  something  that  is  unavoidable,  and  it 
seems  to  me  no  attempt  should  be  made  to  make  it  avoidable. 
The  benefits  which  chemists  derive  from  the  more  general 
diffusion  of  chemical  knowledge  are  very  much  greater  than 
would  be  the  case  if  chemists  were  successful  in  an  attempt  to 


make  their  profession  esoteric.  The  progress  of  humanity 
cannot  be  accomplished  by  making  the  study  of  chemistry  and 
the  benefits  that  come  from  it  profitable  only  to  the  chemist. 
It  is  proper  that  the  chemist  should  seek  to  obtain  profit  from 
his  knowledge  and  ability,  but  he  cannot  hope  to  do  this  except 
in  some  few  cases,  unless  he  is  willing  to  give  to  others  at  least 
a  portion  of  the  knowledge  that  he  possesses.  All  industries 
and  occupations  are  interdependent.  All  industry  depends  upon 
the  chemist  and  the  chemist  depends  upon  all  industry.  The 
more  this  interdependence  is  recognized,  the  greater  the  profit 
accruing  to  industry,  and  the  greater  the  return  to  the 
chemist. 


PLRKIN  MLDAL  AWARD 


The  Perkin  Medal  was  conferred  on  John  Wesley  Hyatt  for 
his  distinguished  services  in  the  field  of  applied  chemistry  and 
engineering  at  the  regular  meeting  of  the  New  York  Section  of 
the  Society  of  Chemical  Industry,  held  at  The  Chemists'  Club, 
on  January  23,  1914. 

The  meeting  was  opened  with  an  address  by  Dr.  G.  W.  Thomp- 
son, Chairman  of  the  Section,  and  the  presentation  address  was 
made  by  Professor  Chas.  F.  Chandler,  Senior  American  Past- 
President  of  the  Society  of  Chemical  Industry.  The  acceptance  by 
Mr.  Hyatt  was  followed  by  an  address  by  Dr.  Frank  Vanderpoel. 

The  inventive  genius  of  the  medalist  together  with  an  intimate 
description  of  the  history  of  his  developments  was  ably  treated 
by  the  various  speakers,  and  the  addresses  are  printed  in  full  in 
the  following  pages.      IEditor.] 

CHAIRMAN'S  ADDRESS 

By  GusTAVE  W.  Thompson 

At  this  meeting  of  the  New  York  Section  of  the  Society  of 
Chemical  Industry,  it  becomes  the  pleasant  duty,  through 
established  methods,  to  award  the  Perkin  medal  to  the  person 
selected  as  most  worthy  for  valuable  work  done  in  applied  chem- 
istry. It  seems  hardly  necessary  that  a  statement  be  made 
as  to  the  origin  and  history  of  the  annual  presentation  of  this 
medal  further  than  to  say  that  the  medal  was  founded  in  com- 
memoration of  the  fiftieth  anniversary  of  the  coal  tar  color 
industry,  the  cornerstone  of  which  was  work  done  by  the  man 
whose  name  is  attached  to  the  medal.  There  are,  however, 
certain  features  which  are  forced  upon  our  attention  annually 
in  the  selection  of  the  person  towhomthismedal  should  be  awarded, 
which  it  may  be  desirable  to  consider  in  opening   this  meeting. 

As  stated  above,  the  medal  is  awarded  for  valuable  work  in 
applied  chemistry.  Whatever  the  future  may  have  as  inter- 
preting the  grounds  for  merit,  in  the  past  it  has  generally  been 
considered  that  this  work  should  be  in  the  nature  of  original 
or  inventive  work  which  has  proved  of  great  public  value. 
The  questions  I  would  propound  to  you  to-night  are:  What  is 
the  mental  faculty  which  has  made  the  recipients  of  the  Perkin 
medal  what  they  are?  In  what  respect,  which  has  enabled 
them  to  be  so  successful  in  the  application  of  chemistry  to  the 
arts,  do  these  men  differ  from  their  fellow  chemists?  I  have 
given  considerable  thought  to  these  questions,  and  I  wish  to  sub- 
mit my  conclusions  for  your  consideration,  believing  that  they 
may  be  of  some  suggestive  value. 

In  1870,  Tyndall  delivered  his  famous  discourse  on  the  "Scien- 
tific Use  of  the  Imagination."  In  this  discourse,  he  showed 
the  value  of  the  imagination  properly  made  use  of  in  solving 
some  of  the  most  difficult  problems  of  physics.  Tyndall  has 
shown  us  how  the  imaginative  mind,  seeing  resemblances  in 
things,  can  supply  the  missing  parts  in  such  resemblances, 
those  missing  parts  being  hidden  from  the  senses.  It  was  this 
power  of  the  imagination  which  enabled  Kekule  to  form    the 


basis  for  the  working  out  of  the  structure  of  many  complex 
organic  compounds;  that  work  has  been  of  incalculable  benefit 
to  chemical  science  and  industry.  Thousands  of  instances 
could  be  given  showing  that  practically  all  of  the  progress  made 
in  the  science  of  chemistry  has  been  due  to  this  proper  use  of 
the  imagination. 

Considering  the  work  done  in  applied  chemistry,  we  see 
clearly  that  it  was  the  imagination  of  Hcrreshoff  that  enabled 
him  to  develop  the  metallurgy  of  copper;  and  of  Behr  in  his 
work  on  the  separation  of  the  oil  contained  in  the  germs  of  corn; 
and  of  Acheson,  who  saw  in  his  imagination  that,  if  flocculating 
agents  existed,  there  were  probably  also  Je-flocculating  agents; 
and  of  Hall,  who  believed  that  somewhere  there  was  a  solvent 
for  alumina  from  which  aluminum  could  be  obtained  electrolyt- 
ically ;  and  of  Frasch,  who  saw  in  the  oil  and  salt  wells  the  sug- 
gestion of  the  possibility  of  recovering  sulfur  from  the  bowels 
of  the  earth ;  and  of  Gayley,  who  saw  the  possibility  of  the  dry 
blast  in  increasing  the  output  and  decreasing  the  cost  of  the 

blast   furnace;    and  of   Hyatt,    who   saw   in   the   drop 

of  dried  collodion  the  possibility  of  producing  a  plastic  mass, 
which  was  finally  obtained  in  celluloid. 

It  was  Tyndall  who  emphasized  the  extreme  value  of  the  two 
little  words  "as  if"  when  used  by  the  scientific  mind,  showing 
how,  from  things  seen,  a  scientific  imagination  can  lay  bare 
things  unseen  and  make  possible  discoveries  of  great  value. 
Discoveries  often  come  by  accident,  but  it  is  the  imaginative 
mind  that  sees  in  these  discoveries  future  possibilities.  It  is 
the  imaginative  mind  which,  following  our  discoveries  so  made, 
is  led  into  unlimited  fields  of  usefulness.  We  must  not  think, 
however,  of  imagination  as  being  the  sole  factor,  although  it 
is  probably  the  principal  factor,  in  the  production  of  valuable 
materials.  There  must  be  energy,  concentration,  and  persis- 
tence, which  will  carry  such  a  mind  across  the  Jordan  into  the 
promised  land.  Nevertheless,  the  imagination  is  the  most 
important  factor  here,  because,  without  it,  there  would  be  no 
promised  land. 

As  we  look  around  about  us  upon  those  with  whom  we  are 
intimate,  we  see  this  imaginative  faculty  in  all  degrees  of  de- 
velopment, and  I  have  this  word  of  suggestion  to  offer — those 
of  us  here  who  are  educators,  in  whose  hands  are  being  moulded 
the  minds  of  future  chemists — should  we  not  ask  them  whether 
tlie  work  which  they  are  doing  tends  to  develop  this  imaginative 
faculty,  or  whether  it  is  indeed  possible  for  them  to  sow  in  the 
minds  of  their  students  the  seeds  of  imagination  if  they  do  not 
already  exist  there?  It  seems  to  me  that  there  is  no  better  place, 
no  better  occasion,  than  this  place  and  this  occasion,  when  we 
are  honoring,  by  the  presentation  of  the  Perkin  medal,  a  man 
in  whom  the  imaginative  faculty  was  highly  developed,  to  put 
before  you  the  need  of  the  imaginative  faculty  in  as  emphatic 
a  manner  as  possible  and  to  urge  that  in  our  educational  in- 
stitutions this  faculty  should  be  developed  to  the  highest  de- 
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gree.  For,  if  we  are  honoring  Mr.  Hyatt  on  account  of  his  pos- 
session of  this  faculty,  should  we  not  seek  to  increase  the  number 
of  those  who  possess  the  faculty  in  a  high  degree?  Is  not  the 
real  purpose  of  the  Perkin  medal  something  more  than  the 
honoring  of  its  recipents — great  as  that  purpose  is — is  it  not 
all  done  for  the  purpose  of  encouraging  those  faculties  on  which 
the  presentation  of  this  medal  rests? 

PRESENTATION  ADDRESS 

By  Charles  F.  Chandlrr 

Mr.  Chairman,  Distinguished  Guest  and  Brother  Chemists: 

It  is  my  very  pleasant  privilege  as  the  senior  Past-President 
of  the  Society  of  Chem- 
ical Industry,  residing 
in  this  country,  to  pre- 
sent to  John  Wesley 
Hyatt  the  eighth  im- 
pression of  the  Perkin 
gold  medal,  in  recog 
nition  of  his  most  valu- 
able work  in  applied 
chemistry. 

Mr.  Hyatt  was  born 
at  Starke y,  Yates 
County,  New  York,  in 
November,  1837.  He 
was  educated  in  the  pub- 
lic school  and  later  in 
the  Eddytown  Seminary 
where  he  excelled  in 
mathematics. 

In  his  early  boyhood 
he  acquired  a  strong  taste 
for  mechanical  affairs  in 
his  father's  blacksmith 
shop.  In  his  sixteenth 
year  he  went  to  Illinois 
and  learned  the  printing 
business,  working  at  this 
trade  for  the  following 
ten  years.  During  this 
period  he  made  his  first 
invention,  a  family  knife 
sharpener  which  in- 
cluded a  new  method  for 
making  solid  emery 
wheels. 

He  then  went  to 
Albany  and  worked  as  a 
journeyman  printer  for 
about  two  years.  Seeing 
a  $10,000  offer  for  a 
substitute  for  ivory  for 
billiard  balls  by  Phelan 
&    Collander     of     New  J""N  wcsLiiY  HYATT.  PE 

York,  he  began  experi- 
menting nights  and  Sundays  in  the  hope  of  gaining  the 
reward.  He  made  a  number  of  useful  plastic  composi- 
tions, none  of  them  however  good  enough  for  billiard  balls,  but 
he  started  to  make  checkers  and  dominoes  of  pressed  wood  and 
with  his  two  brothers  established  in  Albany,  New  York,  what 
is  now  the  Embossing  Company  which  has  been  a  highly  suc- 
cessful concern  for  more  than  40  years,  under  the  mechanical 
management  of  Mr.  Hyatt's  younger  brother,  C.  M.  Hyatt. 

In  1870  he  invented  and  patented  a  machine  for  turning 
biUiard  balls,  by  which  an  unskilled  workman  can  do  as  much  as 
a  dozen  skilled  workmen  could  accomplish  by  former  methods, 
securing  at  the  same  time  perfect  accuracy. 


His  attention  having  been  called  to  the  character  of  the  solid 
nitrocellulose  left  by  the  evaporation  of  liquid  collodion,  or 
artificial  skin  as  it  was  called  when  collodion  was  first  put  upon 
the  market,  for  covering  cuts  and  other  wounds,  he  turned  his 
attention  to  the  subject  of  nitrocellulose  as  a  suitable  material 
for  producing  plastics.  It  should  be  remembered  that  gun 
cotton  or  nitrocellulose  was  first  discovered  by  Schoenbein  in 
1845.  In  1847  Maynard  announced  the  discovery  that  while 
nitrocellulose  is  not  soluble  either  in  alcohol  or  ether  alone,  it  is 
soluble  in  a  mixture  of  the  two  and  he  gave  the  name  collodion 
to  the  solution,  which  has  since  found  its  way  very  extensively 
into  medical  use.     It  also  served  to  solve  the  problem  of  pro- 

d  u  c  i  n  g  photographic 
pictures,  either  positives 
or  negatives,  upon  glass, 
practically  sounding  a 
death  knell  for  the 
beautiful  though  expen- 
sive daguerreotype  pro- 
cess. The  wet  collodion 
process  was  introduced 
by  Scott  Archer  in  1851. 
Hyatt  was  entirely 
ignorant  of  the  var  ous 
efforts  which  had  been 
made  by  Parks,  Spill 
and  others  to  utilize 
soluble  nitrocellulose  or 
Ijyroxyline  for  the  manu- 
facture  of  plastic 
materials,  and  conse- 
quently he  started  out 
without  any  hints  or 
suggestions  as  to  how 
he  should  proceed.  His 
first  success  resulted  in 
the  manufacture  o  f 
billiard  balls  by  first 
making  a  solid  core  of 
another  plastic  material 
and  covering  the  same 
with  nitrocellulose  dis- 
solved usually  in  ether 
.md  alcohol.  The  pro- 
cess was  so  successful 
that  a  good  business  was 
established  in  1870  which 
continued  for  several 
years. 

In  the  meantime 
Hyatt  invented  celluloid 
and  began  the  manu- 
facture of  celluloid  and 
bone  dust  biUiard  and 
pool  balls.  At  this  time 
his  brother,  Isaiah  S. 
Hyatt,  joined  him  and  they  worked  together  until  the  brother 
died  in  March,  1885. 

I  do  liot  propose  to  give  a  detailed  history  of  the  progress 
made  by  Mr.  Hyatt  and  his  brother  in  establishing  the  celluloid 
industry.  I  shall  merely  remark  that  Hyatt's  patent  88.633, 
dated  April  6,  i86g,  was  for  a  molding  composition  to  imitate 
ivory  and  other  substances  composed  of  fibrous  material  and 
gum  shellac  or  other  solid  fusible  adhesive  gum.  His  patent 
No.  88,634,  dated  April  6.  1869,  was  for  an  improved  method  of 
coating  billiard  balls,  consisting  in  dipping  the  billiard  balls 
made  of  some  suitable  composition  into  a  solution  of  collodion 
which    might    be    given    any    desired    color    beforehand.     His 
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patent  89,582,  dated  May  4,  1869,  was  for  a  composition  con- 
sisting of  ivory  dust  or  its  equivalent  mixed  with  collodion  and 
subjected  to  pressure  during  the  evaporation  of  the  solvent. 
Patent  91,341,  dated  June  15,  1S69,  taken  out  by  the  two  brothers 
jointly,  was  for  manufacturing  solid  collodion  with  very  small 
quantities  of  the  solvent  dissolving  the  pyroxyline  under  heavy 
pressure,  thus  securing  great  economy  of  solvents  and  a  saving 
of  time. 

Their  patent  105,338,  dated  July  12,  1870,  shows  the  funda- 
mental invention  of  celluloid.  It  is  entitled  "Improvement  in 
Treating  and  Molding  Pyroxyline."  The  three  claims  of  the 
original  patent  are : 

1.  Grinding  pyroxyline  into  a  pulp,  as  and  for  the  purpose 
described. 

2.  The  use  of  finely  comminuted  camphor-gum  mixed  with 
pyroxyline  pulp,  and  rendered  a  solvent  thereof  by  the  applica- 
tion of  heat,  substantially  as  described. 

3.  In  conjunction  with  such  u.se  of  camphor-gum,  the  em- 
ployment of  pressure,  and  continuing  the  same  until  the  mold  and 
contents  are  cooled,  substantially  as  described. 

This  patent  was  reissued  three  times  in  order  to  avoid  ambi- 
guities.    The  claims  of  the  last  reissue  are  as  follows: 

1.  The  use  of  finely-comminuted  camphor-gum  mixed  with 
pyroxyline  pulp,  and  rendered  a  solvent  thereof  by  the  applica- 
tion of  heat,  substantially  as  described. 

2.  In  conjunction  with  such  use  of  camphor-gum,  the  em- 
ployment of  pressure,  and  continuing  the  same  until  the  mold 
and  contents  are  cooled,  substantially  as  described. 

The  specification  fixes  the  proportions  at  about  i  part  of  cam- 
phor to  2  parts  of  pyroxyline.  Modifications  of  this  process  were 
embodied  later  in  U.  S.  Patents  156,352  and  156,353. 

From  this  time  on  celluloid  became  a  most  important  plastic, 
superior  in  almost  every  respect  to  any  other  plastic  hitherto 
proposed,  for  the  manufacture  of  the  greatest  variety  of  articles, 
useful  and  ornamental. 

Seventy-five  different  patents  were  taken  out  either  by  John 
Wesley  Hyatt  alone  or  in  association  with  his  brother  Isaiah  S. 
Hyatt,  and  an  enormous  establishment  grew  up  at  Newark 
in  the  hands  of  the  Celluloid  Company. 

I  should  not  take  up  your  time  by  enlarging  further  on  the 
history  of  celluloid  were  it  not  that  in  one  of  our  most  important 
and  most  recent  works  on  applied  chemistry,  I  find  it  stated  as 
follows  under  the  head  of  celluloid: 

"The  substance  was  first  produced  by  Daniel  Spill  of  Hackney, 
England,  and  come  into  commerce  under  the  name  of 
'Xylonite.'  Spill's  method  of  converting  the  nitrocellulose 
has  been  followed  for  more  than  forty  years." 

I  have  had  occasion,  in  connection  with  celluloid  and  nitro- 
cellulose litigation,  to  study  most  carefully  the  history  of  the 
pyroxyline  industry  and  there  is  no  logical  ground  for  making 
the  above  statement.  Celluloid  was  invented  by  the  brothers 
Hyatt,  and  not  by  anyone  else.  This  whole  matter  has  been 
thrashed  out  in  the  Federal  Courts  as  long  ago  as  1886,  and  the 
Hyatt  patents  have  been  sustained  although  everything  that 
had  been  patented  or  published  was  carefully  studied  and  dis- 
cussed during  tlie  litigation. 

It  is  quite  true  that  many  other  experimenters  sought  to  pre- 
pare useful  plastic  compounds  with  the  aid  of  pyroxyline  prior 
to  the  Hyatt  invention  of  celluloid.  Most  prominent  among 
these  experimenters,  we  find  Alexander  Parks  and  Daniel  Spill 
but  neither  one  of  them  ever  suggests  the  essential  features  of 
the  Hyatt  method  for  manufacturing  celluloid.  Parks'  patents 
relate  to  the  following  points:  (i)  Making  liquid  solutions 
by  the  use  of  various  solvents,  rendering  the  material  less  in- 
flammable by  adding  chloride  of  zinc  or  tungstate  of  soda  or 
gelatine  dissolved  in  acetic  acid.  (2)  Making  sheets  by  pouring 
the  solution  on  glass  and  allowing  it  to  evaporate.  (3)  De- 
hydrating wood  alcohol  or  naphtha  as  a  solvent  by  distilling 


over  chloride  of  calcium.  (4)  Adding  castor  or  cottonseed  oU, 
gums  or  resins  or  oil  previously  treated  with  chloride  of  sulfur 
to  his  solvents.  (5)  Introducing  nitrobenzene  or  glacial  acetic 
acid  or  hydrocarbon  solvents.  In  one  patent  he  proposed  to 
remove  the  solvent  from  the  solution  of  pyroxyline  by  adding 
water,  mineral  naphtha  or  other  liquids.  In  another  patent  he 
gives  compositions  to  be  used  as  a  varnish.  There  is  nothing 
whatever  in  any  one  of  these  patents  that  anticipates  Hyatt. 

As  for  Daniel  Spill,  his  patent  2666  of  1867  (English)  suggests 
as  substitutes  for  dehydrating  alcohol  or  wood  naphtha  as  a 
solvent  for  pyroxyline:  fish,  vegetable  oils,  essential  oils,  resins, 
gum  resins,  spirits  of  turpentine,  fats,  light  oils  and  naphtha 
from  coal  and  mineral  naphthas.  One  example  of  a  suitable 
solvent  contains  80  per  cent  alcohol  and  20  per  cent  of  rosin. 
-Another  contains  60  per  cent  of  alcohol,  3  of  castor  oU,  1  of 
essential  oil  of  lavender,  3  of  resin  and  34  of  coal  naphtha  or 
benzole. 

The  Spill  patent  3984  of  1S68  claims  the  production  of  com- 
pounds of  "Xyloidine"  by  the  employment  of  nonvolatile 
solvents,  mentioning  animal,  fish,  vegetable,  or  mineral  oils,  as 
mineral  tar,  lard  oil,  cod  liver  oil,  camphor  oil  or  liquid  camphor, 
linseed  oil  or  heavy  coal  oils  or  mixtures  of  the  same.  He 
further  states  that  the  following  substances  may  be  added: 
paraffine,  camphor,  resins,  fat,  wax,  India  rubber,  gutta  percha 
or  balata  gum  or  mixtures  of  the  same.  He  gives  the  following 
example : 

Camphor,  camphor  oil.  or  liquid   camphor 20  parts  by  weight 

Oil,  such  for  example  as  castor  or  linseed  oil,  either 

before  or  after  such  oils  have  oxidized  or  boiled.  ...  40  parts  by  weight 

Xyloidine 40  parts  by  weight 

The  claim  of  the  patent  is  for  the  production  of  compounds  of 
Xyloidine  by  the  employment  of  nonvolatile  solvents.  This 
is  also  the  essential  feature  of  the  claims  of  Spills'  American 
patents  91,377  and  91,378  in  1869. 

Spill  took  out  another  British  patent  3,102  of  1869,  sub- 
stantially identical  with  U.  S.  Patent  97,454  of  the  same  year. 
This  does  not  differ  materially  from  his  prior  patents.  He 
mentions  a  great  variety  of  solvents,  many  of  them  given  in  his 
previous  patents  and  these  he  groups  under  eight  numbered 
paragraphs  and  gives  the  following  as  the  only  example  of  his 
invention: 

Xyloidine  27  parts  by  weight 

Castor  oil  27 

Camphor 6      " 

Solvents,  either  of  the  Nos.  1,  2.  3,  4,  5,  6.  7.  8 40     " 

The  Spill  patent  i8o  of  1870  is  for  bleaching  Xyloidine. 
His  patent  787  of  1870  and  his  U.  S.  patent  101,175  of  1870 
are  for  the  employment  of  evaporating  and  concentrating  ap- 
paratus, to  remove  the  solvent  from  the  fluid  preparations  and 
convert  them  into  masses  of  a  greater  degree  of  consistency, 
at  the  same  time  recovering  the  volatile  solvents  evaporated. 

These  inventions  give  a  fair  picture  of  the  condition  of  the 
efforts  to  make  a  useful  plastic  from  pyroxyline  prior  to  the  date 
of  Hyatt's  invention  of  celluloid  which  was  patented  July  12, 
1 8  70,  and  which  in  the  clearest  a:id  most  imequi vocal  language 
sets  forth  the  nature  of  his  invention.  His  claims  are  as  fol- 
lows: (i)  Grinding  pyroxyline  into  a  pulp,  as  and  for  the 
purpose  described.  (2)  The  use  of  finely  comminuted  camphor- 
gum  mixed  with  pyroxyline  pulp,  and  rendered  a  solvent  thereof 
by  the  application  of  heat,  substantially  as  described.  (3)  In 
conjimction  with  such  use  of  camphor-gum,  the  employment 
of  pressure,  and  continuing  the  same  until  the  mold  and  con- 
tents are  cooled,  substantially  as  described. 

Considering  the  claim  that  Daniel  Spill  was  the  inventor  of 
celluloid,  it  is  very  significant  that  as  late  as  the  nth  of  May, 
1875,  he  took  out  a  British  patent  1739  of  that  year,  for  pro- 
ducing and  applying  Xyloidine.     In  this  patent  he  makes  no 
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references  to  any  material  that  could  possibly  be  called  celluloid. 
On  the  contrary,   he  recommends  the  following  mixture  as  a 
suitable  solvent  for  soluble  guncotton  or  Xyloidine: 
250  parts  by  weight  of  alcohol. 
ISO  parts  by  weight  of  ether. 

10  parts  by  weight  of  nitrobcnzolc. 

33  parts  by  weight  camphor  or  camphor  oil. 
250  parts  by  weight  hydrocarbons,   from  coal,   shale   or   other  bituminous 
substances  boiling  between  220  and  400°  F. 

Or  he  says  the  following  solvent  may  be  employed: 
400  parts  alcohol. 

200  parts  of  hydrocarbons,  before  referred  to,  and  33  parts  of  camphor  or 
of  camphor  oil. 
Now  this  patent  was  taken  out  nearly  five  years  after  Hyatt's 
celluloid  patent  and  although  Spill  in  this  patent  suggests 
adding  a  small  quantity  of  camphor  to  large  quantities  of  other 
solvents,  volatile  and  nonvolatile,  he  always  mentions  it  as 
camphor  or  camphor  oil,  regarding  them  as  equivalents.  They 
certainly  are  equivalents  for  Spill's  purposes  to  produce  liquid 
solutions  of  pyroxyline,  but  camphor  oil  is  not  equivalent  to 
camphor  in  Hyatt's  process  for  making  celluloid  and  it  would  be 
absolutely  impossible  to  make  celluloid  by  any  process  suggested 
in  any  one  of  these  patents  of  Spill  or  Parks,  or  any  other  in- 
ventor prior  to  Hyatt,  and  this  is  what  the  federal  judges  de- 
cided when  the  matter  was  tried  out  in  court. 

Mr.  Hyatt's  activities  were  not  limited  to  celluloid.  Among 
his  other  inventions  also  of  great  importance,  we  find  a  sugar 
cane  mill,  very  superior  to  any  mill  previously  used,  in  its  effi- 
ciency both  in  increasing  the  percentage  of  juice  extracted  from 
the  cane  and  in  greatly  diminishing  the  time  necessary  to  extract 
it,  and  in  giving  a  higher  value  to  the  refuse  bagasse  as  fuel. 

In  the  early  8o's,  Mr.  Hyatt  and  his  brother  Isaiah  took  up 
the  subject  of  water  filtration  and  started  a  company  called  the 
Hyatt  Pure  Water  Company.  Isaiah  Hyatt  invented  and 
patented  a  very  important  feature  of  the  filtration  process, 
February  19,  1884,  Patent  293,740.  It  marks  the  beginning 
of  a  new  era  in  water  purification.  Coagulants  had  been  pre- 
viously used  to  purify  water,  but  the  difficulty  was  that  the 
water  was  held  in  large  tanks  or  cisterns.  The  coagulant  was 
added  to  it,  the  whole  was  thoroughly  agitated  and  then  it  was 
necessary  to  allow  it  to  stand  12  to  24  hours  for  the  coagulum 
to  settle  to  the  bottom.  The  Hyatts  conceived  the  idea  of 
employing  a  coagulant  which  could  be  added  to  the  water  while 
on  its  way  to  the  filter,  so  that  no  large  settling  tanks  or  basins 
are  required  and  no  time  is  lost.  The  claim  of  this  patent  is  as 
follows: 

"The  method  herein  described  of  arresting  and  removing  the 
impurities  from  water  diu"ing  an  uninterrupted  passage  of  the 
same  from  a  supply  pipe  into  a  filtering  apparatus,  thence  through 
a  filter  bed  contained  therein  and  out  through  a  delivery  pipe 
leading  therefrom,  which  method  consists  in  introducing  into  the 
water  simultaneously  with  its  passage  to  or  into  the  niter  a 
substance  which  will  sufficiently  coagulate  or  separate  the  im- 
purities to  facilitate  their  arrest  and  removal  by  the  filter  bed, 
thus  obviating  the  necessity  of  employing  .settling  basins. 

I  was  connected  with  a  litigation  which  followed  the  issue 
of  this  patent,  and  studied  the  process  and  apparatus  at  Somer- 
ville,  N.  J.,  Niagara  Falls  and  Elmira.  The  process  was  un- 
usually successful.  At  Somervillc  the  river  water  exhibited  a 
milky  opalescence  caused  by  such  fine  particles  of  clay  that  no 
filter  would  clarify  it.  By  a  proper  attachment  of  an  alum  box 
to  the  feed  pipe  to  the  filter,  a  minute  quantity  of  alum  was 
added  to  the  stream  of  water  on  its  way  to  the  filter,  less  than  one 
grain  to  the  gallon,  and  in  the  few  seconds  that  elapsed  before 
the  water  reached  the  filter  bed  of  the  ingeniously  constructed 
Hyatt  filter,  coagulation  had  taken  place  and  the  coagulum 
including  the  alumina  of  the  alum  and  the  clay,  bacteria  and 
other  suspended  impurities  of  the  water  had  been  converted  into 
such  flocks  as  made  it  possible  for  the  bed  of  sand  in  the  filter 


to  arrest  it  completely.  These  Hyatt  filters  are  so  constructed, 
whether  they  are  on  a  large  scale  or  small  scale,  that  they  can  be 
washed  completely  at  any  convenient  moment  by  simply  re- 
versing the  current  through  the  filter.  This  churns  up  the  sand 
and  separates  from  it  the  accumulated  coagulum. 

Nearly  all  the  paper  mills  and  woolen  mills  in  the  country 
were  and  still  are  supplied  with  these  filters,  as  are  also  more 
than  100  cities  and  towns. 

The  validity  of  this  patent  was  established  through  lawsuits 
which  were  brought  against  the  cities  of  Elmira  and  Niagara 
Falls.  These  cities  attempted  to  evade  the  Hyatt  patents  by 
constructing  a  chamber  underneath  the  filter  through  which  the 
water  passed  on  its  way  to  the  filter,  but  we  found  by  examina- 
tion that  while  a  portion  of  the  coagulum  accumulated  in  the 
chamber,  one-third  of  it  passed  on  and  was  separated  by  the 
filter.  Judgments  in  favor  of  the  Hyatt  patent  were  given  by 
the  Circuit  Court  of  the  United  States,  Judge  Shipman  pre- 
siding, in  1894;  I'y  Circuit  of  Appeals,  Judge  Wise  presiding, 
in  1895;  again  by  Judge  Co.xe  in  1896;  and  again  by  Judges 
Wallace,  Lacomb  and  Shipman  in  1897. 

In  1891-2  Mr.  Hyatt  took  up  the  subject  of  antifriction  roller 
bearings  with  great  success. 

I  have  really  occupied  far  more  time  than  I  should  have  done, 
but  I  felt  it  a  duty  to  take  advantage  of  this  opportunity  to 
present  the  facts  with  regard  to  Mr.  Hyatt's  priority  of  in- 
vention in  connection  with  the  celluloid  and  water  purification, 
which  I  was  in  a  position  to  do  owing  to  my  experience  and 
knowledge  gained  in  the  litigations  which  arose  in  both  cases. 

I  think  that  the  facts  to  which  I  have  called  your  attention, 
although  very  briefly  expressed,  will  satisfy  you  of  the  great 
achievements  of  Mr.  Hyatt  and  will  fully  justify  your  committee 
in  placing  Mr.  Hyatt  beside  Sir  William  Henry  Perkin  and  the 
six  American  chemists  who  have  already  received  the  Perkin 
medal. 
To  Mr.  Hyatt: 

It  gives  me  great  pleasure,  as  the  representative  of  the  Society 
of  Chemical  Industry,  and  the  affiliated  chemical  and  electro- 
chemical societies,  to  place  in  your  hands,  Mr.  Hyatt,  this 
beautiful  token  of  the  appreciation  and  affection  of  your  fellow 
chemists. 


ADDRESS  OF  ACCEPTANCE 

By  John  Wesley  Hy.^tt 
Mr.  Chairman,  Ladies  and  Gentlemen: 

I  have  never  looked  forward  to  any  such  honors  as  you  have 
bestowed  upon  me,  and  I  do  not  know  how  fittingly  to  express 
my  gratitude.  You  have  overlooked  my  lack  of  early  training 
in  the  sciences  with  which  you  are  all  familiar,  and  look  only 
to  results  which  have  been  obtained  mainly  by  persistent,  and 
many  times  mistaken,  experiments.  Some  successful  experiments 
I  might  never  have  made  if  I  had  been  familiar  with  the  danger 
theories  of  some  learned  men. 

CELLULOID 

F'rora  my  earliest  experiments  in  nitrocellulose,  incited  by 
accidentally  finding  a  dried  bit  of  collodion  the  size  and  thickness 
of  my  thumb  nail,  and  by  my  very  earnest  efforts  to  find  a  sub- 
stitute for  ivory  billiard  balls,  it  was  apparent  that  a  semi- 
liquid  solution  of  nitrocellulose,  three-fourths  of  the  bulk  of  which 
was  a  volatile  liquid  and  the  final  solid  from  which  was  less  than 
one-fourth  the  mass  of  the  original  mixture,  was  far  from  being 
adapted  to  the  manufacture  of  solid  articles,  and  that  I  must 
initially  produce  a  solid  solution  by  mechanical  means.  The 
only  useful  solvent  known  to  me  at  that  time  was  a  mixture 
of  alcohol  and  sulfuric  ether;  with  the  old  formula  (about 
equal  parts  of  ether  and  alcohol)  I  mixed  in  a  closed  mill  a  thick 
paste  of  soluble  cotton,  made  by  the  old  firm  of  Charles  Cooper 
&  Co.  After  mixing,  the  cover  of  the  mill  was  removed  and  the 
mass  evaporated  down  to  a  thick  dough,  which  was  then  forced 
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accurately  around  the  ball  (made  of  another  substance),  and 
allowed  to  dry.  This  I  found  resulted  in  a  rather  brittle  coating, 
owing,  as  I  found,  to  the  unequal  evaporation,  leaving  only 
the  a  cohol,  a  poor  solvent  by  itself,  at  the  final  shrinkage. 
This  was  remedied  by  using  only  the  least  amount  of  alcohol 
(five  parts  ether  to  one  alcohol)  necessary  as  a  solvent.  Even 
this  coating  shrunk  to  less  than  half  of  its  original  thickness 
and  required  to  be  dried  immersed  in  water  under  several  hun- 
dred pounds'  pressure  per  square  inch  to  insure  its  solidity  and 
freedom  from  bubbles.  It  became  necessary  to  strain  the  mass 
by  forcing  it  through  a  very  fine  sieve  to  exclude  the  unnitrated 
fibers.  All  these  difficulties  stood  in  the  way  of  success,  except 
in  high-priced  articles  like  billiard  balls.  Other  seriously 
objectionable  features  became  apparent.  In  order  to  secure 
strength  and  beauty,  only  coloring  pigments  were  added,  and 
in  the  least  quantity;  consequently  a  lighted  cigar  applied  would 
at  once  result  in  a  serious  flame,  and  occasionally  the  violent 
contact  of  the  balls  would  produce  a  mild  explosion  like  a  per- 
cussion guncap.  We  had  a  letter  from  a  billiard  saloon  pro- 
prietor in  Colorado,  mentioning  'this  fact  and  saying  he  did 
not  care  so  much  about  it,  but  that  instantly  every  man  in  the 
room  pulled  a  gun. 

I  next  had  a  small  beating  engine  made,  to  pulp  the  nitro- 
cellulose. In  one  experiment  I  placed  a  small  quantity  of  this 
dried  pulp  in  a  strong  cylinder  and  forced  quickly  a  minimum 
quantity  of  liquid  solvent  into  it  with  high  pressure.  The  result 
was  a  solid  substance,  as  hard  as  sole-leather,  which  soon  dried, 
leaving  a  fine,  hard  disc  about  three-fourths  of  an  inch  in  diameter 
and  one-half  an  inch  thick.  'While  no  explosion  ever  resulted 
from  this,  there  was  real  danger  to  be  feared,  and  the  matter 
was  dropped. 

My  brother,  I.  S.  Hyatt,  joined  with  me  at  that  time,  and 
finding  it  stated  in  some  patents  to  which  I  was  referred,  that  a 
little  camphor  added  to  the  liquid  solvent  was  beneficial,  we 
conceived  the  idea  that  it  might  be  possible  to  mechanically 
mix  so  vents  with  the  pulp  and  coloring  matter  while  wet,  then 
absorb  the  moisture  by  blotting  papers  under  pressure,  and 
finally  submit  the  mass  to  heat  and  pressure. 

To  our  surprise,  we  noticed  a  slightly  solvent  action  of  the 
precipitated  and  washed  camphor  upon  the  pulp,  even  before 
the  heat  and  pressure,  and  without  other  solvent  we  succeeded 
in  producing  a  transparent  slab  one-fourth  of  an  inch  thick, 
fine,  and  as  hard  as  a  piece  of  wood.  My  brother  took  some 
samples  to  the  American  Hard  Rubber  Company,  with  the  view 
of  interesting  them.  They  employed  the  late  Professor  Charles 
A.  Seeley,  who  had  made  collodion  for  the  government  during 
the  Civil  'War,  to  investigate  the  matter.  He  came  to  our  place 
in  Albany,  N.  Y.,  and  we  conducted  the  whole  process  for  his 
inspection,  very  successfully.  He  remarked  that  he  had  come 
prepared  to  detect  some  chicanery,  but  could  see  no  deception, 
and  expressed  himself  as  satisfied.  He  kindly  advised  us  that 
if,  accidentally  or  otherwise,  we  were  to  apply  a  little  too  high 
temperature,  the  quantity  we  were  dealing  with  would  inevitably 
destroy  us  with  the  building  and  adjacent  property.  'While 
we  did  not  accept  this  as  true,  it  was  disturbing.  The  following 
day  between  12  and  i,  when  all  were  out,  I  rigged  up  a  four-inch 
plank  used  as  a  vice-bench,  braced  it  between  the  floor  and 
ceiling,  between  the  hydraulic  press  and  the  hand  pump,  in- 
tending it  to  shield  me  from  possible  harm.  I  then  prepared 
the  mould,  heating  it  to  about  500°  Fahrenheit,  knowing 
it  would  certainly  ignite  the  nitrocellulose  and  camphor,  and 
thinking  I  would  abide  by  the  result.  The  gases  hissed  sharply 
out  through  the  joints  of  the  mould,  filling  the  room  with  the 
pungent  smoke.  The  mould,  press,  building  and  contents 
were  there,  including  myself,  very  glad  that  I  did  not  know  as 
much  as  the  Professor. 

The  next  step  was  to  make  a  small  stuffing  machine,  con- 
sisting of  a  cylinder,  four-inch  bore,  about   a   foot  long,  termi- 


nating in  a  tube  three-fourths  of  an  inch  bore,  ten  inches  long, 
immersed  in  an  open  oil-jacket,  with  a  gas  burner  and  thermom- 
eter. A  capnut  with  one  and  one-fourth  inch  screw  forced  a 
plunger  upon  the  cakes  of  incipient  celluloid,  which  were  heated 
at  the  outlet  end  of  the  cylinder  passing  through  the  heated 
tube  into  moulds,  and  also  through  nozzles  forming  rods,  tubes, 
etc. 

We  found  it  advisable  to  lower  the  melting  point  of  the  cam- 
phor by  adding  a  small  quantity  of  alcohol  or  other  solvent  of 
camphor.  A  much  larger  hydraulic  stuffing  machine  was  then 
made.  Dental  plate  blanks  were  the  principal  part  of  our 
early  business. 

My  brother  interested  some  New  York  capitalists — principally 
composed  of  General  Marshall  Lefferts,  Joseph  Larocque  and 
Tracey  R.  Edson — and  we  removed  to  Newark.  X.  J.,  in  the 
winter  of  1872-73.  We  had  nearly  all  the  appliances  and 
machinery  to  design  and  build,  which  progressed  with  some  halts 
and  mistakes  for  two  or  three  years,  when  a  fire  occurred  in  our 
four-story  and  basement  building,  utterly  destroying  all  our 
stock  and  machinery,  pushing  out  the  whole  front  of  the 
building  (which  was  very  weak),  and  severely  injiuring  several 
of  our  men,  who  all  finally  recovered,  although  one — Mr.  Charles 
S.  Lockwood — was  in  great  danger  for  a  long  time.  We  then 
started  our  present  works,  acquiring  knowledge  and  experience; 
my  brother  started  a  separate  factory  for  making  brushes, 
mirrors  and  combs.  Early  in  1878,  my  brother  went  to  Paris 
and  started  the  French  Celluloid  Company. 

Before  we  left  Albany  we  began  the  use  of  tissue  paper  in  place 
of  carded  cotton  or  bleached  flax,  which  finally  resulted  in  getting 
tissue  paper  of  definite  thickness  and  materials,  and  breaking 
it  up  into  small,  separate  pieces  by  a  machine  I  constructed, 
drying  these  separate  pieces  in  a  loose  mass  and  nitrating 
them  instead  of  the  carded  cotton. 

In  1876,  I  was  allowed  to  employ  a  chemist  for  determining 
our  acids  and  to  systematize  our  nitration,  instead  of  merely 
using  hydrometers  and  thermometers,  and  Mr.  Frank  Vander- 
po'el  was  selected  fiy  me.  So  far  as  I  know,  the  analyses  of 
mixed  spent  acids  was  not  reduced  to  practical  work.  Professor 
Seeley  proposed  that  we  separate  the  nitric  and  sulfuric  acids 
by  distillation,  and  then  bring  these  to  the  proper  strength 
before  mixing,  which  was  not  adopted.  Vanderpoel  first  re- 
moved the  gelatinous  flock  by  adding  finely  powdered  natural 
barium  sulfate  and  allowing  the  barium  and  fiock  to  subside, 
which  was  a  great  success.  I  had  previously  tried  filtration, 
which  was  impractical.  After  much  labor  Vanderpoel  per- 
fected a  quick  and  accurate  method  of  determination  of  the  spent 
acids,  and  then  added  the  required  fresh  acids.  An  elaborate 
and  extensive  battery  of  tanks  was  constructed,  the  acids  being 
moved  through  copper  pipes,  where  required,  by  means  of  air 
pressure.  The  tanks  for  mixing  the  comminuted  tissue  paper 
with  the  prepared  acids  were  arranged  on  a  turntable  supporting 
a  dozen  or  more  tanks,  each  holding  hundreds  of  pounds.  A 
rotating  stirrer  was  arranged  to  stir  in  the  requisite  amount  of 
paper  in  one  tank,  the  turntable  being  revolved  to  the  next 
tank,  and  so  on.  At  a  distance  embracing  about  half  a  dozen 
tanks  from  the  stirrer  was  located  a  centrifugal  machine,'  which 
separated  out  most  of  the  acids.  The  nitrated  paper  was  then 
thrown  into  a  washing  device,  and  the  partly  washed  paper 
then  fell  into  large  tanks  of  fresh  water  and  was  thoroughly 
washed.  A  very  considerable  number  of  tons  of  paper  per  day 
were  and  are  treated  in  this  way. 

The  next  procedure  was  to  grind  this  nitrated  paper  in  a  beat- 
ing engine.  The  water  was  then  mainly  removed  by  a  cen- 
trifugal machine.  The  mixture  of  pigments,  camphor  and 
nitrocellulose  was  then  made,  according  to  the  results  required, 
and  ground  together  in  a  mill,  then  pressed  into  slabs  or  cakes, 
still  further  deprived  of  moisture  by  great  pressure,  and  finally 
deprived   entirely   of   moisture   by   blotting   papers,   repeatedly 
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changed.  These  cakes  were  then  broken  up  and  alcohol  or 
other  desired  solvents  added  and  allowed  to  soak  in.  The  partly 
dissolved  mass  was  then  masticated  in  heated  rolls,  turned  out 
into  necessarily  rough  sheets,  cut  into  strips  and  rolled  up  into 
cylinders,  ready  for  the  stuffing  machine. 

The  great  need  was  for  Celluloid  in  solid  perfect  sheets,  and 
this  neither  the  rolls  nor  the  stuffing  machines  could  possibly 
do,  with  all  our  experience.  I  constructed  a  special  nozzle  for 
the  stuffing  machine,  to  form  a  slab  about  one  and  one-half 
inches  thick,  seven  inches  wide  and  several  feet  long,  which  was 
pressed  between  steam  plates,  one  of  them  with  under-cut  grooves 
to  hold  the  slab.  A  machine  was  made  with  shaving  knife  and 
reciprocating  bed,  and  by  it  the  slab  was  shaved  into  sheets 
of  the  desired  thickness.  These  slabs  were  necessarily  imper- 
fect, and  were  too  small.  After  showing  this  result  to  the  other 
directors,  I  proposed  building  a  hydraulic  pressure  steam-heated 
mould,  to  make  a  slab  or  block  about  two  feet  by  five,  and  three 
inches  thick,  in  which  to  weld  and  press  a  pile  of  rough  sheets 
from  the  masticating  rolls. 

General  Lefferts,  our  much  beloved  president,  had  suddenly 
died  a  year  or  more  before.  To  those  who  knew  the  least  about 
Celluloid  my  suggestion  looked  pretty  good,  but  to  others  came 
a  great  fear  of  possible  danger  and  failure  to  weld  up  such  a  mass. 
At  last  they  gave  me  authority  to  build  the  apparatus,  limiting 
me  to  less  than  half  its  cost  if  fairly  estimated.  With  this 
authority,  which  consisted  more  of  the  privilege  of  trying  such 
an  apparatus  than  in  providing  for  its  cost,  I  ordered  the  ma- 
chine, agreeing  to  pay  the  machinist  all  above  the  appropriation 
if  it  failed  to  work.  The  machine  was  built  and  most  carefully 
tried  in  the  presence  of  only  the  new  president,  who  knew  little 
al^out  celluloid,  and  Mr.  Stevens  and  Mr.  Lockwood  from  among 
the  employees.  The  mould  was  cooled  and  opened,  and  nice 
sheets  were  at  once  made,  considering  that  only  scrap  material 
was  used,  though  less  than  half  the  block  was  welded.  This 
meant  reheating,  which  was  at  once  done,  and  the  whole  was 
known  to  be  a  success. 

I  dwell  upon  this  because  of  its  vast  importance  to  us.  It 
multiplied  the  value  of  celluloid  many  times,  making  a  much 
stronger  and  finer  material  than  was  produced  by  the  former 
means. 

About  this  time  we  were  enjoined  from  bleaching  the  iron  out 
of  the  pulp,  caused  by  the  iron-beating  knives,  and  it  was  up 
to  me  to  remedy  the  serious  difficulty.  A  large  revolving  drum 
of  copper,  through  the  axis  of  which  was  a  shaft  with  beating 
arms  rotating  at  a  very  high  speed,  in  which  the  mixture  of 
nitrated  paper,  camphor  and  pigmets  was  placed,  and  the 
whole  beaten  to  a  pulp  without  the  discoloration  of  the  iron  and 
water,  and  without  the  loss  in  washing  and  bleaching  the  fine 
I)ulp  from  the  beating  engine. 

In  order  to  clearly  differentiate  my  work  in  celluloid  from 
that  of  others  in  the  nitrocellulose  industry,  I  will  summarize 
as  briefly  as  I  can. 

First:  The  idea  of  combining  with  the  nitrocellulose  only 
the  exact  or  approximate  amount  of  solvent  required  for  a  solid 
solution.  This  required  a  nearly  perfect  mechanical  mixture 
before  very  much  solvent  action  could  take  place. 

Second:  Completing  the  solution  by  means  of  heat  and 
pressure. 

Third:  Eliminating  the  practically  unnitrated  fibers  by  puliiing. 
Fourth:     Employing  tissue  paper  in  place  of  carded  fiber. 
Fifth:     Avoiding  the  terrible  danger  of  drying  out  the  moisture 
by  exposure  in  a  drying  room. 

Many  years  ago  I  patented  the  process  of  first  pressing  out 
all  the  water  possible  and  displacing  the  remainder  by  forcing 
alcohol  through  under  pressure.  This,  I  understand,  is  now 
used  by  other  nitrocellulose  workers,  but  we  prefer  the  method 
herein  described. 

Sixth:     The  stuffing  machine  process. 
Seventh:     The  sheeting  process,  most  essential. 
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SUGAR-CANE    MILL 

In  the  old  method  of  milling  sugar  cane  the  cane  is  passed 
between  rolls  which  are  generally  34  inches  in  diameter  and  84 
inches  long.  These  rolls  are  grooved  and  roughened  so  as  to 
draw  all  the  cane  in  between  them  that  is  possible.  Owing  to 
the  comparatively  obtuse  angle  formed  by  the  contact  of  two 
rolls,  the  quantity  of  cane  is  limited  and  they  are  very  nearly 
together  at  the  passage  of  the  cane  through  the  last  pair  of  rolls. 
The  last,  say  15  per  cent,  of  the  juice  is  forced  out  through  five 
or  six  inches  of  highly  compressed  fiber  in  the  opposite  direction 
from  which  the  cane  is  moving,  so  that  in  practice  a  considerable 
portion  of  the  juice  is  carried  through  the  rolls.  For  this  reason 
it  is  repeatedly  passed  through  rolls,  at  each  passage  removing 
a  small  proportion  more  of  the  juice.  It  is  found  profitable  in 
most  cases  to  add  water  to  the  bagasse  between  each  set  of  rolls 
so  as  to  dilute  the  juice  that  necessarily  remains  in  the  bagasse. 
In  order  to  get  the  desired  quantity  of  work  from  the  mill,  the  rolls 
are  of  great  length,  from  seven  to  seven  and  one-half  feet.  There 
are  generally  from  30  to  40  tons  of  pressure  for  each  foot  of  face  of 
the  rolls.  It  is  not  practicable  to  get  any  greater  pressure  than  this. 
I  employ  four  or  five  times  as  much  pressure  per  lineal  foot. 

With  my  apparatus  and  method  the  angle  formed  between 
the  chain  and  the  upper  roll  is  far  more  acute  and  the  cane  is 
forced  through  rolls  so  that  five  times  more  cane  goes  through 
the  rolls  of  a  given  face  than  is  possible  with  the  old  mUls.  If 
this  chain  belt  were  imper\'ious  to  the  juice  little  or  nothing 
would  be  gained  by  this  method,  but  inasmuch  as  the  chain 
forms  a  massive  screen  through  which  the  juice  may  readily 
escape  from  the  underside,  the  juice  has  only  to  pass  downward 
through  the  mass  perhaps  one  and  one-quarter  inches  at  the 
most  to  escape,  instead  of  five  or  six  inches  in  the  opposite  di- 
rection to  the  progress  of  the  cane,  as  in  the  old  mill.  It  does 
not  take  any  more  powerful  apparatus  to  press  the  cane  fiber 
when  it  is  one  inch  thick  than  it  does  to  press  fiber  that  is  one- 
eighth  of  that  thickness,  and  as  I  get  quite  as  much  cane  through 
my  rolls  with  12-inch  face  as  will  pass  through  the  old  rolls  of 
84-inch  face  I  can  readily  afford  to  put  several  times  as  much 
pressure  upon  each  foot  of  face  as  is  practicable  with  the  old 
mills.  I  employ  upward  of  150  tons  on  rolls  with  12-inch  face. 
For  the  same  amount  of  cane  passing  six  times  through  the 
present  rolls  my  mill  will  not  require  more  than  one-third  as 
much  power  and  instead  of  getting  with  the  best  milling  a  ba- 
gasse with  50  per  cent  of  moisture  and  50  per  cent  of  fiber,  I  can 
easily  produce  a  bagasse  which  has  60  per  cent  of  fiber  and  40 
per  cent  of  moisture.  This  bagasse  is  so  dry  that  a  quantity 
of  it,  either  a  handful  or  a  bushel,  placed  upon  the  ground  can 
be  lighted  with  a  match  and  will  bum  like  carpenter's  shavings. 
My  mill  is  about  one-eighth  the  weight  of  the  present  mills  witli 
the  same  capacity,  and  as  the  machine  work  is  of  the  same 
character  the  machine  will  not  cost  one-quarter  as  much  as  the 
present  mills. 

In  Cuba,  71  per  cent  of  extraction  without  dilution  is  as  good 
as  can  be  obtained.  With  my  mill,  without  dilution,  I  can  easily 
get  78  per  cent  extraction.  With  Louisiana  cane,  which  has  less 
fiber,  I  can  easily  get  84  per  cent  extraction  without  dilution. 
Of  course,  if  the  bagasse  is  passed  through  a  second  mill  with  12 
per  cent  dilution,  I  can  get  88  per  cent  extraction. 
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The  joints  of  my  sprocket  chain  belt  are  self-cleaning  and 
cannot  clog;  as  shown  in  practice,  each  revolution  of  the  chain 
rubs  the  screen  surface  together  several  times.  All  the  links  of 
the  chain  are  alike,  and  are  of  drop-forged  steel.  The  concave 
edges  of  these  links  absolutely  fit  the  under  roll.  The  smaller 
pressing  roll  is  provided  with  annular  grooves  coinciding  with 
the  longitudinal  joints  of  the  chain  so  that  even  the  last  small 
percentage  of  juice  has  a  perfectly  free  outlet. 

There  is  no  danger  from  irregular  feeding,  as  the  mass  of 
bagasse  between  the  rolls  is  about  one  and  one-quarter  inches 
thick,  and  no  loose  or  open  space  can  possibly  exist.  The 
springs  yield  or  follow  up,  according  to  the  feed.  No  crusher 
or  shredder  is  necessary  or  desirable. 

The  speed  of  the  surfaces  of  the  rolls  and  chains  is  designed 
to  be  30  feet  per  minute,  although  I  did  practically  as  good  work 
on  my  previous  machine  at  40  feet  per  minute,  and  it  will  proba- 
bly be  proved  that  this  machine  can  do  equally  as  good  work  at  40 
feet  per  minute,  but  to  be  safe,  I  have  calculated  it  for  30  feet 
per  minute.  The  ordinary  cane  mills  are  run  at  anywhere 
from  16  to  25  feet  per  minute,  according  to  the  choice  of  the 
owner  or  engineer. 

The  increased  value  of  the  bagasse  as  fuel,  and  the  avoidance 
of  any  peculiar  kind  of  bagasse  burner  with  forced  draft,  etc., 
are  quite  important  items.  Furthermore,  as  was  shown  by  my 
machine  at  Adeline,  Louisiana,  the  purity  of  the  juice 
is  considerably  improved,  as  the  cane  is  not  ground  up 
as  in  the  ordinary  mills,  but  merely  flattened  by  the  great  pres- 
sure. 

I  have  taken  out  23S  patents  (a  few  of  them  being  joint 
inventions  with  others),  and  several  new  industries  have  resulted. 
The  one  of  next  importance  to  celluloid  is  the  Hyatt  Roller  Bear- 
ing. I  have  received  considerable  liquid  money,  most  of  it 
having  been  of  a  volatile  and  inflammable  nature.  Age  ought 
to  bring  wisdom. 


PERSONAL  REMINISCENCES 

By  Frank  Vanderpoei. 
Mr.  Chairman,  Ladies  and  Gentlemen: 

It  is  a  great  pleasure,  I  can  assure  you,  to  be  present  this 
evening,  at  a  time  when,  in  company  with  the  preceptor  whom 
all  the  boys  of  Columbia  love,  we  are  to  do  honor  to  my  friend 
of  later  years,  when  what  was  taught  me  by  the  former  became 
the  equipment  for  my  work  with  the  latter.  Every  young 
fellow  who  had  the  good  fortune  to  study  chemistry  under 
Dr.  Chandler  will  bear  me  witness  that  the  days  thus  passed 
were  very  enjoyable  indeed :  the  memory  of  them  will  last  long 
in  our  minds,  no  matter  where,  or  in  what  circumstances  we 
may  find  ourselves.  When  the  request  came  to  me  from  our 
worthy  chairman  to  say  something  this  evening  at  the  presenta- 
tion of  this  medal,  I  could  not  help  feeling  that  there  were  other 
members  of  the  societies  which  we  represent  who  could  do  the 
subject  more  justice  than  I.  There  is  no  other,  however,  who 
is  more  gratified  at  the  awarding  of  the  medal.  The  only  reason 
that  I  can  think  of  for  the  selection  of  the  speaker  is  that  for  a 
long  term  of  years  he  has  been  the  intimate  friend  and  asso- 
ciate of  the  recipient  of  the  medal. 

Let  me  say,  further,  that  when  I  was  asked  to  take  part  in 
the  exercises,  it  seemed  almost  as  if  I  had  been-requested  to  as- 
sist at  the  obsequies  of  an  old  friend  who  had  departed  this  life ; 
for,  of  course,  no  one  could  be  expected  to  say  anything  at  such 
a  time  as  this  except  in  praise;  anything  else,  even  if  it  were  pos- 
sible, which  it  is  not,  would  seem  very  ungracious  indeed,  and 
so,  the  recipient  of  the  medal  must  listen,  perforce,  like  Tom 
Sawyer  and  Huckleberry  Finn,  in  Mark  Twain's  humorous  ston.', 
when  they  came  to  their  own  funeral,  to  words  of  eulogy  and 
praise  of  which  he  has  never  dreamed.      However,  let  us  dismiss 


from  our  minds  the  thought  that  our  friend  is  a  departed  one. 
He  is  very  much  alive:  we  haven't  come  here  to  bury  him,  and 
what  we  are  about  to  say  we  are  going  to  tell  him  to  his  face, 
and  not  apologize  for  it  either.  If  you  wiU  permit  personali- 
ties, Mr.  Chairman,  without  which  I  don't  believe  I  could  get 
through  with  my  talk,  I  should  like  to  say  that  it  was  about  three 
years  after  leaving  Columbia  that  I  had  the  good  fortune  to 
meet  our  guest  of  the  evening.  It  happened  at  a  time  when  I 
was  desirous  of  locating  myself  where  I  could  do  laboratory 
work  on  a  somewhat  larger  and  more  efficient  scale  than  I  had 
been  able  to  do  before.  Without  going  into  details,  let  me  say 
that  I  met  Mr.  Hyatt,  had  a  chat  with  him,  found  that  he  had 
discovered  the  need  of  an  analyst  at  the  works  of  The  Celluloid 
Manufacturing  Company,  as  it  was  then  called,  applied  for  such 
a  position,  and  secured  it  through  his  kindness  and  influence. 
From  that  time  until  the  present,  and  this  means  a  long  series 
of  years,  we  have  been  friends,  and  our  friendship  has  stood 
the  test  of  sun  and  rain,  of  bright  and  cloudy  days,  of  the  ups  and 
downs  which  every  manufacturing  business  must  have,  and  I 
think  that  we  are  as  strong  friends  as  ever,  at  this  moment. 
In  fact,  I  don't  believe  that  there  is  anyone  present  who  is  more 
pleased  than  I  am  that  the  Perkin  Medal  has  been  awarded 
to  him — unless  it  be  Mr.  Hyatt  himself. 

To  refer  to  the  early  days  of  the  celluloid  business  in  Newark, 
where  the  factory  was  located,  I  should  like  to  say  that  there 
seemed  to  be  a  good  deal  of  prejudice  against  it  in  that  city. 
On  account  of  an  unfortunate  fire  which  took  place  there  shortly 
after  the  company  began  operations,  the  people  of  Newark 
did  not,  as  a  rule,  take  kindly  to  a  material  which  was  reported 
as  being  made  of  guncotton  and  camphor.  Of  course,  such  a 
statement  would  never  lose  in  transmission,  and  the  people  would 
look  askance  at  any  article  of  commerce  which  contained,  as 
an  ingredient,  this  high  explosive.  I  remember  hearing  a  story 
told  of  a  man  who  happened  to  touch,  with  a  lighted  match, 
one  of  a  pair  of  cuffs  made  of  celluloid  when,  to  his  amazement, 
there  was  a  terrible  explosion,  and  he  barely  escaped  with  his 
life.  Well,  this  and  other  stories  of  a  like  nature  produced  a 
strong  feeling  against  the  manufacture  of  this  new  substance, 
to  say  nothing  of  its  use  by  the  public,  and,  of  course,  some  one 
had  to  bear  the  brunt  of  it.  Naturally,  the  inventors  (The 
Hyatt  Brothers)  and  those  most  intimately  associated  with  them 
in  the  business,  had  to  carry  the  burden;  and  it  wasn't  a  very 
light  one,  either.  But  our  friend  had  the  enthusiasm  of  the  in- 
ventor, an  enthusiasm  whidi  he  imparted  to  those  who  were 
associated  with  him,  and  without  which  .success  would  have  been 
long  delayed,  if  not  impossible.  I  suppose  that,  in  the  minds 
of  some,  even  at  the  present  day,  the  idea  exists  that  the  prin- 
cipal ingredient  in  the  material  referred  to  is  true  guncotton, 
the  highly-nitrated  compound  of  cellulose.  This  is  because  the 
public,  as  a  rule,  is  not  given  to  distinguishing  between  the 
compositions  of  different  chemical  compounds.  If,  in  order  to 
make  true  guncotton,  you  treat  cotton  fiber  with  a  bath  com- 
posed of  a  mixture  of  strong  sulfuric  and  nitric  acids,  why,  it 
stands  to  reason — so  some  of  these  people  think — that  cotton 
fiber  treated  with  a  bath  of  these  same  acids,  no  matter  what 
their  percentage  composition  may  be,  will  be  converted  into  the 
explosive  compoimd.  You  know  that  this  is  not  the  case, 
but  the  general  public  does  not,  or  did  not,  some  thirty  years 
ago.  If  you  will  pardon  the  digression,  I  should  like  to  say  tliat, 
shortly  after  I  became  associated  with  the  Celluloid  Company 
samples  were  made  of  these  two  varieties  of  nitrocellulose, 
using  raw  cotton  fiber  in  each  case,  and  their  solubility  tested 
in  a  strong  solvent,  and  thus  compared.  Any  nitrocellulose 
which  would  not  dissolve  in  this  solvent  would  be  utterly  worth- 
less as  a  basis  for  the  manufactiu-e  of  our  product. 

LTpon  making  the  test,  the  fibers  of  the  lower  nitrated  com- 
pound disappeared  in  the  solution  upon  the  instant  that  they 
touched  the  solvent.     This  was   the   variety   of    nitrocellulose 
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which  was  the  principal  ingredient  in  the  manufacture  of  cellu- 
loid. How  long  do  you  suppose  it  took  the  other,  the  true  gun- 
cotton  or  trinitrocellulose  (or,  as  some  call  it,  hexa-nitrocellu- 
lose)  to  dissolve?  It  was  kept  in  the  bottle  of  solvent  for  more 
than  six  years  without  showing  the  slightest  evidence  of  a  sol- 
vent action — each  fiber  showing  up  bravely — then  it  was  thrown 
away.  But  the  public  did  not  know  of  this  difference  and 
thought  that  the  product  of  our  friend's  brain  was  a  menace 
to  every  one  who  came  near  it.  Prejudice  goes  far,  and  it  takes 
courage  and  pluck  to  fight  it.  If  I  said  much  more  on  this 
point,  you  good  people  would  think  that  the  company  had  paid 
me  to  boom  its  product,  which  is  not  the  case. 

Mr.  Hyatt's  share  in  the  work  of  making  celluloid  did  not 
consist  in  merely  getting  out  the  various  patents  and  handing 
them  over  to  the  company.  He  was  often  at  the  works,  super- 
intending, advising,  assisting  in  the  manufacture  and  always  on 
■call  if  things  needed  his  attention.  We  all  felt  confidence  in 
his  judgment,  and  found  afterwards  that  this  confidence  was  not 
misplaced. 

The  inventor's  enthusiasm  is  a  valuable  asset  or  adjunct  in 
bolstering  up  the  faint-hearted  employee  who  may  sometimes 
think  that  he  has  an  idea  of  his  own  which  he  would  like  to  have 
exploited.  I  think  that  more  than  one  of  the  men  employed 
at  the  works  received  encouragement  from  our  friend,  Mr. 
Hyatt,  in  certain  lines  of  work  in  which  they  were  engaged 
and  which  they  might  have  been  inclined  to  give  up  if  it  had 
not  been  for  his  enthusiasm  and  optimism.  It  not  infrequently 
happens,  in  this  world,  that  the  succcess  which  a  naturally 
timid  person  achieves  is  due,  in  some  degree,  to  the  encourage- 
ment which  he  may  receive  from  one  who  has  more  courage  and 
backbone.  As  the  boys  would  say,  "He  doesn't  get  cold  feet," 
and  this  means  the  difference  between  success  and  failure.  We 
sometimes  need  optimistic  friends  who  will  help  us  over  the 
rough  places,  or  the  thin  ice — put  it  whichever  way  you  will. 
Mr.  Hyatt  was  one  of  these,  I  can  assure  you,  and  to  his  cheering 
influence  is  due,  in  great  measure,  I  think,  the  success  of  the 
Celluloid  Company.  This  comforting  way  of  looking  at  things 
does  not  mean,  let  me  say,  that  everything  that  a  fellow  would 
think  of  and  suggest,  would  be  endorsed  by  him.  I  well  re- 
member a  remark  made  by  him  one  day  when  I  had  occasion 
to  relate  how  a  certain  so-called  or  self-styled  chemist  had 
utterly  failed  in  the  solution  of  a  problem  which  he  was  abso- 
lutely certain  he  could  solve.  In  fact,  he  claimed  to  have  solved 
it  some  time  before,  but  when  a  second  attempt  was  made,  the 
result  was  not  in  the  least  satisfactory.  (Mr.  Hyatt  will  pardon 
tales  told  out  of  school.)  "Yes,"  said  Mr.  Hyatt,  "a  man  may 
■say  to  you,  '  if  I  put  this  brick  which  I  have  here  on  this  side  of 
the  street  with  that  one  over  across  the  way,  I'll  have  two 
bricks;'  but  when  he  goes  across  the  street  he  finds  that  what  he 
■saw  on  the  other  side  was  not  a  brick,  after  all!"  Very  likely, 
Mr.  Hyatt  does  not  remember  this  occurrence,  but,  I  assure 
you,  it  is  true,  as  is  also  another  one  which  happened 
at  the  works  and  illustrates  his  practical  way  of  looking  at 
things. 

You  know  it  is  just  as  important,  .sometimes,  to  know  what 
to  omit  as  to  know  what  to  do:  what  to  leave  out  of  your  in- 
vention as  well  as  what  to  put  into  it.  A  mutual  acquaintance, 
an  employee  of  one  of  the  branches  of  the  Celluloid  Company, 
went  to  our  friend  one  day  and  told  him  of  an  invention  which 
lie  had  almost  worked  out  in  his  mind,  and  asked  his  opinion 
of  its  value.  He  was  going  to  make  billiard  balls  out  of  cellu- 
loid, these  balls  to  have  a  hollow  centre,  and  this  small  cavity 
was  to  be  partly  filled  with  mercury,  which,  when  the  ball  was 
•struck,  would  act  as  a  sort  of  brake  on  the  motion  of  the  ball 
and  cause  it  to  slow  down.  Mr.  Hyatt's  reply  was:  "Well,  if 
billiard  balls  came  ready-made  and  i)artly  filled  with  mercury 
as  you  suggest,  and  you  could  find  some  way  of  getting  that 
mercury  out,  I  think  that  it  would  be  a  fine  thing." 


There  was  one  element  in  Mr.  Hyatt's  make-up  concerning 
which  I  cannot  speak  too  highly,  for  the  reason  that  you  don't 
find  it  everywhere:  it  is,  I  believe,  the  exception  and  not  the 
rule.  It  was  his  willingness  to  give  every  one  credit  for  his 
own  idea  and  not  attempt  to  appropriate  it  himself.  Sometimes 
he  went  further  than  this:  he  would  take  the  thought  that  you 
gave  him,  enlarge  upon  it  or  improve  it,  and  then  hand  it  back 
to  you  as  your  own.  How  many  do  that  to-day?  I  think  that 
if  you  counted  them  on  your  fingers,  you  would  have  some  fin- 
gers left  over  when  you  had  finished  counting. 

No,  indeed,  there  are  probably  several  of  us  here  to-night 
who  can  tell  of  cases  where  the  true  inventor  has  been  coldly 
shoved  to  one  side,  and  all  the  glory  and  honor  appropriated 
by  some  one  else. 

There  is  another  quality  or  characteristic  possessed  by  the 
successful  inventor  which  is  a  most  important  asset.  Some- 
thing which  happened  not  very  long  ago  on  a  train  running 
across  the  Arizona  desert  may,  in  a  slight  degree,  illustrate  the 
point. 

The  day  was  hot  and  dusty,  and  anybody  who  has  ever 
traveled  those  alkali  deserts  with  nothing  much  in  the  way  of 
vegetation  but  sage  brush  in  sight,  can  tell  you  what  that  means. 
It  is  decidedly  uncomfortable,  to  say  the  least,  and  you  look 
in  vain  for  a  cool  spot  where  your  eyes  may  rest — a  clump  of 
trees,  or  a  little  running  water.  One  of  the  passengers  kept 
looking  out  of  the  window  every  minute  or  two,  pulling  the  shade 
to  one  side  as  he  did  so,  and  then  letting  it  drop  back  again  into 
place.  Another  passenger,  noticing  the  interested  look  on  his 
face,  asked  him  what  he  saw. 

"I  see  miles  and  miles  of  com,  acres  of  wheat  and  cotton, 
and  the  whole  country  covered  with  farms,"  he  said.  "Wlien 
the  supply  of  water  back  of  the  tops  of  those  mountains  is 
tapped  and  brought  down  here  to  this  prairie,  we  shall  have  it 
blossoming  as  the  rose." 

"What  is  your  name?"  the  passenger  asked. 

"  IvUther  Burbank,"  was  the  reply. 

Now,  what  shall  we  call  this  quality  or  element  in  the  composi- 
tion of  the  successful  inventor  and  advanced  thinker  along  these 
lines?  Some  might  say,  "Efficiency."  Well,  that  is  a  good 
name  for  it.  It  means  making  two;  three  or  twenty  cornstalks 
grow  where  none,  or  at  the  most  only  one,  grew  before.  It 
means  causing  the  dry  and  dusty  desert  to  become  a  veritable 
garden.  It  means  taking  a  product  of  the  laboratorv-  which, 
before,  had  been  only  a  chemical  curiosity,  and  working  upon 
it  in  such  a  fashion,  and  with  such  determination  that  it  shall 
become  a  most  useful  article  of  commerce  which  shall  find  ap- 
plication in  a  multitude  of  ways,  and  bring  comfort,  yes,  and 
happiness  to  many  a  home. 

Time  will  not  permit  me  to  tell  of  our  guest's  other  achieve- 
ments; his  process  for  the  continuous  filtration  of  water;  the 
roller  bearings  invented  by,  and  named  for  hini,  and  many  other 
inventions  for  which  the  world  is  indebted  to  him.  They  arc 
matters  of  record,  and  we  know  that  they  represent  the  product 
of  a  mind  that  is  not  content  to  remain  idle  but  is  at  all  times  at 
work  in  the  interests  of  the  general  public. 

He  has  the  faculty,  often  lacking  in"  many  well-meaning 
persons,  of  putting  the  right  thing  into  the  right  place.  You 
remember  the  story  of  the  school  boy  who  was  reading  "What  a 
good  time  I  am  havin'."  "What!  Repeat  that!"  said  the 
teacher.  "What  a  good  time  I  am  havin'."  "Why,"  said  the 
teacher,  "you  are  leaving  out  the  'g'."  "Gee!  What  a  good 
time  I  am  havin'."  Npw,  Mr.  Hyatt  differs  from  the  boy,  inas- 
much as  he  generally  gets  the  "g"  in  the  right  place.  And,  Mr. 
Chairman,  ladies  and  gentlemen,  I  think  that  by  placing  the 
well-earned  Pcrkin  Medal  in  the  hands  of  Mr.  John  W.  Hyatt. 
you  have  jnit  it  in  the  right  and  proper  place. 
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EVALUATION  OF  PDXPWOOD 

In  an  address  delivered  by  Martin  L.  Griflrin,  Chief  Chemist 
of  the  Oxford  Paper  Co.,  before  the  Maine  Section  of  the  Amer- 
ican Chemical  Society  in  Bangor,  Oct.  17th,  Mr.  Griffin  shows 
how  unsatisfactory  the  prevailing  units  of  measurement  in  the 
lumber  trade  have  come  to  be,  when  applied  to  the  valuation  of 
wood  for  pulp  and  he  says:  Dimension  measure  units  are  only 
properly  applicable  to  dimension  products,  as  lumber.  When 
wood  is  to  be  valued  for  its  yield  in  pulp,  it  should  be  measured 
in  terms  of  its  useful  products  like  other  commodities:  as  coal 
in  heat  units;  ores  in  terms  of  their  metallic  content;  fertilizers 
in  terms  of  potash,  phosphoric  acid  and  ammonia. 

Up  to  the  present  time  manufacturers  of  pulp,  buying  wood 
upon  the  cord  dimension  unit,  not  only  suffer  by  the  variation 
in  yield  of  pulp  in  the  same,  and  different  species,  as  spruce  and 
balsam,  but  also  by  the  uncertainty  as  to  the  solid  contents  of 
the  cord. 

Valuation 'by  Volume — A  cord  of  wood  is  defined  to  be  a 
stack  4  ft.  high  and  wide  and  8  ft.  long  containing  128  cu.  ft. 
The  solid  contents  of  such  a  cord  are  affected  by  various  con- 
ditions, such  as: 

1.  LENGTH  OF  STICKS — Sticks  are  never  entirely  straight  and 
smooth,  and  in  piling  them  one  above  another  there  always 
remain  cracks,  which  become  larger,  the  longer  the  sticks  are 
and  vice  versa.  With  four  feet  sticks  as  standard,  changes  in 
the  stick  length,  from  one  foot  to  six  feet,  vary  the  difference 
in  the  solid  volume  of  the  same  stack  measure  from  14  per  cent 
to  35  per  cent. 

2.  DIAMETER  OF  STICKS — The  Smaller  the  sticks,  the  greater 
the  number,  and  number  of  cracks  to  the  cord  and  consequently 
less  wood.  The  difference  in  solid  volume  of  two  stacks,  whose 
sticks  are  twice  as  large  in  one  case  as  in  the  other,  may  amount 
to  13  per  cent;  and  if  the  sticks  of  the  one  are  four  times  as 
large  as  those  of  the  other,  this  difference  may  amount  to  25 
per  cent. 

3.  SPLIT  WOOD — Large  sticks  are  often  split  to  facilitate  hand- 
ling and  drying.  After  splitting  they  cannot  be  stacked  as 
closely  as  before.  This  swelling  amounts  to  5-6  per  cent. 
As  a  rule,  the  longer  and  thinner  the  sticks  split,  the  greater  is 
the  swelling  of  the  stack. 

4.  FORM  OF  STICK — The  straighter  and  smoother  the  sticks, 
the  smaller  the  air  spaces  between  them  and  consequently  the 
greater  the  solid  contents. 

5.  SPECIES — Soft  woods  contain  on  the  average  about  3  per 
cent  more  solid  wood  to  the  cord  than  hard  woods,  due  to 
straighter  habits  of  growth  and  smoother  bark. 

6.  GREEN  AND  DRY  WOODS — With  the  drying  of  wood  there  is 
a  consequent  shrinkage  in  volume.  Green  hard  wood  will  shrink 
by  completely  air-drying  from  9-15  per  cent  and  dry  soft, 
9-10  per  cent. 

7.  PILING  AND  FIXING  THE  STACK — The  higher  the  stack  the 
less  closely  can  it  be  piled.  The  heavier  the  stick  and  the  weaker 
the  piler,  the  less  close  is  the  piling. 

It  has  been  observed  that  there  is  more  solid  wood  in  a  stack 
when  only  one  end  supporting  stake  is  used  than  when  two 
are  used.  There  always  remains  some  space  between  the 
stakes  holding  the  stacks  together  and  the  wood,  therefore, 
the  fewer  the  stakes  supporting  ends  or  the  longer  the  piles, 
the  more  solid  wood.  Just  here  arise  many  controversies  over 
wood  measurements  where  the  method  of  scaling  in  cars  is 
employed.  An  ordinary  freight  car  will  hold  three  crosswise 
stacks  in  each  end  and  one  short  lengthwise  stack  between, 
making  the  equivalent  of  seven  short  staked  piles  having  four- 
teen ends,  about  a  cord  to  a  stack.     There  are  also  many  minor 


details  which  affect  the  amount  of  solid  wood  in  the  unit  measure. 

Since  it  is  obvious  that  each  stick  of  wood  involved  cannot 
be  scaled  and  the  sum  total  in  solid  feet  obtained,  a  method  of 
drawing  representative  sample  cords  may  be  employed  and  these 
measured.  A  sample  may  not  only  truly  represent  a  grade  of 
quality,  but  when  drawn  at  a  proportional  rate,  it  may  as  truly 
represent  a  quantity.  Thus  if  every  fifth  stick  is  drawn  as  wood 
is  running  on  a  conveyor  or  in  a  sluice  until  one  cord  is  gathered, 
we  know  that  four  other  equal  portions,  alike  in  all  particulars, 
have  passed.  Such  a  sample  can  be  measured  by  any  standard 
of  value,  including  quality  and  substance.  If  such  a  mode  of 
sampling  is  applied  according  to  the  theory  of  averages,  the 
sample  will  represent  the  quality,  and  there  remains  only  the 
counting  of  the  whole  number  of  sticks  to  determine  with  pre- 
cision the  total  quantity  in  terms  of  any  unit  by  which  the  sample 
is  valued. 

If  all  pulp  wood  were  equally  dry,  of  the  same  specific  gravity, 
and  would  yield  the  same  amount  of  fiber  per  unit  volume, 
this  method  would  be  adequate.     Such  is  not  the  case. 

Valuation  by  Weight — Bulk  commodities  are  now  very 
generally  bought  and  sold  by  weight.  Wood  can  be  so  valued 
and  in  many  instances  this  method  is  easily  applicable  and  has 
its  advantages.  According  to  the  plan  of  valuing  wood  by  solid 
volume  as  outlined,  if  we  take  the  weight  of  the  sample  volume 
we  approach  much  nearer  the  measurement  of  the  substance. 
Such  a  sample  weighing  would  be  accurate  and  applicable  alike 
to  wood  driven  in  the  rivers  or  freighted  by  rail. 

Where  wood  is  shipped  by  rail,  its  weight  adds  another  im- 
portant factor,  namely — the  freight,  and  this  must  be  paid  by 
the  mill.  Here  the  weight  and  moisture  test  reveal  the  .sub- 
stance and  the  water  upon  which  freight  must  be  paid.  A  cord 
of  spruce  wood  will  weigh  from  3300  lbs.  to  4400  lbs.  according 
as  it  has  35  per  cent  to  50  per  cent  moisture,  and  this  difference 
in  moisture  may  add  50  cts.  per  cord  to  the  cost  of  the  wood  at 
the  mill. 

The  author  concludes  his  address  by  suggesting  that  buyers 
and  sellers  of  wood  get  together  and  study  their  joint  interests 
and  at  least  save  a  large  sum  of  money  now  paid  to  the  railroads 
for  hauling  wet  and  green  wood. 


PROGRESS  IN  THE  FIXATION  OF  NITROGEN  IN  SCAN- 
DINAVIA 

The  London  Times  Engineering  Supplement  for  Oct.  15,  1913, 
refers  to  the  successful  commercial  development  of  the  process 
for  oxidizing  ammonia  to  nitric  acid  by  means  of  the  catalytic 
action  of  platinum  (see  Eng.  Pats.  698  and  8300  of  1902,  and 
Addition  to  Fr.  Pat.  317,544  of  1902;  J.  S.  C.  I.,  1902, 
548;  1903,  93,  420).  The  carbide  works  at  Odda,  Norway, 
when  operations  were  started,  comprised  10  furnaces,  each  with 
a  capacity  of  7-8  tons  of  carbide  per  24  horn's.  Ten  more  fur- 
naces, of  i6-i8  tons  capacity  each,  have  recently  been  added. 
The  temperature  is  maintained  at  5720°  F.  (3160°  C),  the 
electrodes  of  the  older  furnaces  taking  1400  kilowatts  and  those 
of  the  newer  ones,  3500  kilowatts.  It  is  stated  that  the  radia- 
tion of  heat  from  the  new  furnaces  is  less  than  from  a  steam 
boiler.  The  hot  gases  from  the  furnaces  are  used  in  the  lime- 
kilns instead  of  producer-gas.  The  annual  output,  32,000  tons 
up  till  recently,  is  now  80,000  tons  of  carbide.  Most  of  this  car- 
bide passes  direct  to  the  calcium  cyanide  works  of  an  associated 
company,  which,  at  the  present  time,  has  an  annual  output  of 
80.000  tons,  the  number  of  furnaces  having  been  increased  nearly 
sevenfold  since  the  opening  of  the  works  four  years  ago.  The 
nitrogen  used  is  prepared  by  the  I^inde  process,  100  tons  of  air 
being  liquefied  daily.     The  furnaces  have  a  capacity  of  i  ton 
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each:  the  nitrogen  is  supplied  through  valves  in  the  side,  and 
a  current  at  60-75  volts  through  an  electrode  in  the  center. 
After  about  24  hours  at  1650°  F.  (900°  C),  the  carbide  is  con- 
verted into  cyanamide,  the  resulting  product  containing  20  per 
cent  of  nitrogin.  In  addition  to  these  developments,  a  company 
formed  to  accjuirc  the  rights  of  the  Ostwald  process  (except  in 
Westphalia  and  Rhincland)  is  erecting  new  works  for  the  manu- 
facture of  carbide  and  cyanamide  (and  nitric  acid)  at  Aura, 
Norway,  with  an  estimated  output  of  200,000  tons  of  calcium 
cyanamide,  and  has  acquired  waterfalls  at  other  places  in  Norway 
and  also  in  Iceland,  capable  of  furnishing  power  for  an  annual 
output  of  nearly  2  millions  ton  of  calcium  cyanamide.  Works 
are  to  be  erected  at  Dagenham  on  the  Thames,  at  Trafford  Park, 
Manchester,  in  Scotland,  and  in  Ireland  for  producing  from 
calcium  cyanamide  12,000,  12,000,  9000  and  3000  tons  of  nitric 
acid,  respectively.  In  the  event  of  the  supply  of  calcium  cyan- 
amide being  curtailed  or  stopped,  it  will  be  possible  to  use  the 
aramoniacal  liquors  from  coke  ovens,  blast  furnaces,  residual 
recovery  plant,  and  gas  works  as  sources  of  ammonia. 


STANDARD  SPECIFICATIONS  FOR  THE  PURITY  OF  RAW 
LINSEED  OIL  FROM  NORTH  AMERICAN  SEED 

The  American  Society  for  Testing  Materials,  affiliated  with 
the  International  Association  for  Testing  Materials,  has  just 
issued  a  compilation  of  the  reports  of  the  Committee  on  Pre- 
servative Coatings  for  Structural  Materials,  D-i,  1903-1913. 
The  following  specifications  for  the  purity  of  Raw  Linseed  Oil 
from  North  American  Seed  were  adopted  August  25.  1913: 

PROPERTIES   AND   TESTS 

!.  Raw  linseed  oil  from  North  American  seed  shall  conform 
to  the  following  requirements : 

Maximum  Minimum 
Specific  gravity  at  15.5V15.5°  C 0.9.16  0.932 

Specific  gravity  at  25  VZS"  C 0.931  0.927 

Acid  number 6.00  

Saponification  number 195  1 89 

Unsaponifiable  matter,  per  cent 1  .  50  

Refractive  index  at  25°  C 1.4805  1.4790 

Iodine  number  (Hanus) 178 

METHODS   OF  TESTING 

2.  The  recommended  methods  of  testing  are  as  follows: 

GENERAL — All  tests  are  to  be  made  on  oil  which  has  been  fil- 
tered at  a  temperature  of  between  6o°  and  80°  F.  through  paper 
in  the  laboratory  immediately  before  weighing  out.  The  sample 
should  be  thoroughly  agitated  before  the  removal  of  a  portion 
for  filtration  or  analysis. 

SPECIFIC  GRAVITY — Use  a  pyknometer,  accurately  standardized 
and  having  a  capacity  of  at  least  25  cc,  or  any  other  equally 
accurate  method,  making  a  test  at  15.5°  C,  water  being  i  at 
15.5°  C,  or  a  test  at  25°  C,  water  being  i  at  25°  C. 

ACID  NUMBER — Expressed  in  milligrams  of  KOH  per  gram  of 
oil.  Follow  the  method  described  in  Bulletin  No.  197,  revised 
1908,  Department  of  Agriculture,  Bureau  of  Chemistry,  page 
142. 

SAPONIFICATION  NUMBER — Expressed  as  with  acid  number. 
Blanks  should  also  be  run  to  cover  effect  of  alkali  in  glass.  Fol- 
low method  given  in  Bulletin  No.  107,  revised  1908,  Depart- 
ment of  Agriculture,  Bureau  of  Chemistry,  pages  137-138. 

UNSAPONIFIABLE  MATTER. — Follow  Boemer's  method  taken 
from  his  "Ubbelohde  Handbuch  der  Die  u.  Fette,"  pages  261-262. 
"  To  100  g.  of  oil  in  a  1000  to  1500  cc.  Erlenmeyer  flask  add  60  cc. 
of  an  aqueous  solution  of  potassium  hydroxide  (200  g.  KOH 
dissolved  in  water  and  made  up  to  300  cc.)  and  140  cc  of  95  per 
cent  alcohol.  Connect  with  a  reflux  condenser  and  heat  on  the 
water  bath,  shaking  at  first  imtil  the  liquid  becomes  clear. 
Then   heat   for   one    hour   with   occasional    shaking.     Transfer 


while  yet  warm  to  a  2000  cc.  separatory  funnel  to  which  some 
water  has  been  added,  wash  out  the  Erlenmeyer  with  water, 
using  in  all  600  cc.  Cool,  add  800  cc.  of  ether  and  shake  vigor- 
ously one  minute.  In  a  few  minutes  the  ether  solution  separates 
perfectly  clear.  Draw  off  the  soap  and  filter  the  ether  (to  remove 
last  traces  of  soap)  into  a  large  Erlenmeyer  and  distil  off  the 
ether,  adding  if  necessary,  one  or  two  pieces  of  pumice  stone. 
Shake  the  soap  solution  three  times  with  400  cc.  of  ether,  which 
add  to  the  first  ether  extract.  To  the  residue  left  after  distilling 
the  ether  add  3  cc.  of  the  above  KOH  solution,  and  7  cc.  of  the 
95  per  cent  alcohol,  and  heat  under  reflux  condenser  for  10 
minutes  on  the  water  bath.  Transfer  to  a  small  separatory  fun- 
nel, using  20  to  30  cc.  of  water,  and  after  cooling  shake  out  with 
two  portions  of  100  cc.  of  ether;  wash  the  ether  three  times  with 
10  cc.  of  water.  After  drawing  off  the  last  of  the  water,  filter 
the  ethereal  solution  so  as  to  remove  the  last  drops  of  water, 
distill  off  the  ether,  dry  residue  in  water  oven  and  weigh." 

REFRACTIVE  INDEX — Use  a  properly  standarized  Abbe  re- 
fractometer  at  25  °  C,  or  any  other  equally  accurate  instrument. 

IODINE  NUMBER  (hanus) — FoUow  the  Hanus  method  as  de- 
scribed in  Bulletin  No.  107,  revised  1908.  Department  of  Agri- 
culture, Bureau  of  Chemistry,  page  136. 


URANIUM,  RADIUM  AND  VANADIUM  REPORT 

The  U.  S.  Bureau  of  Mines  has  just  issued  Bulletin  No.  70. 
"A  Preliminary  Report  on  Uranium,  Radium  and  Vanadium," 
by  Richard  B.  Moore  and  Karl  L.  Kithil.  of  the  Denver  Lab- 
oratory of  the  Bureau  of  Mines.  The  bulletin  describes  the 
carnotite  deposits,  and  gives  the  commercial  methods  of  the 
treatment  of  ores. 

Charles  L.  Parsons,  Chief  Division  of  Mineral  Technology, 
says  in  the  preface  of  the  bulletin:  "It  has  been  shown  that, 
although  the  Austrian  Government  has  conserved  its  own  re- 
sources of  uranium  and  radium  by  purchasing  the  Joachimsthal 
mines  and  by  carefully  supervising  pitchblende  production, 
the  deposits  of  radium-bearing  minerals  in  the  United  States 
are  being  rapidly  depleted  by  wasteful  exploitation,  chiefly 
for  the  benefit  of  foreign  markets. 

"Seemingly  the  country  has  been  quite  unaware  of  the  extent 
to  which  uranium  ores  have  been  sent  abroad.  Investigation 
has  developed  the  fact  that  during  the  year  1912,  carnotite  ores 
carrying  28.8  tons  of  uranium  oxide  were  produced  and  that 
practically  the  entire  amount  was  exported.  The  major  part 
of  this  ore  carried  between  2  and  3  per  cent  UsOs,  as  it  appears 
that  no  ore  carrying  less  than  2  per  cent  can  at  present  prices 
bear  the  cost  of  transportation.  This  means  that  8.8  grams  of 
radium  chloride,  or  1 1 .43  grams  of  radium  bromide,  may  be 
obtained  from  the  ore  shipped  from  this  country  in  1912.  Only 
one  American  company  has  been  preparing  radium  salts  of  a 
high  degree  of  radioactivity  and  its  product  has  only  recently 
been  offered  for  sale.  The  American  ores  exported  were  pur- 
chased for  their  radium  content.  It  can  probably  be  definitely 
stated  that  in  1912,  there  was  obtained  from  American  ores 
nearly  two  and  one-half  times  as  much  radium  as  from  all  other 
sources  combined. 

"France,  Austria,  England,  and  Germany  have  their  radium 
institutes  fostered  by  their  Governments  or  by  philanthropic 
foundations.  Up  to  the  present  time,  although  the  United 
States  has  been  furnishing  a  large  part  of  the  material  for  these 
foreign  investigations,  comparatively  little  has  been  done  in 
the  hospitals  and  laboratories  of  this  country." 

THE  APPROXIMATE  MELTING  POINT  OF  SOME  COM- 
MERCIAL COPPER  ALLOYS 

As  very  little  information  on  the  melting  points  of  commercial 
brasses  and  bronzes  can  be  found  in  either  scientific  or  technical 
literature,  tests  of  a  few  typical  alloys  were  made  by  H.  \V. 
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Gillett  and  A.  B.  Norton,  of  the  U.  S.  Bureau  of  Mines.     The 
results,  summarized,  in  Technical  Paper  No.  60,  are  as  follows: 

Approximate 
composition  Melting  point 

AmOY                                     Copper  Zinc  Tin  Lead  °  C.  °  F. 

Gun  metal 88  2  10  995  1825 

Leaded  gun  metal 85'A         2  Q'A  3  980  1795 

Red  brass 85              5  5  5  970  1780 

Low-grade  red  brass 82  10  3  5  980  1795 

Leaded  bronze 80  ..  10  10  945  1735 

Bronze  with  zinc 85  5  10  980  1795 

Half-yellowhalf-red 75  20  2  3  920  1690 

Cast  yellow  brass 67  31  .  .  2  895  1645 

Naval  brass 6IV2  37  I'A  -.  855  1570 

Manganese  bronze .  .  .  .  870  1600 

The  melting  point  given  is  the  "liquidus,"  or  point  where 
the  alloy  is  completely  molten.  The  temperatures  are  thought 
to  be  accurate  within  ±10°  C.  or  ="=20°  F.  •■ 

BUREAU  OF  MINES  BUDGET 

The  estimate  of  appropriations  for  the  United  States  Bureau 
of  Mines,  for  the  fiscal  year  ending  June  30,  1915,  as  approved 
by  Secretary  Lane  and  forwarded  to  Congress,  is  as  follows: 

For  general  expenses,  $70,000. 

Investigating  mine  accidents,  $347,000. 

Equipment  of  mine  rescue  cars  and  stations,  $30,000. 

Equipment  of  testing  plant  at  Pittsburgh,  Pa.,  $10,000. 

Testing  fuels,  $135,000. 

Mineral  mining  investigations,  $120,000. 

Investigations  of  petroleum  and  natural  gas,  $30,000. 

Inspection  of  mines  in  Alaska,  $7,000. 

Books  and  publications,  $2,000. 

Lands,  leases,  etc.,  for  mine  rescue  cars,  $1,000. 

The  total  is  $752,000,  an  increase  of  $90,000  over  the  fiscal 
year  ending  June  30,  1914. 

PLATINUM  DEPOSITS  IN  GERMANY 

Consul  Thomas  H.  Norton  reports  that  in  several  localities 
of  the  Ural  Mountains,  notably  in  the  neighborhood  of  Nizhni 
Tagilsk  in  the  Perm  Government  and  about  Mount  Blogdat, 
platinum  is  found  in  sufficient  amounts  to  allow  of  systematic 
mining  operations.  Very  small  quantities  of  platinum  have 
been  found  in  Borneo,  Sumatra,  BrazU,  Colombia,  Australia, 
and  California,  but  the  contributions  from  all  these  regions  to 
the  world's  demands  form  a  small  fraction  of  the  Russian  sup- 
ply— 5  per  cent  or  less.  The  total  production  is  now  about 
1.3.250  pounds  annually. 

Every  effort  has  been  made  in  Russia  to  locate  new  deposits 
of  the  metal,  but  without  success.  The  annual  quantity  tends 
to  decrease,  and  an  exhaustion  of  the  deposits  at  no  very  re- 
mote date  seems  almost  a  certainty.  At  the  same  time,  the 
demand  for  platinum  has  far  outstripped  the  supply,  and  has 
naturally  caused  an  enormous  increase  in  the  price.  In  1892 
platinum  cost  $89  per  troy  pound,  about  one-third  as  much 
as  gold.  Four  years  ago  the  price  had  risen  to  $338  per  troy 
pound,  and  at  present  (October,  1913)  it  is  $488  per  troy  pound. 

Under  these  circumstances  a  large  group  of  industries  will 
welcome  the  discovery  in  Germany  of  extensive  deposits  of 
platinum,  susceptible  of  easy  exploitation.  The  location  of 
tliese  deposits  is  at  Wenden,  in  Westphalia,  in  a  section  where 
iron,  lead,  copper  and  zinc  mines  are  abundant.  While  pros- 
pecting by  drill  in  the  neighborhood  of  Wenden,  metallurgical 
chemists  unexpectedly  discovered  appreciable  amounts  of 
platinum  in  the  layers  of  rock  covering  the  ores  of  the  common 
metals.  Over  100  analyses  of  different  borings  were  made 
and  all  showed  the  presence  of  the  metal  in  sufficient  amount  to 
guarantee  profitable  extraction.  The  amount  of  platinum 
present  in  the  rock  varies  from  0.9  to  1.9  troy  ounces  per  cubic 
yard,  which  is  very  rich  compared  with  the  Russian  deposits. 


Thus  far  a  territory  of  500  acres  has  been  examined  and  the 
borings  from  nine  different  drill  holes  give  on  analysis  the  re- 
sults cited.  This  tract  alone  will  assure  profitable  extraction 
for  many  years.  The  depth  to  which  the  platiniferous  rock 
reaches  has  not  been  announced. 

Steps  have  already  been  taken  to  begin  the  regular  metal- 
lurgical extraction  of  platinum  at  Wenden  on  a  large  scale. 
It  is  thought  that  careful  prospecting  will  reveal  the  presence 
of  other  extensive  fields  in  the  Westphalian  ore  region,  where 
geological  formations  similar  to  those  at  Wenden  are  wide-spread. 

Surpri  e  may  be  expressed  that  in  a  country  where  chemical 
investigation  is  so  highly  developed,  the  existence  of  easily 
accessible  platiniferous  rock  deposits  should  have  remained 
so  long  unsuspected.  The  reason  is  as  foUows:  In  the  usual 
analytical  methods,  gold  and  platinum,  as  well  as  most  of  the 
rarer  metals  allied  to  platinum,  are  separated  from  the  ordinary 
metals — iron,  copper,  silver,  etc. — by  treatment  with  nitric 
acid,  in  which  the  latter  are  soluble.  Metallic  gold  and  platinum 
remain  behind  as  an  insoluble  residue  after  such  treatment. 
They  can  be  brought  into  solution  by  the  aid  of  aqua  regia, 
and  be  separated  from  one  another,  or  the  gold  can  be  extracted 
by  means  of  mercury.  It  happens,  however,  that  platinum 
when  alloyed  with  silver  can  be  dissolved  by  treatment  with 
strong  nitric  acid.  As  thus  far  platinum  has  been  found  in 
nature  almost  exclusively  in  the  elementary  form,  no  attempt 
has  been  made  in  ordinary  ore  analyses  to  test  for  the  presence 
of  the  rare  metal  in  the  nitric  acid  solutions  obtained  as  just 
described. 

It  seems,  however,  that  in  the  Westphalian  deposits  platinum 
is  present  in  the  form  of  an  alloy,  and  in  the  customary  course  of 
analysis  entered  into  solution  in  the  form  of  a  nitrate.  A  chem- 
ist decided  to  test  the  solution  of  nitrates  obtained  in  the  normal 
course  of  an  analysis  for  the  possible  presence  of  platinum, 
and  this  led  to  the  unexpected  discovery.  There  is  every  possi- 
bility that  not  only  in  Germany,  but  in  all  other  countries,  rock 
analyses  will  promptly  be  submitted  to  revision,  and  the  greatest 
care  taken  to  ascertain  whether  platinum  is  present.  De- 
posits containing  much  less  platinum  than  occurs  at  Wenden 
can  stiU  be  worked  most  advantageously. 


U.  S.  MINERAL  PRODUCTION,  1912 

The  value  of  all  minerals  produced  in  the  United  States  in 
1912,  accord  ng  to  figures  just  compiled  by  Edward  W.  Parker, 
statistician,  of  the  United  States  Geological  Survey,  reached 
the  record-breaking  total  of  $2,243,630,326.  This  is  more  than 
six  times  the  value  of  the  production  in  1882,  30  years  ago. 
During  that  period  the  population  has  not  quite  doubled,  but 
the  per  capita  output  of  the  mines  has  increased  from  $7.27 
to  $23.47.  

OIL-HARDENING  PLANT  IN  NORWAY 

Commercial  Agent  Erwin  W.  Thompson  states  that  during 
the  summer  of  1913  an  oil-hardening  plant  was  opened  at  Fred- 
rikstad  by  De  Nordiske  Fabriker,  with  head  offices  at  Chris- 
tiania.  The  original  object  was  to  harden  whale  oil  for  the  soap 
industry,  but  as  the  result  of  experiments  witli  edible  oils  the 
plant  is  being  enlarged  to  a  capacity  of  1,000  barrels  a  day  with 
the  expectation  of  hardening  cottonseed  and  peanut  oils  for 
the  margarin  makers.  The  Norwegian  firm  will  purchase  the 
best  grades  of  cottonseed  and  peanut  oils,  and  will  also  harden 
on  toll. 

CONCENTRATED  NITRIC  ACID  IN  NORWAY 

Consul  General  Charles  A.  Holder  reports  that  98  per  cent 
nitric  acid  is  being  produced  at  the  Notoddcn  and  Rjukan  plants 
where  they  now  manufacture  calcium  nitrate.  The  acid  has 
already  been  used  successfully  by  factories  tnanufactiu"ing  ex- 
plosives. The  manufacture  of  this  concentrated  acid  is  expected 
to  prove  of  great  importance. 


i66 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  ? 


PROPOSED  BEET-SUGAR  FACTORY  FOR  CHILE 

Consul  Alfred  A.  Winslow,  Valparaiso,  reports  that  the  cul- 
tivation of  sugar  beets  is  receiving  much  attention  of  late  in 
Chile,  and  a  movement  is  on  foot  to  interest  capital  for  the  erec- 
tion of  a  beet-sugar  factory.  Sugar  beets  have  been  successfully 
raised  at  several  points  in  this  Republic,  yielding  15  per  cent 
and  more  of  sugar. 

As  early  as  1880  beet  sugar  was  manufactured  in  a  small 
way  at  Nunoa,  Chi'e,  and  again  from  1885  to  1891  at  Los  Guindos, 
and  as  late  as  1901-1904  at  Membrillo.  While  production  on 
such  a  small  scale  was  not  found  profitable,  it  was  demonstrated 
that  a  factory  of  a  capacity  of  700  or  800  tons  of  beets  per  day 
could  be  made  to  pay  well  at  the  present  rate  of  protection  of 
68.5  cents  or  59.9  cents  United  vStates  gold  per  100  pounds 
on  raw  sugar,  according  to  quality. 

The  following  table  shows  Chile  s  imports  of  the  different 
classes  of  sugar: 

Pounds  of  sugar             Refined  While  Granulated             Crude 

1906 17,714,521  1.449,36,-!  9.5,567,956  1,994,740 

1907 10,989,207  2,174,744  108,258,612  1,942,589 

1908 6,873,592  2,659,778       94,607,942  1,134,760 

1909 10,265,046  2,353,340  136,874,188  2,313,410 

1910 9,233,046  1,678,732  143,935,352  1,684,595 

1911 4,797,045  4,050,464  154,984.306  2,589,510 

1912 6,009,861  3,262,116  136,327,268  1,749,440 

Practically  all  of  the  crude  sugar  comes  from  Peru  and  is 
refined  in  Chile,  since  the  duty  on  refined  sugar  is  $1.64' or  Si. 09 
United  States  gold  per  100  pounds,  according  to  quality. 

PRODUCTION  OF  PORTLAND  CEMENT  IN  1913 

It  is  estimated  by  Ernest  F.  Burchard,  of  the  United  States 
Geological  Survey,  that  the  quantity  of  Portland  cement  manu- 
factured in  the  United  States  in  1913  was  approximately  92,406,- 
000  barrels,  compared  with  82,438,096  barrels  in   191 2,  an  in- 


crease of  about  9,967,900' barrels  or  12  per  cent.  The  estimated 
shipments  of  Portland  cement  during  1913  were  88,853,000 
barrels,  compared  with  85,012,556  barrels  in  1912,  an  increase 
of  about  3,840,400  barrels,  or  4.5  per  cent.  On  account  of  a 
large  surplus  of  production  over  shipments,  stocks  of  cement 
at  the  mills  ai)parcntly  increased  more  than  45  per  cent,  or  from 
7,811,329  barrels  in  1912  to  11,375,000  barrels  at  the  close  of 
1913.  In  1913  the  relations  between  production  and  shipments 
were  the  reverse  of  those  for  1912,  when  shipments  exceeded 
production.  It  may  be  necessary  to  revise  considerably  the 
estimates  of  stocks,  but  it  is  believed  that  these  figures  for  pro- 
duction and  shipments  are  very  close  to  those  that  will  be  shown 
by  complete  returns  from  all  producers. 

Although  few  definite  statements  as  to  selling  prices  are  at 
hand  it  is  evident  that  the  average  value  per  barrel  was  appreci- 
ably higher  than  in  1912.  Increases  of  10  to  25  cents  a  barrel 
are  reported  from  several  plants  in  the  central  and  eastern  states, 
but  there  were  slight  decreases  reported  from  a  few  plants  in 
the  Rocky  Mountain  d  strict. 


NATURAL  GASEOUS  MIXTURES  RICH  IN  HELIUM 
According  to  the  Journal  of  the  Franklin  Institute,  the  follow- 
mineral  springs  evolve  gas  containing  a  large  percentage  of  he- 
lium. The  natural  gas  from  the  springs  at  Sautenay  contains 
from  8.4  to  lo.i  per  cent  of  helium,  that  from  springs  at  Mai- 
zieres  contains  5.9  per  cent;  from  springs  at  Grisy,  2.18  percent; 
from  Bourbon  Lancy,  1.84  per  cent;  from  Neris,  0.97  per  cent; 
and  from  La  Bourboule,  only  o.  i  per  cent.  The  quantities  are 
too  large  to  be  considered  as  nascent  helium  evolved  immediately 
it  is  produced;  and  it  is  more  probable  that  the  immediate 
source  is  dissolved  helium,  evolved  by  the  disintegration  of  min- 
erals in  which  it  has  been  absorbed.  These  sources  are  grouped 
in  the  neighborhood  of  Moulins,  Dijon,  and  \'esoul,  France, 


NOTES  AND  CORRL5PONDLNCL 


PURIFICATION  OF  WATER  BY  ADSORPTION.     PRELIM- 
INARY ANNOUNCEMENT 

Lead  may  be  removed  from  water  by  shaking  the  water  with 
fuller's  earth,  or  similar  adsorbent,  and  then  filtering  through 
I)aper.  A  sample  of  water  drawn  from  a  lead  pipe  which  con- 
tained 1.5  mg.  lead  per  liter,  and  which  was  entirely  free  from 
turbidity,  so  that  the  lead  was  probably  present  in  true  solution, 
required  0.05  mg.  earth  per  loo  cc.  and  exposure  to  the  earth 
for  three  minutes  exclusive  of  the  exposure  incidental  to  filtering 
for  complete  removal  of  the  lead.  Lead  was  also  removed  from 
dilute  solutions  of  lead  acetate  by  means  of  fuller's  earth,  powdered 
charcoal,  powdered  pumice  stone,  powdered  talc,  ferric  oxide, 
and  marine  clay,  but  quantitative  determinations  have  not 
yet  been  made.  Of  these  substances  fuller's  earth  appears 
to  remove  lead  best. 

Bacteria  are  also  removed  from  water  by  agitating  it  with 
adsorbents  and  then  filtering  through  paper.  Water  containing 
24,000  bacteria  per  cc.  was  rendered  entirely  sterile  by  treating 
100  cc.  for  15  minutes  with  i  gram  po  dered  charcoal.  The 
same  amount  of  fuller's  earth  per  100  cc.  water  reduced  the  total 
count  very  much  but  did  not  remove  all  bacteria.  Larger 
amounts  of  earth  effected  complete  sterilization.  The  comiiletc 
removal  of  bacteria  by  means  of  any  of  the  substances,  fuller's 
earth,  charcoal,  or  pumice,  depends  upon  the  two  factors,  amount 
of  adsorbent,  and  length  of  time  the  water  is  treated  before 
filtering.  Fuller's  earth  appears  to  .serve  best  for  removing 
lead,  and  charcoal  for  bactcr  a. 

Fuller's  earth  imparts  a  decided  taste  to  water  which  cannot 
be  removed  by  several  previous  extractions  of  the  earth  with 
water  either  hot  or  cold.      It  may  be  removed,  however,  by  heat- 


ing the  dry  earth,  or  by  extracting  the  earth  with  concentrated 
hydrochloric  acid  containing  a  little  nitric  acid,  and  then  with 
boiling  water.  The  taste  from  charcoal  is  much  less  marked 
than  that  from  raw  fuller's  earth,  but  charcoal  is  much  more 
dirty  to  handle.  Water  treated  with  the  sample  of  pumice 
used  acquired  only  a  slight  taste,  which  can  be  removed  by  heat- 
ing the  pumice  first.  Clay  and  ferric  oxide  both  gave  a  strong 
taste.  In  deciding  whether  a  particular  adsorbent  gives  a  taste, 
it  should  be  remembered  that  many  varieties  of  filter  paper, 
unless  previously  extracted  for  some  time,  will  impart  a  slight 
taste  to  a  solution  passed  through  them.  It  is  believed  that 
treating  with  some  adsorbent  and  filtering  through  paper,  can 
be  used  to  purify  small  amounts  of  water  for  drinking  purposes, 
and  may  be  adapted  especially  to  the  needs  of  travelers,  and 
to  household  use  during  epidemics. 

We  are  ndebted  to  Dr.  F.  N.  Whittier  for  assistance  in  making 
some  of  the  bacteriological  tests.     The  work  will  be  continued. 
Marshall  P.  Cram 

BOWDOIN    COLLEGE  HENRY    D.     EVANS 

Bru.xswick.   Maine 
January  7.  1914 

NOTE  ON  CERTAIN  UNPUBLISHED  WORK  ON  ELEC- 
TROLYSIS USING  SUPPORTED  MERCURY  KATHODE' 
I  commenced  work  towards  a  commercial  solution  of  the  wet 
electrolysis  of  common  salt  in  t888  and  my  first  efforts  were 
devoted  to  the  mercury  kathode,  the  results  obtained  in  hat 
year  being  what  I  propose  to  describe.     At  that  time  all  the 

'  Presented   at   the   6th   .Annual  Meeting  of   the   .\mcriean    Institute  of" 
Chemical  Engineers,  The  Chemists'  Club.  New  York,  December  10-13.  1913. 
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rugged  appurtenances  of  a  successful  commercial  apparatus  were 
yet  to  be  developed  in  order  to  ift  any  process  for  the  purpose 
out  of  the  laboratory.  It,  therefore,  came  about  that,  in  con- 
sidering the  immense  distance  to  be  traveled  in  order  to  surround 
the  invention  of  the  supported  mercury  kathode  with  the  neces- 
sary concomitant  equipment,  and  in  the  light  of  certain  simpli- 
fications possible  when  using  the  diaphragm  process,  I  gradually 
worked  over  to  devoting  myself  exclusively  to  the  development 
of  the  latter.  It  may  not  be  out  of  place  to  say  that  it  was  this 
development  which  became,  less  than  five  years  later,  the  first 
commercial  contributor  of  caustic  soda  and  chlorine  to  the  world's 
markets'  and  which,  if  I  may  be  allowed  to  say  so,  embodied 
those  essential  features  of  diaphragm  success  (such  as  excess 
liquid  pressure  on  the  anode  side)  which  have  since  been  used 
by  everyone  working  in  this  field. 

Referring  to  the  1888  work,  it  seemed  to  me  obvious  that, 
with  a  view  to  eliminating  sodium  from  the  solution,  the  worst 
possible  place  to  put  it  was  on  top  of  a  layer  of  mercury  exposed 
to  contact  with  said  solution.  The  point  is  that,  although  sodium 
dissolves  in  mercury,  the  initially  formed  amalgam  is  of  very 
low  specific  gravity  compared  with  mercury  itself  and  naturally 
tends  to  stay  on  top  of  the  atter  save  as  a  sluggish  tendency  to 
diffusion  operates  otherwise.  It  seemed  to  me  that  the  obvious 
alternat  ve  was  to  use  the  under  side  of  the  mercury  as  the  kath- 
ode, the  upper  side  being  completely  exterior  to  the  electro- 
lyzer  as  such,  with  the  idea  that  the  sodium,  as  fast  as  it  was 
delivered  to  said  under  side,  would  bob  up  to  the  upper  side 
and  be  thereby  removed  from  relation  with  the  electrolyzer  and 
its  contents. 

This  I  proceeded  to  do,  using  a  horizontal  square  frame  of 
paraffined  pine  wood,  a  supporting  sheet  of  a  special  cotton 
fabric  carried  by  the  under  side  of  said  frame,  and  additional 
support  supplied  to  the  fabric  by  a  paraffined  wood  grating. 
Mercury  was  placed  on  the  fabric  to  a  depth  just  sufficient 
completely  to  cover  it  and  a  current  supplied  from  a  primary 
battery  of  three  large  two-fluid  bichromate  cells  between  a  car- 
bon anode  and  the  under  side  of  the  mercury,  saturated  salt 
brine  being  the  electrolyte. 

The  first  run  made  with  this  cell  will  always  be  a  painful 
memory.  I  started  it  on  a  certain  Sunday  morning  in  July 
and  then  went  ofT  for  a  walk  to  a  point  7  miles  distant.  Re- 
turning in  the  evening  I  looked  at  the  cell  and  saw  to  my  disgust 
that  the  mercury  was  covered  with  liquid  and  that  there  were 
grains  of  some  white  material  resting  on  the  mercury  in  said 
liquid.  I  jumped  to  the  conclusion  that  the  layer  of  mercury 
had  Ijccomc  discontinuous  and  that  hydrostatic  pressure  had 
forced  brine  up  over  it  and  that  partial  evaporat  on  had  pre- 
cipitated crystals  of  salt.  Just  to  see  what  it  tasted  like  I  put 
my  finger  in  the  liquid  and  touched  it  with  my  tongue  and  then 
removed  it  with  speed  because  the  liquid  was  an  oily  50  to  60 
per  cent  solution  of  c.  p.  caustic  soda  and  the  white  grains  were 
undissolved  particles  of  same.  Of  course  what  had  happened 
was  that  sodium  had  entered  the  mercury  from  the  under  side 
and  oxidized  and  hydrated,  in  moist  air,  from  the  upper  side, 
and  a  portion  had  deliquesced  in  additional  moisture  abstracted 
from  the  air.  I  have  always  felt  convinced  that  this  general 
principle  would  work  up  to  the  best  possible  type  of  mercury 
kathode  electrolyzer,  but  I  also  took  the  view,  at  least  in  the 
90's,  that  unless  some  great  commercial  advantage  accrued  from 
being  able  to  supply  c.  p.  caustic,  the  best  diaphragm  process 
could,  on  the  whole,  do  better  than  any  process  using  a  mercury 
kathode.  However,  seeing  that  mercury  cells  are  in  considerable 
use  I  am  unable  to  understand  why  the  apparently  obvious 
principle  above  described  has  not  been  employed.  In  the  light 
of  the  principle  so  clearly  grasped  in  connection  with  the  above 
quarter  century  old  work,  it  is  curious  to  note,  in  Wilderman's 
address  before  the  World's  Congress  last  fall,  the  repeated  re- 
'  Parsons,  /.  Am.  Chem.  Soc,  20  (1898).  868. 


marks  on  the  disadvantages  all  processes  previous  to  his  have 
labored  under  of  putting  the  light  sodium  in  on  the  top  layer  of 
mercury  and  leaving  it  there. 

SYNTHETIC  RESINS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  6,  3  appeared  a  paper  by  L.  V  Redman, 
A.  J.  Weith,  and  F.  P.  Brock,  which  is  supposed  to  be  a  general 
review  of  the  literature  on  phenolic-methylene-condensation 
products,  together  with  the  results  of  personal  research  work  of 
the  authors. 

The  paper  in  question  would  have  had  increased  importance 
if  some  of  the  opinions  and  statements  expressed  therein  were 
more  in  accordance  with  facts. 

The  paper,  although  dated  from  the  University  of  Kansas, 
is  no  more  nor  less  than  one  of  the  so-called  industrial  research 
fellowships  inaugurated  by  Professor  Duncan,  and  which  are 
paid  for  in  the  interest  of  purely  commercial  enterprises.  In 
the  paper,  the  author  refers  to  "our  firm,  S.  Karpen  &  Brothers, 
of  Chicago,"  which  tends  to  offset  somewhat  any  prestige  the 
mention  of  the  name  of  the  University  of  Kansas  may  bring 
about. 

Among  the  several  erroneous  statements  which  are  to  be 
found  in  the  paper,  I  shall  mention  more  particularly  the  follow- 
ing: 

On  page  6,  second  column,  paragraph  11,  referring  to  the  use 
of  hexamethylentetramin.  it  is  stated  that  the  British  patent 
Wetter  (Lebach)  "shows  clearly  that  this  reaction  is  no  other 
than  a  water  process  to  which  a  condensing  agent  has  been  added." 
In  reality,  the  patent  in  question  says  nothing  of  this  kind;  the 
text  clearly  (on  page  3,  lines  50,  etc.)  reads  as  follows:  "The 
40  per  cent  formaldehyde  may  be  replaced  also  by  its  polymeri- 
zation products,  as  well  as  by  substances  which  yield  formalde- 
hyde, such,  for  example,  as  hexaimethylentetramine." 

On  page  7,  first  column,  the  paragraph  entitled  "Problem," 
recites  a  problem  where  the  authors  show  a  fertile  imagination, 
untrammelled  by  mere  cold  sober  facts.  For  instance,  they 
state:  "The  resins  formed  (by  the  dry  process  as  claimed  by  the 
authors)  have  very  great  commercial  possibilities  on  account  of 
their  uniformity,  chemical  inertness,  dielectric  properties,  me- 
chanical strength,  high  refractive  index  (luster),  plasticity  at 
certain  stages  and  the  cheapness  and  supply  of  the  raw  materials 
from  which  these  resins  are  manufactured." 

In  how  far  this  statement  is  in  accordance  with  the  real  facts, 
is  shown  further  by  direct  comparative  measurements  and  tests; 
it  will  be  demonstrated  that  it  matters  not  whether  the  process 
is  carried  out  wet  with  my  older  process,  or  dry  according  to 
the  directions  of  the  authors. 

The  last  sentence,  referring  to  "the  cheapness  and  supply  of 
the  raw  materials,"  looks  rather  awkward  in  so  far  as  it  refers 
to  hexamethylentetramin,  which  is  manufactured  from  formal- 
dehyde and  ammonia,  followed  by  evaporation,  crystallization 
and  drying.  How  this  is  a  cheaper  raw  material,  or  a  better 
supplied  material  than  a  plain  mixture  of  ammonia  and  formal- 
dehyde, is  beyond  my  understanding. 

Further  down  (page  7)  a  rather  narrow  and  arbitrary  con- 
struction is  put  on  the  definition  of  the  word  "bakelite."  The 
fact  is  overlooked  that  "bakelite"  is  merely  a  registered  trade- 
mark name  for  phenolic  condensation  products.  It  is  true  that 
in  my  first  publication  on  this  subject'  I  have  referred,  as  a 
typical  example  of  bakelite,  to  a  product  resulting  from  the 
union  of  6  molecules  of  phenol  and  7  methylen  groups,  which 
shows  good  resistance  to  acetone,  while  similar  products  contain- 
ing more  phenol  seem  to  contain,  at  the  same  time,  saliretin 
products  which  weaken  their  resistivity  to  acetone.  For  tech- 
1  This  Journal,  1,  No.  3  (1909).  page  149. 
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iiical  purposes,  however,  many  kinds  of  bakelite  are  manufac- 
tured, some  of  them  containing  more  phenol,  others  containing 
homologs  of  phenol,  others  again  containing  a  considerably 
larger  amount  of  mcthylen-grouiis. 

In  my  Willard  Gibbs  lecture'  I  pointed  out  this  fact  as  fol- 
lows: "This  simple  way  of  interpretation  has  the  advantage 
that  it  accounts  for  the  possible  existence  of  any  number  of  simi- 
lar bodies  made  with  a  varying  proportion  of  formaldehyde. 
l'"or  instance,  it  leaves  the  possibility  of  imagining  that  a  product 
may  exist  which  is  derived  from  more  than  six  molecules  of  oxy- 
lienzylalcohol  and  one  molecule  of  methylenglycol,  which  then 
would  show  less  chemical  resistivity.  In  the  same  way,  it  allows 
conception  of  varieties  of  the  same  product  with  a  smaller  num- 
lier  of  molecules  of  phenol-alcohol  entering  into  reaction  with  one 
molecule  of  formaldehyde  or  methylenglycol. 

"Numerous  facts  point  to  the  existence  of  such  modified  bodies 
of  which  the  chemical  and  physical  inertness  increases  with  the 
lesser  amount  of  molecules  of  phenol-alcohol,  which  enter  into 
reaction  with  one  molecule  of  methylenglycol;  or  to  put  it  sim- 
pler, of  which  the  resistivity  increases  with  the  larger  amount 
of  formaldehyde  which  reacts  with  a  given  amount  of  phenol. 
Dr.  H.  Lebach  \Z.  angew.  Chem.,  22,  1599  (1909)]  called  atten- 
tion to  the  existence  of  a  condensation  product  resulting  from  the 
action  of  one  molecule  of  methylenglycol  (formaldehyde)  on 
disaligenosaligenin : 


:    HiO— CHa— 0;H 
cm-  HO 


rO— CH2 o — I 

=  2H20-|-C6H4.CH2.0.C6H4.CH2 


C6H4— CH2.0.C6H4.CH2 

Disaligenosaligeninmethylenglycolether. 

"The  latter  corresponds,  in  practice,  to  condensation  products 
resulting  from  tlie  direct  reaction  of  two  molecules  of  phenol  on 
tlu^ee  molecules  of  formaldehyde." 

Some  of  these  varieties  of  bakelite,  containing  more  methylen 
groups,  have  been  manufactured  here  and  abroad  for  certain 
purposes,  and  are  characterized  by  a  considerably  increased 
resistivity,  especially  towards  caustic  alkalies. 

The  statement  that  dry  hexamethylentetramin  and  dry 
Iihenol  heated  together  evolve  no  water,  may  have  a  theoretical 
significance,  but  it  does  not  alter  the  fact  that  large  amounts  of 
gaseous  ammonia  are  set  free,  and  that  the  ammonia  is  even 
more  troublesome  than  water,  as  far  as  the  technical  applications 
are  concerned.  But  right  here  my  patented  process  for  the 
conjoint  use  of  heat  and  pressure  becomes  of  paramount  value, 
because  its  practice  obtains  homogeneous  articles,  where  otherwise 
a  porous  useless  mass  would  be  the  result. 

With  the  use  of  much  smaller  amounts  of  ammonia,  or  other 
alkalies,  homogeneous  products  can  be  obtained  at  relatively 
low  temperatures,  without  the  use  of  pressure,  and  this  is  one 
of  the  advantages  of  the  use  of  small  amounts  of  bases. 

On  page  8,  paragraph  3,  the  authors  avoid  the  disturbing  in- 
fluence of  ammonia,  by  producing  a  porous  mass  of  material  B, 
or  "intermediate  product,"  and  then  welding  together  the 
ground-up  material  in  a  hot  hydraulic  press.  They  omit,  how- 
ever, to  refer  to  my  two  United  States  patents  Nos.  939,966  and 
942,700,  where  this  process  is  very  accurately  described. 

On  page  8,  second  paragraph,  second  column,  the  statement 
occurs:  "This  reaction  between  a  phenolic  body  and  an  active 
methylene  group  may  be  followed  by  simply  measuring  the 
amount  of  ammonia  which  has  been  evolved."  Instead  of  stat- 
ing: "This  is  especially  true  if  the  phenol  is  in  excess,"  the 
correct  thing  would  be  to  state  that  it  is  only  true  in  case  phenol 
is  in  large  excess.  Under  the  latter  conditions,  a  permanently 
fusible,  soluble  resin  is  formed — a  "novolak."'  Then  indeed, 
'  This  Journai,.  6,  506. 
^  Ibid.,  1  (1909),  page  545. 


the  elimination  of  ammonia  during  the  beating  process  is  com- 
plete, and  the  amount  of  ammonia  evolved  becomes  an  accurate 
indication  of  the  progress  of  the  reaction.  But  such  is  not  the 
case  if  less  phenol  be  used,  because  then  an  infusible,  insoluble 
product  is  formed,  which  is  totally  different  in  chemical  compo- 
sition and  in  general  properties,  and  which  retains  a  considerable 
amount  of  ammonia  in  the  final  product.  The  evolution  of 
this  ammonia  gas  keeps  on  to  the  moment  when  the  product 
solidifies  to  an  infusible  porous  mass.  But  here  again,  my  patent 
for  the  conjoint  use  of  heat  and  pressure.  No.  942,700,  comes  in 
most  handy  whenever  technical  applications  are  concerned. 

That  part  of  the  paper  which  describes  the  method  of  producing 
Novolak  by  the  action  of  small  amounts  of  hexa,  on  an  excess 
of  phenol,  gives  also  the  analysis  of  the  resulting  fusible  resin. 
If  we  take  into  consideration  the  difficulty  of  this  class  of  chemical 
investigation,  the  recorded  results  confirm,  to  a  remarkable  de- 
gree, the  data  and  conclusions  at  which. I  arrived  in  my  paper, 
"  On  Soluble,  Fusible  Resinous  Condensation  Products  of  Phenols 
and  Formaldehyde."'  The  authors  substitute  the  long 
name  of  "phenyl-endika-saligeno-saligenin,"  for  the  shorter 
name  "novolak." 

It  seems  to  me  that  the  authors  might  have  done  better  justice 
to  Dr.  C.  P.  Steinmetz,  of  Schenectady,  N.  Y.,  by  mentioning 
that  this  method  for  making  a  permanently  fusible  resinous  con- 
densation product,  was  described  in  all  its  details,  by  him,  in 
his  pending  patent  application  of  which  Dr.  Redman  got  knowledge 
during  the  interference  proceedings  before  the  United  States 
Patent  Office,  in  which  Dr.  .Steinmetz,  Mr.  Byron  Goldsmith,  as 
well  as  Dr.  Redman,  and  myself  are  contesting  parties. 

As  to  the  transformation  of  this  or  any  other  Novolak  into 
infusible  products  by  further  heating  with  methylen-containing 
bodies,  like  paraform,  hexamethylentetramin,  etc.  (see  page  10, 
column  2,  last  paragraph)  this  is  a  well  known  and  well  de- 
scribed process,  patented  by  Mr.  Aylsworth,  as  well  as  by  myself.' 

On  page  9,  second  column,  occurs  this  statement:  "We  have, 
at  present,  in  our  laboratory  rods  of  this  material  2  feet  long  and 
I'/o  inches  in  diameter  which  have  been  produced  by  simply 
pouring  the  material  while  liquid  into  open  molds  and  allowing 
it  to  harden  under  suitable  heat  treatment  without  the  applica- 
tion of  external  pressure.  These  rods  in  the  final  condition  are 
homogeneous,  almost  water  white  transparent  and  free  from 
fractures  or  gas  bubbles."  This  statement  would  be  more  sig- 
nificant if  it  were  accompanied  by  some  data  as  to  tensile 
strength  or  brittleness  of  this  product,  or  if  it  were  stated  at  the 
same  time,  that  its  method  of  production  was  not  borrowed  from 
some  other  existing  patents. 

As  to  the  table  of  analyses  published  on  page  1 1,  first  column, 
some  of  the  results  relating  to  bakelite  products  are  strikingly 
inconsistent  with  all  the  theoretical  speculations  of  Dr.  Redman; 
for  instance,  "a  bakelite  pipe  stem  bought  in  the  open  market" 
shows  a  higher  percentage  of  material  insoluble  in  KOH  than 
any  of  the  materials  made  with  dry  phenol  and  dr>'  hexamethyl- 
entetramin, although  the  latter  product  is  vaunted  to  be  an  im- 
provement over  the  first. 

The  apparatus  described  on  page  11,  for  determining  whether 
water  is  set  free  when  reacting  with  an  excess  of  phenol  on  hexa- 
methylentetramin, seems  to  invite  a  very  serious  objection  as 
to  the  suitability  of  this  method.  Indeed,  the  inverted  condenser 
designated  by  8  seems  to  be  the  best  means  for  preventing  any 
formed  water  to  enter  into  the  train  of  absorbing  tubes  where  the 
water  is  supposed  to  be  determined.  Furthermore,  it  is  a  well 
known  fact  that  pure  phenol  has  a  decided  tendency  to  retain 
small  amounts  of  water  and  this  even  at  high  temperatures. 

It  should  be  noted  that  in  these  condensation  products,  it 
is  not  a  matter  whether  10  or  5  i)cr  cent  or  even  i  per  cent  of 

*  This  Journal,  1,  545 

•Aylsworth.  U.  S.  Patent  No.  1.020,593;  Baekeland,  U.  S.  Patent  N"o^ 
1,038,475. 
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water  is  evolved,  but  whether  such  small  quantities  as  0.5  or 
o.  I  per  cent  are  retained  in  the  mass.  It  is  easy  enough  to  drive 
off  any  amount  of  water  up  to  the  last  traces,  even  if  one  starts 
with  water-containing  materials.  In  some  cases,  the  removal 
of  these  last  traces  of  water  is  not  necessary.  In  other  cases, 
for  instance,  when  the  material  has  to  be  used  as  an  insulator 
for  high-voltage-high-frequency  currents,  then  it  is  very  impor- 
tant that  even  the  smallest  traces  of  water  should  be  eliminated. 
When  it  comes  to  that  point,  the  presence  of  free  ammonia  is 
just  as  objectionable,  because  the  latter  attracts  water  and  in- 
creases the  surface  conductivity. 

On  paper,  the  reaction  between  phenol  and  hexamethylen- 
tetramin  ought  to  occur  without  setting  free  anything  but  NH3. 
Yet,  we  know  in  practice,  that  organic  reactions  are  seldom,  or 
ever  100  per  cent;  in  other  words,  any  organic  reaction  is  ordi- 
narily accompanied  by  the  formation  of  some  by-products. 
Many  organic  chemists  in  their  rather  inaccurate  ways  of  ex- 
pressing themselves  are  apt  to  speak  of  "a  quantitative  reaction" 
when  the  reaction  shows  99  V2  P^r  cent  or  even  much  lower.  I 
have  heard  reference  made  to  quantitative  reactions,  when  in 
reality  5  and  even  7  per  cent  of  by-products  were  formed. 

In  relation  to  the  question  whether  water  is  necessarily  present 
in  the  end-product  when  starting  from  wet  materials,  I  can  state 
that  there  is  no  trouble  in  producing  bakelite  by  means  of  water- 
containing  substances,  like  formalin  (or  so-called  aqueous  formal- 
dehyde solutions)  and  of  which  the  infusible  end-product  showed 
incomparably  better  dielectric  properties  than  what  we  obtain  in 
making  a  material  by  means  of  dry  phenol  and  dry  hexamethylen- 
tetramin,  as  described  by  Dr.  Redman  and  his  collaborators. 

On  page  12,  column  2,  it  is  stated  that  anisol  will  not  react  on 
hexamethylentetramin,  and  some  arguments  are  advanced  to 
that  effect.  This  statement,  by  itself,  might  make  some  impres- 
sion, but  for  the  fact  that  a  few  lines  further  it  is  asserted  that 
anisol  will  react  with  hexamethylentetramin.  "Anisol"  is 
certainly  an  exemplary  well  behaved  substance,  which  does  not 
react  when  the  authors  desire  it  to  behave  so,  but  which  obe- 
diently reacts  when  for  some  theoretical  argument,  it  should 
react,  providing  it  be  in  the  encouraging  company  of  6  molecules 
of  phenol.  It  then  obeys  discipline  as  a  Prussian  soldier,  and 
ranges  itself  exactly  on  the  extreme  end  of  a  row  of  benzol  groups, 
military  fashion,  and  stands  there  like  a  corporal  on  a  battle- 
field, to  ward  off  any  attack  on  the  line. 

As  a  result  of  this  exemplary  behavior,  it  is  stated  that  a 
lacquer  film  made  with  some  anisol,  stands  72  hours  a  solution 
of  TV  caustic  potash  solution,  without  loosening. 

Unfortunately,  for  all  this  argument,  nothing  is  easier  than  to 
prepare  lacquer  films  from  ordinary  cheap  cresols  containing 
enough  metacresol,  which  will  not  detach  neither  in  72  hours 
nor  in  90  hours. 

On  page  13,  column  2,  paragraph  2,  I  read:  "  Dr.  Baekeland 
concludes  that  the  final  product  is  not  obtained  through  the 
polymerization  of  novolak  as  an  intermediate  product,  but  that 
the  growth  of  the  chain  stops  when  six  phenols  have  entered  and 
that  an  extra  hydrated  formaldehyde  forms  with  the  six  phenol 
chain  an  irmer  anhydride  as  shown  by  the  following  formula: 

C6Hj.OCH2,C6H40CH2.C6H,.OCH2.C6H4.0CH2.C6H4,OCH2.C6H4." 
I o CW O 1 

I  am  not  aware  that  I  ever  took  the  initiative  of  commanding 
this  molecular  chain  to  stop  or  not  to  stop.  My  molecules  do 
not  seem  to  be  as  obedient  as  anisol  is  to  Dr.  Redman  and  his 
collaborators.  In  my  former  publications  I  have  stated  that  we 
can  conceive  molecular  chains  shorter  or  longer.'  Further- 
more, experience  has  taught  me  enough  sober  sense  not  to  be 
dominated  exclusively  by  any  purely  theoretical  considerations, 
when  referring  to  such  complicated  substances  as  these  conden- 
sation products.  When,  in  my  first  publication,  I  proposed  a 
'  This  Johrnai.,  6  (1913),  506. 


straight  chain  formula,  I  had  no  presumption  whatever  of  calling 
this  a  final  explanation.  In  offering  this  formula,  I  was  careful 
to  add  "until  we  have  something  better."  In  my  Willard  Gibbs 
lecture  doc.  cil.)  I  repeated  these  same  thoughts.  I  also  quoted: 
"Even  Dr.  Raschig  warns  us  with  the  natural  conservatism  of 
an  able  chemist  of  long  and  wide  experience,  when  he  says: 
'  Ueber  die  Chemie  des  Bakelit  tappen  wir  noch  voUstandig  im 
Dunkeln. '  " 

That  the  "chain  formula"  does  not  explain  everything  is 
clearly  shown  by  the  rather  large  formation  of  such  secondary 
products  as  dioxydiphenylmethan,  which  in  its  turn  can  be  con- 
verted by  the  action  of  more  methylen  groups  into  bakelite  as 
announced  by  me  last  year.'  In  this  case,  the  dioxydi- 
phenylmethan acts  simply  as  a  diphenol.  Lately  a  similar 
reaction  has  been  described  by  Beatty,*  who  starts  from  a  similar 
phenolic  body,  dimethyldioxydiphenylmethan,  obtained  after 
the  method  described  in  1891  by  Dianin,  consisting  in  reacting 
with  acetone  upon  phenol  in  presence  of  an  acid.^ 

All  this  should  warn  us  against  too  one-sided  theoretical  inter- 
pretations in  regard  to  the  constitution  of  the  process  of  reaction 
of  any  of  these  colloidal  bodies,  which  undoubtedly  are  composed 
of  several  substances,  all  intermixed  and  in  such  a  condition  that 
it  is  impossible  to  separate  or  purify  them  by  our  usual  chemical 
methods,  which  are  available  for  crystalline  or  volatile  sub- 
stances. 

The  negative  properties  and  general  inertness  of  these  hard, 
infusible  condensation  products  is  the  very  reason  why  we  can 
not  apply  to  their  study  the  accepted  scientific  methods,  and  why 
it  becomes  practically  impossible  to  establish  their  constitution 
beyond  mere  conjectures. 

But  a  very  practical  question  presents  itself.  Are  the  conden- 
sation products  obtained  by  the  action  of  anliydrous  hexamethyl- 
entetramin on  anhydrous  phenols,  really  different  from  those 
obtained  by  the  so-called  wet  processes? 

This  question,  at  least,  is  easy  to  answer:  The  so-called 
phenyl-endika-saligeno-saligenin,  notwithstanding  its  long  name, 
is  identical  with  the  permanently  fusible  shellac  substitutes  of 
Blumer,  DeLaire  and  others,  which  I  have  called  Novolak.  In 
fact,  for  substances  so  difficult  to  ptu-ify,  its  properties,  as  well 
as  its  chemical  composition,  as  recorded  by  Dr.  Redman  and  his 
collaborators,  are  strikingly  similar  to  Novolak.'' 

As  to  the  infusible  products  obtained  by  the  use  of  more  hexa- 
methylentetramin, let  us  compare  their  physical  and  chemical 
properties  with  those  of  bakelite  obtained  by  the  use  of  the  so- 
called  "wet-process." 

TENSILE    STRENGTH 


Redman  product 
Tensile  strength  between  2000 
and  4500    lbs.    per    square 
inch. 


Bakelite 
Tensile  strength  average,  5000 
lbs.  per  square  inch.  High- 
est,   7350   lbs.    per   square 
inch. 


CRUSHING    STRENGTH 

20,000  to  30,000  lbs.  per  square       Averages     26,000     lbs.      per 
inch.  square  inch. 

DIELECTRIC    STRENGTH 

'/j  millimeter  thick  gave  vol-  '/j  mm.   thick  gave    voltage 

tage  puncture  from  40,000  puncture  40,000  to  50,000 

to  50,000  volts.  volts. 

SPECIFIC   ELECTRIC   RESISTANCES   AND    SURFACE    CONDUCTIVITY 

Recent  comparative  tests  have  shown  that  plates  of  bakelite 
and  the  material  made  by  the  method  described  by  Dr.  Redman, 

'  This  Journal,  6,  506. 
2  Beatty,  French  Patent  No.   447,647. 

'  Berichle.  28  (1892).  Referate  p.  334-37;  Dianin  (/ourn.  d.  russ  pliys.- 
chem    Geiellsch..  1891  (1).  488-517,  523-546,  601-611). 
>  This  Journai..  1,  545. 
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have  practically  the  same  specific  electrical  resistance  and  the 
same  surface  conductivity. 

If  we  add  that  all  the  infusible  materials  made  from  phenol 
(hydroxybenzol)  and  forinaldehyde  and  ammonia,  or  hexamethyl- 
entetramin,  dry  or  wet,  have  the  same  specific  gravity,  the  same 
color,  the  same  appearance,  the  same  resistivity  to  solvents  and 
chemicals,  and  that  up  till  now,  no  property  has  been  mentioned 
which  is  not  common  to  all  these  products,  it  becomes  easy  to 
draw  conclusions  as  to  their  absolute  identity. 

L  H.  Baekeland 
YoNKERS,  Ngw  York 
January  10,   1914 


OZONE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Referring  to  the  editorial,  on  the  above  subject  (This  Journal, 
5,  882),  commentirig  on  tests  of  ozone  published  recently  in  the 
Journal  of  the  American  Medical  Association,  I  wish  to  call  to 
your  attention  that  the  manner  in  which  these  tests  were  con- 
ducted, leaves  large  room  for  doubt  as  to  the  reliability  of  the 
conclusions  drawn  by  the  authors  and  that  the  readers  of  your 
valuable  paper  should  be  warned  against  accepting  them  without 
more  convincing  proof. 

After  a  careful  study  of  the  reports,  I  am  impressed  that  many 
of  the  conclusions  are  imaginary  and  not  proven  by  the  results 
obtained.  For  example,  tests  were  made  on  three  men  by  placing 
them  individually  in  front  of  a  large  ozone  generator  delivering 
a  strong  blast  of  ozonized  air  at  high  concentration,  the  face  of 
the  victim  being  only  a  few  inches  from  the  outlet  of  the  ozone 
generator.  One  of  the  victims  had  a  "sore  throat"  ("cold") 
at  the  begiiming  of  the  experiments.  The  experimenters  con- 
cluded from  the  results  of  the  test  that  breathing  ozone  n  strong 
concentrations  produces  sore  throat.  When  we  consider  the 
probable  effect  of  the  blast  of  air  on  the  face  and  head,  the 
wind  pressure  on  the  nasal  passages  and  the  dust  carried  by  the 
blast,  it  seems  rather  far-fetched  to  make  any  definite  conclusions 
regarding  the  effect  of  ozone,  especially  from  such  a  small  number 
of  tests  and  subjects.  P'urthermore,  the  conditions  of  the  tests 
were  extremely  abnormal  as  it  has  not  been  proposed  to  use  in 
ventilation  concentrations  exceeding  one-tenth  of  that  used  in 
these  tests. 

The  results  of  the  bactericidal  tests  indicate  that  ozone  in 
dry  air  has  little  germicidal  effect.  There  is,  however  over- 
whelming evidence  which  proves  beyond  a  doubt  that  it  will 
destroy  germs  in  water.  This  has  been  thoroughly  tested  out 
liy  the  best  scientific  authorities  in  Europe  in  connection  with  the 
many  municipal  ozone  water  purification  plants,  as  well  as  by 
Pasteur's  Institute  and  the  German  Imperial  Board  of  Health. 
The  latter  were  able  to  destroy  by  means  of  ozone  practically 
all  germs  in  water  containing  as  many  as  30,000  cholera  and 
30,000  typhus  bacteria  per  cubic  centimeter.  As  there  is  always 
considerable  moisture  in  the  respiratory  passages,  it  is  perfectly 
logical  to  suppose  that  the  breathing  of  ozonized  air  may  have 
some  beneficial  effect. 

The  fact  that  the  guinea  pigs  died  in  an  atmosphere  of  strongly 
concentrated  ozone  is  not  surprising,  as  there  is  no  substance 
known  to  science  which  will  destroy  bacteria  without  also  de- 
stroying animal  tissue.  For  this  reason,  antiseptics  cannot  be 
used  ull  strength  and  the  best  that  is  expected  from  their  use 
is  to  stunt  the  growth  and  prevent  the  propagation  of  the  bac- 
teria. 

The  tests  on  the  animals  in  the  cages  supplied  with  mild 
concentrations  of  ozone  showed  practically  neutral  results, 
i.  c,  there  was  no  pronounced  beneficial  or  detrimental  effects 
noted.  The  duration  of  the  tests  was  entirely  too  short  to  be 
conclusive. 

I'he  test  tliese  experimenters  made  of  blowing  ozonized  air 
01    a  piece  of  paper  covered   with    lumiililiick  to  determine  the 


effect  of  ozone  on  tobacco  smoke,  was  going  a  long  way  around. 
It  seems  to  me  the  proper  way  to  make  such  a  test  would  be  to 
make  it  on  tobacco  smoke  inste3.d  of  lampblack.  Particles  of 
carbon  in  lampblack  are  very  many  times  larger  than  the  float- 
ing particles  of  tobacco  smoke  and  hence,  the  oxidation  of  the 
latter  in  its  very  finely  divided  state  might  take  place  when 
lampblack  would  not  be  appreciably  affected. 

W.  H.  Thompson 
Wrstinghouse  Electric  &  Mfg.  Co. 
East  Pittsburgh.  Pa. 
December  16.  1913 


RAPID  DETERMINATION  OF    COPPER  IN  STEEL,  CAST 
IRON  AND  ALLOY  STEELS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  steadily  increasing  use  of  copper  in  steel  in  the  last  year 
or  so  has  created  a  demand  for  a  more  rapid  determination  of 
that  element  in  steel  than  is  possible  by  the  present  method  of 

analysis. 

Copper  in  steel  is  usually  determined  by  being  precipitated  as 
copper  sulfide  by  the  means  of  hydrogen  sulfide  or  sodium  hypo- 
sulfite.  The  copper  sulfide  is  then  generally  incinerated  in  a 
porcelain  crucible,  digested  at  a  gentle  heat  with  nitric  acid, 
transferred  to  a  platinum  crucible  and  evaporated  with  hydro- 
fluoric and  sulfuric  acids  to  remove  silica. 

The  residue,  if  not  soluble  in  sulfuric  acid,  is  fused  at  a  low 
heat  with  sodium  or  potassium  pyrosulfate.  The  copper  is 
then  deposited  electrolytically  from  the  acid  solution,  or  de- 
termined colorimetrically  in  an  ammoniacal  solution. 

In  the  presence  of  titanium  and  molybdenum  there  are  varia- 
tions of  this  method  which  make  it  even  more  tedious  and  time- 
consuming.  There  is  nothing  new  or  original  claimed  for  the 
method  about  to  be  described  as  it  follows  very  closely  Low's 
method  for  the  precipitation  of  copper  by  aluminum,  but  so  far 
as  the  writer  is  aware,  it  has  never  been  used  for  the  determina- 
tion of  copper  in  steels  or  irons. 


From  three  to  five  grams  of  steel,  depending  upon  the  amount 
of  copper  present,  are  dissolved  in  a  mixture  of  60  cc.  of  water 
and  7  cc.  of  sulfuric  acid  (sp.  gr.  1.84)  in  a  250  cc.  beaker.  .After 
all  action  has  ceased,  place  in  the  beaker  a  piece  of  sheet  alu- 
minum prepared  as  follows:  Cut  a  stout  piece  of  sheet  aluminum 
I V2  inch  square  and  bend  the  corners  so  that  it  will  stand  upon 
its  edge  in  the  beaker. 

Boil  the  solution  from  twenty  to  twenty-five  minutes  which 
will  be  sufficient  to  precipitate  any  amount  of  copper  liable  to 
be  present.  Remove  from  the  heat  and  wash  the  cover  and  sides 
of  the  beaker  with  cold  water.  Decant  the  liquid  through  a 
S  &  S  II  cm.  filter.  Wash  the  precipitate  three  times  with  cold 
water,  then  place  the  filter  in  a  100  cc.  beaker.  Pour  over  the 
aluminum  in  the  beaker  8  cc.  of  nitric  acid  (sp.  gr.  1.42)  and  15 
cc.  of  water  and  heat  to  boiling.  Pour  this  over  the  filter  in 
the  100  cc.  beaker  and  boil  until  the  paper  is  a  fine  pulp,  whidi 
requires  only  a  few  minutes.  Remove  from  the  hot  plate  and 
filter,  wash  with  water,  receiving  the  filtrate  in  an  electrolytic 
beaker,  add  2  cc.  of  sulfuric  acid  (sp.  gr.  1.84)  and  electrolyze. 
using  2  amperes  and  2  volts.  Gauze  cathodes  and  anodes  are 
used  and  the  deposition  is  completed  in  from  one  to  one  and  a 
quarter  hours.  The  total  time  of  the  determination  from 
the  weighing  of  the  sample  to  the  weighing  of  the  copper  is 
about  three  hours,  and  with  the  proper  equipment,  a  large  num- 
ber of  samples  may  be  run  at  the  same  time. 

Below   are   some   of   the  results  obtained   on    the  Bureau  of 

Standards'  samples. 
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Average  copper 

present  Copper  found 

Name                                                             Per  cent  Per  cent 

Vanadium  steel  No.  24 0.022  0.020 

Chrome  nickel  steel  No.  32 0.056  0.056 

Chrome  vanadium  steel  No.  30 0.070  0.066 

Nickel  steel  No.  33 0.150  0,150 

No.  5  A  iron  (C) 0 .  060  0  ,  063 

As  a  further  proof  of  the  accuracy  of  this  method,  known 
amounts  of  pure  electrolytic  copper  containing  99.88  per  cent 
of  copper  were  added  to  the  Bureau  of  Standards'  sample  No. 
14  A  steel.  The  mi.\ed  drillings  were  dissolved  in  20  cc.  of 
(2-1)  nitric  acid,  8  cc.  of  sulfuric  acid  (sp.  gr.  1.84)  added  and 
the  solution  evaporated  until  sulfuric  acid  fumes  were  evolved 
freely.  The  solution  was  allowed  to  cool  and  then  25  cc.  of  cold 
water  were  added  and  the  solution  was  heated  until  all  the 
sulfate  was  dissolved.  The  solution  was  filtered  and  the  filter 
washed  with  hot  water.  The  volume  (not  to  exceed  75  cc.) 
was  brought  to  a  boil  and  the  sheet  aluminum  introduced. 
Procedure  was  the  same  as  stated  before,  except  that  after  the 
solution  was  decanted  through  the  filter  and  washed  with  water, 
the  copper  was  dissolved  on  the  filter  and  the  filtrate  rece  ved 
in  an  electrolytic  beaker  and  electrolyzed  as  usual.  The  results 
obtained  follow: 

Copper  added  Copper  found 

Per  cent  Per  cent 

0.499  0.40 

0.998  0.99 

1.997  1.97 

2  .  996  3  .  00 

3.995  3.99 

4.994  4.98 

I  wish  to  give  credit  to  Mr.  George  Shuster  of  the  laboratory 
force,  who  tried  out  this  method  and  obtained  the  results  stated 
above. 

William  B.  Price 

Waterburv,  Conn. 
Oct.    25,    1913 

INTERNATIONAL  ELECTRICAL  CONGRESS,  1915. 

The  International  Electrical  Congress  is  to  be  held  at  San 
Francisco,  September  13-18,  1915,  under  the  auspices  of  the 
American  Institute  of  Electrical  Engineers,  by  authority  of  the 
International  Electrotechnical  Commission  and  during  the 
Panama-Pacific  International  Exposition.  Dr.  C.  P.  Steinmetz 
has  accepted  the  Honorary  Presidency  of  the  Congress.  The 
deliberations  of  the  Congress  will  be  divided  among  twelve 
sections  which  will  deal  exclusively  with  electricity  and  elec- 
trical practice.  There  will  probably  be  about  250  papers. 
The  first  membership  invitations  will  be  issued  in  February 
or  March,  1914. 

Attention  is  drawn  to  the  distinction  between  this  Electrical 
Congress  and  the  International  Engineering  Congress  which 
will  be  held  at  San  Francisco  during  the  week  immediately 
following  the  electrical  congress.  The  engineering  congress  is 
supported  by  the  Societies  of  Civil,  Mechanical  and  Marine 
Engineers  and  by  the  Institutes  of  Mining  and  Electrical  Engi- 
neers, as  well  as  by  prominent  Pacific  Coast  engineers  who  are 
actively  engaged  in  organizng  it.  This  Congress  will  deal  with 
engineering  in  a  general  sense,  electrical  engineering  subjects 
being  limited  to  one  of  the  eleven  sections  which  will  include 
about  twelve  pajiers,  treating  more  particularly  applications  of 
electricity  in  engineering  work. 

The  meeting  of  the  International  Electrotechnical  Commission 
will  be  held  during  the  week  preceding  that  of  the  Electrical 
Congress. 

SPRING  MEETING  OF  THE  AMERICAN  CHEMICAL 
SOCIETY 

The  Forty-ninth  General  Meeting  of  the  American  Cliemical 
Society  will  be    held    in    Cincinnati,    Ohio,    April    8-11,    1914 


The  officers  of  the  local  section  are :  President,  F.  W.  Weissmann, 
2900  Vine  St.,  Cincinnati,  Ohio,  and  Secretary,  Stephan  J. 
Hauser,  1623  Maple  Avenue,  College  Hill,  Cincinnati,  Ohio. 
A  more  complete  statement  of  the  meeting  will  appear  in  the 
March  issue  of  This  Journal.  The  titles  of  papers  should  be 
sent  to  the  Secretary,  Charles  L.  Parsons,  Box  505,  Washington, 
D.  C. 

The  following  chairmen  of  committees  have  been  appointed: 

Executive  Committee,  Frederick  W.  W'eissmann. 

Finance  Committee,  Archibald  Campbell. 

Transportation  and  Excursions,  Gordon  Farnham. 

Press,  Publicity  and  Printing,  C.  T.  P.  Fennel. 

Reception  and  Registration,  J.  W.  Ellms. 

Ladies'  Reception.  Mrs.  J.  W.  Ellms. 

Entertainment,  Richard  Lord. 

Smoker,  F.  C.  Broeman. 

Banquet,  L.  W.  Jones. 

Meeting  Places,  John  Uri  Lloyd. 

Chas.  L.  Parsons 

BUREAU  OF  STANDARDS'  ANALYZED  SAMPLES 
The  Bureau  of  Standards,  Washington,  D.  C,  is  prepared  to 
issue  a  sheet  brass  of  the  following  composition,  approximately: 

Per  cent 

Tin l.O 

Lead 1.0 

Copper 70.3 

The  fee,  payable  in  advance 
150  grams  weight. 

January  6,  1914 


Per  cent 

Zinc 27.0 

Iron 0.3 

Nickel 0.5 


is  $3.00  per  sample  of  about 
S.   W.  Stratton,  Director 


SYNTHETIC 

We  note  the  following 
title.  This  Journal,  6,  3. 

(i)  Page  8,  Column  i, 
should  read: 

"2HO.CHo,C6H,OH  — 

(2)  Page  lo,  Column  i 

"  CsHsOCHj.CeHi 

(3)  Page  13.  Column  2 

"79  per  cent" 


January  21,  1914 


RESINS—CORRECTION 

errors  in  our  article  under  the  above 

four  lines  from  the  end,  the  equation 

-^  HO.CH2.C6H40.CH...C6H40H." 
below  the  first  table: 
OCH2.CcH,(  )OCH,.C6HiOH." 
line  nine  from  the  end: 
should  read  76  per  cent. 

L.  V.  Redman 
A.  J.  Weith 
F.  P.  Brock 


VEGETABLE  OILS  EXPORTED  FROM  CHINA,  1912 

The  Oil.  Paint  and  Drug  Reporter  states  that  exports  of  vege- 
table oils  from  China  in  191 2  amounted  to  35,046  net  tons  of 
bean  oil,  20,281  net  tons  of  peanut  oil,  and  44,815  tons  of  wood„ 
tea  seed  and  other  oils. 

ANNUAL  TABLES  OF  CONSTANTS,  ETC.,  VOL.  III. 

Volume  III  of  the  Annual  Tables  of  Constants  and  Numerical 
Data,  Chemical,  Physical  and  Technological,  published  by  the 
International  Commission  of  the  Vllth  and  Vlllth  International 
Congresses  of  Applied  Chemistry  is  now  in  press  and  will  be 
issued  in  the  first  half  of  1914.  A  descriptive  circular  with 
references  to  reviews  of  previous  volumes  may  be  secured  on 
application  to  The  University  of  Chicago  Press. 

The  subscription  to  Volume  III  is  now  opened  and  will  be  closed 
March, ^i,  IQ14.  The  names  of  subscribers  should  be  sent  to 
The  University  of  Chicago  Press,  the  American  agent  for  the 
distribution  of  the  Annual  Tables.  Subscriptions  are  payable  to 
The  University  of  Chicago  Press  at  the  time  of  publication. 

The  subscription  price  of  Volume  III  will  be  the  same  as  for 
Volume  II,  namely,  $6  for  the  unbound  copy,   $6.80   for   the 
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bound  copy  (carriage  free).  Members  of  contributing  societies 
{The  American  Chemical  Society,  The  American  Electrochemical 
Society,  The  Society  of  Chemical  Industry,  the  American  Academy 
of  Arts  and  Science,  the  National  Academy  of  Science)  and  of  con- 
tributing manufacturing  establishments,  are  entitled  to  a  dis- 
count of  20  per  cent  (but  not  on  the  binding)  and  will  receive 
the  volume  imbound  for  $4.80,  or  bound  for  $5.60  (carriage  free) 
provided   their   subscriptions   are  received  by  March  31,    1914. 


After  March  31,  1914,  the  price  will  be  raised  to  $6.40  (un- 
bound) and  $7.20  (bound)  and  a  charge  will  be  made  for  carriage 
and  no  discounts  allowed. 

Julius  Stiegutz,  University  of  Chicago 
Edward  C.  Franklin,  Leland  Stanford  University 
Henry  G.  Gale,  University  of  Chicago 
Albert  P.  Mathews,  University  of  Chicago 

Commissioners  for  the  United  States 


PERSONAL  NOTES 


Prof.  Theodore  William  Richards,  of  Harvard  University, 
has  been  elected  President  of  the  American  Chemical  Society  for  the 
year  1914.  M.  T.  Bogcrt  and  A.  D.  Little  have  been  elected 
directors,  and  C.  H.  Herty,  Julius  Stieglitz,  L.  H.  Baekeland 
and  W.  L.  Dudley,  councilors-at-large,  for  a  three-year  period. 
An  Anglo-American  Exposition  to  celebrate  the  centenary 
of  peace  and  progress  in  the  arts,  sciences  and  industries  of  the 
United  States  and  Great  Britain,  will  be  held  in  London,  from 
May  to  October.  A  committee  has  been  organized  to  represent 
the  chemical  industries. 

Dr.  C.  E.  K.  Mees,  Director  Research  Department,  Eastman 
Kodak  Company,  gave  a  lecture  illustrated  with  lantern  slides, 
on  the  problems,  equipment  and  organization  for  research,  in 
their  plant  at  Kodak  Park,  Rochester,  before  the  New  York 
Section  of  the  A.  C.  S.,  on  January  9th,  at  The  Chemists'  Club. 

Mr,  A.  K.  Comins,  formerly  in  the  leather  department  of 
A.  D.  Little,  Inc.,  of  Boston,  is  now  with  the  A.  C.  Lawrence 
Leather  Company,  of  Peabody,  Mass. 

The  Wisconsin  Section  of  the  A.  C.  S.  met  on  January  21st. 
Prof.  David  Klein  gave  an  illustrated  lecture  on  "Recent  De- 
velopments in  Colloid  Chemistry." 

Mr.  H,  E.  Howe,  of  the  Bausch  &  Lomb  Company,  gave  an 
illustrated  lecture  on  "Optical  Glass"  and  "The  Projections 
of  Spectra,"  before  the  Western  New  York  Section  of  the  A.  C.  S. 
on  January  13th. 

Sir  William  Crookes  has  been  elected  President  of  the  Royal 
Society.  In  view  of  the  invariable  practice  that  the  President 
of  the  Royal  Society  should  hold  no  office  in  similar  learned 
societies  at  the  same  time,  he  has  been  obliged  to  resign  the 
Presidency  of  The  Society  of  Chemical  Industry,  to  which  he 
was  elected  at  the  annual  meeting  in  1913. 

Dr.  Rudolph  Messel  was  elected  President  of  The  Society  of 
Chemical  Industry,  by  the  Council,  on  December  22nd,  to  com- 
plete the  unexpired  term  of  Sir  William  Crookes. 

The  Philadelphia  Section  of  the  A.  C.  S.  held  their  January 
meeting  on  the  22nd.  The  speakers  were  Dr.  Carl  L.  Alsberg, 
Chief  of  the  Bureau  of  Chemistry;  Mr.  Charles  J.  Hexamer, 
of  the  Fire  Underwriters'  Association,  who  gave  an  illustrated 
address  on  "The  Chemistry  of  Fires,  and  Chemicals  in  Fires." 
Prof.  Philip  Maas,  of  the  Central  High  School,  exhibited  a  suite 
of  liquefied  gases. 

Prof.  R.  A.  Wetzel,  of  the  College  of  the  City  of  New  York, 
spoke  at  a  recent  Colloquium  of  the  General  Electric  Company 
Research  Laboratory,  on  the  "Relativity  Principle,"  which  he 
illustrated  with  the  models  recently  described  in  Science. 

Mr.  Wm.  Hoskins  and  Mr.  H'V.  Main  gave  a  lecture  illus- 
trated with  lantern  slides,  before  the  Chicago  Section  of  the 
A.  C.  S.  on  January  i6th,  on  "Atmospheric  Pollution." 

Dr.  Reston  Stevenson  has  been  promoted  to  the  position  of 
Assistant  Professor  of  Chemistry  in  the  College  of  the  City  of 
New  York. 

Dr.  Wolfgang  Ostwald,  of  the  University  of  Leipzig,  Germany, 
is  giving  a  series  of  six  lectures  on  colloid-chemistry  before  va- 
riou ;  universities  and  chemical  organizations  in  America,  includ- 


ing: Columbia,  Chicago,  Johns  Hopkins,  Illinois,  Cincinnati, 
Nebraska,  McGill  (Montreal)  Universities,  Indianapolis  Sec- 
tion of  the  A.  C.  S.,  and  others  to  be  arranged  later. 

The  Alabama  Section  of  the  A.  C.  S.  was  addressed  at  the 
January  24th  meeting  by  Prof.  B.  B.  Ross,  on  "The  Occurrence 
and  Composition  of  Some  Alabama  Phosphates,"  and  by  Prof. 
C.  L.  Hare,  on  "A  Study  of  the  Chemical  Composition  of  Cotton 
Seed." 

The  International  Petroleum  Commission  of  Karlsruhe, 
Grand  Duchy  of  Baden,  Germany,  desire  to  change  the  Com- 
mission into  an  International  Petroleum  Institute,  and 
have  requested  the  Imperial  German  Government  to  submit 
their  plan  to  the  countries  represented  or  interested  in  the  Com- 
mission. 

Mr.  Christian  Dantsizen  and  Mr.  J.  A.  Orange,  of  the  General 
Electric  Company  Research  Laboratory  at  Schenectady,  have 
recently  returned  from  Europe  where  they  spent  three  months 
visiting  plants  of  general  interest  to  the  electrotechnical  industry. 

The  Johns  Hopkins  Medical  School  has  announced  the  fol- 
lowing changes  concerning  the  admission  of  students:  In  1913 
the  number  of  students  in  each  class  was  limited  to  ninety. 
In  order  to  receive  consideration  applications  of  incoming  students 
must  this  year  be  made  by  July  ist.  After  that  date  the  various 
applications  will  be  sifted  and  the  most  likely  ninety  applicants 
chosen.  The  requirements  for  admission  in  chemistry  have  been 
increased  so  that  in  addition  to  the  present  requirement  of  150 
hours  of  laboratory  work  in  inorganic  chemistry,  an  additional 
90-100  hours  of  laboratory  work  in  organic  chemistry  will  be 
required  of  all  students  desiring  to  enter  the  school  after  October, 
1914. 

Virgil  Coblentz,  Chief  Chemist  for  Squibb  &  Co.,  took  the 
lucky  number  in  a  raffle,  entitling  him  to  the  library  and  chemical 
publications  of  the  late  William  McMurtrie.  The  drawing 
was  conducted  by  Dr.  Charles  Baskerville  and  was  held  at 
The  Chemists'  Club,  New  York  City,  on  January  9,  1914. 

The  Southern  California  Section  of  the  A.  C.  S.  had  as  speakers 
at  their  meeting  on  January  i6th,  Dr.  Elbert  E.  Chandler, 
of  Occidental  College,  "The  Universal  Equilibrium,"  and  Mr. 
H.  J.  Lucas,  of  Throop  College  of  Technolog}',  "The  Sanitation 
Service  of  Porto  Rico." 

Prof.  J.  Howard  Mathews,  of  the  Chemistry  Department  of  the 
University  of  Wisconsin,  lectured  on  "Color  Photography," 
before  the  Chicago  and  Indiana  Sections  of  the  A.  C.  S.,  on  De- 
cember i2.th  and  13  th,  respectively,  and  before  the  students  of 
De  Pauw  University  on  the  afternoon  of  December  12th. 

Mr.  H.  J.  Skinner,  Vice-President  of  Arthur  D.  Little,  Inc., 
Mr.  Perry  Barker  and  Mr.  Vasco  Nunez,  of  the  same  organiza- 
tion, spent  two  weeks  in  December  examining  a  large  industrial 
plant  in  Louisiana. 

The  Cornell,  Rochester,  Eastern_  and_^ Western  New  York 
and  Syracuse  Sections  of  the  A.  C.  S.  held  a  joint  meeting  at 
Syracuse  University  on  January  17th.  The  afternoon  program 
was  as  follows:  "Address  of  Welcome,"  Hon.  Louis  Will, 
Mayor  of  Syracuse;  "The  Use  of   Physical  Measurements  in 
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Chemistry,"  Dr.  C.  E.  Kenneth  Mees,  Director  Research 
Laboratories  of  Eastman  Kodak  Co.;  "Hydrogen  Telluride  and 
the  Atomic  Weight  of  Tellurium,"  Dr.  Ross  P.  Anderson  of 
Cornell  University;  "The  Dissociation  of  Hydrogen  into  Atoms," 
Drs.  F.  Langmuir  and  G.  M.  J.  MacKay,  of  the  General  Electric 
Company;  "The  Oxidation  of  Ammonia  to  Nitric  Acid,"  Mr. 
G.  N.  Terziev,  of  the  Solvay  Process  Company;  "Microscopical 
Demonstrations  with  Especial  Reference  to  the  Ultramicroscope," 
Dr.  H.  C.  Cooper,  Syracuse  University.  The  evening  program 
included  a  short  organ  recital,  a  brief  welcome  by  Chancellor 
Day,  of  Syracuse  University  and  a  lecture  on  "Electrical  En- 
ergy," by  Dr.  Charles  P.  Steinmetz,  Professor  in  Union  College 
and  Chief  Consulting  Engineer  of  the  General  Electric  Company. 

Dr.  E.  G.  Love  was  tendered  a  testimonial  dinner  by  the 
members  of  The  Chemists'  Club  and  their  friends,  on  January 
17th,  as  a  mark  of  appreciation  of  his  long  service  as  Chairman 
of^the  House  Committee  of  the  Club. 

The  Eastern  New  York  Section  of  the  A.  C.  S.  held  a  sympo- 
sium on  "Electronics  and  Chemistry,"  at  Schenectady,  on  Janu- 
ary   23rd.     The   symposium   was   led    by    Dr.    Saul    Dushman 


with  supplementary  papers  by  Messrs.  Whitney,  Coolidge  and 
Langmuir,  of  the  General  Electric  Company. 

Mr,  C.  F.  Woods,  secretary  of  Arthur  D.  Little,  Inc.,  pre- 
sented the  Report  of  the  Official  Chemists  to  the  American 
Institute  of  Metals,  at  the  convention  held  in  Chicago  in  Oc- 
tober. On  November  20th,  Mr.  Woods  spoke  before  the  New 
England  Street  Railway  Club  on  "The  Relation  of  the  Chemist 
to  the  P'lectric  Railway." 

The  Pittsburgh  Section  of  the  A.  C.  S.  was  addressed  on  Janu- 
ary 22nd  by  Mr.  E.  R.  Weidlein,  of  the  Mellon  Institute  of  In- 
dustrial Research,  University  of  Pittsburgh,  on  "Adrenaline: 
Its  Nature  and  Composition." 

The  Willard  Gibbs  Medal  for  1914  has  been  awarded  by  the 
jury  to  Doctor  Ira  Remsen,  Past  President  of  the  American 
Chemical  Society,  and  President  Emeritus  of  Johns  Hopkins 
University.  This  medal  was  founded  by  William  A.  Conver.se, 
of  Chicago,  and  is  awarded  annually  by  the  Chicago  Section  of 
the  A.  C.  S.  to  that  chemist  who  is  deemed  worthy  of  recogni- 
tion because  of  eminent  work  in,  and  original  contributions  to, 
pure  or  applied  chemistry. 
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Dictionary  of  Applied  Chemistry,  revised  and  enlarged  edition. 
By  Sir  Edward  Thorpe  and  other  eminent  contributors. 
Five  volumes,  3891  pages.  Price  per  volume,  $13.50;  com- 
plete set,  $67.50.  Longmans,  Green  &  Co.,  London  and 
New  York. 

The  fourth  and  fifth  volumes  of  the  set  have  now  been  issued 
by  the  publishers,  thus  completing  the  task  of  thoroughly  re- 
vising, enlarging  and  republishing  this  great  work.  Volumes 
I,  II,  and  III  were  reviewed  in  This  Journal,  4,  550,  698  and 
5,  620. 

Vol.  IV  containing  727  pages  covers  the  subject  matter  in 
the  usual  alphabetical  order  from  Oilstones  to  Soda.  As  in 
previous  volumes,  the  old  material  has  been  revised  and  brought 
up  to  date  and  a  number  of  new  subjects  have  been  included, 
the  more  important  of  which  are  Old  Fustic,  Olive  Oil,  Osmium, 
Oxydases,  Industrial  Uses  of  Oxygen  and  Ozone,  Palladium, 
Palm  Oil,  Synthetic  Perfumes,  Phenanthrene,  Phytosterol, 
Pitchblende,  Plant  Sprays,  Polarimetry,  Polonium,  Potato, 
Proteins,  Ptomaines,  Pyrites,  Pyrometry,  Racemisra,  Radio- 
activity, Radium,  Refractometer,  Refrigeration,  Rubber,  Safrole, 
Salicylic  Acid,  Saponification,  Sewage,  Artificial  Silk,  Smoke 
Prevention. 

In  addition  to  this  new  material,  the  other  articles  show  care- 
ful revision,  correction  and  extension  where  the  importance  of 
the  subject  justifies  it. 

Volume  V,  830  pages,  treats  the  subjects  beginning  with  So- 
dium and  ending  with  Zymurgy.  The  more  important  new 
subjects  which  have  been  added  to  the  text  are  Soils,  Solubility, 
Sulfide  Dyes,  Synthetic  Drugs,  Thermite  Process,  Titanium, 
Toxins  and  Antitoxins,  Urea  and  Uric  Acid,  Vat  Dyes  and 
Whiskey;  and  subjects  which  have  gained  in  commercial  import- 
ance since  the  older  edition  was  published,  such  as  Thorium, 
Vanadium,  Uranium  and  Tungsten  are  entirely  rewritten  and 
extended. 

The  revision  and  publication  of  these  volumes  has  been  a 
great  undertaking  and  it  is  gratifying  to  find  that  both  the  edi- 
tor's work  and  the  mechanical  production  have  been  accomplished 
with  such  promptness  and  success.  Thorpe's  "Dictionary  of 
Applied  Chemistry,"  in  its  present  revised  form,  is  doubtless  the 
most  comprehensive  and  complete  book  of  reference  now  in 
existence  covering  the  broad  field  of  Applied  Chemistry. 

M.  C.  Whitaker 


Transactions  of  the  American  Institute  of  Chemical  Engineers. 

Volume  V.  (1912)  Office  of  the  Secretary,  Polytechnic  In- 
stitute, Brooklyn,  N.  Y.  Published  by  the  Institute  through 
D.  Van  Nostrand  Company,  New  York,  1913.  8vo.,  iv  + 
284  pages. 

The  Institute  held  joint  meetings  with  the  Eighth  Interna- 
tional Congress  of  Applied  Chemistry  in  September,  and  many 
of  its  papers  were  published  in  the  Congress  proceedings,  which 
accounts  for  the  smallness  of  the  present  volume. 

The  frontispiece  this  year  is  an  excellent  photogravure  of  the 
Institute's  President,  Dr.  T.  B.  Wagner,  The  binding  is  uni- 
form with  the  series.  This  work  is  either  better  done  or  appears 
to  better  advantage  on  the  smaller  volume.  The  present  volume 
starts  by  giving  in  full  the  papers  which  have  been  read  before 
the  Institute,  together  with  the  discussions  which  followed. 
This  throws  to  the  rear  of  the  volume  such  matter  as  the  Insti- 
tute's Constitution  and  membership  list.  This  change  in  ar- 
rangement is  an  improvement,  since  the  main  value  of  the  volume 
in  future  years  will  be  the  original  communications  read  before 
the  Institute.  The  Proceedings  of  the  annual  meetings  have 
been  omitted  entirely  from  this  issue.  The  volume  on  the  whole 
is  a  pleasing  one  and  a  number  of  the  articles  are  illustrated. 
Inspection  reveals  few  errors,  although  the  transcript  of  the  dis- 
cussions should  be  edited  to  give  more  meaning  at  times. 

The  following  addresses  and  papers  read  before  the  Institute 
are  contained  in  the  volume: 

"Phenol-Formaldehyde    Condensation    Products,"    L.    H.    Baekeland. 

"Protection  of  Intellectual  Property  in  Relation  to  Chemical  In- 
dustry." L.  H.  Baekeland. 

"  Notes  on  a  Study  of  the  Temperature  Gradients  of  Setting  Portland 
Cement,"  AUerton  S.  Cushman.' 

"The  Production  of  Available  Potash  from  the  Natural  Silicates," 
AUerton  S.  Cushman  and  George  W.  Coggeshall. 

"Potash,  Silica  and  Alumina  from  Feldspar,"  Edward  Hart. 

"A  Chemical  Investigation  of  Asiatic  Rice,"  AUerton  S.  Cushman 
and  H.  C.  Fuller. 

"The  Beehive  Coke  Oven  Industry  of  the  United  States,"  A.  W.  Belden. 

"Action  of  Disinfectants  on  Sugar  Solutions,"  George  P.  Meade. 

"The  Decomposition  of  Linseed. Oil  during  Drying."  J.  C.  Olsen  and 
A.  E.  Ratner. 

"Tests  on  the  Opacity  and  Hiding  Power  of  Pigments,"  G.  W.  Thomp- 

"  Control  of  Initial  Setting  Time  of  Portland  Cement,"  E.  E.  Ware. 
"The  Effect  of  'Lime  Sulphur'  Spray  Manufacture  on  the  Eyesight," 
James  R.  Withrow. 

"Acetylene  Solvents."  J.  H.  James. 
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"The  New  Chemical  Engineering  Course  and  Laboratories  at  Columbia 
University,"  M.  C.  Whitakcr. 

"The  Need  of  Standard  Specifications  in  Oils  for  Paving  Block  Im- 
pregnation." John  Haynes  Campbell. 

"The  Presence  of  Oxygen  in  Petroleums  and  Asphalts."  Sam,  P.  Sadtler. 
"The  Chemical  Engineer  and  Industrial  Efficiency,"  Wm.  M.  Booth. 
"Water  for  Industrial  Purposes,"  Wm.  M.  Booth. 

"The  Availability  of  Blast  Furnace  Slag  as  a  Material  for  Building 
Brick,"  Albert  E.  White. 

"Technical  Accounting  and  Chemical  Control  in  Sugar  Manufacture," 
David  I,.  Davoll,  Jr. 

"The  Bituminous  Rocks  of  the  United  States  and  their  Use  for  Street 
Surfaces."  S.  F.  Peckham. 
Code  of  Ethics. 
The  diversity  of  interest  shown  here  gives  the  assurance  that 
the  Institute  has  not  become  too  highly  specialized  and  indi- 
cates well  the  breadth  of  Industrial  Chemistry  and  Chemical 
Engineering. 

Special  attention  might  well  be  called  to  the  address  by  the 
retiring  President  of  the  Institute,  Dr.  Leo  H.  Baekeland,  on 
"Protection  of  Intellectual  Property  in  Relation  to  Chemical 
Industry,"  as  the  summing  up  of  an  important  point  of  view  in 
the  matter  of  patent  reform  to  which  the  author  and  the  Insti- 
tute have  devoted  much  time.  In  the  article  on  "Acetylene 
Solvents,"  Dr.  J.  H.  James,  probably  the  foremost  investigator 
and  inventor  in  this  field,  has  broken  his  silence  and  given  us 
some  of  his  results  and  a  hint  as  to  the  probable  future  of  acetylene 
storage.  The  papers  by  Wm.  M.  Booth  amply  demonstrate  the 
contention  of  this  engineer  that  the  Chemical  Engineer  is  prob- 
ably best  fitted  for  all-round  efficiency  engineering  work.  Space 
is  not  available  for  noticing  many  of  the  prominent  articles, 
but  mention  should  be  made  of  the  excellent  and  well  illustrated 
article  on  the  new  Chemical  Engineering  Laboratories  at  Colum- 
bia University  by  Professor  Whitaker.  He  has  been  fortunate 
and  energetic  in  seciu-ing  the  means  to  fulfill  the  dreams  some  of 
us  have  harbored  for  .years  in  the  matter  of  university  indus- 
trial laboratory  equipment.  The  average  university  industrial 
chemistry  laboratory  is  equipped  only  with  dreams,  although 
it  seems  that  some  do  not  even  believe  in  the  dreams. 

Grave  doubt  might  be  expressed  as  to  the  propriety,  in  view 
of  the  objects  of  the  Institute,  in  admitting  to  its  publication 
such  an  article  as  "A  Chemical  Investigation  of  Asiatic  Rice." 
The  nvestigation  is  avowedly  for  the  purpose  of  contributing 
to  the  general  knowledge  of  the  chemical  composition  of  rice, 
with  an  idea  of  assisting  in  the  problem  of  "the  relation  of  an 
exclusive  rice  diet  to  the  etiology  of  beri-beri  disease."  The 
work  is  probably  a  noteworthy  one  in  its  field,  but  if  the  Insti- 
tute oiice  lets  down  the  bars  so  as  to  admit  articles  of  an  analytical 
nature,  or  character  other  than  of  an  industrial  manufactiu-ing 
and  engineering  one,  irrespective  of  the  standing  of  the  authors, 
its  reason  for  existence  is  swept  away.  In  discriminating  against 
analytical  chemical  articles  the  Institute  is  in  no  sense  in  the 
position  of  expressing  any  idea  of  degrading  analytical  chemistry. 
This  branch  of  chemistry  in  the  eyes  of  all  thinking  chemists 
has  always  held  a  position  of  honor.  The  present  reviewer 
knows  no  field  of  chemistry  that  calls  for  more  exercise  of  inven- 
tive genius  as  well  as  conceded  accuracy  of  thought  and  manipula- 
tion. While  Industrial  Chemistry  and  Chemical  Engineering 
are  commonly  considered  the  most  prdmising  fields  for  inventive 
genius,  analytical  chemistry  really  offers  more  frequent  oppor- 
tunity in  this  direction  because  of  the  time  element.  The  con- 
firmation of  industrial  ideas  takes  months  or  years  while  analytical 
ones  can  usually  be  confirmed  or  discarded  in  much  more  reason- 
able periods,  and  the  investigator  can  proceed  to  other 
problems.  Quite  irrespective  of  all  this,  analytical  chemistry 
is  the  faithful  handmaid  of  industrial  chemistry  and  chemical 
engineering.  Many  of  the  most  important  articles  in  these 
fields  will  contain  much  analytical  data  but  it  will  always  be 
secondary,  though  probably  a  necessary  help,  in  the  solution 
of  the  main  pniblem  of  the  paper  or  investigation.  There  is 
amiie  opportunity  for  the  publication  of  such  articles  in  other 


publications,  whether  they  be  researches  in  analytical  chemistry 
or  the  analytical  chemical  investigation  of  an  industrial  product. 
The  results  of  such  work  are  often  of  the  greatest  interest  to 
industrial  chemists  and  by  industrial  chemists  I  mean  manu- 
facturing chemists  and  chemical  engineers.  The  temptation 
for  any  of  us  to  do  just  such  work  is  often  strong  and  even  neces- 
sary. The  work  of  drawing  the  line  is,  therefore,  a  difficult  one 
for  the  officers  of  the  Institute.  They  are  to  be  congratulated 
in  having  so  seldom  become  susceptible  to  criticism  in  this  re- 
gard in  the  five  years  of  the  Institute's  existence. 

jAilES    R.    WlTHROW 

General  Metallurgy.     By  H.  O.  Hofmax.    -McGraw-Hill  Book 

Co.,  Inc.     $6. 

Prof.  Hofman  covers  more  ground  in  this  book  than  has  been 
attempted  recently  in  any  similar  work  and  has  done  it  un- 
commonly well.  It  is  what  its  title  indicates  and  what  similar 
works  rarely  are,  a  general  metallurgy,  and  treates  of  the  subsid- 
iary branches  which  are  usually  slighted  or  ignored  entirely. 

The  first  chapter  is  very  short,  merely  defining  the  scope  of 
the  work.  Then  follows  a  short  but  adequate  chapter  on  the 
Properties  of  Metals.  The  third  chapter  is  on  alloys  and  is 
an  exceedingly  good  and  clear  account  of  the  present  theories. 
It  is  fully  illustrated  with  diagrams  of  cooling  cur\'es,  typical 
micro-photographs  and  equilibrium  diagrams.  There  is  a 
curious  error  on  page  59,  where  it  states  that  in  making  alloys 
of  copper  and  zinc  "they  are  charged  together  in  order  that  the 
readily  fusible  metal  may  dissolve  the  more  refractory,"  whereas 
the  copper  is  always  melted  first  and  the  zinc  added,  and  this 
is  stated  as  the  general  process  in  the  preceding  sentence. 

Chapter  IV  on  Metallic  Compounds  is  arranged  in  a  rather 
novel  method  as  the  grouping  is  by  the  acid  radicals.  This 
has  decided  advantages  for  the  purpose  of  this  book. 

The  chapter  on  fuels  is  not  as  satisfactory  as  most  of  the  others. 
A  rather  disproportionate  amount  of  space  is  taken  up  in  the 
description  of  methods  and  apparatus  that  are  only  of  historical 
interest.  As  usual,  we  have  long  tables  of  the  analyses  of  picked 
samples  of  fuel  which,  unfortunately,  are  much  better  than  com- 
mercial deliveries.  It  is  difficult  to  understand  the  reasons  for 
the  selection  of  the  gas  producers  illustrated;  some  of  those 
shown  have  not  been  exactly  brilliant  successes,  and  some  of 
the  best  are  not  even  mentioned.  Prof.  Hofman  mentions  that 
the  depth  of  a  fuel  bed  must  be  varied  to  suit  the  fuel  "and  is 
greater  the  lighter  the  fuel."  He  does  not,  however,  mention 
that  the  size  of  the  fuel  has  more  influence  in  determining  the 
proper  depth  of  bed. 

The  chapter  on  Refractory  Materials  is  very  good,  though 
perhaps  an  undue  weight  is  given  to  composition.  An  ultimate, 
or  even  a  "rational"  analysis  is  a  very  poor  guide  in  the  selec- 
tion of  a  refractory,  as  it  is  much  easier  to  get  bricks  of  good 
chemical  than  physical  characteristics. 

The  chapter  on  Pyro-Metallurgical  Processes  and  Apparatus 
is  excellent.  It  starts  with  a  rational  and  useful  classification 
of  furnaces  and  follows  this  with  short  descriptions  of  typical 
specimens  of  each :  first  of  those  heated  by  fuel,  and  then  of  the 
electrical.  The  methods  of  calculating  the  efficiency  are  de- 
scribed and  examples  given.  The  various  classes  of  operations, 
roasting,  smelting,  refining,  etc.,  are  then  taken  up.  Next 
is  the  best  article  on  slags  the  reviewer  has  seen.  They  are 
treated  from  the  point  of  view  of  their  general  similarity  to  alloys, 
and  the  result  is  excellent. 

Wet  processes  and  apparatus  follow,  and  this  chapter  should 
be  learned  by  heart  by  the  numerous  patentees  of  such  processes 
who  have  never  worked  outside  of  a  laboratory.  While  Dr. 
Hofman,  of  coiu-se,  recognizes  the  great  value  of  many  of  the 
wet  processes,  he  fully  appreciates  and  explains  their  disadvan- 
tages and  difficulties. 

Electro   Processes   and   Apparatus  come   next.     The   general 
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principles  are  well  given  but  no  attempt  is  made  to  describe 
special  processes. 

The  eleventh  chapter  deals  with  mechanical  operations  and 
takes  up  more  than  a  third  of  the  book.  It  gives  a  condensed 
but  clear  description  of  the  apparatus  and  processes  of  crushing, 
concentrating  and  briquetting  ore,  the  mechanical  treatment 
of  alloys,  handling  of  liquids,  air  supply,  heating  and  dr,ying, 
and,  lastly,  the  purification  of  gases. 

The  concluding  chapters  are  on  Metallurgical  Products  and 
Economic  Considerations.  Both  are  very  good  and  it  is  only 
a  pity  the  author  did  not  give  more  on  these  very  important  sub- 
jects. 

Dr.  Hofman's  long  experience  in  the  field  and  as  a  teacher  has 
eminently  qualified  him  for  the  work,  and  he  has  produced  a 
book  of  which  he  may  well  be  proud,  and  one  that  no  metal- 
lurgist can  afford  to  be  without.  The  bibliography,  if  alone, 
would  be  of  the  greatest  value,  and  arranged  as  it  is  with  the 
references  for  each  subject  on  the  page  with  the  author's  text, 
its  usefulness  is  greatly  enhanced. 

Unfortunately  the  publishers  have  not  treated  the  work  as 
it  deserved.  The  print  and  illustrations  are  fair,  but  the  paper 
and  binding  are  poor  and  wLU  not  stand  the  use  that  a  book  of 
this  character  is  bound  to  receive.  The  proof-reading  has  been 
very  careless  and  there  are  a  number  of  annoying  typographical 
errors.  Most  of  them  are  obvious  and,  therefore,  not  serious, 
but  there  are  several  which  make  sense  but  do  not  convey  the 
author's  meaning  and  are,  therefore,  liable  to  mislead  those  not 
thoroughly  familiar  with  the  subject. 

G.  C.  Stone 

Plantation  White  Sugar  Manufacture.     By  W.   H.   Th.   Har- 

LOFF,  Manager  of  the  Boedoeran  Sugar  Factory,  Java,  and 
H.  Schmidt,  Consulting  Sugar  Chemist  and  Engineer,  Java. 
Translated  from  the  second  revised  Dutch  edition,  by  James 
P.  OgilviE,  F.C.S.,  Technical  Editor  of  the  "International 
Sugar  Joiu-nal."  Published  by  Norman  Roger,  2,  St.  Dun- 
stan's  Hill.  London.  Small  8vo.  135  pp.,  7s.,  6d.  net  or 
$2.00  abroad. 

The  present  translation  of  Harloff  and  Schmidt's  "Handleiding 
voor  Tropische  Witsuikerfabrikatie,"  is  exceedingly  opportune. 
Discussions  in  technical  journals  regarding  the  influence  of  recent 
tariff  legislation  upon  white  sugar  manufactiu-e  in  the  tropics 
and  the  growing  tendency  among  cane  planters  themselves  to 
produce  sugars  of  higher  purity  indicate  that  this  new  treatise 
is  one  of  the  most  timely  sugar  books  of  the  year. 

As  stated  by  the  authors  in  their  introduction  the  purposes 
of  the  book  are  ( i )  to  give  the  reader  a  practical  insight  into  the 
most  generally  adopted  methods  of  preparing  white  sugar  and 
(2)  to  present  the  theoretical  side  of  the  subject  and  give  "the 
reasons  just  why  such  and  such  a  procedure  and  no  other  must 
be  adopted."  The  authors  very  correctly  observe  that  this 
second  subject  is  of  greater  importance  than  the  first  since  it 
forms  the  basis  for  independent  thought  and  research  without 
which  all  instruction  remains  a  dead  letter. 

In  their  discussions  of  the  principles  of  white  sugar  manu- 
facture the  authors  omit,  as  is  proper,  all  technical  descriptions 
of  sulfur-ovens,  filter-presses,  evaporators,  and  other  equip- 
ments of  the  sugar  house.  A  previous  knowledge  of  such  ap- 
pliances is  supposed  to  have  been  acquired;  the  treatise  is,  there- 
fore, primarily  a  book  for  the  experienced  sugar  manufacturer 
or  advanced  student  and  not  for  the  beginner. 

The  first  section  of  the  book  deals  with  the  chemistry  of  white 
sugar  manufacture.  This  phase  of  the  question  is  presented 
dearly  and  concisely  in  25  pages,  10  of  which  are  devoted  to 
the  important  subject  of  the  coloring  substances,  derived  from 
the  cane  or  produced  during  manufacture.  The  second  section 
of  the  book  discusses  the  underlying  principles  of  white  sugar 
manufacture  as  practised  upon  the  plantations  of  Java;    the 


scope  of  this  division  is  indicated  by  the  six  headings:  Carbonata- 
tion,  the  Acid  Thin-juice  Process,  Raw-juice  Sulfitation, 
Treatment  of  Thick-juice,  Centrifugal  Syrup  Treatment,  and 
Curing. 

The  most  casual  reader  will  be  impressed  by  the  impartiality 
with  which  the  claims  of  different  processes  are  discussed.  While 
the  authors,  for  example,  admit  their  preference,  on  grounds  of 
safety,  for  double  carbonatation,  the  disadvantages  of  this 
method  of  clarification  are  stated  so  fully  and  the  advantages 
of  single  carbonatation  set  forth  so  fairly  that  the  most  partisan 
advocate  of  the  latter  process  can  find  nothing  to  criticize. 

It  is  to  be  regretted,  however,  that  in  preparing  a  book  for 
circulation  in  English-speaking  countries  a  somewhat  fuller  men- 
tion was  not  made  of  processes  employed  outside  of  Java.  In 
the  section,  for  example,  upon  raw  juice  sulfitation,  the  discussion 
is  limited  to  the  Java  procedure,  which  consists  in  liming  first 
and  then  sulfuring.  The  value  of  this  part  would  be  considerably 
increased,  if  the  authors  had  discussed  in  this  connection  the 
merits  and  demerits  of  a  method  employed  in  the  Western 
Hemisphere  in  which  the  sulfuring  of  the  juice  precedes  the  treat- 
ment with  lime. 

The  general  tone  of  the  book  is  conservative  and  in  strict 
agreement  with  most  generally  approved  results  of  sugar  house 
experience.  Extreme  boldness  has  been  a  characteristic  of 
several  recent  departures  in  sugar-making  and  a  considerable 
modification  of  old  established  principles  has  resulted.  The 
Kestner  evaporator  is  a  practical  refutation,  if  there  ever  was 
one,  of  the  orthodox  rule  that  high  temperatures  must  always 
be  avoided  in  sugar  manufacture.  A  more  recent  and  startling 
heresy  is  the  Battelle  white  sugar  process  in  which  the  raw  cane- 
juice  is  treated  with  quicklime,  to  from  i  per  cent  to  5  per  cent 
of  its  weight,  and  then  boiled  until  all  reducing  sugars  have  been 
destroyed.  This  process,  which  has  been  favorably  received 
in  the  Hawaiian  Islands,  is  a  most  glaring  violation  of  an  old 
principle,  summarized  as  follows  by  Harloff  and  Schmidt, 
on  page  6  of  their  new  book : 

"  By  the  action  of  lime  on  glucose  at  temperatures  below  55  °  C. 
(131  °  F.)  the  chief  product  is  lactic  acid,  a  very  stable  acid,  not 
subject  to  spontaneous  decomposition,  though  at  higher  tempera- 
tures glucinic  acid  and  saccharinic  acid,  with  their  colored  de- 
composition products,  are  formed.  Since  the  calcium  flime) 
salts  of  acetic  acid  (lactic  acid?)  on  the  contrary,  are  colorless, 
during  carbonatation,  when  much  lime  is  present  with  the  glucose, 
care  must  be  exercised  that  the  temperature  remains  below  55  °  C. 
(131  °  F.),  so  long  as  the  liquid  is  not  neutral." 

The  conservatism  of  the  book  makes  it,  however,  an  altogether 
safe  one  for  any  manufacturer  to  foUow.  In  a  period  when 
many  sugar  manufacturers  are  tending  towards  a  hazardous 
radicalism  the  old  admonition  "Be  not  too  bold!"  may  have 
at  times  a  saving  influence. 

For  the  information  and  wealth  of  suggestions  which  it  offers 
the  book  will  repay  most  careful  study ;  it  should  be  read  by  every- 
one who  is  at  all  interested  in  sugar  manufacture. 

C.  A.  Browne 

Metallurgical  Analysis.     By  Nathaniel  Wright  Lord,  EM., 

late    Professor   of    Metallurgy   and    Mineralogy,    Ohio   State 

University,    and    Dana    J.    Demorest,    B.Sc.    in    Chemical 

Engineering,  Professor  of  Metallurgy,  Ohio  State  University. 

Third   edition.     McGraw-Hill   Book    Company,    New    York. 

Illustrations  24,  pp.  xiv  -f  334.     Price,  52-50  net. 

The  first  edition  of  this  book  was  issued  in   1893  by  Prof. 

Lord,  and  consisted  of  notes,  written  for  the  use  of  students  in 

the   Metallurgical    Laboratory   of   the    Ohio   State    University. 

The  object  was  to  give,  in  a  condensed  form,  the  series  of  selected 

methods  in  metallurgical  analysis  which  made  up  the  course  of 

study.     The  second  edition  appeared  in  1903,  and  the  wTiter 

endeavored  to  extend  its  scope  and  make  it  not  only  a  text-book 
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for  students  in  technical  schools,  but  also  a  book  of  reference  for 
young  men  in  metallurgical  laboratories.  The  book  was  en- 
larged, due  to  the  treatment  of  many  of  the  subjects  at  greater 
length.  The  notes  were  extended  and  the  book  was  brought  up 
to  the  state  of  the  science  at  that  time.  In  this,  the  third  edi- 
tion, Professor  Demorest  has  rewritten  the  book,  so  as  to  in- 
corporate in  the  old  methods  the  recent  advances  in  knowledge 
bearing  on  them.  Many  new  subjects  have  been  added  so  as 
to  include  practically  all  the  methods  of  chemical  analyses  likely 
to  be  used  by  the  metallurgical  chemist.  In  so  doing,  the  writer 
has  retained  as  closely  as  possible,  Professor  Lord's  method  of 
presentation  of  the  subject.  The  method  of  presentation  is  an 
admirable  one.  The  chapter  usually  opens  by  giving  a  brief 
outline  of  the  theories  of  the  method  presented,  followed  by  a 
clear  detailed  description  of  the  method,  giving  references  where 
necessary,  and  closing  with  a  number  of  very  practical  notes. 

The  first  chapter  of  11  pages  is  devoted  to  Preparation  of 
Samples.  The  second  chapter  of  9  pages  is  given  to  the  Analyses 
of  Limestone.  Then  follow  17  chapters,  160  pages,  describing 
Methods  of  Analysis  for  Iron  Ores,  Iron  and  Steel,  including 
Methods  for  Nickel,  Vanadium,  Tungsten,  Chromium,  Titanium, 
Copper,  Arsenic,  Aluminum,  Nitrogen,  Oxygen,  Hydrogen. 

Nine  chapters,  52  pages,  are  devoted  to  Spelter  and  Tin 
Plate  Coating,  Zinc,  Copper,  Lead,  and  Tin  in  Ores,  Analysis  of 
Refined  Copper,  and  Refined  Lead,  Analyses  of  Spelter,  Brass 
and  Bronze.  One  chapter,  24  pages,  on  the  Analysis  of  Coal  and 
Coke.  One  chapter,  31  pages,  on  the  Analysis  of  Gases.  One 
chapter,  14  pages,  on  Clay  and  other  Silicates.  One  chapter, 
5  pages,  on  Softening  of  Water  for  Boiler  Use.  One  chapter, 
22  pages.  Calculation  of  Normal  Solutions  and  Tables. 

This  book  is  well  written.  The  methods  are  clear  and  well 
defined.  It  is  a  pleasure  to  recommend  this  book  for  the  pur- 
poses as  set  forth  in  the  caption. 

William  Brady 

Review  of  the  Examination  of  Water  and  Water  Supplies.     By 

John    C.    Thresh,    D.Sc,    M.D.,    D.P.H.     Second    edition. 

P.    Blakiston   Sons  &  Company.     Philadelphia,  Pa.     Printed 

in  Great  Britain. 

This  book  chiefly  aims  to  be  useful  in  forming  an  opinion  as 
to  the  suitability  of  water  supplies  for  drinking  and  other  domestic 
purposes.  It  should  not  only  be  helpful  to  chemists,  but  to 
engineers,  health  officers  and  others  who  may  be  called  upon  to 
express  an  opinion  as  to  the  purity  of  water  supplies. 

The  examination  of  the  waters  of  rivers,  lakes  and  harbors 
to  determine  their  capacity  for  absorbing  sewage,  the  ways  in 
which  researches  into  the  purification  of  water  are  carried  out 
and  field  methods  of  analysis,  all  questions  of  considerable 
importance  in  America,  are  scarcely  dealt  with  or  are  omitted 
altogether. 

Dr.  Thresh,  who  is  a  practical  analyst  and  medical  officer 
of  health  of  the  Essex  County  Council,  England,  has  written  his 
book  from  an  essentially  English  standpoint.  Where  references 
are  made  to  American  and  continental  practice,  they  are  usually 
employed  by  way  of  illustration  and  there  is  little  evidence 
that  tlie  procedures  employed  and  recommended  have  been 
materially  modified  by  foreign  experience.  To  some  analysts 
in  the  United  States  this  may  prove  disappointing,  but  it  is  not 
as  a  compendium  of  dry  rules  of  procedure  that  the  book  will  be 
most  useful. 

Dr.  Thresh's  600  pages  cover  a  much  larger  field  than  do  most 
works  on  water  supplies  and  to  the  worker  who  is  conscious  of 
the  restrictions  which  a  close  observance  of  American  routine 
imposes,  its  breadth,  liberality  of  treatment  and  comprehensive- 
ness should  prove  inspiring. 

The  first  part  of  the  book  describes  methods  of  examining 
the  sources  from  which  water  is  derived,  based  on  geological  and 
toi5ographical  considerations  and  gives  much  useful  information 
concerning   the   environmental   study   of   springs,   wells,    rivers 


and  watersheds.  The  second  part  describes  the  objects  of 
analytical  methods,  physical,  chemical, '  microscopical  and 
bacterioscopic  and  their  interpretation.  The  third  part  deals 
with  the  apparatus  and  reagents  and  the  details  to  be  followed 
in  determining  the  ingredients  of  water  which  the  author  con- 
siders are  of  interest  in  connection  with  sanitary  and  industrial 
problems  and  describes  methods  of  calculating  and  expressing 
the  'results.  Tables  of  the  results  of  numerous  analyses  of 
waters,  typical  of  English  supplies,  are  included  in  this  part. 
The  appendix  describes  the  preparation  of  reagents  and  media. 

Departures  from  present  American  custom  appear  in  various 
I)arts  of  the  book.  For  example,  it  is  not  usual  in  the  United 
vStates  to  taste  water  which  is  being  examined  and,  if  tasted,  it 
would  not  at  all  be  likely  to  be  described  as  mawkish.  Nor 
will  American  analysts  readily  recognize  the  term  sinter  to 
indicate  deposits.  In  the  determination  of  free  and  albuminoid 
ammonia,  American  custom  is  not  identical  with  Dr.  Thresh's. 
The  only  method  of  determining  nitrates  is  by  reduction,  the 
author  giving  as  his  reason  for  not  including  others  that  he  has 
little  confidence  in  them.  The  determination  of  the  weight  of 
suspended  matter,  regarded  in  the  United  States  as  of  consider- 
able importance  in  connection  with  many  water  supply  problems, 
is  not  included  as  an  important  part  of  a  sanitary  analysis. 

Notwithstanding  its  obvious  defects  which,  it  should  be  said, 
are  by  no  means  so  important  in  England  as  in  America,  the 
book  should  prove  a  valuable  contribution  to  the  library  of 
chemists,  health  officers  and  engineers.  The  author's  comments 
on  data  and  their  interpretation  are  generally  notable  for  their 
sound,  common  sense  and  a  generous  recognition  of  the  limita- 
tions and  difficulties  of  the  subject.  The  book  is  well  printed 
on  good  paper  and  contains  numerous  illustrations,  including 
36  plates  showing  the  results  of  the  microscopic  examination  of 
sediments.  There  is  no  other  book  in  the  English  language 
dealing  so  comprehensively  with  the  subject  of  the  examination 
of  drinking  water  supplies  from  the  English  standpoint. 

George  A.  Soper 

Chemical  Technology  and  Analysis  of  Oils,  Fats  and  Waxes. 

By    J.    LewkowiTsch.     Fifth  edition.  Vol.  I.     Price,  S6.50. 

Macmillan  &  Co.,   London,   and  The  Macmillan  Company, 

New  York,  19 13. 

In  view  of  the  untimely  death  of  Dr.  Lewkowitsch  at  the  age 
of  fifty-six  while  this  edition  of  his  monumental  work  is  still 
in  press,  a  detailed  and  searching  criticism  of  the  present  volume 
would  hardly  be  seemly.  Fortunately,  there  is  little  to  criticize. 
The  volume  under  review  covers  the  same  topics  as  the  corre- 
sponding volume  of  the  fourth  edition  while  the  size  is  increased 
about  one-fourth,  the  present  volume  comprising  668  pages. 
This  growth  is  in  general  the  result  of  a  real  rewriting  of  the  text 
as  a  whole  and  not  merely  the  introduction  of  isolated  paragraphs 
of  new  matter.  It  is  true  that  in  some  cases  new  work  is  men- 
tioned only  very  briefly  and  without  substitution  of  the  newer 
numerical  data  for  the  older  data  which  were  already  tabulated 
in  the  earlier  editions  so  that  the  reader  who  seeks  the  actual 
data  of  recent  work  must  usually  consult  the  original  articles, 
but  this  is  almost  inevitable  in  so  comprehensive  a  work.  It  is 
noticeable  that  the  growth  in  bulk  of  the  successive  editions  has 
not  prevented  the  author  from  handling  his  material  with  that 
firmness  of  grasp  and  logical  sequence  which  has  always  been 
a  marked  feature  of  this  work. 

The  present  volume  has  a  detailed  table  of  contents  but  no 
index,  an  index  to  the  entire  work  being  promised  with  Volume 
III.  It  is  greatly  to  be  hoped  that,  as  stated  in  the  technical 
press,  the  revision  of  the  entire  work  will  be  found  to  have  been 
completed  before  the  author's  death.  This  fifth  edition  of 
"Lewkowitsch"  may  well  stand  for  many  years  both  as  the 
leading  work  of  reference  in  its  field  and  as  a  worthy  monument 
to  the  professional  attainments  of  its  author. 

H.  C.  Sherman 
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Alfred  Hoelder.  Vienna.      (German.) 
Tanning     Materials,     The.     By    J.     Dekker.     8vo.     610     pp.     Price. 

$5.25.      Gebrueder  Borntraeger.  Berlin,      (German.! 
Textiles :     Organic    and    Inorganic    Chemistry    with    Special    Con- 
sideration   of    Bleaching,    Dyeing    and    Finishing    Processes.     By 

M,   Reimann.      4th   Ed.      8vo.      374  pp.      M.  Koch,  Leipzig.      (German.) 
Water,    Clean,    and    How    to    Get    it.     By    Allen    Hazen.     Sm.  8vo. 

210  pp.      Price,  $1.50,      John  Wiley  &  Sons,  New  York. 
Zinc    and    Cadmium.     By    R.    G.    M.    Liebig.     8vo.     598    pp.     Price, 

$8,00.     Otto  Spamer,  Leipzig.      (German.) 


Price,    $1.25. 
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RECENT  JOURNAL  ARTICLES. 

Alloys  and  Minerals,  The  Fractionation  of,  in  the  Electric  Micro- 
furnace.  By  Arnold  L.  Fletcher.  Journal  of  the  Chemiial  Society 
Transactions,  Vol.   103.   1913,  No.  614,  pp.  2097-2108. 

Arsenic  in  Sulfuric  and  Hydrochloric  Acids,  Rapid  Method  for  the 
Determination  of.  liy  II.  Koelsch.  Chemiker  Zeitung,  Vol.  38. 
1914,  No.   I.  pp.  5-6. 

Asphalts,  Examination  of  the.  By  Heinrich  Loebell.  Chemiker 
Zcilung.  Vol.  38.  1914,  No.  2,  pp.  18-20. 

Bleaching  Methods,  Modern  Silk.  By  Herbert  A.  Carter.  Silk, 
Vol.  6,  1913,  No.   12,  pp.  25-30. 

Catalysis  and  its  Industrial  Applications.  By  E.  Jobling.  Chemical 
World.  Vol.  3,  1914,  No.   1,  pp.   17-19. 

Coal-tar,  Naphthalene-free  Carbon  and  the  Fractionating  Constants 
of.  By  E.  C.  Pailler.  Chemical  Engineer,  Vol.  18,  1913.  No.  6.  pp. 
221-222. 

Copper  Ores,  Leaching  Shannon.  By  Francis  S.  Schimerka.  Engi- 
neering and  Mining  Journal,  Vol.  96,  1913,  No.  24,  pp.  1107-1110. 

Essential  Oils,  Natural  and  Synthetic  (Perfumery).  By  John  C. 
Umney.     Journal  of  the  Royal  Society  of  Arts,  Vol.  62,   1913,  No.  3185, 

pp.  47-62. 
Ferric    Oxid,    Some  of  the  Physical  Characteristics  of.     By  W.   H. 

Fulweiler    and    a.    F.     Kunbekger.      American    Gas    Light    Journal, 

Vol.  99.  1913,  No.  24.  pp.  369-373. 
Fertilizers,    The    Artificial,    and    their    Significance    in    Economics. 

By  Konrad  Kubierschkv.     Zeilschrift  fucr  angewandte  Chemie.  Aufsatz- 

teil.  Vol,  26,   1913.  No,  97.  pp.  721-731. 
Flue  Dust,  Utilization  of  Blast  Furnace.     By  Eugene  B.  Clark.     In- 
dustrial World.  Vol.  47,  1913.  No,  51.  pp.   1522-1526. 
Furnace,  for  High  Temperatures,  An  Electric  Vacuum.     By  Johannes 

Wolf    and    Erich    Mueller.     Zeilschrift  fuer    Eleklrochemie,    Vol.    20, 

1914.  No.   1,  pp,   1-4, 
Gas:     Progress  in  Carbonization  Methods.     By  J.  H.  Taussig,  et  al- 

American   Gas   Light  Journal.   Vu\.    100,    1914,   No.    1.  pp.  2-7   and   10-13. 
Gas :     Report  Presented  by  the  Committee  on  Naphthalene  Problem 

of  To-day,  American  Gas   Institute.     By    H.    L.    Underhill,  et   al. 

American  Gas  Light  Journal.  Vol.    100,   1914,  No.  2,  pp.   17-23. 
Iron    Blast    Furnace,    Handling    the    Raw   Materials     at    the.     By 

J.    E.   Johnson,   Jr.      Metallurgical   and  Chemical   Engineering,   Vol.    12, 

1914,  No.   1.  pp,  44-53, 
Metallurgical   Practice,    Use   of   Organic   Compounds   in.     By   Geo. 

Patchin,      Chemi.al   World.  Vol,  3.   1914.  No.    1,  pp.  9-12. 
Methylation  Process,  A  New.     By  .\.  Koetz  and  E.  Schaeffer.     Journal 

fuer  prakltschc  Chemie.  Vol,  88.  1913.  No.  25,  pp.  604-640. 
Ore,  Concentration  of  Complex  Sulfid,  from  the  Mary  Murphy  Mine. 

By    H.    C.     ParmelEE.      Metallurgical    and    Chemical    Engineering.    Vol. 

12,   1914,  No,   1.  pp.  21-26. 
Ozonator  Designs,  Notes  on  Open  Up.     By  A.  Vosmaer.     Metallurgical 

and  Chemical  Engineering.  Vol.   12.   1914,  No.   1,  pp.  36-41. 
Petroleum:     Oxidizability    of    Mineral    Oils.     By    H.    Kantorowicz. 

Chemiker  Zeitung.  Vol.  37,  1913,  No.   154/5,  pp.  1594-1595. 
Physical  Chemistry,   Report  on  the  Progress  of,   in  1913.     By   W. 

Herz.     Chemiker  Zeitung.  Vol.  38,  1914,  No.  3.  pp.  25-28. 
Prussic  Acid  Production  by  the  Dessau  Process.     The  Decomposi- 
tion of  Betain  by  Caustic  Soda.      By  Fr.  Albus.     Chemiker  Zeitung. 

Vol.  37,  1913.  Xo.   149.  pp,   1533-1534. 
Rare  Earths  and  their  Radioactive  By-products;  Incandescent  Gas 

Light.      By   E.   Stern.      Zeilschrift  fuer   angeu-andte   Chemie.    .Aufsatzteil. 

Vol.  26,   1913.  No.  102, '3.  pp.  806-815. 
Sodium  Amalgam  and  Water,  The  Interaction  of.     By  H.  B.  Baker 

AND    L.    H.    Parker.      Journal    of   the    Chemical    Society.    Transactions. 

Vol,   103,   1913.  Xo.  614.  pp.  2060-2073. 
Tannins,     Vegetable,    Further    Contributions    to    the    Qualitative 

Differentiation  of.      By  E.  Stiasny.     Journal  of  the  .-imcrican  Leather 

Chemists-  Association,  Vol.  9,   1914,  No.   l,pp.  19-25. 
Textiles:     The  Decortication  of  Fibrous  Plants.     By  H.  R.  Carter. 

Journal  of  the  Textile  Institute.  Vol.  4,   1913,  No.  2,  pp.  231-265. 
Wood,  The  Action  of  Chlorin  on  Pine.     By  Emii,  Heuser  and  Rudolf 

SiEBER.     Zeitsthri.ft  fucr  angewandte  Chemie,   Aufsalzleil,  Vol.   26,    1913, 

No.   102/3,  pp.  801-806. 
Wood  Oil,   Chinese,   The  Testing  of.     By  E.  W.   Boughton.     Drugs. 

Oils  and  Paints,  Vol.  29,   1913,  No.  7,  pp.  252-256. 
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RLCLNT  INVENTIONS 


By  C.  L.  Parker.  Solicitor  of  Chemical  Patents,  McGill  Building,  Washineton,  D.  C. 


Preparing  Aluminum  Sulfate.  H.  F.  D.  Schwahn,  Nov.  4, 
1913.     XI.   S.  Pat.   1,077,309.     Clay,   shale  or  ether  aluminous 

□  material    is    saturated    with    water     and    treated 

with  sulfurous  acid  gas  and  ozone  or  ozonized  air 
—  to  transform  the  aluminum   and    iron    compounds 

present  into  sulfate  and  basic  sulfate,  respectively. 
The  treated  mass  is  then  lixiviated  with  water, 
and  ozone  or  ozonized  air  is  injected  into  the 
resulting  solu- 
tion until  the 
last  trace  of  iron 
sulfate  therein  is 
transformed  into 
liasic  ferric  salt, 
which  separates 
as  a  yellow  mud. 
The  iron-free  solution  of  aluminum  sulfate  is  then  drawn  ofl 
and  evaporated. 

Gas-Analyzing  Apparatus.  J.  W.  Hayes,  Nov.  4,  1913. 
U.  S.  Pat.  1,077,342.  This  apparatus  is  designed  for  the  rapid 
determination  of  the  constituents  of  furnace  gases,  illuminating 
gas,  producer  gas  and  the  like. 

In  the  use  of  the  apparatus  the  gas  to  be  analyzed  is  forced 
by   bulb    P   into   measuring   burette    B,  'displacing   liquid   with 

which  it  has  been  pre- 
viously filled  by  the 
use  of  leveling  bottle 
L  connected  to  the 
burette  by  tube  R' . 
The  bottle  L  is  then 
raised  until  liquid 
therein  reaches  the 
zero  mark  in  burette 
B,  whereupon  valve 
V  is  closed.  The  gas 
will  then  have  been 
measured  at  atmos- 
pheric pressure  and  at 
the  temperature  of  the 
water  which  surrounds  burette  B.  By  the  operation  of  the 
valves  in  the  tubes  connected  with  the  neck  of  the  burette  the 
gas  may  then  be  forced  upon  raising  the  leveling  bottle  L,  into 
the  various  absorption  chambers  which  may  be  provided  with 
suitable  reagents  for  the  absorption  of  carbon  dioxid,  oxygen, 
carbon  monoxid,  etc.  Each  absorption  tube  is  connected  at  its 
bottom  with  a  displacement  vessel  and  its  top  with  the  neck  of 
the  burette. 

Metallizing  Ceramic  and  other  Surfaces.  Q.  Marino,  Nov- 
4,  1913.  U.  S.  Pat.  1,077,357.  A  solution  of  iron  fluoride  is 
applied  to  the  surface  to  be  covered  and  the  iron  reduced  to  a 
metallic  state  by  applying  a  finely  divided  metal  capable  of  re- 
ducing the  iron. 

Hydrogenizing  Organic  Compounds.  H.  Thorn,  Nov.  4. 
1913.  U.  S.  Pat.  1,077,442.  The  substance  to  be  hydrogenized 
is  treated  with  formic  acid  and  a  colloidal  solution  of  a  metal 
of  the  platinum  group. 

Treatment  of  the  Surface  of  Aluminum  Articles.  A.  Lang, 
Nov.  4,  1913.  U.  S.  Pat.  1,077,480.  The  aluminum  surface  is 
coated  with  a  metal  chloride  and  subjected  to  the  action  of  the 
heat. 

Boron  Nitrid.     R.  Heyder,  Nov.  4,  1913.     U.  S.  Pat.  1,077,712. 


A  mixture  of  boric  anhydrid,  magnesium  and  ammonium  chlorid 
is  heated  to  the  reaction  temperature  and  after  the  completion 
of  the  reaction,  the  resulting  mixture  is  washed  with  a  solvent 
of  the  by-products  of  the  reaction  and  the  boron  nitrid  is  dried 
in  vacuo  at  a  temperature  of  about  60-70°  C. 

Devulcanizing  Rubber.  D.  A.  Cutler,  Nov.  11,  19:3.  U.  S. 
Pat.  1,078,086.  The  vulcanized  rubber  is  subjected  to  the 
action  of  a  bath  containing  zinc  chlorid  and  oil  of  pine. 

Hydrogenating  Oil  Mixtures,  Etc.  C.  Ellis,  Nov.  11,  1913. 
U.  S.  Pat.  1,078,136.  An  acid  oil  is  diluted  with  a  substantially 
neutral  oil  and  the  mixture  hydrogenated. 

Extracting  Manganese  from  its  Ores.  F.  Heusler,  Nov.  11, 
1913.  U.  S.  Pat.  1,078,199.  The  manganese  ore  is  first  heated 
to  a  red  heat  to  calcine  a  portion  thereof.  .A  quantity  of  the 
calcined  ore  is  then  mixed  with  a  quantity  of  the  crude,  un- 
calcined  ore  and  subjected  to  a  reducing  process  in  the  presence 
of  a  flux  and  carbonaceous  matter. 

Aluminum  Nitrid.  O.  Serpek,  Nov.  11,  1913.  U.  S.  Pat. 
1,078,313.  A  mixture  of  carbon  and  aluminous  material  is 
heated  to  above  1300°  C.  in  a  current  of  nitrogen  and  hydrogen. 

Recovering  Alkalis  from  Silicate  Rocks.  S.  Gelleri,  Nov.  11, 
1913.  U.  S.  Pat.  1,078,495.  The  silicate  rock,  mixed  with 
limestone  and  a  sulfate,  is  heated  and  the  heated  mass  subjected 
to  the  action  of  ammonium  carbonate  vapors  under  high  pressure. 

Double  Superphosphate.  Wilson  and  HafF,  Nov.  18,  1913. 
U.  S.  Pat.  1,078,887.  Pyrophosphoric  acid  is  added  to  natural 
phosphate  rock. 

Metallic  Magnesium.  Wallace  and  Wassmer,  Nov.  18,  1913. 
U.  S.  Pat.  1,079,079.  Magnesium  sulfid  is  gradually  added  to 
fused  magnesium  chlorid  and  the  mixture  subjected  to  elec- 
trolysis. 

Sulfur  from  Hydrogen  Sulfid  and  Sulfur  Dioxid.  W.  Feld, 
Nov.  18.  I9r3.  U.  S.  Pat.  1,079,291.  Gases  containing  sul- 
furetted  hydrogen  and  sulfurous  acid  are  subjected  to  the  action 
of  a  solution  of  thiosulfate  of  a  metal  the  sulfid  of  which  is 
soluble  in  water. 

Treatment  of  Iron  and  Steel  for  a  Permanent  Black  Finish. 
W.  R.  Swan,  Nov.  25,  1913.  U.  S.  Pat.  1,079,453.  .Articles  of 
iron  and  steel  are  placed  in  the  furnace  i  together  with  a  quantity 
,        ,         ,  of   copper  sulfate,  sal- 

ammoniac  or  alumi- 
num chlorid,  tannin 
and  glucose  and  heated 
to  about  1050°  F. 
Superheated  steam  is 
tlien  injected  for  about 
thirty  minutes.  The 
iron,  after  being  allowed  to  cool,  is  submerged  in  paraffin  oil 
heated  to  about  150°  F.  The  treatment  gives  the  treated 
article  a  dead  black  rust-resisting  coating. 

White  Lead.  E.  Euston,  Nov.  25,  1913.  U.  S.  Pat.  1,079,481. 
.■\  substantially  neutral  lead  acetate  solution  in  a  tower  is  sprayed 
through  a  constantly  renewed  atmosphere  of  carbon  dioxid  and 
basic  lead  acetate  solution  is  introduced  at  a  rate  proportional 
to  the  precipitation  of  white  lead  so  as  to  maintain  the  lead 
acetate  soluticAU  in  a  substantiallv  neutral  condition. 
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Concentrating  Acid,  by  means  of  a  Drying  Agent.  E.  CoUett, 
Nov.  25,  1913.  U.  S.  Pat. 
1,079,541.  The  acid  vapors,  such 
as  nitric  acid  vapors,  are  intro- 
duced through  inlet  4  and  passed 
against  a  counter-current  of  sul- 
furic acid,  successively  through 
drying  columns  i,  2  and  3,  es- 
caping into  a  condenser,  6,  from 
which  the  concentrated  acid  is 
drawn  off  through  pipe  7. 

The  sulfuric  acid  is  withdrawn 
from  each  of  the  drying  columns 
1 ,  2  and  3  and  cooled  before  being  introduced  into  another  dry- 
ing column. 

Bleaching   and   Thickening   Oils   and   Fats.     O.    Scherieble, 


1913- 

//y  t. 


mninim 


Nov.  25,  1913.  U.  S.  Pat.  1,079,727.  The  material  to  be 
bleached  and  thickened  is  placed 
in  the  pan  6,  the  bottom  of 
which  forms  one  electrode  of  a 
high  potential  current.  The 
other  electrode  8,  in  the  form 
of  a  lattice  with  downwardly  ex- 
y  tending    points     9,     is     arranged 

above  the  material  which  is  thus 

subjected  to  the  action  of  a  silent  or  brush  discharge.     The  use 
of  a  current  from  50,000  to  100,000  volts  is  recommended. 

Zinc  Compounds.  E.  B.  Cut- 
ten,  Dec.  2,  1913.  U.  S.  Pat. 
1,080,102.  Zinc  oxid  free  from 
slag-forming  materials  is  mixed 
with  coal  or  coke  and  heated  in 
a  cupola  or  low  blast  furnace 
under  a  pressure  of  from  20  to 
60  pounds  per  sq.  in.  or  higher. 
The  heating  is  effected  by  means 
of  liquid  or  gaseous  fuel  ad- 
mitted under  high  pressure  to 
the  bottom  of  the  charge.  The 
resulting  temperature  is  sufficient 
to  vaporize  the  zinc  at  atmos- 
pheric pressure  but  the  pres- 
sure maintained  in  the  reducing 
chamber  is  sufficient  to  pre- 
vent such  vaporization,  the  zinc 
being  collected  as  molten  metallic 


Hydrogenation  of  Organic  Compounds,  Especially  the  Fatty 
Acids,  Etc.     K.  H.  Wunmer,  Dec.  9,  1913.     U.  S.  Pat.  1,081,182. 

Fatty  acids  and  their  glycerids  are  hydrogenated  by  subjecting 
them  to  the  action  of  an  organic  metal  salt  and  hydrogen. 

Electrolytic  Manufacture  of  Perborates.  K.  Arndt,  Dec.  9, 
1913.  U.  S.  Pat.  1,081,191.  The  perborates  arc  produced  by 
electrolyzing  an  aqueous  solution  of  borax  and  sodium  carbonate. 

Tungsten  and  its  Alloys.  F.  M.  Becket,  Dec.  16,  1913.  U. 
S.  Pat.  1,081,568.  Crude  ferrotungsten  is  subjected  to  an 
oxidizing  roast  and  the  resulting  oxids  are  reduced  without 
substantial  fusion  of  the  reduced  products.  The  iron  and 
phosphorus  in  the  reduced  product  arc  then  removed  by  an 
acid  treatment. 

Clarifying  Wines.  A.  Omstein,  Dec.  16,  1913.  U.  S.  Pat. 
1,081,623.  The  flour  of  ground  soya  beans  (Soga  hispida), 
from  which  the  fatty  matter  has  been  extracted,  is  added  to  tlie 
wine  to  be  clarified. 


Electrically  Smelting  Volatile  Metals.  W.  M.  Johnson,  Dec.  9, 
1913.  U.  S.  Pat.  1,080,912.  This  process  is  primarily  intended 
for  reducing  and  separating  zinc  from  its  ores  and  compounds 
by  a  volatilizing  process  in  an 
electric  furnace. 

In  smelting  zinc  ores  a  charge 
proportioned  to  yield  a  fusible 
slag  is  superposed  upon  a  molten 
electrode  which  may  be  molten 
lead,  and  an  electric  current 
passed  through  the  molten  elec- 
trode, the  charge  and  the  evolved 
zinc  vapors.  The  reduction 
is  carried  out  in  the  absence  of 
extraneous  air  and  the  volatile 
reaction  products  are  conducted 
through    the    charge    and    into  "  "  „ ''" 

contact  with  a  portion  of  such 

charge  heated  to  the  temperature  of  the  ma.\iraum  reductivity 
of  carbon.  The  zinc  vapors  are  finally  condensed  apart  from 
the  charge. 

Acetic  Acid.  N.  Griinstein,  Dec.  23,  1913.  U.  S.  Pat. 
1,081,959.  Acetic  acid  is  produced  from  acetaldehyde  by  the 
action  of  oxygen  in  the  presence  of  acetic  acid. 

Waterproof  Mortar.  A.  Markus,  Dec.  23,  1913.  U.  S. 
Pat.  1,082,035.  A  mixture  of  pulverized  soluble  soap,  pul- 
verized soluble  aluminate,  lime  hydrate  and  clay  is  added  to  the 
mortar  to  be  waterproofed. 

Vulcanized  Glycerol  Resin.  W.  C.  Arsem,  Dec.  23,  1913. 
U.  S.  Pat.  1,082,106.  This  is  a  rubber-like  infusible  composition 
comprising  a  compound  of  sulfur  and  the  glycerol  ester  of  phthalic 
and  oleic  acids. 

Rosin  and  Turpentine  from  Wood.  C.  Howard,  Dec.  30, 
1913.  U.  S.  Pat.  1,082,526.  Chips  of  coniferous  wood  are 
treated  with  turpentine  under  pressure  to  obtain  a  solution  of 


the  resinous  constituents  of  the  wood.  The  turpentine  is 
agitated  during  this  treatment  and  the  pressure  within  the 
treating  chamber  is  caused  to  alternately  rise  and  fall. 

Fertilizer.     W.  E.  Carson,  Dec.  23,  1913.     U.  S.  Pat,  1,082,108. 

This  is  a  mixture  of  pulverized  natural  limestone  and  pulverized 
hydrated  caustic  magnesium  lime. 

Protecting  Iron  from  Rust.  A.  Lang,  Dec.  23,  1913.  U.  S. 
Pat.  1,082,161.  A  layer  of  iron  oxid  is  first  artificially  pro- 
duced on  the  surface  to  be  treated  and  this  layer  is  then  chemi- 
cally combined  with  an  anilin  dyeing  agent. 

Bituminous  Putty.  W.  A.  Levering,  Dec.  30,  1913.  U.  S. 
Pat.  1,082,640.  The  material  consists  of  a  major  portion  of 
lime  dust  and  a  minor  portion  of  air-blown  petroleum  residuum. 


MARKEX  REPORT 

AVERAGB    WHOLESALE    PRICES   OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE    MONTH    OP    JANUARY,    1914 


OBOANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcoliol.  denatured  (180  proof) GaL 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 


(lump) . 


Sulfate  (high-grade) C. 

Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray .Lb. 

Aqua  Ammonia  (drums)  16° Lb. 

Arsenic,  white Lb. 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Ton 

Bromine,  bulk Lb. 

Calcium  Chloride,  fused C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered.  Foreign Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite   "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Phosphoric  Acid  (sp.  gr.  1 .75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  50° Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined).  80  ©85% C. 

Potassium  Chlorate,  crystals Lb. 

Potassium  Cyanide  (bulk),  98-99% Lb. 

Potassium  Hydroxide C. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Permanganate  (bulk) Lb. 

Quicksilver.  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glass-makers') C. 


6'/. 
7V. 


8 'A 

@ 

9V. 

19 

@ 

19V2 

7'/. 

@ 

7Vl 

1.20 

® 

1.40 

25 

@ 

30 
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@ 

4 

2.24 

0 

2.90 

4Va 

— 

V/. 

8 

@ 

9 

2V< 

@ 

2V« 

5'/. 

@ 

6V. 

34 

— 

35 

31 -A 

® 

31V 

7V. 

_ 

73/1 

2.00 

© 

2.05 

1.75 

@ 

2.00 

1.25 

m 

1.75 

8 

® 

8 'A 

5V. 

@ 

6'/. 

2 'A 

@ 

2>A 

19.00 

1.221A 


5 'A 

41A 
7V4 


22.00        @  22.50 


nominal 

8.00 
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12.00 

16.00 

@ 

17.00 
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@ 

60 

1.15 

@ 

1.55 

3.55 

0) 

3.60 
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@ 

8V. 
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@ 

5V< 

65 

© 

70 

21 

® 

35 

28.50 

@  29.50 
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@ 
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21 'A 

@ 

25  >A 

45 

@ 

1.00 

1.50 

@ 

1.70 

6V. 

@ 

7 

39 

® 

40 

3.25 

@ 

3.30 

7 'A 

@ 

7 'A 

16 

@ 

IS 

4.00 

@ 

4.25 

2.95 

® 

3.00 

4 'A 

® 

5 

8'/, 

@ 

10 

38.00 

@ 



Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide.  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate.  95  per  cent,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur.  Roll C. 

Sulfuric  Acid.  60°  B C. 

Talc  (American) Ton 

Terra  Alba  (American).  No.  I C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide .  .  .Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate Lb. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil.  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yeUow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed   Oil  (raw) Gal. 

Menhaden  OU  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude,  120  &  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  CF"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

Shellac,  T.N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil.  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin C. 

Zinc C. 
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FERTILIZER  MATERIALS 

[Sulfate C.    >  2.85 

Blood,  dried ■, Unit  3.20 

Bone,  4'A  and  50,  ground,  raw Toir  27.  25 

Calcium  Nitrate  (Norwegian) C.  2 .  05 

Castor  meal Unit 

Fish  Scrap,  domestic,  dried Unit  n 

Mowrah  meal Ton  n 

Phosphate,  acid,  16  per  cent  bulk Ton  — 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent Ton  2.  75 

Tennessee,  70-80  per  cent Ton  5.O0 

Potassium,  "muriate,"  basis  80  per  cent Ton  39.07        @ 

Pyrites,  furnace  size,  imported Unit  0.  13V4 

Tankage,  high-grade Unit  3 .  25  &  10 


@  28.00 
@     2.10 
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FACTORS   INVOLVED  IN  OPENING  UP  THE   FIELD   OF 
UNUSED  ELEMENTS' 

In  attempting  to  classify  the  accepted  elements  so 
that  one  group,  or  pseudo-group, contains  those  elements 
designated  "unused,"  or  "little  used,"  one  is  con- 
fronted with  many  difficulties.  The  prime  difficulties 
involve  the  purpose  of  the  classification  and  the  ex- 
tent of  the  use. 

Over  one-third  of  the  accepted  chemical  elements 
have  no  serious  commercial  uses  at  present  as  elements 
or  compounds.  These  are  given  below,  classified  accord- 
ing to  the  periodic  system  for  convenience: 

ELEMENTS    OR    COMPOUNDS    UNUSED    OR    LITTLE    USED 
012345678      Unclas. 


He 

Rb 

Be 

Sc 

Ge 

Cb 

Se 

Ru 

Pr 

Ne 

Cs 

Sr 

Y 

Yb 

Te 

Rh 

Nd 

A 

Kr 

Xe 

Nt 

La 
Ga 
In 
Er 

Os 

Sra 
Eu 
Gd 
Dy 

About  one-half  of  these  have  been  discovered  within 
the  last  thirty  years.  Those  so  recently  made  known 
are  usually  classified  under  the  two  groups  of  "rare 
gases"   and  "rare  earths." 

Attention  is  directed  to  the  melting  points  and  spe- 
cific gravities  of  four  of  the  rare-earths. 


Melting  Points 
Ce  =  623°  C. 
La  =  810°  C. 
Nd  =  840°  C. 
Pr  =  940°  C. 
Al  =  660°  C.  1 
Ag  =  960°  C.  J 


Specific  Gravities 
La  =  6.15 
Pr  =  6.48 
Nd  =  6.96 
Ce  =  7.04 


Given  for  comparison 


Cerium  has  about  the  same  density  as  tin  (7.3),  but 
all  four  readily  oxidize  on  exposure  to  air.  Cerium  is 
between  lead  and  tin  in  its  physical  appearance,  but 
harder  than  tin;  lanthanum  acts  much  like  metallic 
calcium,  its  oxide  combining  readily  with  water  to 
form  the  hydroxide,  being  air  slaked,  as  is  lime. 

The  word  "rare"  so  applied  above — as  is  the  case 
with  many  words  of  qualification — has  changed  its 
meaning  in  the  light  of  very  recent  investigations, 
although  the  "rare  gases"  are  found  in  the  atmosphere 
in  the  following  proportions: 

Name  .\tomi( 

Helium 


Argon . . 
Kryptoi 
Xenon. 


MIC   WT. 

1  Vol.  IN 

4.0 

2,450  vols 

20.0 

808  vols 

39.9 

105  vols 

81.8 

746.000  vols 

28.0 

3  ,  846  ,  000  vols 

Some  of  the  elements  mentioned  above  are  by  no 
means  so  uncommon  now  and  may  be  had  in  commer- 
cial quantities.  Below  is  a  table  containing  these  and 
some  other  elements.  Many  of  these  have  been 
known  for  a  long  time;  they  are  not  now  used  exten- 
sively, but  invite  application. 

*  Author's  abstract  of  an  address  before  the  Joint  Meeting  of  the  New 
York  Sections  of  the  American  Electrochemical  Society,  the  American 
Chemical  Society  and  the  Society  of  Chemical  Industry,  at  The  Chemists' 
Club,  New  York,  February  6,  1914.  ' 


Elements  Now  Available  Commercially  bi-t  Little  Used 
01  2345678  Uncla 

A  K  Ca        B  Si  As         Se         Br         Co 

Sr  Y  Zr         Cb        Te         I  Pd 


Cd 


Th 


Now  that  we  have  seen  the  field,  let  us  see  what  are 
some  of  the  factors  involved  in  cultivating  it.  In 
some  cases  we  lay  the  lack  of  use  of  the  elements  at 
once  to  the  scarcity  of  known  occurrences.  Haber 
has  shown  that  osmium  is  the  best  catalyzer  for  making 
ammonia  from  its  elements,  but  von  Welsbach,  who 
devised  the  osmium-filament  lamp,  has  calculated  that 
there  are  only  a  few  hundred  pounds  of  osmium  avail- 
able in  the  periphery  of  our  globe.  When,  however, 
we  remember  that  carbon  is  but  0.21  per  cent  while 
silicon  is  25.3  per  cent  of  the  crust  of  our  earth  for 
a  depth  of  ten  miles,  including  the  waters  on  the  earth 
and  its  surrounding  atmosphere,  according  to  Clarke's 
calculations,  we  know  that  our  present  utilization  of 
the  elements  commercially  bears  but  little  relation  to 
their  total  quantity.  With  some  striking  exceptions, 
man  has  found  more  or  less  ample  sources  of  the  ele- 
ments or  their  compounds  when  it  has  been  shown  that 
our  civilization  required  them.  Tungsten,  thorium, 
vanadium,  and  radium  only  need  be  mentioned  in 
illustration.  It  is  not. the  small  percentage  in  which 
these  elements  occur,  for  palladium  exists  in  nickelif- 
erous  pyrrhotites  in  quantities  too  small  to  be  detected 
by  even  refined  chemical  analysis,  but  it  accumulates 
in  the  slimes  of  nickel  refineries  and  is  thus  obtained 
in  some  quantity.  The  price  fixed  by  possession  is  the 
deterrent  in  the  development  of  the  use  of  palladium, 
a  fact  of  no  individual  immorality — qijite  human  per- 
haps— but  contrary  to  the  laws  of  economics.  Some 
ten  years  ago  one  large  corporation  possessing  a  store 
of  palladium  was  approached  by  some  technologists, 
supported  by  good  repute,  with  the  idea  of  working  out 
uses  for  that  by-product.  The  owners  said  they  were 
not  interested  in  spending  a  thousand  dollars  on  the 
investigation — they  did  not  mind  spending  the  money, 
but  they  would  not  be  a  party  to  lowering  the  price 
of  the  material  in  their  possession,  the  inevitable 
result  of  extending  its  use.  This  principle  is  well 
illustrated  in  the  history  of  metallic  aluminum  and 
thorium  oxide  whose  market  quotations  have  fallen 
to  one  one-hundredth  and  two  one-hundredths,  respec- 
tively, what  they  were  one  generation  ago. 

On  account  of  its  great  resistance  to  atmospheric 
oxidation  and  moisture  and  to  the  effect  of  sulfuretted 
gases,  palladium  has  been  employed  for  the  inner 
mechanisn  of  chronometers  and  watches,  for  the  con- 
struction of  fine  balance-beams,  for  the  division  scales 
of  delicate  apparatus,  and  for  surgical  instruments. 
It  has  been  used  for  coating  silver  goods,  and  for 
electroplating  searchlight  mirrors,  for  soldering  plati- 
num, and  in  dental  preparations.  Palladinized  as- 
bestos, palladium  sponge  and  palladium  black  are  most 
efficient    catalytic    substances    for    reducing    purposes. 
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This  well  known  fact  may  be  flashed  from  the  house- 
tops without  any  fear  of  coagulating  the  clouds  of 
litigation  hovering  over  the  oil-hardening  situation  in 
this'  country,  as  the  parties  referred  to  still  own  the 
palladium. 

Some  of  these  "unused"  elements  will  be  used,  if  the 
prices  are  made  more  reasonable.  A  very  important 
factor  in  reducing  the  market  prices  of  these  substances 
is  an  improvement  in  methods  of  extraction.  This 
may  be  illustrated  in  the  case  of  the  rare-earths,  not 
with  the  intention  of  leading  the  reader  into  that  maze, 
but  because  it  shows  how  modern  tools  have  served 
the  purpose  and  gives  suggestions  for  needed  extension 
with  other  elements  in  that  class  of  "meta-elements," 
as  Crookes  termed  them. 

Monazite  sand  is  essentially  a  phosphate  of  the  rare 
earths  containing  variable  amounts  of  thorium,  usually 
4-6  per  cent.  The  problem  of  obtaining  thorium  com- 
pounds from  that  source — 315,000,000  Welsbach  man- 
tles was  the  world's  output  in  1913 — depends  upon:  (i) 
Solution,  usually  by  baking,  with  concentrated  sul- 
furic acid  and  leaching  (very  fine  grinding  of  the  sand 
was  an  essential  preliminary);  (2)  The  rare  earths  and 
thorium  were  then  thrown  out  as  oxalates  to  remove 
the  last  trace  of  phosphoric  acid;  (3)  The  mixed  oxa- 
lates were  brought  into  solution  with  the  destruction 
of  the  oxalic  acid  and  the  thorium  precipitated;  or, 
the  oxalates  were  treated  with  ammonium  oxalate, 
whereby  the  nonahydrated-thorium-tetra-ammonium 
oxalate  went  into  solution.  This  thorium  salt  was  sub- 
sequently converted  into  nitrate.  With  all  this  pro- 
cedure, the  price  of  thorium  salts  steadily  declined 
until  it  seemed  to  reach  a  limit. 

Muthmann  and  Weiss  conceived  the  plan  of  dis- 
tilling off  the  phosphorus  and  converting  the  metallic 
elements  present  into  carbides.  The  resultant  mass 
is  hard  and  is  very  expensive  to  grind  in  order  subse- 
quently to  dissolve  it.  The  writer  later  produced 
calcium  carbide  within  the  mixture  of  other  carbides, 
using  the  unground  monazite  sand.  This  mass  when 
thrown  into  water  crumbled  at  once  to  a  powder  from 
which  the  suspended  milk  of  lime  is  readily  washed. 
The  residual  mass  goes  into  solution  in  commercial 
hydrochloric  acid  from  which  the  thorium  may  be 
precipitated  at  once  in  a  form  readily  soluble  in  nitric 
acid.  The  cerium  may  be  thrown  out  of  the  solution 
from  the  thorium  precipitate  and  tons  of  oxalic  acid 
are  not  destroyed  or  locked  up  in  the  large  quantities 
of  rare-earths  accumulated  awaiting  the  development 
of  uses. 

Muthmann  and  Weiss  and  Hirsch  in  this  country 
have  applied  the  Hall  process  for  the  isolation  of  metal- 
lic cerium,  whose  use  is  now  practically  limited  to 
pyrophoric  alloys.  The  price  of  metallic  cerium  in 
Germany  has  recently  fallen  from  $60  to  I5  per  kilo- 
gram. 

Very  recently  it  has  been  proven  to  be  distinctly 
profitable,  according  to  separate  patents  of  Soddy  and 
Hahn,  to  separate  meso-thorium  compounds  in  the 
process  of  extracting  and  purifying  the  thoria.  Meso- 
thorium  rivals  radium  in  some  of  its  applications  in 
radio-surgery. 

The  three  instances  cited  above  are  given  for  another 


reason.  The  ideas  were  worked  out  by  three  college 
professors.  Laborers  must  be  provided  for  clearing 
the  field,  whether  the  toil  be  that  of  working  out  new 
processes  to  so  reduce  the  cost  of  a  material  as  to  admit 
of  its  application  to  uses  already  known  to  exist,  or 
devise  uses  not  now  known  for  by-products  quoted  at 
fictitious  prices,  but  which  do  not  appear  at  such 
supposititious  values  in  the  annual  financial  statement. 

Undoubtedly  the  best  way  to  work  out  problems  of 
the  utilization  of  "undeveloped  elements"  is  to  attack 
them  in  such  well-equipped  and  splendidly  manned 
research  laboratories  as  are  maintained  by  the  General 
Electric  Co.,  the  General  Chemical  Co.,  the  Eastman 
Kodak  Co.,  and  others,  but  their  upkeep  involves 
large  expenditures.  Many  college  and  university  pro- 
fessors would  welcome  a  subsidy  for  work  of  this  char- 
acter, which  should  be  scientific,  dignified,  and  help 
keep  the  wolf  from  the  door.  We  commend  for  your 
perusal  the  amusing  "Confessions  of  a  College  Pro- 
fessor's Wife,"  in  a  recent  number  of  The  Saturday 
Evening  Post.  We  do  not  mean  that  the  college  pro- 
fessor is  prepared  to  or  should  go  into  the  factory,  but 
he  can  work  at  an  idea,  which  should  later  be  developed, 
if  it  has  merit,  on  a  commercial  scale  by  the  technical 
chemist  or  chemical  engineer  of  the  works.  Elabora- 
tion of  this  proposition,  which  is  not  novel  with  the 
speaker,  is  not  necessary  here.  Suffice  it  to  say  that 
one  so  selected  would  bring  to  the  problem  a  degree 
of  ignorance  that  might  be  stimulating  and  a  freedom 
from  tradition  which  would  admit  of  a  display  of  imagi- 
nation necessary  to  utilize  material  which  is  commer- 
cially abundant. 

H.  B.  Baker  has  said  somewhere,  "Nothing  can  be 
of  more  value  to  science  than  the  exhaustive  study 
of  one  particular  action." 

Weiss  and  Neumann  have  found  that  compressed 
zirconium  is  a  conductor,  whereas  previous  statements 
have  been  that  it  was  non-conducting.  There  is  need 
for  reviewing  many  such  statements  that  are  handed 
down  in  the  literature.  Aluminum  is  sonorous,  accord- 
ing to  so  many  text  books.  Very  pure  aluminum, 
such  as  that  used  by  the  late  Professor  Mallet  in  the 
determination  of  its  atomic  weight,  is  not  sonorous. 
If  aluminum  is  sonorous,  it  is  not  pure. 

Stewart  in  his  charming  book  on  "Recent  Advances 
in  Physical  and  Inorganic  Chemistry,"  in  referring 
to  1887  and  the  following  years  of  feverish  activity 
in  physico-chemical  research,  led  by  Arrhenius,  van't 
HoflE  and  the  elder  Ostwald,  says:  "To  some  extent 
this  wave  appears  to  have  spent  its  force.  At  the 
present  day  physical  chemistry,  except  in  the  hands  of 
a  few  exceptional  researchers,  has  degenerated  into  a 
means  of  attacking  the  problems  of  pure  chemistry 
instead  of  opening  up  new  fields;  and  consequently 
there  is  a  certain  tendency  to  decry  the  subject  as  a 
mere  means  to  an  end,  and  not  a  living  branch  of  science. 
This  is,  perhaps,  an  exaggerated  view;  but  it  cannot 
be  denied  that  physical  chemists  of  the  present  day 
are  not  animated  by  the  high  hopes  which  seem  to 
have  inspired  Ostwald  and  others  in  the  earlier  days  of 
the  subject."  Bancroft  acknowledges  that  there  is 
some  truth  in  this  criticism,  but  asserts,  "The  diffi- 
culty is  that  most  people  are  still  struggling  under  the 
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limitations  imposed  deliberately  and  consciously  by 
Ostwald.  Once  these  are  broken  through,  nobody  will 
have  any  cause  to  complain  of  the  wave  having  spent 
its  force."     Stewart  further  says: 

"It  is  an  extremely  fortunate  coincidence  that  as  the 
first  movement  declined,  a  second  and  perhaps  more 
powerful  one  had  succeeded  it.  This  second  movement 
rose  with  even  greater  rapidity  than  pure  physical 
chemistry,  and  yet  at  the  present  day  we  appear  to 
have  touched  only  the  fringe  of  the  subject  of  radio- 
activity; so  that  we  may  look  forward  to  a  long  career 
of  fruitful  investigation  still  before  us  in  this  department 
of  chemistry." 

The  problems  of  sub-atomic  or  electronic  universe 
have  presented  themselves  and  at  once  we  begin  apply- 
ing these  new  ideas  to  utilitarian  purposes.  The  cryo- 
genic laboratories  have  accumulated  fractions  from 
tons  of  liquefied  air.  Collie  found  that  the  neon,  ob- 
tained thus  incidentally,  luminesces  under  the  influence 
of  the  Hertzian  waves. ,  A  tube  of  neon  serves  as  a 
detector  of  the  nodes  and  loops,  glowing  brilliantly 
under  the  influence  of  the  latter,  as  if  it  were  excited 
by  an  induction  coil.  Claude's  tubes  of  neon  thus 
excited,  offer  a  most  pleasing  light  and  perhaps  later 
on  will  prove  to  be  an  economical  source  of  artificial 
illumination. 

Quantities  of  argon  are  now  available  from  liquefied 
air.  There  are  indications  that,  on  account  of  its 
inertness,  we  may  shortly  see  tungsten  incandescent 
lamps,  as  Whitney  puts  it,  with  "the  vacuum  jam-full 
of  argon"  instead  of  nitrogen. 

Troost  and  Onvrard  have  stated  that  they  had 
succeeded  in  causing  argon  to  combine  with  magnesium 
vapor.  Neither  Rayleigh,  Ramsay,  nor  Moissan  were 
able  to  secure  any  evidence  of  the  formation  of  com- 
pounds of  argon,  however.  Many  reactions  unob- 
served on  the  laboratory  scale  are  found  to  occur  when 
dealing  with  large  quantities  of  substances,  through 
long  periods  of  time.  If  this  were  not  true  we  should 
have  even  greater  difficulty  in  accounting  for  the  occur- 
rence of  such  inert  gases  as  helium  in  malacome, 
cleveite  and  thorianite.  It  is  thus  barely  possible 
that  in  time  we  shall  find  compounds  of  argon  pro- 
duced in  the  large  scale  operations  of  burning  the  nitro- 
gen of  the  air,  as  carried  on  so  successfully  in  Norway 


at  present.     A  use  of  compounds  of  argon  may  then  be 
found. 

The  development  of  radioactivity  has  projected 
us  into  an  undreamed  of  realm  of  thought  and  new 
interests.  The  phenomena  of  radiology  are  closely 
allied  to  those  of  radioactivity.  The  use  of  Rontgen 
rays  in  medicine  has  been  attended  by  not  a  few  diffi- 
culties. Among  them  the  so-called  "hardness"  and 
"softness"  of  the  rays.  The  former  are  penetrating 
and  affect  tissues  far  below  the  surface,  sometimes 
favorably  and  sometimes  unfavorably.  The  "soft" 
rays  affect  the  epidermis.  In  the  use  of  "hard"  X- 
rays  tubes  for  deep  treatment,  it  is  necessary  to  screen 
the  skin  with  various  thicknesses  of  aluminum,  or  lead, 
etc.  For  treatment  of  skin  affections  only,  there  have 
been  no  satisfactory  means  for  screening  out  the  pene- 
trating rays,  consequently  a  problem  has  been  the 
production  of  "soft"  rays  with  a  minimum  of  "hard" 
rays.  X-ray  tube  glass  is  usually  a  potash  or  soda- 
lime  silicate.  Lindemann  found  that  by  substituting 
lithium  for  potassium  the  rays  were  "softer."  He 
then  substituted  beryllium  for  calcium,  and  finally 
boron  for  silicon.  Lithium-beryllium-boron-glass  shows 
over  thirty  per  cent  reduction  in  the  empirical  molec- 
ular weight.  Windows  of  this  glass  let  into  X-ray 
tubes  give  the  "soft"  rays  desired.  It  would  be  inter- 
esting to  see  the  effect  with  a  potassium-barium-zirco- 
nium-glass. 

Application  of  the  newer  electronic  conceptions  of 
valence,  especially  when  associated  with  residual 
affinity  with  the  development  of  methods  for  changing 
valence  according  to  our  wishes,  will  unquestionably 
cause  many  of  these  unused  elements  and  many  of 
those  now  most  used  to  assume  new  properties.  At- 
tention may  be  directed  to  one  qualitative  illustration. 
Pure  lead  does  not  plate  on  iron.  When  molten  lead 
is  caused  to  flow  to  and  fro  as  a  conductor  of  a  low- 
voltage  high-amperage  alternating  current  for  variable 
periods  of  time,  usually  several  hours,  it  then  plates 
iron,  as  may  be  seen  from  samples  very  recently  so 
plated  under  the  supervision  of  the  writer.  While  the 
process  is  not  perfected,  it  points  a  way  which  may 
serve  as  a  hint  in  seeking  uses  for  such  elements  as 
cadmium,  selenium,  and  tellurium. 

Charles  Baskerville 
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PAINT   FILMS   AS    PROTECTIVE    COATINGS    FOR 
CONCRETE. 

By  E.  E.  Ware  and  S.  M.  Schott'         • 

Received  December  9,  1913  , 

The  extensive  use  of  concrete  as  a  building  material 
for  all  types  of  construction  has  naturally  been  ac- 
companied by  numerous  failures  of  greater  or  less 
importance.  These  examples  have  been  seized  upon 
by  manufacturers  of  competitive  material  and  have 
been  brought  to  the  attention  of  the  public  through 
wide  publicity,  causing  a  doubt  to  arise  in  the  minds 
of  some  as  to  the  permanence  of  concrete  construction. 

'  Holder  of  Paint  Fellowship,  Acme   White  Lead  and  Color   Works, 
1911-1912. 


However,  with  the  better  understanding  of  the  possi- 
bilities and  the  limitations  of  this  material,  it  has  been 
possible  to  ver)^  nearly  eliminate  the  causes  of  failure 
that  were  mainly  responsible  for  the  difficulties  ex- 
perienced by  the  pioneers  in  the  use  of  concrete  con- 
struction. 

But  we  are  confronted  by  a  cause  of  disintegration 
still  little  appreciated  by  the  concrete  engineer — lack 
of  constancy  of  volume  in  concrete  after  setting. 
Although  the  tendency  to  failure  from  this  cause  is 
more  apparent  in  stucco  and  other  light  construction, 
where  mixtures  rich  in  cement  are  used,  monolithic 
work  is  by  no  means  free  from  the  effects  of  this  lack 
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of  constancy  of  volume,  and  we  find  failure  cracks 
whose  presence  can  be  accounted  for  only  by  the 
assumption  of  a  differential  expansion  in  the  different 
members  of  the  structure. 

White'  has  shown  that  the  changes  in  volume  due  to 
changes  in  temperature  are  small  as  compared  to  the 
changes  due  to  the  alternate  wetting  and  drying  of  the 
concrete,  and  that  these  latter  changes  are  sufficient  to 
cause  failure  in  many  cases.  Figs.  1  and  2  show 
representative  failure  cracks  of  this  type. 

Another  source  of  trouble  in  which  water  plays  a 
part,  is  the  electrolytic  effect  of  stray  currents  on  the 
steel  reinforcement  in  concrete.  This  corrosion  of  the 
reinforcement  could  not  take  place  in  perfectly  dry 
concrete.^  The  elimination  of  these  two  causes 
of  disintegration  in  concrete  is  strictly  a  problem  in 
waterproofing. 

Waterproofing  materials  for  use  with  concrete  are 
divided  into  four  general  classes:  membrane,  integral, 
surface  washes,  and  oil  paint  films. 


use  of  the  somewhat  less  efficient  but  more  suitable 
paint  film. 

Without  doubt  paint  films  can  be  compounded  that 
will  be  practically  impervious  to  water;  but  they  must, 
in  the  case  of  concrete  coaters,  be  also  able  to  stand  the 
saponification  action  of  lime  leached  out  from  the  con- 
crete, as  well  as  be  insensitive  to  the  attack  of  the 
weather. 

Manufacturers  have  made  attempts  to  solve  the 
problem  of  putting  out  a  satisfactory  concrete  coater; 
but  there  has  been  a  decided  tendency  to  lose  sight 
of  the  fact  that  first  of  all  the  paint  must  be  of  such  a 
nature  as  not  to  lose  its  elasticity  or  impermeability 
through  the  influence  of  the  weather.  The  paint  must 
possess  all  of  the  weather-resisting  qualities  of  any 
paint  designed  for  outside  work,  in  addition  to  being 
able  to  meet  the  conditions  peculiar  to  this  particular 
service. 

Concrete  coaters  may  be  classified  in  general:  (i) 
coaters  compounded  from  materials  inert  to  the  action 


Courtesy  of  Prof.  A.  H.  White 


Wig  and  Bates^  have  made  an  extensive  study  of 
waterproofing  materials,  and  their  work  seems  to  show 
that  none  of  the  integral  or  wash  waterproofings  are 
efficient  in  preventing  the  absorption  of  moisture, 
although  they  may  prevent  the  percolation  of  water 
through  the  concrete. 

Recent  work''  seems  to  have  demonstrated  that 
volume  changes  are  caused  by  adsorbed  water,  and 
that  the  presence  of  waterproofing  within  the  concrete 
has  very  little  effect  upon  the  ultimate  percentage 
change,  and  that  its  only  effect  is  to  retard  the  rate  of 
absorption. 

The  use  of  an  impermeable  membrane  on  the  ex- 
posed side  of  the  concrete  would  very  efficiently  pre- 
vent the  passage  of  water  to  the  concrete,  and  would, 
therefore,  prevent  the  resultant  disintegration  due  to 
either  moisture,  volume  changes  or  to  electrolysis. 
However,  in  the  majority  of  cases  it  is  not  feasible  to 
use  an  asphalt  felt  membrane,  so  we  are  limited  to  the 

1  Proc.  Am.  Soc.  for  Test.  Mat.,  1911. 

>  Rohland,  Wasser  u.  Abwasscr,  B,  504.     O.  Berndt,  Beton  u.  Eisen,  11, 
1st  Supplement.     C.  de  Wyrall,  Proc.  Int.  Assn.  Test.  Mai.,  2,  20. 
■  Bur.  Standards,  Technologic  Paper  3. 
«  White,  Private  Communication.     Jesser.  Tonind.  Ztg.,  37,  535-8. 


of  alkali;  (2)  coaters  whose  vehicles  carry  considerable 
amounts  of  free  organic  acids;  (3)  coaters  compounded 
with  the  idea  of  getting  a  hard  and  perfectly  im- 
penetrable surface;  (4)  those  coaters  whose  virtue 
lies  mainly  in  the  elastic  and  only  slightly  permeable 
film  formed  from  the  good  drying  oil  which  con- 
stitutes the  major  portion  of  the  vehicle. 

The  first  class  may  contain  neutral  gum  varnishes, 
petroleum  products,  may  be  of  a  casein  base,  or  may 
be  made  up  from  a  cementing  pigment. 

Experimental  data  as  well  as  practical  experience 
with  paint  films  for  general  service  work  have  estab- 
lished the  fact  that  the  vehicle  for  any  paint  should  be 
selected  with  a  view  to  getting  the  maximum  of  elastic- 
ity in  the  dried  film,  recognizing  that  any  additions 
that  tend  to  harden  the  film  will,  at  the  same  time, 
increase  the  brittleness  and  accelerate  the  disintegra- 
tion. 

Paints  of  the  second  class  are  quite  common  and 
appeal  strongly  to  the  average  user,  inasmuch  as  the 
free  acid  is  supposed  to  serve  the  double  purpose  of 
neutralizing  any  lime  that  may  be  present  and  at  the 
same  time  sealing  the  pores  of  the  concrete  with  the 
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precipitated  lime  soap.  The  free  acid  of  this  type  of 
paints  is  sometimes  an  added  fatty  acid,  and  sometimes 
the  unneutralizcd  resin  acid  of  a  varnish  mixed  with 
the  oil  as  a  constituent  of  the  vehicle. 

Cathcart'    claims    that    the    soaps    used    in    water- 


Courtesy  0/  Prof.  A.  H.  While 
Fig.  2 

proofing  have  a  disintegrating  influence  on  linoxyn. 
This  will  apply  as  well  to  the  insoluble  soaps  formed 
in  the  neutralization  of  the  lime  by  the  free  fatty  acid 
of  the  second  type  of  coater. 

In   an   attempt   to   determine   the   extent   to   which 
the  reactions  take  place  when  a  coater  of  this  type  is 


No.  2.  The  same  oil  to  which  had  been  added  a 
small  amount  of  fatty  acid. 

No.  3.  The  same  oil  to  which  had  been  added  20 
per  cent  of  rosin  varnish  containing  a  considerable 
amount  of  unneutralized  rosin  acid. 

Each  of  these  samples  of  oil  was  shaken  at  intervals 
for  three  weeks,  with  three  different  pigments,  calcium 
carbonate,  calcium  hydrate,  and  Portland  cement. 
To  each  of  these  was  added  about  10  per  cent  of  water, 
and  the  whole  was  diluted  to  double  its  volume  with 
kerosene.  A  fourth  set  was  shaken  with  dry  Port- 
land cement. 

Table  I  shows  that  the  acid  constituents  act  as 
completely  on  Portland  cement  as  they  do  on  calcium 
hydrate,  while  they  act  very  slowly  on  calcium  car- 
bonate and  unhydrated  Portland  cement. 

Assuming  the  same  conditions  to  hold  under  actual 
conditions  of  service,  there  will  be  an  action  between 
the  acid  of  the  coater  and  the  cement  at  the  surface 
of  the  concrete,  which  will  give  a  film  of  lime  soap 
at  the  surface,  to  which  the  paint  film  must  cling. 
This  action  is  all  near  the  surface,  for  there  is  present 
within  one-sixty-fourth  inch  of  the  surface  of  an 
ordinary  concrete  sufficient  lime  compounds  to  neutral- 
ize all  the  acid  content  of  the  common  cement  coater. 
These  coaters  show  themselves  to  be  inefficient  as 
neutralizers,   and  the  life  of  the  film  cannot  be  long 


18"  IN  Supporting  Frame.     Right  Half  of  Kach  Panel  Painted  Gree 


applied  to  a  concrete  or  stucco  surface,  some  samples 
of  oil  were  subjected  to  parallel  tests.  The  oils  were  as 
follows: 

No.  I.  Raw  linseed  oil. 

'  Con  Crete  and  Const.  Eng.,  7,  380-7. 


when  they  have  nothing  better   with   which   to  bond 
than  a  skin  of  insoluble  soap. 

The  impenetrable  surface  of  the  third  type  of 
coaters  is  generally  derived  from  a  gum  hardened 
film,  the  vehicle  of  this  coater  being  largely  varnish. 
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Table  I 
Linseed  Oil  Oil  and  Acid  Oil  and  Varnish 

Acid  Sapon.  Iodine  Acid  Sapon.  Iodine  Acid  Sapon.  Iodine 

Original 1.90  113.0  122.2  9.1  105.5  lll.l  6.7  105.4  118.9 

Calcium  carbonate 1.3  118.4  123.3  7.9  109.9  111.9  6,1  110.8  122.8 

Calcium  hydrate D.l  114. 1  122.6  0.2  104.7  114.5  1.2  105.5  125.8 

Dry  cement 1.0  115.6  122.3  4.7  105.0  111.6  2.7  109.4  125.4 

Wet  cement 0.2  114.2  122.6  0.3  105.0  113.2  0.4  103.1  125.6 

The  tests  on  iodine  absorption  were  made  as  a  more  or  less  accurate  check  on  the  evaporation  of  the  thinner  during  shaking  and  centrifuging. 

The  paints  of  this  class  really  possess  the  faults  of  both  show  cracks,  then  with  the  access  of  water  to  the  under- 

the  first  and  the  second  classes,  for  the  resins  of  the  lying  concrete  and  its  subsequent  evaporation  from  the 

varnishes  are  at  least  in  part  acid,  while  as  a  whole  the  surface,  lime  will  be  brought  to  the  under  surface  of  the 

hard  film  is  subject  to  the  same  accelerated  disinte-  film. 
grating  influences  as  affect  any  nonelastic  film.  In    these    tests,    each    paint    was    assigned    to    two 

With  an  idea  of  studying  the  efficiency  of  the  different  panels:  one  made  up  from  a  mix  of  one  part  cement 

types  of  coaters,  a  few  of  the  more  widely  advertised  to   three   parts   river   sand,    and   one   panel   of   a   rich 

ones  were  purchased,  and  together  with  some  made  up  stucco  mix,  one  part  lime,  two  parts  cement  and  five 

in  the  laboratory,  were  applied  to  surfaces  of  concrete  parts  river  sand.     The  panels  were  made  up  indoors 

and  stucco,   and  given  an  exposure  test  that  has  ex-  and  allowed  to  set  for  three  weeks  before  the  paints 

tended  over  about  two  years  time.  were  applied.      During  the  first  two  weeks  of  this  time 

The    exposure    panels    were    each    eighteen    inches  the  panels  were  kept  damp;  but  they  were  allowed  to 

square  and  two  inches  thick,  reinforced  by  expanded  dry  a  full  week  in  order  that  there  might  not  be  present 

metal,    and   held    within  •  a   frame    built    up    from    ^/a  in  the  concrete,  when  the  paint  was  applied,  moisture 

inch    x    2    inch    steel    band,    to    insure    them    against  that   would  prevent   proper  penetration   of  the   paint 

breakage.     The  backs  of  the  panels  were  covered  with  and  give   an  imperfect   bond  between  the  paint  film 

galvanized  iron  in  order  that  there  should  be  no  water  and  the  concrete  surface.      The  second  coat  was  ap- 

entering  from  the  back  of  the  panel,  and  that  the  condi-  plied  after  the  first  coat  had  become  thoroughly  dry, 

tions  should  be  as  nearly  as  possible  the  same  as  those  the  time  intervening  varying  from  three  to  seven  d&ys. 


Completely  Disinte 


existing  in  an  ordinary  structure.  The  paint  films 
were  subject,  then,  to  the  saponifying  action  of  only 
such  lime  as  would  leach  out  with  the  water  that 
might  have  passed  through  the  film  pores,  or  through 
cracks  that  had  developed  in  such  films  as  were  unable 
to  stand  the  weather.  If  a  paint  film  be  water-tight  it 
should  be  free  from 'the  action  of  lime  just  so  long  as 
it  remains  in  perfect  condition;  but  when  it  begins  to 


During  the  time  of  exposure,  the  panels  were  carried 
on  a  frame  inclined  about  20°  from  the  vertical,  with 
the  painted  surface  of  the  panel  facing  south.  Fig. 
3  shows  the  complete  group  of  panels  with  their  sup- 
porting frame.  The  frame  occupied  such  a  position 
on  the  roof  of  the  laboratory  as  would  insure  the 
tests  being  free  from  the  influence  of  laboratory  fumes. 

After   having   been   exposed   to   the   weather   for   a 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  6,  No. 


period  of  one  year,  each  panel  was  coated  over  one-half 
of  its  surface  with  a  green  paint  whose  pigment  was 
a  mixture  of  chrome  yellow  and  prussian  blue.  This 
paint  served  as  a  very  good  indicator  of  the  extent  to 
which  lime  leached  out  to  the  surface,  the  presence  of 
lime  being  indicated  by  a  yellow  spot.  In  order  not  to 
influence  the  porosity  of  the  underlying  film  too  much, 
only  one  coat  of  the  green  was  applied.  In  cases  where 
the  paint  on  the  panel  was  disintegrated  badly,  an  at- 
tempt was  made  to  prepare  the  surface  for  the  coat  of 
green  paint  by  brushing  ofif  the  loosely  adhering  scales. 
Even  then,  in  some  cases  the  condition  for  painting 
was  decidedly  unsatisfactory.  This  emphasizes  the 
importance  of  using  in  the  first  place,  a  paint  which, 
upon  disintegration,  will  present  a  proper  surface  for 


closely  enough  characteristic  to  warrant  a  classifica- 
tion according  to  the  type  of  disintegration.  The 
paints  for  Panels  Nos.  3  and  11  carried,  in  addition 
to  the  fatty  acid,  a  small  amount  of  cement  as  a  con- 
stituent of  the  pigment.  While  the  colloidal  silica 
formed  in  this  way  may  have  been  efficient  in  sealing 
the  pores  of  the  concrete,  the  fatty  acid  evidently 
affected  the  film,  whose  early  disintegration  would  not 
permit  these  films  to  be  classed  as  efficient  protection 
for  concrete  surfaces. 

The  paints  on  panels  Xos.  6,  14,  17,  18,  19,  20,  21, 
22,  31  and  32  depend  for  their  efficiency  on  the  presence 
of  a  neutral  gum  varnish.  These  panels  all  exhibited 
very  early  disintegration  of  the  coater.  This  dis- 
integration was,  for  the   most   part,   characterized   by 


Fig.  5 — Typical  Illustration  of  Sorpace  Condition.     About  V«  Size 


repainting,  for  it  is  a  well  recognized  fact  that  no 
paint  coat  can  last  indefinitely  any  more  on  concrete 
than  on  wood  or  metal.  Ladd's'  work  has  shown  this 
to  be  an  important  consideration  in  the  permanent 
protection  of  wooden  structures,  and  the  same  condi- 
tions apply  to  the  protection  of  concrete. 

Table  I  gives  a  summary  of  the  condition  of  the 
various  panels  at  the  end  of  two  years. 

Panels  Nos.  3,  11,  4,  12,  25  and  26  were  painted 
with  coaters  carrying  considerable  amounts  of  fatty 
acid  or  unneutralized  resin  acid.  The  disintegration 
of  these  films  was  early  and  complete,   and  was  not 

'  Bulletins  of  North  Dakota  Agricultural  Experiment  Station. 


heavy  scaling  and  flaking,  which  in  some  cases  left 
parts  of  the  panel  entirely  free  from  paint  within  a 
short  time. 

Coater  No.  5,  on  panels  Nos.  5  and  "13,  was  very 
heavy  bodied  and  did  not  spread  at  all  freely.  The 
small  amount  of  vehicle  present  was  neutral  in  char- 
acter, the  material  acting  more  like  a  cement  than  a 
paint,  there  being  little  tendency  to  form  a  true  paint 
film.  These  panels  retained  their  coats  fairly  well, 
although  they  at  all  times  showed  a  high  degree  of 
porosity  as  indicated  by  the  tendency  to  absorb  any 
water  applied  to  the  surface.  This  coater  might  serve 
well  as  a  decorative  paint;  but  it  is  probably   of  com- 
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paratively  little  value  as  a  protection  to  the  concrete 
surface  upon  which  it  may  be  applied. 

The  coaters  on  panels  Nos.  27  and  28  help  to  prove 
the  contention  that  non-drying  oils  do  not  make  good 
substitutes  for  linseed  oil  in  paints,  for  they  were 
among  the  first  to  show  a  tendency  to  disintegrate. 

The  vehicles  of  the  paints  applied  to  panels  Nos. 
I,  2,  7  and  IS  were  made  up  very  largely  of  drying 
oil,  the  content  of  varnish  being  small,  and  the  mineral 
oils  being  confined  to  the  thinners.  These  panels 
were,  to  all  appearances,  the  most  efficiently  protected 
of  any  in  the  test.  This  is  true  particularly  of  panels 
Nos.    I    and    2,    which    were   prime   coated    with    mild 
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process  white  lead  and  oil  and  finished  with  a  special 
outside  white  made  up  of  a  composite  pigment,  with 
the  linseed  oil  vehicle  carrying  a  small  amount  of 
varnish  as  a  hardener. 

These  two  panels  were  subjected  to  an  especially 
severe  test,  in  that  they  were  exposed  at  the  back 
during  the  greater  part  of  the  test,  the  protecting 
galvanized  iron  covers  having  been  removed  from 
these  particular  panels  at  the  end  of  three  months 
exposure.  This  permitted  water  to  get  in  from  the 
back  of  the  panel,  which,  had  the  pores  of  the  concrete 
not  been  perfectly  sealed,  would  have  caused  a  decided 
saponification  of  the  linoxyn  film,  for  the  water  would 
naturally  have  evaporated  from  the  side  of  the  panel 
exposed  to  the  sun,  and  in  this  evaporation  would  have 
deposited  considerable  lime  within  the  film.  Had  the 
lime  come  to  the  surface  in  any  quantities  it  must 
have    saponified    the    film,    as    linoxyn    is    extremely 


sensitive  to  alkali,'  both  sodium  hydroxide,  and  calcium 
hydroxide  attacking  it  in  the  cold. 

SUMMARY 

Assuming  water  to  be  an  important  agent  in  the 
disintegration  of  concrete  and  stucco,  there  is  a  neces- 
sity for  a  system  of  waterproofing  that  will  prevent 
absorption.  The  film  coaters  most  nearly  fill  such  a 
specification,  where  the  surfaces  are  to  be  at  all  orna- 
mental. 

No  coating  compound  can  be  successful  that  will 
disintegrate  under  the  influence  of  the  weather.  This 
eliminates  from  consideration  any  material  that  would 
not  be  classed  as  a  good  coater  when  applied  to  other 
materials  than  concrete. 

Although  linoxyn  is  readily  saponifiable  in  the  cold, 
there  is  not,  under  ordinary  conditions,  enough  lime 
carried  out  by  the  small  amount  of  water  that  may 
penetrate  a  paint  film  in  good  condition,  to  cause 
disintegration  of  the  film.  This  is  emphasized  by  the 
fact  that  the  disintegration  of  the  paint  film  under 
observation  in  this  work  is  no  more  pronounced  on  a 
rich  lime  stucco  than  on  a  cement  sand  concrete. 

The  absence  of  stains  on  the  green  paint  tests  in  the 
cases  of  some  of  the  panels  whose  coaters  showed 
disintegration  at  the  time  of  application  of  the  green, 
would  indicate  that  the  lime  at  the  surface  of  the 
panels  had  become  pretty  well  carbonated  during  the 
first  year.  Any  stucco  exposed  to  the  weather  for  a 
year's  time  can  be  coated  satisfactorily  with  a  good 
outside  paint. 

A  successful  concrete  coater  should  be  compounded 
on  the  same  basis  as  is  used  for  a  satisfactory  outside 
paint  for  wood,  with  only  such  adjustments  in  com- 
position as  tend  to  make  it  more  nearly  impervious, 
and  these  must  not  be  made  at  the  expense  of  the 
elasticity  and  general  durability  of  the  film. 

The  panels  of  these  tests  are  to  be  repainted  with  the 
original  materials,  and  a  further  set  of  experiments 
are  in  progress  in  which  measurements  of  the  ex- 
pansion and  contraction  of  the  individual  panels  will 
be  made. 

University  of  Michigan 
.\x.v   Arbor 


THE  COMPARATIVE  VALUE  OF  A  CALCIUM  LIME  AND 

A  MAGNESIUM-CALCIUM  LIME  FOR 

WATER  SOFTENING 

By  Edward  Bartow  and  Clarence  Scholl 
Received  December  4.  1913 

On  the  market  there  are  limes  made  from  calcium 
limestones  and  limes  made  from  magnesium-calcium 
limestones.  The  latter  is  favored  by  masons  because 
they  think  it  has  a  smoother  plasticity.  The  claim 
has  been  that  magnesium-calcium  lime  is  as  good  as 
calcium  lime  for  water  softening.  While  we  believed 
that  the  claim  for  magnesium-calcium  lime  was  un- 
warranted, we  were  glad  to  make  some  laboratory 
experiments  to  definitely  settle  the  question  for  our- 
selves. 

We  could  find  but  little  data  concerning  the  eflfect 
of    a    magnesium-calcium    lime    for    water    softening. 

1  Andes,  "Drying  Oil  and  Boiled  Oil,"  p.  33. 
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We  found  a  record^  of  a  sawdust  filter  impregnated 
with  magnesia  used  for  the  removal  of  calcium  salts. 

In  a  paper  on  the  efficiency  of  lime,'^  Mr.  W.  P. 
Monfort  states  that  only  the  available  lime  (CaO) 
should  be  considered  in  lime  purchasing. 

Removal  of  magnesium  from  water  is  mentioned 
frequently  in  the  literature  and  a  better  "flock"  is 
obtained  when  magnesium  is  present  in  solution. 
This,  however,  has  nothing  to  do  with  the  effect  of 
magnesium  present  in  lime. 

We  used  for  our  e,xperiments  the  water  from  the 
University  of  Illinois  water  supply.  This  water  is 
typical  of  deep  drift  well  waters  of  central  Illinois. 
An  analysis  shows  that  it  contains  22  parts  per  million 
of  carbon  dioxide,  CO2;  128  parts  per  million  of  calcium 
carbonate,  CaCOs;  90  parts  per  million  of  magnesium 
carbonate,  MgCOs;  and  86.8  parts  per  million  of 
sodium  carbonate,  Na2C03.  Previous  experiments' 
have  shown  that  276  parts  per  million  (equal  to  16.0 
grains  per  gallon,  2.3  pounds  per  thousand  gallons)  are 
required  to  soften  the  water. 

The  limes  used  were  furnished  by  the  Ohio  and 
Western  Lime  Company  from  their  plants  at  Bedford 
and  Huntington,  Indiana.  The  Bedford  lime,  the 
Oxide,  is  a  calcium  lime  containing  very  little  mag- 
nesium. The  Huntington  limes,  one  oxide  and  one 
hydrate,  are  magnesium-calcium  limes  containing  a 
large  quantity  of  magnesium.  The  analyses  of  the 
limes  are  given  below: 

The  Analyses  of  Limes 

Calcium  Magnesium-Calcium 
Jime  Lime 

(Bedford)  (Huntington) 

Hydrated  Oxide 

Substance                             Formula  Per  cent  Per  cent  Per  cent 

Calcium  oxide CaO  95.60  47.42  53.71 

Magnesium  oxide MgO  0.84  33.20  37.60 

Ferric  oxide FezOs  0.02  0.15  0.09 

Aluminium  oxide AI2O3  0.85  0.55  0.86 

SiUca Si02  0.29  0.03  0.00 

Carbon  dioxide COs  0.18  3.44  0.65 

Water HjO  2.24  15.20  7.08 

Total 100.02  99.99  99.99 

METHOD  OF  PROCEDURE — A  number  of  portions  of 
water  of  one  liter  each  were  treated  with  emulsions 
made  from  the  three  limes.  The  emulsions  were  of 
such  strength  that  i  cc.  contained  available  calcium 
oxide,  equivalent  to  s  mg.  CaCOs.  The  available 
calcium  oxide  was  determined  by  subtracting  from  the 
total  calcium  oxide  the  amount  of  calcium  oxide  neces- 
sary to  combine  with  the  carbon  dioxide,  CO2,  in  the 
lime.  Fifteen  portions  of  water  were  softened  to  differ- 
ent degrees  by  adding  amounts  of  the  emulsion  varying 
by  10  cc.  each  from  10  to  150  cc.  Two  portions  were 
softened  by  adding  amounts  less  than  10  cc.  After 
a:dding  the  emulsion  the  portions  were  thoroughly 
shaken  and  allowed  to  stand  over  night.  Each  solution 
after  filtration  was  analyzed.  The  alkalinity  to  phenol- 
phthalein  and  methyl  orange,  calcium,  and  magnesium 
were    determined.     Results    arc    expressed    in    terms 

1  J.  Soc.  Chem.  Ind.,  1,  176. 
'  Engineerine  News,  S8,  889. 

'  Univ.  of  111..  Bullelin  Stale  Water  Survey.  Series  7,  98j  111.  Soc.  Eng.  6* 
Surv.,  24,  213. 


of  calcium  carbonate  (CaCOa),  to  sinrplify  calculation. 
Corrections  were  made  for  volume  increase  due  to 
water  added  with  the  emulsion. 

A  study  of  the  analytical  data  obtained  shows  the 
action  of  the  two  limes  in  softening  water.  (Compare 
Tables  I  and  II,  and  the  figure.)  All  the  comparisons 
are  based  on  the  calcium  oxide  content  of  the  limes. 
Both  limes  react  first  with  the  free  carbon  dioxide  and 

Table  I — Experiment  with  Calcium  Lihs 
Results  are  expressed  in  parts  per  million  equivalent  to  CaCOs 
Alkalinity 


added  phthalein         orange      Calcii 
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there  is  an  increase  in  the  calcium  content  of  the  water. 
After  the  carbon  dioxide  is  used  up  there  is  a  decrease 
in  the  calcium  content,  the  decrease  being  much  more 
marked  in  the  case  of  the  magnesium  calcium  lime. 
While  the  calcium  is  more  rapidly  removed  by  the 
magnesium  calcium  lime,  an  equivalent  of  magnesium 
goes  into  solution.  There  is  a  more  rapid  decrease 
in  the  methyl  orange  alkalinity  when  calcium  lime  is 
used,    the    interchanging    of    calcium    for    magnesium 

Table  II — Experiment  with  Magnesium-Calcium  Limb 
Results  are  expressed  in  parts  per  million  equivalent  to  CaCOs 
Alkalinity 

CaO  Phenol-  Methyl 

No.                         added  phthalein  orange     Calcium     Magnesium 

0 0  0  332.0  128,8  108.3 

1 12.5  0  335  139.6  138.0 

2 25.0  0  318  113.9  144.3 

3 50  8.1  301.0  65.7  160.3 

4 100  49.0  289,7  34.0  186.0 

5 150  72.1  292.5  .  .  .  216.0 

6 200  85.3  303.7  24.4  210.3 

7 250  109.2  277.2  21.1  195.8 

8 300  118.7  265.0  21.3  184,3 

9 350  113.4  224.7  17,5  144.8 

10 400  99.4  200.9  21.3  117.8 

n 450  80.7  165.7  21.4      79,0 

12 500  81.4  154.0  25,1      61.0 

13 550  79.9  119.9  21,1      32.3 

14 600  76.2  114,2  •    26,8      29.0 

15 650  97.2  128.8  42.5      11.5 

16 700  132.2  159,6  70,9      10,3 

17 750  193,2  216,2  126,8      10,3 

leaving  the  methyl  orange  alkalinity  nearly  constant. 
The  phenolphthalein  alkalinity  increases  more  rapidly 
with  the  magnesium  calcium  lime  due  to  the  additional 
magnesium  hydrate  added.  The  magnesium  reaches 
a  maximum  of  216  parts  per  million  (as  CaCOj)  when 
the  calcium  content  approaches  the  minimum.  The 
magnesium  after  reaching  a  maximum  rapidly  decreases 
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in  amount  until  the  minimum  is  reached  at  the  point 
of  complete  softening.  At  the  point  of  complete 
softening  the  methyl  orange  alkalinity  also  reaches 
the  minimum  while  the  phenolphthalein  alkalinity  is 
increasing.  From  the  point  of  maximum  softening 
all  the  constituents  except  the  magnesium  increase. 
The  magnesium  does  not  increase,  none  being  added 
with  the  calcium  lime  and  that  present  in  the  mag- 
nesium-calcium lime  is  not  dissolved. 

SUMMARY — The  difiference  between  the  action  of 
calcium  and  magnesium-calcium  limes  is  that  mag- 
nesium replaces  the  calcium  until  a  minimum  of  cal- 
cium carbonate  is  reached.  It  also  reacts  with  mag- 
nesium acid  carbonate  forming  magnesium  carbonate. 
With  the  addition  of  more  lime  all  of  the  magnesium 
is  precipitated  as  hydroxide. 


Water  Softening  by  Calcium  . 


(n  CaCc,) 

CESIUM — Calcium  (Dolomite) 


The  softening  of  water  is  evidently  dependent  on 
the  content  of  available  calcium  oxide  and  therefore 
all  lime  used  for  water  softening  should  be  bought 
on  the  basis  of  the  quantity  of  available  calcium  oxide. 
Moreover,  it  is  not  advisable  to  purchase  lime  contain- 
ing magnesium  because  the  magnesium  is  without 
value  for  softening  and  increases  the  amount  of  sludge 
to  be  handled. 

Universitv  of  Illinois 
Urbana 


LOWER  LIMITS  OF  COMBUSTIBLE  AND  EXPLOSIVE 
MIXTURES  OF  GASES  AND  AIR' 

By  E.  E.  Somermeier 
Received  Nov.   21,    1913 

The  prevention  of  explosions  in  mines  and  the 
successful  operation  of  many  industrial  and  metal- 
lurgical processes  are  to  a  large  degree  dependent  upon 
definite  information  regarding  the  combustible  and 
explosive  properties  of  mixtures  of  gases  and  air. 
Much  of  the  information  on  this  subject  found  in  the 
literature  is  indefinite,  contradictory  and  incomplete 
or  of  limited  application  and  the  data  are  so  scattered 
and    in    such    unserviceable    form    that    their    proper 

'  Presented  in  outline  to  the  Columbus  Section  of  the  A 
cal  Society,  January  23,  1913. 


correlation,  interpretation  and  application  is  not  at 
all  easy. 

It  is  the  purpose  of  this  article  to  discuss  the  condi- 
tions under  which  gaseous  mixtures  may  become 
combustible  or  explosive,  to  analyze  the  various 
factors  which  constitute  these  conditions,  to  indicate 
a  method  for  calculating  the  lower  limits  of  combustible 
and  explosive  mixtures  and  to  compare  the  results 
of  these  calculations  with  existing  experimental  data. 
Additional  data  bearing  upon  this  question  will 
be  presented  in  a  subsequent  paper. 

As  a  preliminary  to  the  discussion  it  will  be  neces- 
sary to  define  with  some  care  the  terms  which  enter 
largely  into  the  discussion. 

IGNITION    TEMPERATURE 

(i)  The  ignition  temperature  may  be  defined  as 
the  temperature  to  which  a  mixture  of  gas  and  air 
or  gas  and  oxygen  must  be  raised  in  order  to  produce 
an  appreciably  rapid  chemical  reaction. 

(2)  The  more  usual  definition  of  ignition  tempera- 
ture is  the  temperature  to  which  a  portion  of  a  mixture 
of  gas  and  air  or  gas  and  oxygen  must  be  raised  in 
order  that  chemical  reaction  may  take  place  throughout 
the  entire  gas.  This  definition  implies  a  self-sustaining 
reaction  and  its  application  is  limited  to  combustible 
and  explosive  mixtures.  It  makes  no  distinction  be- 
tween the  ignition  temperature  of  combustion  and  the 
ignition  temperature  of  explosion  and  on  this  account 
it  is  not  adequate.  The  temperature  of  ignition  of 
combustion  and  the  temperature  of  ignition  of  ex- 
plosion are  two  distinct  temperatures  corresponding 
to  two  different  reaction  velocities  and  a  division 
into  two  separate  definitions  is  desirable. 

(a)  The  ignition  temperature  of  combustion  is 
the  temperature  to  which  a  portion  of  a  gas  mixture 
must  be  raised  in  order  that  combustion  may  take 
place  and  the  reaction  be  propagated  throughout  the 
entire  mass  of  gas. 

(6)  The  ignition  temperature  of  explosion  is  the 
temperature  to  which  a  portion  of  a  gas  mixture  must 
be  raised  in  order  that  an  explosion  may  occur  and  be 
propagated  throughout  the  entire  mass  of  gas. 

The  first  definition  is  of  importance  as  defining  the 
temperature  necessary  to  bring  about  a  reaction. 
The  latter  definitions  are,  however,  the  ones  of  prac- 
tical importance  since  they  are  the  actual  tempera- 
tures necessary  to  produce  a  combustion  or  an  ex- 
plosion for  a  given  mixture  under  a  given  set  of  condi- 
tions. 

THE    IGNITION    TEMPERATURES    OF    COMBUSTION 

According  to  Dixon  and  Coward,'  the  tempera- 
tures to  which  various  gases  and  air  or  gases  and 
oxygen  must  be  heated  in  order  to  secure  ignition  when 
mixed  are  as  follows: 

Gas  Oxygen  .\ir 

Hydrogen 580-590°  580-590" 

Carbon  monoxide 637-658°  644-658° 

Methane 536-700°  650-750° 

Ethane 520-630°  520-630° 

These  values  are  for  a  pressure  of  one  atmosphere. 

1  Chem.  News.  99  (1909),  139. 
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Diminishing  the  pressure  of  the  reacting  gases  to  one- 
half  atmosphere  raises  the  temperature  of  ignition 
about  5  degrees.  Increasing  the  pressure  2  atmos- 
pheres lowers  the  ignition  temperature  by  about 
30  degrees. 

In  securing  these  values  the  two  gases  were. heated 
in  separate  tubes  and  were  then  mixed  and  given  an 
opportunity  to  react  before  any  appreciable  cooling 
had  occurred.  Each  gas  was  raised  to  the  same 
temperature  and  under  these  conditions  an  excess 
of  either  one  or  the  other  gas  caused  little  difference 
in  the  required  ignition  temperature.  The  values 
given  include  the  temperatures  of  ignition  of  both 
rich  and  poor  mixtures  of  gas  with  air  and  with  oxygen. 
As  will  be  seen  from  the  table,  carbon  monoxide  and 
hydrogen  have  practically  the  same  ignition  tempera- 
ture with  air  as  with  oxygen.  These  values  are  the 
temperatures  at  which  active  reaction  takes  place  and 
correspond  to  the  first  definition  of  ignition  tempera- 
ture. The  experiments  do  not,  however,  take  into 
account  at  all  whether  or  not  the  reaction  is  self- 
sustaining  and  on  this  account  the  results  do  not  neces- 
sarily represent  the  actual  ignition  temperatures  of 
combustible  mixtures.  They  are,  however,  of  value 
as   a   basis  for  the   discussion   of  these   temperatures. 

IGNITION    TEMPERATURE    OF    EXPLOSION 

Probably  the  most  reliable  values  are  those  given 
by  Palk.'  These  values  for  ignition  temperatures 
were  secured  under  very  high  pressures  and  hence 
while  they  probably  represent  the  required  ignition 
temperatures  of  the  explosive  wave  they  do  not  neces- 
sarily express  very  closely  the  temperatures  necessary 
to  start  explosive  reactions  and  originate  the  high 
pressure  explosive  waves.  Falk's  values  for  the  igni- 
tion temperatures  of  different  explosive  mixtures 
of  hydrogen  and  oxygen  and  of  carbon  monoxide  and 
oxygen  are  as  follows: 


Hi  -h  O2  =  514° 
2Ylz  +  02=  540° 
Hj  +  20j  =  532° 
H2  -h  O2     +  4N2 


2CO  +  02  =  601° 

4CO  +  02  =  628° 

CO  -I-  O2  =  631° 

2CO  +  Os  -t-  2N2  =   685° 


These  values  are  for  pressures  of  from  30  to  40 
atmospheres.  The  data  were  obtained  by  quick 
compression  of  the  mixtures  to  the  point  where  the 
increase  in  pressure  raised  the  mixture  to  a  tempera- 
ture high  enough  to  cause  ignition  and  explosion. 

DIFFERENCE    BETWEEN    COMBUSTION    AND    EXPLOSION 

That  the  temperature  of  ignition  and  the  tempera- 
ture of  explosion  are  two  separate  temperatures 
corresponding  to  two  different  reaction  velocities  is 
perhaps  best  shown  by  discussing  in  some  detail  the 
difference  between  combustion  and  explosion. 

During  combustion  the  ignition  is  communicated 
direct  from  molecule  to  molecule  and  the  zone  of 
combustion  spreads  as  a  continuous  advancing  flame, 
and  if,  during  the  comparatively  slow  reaction  of 
combustion,  the  advancing  zone  of  combustion  meets 
an  appreciable  layer  of  inert  gas  the  flame  is  extin- 
guished and  combustion  ceases.  In  an  explosion  the 
high  pressure  developed  by  the  initial  explosion  starts 

'  Jour.  Am.  Chem.  Soc.  29  (1907),  1536. 


a  detonating  or  explosive  wave  which,  traveling  "with 
great  rapidity  (in  the  case  of  hydrogen  2  miles  a  second), 
produces  a  very  high  pressure  in  the  gas.  The  gas 
being  raised  to  the  ignition  temperature  by  this  high 
pressure,  ignites  and  furnishes  further  energy  for  con- 
tinuing the  propagation  of  the  explosive  wave.  During 
the  explosion  the  ignition  may  be  considered  as  origi- 
nating at  a  great  number  of  separate  points  along  the 
explosive  wave,  and  if  a  column  of  hydrogen  and  air 
2  miles  long  were  to  be  exploded,  the  time  of  the  igni- 
tion of  the  portion  farthest  from  the  point  of  origin 
would  be  only  one  second  later  than  that  at  the  origin 
of  the  explosion.  While  a  practically  continuous 
mass  of  igniting  gas  would  exist  from  end  to  end  of 
the  column,  the  ignition  would  not  be  a  continuous 
propagation  from  molecule  to  molecule;  and  if,  in  the 
column  of  explosive  mixture,  a  layer  of  inert  gas  of 
moderate  thickness  exists,  the  explosive  wave  would 
pass  through  this  inert  gas  and  the  explosion  con- 
tinue on  the  other  side. 

The  distinction  between  a  violent  explosion  and 
a  moderate  combustion  is  not  difficult  to  make  but 
the  exact  line  of  separation  between  vigorous  combus- 
tion and  feeble  explosion  is  not  so  easily  drawn.  For 
the  same  mixture  of  gas  the  ignition  of  a  small  volume 
may  be  clearly  a  combustion  while  in  the  ignition  of 
a  larger  volume  the  combustion  merges  into  and  be- 
comes an  explosion.  Assuming  the  distinction  be- 
tween an  explosion  an.d  a  combustion  to  be  based  upon 
whether  the  reaction  is  the  continued  communication 
from  molecule  to  molecule  or  is  propagated  as  an 
explosive  wave  due  to  pressure,  there  is,  at  least 
theoretically,  no  difficulty  in  classification.  On  this 
basis  every  explosion  is  preceded  by  a  more  or  less 
brief  period  of  initial  combustion. 

With  a  large  quantity  of  gas  a  combustible  mixture 
is  an  explosive  mixture,  since  when  combustion  is 
once  started  one  of  three  conditions  must  result. 
The  reaction  decreases  in  rapidity,  is  constant,  or 
increases  in  rapidity.  If  the  rate  decreases,  the  re- 
action is  not  self-sustaining  and  the  mixture  is  not 
combustible.  Under  actual  conditions  a  combustion 
at  an  exactly  constant  velocity  is  not  likely  to  occur; 
accordingly,  any  combustible  gas  will  have  an  acceler- 
ated velocity  of  reaction,  and  with  a  considerable 
amount  of  gas  present  an  explosion  will  occur. 

VELOCITIES  OF  COMBUSTIBLE  AND  EXPLOSIVE  REACTIONS 

If  the  temperature  of  ignition  of  combustion  and 
the  temperature  of  ignition  of  explosion  are  clearly 
recognized  as  corresponding  more  or  less  closely  to 
differences  in  the  velocities  of  the  reactions,  it  follows 
that,  for  any  particular  mixture  of  gas  with  air  or  with 
oxygen  and  under  any  given  set  of  conditions,  there 
must  be  a  minimum  and  a  maximum  rate  of  velocity 
of  combustion.  If  the  rate  of  reaction  is  less  than  the 
minimum  the  gas  is  incombustible  or  will  not  burn 
under  the  given  conditions.  If  the  rate  of  reaction 
reaches  or  becomes  greater  than  a  certain  maximum 
the  pressure  developed  produces  a  temperature  suflScient 
to  start  ignition  throughout  the  gas  and  the  combustion 
becomes  an  explosion.     Just  what  the  velocity  of  the 


Mar.,  1914 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


193 


reaction  will  be  at  any  given  instant  for  any^,  given 
mixture  or  for  any  given  set  of  conditions  is  dependent 
upon  a  number  of  factors,  the  effects  of  which  will 
be  considered  in  detail.  Some  of  these  factors  are 
as  follows: 

(i)   The  thermal  conductivity  of  the  gases. 

(2)  The  initial  temperature  of  the  reacting  mixture. 

(3)  The    initial    pressure    of    the    reacting    mixture. 

(4)  The  thermal  capacity  of  the  container. 

(s)  The  amount  of  excess  of  either  reacting  gas 
over  the  ratio  giving  the  maximum  speed  of  reaction. 

(6)  The  amount  of  inert  gases  or  products  of  com- 
bustion present,  such  as  nitrogen,  carbon  dioxide, 
and  water  vapor. 

(7)  The  heat  of  the  reaction. 

(8)  The  volume  of  the  reacting  mixture. 

(9)  The  length  of  time  that  the  reaction  has  been 
in  progress. 

Nos.  I,  2,  3  and  4  are  effective  as  long  as  the  velocity 
of  the  reaction  is  that  of  combustion,  but  during  an 
actual  explosion  they  are  of  little  effect  on  the  ignition 
temperature  of  explosion  after  the  explosion  is  actually 
under  way.  They  have,  however,  a  very  decided 
effect  in  aiding  or  preventing  the  occurrence  of  the 
explosive  reaction. 

An  excess  of  either  gas  or  the  presence  of  inert 
gases  retards  the  velocity  of  reaction  and  hence  raises 
the  ignition  temperature  whether  it  be  of  combustion 
or  of  explosion.  An  increase  in  the  initial  temperature 
of  the  mixture  lessens  the  radiation  and  conduction 
losses  and  hence  lowers  the  actual  temperature  re- 
quired for  combustion.  In  an  explosion  an  increase 
in  the  initial  temperature  of  the  mixture  does  not 
lower  the  actual  ignition  temperatures  of  explosion, 
but  since  it  lessens  the  additional  heat  required  to 
bring  about  the  occurrence  of  the  reaction,  it  lowers 
the  limit  of  the  amount  of  combustible  gas  necessary 
to  be  present  and  makes  the  gas  correspondingly  more 
explosive. 

For  example,  a  given  mixture  of  gas  of  a  composi- 
tion such  that  at  0°  the  mixture  does  not  undergo 
combustion,  may,  upon  an  increase  in  temperature, 
become  not  only  combustible  but  actually  explosive, 
because  an  increase  in  initial  temperature  is  equivalent 
to  so  much  more  heat  generated  by  the  reaction,  and 
may  so  accelerate  the  rate  of  reaction  as  to  change 
the  gas  from  an  incombustible  mixture  into  a  com- 
bustible and  explosive  one.  On  the  other  hand,  a 
diminished  initial  temperature  increases  the  conduction 
and  radiation  losses  and  also  increases  the  temperature 
required  for  combustion,  since  with  a  large  radiation 
and  conduction  loss  the  rate  of  reaction  must  be  ac- 
celerated, or  the  mixture  will  not  support  combustion. 
In  an  explosion  the  pressure  developed  is  so  high  that 
small  differences  in  the  initial  pressure  are  of  little 
effect  if  an  explosion  is  once  started,  but  a  diminished 
initial  pressure  may  effectively  prevent  the  explosion 
from  beginning  since  the  increased  conduction  and 
radiation  losses  at  diminished  pressure  may  prevent 
a  combustion  reaction  from  accelerating  into  an  ex- 
plosive one. 


EFFECT    or    RADIATION    AND    CONDUCTION    LOSSES 

During  the  initial  stage  when  the  speed  of  combustion 
is  slow,  radiation  and  conduction  losses  are  corre- 
spondingly large.  For  the  same  temperature  condi- 
tions the  radiation  and  conduction  losses  for  equal 
intervals  of  time  may  be  represented  by  the  spherical 
surface  of  the  advancing  combustion  zone,  which  surface 
increases  with  the  square  of  the  radius;  and  if  radia- 
tion and  conduction  losses  be  represented  for  the  first 
second  by  c,  for  the  second  second  they  will  be  4c, 
for  the  third  second  i6c,  etc.  Meanwhile  the  gas 
burned,  or  the  total  heat  generated,  is  as  the  cube 
of  the  distance  the  combustion  zone  has  advanced, 
and  at  the  end  of  the  first  second,  if  it  be  represented 
by  d,  at  the  end  of  the  second  second  it  will  be  8d, 
at  the  end  of  the  third  second  64d,  etc.  From  these 
values,  it  is  apparent  that  for  equal  temperature 
conditions,  the  -radiation  and  conduction  loss,  if  50 
per  cent  during  the  first  second,  will  be  only  about 
25  per  cent  during  the  second  second  and  about  12V2 
per  cent  during  the  third  second,  etc.  This  diminishing 
of  the  percentage  of  radiation  and  conduction  losses 
leaves  more  heat  available  for  further  raising  the 
temperature  of  the  reacting  gases,  and  hence  for  an 
acceleration  of  the  combustion  reactions  above  the 
initial  rate.  This  raising  of  the  temperature  of  the 
reacting  gases  above  the  initial  ignition  temperature, 
is  accompanied  also  by  increased  radiation  and  con- 
duction losses  and  the  actual  percentage  decrease 
of  these  losses  is  not  quite  as  rapid  as  figured  above. 

EFFECT  OF  PRESSURE  ON  RATE  OF  REACTION 

A  rapid  increase  in  the  rate  of  the  combustion  re- 
action is  accompanied  by  an  increase  in  pressure  of 
the  reacting  gas  which  in  turn  further  accelerates 
the  rate  of  reaction.  Dixon  and  Coward'  show  that 
an  increase  in  pressure  from  one  atmosphere  to  two 
atmospheres  lowers  the  required  ignition  temperature 
for  combustion  about  30°,  from  which,  if  the  tempera- 
ture of  the  reacting  gases  remains  the  same,  doubling 
the  pressure  is  equivalent  in  its  effect  on  the  rate  of 
combustion  reactions  to  raising  the  temperature  30°, 
which  as  will  be  shown  later  corresponds  to  an  eight- 
fold increase  in  the  rate  of  reaction. 

EFFECT  OF  DUST  ON  REACTION  VELOCITY  OR  ON  IGNITION 
TEMPERATURE 

All  gas  reactions  are  accelerated  by  contact  with 
solids  and  the  effect  on  the  ignition  temperature  of 
exceedingly  fine  dust  particles  in  the  gas  should  be 
taken  into  account.  It  is  well  known  that  hydrogen 
and  oxygen  in  contact  with  fine  palladium  will  rapidly 
unite  at  temperatures  below  100°  and  if  extremely 
fine  particles  of  palladium  were  to  be  in  suspension 
throughout  a  mixture  of  oxygen  and  hydrogen,  it 
might  be  explosive  at  ordinary  temperatures.  Very 
fine  dust  of  any  kind  has  the  same  effect  to  a  greater 
or  less  degree  and  the  effect  of  dust  in  coal  mines  is 
threefold:  (i)  The  very  fine  particles  may  accelerate 
the  ignition  reaction  and  hence  lower  the  temperatures 
of  ignition.  (2)  The  coal  particles,  being  themselves 
combustible,   increase   the    thermal    value   of   the   gas 

>  Chem.  News,  99  (1909),  139. 
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and  correspondingly  less  methane  or  other  combustible 
gas  is  required  to  form  an  explosive  mixture.  (3) 
The  particles,  in  being  raised  to  the  ignition  tempera- 
ture of  the  gas,  absorb  heat  and  in  the  case  of  the 
coarser  dust  this  absorption  of  heat  may  more  than 
counteract  any  acceleration  effect  due  to  surface  effect 
upon  the  gas  reaction.  In  the  case  of  non-combustible 
dust  as  rock  dust,  the  retarding  effect  may  so  far 
exceed  the  accelerating  influence  as  to  render  gases 
less  combustible  or  explosive,  while  if  the  dust  is 
exceedingly  fine  the  conditions  may  be  reversed  and 
the  mixture  may  become  more  explosive.  Experi- 
mental results  by  Abel'  on  the  effect  of  fine  magnesium 
oxide  upon  the  explosive  properties  of  mixtures  of 
methane  and  air  showed  an  appreciable  increase  in 
the  explosive  quality  of  the  gas. 

The  Explosions  in  Mines  Committee^  in  their  third 
report  disagree  with  Abel's  results  .  and  state  that 
as  the  result  of  an  extended  series  of  experiments 
it  found  no  appreciable  effect  produced  by  fine 
incombustible  dust  and  that  the  actual  effect  of  the 
presence  of  such  incombustible  dust  is  to  render  a  gas 
and  air  mixture  less  explosive.  Experiments  by  Dixon 
and  Campbell^  show  errors  in  Abel's  work  and  their 
results  agree  with  the  Explosion  in  Mines  Committee's 
report,  that  the  presence  of  incombustible  dust  does 
not  make  a  gas  mixture  more  explosive. 

The  findings  of  the  Explosion  in  Mines  Committee 
and  the  results  obtained  by  Dixon  and  Campbell 
apparently  disprove  Abel's  conclusions  and  indicate 
that  the  danger  from  rock  dust  has  been  greatly  ex- 
aggerated. These  experiments,  however,  do  not  neces- 
sarily disprove  the  general  statement  that  the  presence 
of  exceedingly  fine  dust  particles  does  accelerate  gas 
reactions  and  it  is  entirely  possible  that  their  experi- 
ments if  repeated  on  gas  mixtures  containing  exceed- 
ingly fine  dust  particles  of  other  kinds  might  show  an 
increase  in  explosive  properties  due  to  the  presence  of 
inert  dust.  If  the  dust  itself  is  combustible  the  in- 
crease in  the  explosive  properties  of  the  gas  due  to 
the  presence  of  the  dust  is  unquestioned. 

EFFECT     OF     INCREASE     IN     TEMPERATURE     ON     RATE      OF 
REACTION 

According  to  Ostwald,  in  many  chemical  reactions, 
the  rate  of  reaction  is  doubled  by  an  increase  of  10°. 
If  this  rate  of  increase  holds  true  throughout  a  range 
of  100°,  the  reaction  velocity  of  a  gas  having  an  initial 
ignition  temperature  of  700°,  if  raised  to  800°  would 
increase  approximately  a  thousandfold.  The  radia- 
tion and  conduction  loss  at  800°  as  compared  with 
that  at  700°  is  not  more  than  in  the  ratio  of  about 
5  to  3.  Hence,  in  comparison  with  the  increase  in 
the  speed  of  reaction,  the  increase  in  radiation  and 
conduction  loss  is  of  minor  importance. 

The  minimum  velocities  of  reaction  of  combustion 
and  of  explosion  and  the  corresponding  ignition  tem- 
peratures of  combustion  and  of  explosion,  are  different 
for  different   mixtures  and  different  conditions.     The 

•  Report  to  the  Secretary  of  State  for  the  Home  Department.  March 
2.1,  1881.     For  review  of  this  sec  Colliery  Guardian,  106  (191.1).  812. 
"■  Colliery  Guardian.  106  (191.1),  848. 
»  Jour.  Soc.  Chem.  Ind..  32  (191,1).  684-687. 


velocity  of  combustion  must  be  sufficient  to  keep  the 
reaction  self-sustaining  and,  since  the  requirements 
for  being  self-sustaining  are  dependent  upon  the  com- 
bined influences  of  all  the  factors  mentioned,  it  is 
evident  that  the  actual  velocity  and  hence  the  actual 
ignition  temperature  are  different  for  every  different 
set  of  conditions.  The  maximum  velocity  of  combus- 
tion and  the  ignition  temperature  corresponding  to 
this  velocity  are  likewise  different  for  each  particular 
set  of  conditions.  The  maximum  velocity  of  combus- 
tion and  the  corresponding  ignition  temperature 
may  be  considered  as  the  minimum  velocity  and  the 
minimum  temperature  required  to  produce  an  explo- 
sion. It  follows,  therefore,  that  any  particular  tem- 
perature of  ignition  of  combustion  and  any  particular 
temperature  of  ignition  of  explosion  can  be  accurately 
stated  only  for  some  definite  mixture  under  some  definite 
set  of  conditions. 

SUMMARY 

In  order  to  be  adequate,  statements  regarding  the 
ignition  temperature  of  a  gas  mixture  must  be  ex- 
plicit as  to  whether  the  temperature  of  combustion 
or  the  temperature  of  explosion  is  meant.  Also  the 
particular  mixture  of  the  gas  with  oxygen  or  with  air 
must  be  stated  as  well  as  data  as  to  the  presence  of 
inert  gases  and  the  initial  temperature  and  the  initial 
pressure. 

THERMAL      REQUIREMENTS     FOR     COMBUSTION     AND 

EXPLOSION    AND    THE    CALCULATION    OF    THE 

COMPOSITIONS   OF  COMBUSTIBLE  AND 

EXPLOSIVE    MIXTURES 

While  the  values  for  ignition  temperatures  vary 
with  differences  in  conditions,  the  experimental  data 
available  are  sufficient  to  serve  as  the  basis  for  the 
theoretical  calculations  of  the  composition  of  com- 
bustible and  explosive  mixtures.  This  calculation 
involves  the  heat  of  combustion,  the  temperature  of 
ignition  and  the  thermal  capacity  of  the  reacting  ga^es. 
A  brief  discussion  of  this  last  factor  is  advisable. 

THERMAL    CAPACITY    OF    GASES 

The  thermal  capacity  of  a  gas  for  any  given  tem- 
perature range  is  the  amount  of  heat  required  to  raise 
it  through  this  range,  and  is  the  product  of  its  mean 
specific  heat,  the  number  of  degrees  of  temperature 
through  which  it  is  raised,  and  the  number  of  unit 
quantities  heated.  Tables  of  thermal  capacity  afford 
an  easy  and  ready  means  for  determining  the  sensible 
heat  contained  in  the  different  reacting  gases  or  in  the 
products  of  combustion  for  different  temperature  in- 
tervals. The  tables  may  be  calculated  to  any  basis 
desired,  as  for  example  the  thermal  capacity  of  the 
gas  per  gram  molecular  volume,  or  the  thermal  capacity 
of  the  gas  per  gram,  or  per  pound,  or  the  thermal 
capacity  per  gram  or  per  pound  of  one  of  the  con- 
stituents. 

The  thermal  capacity  of  some  of  the  common  gases 
from  o°  to  temperature  t°  is  given  in  the  following 
table.  The  values  are  in  small  calories  per  gram  molec- 
ular volume  of  gas  under  constant  pressure,  and  are 
derived    from    the    general    formulas    given    by    Lewis 
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and  Randall.'  These  formulas  are  based  upon  the 
work  of  Holborn  and  Austen,  Holborn  and  Henning 
and  Pier.  They  are  the  best  data  available  on  the 
specific  heats  and  thermal  capacities  of  gases. 


Ta 

BI.E  OF 

Thermal 

Capacities 

Tempera 

ture 

O2. 

CO2 

21 

°  C. 

N2.  CO 

H. 

SO2 

H2O 

CH. 

calorie 

0 

0000 

0000 

0000 

0000 

0000 

0000 

50 

340 

338 

448 

422 

504 

100 

100 

682 

679 

910 

843 

1038 

200 

150 

1027 

1022 

1386 

1263 

1602 

300 

200 

1375 

1367 

1877 

1684 

2196 

400 

250 

1725 

1715 

2380 

2104 

2820 

500 

300 

2077 

2064 

2897 

2526 

3474 

600 

350 

2432 

2416 

3426 

2950 

4158 

700 

400 

2789 

2770 

3966 

3377 

4872 

800 

450 

3148 

3125 

4512 

3804 

5601 

900 

500 

3512 

3485 

5081 

4237 

6390 

1000 

550 

3876 

3845 

5650 

4671 

7179 

1100 

600 

4243 

4209 

6239 

5112 

8028 

1200 

650 

4613 

4573 

6828 

5556 

8877 

1300 

700 

4986 

4942 

7436 

6008 

9786 

1400 

750 

5360 

5311 

8043 

6462 

10695 

1500 

800 

5738 

5685 

8667 

6927 

11664 

1600 

850 

6116 

6058 

9290 

7394 

12633 

1700 

900 

6501 

6436 

9929 

78V  5 

13662 

1800 

950 

6885 

6814 

10567 

8357 

14691 

1900 

1000 

7273 

7196 

11219 

8857 

15780 

2000 

Column  7  gives  the  value  for  it  calories  which  is 
the  amount  by  which  the  thermal  value  at  constant 
pressure  must  be  diminished  to  obtain  the  thermal 
value  at  constant  volume.  For  example,  the  thermal 
capacity  of  one  molecular  volume  of  air  at  600°  at 
constant  pressure  is  4243.  At  constant  volume  it  is 
4243  —  2(600)  or  3043. 

LIMITS    OF    COMBUSTIBLE    MIXTURES 

In  calculating  the  composition  of  a  mixture  that 
will  support  combustion,  the  thermal  capacity  of  a 
mixture  should  be  calculated  at  constant  pressure, 
since  in  combustion  without  explosion  the  gases  have 
time  to  expand.  In  calculating  the  lower  limit  of 
a  combustible  mixture  the  heat  which  must  be  supplied 
by  the  combustion  may  be  considered  as  equal  to  the 
quantity  lost  by  radiation  and  conduction  plus  the 
thermal  capacity  of  the  mixture  of  gas  and  air  at  con- 
stant pressure  when  raised  from  the  initial  tempera- 
ture (/)  to  the  ignition  temperature  {I').  The  higher 
{t)  the  less  the  loss  due  to  radiation  and  conduction 
at  the  temperature  (/').  and  hence  {t')  decreases  as 
(/)  increases.  The  difference,  (/'  —  /)  being  smaller, 
the  thermal  capacity  of.  the  products  of  combustion 
is  smaller  and  less  combustible  gas  is  required  to  be 
present  in  the  mixture.  In  general,  an  increase  in 
the  initial  temperature  {t)  lowers  the  ignition  tem- 
perature (/'),  decreases  the  difference  {t' - — /),  lowers 
the  thermal  requirements  for  combustion  conditions 
and  as  a  result  lowers  the  limit  of  combustible  gas 
required  in  order  to  have  a  combustible  mixture. 

LIMITS    OF    EXPLOSIVE    MIXTURES 

In  calculating  the  composition  of  an  explosive 
mixture  the  thermal  capacity  of  the  mixture  should 
be  taken  as  at  constant  volume,  since  with  an  explo- 
sion traveling  at  a  high  velocity  the  gases  have  little 
opportunity  to  expand.     Loss  of  heat  by  conduction 

'  Juur.  Am.  Chem.  Soc.  34  (1912),  1128. 


is  a  small  factor  during  an  explosion  but  the  quantity 
of  heat  generated  must  be  sufficient  not  only  to  sustain 
but  to  greatly  increase  the  ordinary  rate  of  combus- 
tion. For  example,  in  the  combustion  of  a  six  per  cent 
mixture  of  methane  in  air  the  heat  generated  by  the 
combustion  of  the  first  volume  of  the  mixture  is  sufficient 
to  heat  about  three  volumes  of  additional  mixture 
to  the  ignition  temperature  of  combustion  and  the 
heat  generated  by  the  combustion  of  these  three 
volumes  is  sufficient  to  raise  g  volumes  of  mixture 
to  this  ignition  temperature.  The  increase  being 
a  geometrical  one,  the  rate  of  the  reaction  quickly 
changes  the  combustion  into  an  explosion. 

In  an  explosive  reaction  the  heat  developed  by  the 
explosion  cannot  be  less  and  as  a  matter  of  fact  con- 
siderably exceeds  the  thermal  capacity  of  the  gas  or 
products  of  combustion  heated  from  the  initial  tem- 
perature (t)  to  the  ignition  temperature  of  the  ex- 
plosive mixture  {t').  In  determining  the  lower  limit 
of  an  explosive  mixture,  assuming  one  volume  of  mix- 
ture, the  equation  may  be  written  as  follows:  Heat 
developed  by  combustion  of  X  volume  of  gas  equals 
the  radiation  and  conduction  loss  plus  the  thermal 
capacity  of  X  volumes  of  gas  plus  (i  —  X)  volumes 
of  air  from  temperature  (/)  to  temperature  {t'),  X 
being  the  unknown  amount  of  combustible  gas  neces- 
sary to  be  present,  and  /'  the  ignition  temperature. 
With  radiation  and  conduction  losses  quite  small 
and  with  a  known  value  for  t',  the  value  of  A'  is  readily 
calculated. 

For  example,  assuming  /  equals  o°  and  /',  the  tem- 
perature of  an  explosive  mixture  of  methane  and 
air,  as  850°,  the  value  of  X  is  determined  as  follows: 
A'  molecular  volumes  of  methane  on  combustion  gives 
A'(i9i,2oo)  calories.  This  equals  the  thermal  capacity 
of  A'  molecular  volumes  of  methane  and  (i  —  A'') 
molecular  volumes  of  air  from  o  to  850°  at  constant 
volume,  or  A'(i9i,20o)  equals  X(io,933)  +  (i  —  A') 
(4416).      Therefore,  A   =   2.4  per  cent. 

Assuming  750°  as  the  ignition  temperature  of  com- 
bustion, a  2.4  per  cent  mixture  of  methane  in  air  will 
not  support  combustion  as  shown  by  the  following 
considerations: 

0.024  molecular  volumes  of  methane  on  combustion 
gives  4589  calories.  The  thermal  capacity  of  0.024 
molecular  volumes  of  methane  plus  0.976  molecular 
volumes  of  air  from  o  to  750°  at  constant  pressure 
equals  0.024(10,695)  +  0.976(5,360)  =  5488  calories, 
or  a  deficiency  in  heat  of  900  calories.  The  theoretical 
amount  of  methane  required  for  combustion  at  750° 
is  calculated  as  follows: 

X  molecular  volumes  of  methane  on  combustion 
give  A''(i9i,20o)  calories.  This  equals  the  thermal 
capacity  of  A'  molecular  volumes  of  methane  plus 
(i  —  X)  molecular  volumes  of  air  from  o  to  750° 
at  constant  pressure;  or  A''(i9i,20o)  equals  A''(io,695)  -|- 
(i  —  A')  (5360),  from  which  it  follows  that  A  equals 
2.9  per  cent. 

With  an  initial  temperature  of  30°  (86°  F.)  about 
V25  less  of  methane  will  be  required  or  about  2.3  per 
cent  for  an  explosive  mixture  and  2.8  per  cent  for  a 
combustible    mixture.     The    experimental    values    for 
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the  lower  limits  of  an  explosive  or  combustible  mixture 
of  methane  and  air  are  usually  given  as  from  5.5  to 
6  per  cent  of  methane.  Assuming  the  value  5.5, 
the  excess  gas  over  the  calculated  amount  required 
for  combustion  is  5.5  —  2.8  =  2.7  per  cent,  and  the 
excess  gas  over  the  calculated  amount  required  for 
explosion  is  5.5  —  2.3  =  3.2  per  cent.  These  values 
indicate  that  during  combustion  and  for  the  tempera- 
ture assumed,  750°,  50  per  cent  of  the  heat  liberated 
is  available  for  radiation  and  conduction  losses  and  for 
accelerating  the  reaction;  while  during  an  explosion 
for  the  temperature  assumed,  850°,  with  radiation 
and  conduction  losses  practically  negligible,  nearly 
60  per  cent  of  the  entire  heat  liberated  is  expended  in 
accelerating  the  reaction  or  in  increasing  the  pressure 
of  the  gas. 

CALCULATION    OF    LOWER    LIMITS    OF    COMBUSTIBLE    AND 
EXPLOSIVE    MIXTURES    OF    HYDROGEN    AND    AIR 

Assuming  an  ignition  temperature  of  600°  the 
calculation  for  a  combustible  mixture  is  as  follows: 
In  one  volume  of  mixture  let  X  equal  the  volume 
of  hydrogen  and  i  —  X  the  volume  of  air.  Then 
X(58,ioo),  the  calories  of  heat  developed,  equals 
the  thermal  capacity  at  constant  pressure  from  0° 
to  600°  of  X  volumes  of  hydrogen  plus  (i  —  A') 
volumes  of  air,  which  equals  X(4209)  +  X(4243). 
Prom  this  it  follows  that  X  equals  7.3  per  cent.  With 
an  initial  temperature  of  air  and  gas  at  30°  (86°  F.) 
the  thermal  capacity  of  the  mixture  is  about  ^/■m  less 
than  this  value;  therefore,  Vao  less  of  hydrogen  or 
only  6.9  per  cent  will  be  required  to  furnish  the  neces- 
sary heat  units. 

Assuming  an  ignition  temperature  for  explosion 
of  700°  C.  and  neglecting  radiation  and  conduction 
losses,  the  lower  limit  of  an  explosive  mixture  of 
hydrogen  and,  air  is  obtained  by  taking  the  thermal 
capacity  of  the  gas  at  constant  volume  and  is  found 
as  follows:  Let  X  equal  the  hydrogen  present  in 
one  volume  of  the  mixture;  then  the  heat  produced 
by  the  combustion  of  the  hydrogen,  equals  the  thermal 
capacity  at  constant  volume  of  X  volumes  of  hydrogen, 
plus  I  —  X  volumes  of  air  heated  from  o  to  700°. 
In  figures  this  is  as  follows: 

X(s8,ioo)  =  A'(3,S42)  +  (i  —  A)  (3,586),  in  which 
the  value  of  A'  =  6.2  per  cent. 

With  an  initial  temperature  of  air  and  gas  at  30° 
the  thermal  capacity  of  the  mixture  is  about  V25 
less  than  this  value;  therefore,  V26  less  hydrogen  or 
only  6  per  cent  will  be  required  to  furnish  the  neces- 
sary heat  units.  The  calculated  values,  6.9  per  cent 
and  6.0  per  cent,  are  slightly  too  high,  owing  to  the 
fact  that  the  thermal  capacity  of  the  products  of  the 
reaction,  H2  +  air  (V2  0  +  1.9  No)  =  H2O  -f  1.9  N2, 
is  lower  than  the  capacity  of  the  unburned  gas,  hence 
after  the  reaction  and  after  the  products  have  been 
raised  to  the  temperature  of  ignition  there  is  a  surplus 
of  heat  which  is  available  for  heating  a  small 
additional  amount  of  unburned  mixture  or  for  heating 
the  products  to  a  temperature  higher  than  the  ignition 
temperature. 

From  the  table  of  thermal  capacity  the  capacities 


from  0°  to  600°  before  and  after  the  combustion  of 
one  molecular  volume  of  hydrogen  with  oxygen  to  form 
water  vapor  are  as  follows: 

Capacity  of  unburned  gas,  .><  . 
Capacity  of  water  vapor  formed 
Excess 


Hj  +  1/2  Ot  =  4209  -I-  1/2  (4243)  =  6331 
=  5112 


This  excess  (1219  calories)  is  a  little  over  2  per  cent 
of  the  total  heat  liberated  by  the  combustion  of  one 
molecular  volume  of  hydrogen  (58,100  calories). 
Therefore,  the  calculated  values  of  combustible  and 
explosive  mixtures,  6.9  and  6.0  per  cent,  are  corre- 
spondingly 2  per  cent,  or  '/so  too  high.  Making 
this  correction  the  values  are  about  6.8  and  5.9  per 
cent.  The  thermal  calculations  on  methane  and  air 
are  subject  to  a  similar  correction,  which,  however, 
amounts  to  only  470  calories  per  molecular  volume  of 
methane  burned  or  191,200  calories,  which  is  less 
than  '/4  per  cent  of  the  total  heat  produced  and  is 
more  of  theoretical  interest  than  of  practical  importance. 

TEMPERATURE  REQUIRED  TOR  IGNITION  FOR  COMBUSTION 

COMPARED    WITH    TEMPERATURE    REQUIRED    FOR 

IGNITION    FOR    EXPLOSION 

In  the  foregoing  calculations  the  ignition  tempera- 
ture of  combustion  for  a  mixture  of  hydrogen  in  air 
is  assumed  as  600°  and  the  ignition  temperature  for 
combustion  for  a  mixture  of  methane  in  air  is  assumed 
as  750°.  These  values  are  approximately  Dixon  and 
Coward's  highest  values  for  ignition  temperatures, 
which  for  hydrogen  and  air  are  580°  to  590°  and  for 
methane  and  air  650°  to  750°.  The  ignition  tempera- 
tures of  explosion  of  hydrogen  and  air  and  methane 
and  air  are  assumed  as  100°  higher  than  the  ignition 
temperatures  of  combustion.  These  values  are  not 
to  be  regarded  as  exact  but  serve  merely  as  a  basis 
of  calculation  and  for  discussion  of  explosive  condi- 
tions. The  value  700°  assumed  for  hydrogen  is  186° 
higher  than  Falk's  value  for  the  ignition  temperature 
of  explosion  for  a  50  per  cent  mixture  of  hydrogen 
in  air  and  67°  higher  than  his  value  for  the  ignition 
temperature  of  a  16  per  cent  mixture  of  hydrogen  in 
air. 

If  temperature  alone  were  the  cause  for  the  greater 
rapidity  of  an  initial  explosion  reaction  compared 
with  a  combustion  reaction,  the  temperature  required 
to  start  an  explosion  necessarily  would  be  very  con- 
siderably higher  than  that  required  to  sustain  com- 
bustion. However,  as  has*  been  already  shown, 
the  high  pressure  during  an  explosion  is  an  important 
factor  in  producing  ignition  of  the  gas  at  independent 
points  throughout  the  mass.  During  combustion 
thejarge  radiation  and  conduction  losses,  which  losses 
are  practically  absent  during  an  explosion,  necessarily 
raise  the  actual  temperature  at  which  the  combustion 
reaction  is  self-sustaining  considerably  above  that 
which  jwould  be  required  if  these  losses  are  absent. 
Taking  the  influences  of  these  factors  into  account 
it  is  conceivable  that  the  temperature  necessary  to 
start  and  sustain  a  continuous  combustion  reaction 
actually  may  be  as  high  or  higher  than  the  required 
ignition  temperature  of  an  explosion  reaction  after 
the  explosive  wave  is  once  started. 
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VALUES  OBTAINED  BY  THERMAL  CALCULATIONS  COM- 
PARED WITH  ACTUAL  VALUES 

In  ordinary  combustion,  as  has  already  been  stated, 
the  products  of  the  reactions  are  necessarily  heated 
considerably  above  the  temperature  actually  required 
to  produce  the  reaction.  Otherwise  the  conduction 
and  radiation  of  heat  to  adjacent  molecules  of  unburned 
gas  and  air  would  not  be  sufficient  to  raise  any  of  them 
to  the  actual  combining  temperature,  and  in  thermal 
calculations  for  combustion  where  the  heat  evolved 
is  assumed  as  equal  to  the  thermal  capacity  of  the 
reacting  gases  raised  to  the  ignition  temperature, 
the  calculated  value  for  the  amount  of  combustible 
gas  required  must  be  lower  than  the  amount  actually 
required.  If  on  the  other  hand,  the  amount  of  com- 
bustible gas  actually  required  to  produce  an  explosive 
mixture  is  made  the  basis  of  a  thermal  calculation, 
the  value  obtained  for  ignition  temperature  of  the  mix- 
ture is  higher  than  the  actual  temperature  required 
to  cause  chemical  reaction  to  take  place  in  the  mixture. 
The  effect  of  radiation  and  conduction  losses  is  to 
raise  the  required  ignition  temperature  and  to  increase 
the  amount  of  combustible  gas  required  to  produce 
a  self-sustaining  combustion. 

In  general,  any  thermal  equation  based  on  the 
temperature  at  which  two  gases  will  unite  if  raised 
to  that  temperature  will  give  a  result  for  the  amount 
of  combustible  gas  required  lower  than  that  which 
will  be  obtained  experimentally. 

Likewise,  any  thermal  equation  for  combustion 
which  balances  if  it  is  based  on  experimental  data 
actually  obtained  on  gas  mixtures  that  support  com- 
bustion must  give  a  value  for  the  ignition  tempera- 
ture higher  than^the  temperature  at  which  combustion 
takes  place. 

POTENTIAL     EXPLOSIVE    PROPERTIES     OF     GAS     MIXTURES 

.The  results  of  thermal  calculations  based  upon 
the  temperature  at  which  actual  chemical  reaction 
takes  place  fixes  the  lowest  limits  of  the  amount  of 
combustible  gas  required  for  a  given  set  of  conditions. 
Any  increase  in  amount  of  combustible  gas  over  this 
lower  limit  or  any  change  of  conditions  may  make 
the  mixture  at  least  potentially  combustible  or  ex- 
plosive. The  theoretical  value  of  5.9  per  cent  as  the 
lower  limit  of  an  explosive  mixture  of  hydrogen  in  air 
and  the  value  of  2.4  per  cent  as  the  lower  limit  of  an 
explosive  mixture  of  methane  in  air  are  based  on  igni- 
tion temperatures  of  700°  for  hydrogen  and  850° 
for  methane.  Palk's  value  for  the  ignition  tempera- 
ture of  explosion  of  a  16  per  cent  mixture  of  hydrogen 
in  air  is  only  637°,  from  which  it  appears  that  the 
assumption  of  700°  as  the  ignition  temperature  with 
approximately  a  6  per  cent  mixture  is  probably  not 
too  low.  Natural  gas  and  gas  in  coal  mines  frequently 
contain  lo  to  15  per  cent  ethane  which  has  an  ignition 
temperature  of  combustion  as  low  as  520°  and  has 
about  twice  the  heating  value  of  methane  volume  for 
volume,  which  makes  a  2  per  cent  mixture  of  natural 
gas  at  least  as  explosive  as  a  2.4  per  cent  mixture  of 
methane.  Prom  these  considerations  it  is  apparent 
that  any   mixture   of   over   6   per  cent   of   hydrogen   in 


air  and  of  over  2  per  cent  of  natural  gas  with  air  may 
be  at  least  potentially  explosive. 

The  results  obtained  in  the'  laboratory  with  ex- 
plosive mixtures  are  presumably  obtained  with  prac- 
tically dust-free  gas  and  hence  with  gas  having  a  high 
ignition  temperature.  Furthermore,  in  laboratory 
tests  the  results  are  usually  obtained  with  mixtures 
rich  enough  to  ignite  and  explode  without  any  ac- 
celerating influence  analogous  to  blow-out  shots,  local 
explosions  of  rich  mixtures,  etc. 

In  mines  and  factories  the  mixtures  of  gas  and  air 
are  very  liable  to  contain  appreciable  quantities  of 
fine  combustible  dust  and  therefore  may  have  appreci- 
ably lower  ignition  temperatures  and  be  correspond- 
ingly more  explosive.  Any  mixture  of  gas  which  is 
potentially  explosive  is  to  be  regarded  as  dangerous, 
as  in  mines  or  in  other  localities  there  is  always  the 
possibility  of  conditions  changing  to  such  an  extent 
that  a  potential  explosion  may  become  an  actual  one. 

SUMMARY 

The  data  in  the  literature  regarding  the  explosive 
properties  of  gas  mixtures  are  often  incomplete  and 
misleading.  Definite  knowledge  is  of  importance  in 
securing  safety  in  mining  and  other  industrial  opera- 
tions. This  knowledge  can  be  made  more  usable  if 
the  various  factors  bearing  upon  the  question  are  col- 
lected and  their  effects  analyzed. 

In  order  to  discuss  the  problems  involved  it  is  de- 
sirable to  define  with  some  exactness  some  of  the  fac- 
tors and  to  consider  in  detail  the  difference  between 
combustion  and  explosion. 

The  ignition  temperature  of  a  mixture  is  the  tem- 
perature to  which  it  must  be  raised  to  bring  about 
an  appreciably  rapid  chemical  reaction.  Ignition 
temperature  of  combustion  or  explosion  is  the  tempera- 
ture to  which  a  portion  of  the  mixture  must  be  raised 
in  order  that  a  combustion  or  an  explosion  may  be 
propagated  throughout  the  entire  mixture.  Ignition 
temperature  of  combustion  and  ignition  temperature 
of  explosion  are  two  distinct  temperatures  corresponding 
to  two  different  reaction  velocities.  The  minimum 
velocity  of  a  combustion  reaction  is  the  lowest  velocity 
at  which  the  combustion  is  sustained  and  below  which 
the  combustion  flame  is  extinguished.  The  maxi- 
mum velocity  is  the  highest  velocity  for  combustion 
beyond  which  the  reaction  becomes  explosive.  Com- 
bustion is  produced  by  direct  transfer  of  energy 
from  molecule  to  molecule.  In  an  explosion  the  heat 
produced  by  a  rapid  initial  reaction  raises  the  pressure 
high  enough  to  start  an  explosion  wave,  the  pressure 
of  which  raises  the  gas  to  its  ignition  temperature 
and  the  reaction  takes  place  throughout  the  entire 
mixture.  The  exact  value  for  ignition  temperature  of 
combustion  and  for  ignition  temperature  of  explosion 
is  affected  by  changes  in  initial  temperature  of  the 
gas,  by  changes  in  the  initial  pressure,  and  by  radiation 
and  conduction  losses,  and  is  different  for  every  mix- 
ture and  for  every  set  of  conditions.  In  order  that 
a  gas  mixture  may  support  combustion  or  be  explosive 
the  heat  produced  by  the  reaction  must  be  more  than 
sufficient  to  raise  the  products  of  combustion  and  any 
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inert  gases  or  any  excess  air  present  to  the  ignition 
temperature  of  the  mixture.  Having  given  the  heat 
of  the  reaction  and  the  ignition  temperature,  the  calcu- 
lation of  the  lower  limits  of  combustible  and  explosive 
mixtures  of  gas  is  comparatively  easy.  These  theoret- 
ical calculations,  if  based  on  the  temperature  at  which 
a  reaction  will  take  place,  give  results  for  the  amounts 
of  combustible  gas  required  lower  than  the  results 
found  by  experimental  means,  as  the  experimental 
results  necessarily  include  enough  additional  combus- 
tible gas  to  overcome  the  effect  of  radiation  and  con- 
duction losses.  The  values  by  theoretical  calculations 
while  lower  than  actual  values  are  useful  in  that  they 
show  the  potentially  explosive  properties  of  a  mixture 
and  any  potentially  explosive  gas  is  to  be  regarded 
as  dangerous. 

Assuming  ignition  temperatures  of  combustion  of 
600  and  750°  and  ignition  temperatures  of  explosion 
of  700  and  850°  for  mixtures  of  hydrogen  in  air  and 
of  methane  in  air  and  determining  the  amount  of 
each  required  to  satisfy  the  thermal  requirements  of 
the  reaction  for  these  temperatures,  and  assuming 
combustion  as  occurring  at  constant  pressure  and 
explosion  as  occurring  at  constant  volume,  the  theoret- 
ical lower  limit  of  a  combustible  mixture  of  nydrogen 
in  air  is  6.8  per  cent  and  of  methane  in  air  is  2.8  per 
cent  and  the  theoretical  lower  limit  of  an  explosive 
mixture  of  hydrogen  in  air  is  5.9  and  of  methane  in 
air  is  2.4  per  cent. 

In  a  succeeding  paper  entitled  "Partial  and  Inter- 
mittent Combustion  of  Gas,"  the  writer  gives  the 
results  of  some  experiments  undertaken  in  order  to 
obtain  further  experimental  data  upon  these  limits 
and  also  to  try  to  harmonize  the  different  experimental 
values  found  in  the  literature,  which  for  air  and  hy- 
drogen range  from  5  to  10  per  cent  and  for  air  and 
methane  range  from  3.2  to  6  per  cent. 

The  writer  desires  to  express  appreciation  and  in- 
debtedness to  Dr.  W.  E.  Henderson  of  the  Depart- 
ment of  Physical  Chemistry  for  advice  and  suggestions. 

Department  of  METAtLtiROY 
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A  NEW  METHOD  FOR  DETERMINING  THE  VALUE 
OF  DISINFECTANTS 
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Since  the  chief  function  of  a  disinfectant  is  to  kill 
bacteria  or  other  micro-organic  growth,  its  commercial 
value  may  be  measured  in  terms  of  either  of  two 
quantities — first,  the  time  required  for  a  disinfectant 
of  definite  dilution  to  destroy  a  predetermined  bac- 
terial culture;  second,  that  certain  dilution  necessary 
to  kill  the  bacteria  of  this  culture  in  a  definite  inter- 
val of  time.  But  bacteria  are  living  organisms  having 
more  or  less  an  individuality.  Not  only  are  there 
many  different  strains  or  types  of  each  organism, 
but  the  same  culture  of  bacteria  may  differ  in  many 
of  its  characteristics  from  day  to  day.  Hence  it  is 
impossible  to  employ  as  an  analytical  standard  for 
determining  the  killing  power  of  disinfectants  an  organ- 
ism which  may  vary  in  its  vitality,  or  a  culture  which 


may  be  heterogeneous  as  to  the  vitality  of  the  indi- 
vidual bacteria  present.  The  other  alternative  is 
to  agree  upon  a  certain  chemical  compound  of  known 
composition,  and  which  may  be  obtained  with  ease, 
as  the  standard  disinfectant,  and  to  measure  all  other 
disinfectants  in  terms  of  the  killing  power  of  this 
standard.  Phenol  is  the  substance  more  generally 
employed  for  the  purpose,  and  the  ratio  of  the  ability 
of  a  disinfectant  to  kill  the  bacteria  of  a  certain  cul- 
■  ture  to  the  ability  of  phenol  to  kill  the  same  bacteria 
under  absolutely  the  identical  conditions  is  called 
the    "Phenol-coefficient." 

There  are  at  present  three  methods  for  measuring 
the  bactericidal  value  of  disinfectants,  all  using 
the  above  principles,  ,but  differing  in  details  of  manip- 
ulation; these  are  the  Rideal- Walker,  the  Lancet  and 
the  Hygienic  Laboratory  Methods.  Each  of  these, 
however,  gives  unsatisfactory  results,  not  only  when 
carried  on  by  different  experimenters  in  different  lab- 
oratories, but  by  the  same  operators  when  carrying 
on  his  work  in  duplicate.  Blythe'  has  called  atten- 
tion to  this  fact  most  forcibly,  and  has  made  a  strong 
appeal  for  a  more  chemical  method  for  testing  disin- 
fecting materials.  We  believe  that  the  methods 
now  in  use  are  not  sound  for  the  following  reasons: 
The  mechanism  of  the  reaction  by  which  a  disinfectant 
kills  bacteria  is  not  definitely  known,  but  it  is  generally 
conceded  that  the  concentration  of  the  disinfecting 
solution  falls  in  proportion  as  the  number  of  living 
bacteria  present  is  decreased.  It  is  possible  that  the 
number  of  molecules  of  disinfectant  is  so  great  in  pro- 
portion to  the  number  of  bacteria  present  that  the 
change  in  the  concentration  of  the  disinfectant  as  the 
living  bacteria  disappear  is  negligible.  But  it  is  gener- 
ally true  in  carrying  out  these  methods  that  so  large 
a  number  of  bacteria  is  used  that  the  strength  of  the 
disinfectant  is  materially  changed  as  the  killing  of 
the  bacteria  proceeds  and  before  the  last,  or  more  hardy 
individuals  are  killed,  the  disinfectant  is  appreciably 
exhausted.      Misleading  results  are  therefore  obtained. 

Each  of  the  above  methods  provides  for  removing 
what  is  supposed  to  be  a  perfectly  constant  volume 
of  the  culture  from  a  tube  or  flask  by  means  of  the 
so-called  standard  loop.  This  is  a  circular  loop  made 
by  winding  a  platinum  wire  of  determined  size  around 
a  rod  having  a  definite  diameter.  There  are  so  many 
physical  conditions  which  apparently  would  influence 
the  volume  of  liquid  such  a  loop  would  carry 
that  it  was  thought  of  interest  to  determine  this  vol- 
ume. A  strong  solution  of  iodine  of  known  strength 
served  as  the  liquid  to  be  transferred,  and  a  dilute 
solution  of  thiosulfate  was  used  to  measure  the  amount 
of  iodine  contained  in  each  loopful.  A  number  of 
loopfuls  were  withdrawn  with  great  care  and  placed 
in  cold  distilled  water.  The  weight  of  iodine  in  each 
was  then  determined  by  titration,  and  from  this  data 
the  volume  of  the  loopfuls  calculated.  When  great 
precautions  were  used,  the  volume  of  one  loop  varied 
as  much  as  30  per  cent  from  the  mean  of  25  loopfuls, 
and  when  hurriedly  done  the  variation  rose  as  high  as 
80  per  cent.     The  volume  transferred  by  the  standard 

'  Orig.   Communications.   Intern.    Cong,   .\pplicd   Chem..    1909. 


Mar.,  iqi4 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


199 


loop  is  on  the  average  0.003  cc.  It  may  be  easily 
seen  that  if  the  number  of  living  bacteria  has  been 
largely  reduced  by  the  action  of  the  disinfectant  it  is 
very  possible  to  transfer  a  loopful  from  the  disinfected 
culture  to  a  new  culture  tube  which  may  contain  no 
living  bacteria,  even  though  there  are  an  appreciable 
number  present.  But  even  assuming,  notwithstand- 
ing the  law  of  chances,  that  each  loopful  contains  a 
number  of  bacteria  proportioned  to  the  volume  car- 
ried by  the  loop,  since  this  volume  may  vary  by  at 
least  30  per  cent  from  the  mean,  and  may  easily  vary 
as  much  as  80  per  cent,  concordant  results  cannot  be 
expected. 

The  use  of  a  tube  of  sterile  broth  into  which  to  trans- 
fer the  loop  of  disinfected  culture  to  determine  whether 
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or  not  all  bacteria  have  been  killed,  is  also  unsatisfac- 
tory. If  the  tube  should  prove  fertile  there  is  no 
means  of  determining  whether  the  inoculation  was  due 
to  one  stray  survivor  which  happened  to  be  in  the 
loop  and  whose  presence  was  accidental,  or  to  a  con- 
siderable number  of  bacteria  which  the  disinfectant 
had  failed  to  destroy. 

To  recapitulate,  the  present  methods  are  unreliable 
because:  (a)  The  use  of  an  excessive  number  of  bac- 
teria depletes  the  disinfecting  solution  before  the 
culture  is  rendered  sterile.  (6)  An  unknown  volume 
is  withdrawn  for  testing,  in  that  the  volume  of  the 
standard  loop  is  not  constant,  (c)  It  is  impossible 
to  determine  from  the  broth  tube  inoculated,  how  com- 


plete the  killing  was  at  the  time  the  sample  was  with- 
drawn. 

A  method  developed  in  this  laboratory  which  seems 
to  eliminate  these  sources  of  error,  and  which  is  not 
more  laborious,  is,  in  principle,  as  follows:  The  dis- 
infectant to  be  analyzed  for  its  relative  bactericidal 
power  is  diluted  with  water  to  three  or  four  definite 
concentrations,  the  extent  of  dilution  depending  upon 
its  strength.  Pure  synthetic  phenol  is  diluted  in  a 
like  manner.  Into  a  series  of  these  known  concentra- 
tions of  both  phenol  and  the  disinfectant  under  con- 
sideration is  placed  an  equal  volume  of  a  standard 
bacteria  culture  and  the  mixture  allowed  to  remain 
an  exact  number  of  minutes.  At  the  end  of  this  time 
an  aliquot  part  of  each  mixture  is  plated  out  in  Petri 
dishes  on  nutrient  agar  and  incubated  until  the  colonies 
representing  the  surviving  bacteria  can  be  counted. 
At  the  same  time  plates  of  equal  dilutions  of  the  culture 
but  without  the.  disinfectant  are  incubated.  The  ratio 
of  surviving  organisms  to  the  number  present  on  the 
undisinfected  plates  is  then  plotted  against  the  dilu- 
tion, and  two  curves,  one  for  the  standard  phenol 
and  one  for  the  disinfectant  are  obtained.  From 
,  these  the  relative  strength  of  the  two  disinfectants 
can  be  read  off  at  any  desired  point  on  the  curves,  and  a 
coefficient  either  for  total  killing  or  any  determined 
percentage  of  killing  may  be  calculated. 

The  exact  manipulation  recommended  is  as  follows: 
One  gram  of  the  disinfectant  to  be  analyzed  is  weighed 
accurately  and  diluted  with  sterile  water  to  a  volume 
of  100  cc.  From  this  stock  solution  a  series  of  dilu- 
tions is  made.  Since  an  equivalent  part  of  each  of 
these  is  later  to  be  mixed  with  an  equal  volume  of  a 
dilute  water  suspension  of  bacteria,  the  strength  of  the 
series  should  be  twice  that  of  the  final  dilution  desired. 
When  nothing  is  known  of  the  relative  strength  of  the 
disinfectant  in  hand,  dilutions  of  one  part  disinfectant 
in  200,  400,  and  800  parts  sterile  water  have  been 
found  advisable.  From  a  5  per  cent  solution  of  syn- 
thetic phenol  a  series  of  dilutions  of  one  part  phenol 
to  100,  125  and  150  parts  water  will  give  a  curve  cov- 
ering a  considerable  range  of  killing  when  B.  coli  com- 
munior  is  used.  Tubes  of  sterile  broth  and  nutrient 
agar  culture  medium  are  prepared  according  to  the 
standard  methods,  and  a  number  of  10  cc.  and  i  cc. 
pipettes  and  ordinary  test  tubes  are  provided. 

Ten  cc.  of  each  of  the  dilutions  of  disinfectant  and 
phenol  are  added  to  properly  marked  test  tubes  and 
placed  in  a  water  bath  at  20°  C.  Ten  cc.  of  a  broth 
culture  of  B.  coli,  so  diluted  with  sterile  water  that  i 
cc.  contains  from  20,000  to  60,000  bacteria,  are  placed 
by  means  of  a  straight  graduated  pipette  in  test  tubes, 
one  more  than  the  number  of  disinfectant  and  phenol 
tubes  just  described,  and  these  are  also  placed  in  the 
water  bath.  This  is  a  twenty-four  hour  broth  culture 
of  reaction  -|-i,  which  has  been  transformed  daily 
for  not  less  than  three  days.  When  the  whole  has 
come  to  a  temperature  of  20°  C.  the  contents  of  one 
of  the  tubes  of  disinfectant  is  poured  into  one  of  the 
tubes  of  bacteria  and  well  shaken.  After  one-half 
minute  this  procedure  is  repeated  with  the  second  tube 
and   so    on   through    the    series.     At    the    end   of   five 
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minutes,  i  cc.  is  withdrawn  from  the  first  tube  of 
disinfected  bacteria  and  added  to  a  botlje  containing 
99  cc.  of  sterile  water;  one-half  minute  later  the  second 
tube  is  so  treated  and  the  others  at  yi  minute  intervals 
in  the  same  way.  To  the  tube  of  bacteria  in  which 
no  disinfectant  was  placed,  10  cc.  sterile  water  are  added 
and  I  cc.  is  transferred  to  a  bottle  containing  99  cc. 
sterile  water.  These  bottles  are  well  shaken,  and 
duplicate  Petri  dishes  are  poured  from  each  one,  i  cc. 
solution  being  first  added  to  the  dish  followed  by 
enough  nutrient  agar  to  make  a  satisfactory  culture 
plate.  When  the  dishes  set  they  are  inverted  and 
allowed  to  incubate  at  37.5°  C.  for  48  hours.  At  the 
end  of  this  time  the  plates  are  counted  and  the  ratio 
of  the  number  of  surviving  bacteria  to  the  number 
of  colonies  on  the  non-disinfected  plate  is  determined. 
When  plotted  against  the  dilution  two  curves  are  ob- 
tained, types  of  which  are  shown  on  the  accompany- 
ing plate.  If  a  number  of  disinfectants  are  examined 
at  the  same  time,  it  is  of  course  not  necessary  to  re- 
peat the  phenol  series  and  the  bacteria  blank  with 
each.  The  coefficient  of  total  killing  for  Disinfectant 
A  is  seen  to  be  2.88,  while  for  B  it  is  4.76. 

A  study  of  a  large  number  of  these  plates  shows' 
that  the  curves  for  the  so-called  emulsion  disinfectants 
are  almost  straight  lines;  at  most  there  is  but  a  slight 
curvature.  Thus  a  sfnall  number  of  points  will  locate 
a  line  with  a  fair  degree  of  accuracy  and  the  necessity 
of  using  small  increments  of  dilution  as  obtains  in 
the  older  method  is  not  here  present.  As  is  clearly 
shown  in  this  plot,  though  desirable,  it  is  not  necessary, 
as  in  the  other  methods,  that  the  most  concentrated 
solution  of  the  disinfectant  used  should  produce  a 
sterile  tube  or  plate,  that  is,  show  total  killing.  If  at 
least  three  points  have  been  found  to  lie  fairly  well 
upon  a  smooth  curve,  the  line  may  safely  be  inter- 
polated until  it  cuts  the  axis  representing  complete 
killing  and  the  coefficient  calculated  from  this  inter- 
section. The  results  obtained  may  be  duplicated 
with  sufficient  precision  to  warrant  confidence  in  them. 
This  is  true  not  only  of  a  single  operation  carrying  on 
duplicate  determinations,  but  by  two  analysts  work- 
ing separately. 


1 4.82 

2 5.17 

3 6.95 

4 9.64 

5 4.28 

6 2.04 


6.64 
9.30 
4.08 


The  above  duplicate  results  obtained  by  the  same 
analyst  will  give  an  idea  of  the  degree  of  accuracy 
which  may  be  readily  attained. 
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THE  LEAD  CONTENTS  IN  SUBLIMED  WHITE 
LEAD— A  CALCULATION 

By  John  .\.  Sciiaeffer 
Received  December  II.  1913 

The  composition  of  sublimed  white  lead,  the  basic 
sulfate  of  lead,  has  become  a  most  important  factor  to 


users  of  this  pigment.  Both  among  rubber  manu- 
facturers and  producers  of  paints,  it  is  being  found 
essential  that  the  contents  of  lead  oxide  and  lead 
sulfate  be  known,  so  that  advantage  may  be  fully 
taken  of  its  characteristic  properties.  This  control 
necessitates  an  analysis  of  the  compound  in  the  labora- 
tory. 

In  analyzing  sublimed  white  lead  by  the  usual 
method,  it  is  found  that  the  percentage  composition 
can  be  determined  only  by  an  analysis  entailing  lengthy 
manipulation,  in  which  the  content  of  lead  oxide  is 
directly  dependent  upon  the  accuracy  of  the  other 
determinations,  owing  to  the  necessity  of  estimating 
its  percentage  by  a  calculation  based  upon  the  per- 
centage of  the  other  constituents  present.  The  steps 
in  the  procedure  must  therefore  be  closely  watched  for 
slight  inaccuracies  at  all  times. 

As  is  well  known,  the  average  composition  of  sub- 
limed white  lead  is  given  as  follows: 

Lead  sulfate 78.5 

Lead  oxide 16.0 

Zinc  oxide 5.5 

That  its  composition  varies  only  slightly  from  the 
above  analysis  during  a  long  period  of  time,  is  shown 
by  its  comparison  with  an  average  of  the  entire  output 
of  the  Picher  Lead  Company  extending  over»  five 
months  time,  an  average  embracing  270  total 
analyses. 

This  average  shows  the  composition  to  be: 

Lead  sulfate 76.68 

Lead  oxide 17.23 

Zinc  oxide 5.79 


A  slightly  higher  lead  oxide  and  zinc  oxide  content 
and  a  correspondingly  lower  lead  sulfate  content  is 
found,  than  in  the  usually  stated  formula.  It  shows, 
however,  only  slight  variation.  The  average  total 
percentage,  consisting  of  lead  sulfate,  lead  oxide,  and 
zinc  oxide,  was  found  to  be  99.70  per  cent.  The  re- 
maining 0.3  of  a  per  cent  is  only  rarely  determined, 
and  when  actually  sought  is  found  to  consist  of 
moisture,  occluded  gas  and  ash.  A  definite  ratio 
exists  between  the  total  lead  content  and  the  lead 
sulfate  and  lead  oxide  contents,  and  advantage  may  be 
taken  of  this  relation  for  a  rapid  and  accurate  deter- 
mination of  the  lead  constituents  in  sublimed  white 
lead. 

In  order  to  arrive  at  the  short  method  for  the 
analysis  which  is  based  upon  a  direct  calculation  of  the 
lead  and  zinc  contents,  it  is  necessary  that  the  usual 
method  of  analysis  be  considered. 

USUAL     METHOD    ADOPTED    FOR    THE    ANALYSIS    OF    SUB- 
LIMED   WHITE    LEAD 

DETERMINATION    OF    TOTAL    SULFATE Mix    0.5     gram 

of  the  sample  with  3  grams  of  sodium  carbonate  in  a 
beaker.  Treat  the  mixture  with  30  cc.  of  water  and 
boil  gently  for  ten  minutes.  Allow  to  stand  for  four 
hours.      Dilute   the   contents   of  the   beaker   with   hot 
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water;  filter  off  the  residue  and  wash  until  the  filtrate 
is  about  200  cc.  in  volume.  Reject  the  residue.  By 
this  reaction  all  the  lead  sulfate  is  changed  to  car- 
bonate, the  sulfate  being  transposed  into  sodium 
sulfate,  which  is  found  in  the  filtrate. 

Acidulate  the  filtrate  with  hydrochloric  acid  and  add 
an  e.xcess  of  about  2  cc.  of  the  acid.  Boil,  and  add  a 
slight  excess  of  barium  chloride  solution  (12  cc.  of  an 
8  per  cent  solution).  When  the  precipitate  has  well 
settled,  filter  on  an  ashless  filter,  wash,  ignite  and 
weigh  as  BaS04.  Calculate  the  BaS04  to  PbS04  by 
using  the  factor  2.6  when  a  half  gram  is  used. 

Weight  of  BaSO,  X  1.3  =  weight  PbSOi. 

On  0.5  gram  sample  the  factor  BaS04  to  PbS04  =  2.6. 

DETERMINATION    OF    LEAD.       MOLYBDATE     METHOD'  

Dissolve  I  gram  of  the  sample  in  100  cc.  of  an  acid 
ammonia  acetate  solution  made  up  as  follows: 

Eighty  per  cent  acetic  acid 1  25  cc. 

Concentrated  ammonia  hydroxide 95  cc. 

Water ' 100  cc. 

Add  this  solution  hot  and  dilute  with  about  50  cc. 
of  water.  Boil  until  dissolved.  Dilute  to  200  cc. 
and  titrate  in  the  usual  manner  with  standard 
ammonium  molybdate  solution,  spotting  out  on  a 
freshly  prepared  solution  of  tannic  acid. 

Ammonium  molybdate  is  a  slightly  variable  salt,  but 
a  solution  containing  8.67  grams  per  liter  usually  gives 
a  standard  solution: 

I  cc.   =  o.oi  gram  Pb 

Standardize  against  pure  PbO,  pure  PbS04  or  clean 
lead  foil. 

Deduct  the  lead  found  as  lead  sulfate  from  the  total 
lead  and  calculate  the  residual  lead  to  PbO. 

DETERMINATION    OF    ZINC.         FERROCYANIDE    METHOD^ 

• — Boil  I  gram  of  the  sample  in  a  beaker  with  the  fol- 
lowing solution: 

Water 30  cc. 

Ammonium  chloride 4  grams 

Concentrated  hydrochloric  acid 6  cc. 

If  the  sample  is  not  quite  dissolved  the  result  is  not 
affected,  as  the  residue  is  lead  sulfate  or  precipitated 
lead  chloride. 

Dilute  to  20O  cc.  with  hot  water,  add  2  cc.  of  a 
saturated  sodium  hyposulfite  solution  and  titrate  with 
a  standard  solution  of  potassium  ferrocyanide,  spot- 
ting out  on  a  5  per  cent  solution  of  uranium  nitrate. 
Calculate  the  zinc  to  zinc  oxide. 

SULFUR  DIOXIDE — Digest  2  grams  of  the  sample 
with  frequent  stirring  in  5  per  cent  sulfuric  acid  for 
ten  minutes  in  the  cold.  Add  starch  indicator  and 
titrate  with  N / 100  iodine  solution. 

A  more  accurate  method  is  to  add  an  excess  of 
standard  iodine  solution  to  the  sample  before  the 
addition  of  the  acid  and  then  to  titrate  the  excess  of 
iodine   with   N / 100  sodium  thiosulfate  solution. 

It  will  be  seen  from  the  above  method  of  analysis 
that  the  concordance  of  results  depends  upon  several 

'  ModiBcation  of  Low's  method.  "Technical  Methods  of  Ore  Analysis," 
Low,  p.  149. 

=  "Technical  Methods  of  Ore  Analysis,"  Low,  p.  284. 


important  factors;  namely,  the  accurate  estimation 
of  the  total  lead  content,  the  zinc  content  and  the 
complete  transposition  of  the  lead  sulfate  present  to 
lead  carbonate  with  the  attendant  formation  of  sodium 
sulfate  from  which  the  sulfate  is  determined  as  barium 
sulfate.  The  percentage  of  lead  oxide  depends  wholly 
upon  the  accuracy  of  these  determinations,  as  it  is 
never  directly  determined. 

The  following  method  for  ascertaining  the  lead 
sulfate  and  lead  oxide  contents  is  based  upon  a  calcula- 
tion depending  upon  the  percentage  of  total  lead  found. 
The  complete  analysis  can  be  easily  carried  out  in  a 
half  hour. 

The  essential  requisites  are  the  volumetric  deter- 
mination of  the  zinc  present  with  its  subsequent 
calculation  to  zinc  oxide,  and  the  volumetric  deter- 
mination of  the  total  lead,  regardless  of  the  pro- 
portion of  lead  sulfate  and  lead  oxide  present.  These 
volumetric  determinations  are  carried  out  according 
to  the  method  above  outlined. 

Using  the  percentages  of  zinc  oxide  and  total  lead, 
together  with  the  average  total,  99.70  per  cent,  de- 
termined from  the  large  number  of  analyses,  the  con- 
tents of  lead  oxide  and  lead  sulfata  are  readily  esti- 
mated by  the  following  calculation: 

Total  percentage  of  lead  compounds  present 

=  total  percentage  found  of  ZnO,  PbO  and  PbSOt  —  percentage  of  ZnO. 
Total  percentage  of  lead  compounds  present 

=  99.70  per  cent  (average  total)  —  percentage  ZnO. 

Atomic  weight  lead 207.1 

Molecular  weight  lead  oxide 223  . 1 

Molecular  weight  lead  sulfate 303 . 1 

As  a  hypothetical  case,  we  can  assume  the  presence  of  a  4.70  per  cent 
ZnO  and  69.00  per  cent  metallic  lead. 

Determining  the  percentage  of  lead  oxide  and  lead  sulfate  present  by 
the  above  formulas  we  find; 

/303,I  \ 

X  69.00      —  95.00 

V207.I  J 

~ i =  per  cent  PbO  =   16.68 

303.1  —  223.1 

223.1 

/223.I  \ 

X   69.00  I  —  95.00 

\  207.1  / 

=  per  cent  PbSO<   =   78.32 

223.1  —303.1  ^ 

303.1 

/Mol.  wt.  PbSOi  \ 

I    X   %  Pb  found  I — %  Pb  constituents 

\      At.  wt.  Pb  / 

-^^- =    %  PbO  present 

Mol.  wt.  PbSOi  —  mol.  wt.  PbO 

Mol.  wt.  PbO 

/Mol.  wt.  PbO  \ 

X  %  Pb  found     —  %  Pb  constituents 

V     At.  wt.  Pb  / 

-^ =  %  PbSOf  present 

Mol.  wt.  PbO  —   Mol.  wt.  PbS04 

Mol.  wt.  PbSOi 

A  comparison  of  the  actual  results  obtained  by  the 
complete  analysis  of  sublimed  white  lead  and  its 
calculated  composition  shows  that  the  values  obtained 
are  concordant.  Indeed  the  only  essential  "factors 
for  the  short  method  are  accurate  determinations  of 
the  lead  and  zinc  contents.  The  removal  of  several 
steps  in  the  analysis  leads  to  greater  accuracy  coupled 
with  a  considerable  curtailment  of  time. 

A  table  of  comparisons  shows  the  following  con- 
cordance of  results: 
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Comp! 
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letc 77.74 
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!ete 77.09 

lated 76.85 

lete 80.20 

ted 80.15 
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ated 77.69 

lete 77.22 

ated 77.41 

ete 74.10 

ated 74.00 

ete 77.63 

ated 77.41 

;te 76.05 

ted 76.04 
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15.28 
15.30 
16.81 
16.62 
16.95 
17.12 
14,65 
14.69 
16.60 
16.62 
17.10 
17.15 
16.20 
16.06 
20.21 
20.22 
15.92 
16.06 
17.93 
17.93 
17.78 
17.87 


Total 
lead 
68.30 

68.70 

68.40 

68.40 

68.70 

69.00 

67.80 

69.40 

67.80 

68.60 

69.10 


Total 
99.72 


99.77 
99.72 
99.71 
99 .  80 
99.63 
99.79 
99.78 
99.71 
99.74 


That  this  method  will  prove  of  value  will  be  readily 
appreciated  by  all  chemists  who  have  to  determine  the 
percentage  composition  of  any  basic  sulfate  of  lead, 
either  for  the  purpose  of  meeting  specifications  or  for 
accurate  control  of  finished  products. 

Chemicai.  Laboratory,  Picher  Lead  Co. 
JoPLiN,  Missouri 


THE  CONSTITUTION  OF  WHITE  LEAD 

By  Edwin  Euston 
Received  December  1 ,  1913 

The  usual  view  is  that  the  widely  used  Dutch,  or 
tan-bark  stack,  process  of  corrosion  of  metallic  lead 
to  form  white  lead  results  in  a  product  containing 
principally  a  fixed  and  definite  compound,  2PbC03.- 
Pb(0H)2.  This  view  is  based  on  the  physical  ap- 
pearance of  the  crust  formed  under  the  best  conditions, 
and  assumes  that  the  higher  percentage  of  combined 
carbon  dioxide  almost  always  found  on  analysis  is  due 
to  admixed  normal  lead  carbonate,  and  that  the  lower 
percentage  of  carbon  dioxide  occasionally  found  results 
from  admixed  lead  hydroxide.  It  is  certain  that  a 
considerable  percentage  of  normal  lead  carbonate  in 
the  crystalline  form  ("sandy  lead")  is  usually  present 
in  the  product  of  the  stack  process,  even  to  the  extent 
of  s  per  cent  or  more;  and  under  abnormal  conditions 
of  corrosion  de-hydrated  lead  hydroxide  is  found  to  be 
present  in  quantity  sufficient  even  to  injure  the  color 
of  the  white  lead.  The  possibility,  or  even  the  proba- 
bility, therefore,  of  either  or  both  normal  lead  carbon- 
ate and  some  form  of  lead  hydroxide  being  present  in 
stack  process  white  lead  must  be  admitted.  The 
purpose  of  the  writer  is  to  consider  whether  true  white 
lead  (the  so-called  basic  carbonate  of  lead)  consists 
substantially  of  a  fixed  and  definite  compound, 
2PbC03.Pb(OH)2,  admixed  with  chance  amounts  of 
normal  lead  carbonate  and  lead  hydroxide,  or  whether 
some  other  form  or  forms  of  combination  of  the  elements 
involved  may  not  better  accord  with  the  facts. 

During  the  long  time  required  in  the  stack  process 
to  effect  the  commercial  degree  of  corrosion,  usually 
loo  to  1 20  days,  no  important  control  can  be  exercised 
over  the  process,  and  even  in  the  separate  tiers  of  the 
same  stack,  wide  variations  of  the  governing  conditions 


of  heat,  ventilation,  moisture  and  vaporization  of  the 
acetic  acid  occur,  rendering  the  stack  process  entirely 
unsuitable  as  a  means  of  investigating  experimentally 
the  steps  in  the  formation  of  white  lead  and  the  nature 
of  the  product.  Precipitation  by  carbon  dioxide  gas 
from  basic  lead  acetate  solution,  as  first  suggested  by 
Thenard  as  a  means  of  forming  white  le9.d,  has  been 
found  to  be  subject  to  so  many  difficulties  of  control 
that  heretofore  no  results  of  value  have  been  derived 
from  this  method.  Yet  when  due  care  is  exercised 
to  ensure  uniformity  of  treatment  of  the  entire  mass  of 
solution  and  precipitate,  when  the  apparatus  used  is 
of  sufficient  size  (say,  1000  pounds  product  per  hour), 
and  when  proper  tests  are  known,  close  control  of  the 
precipitation  process  is  attainable;  and  in  many  thou- 
sand repetitions  on  this  manufacturing  scale  the  writer 
has  found  that  very  definite  results  may  be  obtained, 
throwing  new  light  on  the  series  of  changes  occurring 
when  basic  lead  acetate  solution  is  subjected  to  the 
action  of  carbon  dioxide. 

For  practical  reasons  an  approximately  di-basic 
solution  of  lead  acetate  formed  from  about  4  per  cent 
acetic  acid  is  preferable,  uniformly  circulated  (without 
permitting  separation  of  the  resulting  precipitate 
from  the  liquid)  by  spraying  a  number  of  times  through 
an  atmosphere  of  moderately  or  strongly  concentrated 
carbon  dioxide  gas,  at  room  temperature.  When  the 
precipitation  is  slowly  performed  under  standard 
conditions,  the  precipitate  first  appearing  is  colloidal 
in  character  and  analyses  8.6  per  cent  COc  or  slightly 
higher,  corresponding  to  the  formula  PbC03.Pb(OH)2. 
When  more  quickly  performed,  the  precipitate  con- 
tains Q.o  to  lo.o  per  cent  CO2,  therefore  also  less  than 
the  1 1.3  per  cent  CO2  corresponding  to  the  formula 
2PbC03.Pb(OH)2  constituting  the  usually  accepted 
view  of  the  principal  compound  in  white  lead.  On 
continuing  the  treatment,  the  percentage  of  combined 
CO2  increases  gradually  until  it  approximates  16.6 
per  cent,  corresponding  to  the  formula  of  the  normal 
carbonate  PbCOs,  after  which  no  further  precipitation 
and  no  further  change  in  the  composition  of  the  already 
formed  precipitate  occurs.  Throughout  this  treatment 
the  increase  in  the  CO2  percentage  in  the  precipitate 
is  progressive  and  gradual,  with  no  evidence  of  the 
formation  of  hypothetical  intermediate  compounds 
such  as  the  supposed  2PbC03.Pb(OH)2,  or  such  as 
3PbC03.Pb(OH)2.  The  change  in  the  solution  as 
the  available  lead  is  precipitated  is  gradual,  from 
strong  alkalinity  to  slight  acidity.  Similarly,  the  prop- 
erties of  the  precipitate  indicate  only  gradual  change 
as  the  process  progresses,  except  that  when  the  solution 
passes  the  point  of  exact  neutrality  the  "apparent 
density"  of  the  precipitate  suddenly  and  sharply 
increases,  but  thereafter  resumes  the  more  gradual 
rate  of  increase  which  is  also  characteristic  in  the 
earlier  stage  of  the  precipitation.  This  sudden  in- 
crease in  "apparent  density"  is  doubtless  due  to  co- 
agulation occurring  when  the  solution  becomes  acid. 
Analyses  do  not  indicate  any  fixed  and  definite  com- 
position of  the  precipitate  when  this  sudden  increase 
in  "apparent  density"  occurs,  as  the  determinations 
may  range  variously  from, 11. o  per  cent  to  even  13.5 
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per  cent  CO2.  The  foregoing,  therefore,  affords  no 
evidence  of  the  formation  of  the  usually  assumed 
compound  2PbC03.Pb(OH)2,  but  on  the  contrary 
shows  the  initial  formation  of  a  precipitate  of  the 
composition  PbC03.Pb(OH)2  and  the  gradual  change 
to  the  normal  carbonate. 

Lead  hydroxide  is  soluble  in  a  solution  of  cane  sugar 
in  water.  At  no  stage  in  the  above  described  process 
is  the  separated  and  washed  precipitate  appreciably 
soluble  in  cane-sugar  solution.  Therefore,  the  pre- 
cipitates described  are  not  simple  mixtures  of  normal 
carbonate  and  of  lead  hydroxide,  but  hold  the  lead 
hydroxide  in  some  form  of  combination  with  all  or 
part  of  the  carbonate.  This  fact,  in  connection  with 
the  analyses  of  the  first  formed  precipitate,  shows 
that  the  first  product  obtained  is  a  basic  carbonate 
of  the  formula  PbC03.(OH)2.  Inasmuch  as  the  final 
product  obtained  by  continuing  the  process  to  the 
extreme  degree  is  PbCOs,  the  question  then  becomes 
whether  these  two  compounds,  PbC03.Pb(OH)2  and 
PbC03,  when  mixed  in  various  proportions,  constitute 
white  lead,  or  whether  other  compounds  must  also  be 
postulated. 

As  mixtures  of  PbC03.Pb(OH)2  and  PbCOs  in 
proper  proportions  give  all  the  intermediate  percent- 
ages of  combined  carbon  dioxide  between  8.6  per  cent 
and  16.6  per  cent,  no  other  compounds  than  these 
two  need  to  be  assumed  from  the  point  of  view  of  com- 
position. A  mixture  of  one  equivalent  of  PbCOs.Pb- 
(0H)2  with  one  equivalent  of  PbCOs  will  give  the 
average  11.3  per  cent  CO2  of  the  heretofore  assumed 
2PbC03.Pb(OH)2,  and  the  physical  properties  of  a 
sample  of  white  lead  analyzing  11.3  per  cent  CO2  and 
directly  prepared  are  identical  with  the  physical 
properties  of  a  sample  of  the  same  average  composition 
obtained  by  mechanically  mixing  together  separately 
prepared  equivalent  quantities  of  PbC03.Pb(OH)2 
and  of  PbC03,  e.  g.,  the  space  occupied  by  20  grams  of 
the  pulverized  sample  settling  freely  under  water  in 
a  200  cc.  cylinder,  the  amount  of  linseed  oil  necessary 
to  form  a  paste,  the  ease  of  miscibility  with  linseed 
oil,  also  the  opacity  and  spreading  power  when  mixed 
as  a  paint.  This  same  result  is  true  for  all  other  varia- 
tions of  composition  between  8.6  per  cent  and  16.6 
per  cent  CO2,  i.  e.,  the  entire  range. 

The  molecular  volume  affords  further  evidence 
that  no  other  compounds  than  PbC03.Pb(OH)2  and 
PbCOs  are  present  in  white  lead  properly  prepared: 

Percentage 
.  linseed  oil 

Molecular  required  to 

volume  Ratio       form  paste  Ratio 

(a)    PbCOs 57.0  1.0  7  (actual)  1.0 

(6)   PbCOj.Pb(OH)! 97.8  1.71  12  (actual)  1.7 

(c)  2PbCOj.Pb(OH)2 154.8  2.71  19  (indicated)  2.7 

(d)  3PbCOi.Pb(OH)2 211.8  3.71  26  (indicated)  3.7 

The  close  correspondence  between  the  ratios  for 
calculated  molecular  volume  and  for  actual  oil  re- 
quirement in  the  case  of  (a)  and  (6)  is  very  striking. 
The  indicated  oil  requirements  for  the  hypothetical 
compounds  (c)  and  {d),  viz.,  19  per  cent  and  26  per  cent, 
are  entirely  too  high  to  accord  with  the  known  oil 
requirements    of    white    lead    of    the     corresponding 


analyses,  and  would  imply  that  as  the  percentage  of 
carbon  dioxide  in  white  lead  increases,  the  oil  re- 
quirement would  rapidly  increase  until,  when  the 
normal  carbonate  should  be  reached,  a  sudden  great 
drop  in  oil  requirement  would  result.  Certainly  this 
is  not  the  case,  for  actually  the  oil  requirement,  as  the 
percentage  of  carbon  dioxide  increases,  shows  gradual 
reduction  from  12  per  cent  to  7  percent  for  all  inter- 
mediate stages.  Instead  of  the  indicated  oil  require- 
ment of  19  per  cent  for  (c),  therefore,  this  figure 
becomes 


(7   X  266.5)  +  (12   X  507) 


=   10.27  per  cent, 


773-S 

which  accords  with  the  facts,  provided  allowance  is 
made  for  gain  in  compactness  due  to  the  intermeshing 
of  two  sizes  of  particles,  resulting  in  an  actual  require- 
ment of  about  9  per  cent  oil. 

Inasmuch  as  the  Dutch  or  stack  process  also  involves 
the  use  of  basic  lead  acetate  solution  and  carbon  di- 
oxide gas,  there  is  no  reason  to  consider  that  the  course 
of  reactions  in  the  stack  process  (in  which  the  reactions 
cannot  be  watched)  differs  from  the  now  known  course 
of  reactions  in  the  precipitation  process  (in  which  the 
reactions  can  be  watched) ;  and,  except  in  its  compara- 
tive coarseness  and  granularity  and  its  less  degree  of 
whiteness  due  to  tan-bark  and  other  stains,  stack 
process  lead  has  no  characteristics  different  from  those 
of  a  precipitated  white  lead  known  to  contain  the  two 
compounds  PbC03.Pb(OH)2  and  PbCOs.  The  con- 
clusion is  clear,  therefore,  that  white  lead  does  not 
contain  a  compound  of  the  heretofore  assumed  formula 
2PbC03.Pb(OH)2,  but  that  on  the  contrary  white  lead 
consists  of  a  mixture  of  the  two  amorphous  compounds 
PbC03.Pb(OH)2  and  PbCOs,  complicated  in  the  case 
of  stack  white  lead  by  the  presence  of  some  lead  carbon- 
ate in  crystalline  form  and  occasionally  some  form  of 
lead  hydroxide  due  to  abnormal  conditions  in  the 
corroding  stack. 

EusTON  White  Lead  Co. 
St.   Louis 


ON  THE  DETERMINATION  OF  TITANIUM  AS 
PHOSPHATE 

By  George  S.  Jamieson  and  Richard  Wrenshaui. 
Received   October   29,    1913 

Several  years  ago  Eric  John  Ericson'  described  a 
method  for  the  determination  of  titanium  in  ferro- 
titanium  and  in  ores.  The  method  was  based  upon 
the  precipitation  of  titanium  phosphate  in  acid  solu- 
tion by  the  addition  of  ammonium  phosphate  and 
boiling,  after  reducing  the  iron  to  the  ferrous  state  by 
means  of  ammonium  bisulfite  or  sulfur  dioxide.  He 
gave  the  factor  0.336  for  calculating  the  titanium  from 
the  weight  of  the  phosphate,  assuming  that  the  latter 
has  the  formula  TisPoOg. 

On  account  of  the  simplicity  and  rapidity  of  this 
method  its  accuracy  and  application  have  been  studied 
in  this  laboratory.  Some  modifications  of  the  original 
method  have  been  found  desirable  and  its  application 
to  the  separation  of  titanic  acid  from  alumina  has 
been   worked   out.     A   series   of   eighteen   experiments 

» Iron  Age,  Aug.  27,  1903,  p.  4. 
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was  made  with  standard  solutions  of  ferric  and  titanic  best   with   ammonia,   before   proceeding   with  the   de- 

sulfates  containing  enough  sulfuric  acid  to  keep   the  termination.     Titanium  ores  or  minerals  not  decom- 

salts  in  solution,  but  the  quantities  of  free  sulfuric  acid  posed  by  the  acid  treatment  just  described,  are  rendered 

present  were  not  determined.  soluble  by  fusion  with  potassium  bisulfate  in  the  usual 

The  standard  titanium  solutions  employed  in  this  manner, 

research  were  prepared  from  pure  potassium  titanium  In  the  analyses  in  the  table  given  below,  the  sulfuric 

fluoride  with  the  exception  of  one  solution  made  from  a  acid    present   in    each    solution    was   neutralized    with 

titanium   oxalate  of  excellent   quality.     The  titanium  ammonia    before    adding    the    hydrochloric    acid;    the 

salts    were    converted    into    the    sulfate    by    repeated  precipitates  were  allowed  to  settle  at  least  six  hours, 

evaporation    with    sulfuric    acid    in    platinum    dishes,  then  the  solutions  were  heated  on  the  steam  bath  for 

The  solutions  were  standardized  by  precipitating  the  about  20  minutes  before  filtering, 

titanium    with     ammonia    from     measured     volumes,  ^- ,      ^       „           Sr/In 

j.t,„  No.                               Fe  taken     Ti  taken        Ti  found          Error       HCl  used 

finally    weighing    the    dioxide    and    calculating    the       ^ ^^^^        ^ ^^^       ^ ^^^     _^ ^^^        , 

strength   of  the  solution  in  terms  of  titanium.     The       ^ o  o^q        0.0030       0.0027     —0.0003        3 

values    obtained    were  checked  by  precipitating     the        3 0.000        0.0030       0.0034      +0.0004        3 

titanium  by  the  sodium  thiosulfate  method  and  weigh-  \--------    «;"«        ^mo       o:^     ^:ooo,         3 

ing  the  dioxide.  6 0.086        0.0030       0.0029     —0.0001         3 

In  each  case  I  ■;  cc    of    i  :   i   hydrochloric   acid  were       7 0.086        0.0010       0.0009     -0.0001         3 

in  eacn  case  1 5  cc.  ui  y  ,   ^.      „       „.„^       8  0.O86        0.0019       0.0011     — 0.0008        6 

added  to  measured  volumes  of  these  solutions,  water       ^- ^  ^^^        ^ ^^^       ^  ^^^     — 0.0008        6 

was  added  to  make  the  volume  100  cc,  sulfur  dioxide      10 0.086        0.00.39       0.0032     —0.0007       10 

was   passed   through   for    10   minutes,   the  liquid   was      n 0.043        0.0,00       0.0.0,      +0.000,         3 

heated  to  boiling  and  20  cc.  of  a  10  per  cent  solution  ot      ^^ ^ ^^^        0.0154       0.0151      —0.0003        5 

ammonium  phosphate  were  added.     The  boiling  was      14 0.100        0.0248       o.024S     —0.0003       15 

continued  for  a  half  hour;  the  precipitate  was  allowed  J^;;;;;; ;;;;;;: ;    IZ        IfZ      IZTe     I^:^       \l 

to  settle  for  an  hour  or  more;  it  was  then  filtered  and      j^ q  ,,0        0.0260       0.0258     —0.0002       is 

washed  with  hot  water  on  a  Gooch  crucible  in  which 

it   was  finally  ignited  for    15   minutes   at  the  highest  In  these  experiments  a  volume  of  about  50  cc.  was 

temperature    of    the     Bunsen    burner    and    weighed,  used  instead  of  100  cc,  as  m  the  case  of  the  first  series 

The  method  of  Ericson  was  closely  followed  here  ex-  of  experiments.     It  will  be  observed  that  in  the  first 

cept    that    the    Gooch    crucible    was    used    instead    of  10  experiments  very  small  amounts  of  titanium  were 

paper  for  filtering,  on  account  of  the  tendency  of  the  taken  in  order  to  determine  the  conditions  under  which 

precipitate  to  run  through  a  paper  filter.     In  order  to  they  could  be  satisfactorily  precipitated  and  filtered, 

make    satisfactory    use    of    the    Gooch    crucible,    it    is  It  is  evident  from  these  experiments  that  when   1-3 

necessary  to  use  moderate  suction  and  to  avoid  allow-  mg.   of  titanium  are  present,  it  is  necessary  to  keep 

ing   all   the   liquid   to   pass   out   of   the   crucible   until  the  amount  of  free   i  :   1   hydrochloric  acid  down  to 

thorough  washing  has  been  effected,  for  it  is  impossible  about  3  cc._  in  50  cc.  solutions,  otherwise  low  results 

to  wash  the  precipitate  after  it  has  become  compact  will  be  obtained. 

and -has  cracked.     Except  with  very  small  quantities  Experiments  were   made  to   find  if  titanium   phos- 

of   titanium,    the   results    obtained    were   satisfactory,  phate  could  be  precipitated  in  the  presence  of  tartaric 

Low  results 'were  obtained  when  less  than  0.007  gram  acid  and  it  was  found  that  this  could  be  done  quanti- 

of  titanium  was  present,  which  appear  to  be  due  to  the  tatively  although  in  a  recent  article  Thornton'  states 

failure  of  the  precipitate  to  collect  in  a  filterable  form,  that  titanium  cannot  be  precipitated  by  any  reagent 

It    probably    remains   in    a    colloidal    condition.      The  in    the    presence    of   tartaric    acid.     To   the   solutions 

writers   have  found   that   with   such   small   quantities  containing  measured  quantities  of  titanium  and  feme 

of  titanium  less  acid  must  be  used  and  after  precipita-  sulfates,   about   2   grams  of  tartaric  acid   were   added 

tion  and  boiling,  it  is  advisable  to  let  the  liquid  stand  and  enough  ammonia  to  make  them  slightly  alkaline, 

for  at  least  6  hours,  then  to  warm  on  the  steam  bath  Then    hydrogen    sulfide    was    passed    into    the    warm 

and    filter.     With    this    treatment    the    loss    appears  solutions  until  the  iron  was  reduced  and  precipitated 

to  be  no  greater  with  about  0.002  gram  of  titanium  as    sulfide.     The    solutions    were    treated    with    10-15 

than  with  larger  quantities.  cc.    of    i  :   i    hydrochloric   acid,    depending   upon   the 

When    an    attempt    was    made    to    apply    Ericson's  amount    of   iron   present     and   heated   until   the   iron 

method  to  some  ores  containing  0.5  to  8  per  cent  of  sulfide  was  dissolved.     Then  20  cc.  of  the  10  per  cent 

titanium  it  was  found  that  no  precipitate  or  only  a  ammonium    phosphate    reagent    were    added    and   the 

small  one  was  obtained  if  the  ores  had  been  dissolved  experiments  from  this  point  were  identical  with  those 

by  treatment  with  hydrochloric  and  sulfuric  acid  and  described   above.     In   the   first   four   experiments   the 

evaporation    with    a   rather   large    amount   of   sulfuric  ferrous  sulfide  was  filtered  off  and  washed  with  hot 

acid   instead   of   being    dissolved   by   a   potassium   bi-  water    containing    a    little    ammonium    ^"Ifi^e     while 

sulfate  fusion.     This  was  evidently  due  to  the  presence  in  the  last  four  the  ferrous  sulfide   was  ^^^f^^^^^ 

of  the  large  amount  of  sulfuric  acid  in  addition  to  the  but  dissolved  as  previously  directed.      No  advantage 

hydrochloric    acid.  used.     Therefore,    when    this    con-  was  gained  by  removing  the  iron  from  the  solution. 

venient   method   for   dissolving   titanium   ores   is   em-  The  following  results  were  obtained, 

ployed,  it  is  necessary  to  neutralize  the  sulfuric  acid,  ■  .4m.  j.  5W..  S4,  214. 
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No. 

Fe  taken 

Ti  taken 

Ti  found 

Error 

0.086 

0.0207 
0.0050 

0.0206 
0.0049 

—0.0001 

2 

0.043 

— 0.0001 

3 

0.043 

0,0030 

0.0024 

—0.0006 

4 

0.043 

0.0040 

0 . 0039 

—0.0001 

5 

0.043 

0 . 0060 

0.0059 

—0.0001 

6 

0.200 

0.0249 

0.0253 

+  0.0004 

7 

0. 100 

0.0186 
0.0249 

0.0186 
0.0248 

±0.0000 

8 

0.100 

—0.0001 

The  choice  of  methods  for  the  reduction  of  the 
iron  is  largely  a  matter  of  personal  preference,  since 
both  give  equally  good  results  as  seen  in  the  tables  of 
test  analyses  given  above.  However  it  may  be  said 
that  the  reduction  of  the  iron  in  our  ammoniacal 
solution  is  somewhat  quicker  than  that  by  sulfur 
dioxide  in  a  hydrochloric  acid  solution. 

In  applying  this  method  to  the  determination  of 
titanium  in  some  ores,  which  were  previously  found 
to  be  completely  decomposed  by  acid  treatment,  the 
procedure  was  as  follows:  To  0.5  gram  of  very  finely 
pulverized  sample,  25  cc.  of  concentrated  hydrochloric 
acid  were  added  and  the  solution  was  heated  upon  the 
steam  bath  until  no  further  action  was  observed. 
About  20  cc.  of  I  :  2  sulfuric  acid  were  added  and  the 
solution  was  cautiously  evaporated  to  sulfuric  acid 
fumes  and  then  heated  for  an  hour  at  a  temperature 
just  below  the  boiling  point.  After  cooling,  30  cc.  of 
water  were  added  and  the  solution  was  warmed  until 
the  soluble  salts  had  dissolved.  The  insoluble  matter 
was  filtered,  washed  three  times  with  very  dilute 
sulfuric  acid,  and  finally  with  water  at  room  tempera- 
ture. The  insoluble  matter  was  tested  and  was  found 
to  be  free  from  titanium.  The  filtrate  was  diluted 
to  exactly  500  cc,  mixed  thoroughly,  and  aliquot 
parts  were  taken  so  that  the  ignited  precipitate  would 
not  weigh  over  90  mg.,  as  it  was  not  practical  to  at- 
tempt the  filtration  of  larger  amounts  of  this  gelatinous 
precipitate.  To  each  aliquot  part  2  grams  of  tartaric 
acid  were  added  and  the  method  from  this  point  was 
identical  with  that  described  above.  Three  titanic 
iron  ores  were  analyzed  with  the  following  results. 

Ore  Ti  found       Ti  by  the  volumetric  method' 


A 13.00S 

A 13.17 

A 13.20 

B 24.19 

B 23,99 

B 24.22 

C 15.82 

C 15.86 

C 16.01 


It  is  recommended  that  for  the  general  application 
of  this  method  to  the  determination  of  titanium  in  the 
presence  of  relatively  large  amounts  of  iron,  the 
titanium  be  precipitated  from  a  solution  of  about 
100  cc.  volume  which  contains  15  cc.  of  i  :  i  hydro- 
chloric acid.  Furthermore,  it  is  recommended  that 
enough  substance  be  taken  so  that  at  least  10  mg.  of 
titanium  shall  be  present  in  the  solution. 

It  was  found  that  titanium  could  be  separated  from 
aluminium  and  determined  in  the  same  manner  as 
when  iron  is  present,  but  that  it  was  necessary  to  use 

'  A   modification    of   the   method   in    Gooch's   "Methods   in    Chemical 
Analysis."  page  242. 


more  hydrochloric  acid  in  order  to  prevent  the  pre- 
cipitation of  aluminium  phosphate.  The  method  em- 
ployed was  to  add  1-2  grams  of  tartaric  acid  to  the 
solut  on  of  titanium  and  aluminium  sulfates  and 
enough  ammonia  to  make  it  slightly  alkaline.  (The 
tartaric  acid  was  used  to  prevent  the  formation  of  the 
hydroxide.)  Then  a  measured  quantity  of  hydro- 
chloric acid  was  added  and  the  analysis  was  completed 
in  the  same  way  as  when  iron  was  present.  A  volume 
of  about  100  cc.  was  used  in  the  following  experiments: 


No.  AlO  takei 

1 0.063 

2 0.060 

3 0.070 

4 0.063 

5 0.  110 

6 0.  100 

7 0.  120 

8 0.060 

9 0.060 

10 0.050 

11.... 0.070 

12 0.060 

13 0.050 

14 0.  100 

15 0.  ISO 

16 0.  100 

17 0.070 


Ti  taken 
0.0273 
0.0310 
0.0248 
0.0248 
0.0210 
0.0260 
0.0310 
0.0223 
0.0186 
0.0186 
0 . 0248 
0.0122 
0.0248 
0.0310 
0,0186 
0.0248 
0.0310 


i  found 
).0277 
).0308 
).0245 
).0249 
).0214 
}.0263 
).0309 
).0224 
).0189 
),0182 
),0245 
),0II9 
).0292 
1.0473 
5 . 0233 


Error 
-1-0.0004 
—0.0002 
— 0.0003 
4-0.0001 
-1-0.0004 
-1-0.0003 
— 0.0001 
-1-0.0001 
+  0.0003 
— 0 . 0004 
— 0.0003 
—0 .  0003 
+  0.0044 
+  0.0163 
+  0.0047 
+  0.0040 
+  0.0041 


These  experiments  indicate  that  with  a  volume  of 
100  cc.  containing  0.05—0.15  gram  alumina  it  is  necessary 
to  have  an  excess  of  at  least  8  cc.  of  concentrated 
hydrochloric  acid  in  order  to  get  a  satisfactory  separa- 
tion of  the  titanium. 


Sheffield  Chem 
Yale  University. 


AL  Laboratory 
Ew  Haven.  Conn. 


THE  DETERMINATION  OF  PHENOL  IN  THE  PRES- 
ENCE OF  HEXAMETHYLENETETRAMINE   AND 
FORMALDEHYDE 

By  L.  v.  Redman.  A.  J.   WElTn  and  F.   P.   Brock 
Received  December  2,  1913 

During  a  research  into  the  rate  of  condensation  be- 
tween phenols  and  active  methylene  groups  in  the  pro- 
duction of  synthetic  resins  it  became  necessary  for  us 
to  find  a  rapid  and  accurate  method  for  the  determina- 
tion of  phenols  in  the  presence  of  substances  containing 
methylene  groups,  e.  g.,  formaldehyde,  hexamethylene- 
tetramine,  etc. 

In  previous  papers'  we  have  described  a  bromination 
method  which  serves  for  the  very  accurate  and  rapid 
quantitative  determination  of  phenol  in  a  water  solu- 
tion. The  method  consisted  in  diluting  the  phenol 
to  iV/iooo,  in  acid  solution,  shaking  the  solution  for 
I  minute  after  the  bromide-bromate  solution  is  added, 
then  adding  KI,  shaking  again  for  i  minute  and  titrating 
the  excess  iodine  with  thiosulfate.  The  whole  opera- 
tion was  carried  out  at  20-25°  C. 

The  present  paper  deals  with  the  determination  of 
phenol  in  a  water  solution  in  the  presence  of  hexa- 
methylenetetramine  or  formaldehyde  or  both,  using 
the  above  method  with  whatever  modifications  are 
mentioned  later  in  this  paper. 

1  Redman  and  Rhodes,  Thi^  Journal.  4  (1912).  655:  Redman,  Weith 
and  Brock,  Ibid.,  6  (1913).  389. 
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The  first  of  these  probable  interfering  substances 
to  be  tried  was  hexamethylenetetramine  and  the  results 
are  given  in  the  accompanying  table.  Hexamethylene- 
tetramine does  not  interfere  in  the  determination  of 
phenol  by  bromine  when  present  up  to  i  per  cent  of 
the  total  solution,'  i.  e.,  30  mols.  of  hexamethylenetetra- 
mine to  I  mol.  of  phenol.  Much  larger  amounts  than 
this  have  been  tried.  As  much  hexamethylenetetra- 
mine as  IS  per  cent  of  the  total  solution,  i.  e.,  450  mols. 
of  hexamethylenetetramine  to  i  mol.  of  phenol,  has  been 
added  in  a  single  determination  of  the  phenol  without 
changing  the  results.  The  only  intermediate  change 
noted  when  the  hexamethylenetetramine  was  present 
in  large  quantities  was  a  tendency  on  the  part  of  the 
free  iodine  to  form  a  brick-red  granular  precipitate,  or  a 
beautiful  iridescent  crystalline  precipitate  with  the 
excess  hexamethylenetetramine.  This  precipitate  which 
is  either  the  tetra-iodo-hexamethyltetramine  or  di-iodo- 
hexamethyltetramine  dissolves  up  readily  on  the  ad- 
dition of  the  thiosulfate  giving  back  the  free  iodine, 
and  does  not  in  any  way  interfere  in  the  quantitative 
determination. 

The  presence  of'  free  formaldehyde,  however,  inter- 
feres very  seriously  with  the  phenol  determination. 
Results  that  are  7-8  per  cent  too  high  are  obtained  when 
the  total  solution  is  one  per  cent  formaldehyde  as  is 
shown  in  the  table  (Expts.  5  and  6).  The  higher 
the  percentage  of  formaldehyde  present  the  higher  the 
results  which  are  obtained  for  the  phenol  present  in 
the  solution  until,  for  40  per  cent  formaldehyde,  bromine 
is  absorbed  in  very  large  quantities  and  no  precipitation 
of  tribromphenol  takes  place,  and  the  determination  of 
phenol  by  this  method  is  quite  impossible. 

It  is  evident  then  that  if  hexamethylenetetramine 
does  not  interfere  with  the  determination,  and  formal- 
dehyde does  interfere,  the  addition  of  ammonia  to 
the  solution  in  which  formaldehyde  is  present  as 
an  interfering  substance  may,  by  forming  hexa- 
methylenetetramine with  the  aldehyde  obviate  the 
trouble. 

The  addition  of  ammonia  to  a  phenol  solution  con- 
taining formaldehyde  was  tried  and  the  results  are 
given  in  the  table,  Expts.  7,  8,  9,  10.  If  the  unknown 
phenol  solution  be  made  2  A''  with  ammonia  and  the 
whole  allowed  to  stand  for  5  minutes,  the  formalde- 
hyde is  transformed  over  into  hexamethylenetetra- 
mine or  some  intermediate  non-interfering  compound 
and  the  determination  of  the  phenol  may  be  made 
with  speed  and  accuracy.  Allowing  the  ammonia, 
formaldehyde  and  phenol  to  remain  together  in  the 
water  solution  longer  than  5  min.,  e.  g.,  18  hours,  before 
the  determination  is  made  does  not  affect  the  results 
as  is  shown  in  Expts.  9  and  lo. 

This  method  of  determining  phenol  in  the  presence 
of  formaldehyde  would  not  hold  if  a  condensing  agent 
had  been  present  previously  or  if  the  solution  had  been 
treated  in  a  way  which  tended  to  form  oxybenzyl- 
alcohol,  saligeno-saligenin,  etc. 

In  determining  phenol  in  the  presence  of  hexa- 
methylenetetramine the  bleaching  of  the  starch  iodide 

*  The  total  solution  refers  to  the   volume  after  the   dilution  has  been 
made  with  the  water  and  acid,  before  adding  the  bromine  solution. 


3  1  gram  hexa.  0 

4  1  gram  hexa.  0 

5  .1  cc.  40%  CHiO  0 

6  3  cc.  40%  CHjO  0 

7  3  cc.  40%  CHsO  10 

8  3  cc.  40%  CHjO  10 

9  3  cc.  40%  CHjO  10 
10  3  cc.  40%  CHjO  10 

Water  of  dilution  =  100  cc. 
Phenol  solution  used  =   15  cc, 
Bromide-bromate  sol.  =  0.09970  N. 


18  hrs. 
18  hrs. 


16.92 

3.42 

100 

17.10 

3.59 

100 

16.97 

3.56 

99. 

18.68 

5.17 

100. 

17.00 

2.52 

106. 

18.46 

3.70 

108. 

16.40 

2.92 

99. 

15.89 

2.40 

99. 

16.98 

3.54 

99. 

16.62 

3.16 

99. 

Hydrochloric  acid  =  37%  solution. 
N/\0  ammonia  =  28%  solution. 
Thiosulfate  =  0.09825  N. 


color  by  the  thiosulfate  is  slightly  retarded  by  the 
presence  of  hexamethylenetetramine  and  it  is  necessary 
to  give  a  few  seconds  after  the  addition  of  the  thio- 
sulfate to  allow  the  blue  color  time  to  disappear. 

CONCLUSIONS 

I.  Phenol  in  the  presence  of  hexamethylene- 
tetramine may  be  determined  by  the  method  already 
described  for  the  determination  of  phenol. 

II.   Formaldehyde    interferes    with    the    volumetric 
determination  of  phenol  by  bromine. 

III.  The  addition  of  strong  ammonia  to  the  phenol- 
formaldehyde  solution  forms  with  the  aldehyde, 
hexamethylenetetramine  or  some  intermediate  am- 
monia-aldehyde product  which  does  not  interfere 
with  the  quantitative  determination  of  phenol. 

Department  of  Indijstrial  Research 
University  of  Kansas.  Lawrence 


ULTIMATE  ANALYSES  OF  COAL  TAR  PITCHES 

By  C.  R.   Downs 
Received  December  6.  1913 

In  connection  with  an  investigation  of  coal  tar 
pitches,  the  ultimate  analyses  of  some  briquet  pitches 
were  obtained. 

Analyses  of  Three  Typical  Coal  Tar  Briquet  Pitches  of  .American 
Origin 

Pitch  No.  1       Pitch  No.  2  Pitch  No.  3 

Per  cent  Per  cent  Per  cent 

Carbon 92.05  92.37  93.09 

Hydrogen 4.83  4.96  5.01 

Nitrogen 0.95  0.61  0.89 

Sulfur 0.92  1.00  0.85 

Mineral  ash 0.09  0.78  0.35 

Oxygen  (by  difference) 1.15  0.28  0.00 

Free  carbon. 33.7  31.3  26.4 

Melting  point    1 12°  C  87°  C,  84°  C. 

The  carbon  and  hydrogen  were  determined  by  the 
regular  combustion  method,  taking  proper  precautions 
to  eliminate  the  sulfur  and  nitrogen.  The  sulfur  was 
determined  by  combustion  in  a  bomb  with  oxygen 
under  pressure  (sodium  peroxide  being  used  to  insure 
complete  oxidation),  and  precipitated  as  barium  sul- 
fate.    The  Kjeldahl  method  was  used  for  the  nitrogen. 

The  melting  points  and  free  carbon  contents  of  the 
pitches  were  also  determined  in  the  usual  way. 

Research  Department  Laboratory 
Barrett  Manufacturing  Co.,  New  York 
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NOTE  ON  THE  DETECTION  OF  NICKEL  IN  FATS 

By  Robert  H.   Kerr 

Received  November  22,    1913 

In  testing  samples  of  cottonseed  oil,  hydrogenated 
cottonseed  oil,  and  mixtures  of  fats  containing  cotton- 
seed oil,  for  nickel  by  the  method  of  Boemer'  a  fugitive 
red  color  sometimes  appears  after  the  addition  of  the 
dimethylglyoxime  and  ammonia.  This  color  closely 
resembles  that  obtained  when  a  trace  of  nickel  is 
present,  but  differs  from  that  of  nickel  dimethyl- 
glyoxime, in  that  it  is  fugitive,  appearing  immediately 
after  the  addition  of  the  ammonia,  never  before,  and 
fading  away  almost  entirely  within  a  few  minutes. 
Its  appearance  is  apt  to  be  very  confusing,  particularly 
to  one  not  thoroughly  familiar  with  it. 

As  there  is  no  known  inorganic  body  capable  of 
giving  such  a  reaction  with  dimethylglyoxime,  it 
would  appear  probable  that  this  reaction  is  due  to 
some  organic  base  contained  in  the  oil  and  extracted 
from  it  by  the  hot  hydrochloric  acid.  The  fact  that 
this  reaction  has  been  observed  only  with  cottonseed 
oil,  taken  together  with  the  well  known  fact  that  cot- 
tonseed contains  numerous  basic  organic  bodies,  ap- 
pears to  corroborate  this  view.  This  hypothesis  leads 
naturally  to  the  conclusion  that  the  trouble  might 
best  be  prevented  by  the  complete  destruction  of  all 
organic  matter  contained  in  the  acid  extract. 

Experiments  have  upheld  this  conclusion.  A  num- 
ber of  samples  which  had  previously  been  found  to 
show  the  fugitive  red  color  to  a  marked  degree  have 
been  found  to  show  no  trace  of  it  after  the  destruction 
of  all  organic  matter  in  the  acid  extract.  As  a  result 
of  this  observation  the  following  modification  of  the 
Boemer  method  is  now  proposed  for  the  detection  of 
nickel  in  fats. 

Ten  grams  of  the  fat  to  be  tested  are  heated  on  the 
steam  bath  with  lo  cc.  of  hydrochloric  acid  (specific 
gravity  1.12),  with  frequent  shaking  for  2—3  hours. 
The  fat  is  then  removed  by  filtering  through  a  wet 
filter  paper,  the  filtrate  being  received  in  a  white 
porcelain  dish.  The  filtrate  is  evaporated  to  dryness 
on  the  steam  bath,  2-3  cc.  of  concentrated  nitric  acid 
being  added,  after  it  has  been  partly  evaporated,  to 
insure  the  destruction  of  all  organic  matter.  After 
the  evaporation  is  complete  the  residue  is  dissolved 
in  a  few  cubic  centimeters  of  distilled  water  and  a  few 
drops  of  a  one  per  cent  solution  of  dimethylglyoxime  in 
alcohol  added.  A  few  drops  of  dilute  ammonia  are  then 
added.  The  presence  of  nickel  is  shown  by  the  appear- 
ance of  the  red  colored  nickel  dimethylglyoxime.  The 
amount  of  nickel  present  may  be  estimated  by  com- 
paring the  color  developed  with  that  developed  in  a 
standard  solution  of  a  nickel  salt. 

A  considerable  number  of  samples,  some  of  which 
had  previously  been  found  to  give  the  fugitive  color 
mentioned  above,  have  been  examined  by  this  method 
without  any  instance  of  the  appearance  of  color  not 
due  to  nickel.  The  residues  from  the  evaporation 
are  also  purer  and  more  readily  soluble  than  when 
nitric  acid  is  not  used.     A  larger  sample  of  the  fat  may 

'  Chcm.  Rev.  Felt,  u  Harz,  Ind..  Jahr.  19,  Heft  9. 


be  taken  if  desired.  If  this  is  done  the  amount  of 
hydrochloric  acid  used  for  extraction  as  well  as  the 
amount  of  nitric  acid  added  to  the  filtrate  should  be 
correspondingly  increased.  Samples  as  large  as  200 
grams  have  been  handled  with  satisfactory  results. 

BiocHEMic  Division,  Bureau  op  Animal  Industry 

U.  S.  Department  of  Agriculture 

Washington 


RECENT  ANALYSES  OF  THE  SARATOGA   MINERAL 
WATERS,     rv 

By  Leslie  Russell  Milford 
Received  December  6,  1913 

That  the  restoration  of  the  mineral  waters  to  the 
Saratoga  basin  is  being  accomplished,  is  evident  by 
the  data  which  the  Reservation  Commission  has 
secured  since  the  State  undertook  its  protective  policy 
with  regard  to  the  springs.  A  great  amount  of  in- 
formation is  available  concerning  the  conditions  of 
the  springs,  the  influences  which  cause  them  to  flow 
and  also  those  which  affect  the  flow  and  degree  of 
mineralization  of  the  water.  A  few  years  will  have  to 
elapse  before  the  springs  will  have  adjusted  them- 
selves to  all  natural  conditions  which  were  present 
before  the  gas  companies  began  pumping  the  gas 
from  the  wells.  Whether  or  not  the  former  degree 
of  mineralization  will  ever  be  reached  cannot  be  stated, 
but  a  uniform  head,  steady  flow  and  fair  degree  of 
mineralization  has  been  obtained. 

The  amount  of  minerals  which  these  waters  held  in 
solution  was  dependent  on  the  quantity  of  carbon 
dioxide  which  impregnated  the  water  and  the  pressure 
exerted  at  the  mineral  water  vein.  For  over  twenty 
years,  as  was  stated  in  a  previous  paper,  an  exhaustive 
pumping  of  this  gas  was  carried  on  and  a  great  depletion 
of  the  mineral  water  basin  took  place,  depriving  the 
area  of  a  great  amount  of  energy  which  nature  had 
furnished  for  the  maintenance  of  her  natural  fountains. 
Since  April,  191 1,  weekly  chlorine  and  alkalinity  tests 
have  been  made  on  these  waters,  by  the  writer,  and 
these  determinations  show  a  fairly  constant  mineraliza- 
tion varying  only  with  slight  physical  disturbances. 
As  the  main  constituents  of  these  waters  are  the  chlor- 
ides of  sodium,  potassium,  lithium  and  ammonium 
and  the  bicarbonates  of  calcium,  magnesium,  sodium, 
and  barium,  these  two  determinations,  chlorine  and 
alkalinity,  gave  a  quick  estimation  of  over  90  per  cent 
of  the  total  mineralization.  If  either  of  these  should 
show  a  change  we  would  have  some  idea  from  week 
to  week  concerning  the  condition  of  the  springs. 

DESCRIPTION    OF    THE    SPRINGS 

The  Geyser  Spring  is  situated  under  the  old  nut  and 
bolt  factory  near  Geyser  pond.  It  was  drilled  in  1870 
with  the  intention  of  securing  a  supply  of  fresh  water 
but  unexpectedly  produced  mineral  water,  the  vein 
having  been  struck  at  about  142  feet  below  the  surface 
of  the  ground.  This  spring  became  very  famous  and 
was  frequently  called  the  "spouting  spring."  Its 
discovery  first  suggested  the  idea  of  boring  artesian  . 
wells  for  mineral  water  and  the  creation  of  the  carbonic 
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acid  gas  industry.  This  spring  .originally  had  a  large 
flow  and  would  throw  a  stream  25  feet  above  the 
ground.  This  gradually  died  out  and  the  spring  failed 
to  flow  for  many  years,  so  special  attention  was  given 


a  considerable  depth  with  foreign  matter.  It  was 
therefore  reamed  to  a  uniform  size,  cleaned  and  ex- 
plored from  top  to  bottom  in  order  to  locate  the  best 
mineral    water    vein.     The   tubing    was   completed   in 


Ions,  Radicals  and  Oxides  Determined.     Results  in  Milligrams  Per  Liter 

New  red 
Geyser  spring  Washington  spring  Old  red  spring  spring  Columbian  spring 


10 


Date  of  analysis           1871  Aug.  12,  1905  July  3,  1912  — ^  1843  Sept.  4,  1912  a Aug.  14,  1912    July  17,  1912 a Apr.  9,  1913 

Formula 

SiOs 12.39  20.80          14.80                  25.70  41.25  55.76  51.75  79.40  35.12  47.80 

SO, 3,00  1.40          13.08                    0  69  19.96  (a)  5.35  6.39  (o)  40.13 

HCOa 5344.61  4353.20     3540.10             2192.15  1618.84  2116.55  1138.64  1463.22  1S18.80  1315.08 

NOj (a)  Trace         Trace                    (a)  0.09  (a)  Trace  Trace  (o)  1.77 

NOj (a)  None          Trace                     (a)  Trace  (a)  Trace  Trace  (o)  Trace 

PO) Trace  None         None                     (a)  None  (a)  None  None  (a)  None 

BOj Trace  Trace        Trace                    (a)  Trace  (a)  Trace  Trace  (a)  Trace 

AsO, None  None         None                    (a)  None  (a)  None  None  (a)  None 

CI 6030.43  1025.10     1340.06              1909.64  468.55  923.78  226.24  541.87  2774.28  225.34 

Br 29.92  11.80          13.64                    5.42  2.39  (a)  2.39  8.18  Trace  8.05 

1 3.59  1.00            0.76                  32.54  0.19  (a)  0.46  0.30  37.12  0.07 

Fe 5.26  (o)                9.46                  (a)  36.60  (a)  10.72  12.56  29.96  9.18 

Fe  and  Al (a)  8.40         11.83                 20.44  66.46,  •    25.18  24.82  19.99  (a)  10.85 

AI2O3 Trace  (a)                4.48              Trace  56.31  Trace  26.58  14.02  (a)  3.14 

Mn (a)  (a)          Heavy  trace         (a)  None  (a)  Trace  Heavy  trace  (a)  None 

Ca 2913.70  116.40       426.85                357.47  231.93  428.96  190.12  281,95  288.08  217.28 

Mg 424.42  60.60       116.02                190.98  100.28  120.75  53.96  73.71  132.98  74,17 

Ba 18.24  2,60           4.12                 (o)  1.41  (a)  2.82  2.70  (a)  1.06 

Sr 3,04  Trace           0.48                 (a)  None  Trace  Trace  Trace  (a)  0.10 

K 222,35  29.00       136.04                    2.65  78.20  61.60  32.83  38.88  Trace  47.47 

Na 4123.56  2010.90     1386.65              1277.15  386.49  634,85  222,68  400.07  1878.39  234.39 

Li 12.35  3,60            2,76                   (a)  0,80  1.66  1.35  1.41  (a)  0.61 

NH. Ca)  11.40          14  62                   (a)  2.25  (a)  2.27  3.45  (a)  1.64 

Oxygen  to  form  AljOa.  .  .  Trace  (a)                2.11               Trace  26,45  (10,79)  12,48  6.59  (a)  1.47 

Oxygen  to  form  FeaOs. . .  ...  ...              ,  -  .                      ...  ...  t     ■  ,  ■     J 

F Trace 

Hypothetical  Form  of  Combination 

NH4CI (a)  33.80         39.40                    (a)  6.68  (a)  6.74  10.23  (a)  5.15 

LiCl 74.91  21.80         16.75                     (a)  5,00  10.07  8.19  8.53  (a)  3.70 

K.Cl 395.23  43.90       246.84                      (a)  146.89  117.46  60,22  66.66  (o)  82.93 

NaCl 9528.76  1588.80     1951.08             3148   23  643.05  1416.99  307.12  817.85  4573.71  295.59 

KBr 43.88  17.50         20,00                   8.07  3.50  (a)  3.50  12.00  Trace  12.00 

KI 4.71  1.30           1.00          (6)42.65  0.25  (a)  0.60  0.40          W  48.55  0.10 

Na2S04 4.44  2.10          19.36                    1.02  29.52  (a)  7.91  9.46  (a)  59.34 

NaB02 Trace  Trace         Trace                      (a)  Trace  (a)  Trace  Trace  (a)  Trace 

NaNOj.- (a)  Trace         Trace                      (a)  0.12  (a)  Trace  Trace  (a)  2.43 

NaNOj (a)  None          Trace                      (a)  Trace  (a)  Trace  Trace  (a)  Trace 

NaCHCOj) 1363.26  5058,30     2238,22                139,62  452.54  282.57  362.63  275.32  288.38  358.76 

Ba(HCOj)2 34.44  4.90           7.78                    (a)  2.67  (a)  5.33  5.10  (a)  2.00 

SrCHCOa)! 7.27  Trace              1.14                    (a)  None  Trace  Trace  Trace  (a)  0.23 

MgCHCOj)! 2553.77  364.90       704,24              1149.15  603.38  726.54  324.70  447.42  800.14  446.29 

Ca(HC03)jf 2913.70  471.40     1728,78              1445.41  937.82  1734.52  768.75  1141.89  1164.84  878.58 

Fe(HCOs)2 16,74  26,70         30.08                  65.09  116.56  (a)  34.14  39.94  95.42  29.34 

MnaO, Ca)  (a)        Heavy  trace              (a)  None  (a)  Trace  Heavy  trace  (o)  None 

FejQj ...  ....                     ...  ...  (       35.97  \  ...  ...  (a) 

AhOs Trace  Ca)                 4.48                  Trace  56.31  (        ,,.       J  26,58  14.02  Ca)  3.14 

SiOi 12,39  20.80          14.80                  25,70  41.25  55.76  51,75  79.40  35.12  47.80 

Total   solids   in    solution 

(computed) 16953.50  7656.20    7023.92            6014.83  3045,54  4379,88  1968.16  2928.22  6994.73  2227.28 

Residue    on    evaporation 

driedatl05°C Ca)  (a)         5232.00                    (a)  2175.00  (a)  1266,50  2138.00  (a)  1471.00 

Temperature 7.8°C.  (a)              lO.O'C.             7.2''C.  9.5''C.  (a)  ll.I°C.  11.6°C.     _      10°  C.  8°  C. 

Organic  matter Trace  ...                  ....                       ...  ...  ...  ...  ...  ...  ... 

(a),  not  given.      (6),  equivalent  of   NaBr  reported,      (c),  equivalent  of  Nal  reported. 

1  =  C.  F.  Chandler.  Hydrotherapy  at  Saratoga  by  J.  A.  Irwin.  1892.  Other  References 

2  =  Mineral  waters  of  the  U.  S.  U.  S.  Dept.  of  Agric,  Aug.  12.  1905.  Advertised  analyses  in  various  circulars. 

3,5,7,8,10  =  Files  N.  Y.  State  Dept.  of  Health,  1912  and  1913.  Therapeutic  Saratoga — .\merican  Medical  .\ssociation,  June.  1902. 

4  =  J.  R.  Chilton.  Hydrotherapy  at  Saratoga  by  J.  A.  Irwin.  1892.  Mineral  waters  of  the  U.  S.  and  their  therapeutic  uses  by  J.  H.  Crook, 

6  =  Prof.  Appleton  Bulk-tin  No.  32.  U.  S.  Geological  Survey.  1899. 

9  =  J.  H.  Steel.     "An  Analysis  of  the  Mineral  Waters  of  .Saratoga.  The  mineral  springs  of  Saratoga.  N.  Y.  State  Education  Dept.  Museum, 

etc.."  1838  Bulletin  No.  159  by  James  F.  Kemp,  1912. 

this  bore  by  the  Reservation  Commission  in  order  to  June,    191 2,   and  an  excellent   spring,  spouting   many 

restore  the  flow.  feet  above  the  level  of  the  flow,   was  secured.     This 

It   was   found   upon   careful   investigation   that   the  revival  was  brought  about  by  placing  water  columns 

,  bore  was  very  crooked  and  irregular  and  was  filled  to  on  the  two  Champion  springs  which  were  wasting  about 
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200  gallons  per  minute  and  seemed  to  be  the  key  to 
the  control  of  the  mineral  water  basin.  This  spring 
was  cleaned  again  in  April,  1913,  and  now  has  a  flow 
of  about  one  gallon  per  minute.  The  water  is  strongly- 
mineralized,  being  low  in  chlorides  but  high  in  sodium 
and  magnesium  bicarbonates.  The  water  is  an  ex- 
cellent table  water  and  is  served  at  the  spring. 

Old  Red  Spring — This  spring  is  situated  on  Spring 
Avenue  and  was  discovered  in  1770  or  about  as  soon 
as  the  locality  was  visited  by 
white  men,  being  the  next  spring 
found  after  the  discovery  of  the 
famous  "High  Rock."  In  1784, 
the  first  bath  house  was  erected 
on  the  property.  From  that 
time  up  to  the  acquirement  of 
the  spring  by  the  Reservation 
Commission  several  bath  houses 
had  been  built  on  the  site  of  the 
old  one  and  various  improve- 
ments were  made  in  the  spring. 
The  flow  for  many  years  was 
sufficient  to  maintain  the  baths 
and  allow  the  water  to  be  bottled. 
The  spring  had  a  reputation  for 
the  great  curative  properties  of  its 
water  and  was  a  famous  resort  in 
the  days  of  Saratoga's  popularity. 
When  the  state  took  over  this 
property  the  bath  houses,  bottling 
house  and  equipment  were  old, 
crude  and  unsuitable  for  continu- 
ance under  State  ownership  so 
the  buildings  were  taken  down. 
'I"he  spring  itself  was  also  in 
l>ad  condition,  the  wooden  tubing 
1  icing  neither  sanitary  nor  per- 
manent. In  July,  1912,  it  was 
uuvhia;  .spKi.\L.  decided  to  retube  the  spring,  and 

to  avoid  excavating  an  eight  inch  steel  casing  was 
inserted  into  the  wooden  tubing,  and  the  space  be- 
tween the  two  packed  with  concrete.  After  retubing, 
the  natural  flow  was  slightly  greater  than  before  but 
was  not  enough  to  meet  the  demands  for  bathing  or 
bottling  without  resorting  to  pumping.  The  spring 
is  22  feet  deep  and  has  a  flow  of  about  one  quart  per 
minute.  The  water  is  moderately  mineralized  averag- 
ing with  that  of  the  Columbian.  It  is  one  of  the 
famous  iron  springs  and  derived  its  name  from  the  red 
coloration  due  to  iron  which  the  water  contained. 

The  New  Red  Spring  is  situated  on  this  same  property 
about  100  feet  southeast  of  the  Old  Red  Spring.  It 
was  drilled  in  1885  and  is  60  feet  deep.  The  water 
of  this  spring  is  high  in  iron  content  and  is  served  to 
the  public.  It  has  a  flow  of  about  two  quarts  per 
minute  and  in  mineralization  it  approaches  the  Wash- 
ington. 

Washington  Spring — This  spring  is  situated  on  South 
Broadway  just  above  Congress  Park  in  the  old  Clar- 
endon Hotel  property.  It  was  discovered  in  1806  and 
is  170  feet  deep.  The  water  does  not  flow  at  the  surface 
of  the  ground  but  is  obtained  by  pumping.      The  spring 


had  a  celebrated  reputation  for  its  iron  content  and 
was  used  to  a  great  extent.  The  property  does  not 
belong  to  the  Commission  but  is  owned  by  the  St. 
Peters  Catholic  Church.  Various  scientific  observa- 
tions, which  have  been  taken,  show  an  improvement  in 
this  spring. 

The  Columbian  Spring  is  located  in  the  famous 
Congress  Park,  just  west  of  the  park  entrance  and  on 
Broadway.  It  is  one  of  the  oldest  mineral  springs 
having  been  opened  by  a  pioneer,  Gideon  Putman, 
in  1806.  This  is  also  a  chalybeate  water  being  closely 
connected  with  the  Washington  Spring  as  like  changes 
in  water  levels  are  recorded  simultaneously  in  both 
springs. 

In  April,  1913,  the  wooden  tubing  was  cleaned  and 
an  iron  casing  inserted  in  it  so  as  to  insure  sanitary 
conditions.  The  spring  is  eleven  feet  deep  and  its 
waters-are  moderately  mineralized. 

Stats  Hygienic  Laboratory 
Albany.  New  York 


THE  DETERMINATION  OF  HARDNESS  IN  NATURAL 
WATERS 

By  Clarence  Bahlmann 
Received  December  I,  191.^ 

Lime  hardness,  magnesium  hardness,  and  total 
hardness  constitute  the  three  primary  determinations 
in  industrial  water  analyses.  An  alkalimetrical  method 
for  total  hardness  by  use  of  soda  reagent  is  described 
in  the  American  Public  Health  Association's  Standard 
Methods  of  Water  Analysis.  Mention  is  made  that 
errors  due  to  solubility  of  the  precipitated  calcium  and 
magnesium  salts  are  not  entirely  obviated  in  this 
method,  and  that  the  most  accurate  figure  for  total 
hardness  is  that  computed  from  the  results  for  calcium 
and  magnesium.  This  is  true  when  these  bases  are 
determined  gravimetrically,  but  when  the  magnesium 
is  determined  by  Pfeifer  and  Wartha's  lime  water 
method  as  described  in  the  1905  edition  of  Standard 
Methods,  the  results  are  unsatisfactory.  For  this 
reason  undoubtedly,  this  method  has  not  been  inserted 
in  the  191 2  edition  of  the  above  publication;  in  fact 
no  volumetric  method  is  given  for  either  calcium  or 
magnesium. 

For  many  industrial  purposes,  rapidity  in  arriving 
at  results  is  preferred  to  extreme  accuracy,  and  simple 
volumetric  methods  are  entirely  satisfactory  for  ordi- 
nary purposes  provided  the  deficiencies  and  limits  of 
accuracy  of  the  method  are  known.  This  paper  is  a 
summary  of  an  investigation  to  ascertain  the  accuracy 
of  results  obtained  by  certain  volumetric  procedures 
for  calcium,  magnesium  and  total  hardness.  The 
tests  were  made  upon  fifteen  samples  of  natural  waters 
obtained  from  nearby  rivers,  springs  and  wells,  and 
showing  wide  ranges  in  calcium  and  magnesium  con- 
tent as  well  as  in  organic  matter. 

CALCIUM    HARDNESS 

The  ease  of  manipulation  and  accuracy  of  the  per- 
manganate titration  of  calcium  oxalate  suggests  its 
applicability  in  water  analysis.  Depending  upon  the 
hardness  of  the  water,  volumes  of  100  cc.  to  500  cc.  will 
give    workable    precipitates.     Fifteen    waters    ranging 
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in  lime  hardness  from  33.8  to  360.5  parts  per  million 
CaCOs  were  examined.  In  only  one. instance  did  the 
vokimetric  result  vary  from  the  gravimetric  by  more 
than  2.5  parts  per  million  CaCOa;  the  average  variation 
for  the  15  samples  was  only  1.2  parts  per  million.  The 
greatest  percentage  error  was  3.2  per  cent  and,  as  an 
average,  99.6  per  cent  of  the  gravimetric  results  was 
found  by  the  volumetric  procedure.  These  results  are 
in  entire  accord  with  those  reported  by  R.  B.  Dole,' 
who  states  that  it  is  possible  to  estimate  calcium 
volumetrically  to  within  i  part  per  million  (2.5  parts 
per   million    CaCOs). 

MAGNESIUM    HARDNESS 

The  principle  of  Pfeifer  and  Wartha's  method-  for 
magnesium  is  that  when  lime  water  is  added  to  a 
neutral  solution  of  calcium  and  magnesium  salts,  the 
calcium  salts  remain  unaltered  while  those  of  mag- 
nesium are  precipitated  as  hydroxide,  the  lime  water 
consumed  being  a  measure  of  the  magnesium  present. 
The  waters  tested  ranged  in  magnesium  hardness  from 
15  to  295.6  parts  per  million,  expressed  as  an  equiv- 
alent amount  of  CaCOs. 

The  same  volume  of  lime  water  was  added  to  all  of 
these  waters,  and  consequently  the  percentage  of  the 
added  lime  water  consumed  in  the  reaction  increased 
as  the  magnesium  hardness  increased.  If  the  accuracy 
of  this  method  depends  solely  upon  excess  of  precipi- 
tant, then  we  should  expect  the  results  to  approach 
nearer  to  the  true  figures  as  the  percentage  of  the  lime 
water  consumed  in  the  reaction  is  decreased.  The 
results,  however,  showed  no  relation  whatsoever  be- 
tween excess  of  precipitant  and  accuracy  of  the  volu- 
metric results.  On  4  samples  (magnesium  content  from 
15.0  to  20.9  p.  p.  m.)  the  percentage  of  added  lime 
water  theoretically  needed  to  precipitate  the  mag- 
nesium varied  only  from  2.8  per  cent  to  3.  9  per  cent, 
yet  the  volumetric  results  ranged  from  60  per  cent 
to  86.1  per  cent  of  the  gravimetric  amounts.  Of  two 
samples  of  practically  the  same  magnesium  content 
(21.8  and  23.0  p.  p.  m.),  the  volumetric  result  was  in 
one  case  82.6  per  cent  and,  in  the  other,  113  per  cent 
of  the  true  figure. 

The  magnesium  hardness  was  determined  twice 
on  6  of  the  samples,  using  25  cc.  and  50  cc.  of  the  lime 
water.  In  this  way  the  eflect  of  varying  excesses  of 
precipitant  upon  the  accuracy  was  studied  when  work- 
ing with  the  same  water.  With  3  of  these  samples, 
the  best  results  were  obtained  where  the  lesser  per- 
centage of  lime  water  was  theoretically  required  in 
the  reaction,  but  with  the  other  samples  just  the 
reverse  was  true.  In  the  whole  series,  only  6  determi- 
nations gave  results  within  10  per  cent  of  the  correct 
figures,  and  these  showed  a  variation  in  the  percentage 
of  added  lime  water  theoretically  needed  of  from  6.1 
per  cent  to  57.6  per  cent. 

An  excess  of  lime  water  is  undoubtedly  necessary 
and,  while  further  study  upon  waters  of  the  same  gen- 
eral character  might  reveal  certain  limits  of  excess 
giving  optimum  results,  it  appears  from  the  above 
work  that  the  amount  of  excess  varies  with  the  nature 

'  Geological  Survey,'  Water  Supply  Paper  236,  28. 
2  Z.  anal.  Chem.,  1902,   199. 


of  the  water.  Even  under  the  best  conditions,  mag- 
nesium hydroxide  is  appreciably  soluble,  causing  low 
results.  Another  factor  involved  is  the  presence  and 
relative  concentration  of  other  dissolved  salts  and 
organic  matter.  It  is  needless  to  state  that  no  reliance 
can  be  placed  upon  any  procedure  exhibiting  dis- 
crepancies such  as  shown  above  by  the  lime  water 
method  for  magnesium. 

TOTAL    HARDNESS 

The  range  in  total  hardness  of  the  15  waters  tested 
was  from  48.8  to  655.5  parts  per  million  in  terms  of 
CaCOs-  For  waters  of  low  or  medium  hardness  0.04 
N  soda  reagent  and  0.02  N  HzSOj  were  used,  with 
harder  waters,  o.i  N  soda  reagent  and  o.i  N  acid. 
The  original  titer  of  the  soda  reagent  in  terms  of  stand- 
ard acid  was  determined  not  only  by  direct  titration 
but  by  a  blank  determination  on  distilled  water  con- 
ducted under  conditions  identical  with  those  to  which 
the  sample  was  subjected.  As  an  average,  when  basing 
the  value  of  the  soda  reagent  upon  the  direct  titration, 
only  83.7  per  cent  of  the  gravimetric  total  hardness 
was  found,  but  on  the  basis  of  the  blank  determination, 
95.8  per  cent  of  the  true  total  hardness  was  found  by 
the  volumetric  method.  The  necessity  of  making  a 
control  determination  in  all  cases  is  therefore  indicated. 

The  same  volume  of  soda  reagent  was  added  to  these 
waters  and  it  follows  that  the  percentage  of  added 
alkali  consumed  increased  as  the  total  hardness  in- 
creased. When  only  7.2  per  cent  of  the  precipitant 
was  used  up  in  the  reaction,  the  volumetric  result  was 
100.4  per  cent  of  the  gravimetric,  and  the  percentage 
of  the  true  amounts  found  by  the  volumetric  method 
decreased  in  fairly  regular  amounts  as  the  percentage 
of  soda  reagent  required  for  the  reaction  increased. 
When  as  much  as  79.7  per  cent  of  the  added  alkali 
was  consumed,  only  76.8  per  cent  of  the  gravimetric 
total  hardness  was  obtained  by  the  volumetric  method. 

It  is  evident  from  the  above  that  low  results  are  to 
be  attributed  to  insufficient  excess  of  the  precipitant. 
Several  of  the  samples,  on  which  50  cc.  of  0.04  N  soda 
reagent  had  been  used,  were  examined  again,  using 
25  cc.  of  O.I  N  soda  reagent.  This  trial  indicated 
that  the  best  result  on  any  one  sample  was  always 
obtained  where  the  largest  excess  of  alkali  was  present. 
Twenty-five  determinations  were  made  upon  the  15 
waters  and  all  results  were  within  5  per  cent  of  the 
true  figures  when  not  over  35  per  cent  of  the  soda 
reagent  was  consumed  in  the  reaction.  The  relation- 
ship existing  between  the  percentage  of  added  soda 
reagent  theoretically  required  in  the  reaction  and  the 
accuracy  of  the  volumetric  result  for  total  hardness  is 
shown  in  the  following  table: 


.\verage  per  cent  of 

Per  cent  of  added 

gravimetric  total 

soda  reagent 

No.  of 

hardness  found 

theoretically 

determina- 

by 

volumetric 

required 

tions 

method 

0-10 

2 

100.4 

10-20 

6 

99.1 

20-30 

4 

97.5 

30-40 

4 

96.3 

40-60 

4 

94.1 

60-80 

5 

89.1 

It  appears  from  this  table  that  the  best  volumetric 
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results  are  obtained  when  the  soda  reagent  is  added 
in  such  quantities  that  not  more  than  20  per  cent  of  it 
enters  into  the  reaction,  and  that  the  results  are  within 
5  per  cent  of  the  true  amounts  when  not  more  than 
40  per  cent  of  the  alkali  is  used  up. 

MAGNESIUM    HARDNESS    BY    DIFFERENCE 

It  has  been  shown  that  the  soda  reagent  method  for 
total  hardness  is  quite  satisfactory  for  ordinary  work 
if  care  be  taken  to  have  sufficient  excess  of  the  alkali 
present,  and  that  the  permanganate  titration  for 
calcium  is  very  accurate.  When  the  magnesium  is 
computed  by  diflference,  it  suffers  from  the  errors  of 
the  2  direct  methods  and  low  results  are  to  be  expected 
because  the  total  hardness  figures  are  themselves  low, 
due  to  the  appreciable  solubility  of  normal  calcium 
carbonate  and  magnesium  hydroxide.  With  certain 
waters,  however,  very  close  results  can  be  obtained 
by  this  method.  Seven  of  the  samples,  showing  a 
range  in  hardness  encountered  in  the  Ohio  River  at 
this  locality  (48  to  130  p.  p.  m.  total  hardness;  15  to 
37  p.  p.  m.  magnesium  hardness),  gave  very  satisfactory 
results  for  magnesium  by  difference,  the  average  per- 
centage of  the  true  amount  being  g8.6  per  cent.  With 
waters  ranging  in  total  hardness  from  136  to  655.5 
p.  p.  m.  and  in  magnesium  hardness  from  63.8  to 
295.6  p.  p.  m.,  however,  the  average  accuracy  was 
but  90.3  per  cent.  In  such  hard  waters  a  comparatively 
small  percentage  error  in  the  total  hardness  affects 
the  magnesium  to  a  greater  extent,  especially  if  the 
sample  contains  a  relatively  small  quantity  of  this 
base  in  comparison  to  the  lime  content. 

It  appears  then,  that  with  comparatively  soft  waters 
a  procedure,  whereby  the  total  hardness  and  calcium 
hardness  are  determined  volumetrically  as  outlined, 
above  and  the  magnesium  by  difference,  is  satisfactory 
for  ordinary  purposes.  This  method  can  also  be  ap- 
plied to  hard  waters  the  general  character  of  which  is 
familiar  to  the  analyst,  provided  he  applies  a  cor- 
rection factor  determined  by  occasional  comparisons 
of  the  volumetric  with  gravimetric  results.  Hard 
waters  very  low  in  magnesium  as  compared  to  calcium 
content  will  give  the  least  satisfactory  results,  and  the 
gravimetric  method  for  magnesium  must  be  resorted 
to  in  this  case  if  accurate  figures  are  desired. 

SUMMARY 

I.  No  volumetric  methods  for  calcium  or  mag- 
nesium are  given  in  the  191 2  edition  of  Standard 
Methods  of  Water  Analysis. 

II.  For  ordinary  purposes,  rapidity  is  preferred 
to  extreme  accuracy,  and  volumetric  methods  are 
■  desired. 

III.  The  estimation  of  calcium  by  titration  with 
permanganate  is  easily  and  quickly  performed  and  the 
results  are  very  accurate. 

IV.  The  estimation  of  magnesium  with  lime  water 
is  entirely  unreliable. 

V.  The  best  results  for  total  hardness  are  obtained 
when  less  than  20  per  cent  of  the  soda  reagent  is  used 
up  in  the  reaction,  and  the  results  will  be  within  5 
per  cent  of  the  true  amount  when  not  more  than  40 
per  cent  of  the  soda  reagent  is  consumed.     The  original 


strength  of  the  soda  reagent  must  be  determined  by  a 
blank  determination. 

VI.  An  ordinarily  satisfactory  procedure  for  ex- 
amination of  waters  of  low  or  medium  hardness  con- 
sists in  determining  the  total  hardness  with  soda  re- 
agent, the  lime  hardness  with  permanganate  and 
ascertaining  the  magnesium  content  by  difference. 
This  method  can  also  be  used  for  hard  waters  by  ap- 
plying a  correction  factor.  For  very  hard  waters 
containing  only  small  amounts  of  magnesium,  this 
base  must  be  determined  gravimetrically  if  accurate 
results  are  desired. 

Chemical  Laboratories.  Department  of  Health 
Cincinnati.  Ohio 


THE  QUANTITATIVE  ESTIMATION  OF  THE  SALT- 
SOLUBLE  PROTEINS  IN  WHEAT  FLOUR 

By  Geo.  A.  Olson 
Received  October  2.    191! 

It  has  been  repeatedly  pointed  out'  that  the  strengths 
of  alcohol  suitable  for  the  extraction  of  gliadin  from 
flour,  extracts  other  proteins  besides  gliadin.  That 
this  is  unquestionably  true  was  brought  out  by  the 
writer  in  a  previous  article^  on  the  estimation  of  gliadin 
in  flour  and  gluten  where  it  was  found  that  the  direct 
method  for  the  extraction  of  the  alcohol-soluble  pro- 
teins gave  considerably  higher  yield  of  nitrogen  (38.3 
per  cent  more)  than  could  be  obtained  by  either  the 
indirect  or  coagulation  methods. 

Likewise  it  has  been  found^  that  i  per  cent  sodium 
chloride  extracts,  besides  edestin,  leucosin  and  amino 
bodies,  and  some  gliadin.  Osborne''  states  that 
gliadin  is  practically  insoluble  in  10  per  cent  sodium 
chloride.  From  a  quantitative  point  of  view,  it  appears 
reasonable  that  a  10  per  cent  salt  solution  is  the  proper 
strength  to  use.  But  we  find  that  a  10  per  cent  salt 
solution  is  impractical  to  work  with  owing  to  the  large 
amount  of  salt  present,  and  for  this  reason  Teller,'^ 
and  subsequently  others,  adopted  strengths  less  ob- 
iectionable.  It  was  admitted  by  Teller  and  con- 
firmed later  by  others  by  indirect  methods  that  gliadin 
is  partly  soluble  in  i  per  cent  salt  solution,  but  just 
how  soluble  gliadin  is  no  one  has  stated,  nor  even  cor- 
rected for,  when  using  this  strength  solution.  A  cor- 
rection has  been  made  for  amide  bodies  by  assuming 
that  amide  bodies  are  not  precipitated  by  phospho- 
tungstic  acid.  In  the  article  referred  to,  the  writer 
has  pointed  out  the  method  for  the  estimation  of  the 
gliadin  extracted  by  a  i  per  cent  salt  solution  and  in 
connection  with  this  the  following  experiments  were 
conducted  with  the  view  of  establishing  a  correct 
method  for  the  estimation  of  edestin  and  leucosin 
proteins  in  flour. 

Three  different  methods  of  procedure  were  adopted 
for  the  estimation  of  the  salt-soluble  proteins  in  flour. 
The  first  series  of  results  was  obtained  by  the  method 
which  is  annually  recommended  to  be  followed  by  the 

uU.  No.  81  and  90. 
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referee  on  vegetable  proteins  for  the  A.  O.  A.  C 
with  a  view  to  its  final  adoption.  The  second  series 
of  results  was  obtained  from  a  modified  method  of 
the  first  where  the  coagulable  nitrogen  was  considered. 
The  third  series  of  results  was  obtained  from  a  still 
further  differentiation  than  that  given  in  the  second 
method  in  that  the  alcohol-soluble  in  the  salt-soluble 
which  is  coagulable  was  considered.  Besides  this  a 
series  of  results  are  given  according  to  Method  III 
where  for  comparison  a  10  per  cent  sodium  chloride 
solution  was  used  instead  of  the  i  per  cent  solution. 

Method  I — Instead  of  using  5  g.  of  flour  and  250  cc. 
of  one  per  cent  salt  solution  twice  the  amount  was  used. 
The  mixture  was  shaken  at  intervals  of  5  minutes  for 
the  first  two  hours  and  then  let  stand  for  24  hours 
when  filtered  clear.  Nitrogen  determinations  in  the 
total  and  phosphotungstic  acid  precipitates  were  made 
and  the  difference  between  these  two  determinations 
was  regarded  as  amide  nitrogen.  The  results  were  as 
follows: 

Table  I — 1  Per  Cent  Salt-Soluble  Nitrogen  in  Flour  (Percentages) 

Number                             Total  N  Precipitated  N  Amide  N 

O.C. 0.43  0.39  0.04 

R.  W.  B 0,38  0.29  0.09 

B.  L 0.33  0.30  0.03 

p 0.50  0.41  0.09 

L.  C 0.34  0.31  0.03 

M  I.'i 0.40  0.36  0.04 

The  larger  part  of  the  nitrogen  carrying  bodies  sol- 
uble in  I  per  cent  salt  solution  are  precipitated  by 
phosphotungstic  acid.  In  the  proposed  method  there 
is  no  differentiation  made  between  the  gliadin  and 
edestin  and  leucosin  nitrogens  soluble  in  i  per  cent 
salt  solution. 

Method  II — Instead  of  precipitating  the  salt-soluble 
proteins  with  phosphotungstic  acid  directly,  aliquots 
of  the  salt-soluble  were  boiled  down  to  within  20  cc.  of 
liquid.  The  precipitate  formed  was  filtered  off  and 
washed  with  water.  The  resulting  filtrate  was  then 
treated  with  sufficient  phosphotungstic  acid,  thor- 
oughly mixed  and  allowed  to  stand  one  hour,  when  the 
resultant  precipitate  was  removed  and  washed  with 
water  containing  phosphotungstic  acid.  Nitrogen 
determinations  were  made  in  the  total  and  the  two 
precipitates.  The  difference  of  the  sum  of  the  nitro- 
gens from  these  precipitates  and  the  total  nitrogen  was 
reckoned  as  amide  nitrogen.  According  to  this  method 
of  procedure,  the  following  results  were  obtained: 

Table    II — Differentiation   of  the   Coagulable   Nitrogen  in   1   Per 

Cent  Salt-Soluble  (Percentages) 

Number                             Total  N  Coagulable  N      Pptd.  N  Amide  N 

O.C 0.43  0.130                 0.250  0.050 

R.  W.  B 0.38  0.045                 0.230  0.105 

B.  L 0.33  0.055                 0.240  0.035 

P 0.50  0.125                 0.275  0.100 

L.  C 0.34  0.120                 0.230  0.000 

M.  15 0.40  0  055                 0.270  0.065 

Since  gliadin  is  appreciably  soluble  in  i  per  cent  salt 
solution,  one  would  expect  to  find  this  material  in- 
cluded with  what  has  been  generally  estimated  as 
albumin  and  globulin.  The  resulting  data  given  in 
Table  II  do  not  show  what  portion  of  the  nitrogenous 

'  See  proceedings  of  Association,  issued  as  bulletins,  Bureau  of  Chem- 
istry. Department  of  Agriculture. 


bodies  are  gliadin  bodies.  Method  II  is  better  for  the 
separation  of  the  protein  bodies  soluble  in  one  per 
cent  salt  solution  than  Method  I,  because  the  nitrog- 
enous bodies  coagulable  by  heat  are  separated  from 
those  not  coagulable.  The  am.ounts  of  amide  nitrogen 
obtained  by  difference  in  this  method  are  practically 
identical  with  the  amounts  obtained  in  Method  I. 

The  writer  found  in  earlier  investigations  that  it  was 
possible  to  .separate  gliadin  from  the  other  salt-soluble 
proteins,  and  as  a  result  of  these  investigations  the 
following  method  for  the  estimation  of  the  edestin  and 
leucosin  fractions  in  flour  was  adopted. 

Method  III — 200  cc.  aliquots  of  salt-soluble  (10 
grams  of  flour  digested  with  500  cc.  of  i  per  cent 
sodium  chloride)  were  boiled  down  to  within  20  cc. 
of  liquid,  then  slowly  evaporated  to  dryness  on  an  iron 
hot  plate.  The  solid  was  digested  with  100  cc.  of 
55  per  cent  alcohol'  by  volume,  filtered,  then  washed 
with  same  strength  alcohol.  The  precipitate  ob- 
tained was  regarded  as  albumin.  The  alcohol  filtrate 
was  evaporated  to  within  10  cc.  and  50  cc.  of  water 
added,  boiled  down  to  35  cc;  15  cc.  more  water  added, 
allowed  to  cool  to  room  temperature  and  then  filtered. 
The  coagulum  was  washed  with  cold  distilled  water 
and  reckoned  as  gliadin  nitrogen.  The  coagulum 
filtrate  was  precipitated  with  phosphotungstic  acid  and 
reckoned  as  globulin  nitrogen.  The  sum  of  the  nitro- 
gens obtained  in  the  precipitates  deducted  from  the 
total  nitrogen  leaves  a  small  amount  of  unaccounted- 
for  nitrogen  which  may  be  regarded  as  amide  nitrogen. 
In  Table  III  are  given  the  results  found  according  to 
this  method. 

Table  III — Includes  the  Estimation  of  the  Gliadin  Nitrogen  in   I 
Per  Cent  Salt-Soluble  (Percentages) 
Coag.  N 

Number                      Total  N  alcohol  Gliadin  N  Pptd.  N  Amide  N 

O.C 0.43  0.070  0.100  0.190  0.070 

R.  W.  B 0.38  0.080  0.095  0.140  0.065 

B.  L 0.33  0.060  0.115  0.125  0.030 

P 0.50  0.125  0.160  0.165  0.050 

L.  C 0.34  0.075  0.135  0.130  0.000 

M.  15 0.40  0.080  0.085  0.175  0.060 

According  to  the  results  found  and  recorded  in  Table 
III  it  will  be  noted  that  the  largest  amount  of  nitrogen 
material  soluble  in  i  per  cent  salt  solution  was  precipi- 
tated by  phosphotungstic  acid,  which  is  nearly  double 
that  found  in  the  coagulable  insoluble  in  alcohol.  The 
per  cent  of  the  alcohol-soluble  which  is  coagulable 
is  as  much  or  more  than  the  amount  of  nitrogen  ma- 
terial insoluble  in  alcohol.  In  other  words,  there  is 
very  little  nitrogen  material  extracted  .with  i  per  cent 
salt  solution  that  is  not  soluble  in  55  per  cent  alcohol 
by  volume. 

In  another  series  of  experiments  the  same  flours  were 
digested  with-  10  per  cent  sodium  chloride  instead  of 
I  per  cent  solution.  The  method  of  procedure  for  the 
separation  of  the  different  nitrogen  bodies  was  the 
same  as  that  given  in  Method  III.  Owing  to  the  large 
amount  of  salt  present  the  alcohol  separation  method 
was  tedious  and  slow.  The. various  fractions  for  the 
nitrogen  bodies  soluble  in  10  per  cent  salt  solution  are 
recorded  in  Table  IV. 

'  Fifty  per  cent  alcohol  is  just  as  efficient  as  alcohol  of  higher  strengths.. 
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Table  IV — Includbs  thb    Estimation  of    the    Gliadin    Nitrogen    in 
10  Per  Cent  Salt-Soluble  (Percentages) 

Coag.  N 

insol.  in 

No.                               Total  N        alcohol        Gliadin  N      Pptd.  N  Amide  N 

O.  C 0.290            0.215             0.015             0.043  0.017 

R.  W.  B 0.210            0.175             0.010            0.005  0.020 

B.  L 0.160            0.125             0.005             0.025  0.005 

P 0.310           0.268            0.010            0,020  0.012 

L.  C 0.220           0.165            0.023            0.008  0.024 

M.  15 0.260            0.203             0.007             0.040  0.010 

As  would  naturally  be  expected,  the  per  cent  of  nitro- 
gen extracted  with  a  lo  per  cent  salt  solution  is  con- 
siderably less  than  that  extracted  with  a  i  per  cent 
salt  solution.  The  reason  for  a  much  lower  yield  of 
nitrogen  bodies  is  due  to  the  increased  concentration 
of  the  solute.  -It  will  be  noted  from  the  data  given 
in  Table  IV  that  there  is  very  little  nitrogen  material 
extracted  which  is  soluble  in  55  per  cent  alcohol  by 
volume,  and  about  80  per  cent  of  the  total  proteins 
soluble  in  10  per  cent  salt  solution  are  coagulated  upon 
boiling  down  or  increasing  the  salt  concentration. 

When  the  data  for  the  total  nitrogen  and  the  various 
fractions  obtained  in  the  i  per  cent  salt  extraction  are 
compared  with  those  obtained  in  the  10  per  cent  salt 
extraction  (see  data  in  Tables  III  and  IV),  it  will  be 
noted  that  the  amount  of  nitrogen  material  separated 
varies  in  any  one  group,  depending  upon  the  concen- 
tration of  the  solvent  used  for  extracting  these  bodies. 
In  the  one  case  it  is  found  that  there  is  considerable 
gliadin  and  phosphotungstic  acid  precipitated  nitrogen 
extracted,  while  in  the  other  only  a  limited  quantity 
is  found  which  is  not  directly  coagulable  upon  boiling 
the  solution.  The  large  amount  of  nitrogen  bodies 
extracted  by  10  per  cent  salt  solution  insoluble  in  55  per 
cent  alcohol  by  volume  are  insoluble  in  this  strength  of 
alcohol,  owing  to  the  concentration  of  the  salt  present. 
In  Table  V  the  sum  of  the  figures  given  in  Tables  III 
and  IV  for  alcohol  insoluble  and  phosphotungstic  acid 
precipitated  nitrogen  are  compared  with  each  other. 
In  addition  the  total  nitrogen  in  the  10  per  cent  salt 
solution  with  the  gliadin  correction  has  been  included. 

Table  V — Results  for  Alcohol  Insoluble  and  Precipitated  Nitrogen 
IN  1  AND  10  Per  Cent  Salt-Soluble  (Percentages) 
1  Per  cent  10  Per  cent  NaCl 

NaCl  . ■ . 

Alcohol  insol.        Alcohol  insol.  Salt-sol.  N 

No.  and  pptd.  N  and  pptd.   N.  —  gliadin  N 

O.  C 0.260  0.258  0.275 

R.  W.  B 0.220  0.180  0.200 

B.  L 0.185  0.150  0.155 

P 0.290  0.288  0.300 

L.  C 0.205  0.173  0.197 

M.  15 0.255  0.243  0.253 

Having  a  method  for  estimating  the  gliadin  nitrogen 
that  may  be  extracted  from  wheat  or  its  product  by 
salt  solution,  it  will  be  noted  from  the  data  presented 
in  Table  V  that  the  amount  of  edestin  and  leucosin 
nitrogen  is  the  same  whether  the  concentration  of 
sodium  chloride  be  i  or  lo  per  cent,  providing  the 
gliadin  nitrogen  is  accounted  for. 

Referring  again  to  the  data  given  in  Tables  III  and 
IV,  it  will  be  noted  that  the  amount  of  nitrogen  insol- 
uble in  ss  per  cent  alcohol  in  the  i  per  cent  salt  extract 
is  quite  small  and  that  of  the  nitrogen  bodies  precipi- 
tated by  phosphotungstic  acid  is  very  large,  while  in 


case  of  the  lo  per  cent  salt  solution  the  per  cent  alcohol 
insohxble  nitrogen  is  very  large  while  only  a  noticeable 
amount  of  nitrogen  is  found  in  the  phosphotungstic  acid 
precipitate.  These  facts  naturally  raise  the  question, 
Are  we  dealing  with  true  globulins  and  albumins? 
The  quantitative  data  obtained  and  the  method  of 
procedure  followed  indicate  that  the  substances  spoken 
of  as  globulin  and  albumin  are  only  such  in  lo  per  cent 
sodium  chloride  solution,  while  in  lower  per  cents  of 
sodium  chloride  there  is  a  smaller  quantity  of  such 
material. 

Again,  if  the  substances  extracted  from  flour  with 
lo  per  cent  salt  solution  are  globulin  and  albumin, 
then  either  one  or  both  of  these  two  materials  in  less 
concentrated  salt  solution,  or  water,  are  wholly  soluble 
or  partly  soluble  in  55  per  cent  alcohol  or  alcohol  of 
higher  strengths.  This  thought  has  weight  in  the  pre- 
ceding article  on  the  estimation  of  the  gliadin  nitrogen 
in  flour  where  it  was  found  that  approximately  68  per 
cent  of  the  alcohol-soluble  was  coagulable  by  the  direct 
method  and  corroborated  in  the  indirect  method  of 
procedure  and  subsequent  analyses.  The  data  given 
for  the  alcohol-soluble  uncoagulable  nitrogen,  where 
different  strengths  of  alcohol  were  used,  should  also 
be  considered  in  connection  with  this  view. 

There  is  sufficient  reason  to  believe  that  the  globalin 
and  albumin  of  wheat  are  appreciably  soluble  in  diluted 
alcohols  even  in  the  presence  of  i  per  cent  sodium 
chloride  solution.  And  since  gliadin  is  appreciably 
soluble  in  i  per  cent  salt  solution,  the  methods  that 
have  been  followed  in  the  past  where  i  per  cent  salt 
solution  is  used,  includes  gliadin  as  a  part  of  globulin 
and  albumin  nitrogen  and  in  the  direct  alcohol  extrac- 
tion of  flour  albumin  and  globulin  are  included  as  a 
part  of  the  gliadin  nitrogen.  With  lo  per  cent  salt 
solution  only  a  very  small  part  of  the  gliadin  nitrogen 
is  considered. 

The  amount  of  gliadin  nitrogen  extracted  in  salt 
solution  depends  upon  the  amount  of  salt  used,  being 
approximately  90  per  cent  more  in  a  i  per  cent  sodium 
chloride  solution  than  was  found  to  be  the  case  in  10 
per  cent  sodium  chloride.  The  fact  that  the  gliadin 
nitrogen  can  be  removed  from  the  salt  solution  regard- 
less of  the  strength  of  salt  used  up  to  and  including  10 
per  cent  sodium  chloride,  makes  the  i  per  cent  salt 
extraction  method,  owing  to  the  more  rapid  filtering, 
more  rapid  digestion,  etc.,  the  most  desirable  one  to 
follow.  Omitting  the  determination  for  gliadin  nitro- 
gen and  making  the  one  for  amide  nitrogen  in  its  place, 
renders  the  method  of  procedure  for  the  estimation  of 
edestin  and  leucosin  nitrogen  less  difficult  and  is  as 
follows: 

Digest  10  grams  of  flour  with  500  cc.  of  i  per  cent 
sodium  chloride  solution,  shaking  at  intervals  of  5 
minutes  for  the  first  two  hours,  then  allow  to  stand  over 
night  in  a  cool  place.  Filter  clear  and  use  aliquots  of 
200  cc.  each.  Boil  to  within  20  cc.  of  liquid;  then 
slowly  evaporate  to  dryness  on  iron  hot  plate.  Digest 
the  solid  mass  in  each  beaker  with  100  cc.  portions  of 
55  per  cent  alcohol  by  volume,  filter,  wash  precipitate 
on  filter  paper  with  same  strength  alcohol.  Determine 
nitrogen  in  this  precipitate  by  the   Kjeldahl  method, 
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and  after  correcting  for  filter  paper,  etc.,  by  blank 
determinations,  the  difference  found  should  be  regarded 
as  albumin  nitrogen.' 

Evaporate  the  alcohol,  filtrate  to  within  10  cc,  add 
50  cc.  of  distilled  water,  boil  down  to  35  cc,  then  add 
15  cc.  more  of  distilled  water,  allow  to  cool  to  room 
temperature  and  filter.  Wash  precipitate  with  cold 
distilled  water.  Owing  to  the  sticky  nature  of  this 
material  and  the  difficulty  in  transferring  the  same  to 
the  filter  paper,  it  is  not  advisable  to  make  this  deter- 
mination. 

The  resulting  filtrate  obtained  in  the  gliadin  separa- 
tion is  treated  with  sufficient  phosphotungstic  acid  to 
cause  precipitation  of  the  albumin  filtered  and  washed 
with  distilled  water  containing  phosphotungstic  acid. 
Nitrogen  determinations  in  this  precipitate  should  be 
corrected  for  by  running  blanks  containing  filter  paper 
washed  in  phosphotungstic  acid.  The  nitrogen  ob- 
tained by  difference  is  regarded  as  globulin  nitrogen. 

The  nitrogen  found  in  the  phosphotungstic  acid  pre- 
cipitate filtrate  when  properly  corrected  for  is  con- 
sidered amide  nitrogen.  The  total  nitrogen  found  as 
amide,  globulin  and  albumin  when  deducted  from  the 
total  salt-soluble  nitrogen  is  gliadin  nitrogen  extracted 
in  the   i  per  cent  salt  solution. 

CONCLUSIONS 

1.  One  per  cent  sodium  chloride  extracts  from  flour 
edestin,  leucosin  and  gliadin. 

2.  The  amount  of  gliadin  extracted  by  i  per  cent 
sodium  chloride  solution  approximately  amounts  to 
about  29  per  cent  of  the  total  proteids. 

3.  The  amount  of  gliadin  extracted  by  10  per  cent 
soditim  chloride  solution  approximately  amounts  to 
about  5  per  cent  of  the  total  proteids. 

4.  The  gliadin  nitrogen  extracted  by  solutions  con- 
taining sodium  chloride  can  be  determined  and  corrected 
for  in  making  edestin  and  leucosin  nitrogen  estimations 
of  flour  and  its  products. 

5.  The  amount  of  nitrogen  bodies  extracted  with  salt 
solutions  and  directly  coagulated  by  heat  varies  with 
the  concentration  of  the  solvent.  The  10  per  cent 
concentration  gives  higher  results  than  was  found  pos- 
sible with  a  I  per  cent  salt  solution. 

6.  The  nitrogen  bodies  soluble  in  salt  solution  are 
partly  or  wholly  soluble  in  diluted  alcohols  varying 
with  the  concentration  of  the  sodium  chloride  used. 

Washington  Experiment  Station 
Pullman 


AN    INVESTIGATION    OF    THE    PRESENCE     OF 
FURFURAL  IN  CIDER  VINEGAR 

By  Agnes  A.  Anderson 
Received  November  15.  1913 

That  pure  cider  vinegar  contains  volatile  reducing 
substances  has  been  known  for  some  time  and  several 
methods  have  been  given^  for  eliminating  these  sub- 
stances in  order  to  get  the  true  amount  of  reducing 
sugars.  The  presence  of  furfural  in  these  volatile 
reducing  substances  was  discovered  while  doing  routine 
vinegar  analyses  in  the  Kansas  State  Food  Laboratory. 

'  Globulin    does   not   coagulate   at   temperatures    below    100°  C.    (see 
"Proteins  of  Wheat  Kernel."  Osborne,  Carnegie  issue,  p.  116). 
-  This  Journal,  6,  845.  928. 


Since  nothing  on  the  subject  could  be  found  in  the 
literature  an  investigation  was  begun  to  determine  its 
presence  in  normal  cider  vinegars.  The  results  seem 
to  warrant  publication  at  this  time. 

Twenty-eight  samples  of  cider  vinegar  of  known 
purity  were  tested  for  furfural  by  the  aniline  acetate 
method  as  given  by  Leach.'  Nineteen  gave  a  positive 
test,  nine  being  negative.  These  vinegars  were  made 
at  the  laboratory  and  their  history  known.  In  ad- 
dition to  these  samples  some  farmers'  vinegars  were 
tested  with  similar  results.  From  these  results  it  is 
seen  that  furfural  may  be  present  normally  in  cider 
vinegars  and  its  presence  does  not  necessarily  indicate 
added  wood  acetic  acid. 

In  the  Abstract  Journal  (7>  666)  appeared  a  method 
by  Ronnet  for  detecting  added  caramel  in  vinegar. 
This  method  is  based  upon  the  formation  of  furfural 
when  sugar  is  heated  in  the  process  of  making  caramel, 
and  makes  use  of  the  Fiehe  resorcinol  reagent.^ 

Since  it  appears  that  furfural  is  normally  present  in 
some  cider  vinegars,  its  presence  can  again  be  said 
not  to  indicate  adulteration  from  caramel.  This  test 
for  caramel  was  applied  to  the  vinegars  of  known 
purity  and  in  every  case  an  affirmative  result  was 
obtained.  Four  of  the  samples  tested  for  caramel 
did  not  give  a  test  for  furfural  upon  distillation,  but 
gave  a  very  positive  caramel  test.  This  may  be  due 
to  decomposition  of  the  sugar  during  the  drying  on 
the  water  bath.  The  water  bath  was  carefully  main- 
tained at  a  temperature  below  70°  C.  to  avoid  this 
possible  decomposition,  so  this  fact  adds  to  the  un- 
reliability of  the  method.  Caramel  was  added  to  some 
of  the  vinegars,  but  the  resulting  tests  were  not  differ- 
ent from  those  to  which  none  had  been  added. 


Variety  Furfural 

Winesap  Pomace.  .  .    Neg. 

Pomace Neg. 

Jeneton Neg. 

Jeneton  Pomace. . .  .    Neg. 

Jeneton Aff . 

Clayton Aff. 

Black  Twig Aff. 

York  Imperial Aff. 

Ben  Davis .'Vff. 

Ben  Davis  Pomace..   Aff. 

Limbertwig Aff. 

Limbertwig  Pomace.  .\ff. 

Winter  Greening Aff. 

York  Imperial .\ff. 

Winesap Aff. 

Winesap  Pomace Neg. 


No.  Variety                   Furfural 

18  Gano Aff. 

PIS       Gano  Pomace Aff. 

19  Jeneton Aff. 

20  Winesap Neg. 

2 1  Jeneton Neg. 

22  Roman  Beauty Neg. 

23  Winesap Aff. 

24  Black  Twig Aff. 

25  Missouri  Pippin Aff. 

A        Unknown Aff. 

Pomace  of  above  .  .  .  Neg. 

70284  Farmers' Vinegar ...  .  Aff. 

Rotten  apples Neg. 

70284.\  Farmers' vinegar. .. .  Neg. 

9373  Farmers' Vinegar. .. .  Aff. 

5159  Farmers' Vinegar. ..  .  Neg. 

iLE  II 


No.  Variety  Caramel    , 

A  Unknown Good  test 

9  York  Imperial .  Good  test 

York  Imperial  +  Caramel. . .  .  Good  test 

70284  Farmers'  Vinegar Good  test 

5159  Farmers'  Vinegar Good  test 

9373  Farmers'  Vinegar Good  test 

Rotten  Apples Good  test 

70284A         Farmers'  Vinegar Good  test 

2 1  Jeneton Good  test 


Neg. 
Neg. 
Neg. 


The  above  tables  give  the  results;  duplicate 
determinations  are  not  included  since  in  every  case  the 
results  checked^ 

'  Leach.  "Food  Inspection  and  .\nalysis."  p.  777. 
•■  Bur.  ol  Chem..  Bull.  164,  15. 
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CONCLUSION 

I.  Pure  cider  vinegar  may  contain  furfural  as  a 
natural  constituent.  Its  presence,  therefore,  cannot 
be  taken  as  indicating  added  wood  acetic  acid. 

II.   Since    cider    vinegars    may  contain  furfural,  its 

presence  cannot  be  taken  as  indicating  added  caramel. 

III.   Cider  vinegars  may  give  a  test  for  caramel  by 

the    Ronnet    method    without    containing    furfural    or 

added  caramel,  hence  the  method  is  not  reliable. 

State  Food  Laboratory,  University  of  Kansas 
Lawrence 


SOME  ABNORMAL  FACTORS  OF  SO-CALLED  FARMERS' 
CIDER  VINEGARS 

By  John  C.    Diggs 
Received  Nov.    19.   1913 

The  following  analyses  were  made  of  eighteen  samples 
of  vinegar  which  were  entered  in  an  apple  product 
exhibit  of  an  apple  show  held  in  Indiana.  Instruc- 
tions relative  to  the  exhibit  were  to  the  effect  that 
only  legal  cider  vinegars  should  be  entered. 


Lab. 

No.  Intensity  of  color 

7604  B  Medium 

7605  B  Light 

7606  B  Very  light 

7607  B  Light +4.0 

7608  B  Very  dark 

Very  dark +1 


The  acid  content  varied  from  1.55  to  10.25  grams  per 
100  cc.  The  higher  acid  samples  are  impossible  figures 
and  indicate  the  addition  of  acetic  acid.  The  lower 
acid  values  indicate  dilution  with  water  or  insufficient 
fermentation.  The  total  solids  range  from  9.64  grams, 
a  sample  very  high  in  sugar,  to  1.73  grams  per  100 
cc.  In  one  sample  the  sugars  were  as  high  as  5.97 
grams  and  in  another  as  low  as  0.05  gram  per  100  cc. 
The  sample  having  5.97  grams  of  course  has  not  been 
properly  fermented — the  alcohol  fermentation  having 
been  arrested  by  the  addition  of  vinegar.  The  highest 
non-sugar  solid  content  was  5.06  grams  per  100  cc. 
Such  a  factor  is  impossible  from  an  apple  cider  and 
has  been  caused  by  the  addition  of  some  foreign 
material.  Just  why  any  one  should  wish  to  make  such 
a  concoction  is  a  puzzle.  The  highest  alcohol  value 
was  3.4  grams  per  100  cc.  Any  alcohol  value  above 
0.6  per  cent  indicated  that  the  fermentation  was  not 
as  complete  as  it  should  have  been.  The  ash  of  all 
came  within  the  limit  of  the  law,  the  highest  being 
0.757,  the  lowest  0.265  gram  per  100  cc.     The  alkalinity 
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7610  B 

7611  B 

7612  B 
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7615  B 

7616  B 

7617  B 
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7620  B 

7621  B 
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Medium. . . 
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Analyses  of 

Vinegars 

Total 

Pol. 

sugars 

Non- 

200  mm. 

Total 

as 

sugar 

tube 

Acidity 

solids 

invert 

solids 

Alcohol 

Ash 

—1.8 

9.56 

5.09 

0.63 

4.46 

2.91 

0.757 

— 1.6 

3.73 

9.64 

5.97 

3.67 

0.61 

0.460 

0.0 

1.55 

2.07 

0.05 

2.02 

2.62 

0.265 

-1-4.0 

3.66 

3.22 

1.54 

1.68 

1.96 

0.304 

0.0 

8.23 

2.06 

0.35 

1  .71 

2.16 

0.388 

-1-1.4 

3.92 

1.73 

0,78 

0.95 

0.35 

0.358 

0.0 

5   01 

2,96 

0,39 

1  .57 

0,80 

0,392 

—0.8 

5.15 

3,16 

1.01 

2.15 

0.31 

0.409 

-1-0.4 

2.50 

2.60 

0.16 

2.44 

0.52 

0.272 

—0.4 

3.88 

4,66 

1  .05 

3.61 

0,28 

0.494 

—0.6 

10.25 

4.47 

0.75 

3.72 

0,28 

0,552 

—  1.2 

5.53 

5,37 

0.31 

5.06 

0.07 

0,313 

— 1  .4 

6.99 

2.00 

0.28 

1.72 

0.55 

0,478 

-1.4 

5.83 

2.97 

0.59 

2.38 

2.19 

0 ,  434 

—3.8 

6.32 

2.57 

0.69 

1.88 

0.35 

0.293 

0.0 

1  .94 

2.53 

0.34 

2.19 

3.40 

0.349 

—2.8 

4.38 

3.04 

1.15 

1.89 

0.14 

0.506 

— 2.2 

4.60 

3.75 

1.26 

2.49 

0.17 

0.387 

-1-4.0 

1.55 

1.73 

0.05 

0.95 

0.07 

0,265 

—3.8 

10.25 

9.64 

5.97 

5.06 

3.40 

0.757 

Lead 

.Sol. 

Insol. 
P^Oi 

Glycer- 

acetate              Ash 

ViOi 

ppt.          Non 

-sugars 

16.8 

36.2 

0.51 

Medium         1 

5.9 

10.9 

19.4 

0.44 

Medium         1 

7.9 

8.5 

20.  1 

0.39 

Light               1 

7.6 

13.5 

28.5 

0.  12 

Light               1 

5.5 

19.1 

21  .1 

0.07 

Light               1 

4.4 

5.8 

30.8 

0.30 

Light               1 

2.6 

12.5 

30.1 

0.23 

Medium         1 

4.0 

11  .2 

30.1 

0.25 

Heavy             1 

5.2 

11  .7 

14,5 

0.22 

Medium          1 

5.5 

20,4 

32 . 3 

0.39 

Heavy              1 

7.3 

24.7 

32,6 

0.  18 

Heavy             I 

6.7 

8,4 

28,0 

0.25 

Light                1 

16.  1 

6   6 

19,3 

0.32 

Medium         1 

3.6 

11,4 

26,0 

0.40 

Medium         1 

5.5 

10.4 

25.0 

0.42 

Light               1 

6.4 

15.3 

39 . 5 

0.33 

Heavy              1 

6.2 

26   8 

34.9 

0.31 

Heavy              1 

3.7 

15,8 

30.8 

0.06 

Heavy    ^        1 

6.4 

6,6 

14.5 

0.06 

Heavy             1 

2.6 

26.8 

39.5 

0.51 

16.1 

Average . 


0.96        2.47        1.28 


In  color  the  vinegars  ranged  from  a  pale  yellow  to  a 
reddish  brown.  The  bouquets  of  a  few  were  excellent 
while  in  some  they  were  practically  that  of  dilute 
acetic  acid. 

In  general  the  methods  of  analysis  were  those  given 
in  Bulletin  137,  Bureau  of  Chemistry,  Dept.  of  Agri- 
culture. The  total  sugars  were  determined  by  inverting 
the  solutions  and  determining  the  reducing  sugars.  Alk- 
alinity of  the  ash  is  expressed  in  cubic  centimeters 
of  N / 10  acid  for  ash  of  100  cc.  sample.  Phosphoric 
acid  is  expressed  in  milligrams  of  phosphoric  acid  in  100 
cc.     The  other  factors  are  in  grams  per  100  cc. 

DISCUSSION    OF    ANALYSES 

The  variation  of  the  factors  was  remarkable.  Many 
of  these  can  be  explained  only  as  the  result  of  tampering 
— the  addition  of  some  foreign  material,  dilution  with 
water,  or  both. 

The  polarization  in  the  200  mm.  tube  ranged  from 
+  4.0°  V.  to  — 3.8°  V.  The  positive  readings  un- 
doubtedly indicated  the  addition  of  sugar  or  glucose. 


of  the  ash  varied  from  16  to  52  cc.  of  tenth  normal 
acid  per  100  cc.  sample.  Eight  samples  were  below 
30  the  legal  minimum.  The  soluble  phosphoric  acid 
ranged  from  6.6  mgs.  to  26.8  mgs.  per  100  cc.  Five 
samples  were  below  10  mgs.  per  100  cc,  the  legal 
standard.  The  glycerine  content  varied  from  0.51 
gram  to  0.06  gram  per  100  cc.  A  fully  fermented 
cider  will  contain  not  less  than  0.25  gram  of  glycerine 
and  a  sample  containing  less  than  that  amount  is  not 
a  true  cider  vinegar.  The  ratio  between  the  ash  and 
non-sugars  should  be  close  to  1:5.  However,  we 
find  the  ratio  i  :  16. i  for  the  highest  and  1  :  2.6 
as  the  lowest. 

From  these  analyses  we  would  call  Sample  7604 
fraudulent.  It  contains  9.56  grams  of  acetic  acid  and 
nearly  three  grams  of  alcohol  per  100  cc,  an  impossible 
condition.  Sample  7605  is  slightly  low  in  acid  but 
has  nearly  six  grams  of  unfermented  sugar,  indicating 
incomplete  alcoholic  and  acetic  fermentation.  The 
deficiencies  of   Samples  7606,   7607,   7611,   7613,   7619, 
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7620  and  7621  are  probably  due  to  a  similar  cause. 
However,  the  glycerine  content  and  alkalinity  of  the 
ash  of  some  of  these  samples  would  indicate  that  they 
have  been  tampered  with.  Samples  7610  and  7611 
have  probably  been  watered. 

SUMMARY 

The  results  of  these  analyses  show  the  uncertainty 
of  unscientific  methods  in  the  manufacture  of  vinegar. 
Pernicious  practices  exist   among  farmers   who   put 
vinegar  on  the  market. 

Fraudulent  vinegars  are  often  sold  as  farmers'  cider 
vinegars. 

Laboratories  of  the  Indiana  State  Board  of  Health 
Indianapolis 


THE  ANALYSIS  OF  MAPLE  PRODUCTS.  lU 

The  Range  of  Variation  of  Analytical  Values  in  Genuine  Maple 

Syrups 

By   J.    F.   Snell   and  J.    M.   ScOTT 
Received  January  5.  1914 

In  Paper  II  of  this  series^  it  was  pointed  out 
that  the  usefulness  of  a  method  for  the  detection 
of  the  adulteration  of  maple  syrup  with  pure  sucrose 
(or  with  granulated  sugar)  depends  upon  two  factors: 
(i)  The  limits  of  natural  variation  of  the  analytical 
value  in  question  in  genuine  maple  syrups;  (2)  the 
rate  at  which  the  value  falls  off  as  the  proportion  of 
genuine  syrup  in  the  mixture  decreases.  It  was 
shown  that  in  respect  to  the  latter  factor,  the  Canadian 
lead  method  has  a  decided  advantage  over  any  of  the 
other  methods.  While  the  ash  values  and  the  Winton 
lead  number,  as  determined  by  the  original  Winton 
method  or  by  Ross's  modification  thereof,  fall  off 
approximately  in  proportion  to  the  amount  of  genuine 
maple  syrup,  the  Canadian  lead  number  falls  off  at 
a  much  more  rapid  rate,  and  reaches  zero  in  mixtures 
containing  as  much  as  twenty  per  cent  of  genuine 
syrup.  -But  it  was  shown  that  this  apparent  advantage 
of  the  Canadian  method  is,  to  a  large  extent,  counter- 
acted by  the  wide  range  of  variation  shown  by  this 
value  in  genuine  syrups. 

The  electrical  conductivity  value,  determined  as 
described  in  the  first  paper  of  the  series,''  resembles 
the  total  ash  and  the  Winton  lead  value  rather  than 
the  Canadian  lead  value.  Its  rate  of  fall  is  in  general 
a  little  less  than  proportional  to  that  of  the  maple 
syrup  content,  but  its  range  of  variation  expressed 
in  percentage  of  the  minimum  is  less  than  that  of  any 
of  the  other  values  studied  in  Paper  II. 

The  objects  of  the  present  communication  are 
three:  (i)  To  report  the  results  of  the  analysis  of 
126  genuine  Canadian  syrups  of  the  season  of  1913. 
(2)  To  study  in  more  detail  than  in  Paper  II  the  ranges 
of  variation  of  the  analytical  data  in  genuine  syrups, 
with  reference  to  the  aforesaid  results  and  to  those 
of  Bryan,'  Jones,*  and  McGill.^  (3)  To  propose 
^a  scheme  for  the  detection  of  adulteration  with  sucrose 

'  Snell  and  Scott.  This  Journal.  8  (191.?).  'I'W. 

'-  Snell,  This  Journal.  6  (191.1),  740. 

>  Bryan,  Bur.  Chem.,  U.  S.  Dept.  Agr..  Bull.  134  (1910). 

'Jones.  Vermont  Agr.  Expt.  Sta..  ISlh  Ann.   K,pl..   1904-5,  315. 

'  McGill,  Lab.  Inland  Revenue  Dept..  Ottawa.  Bull.  228  (1911). 


less  laborious  and  more  effective  than  those  commonly 
used. 

SOURCE    AND    COLLECTION    OF    THE    SAMPLES 

The  territory  from  which  our  syrups  were  collected 
extends  from  Lake  Huron  to  the  southeastern  boundary 
of  the  Province  of  Quebec  and  is,  we  think,  fairly  repre- 
sentative of  the  chief  maple-producing  districts  of 
the  Dominion  of  Canada.  By  province  and  county 
the  sources  of  the  syrups  are  as  follows,  the  total 
number'  from  Ontario  being  57,  that  from  Quebec  69: 

Serial 
numbers  Province      County 
1-13     Quebec     Argenteuil 

14—23     Ontario     Carleton 


Serial 
numbers  Province         County 
71-88     Quebec    Stanstead,  Comp- 
ton      and      Sher- 
brooke 
89-94     Ontario    Elgin  and  Middle- 


24-31      Ontario     Middlesex  and  Ox-  95-99      Ontario  Grey  and  Bruce 

ford 

32-41      Ontario     Simcoe  100-117  Quebec  Huntingdon 

42-61      Quebec     Shellord,  Brome  118-122  Ontario  Frontenac 

and  Missisquoi 

62-70     Ontario     Grey  123-126  Ontario  Dufferin,    Welling- 
ton and  Peel 

The  syrups  represent,  we  think,  the  most  varied 
conditions  of  soil  and  elevation,  and  of  method  of 
manufacture  to  be  found  in  the  territory  in  question. 

In  the  collection  of  the  syrups  we  made  it  a  point 
to  reduce  to  a  minimum  the  danger  of  including  anj' 
adulterated  samples.  Samples  1-13  were  collected 
by  the  senior  author  in  person.  The  other  samples 
from  the  Province  of  Quebec  were  collected  by  the 
Macdonald  College  Demonstrators  resident  in  the 
respective  districts,  who  were  instructed  to  take  the 
samples  direct  from  the  woods  under  such  conditions 
as  to  preclude  the  possibility  of  adulteration.  The 
samples  from  the  Province  of  Ontario  were  collected 
by  the  District  Representatives  of  the  Ontario  De- 
partment of  Agriculture,  who  are  graduates  of  the 
Ontario  Agricultural  College,  acting  as  local  agri- 
cultural demonstrators  and  referees.  The  same  in- 
structions were  issued  to  these  gentlemen  as  to  the 
Macdonald  College  Demonstrators  and  we  have 
their  personal  assurances  that  the  instructions  were 
strictly  observed.  Our  thanks  are  due  to  them  for 
their  kind  cooperation  and  to  the  Hon.  James  Duff, 
Minister  of  Agriculture  for  the  Province  of  Ontario, 
for  permitting  us  to  ask  this  service  of  the  Repre- 
sentatives of  his  Department. 

THE    RESULTS    OF    ANALYSIS    OF    THE    SAMPLES 

In  addition  to  the  analytical  results,  we  have  in- 
formation about  the  method  of  manufacture  of  each 
syrup,  including  the  kind  of  evaporator,  the  kind  of 
filter,  the  clarifying  agents  used  and  whether  the 
syrup  had  been  allowed  to  settle  or  not.  Table  I 
reports  23  typical  syrups. 

Moisture — The  per  cent  of  moisture  is  derived 
from  the  refractometer  reading  by  use  of  the  tables 
of  Prinsen  Geerligs  as  given  by  Bryan.'  The  refrac- 
tometer used  was  the  F^ry  instrument  made  by  Adam 
Hilger,  London,  England.  With  this  instrument, 
using    sodium    light,    we    found    it    possible    to    make 

'  Quebec  produces  65  per  cent,  Ontario  32  per  cent  of  the  maple  syrup 
and  sugar  of  the  Dominion  of  Canada. 

'  Bryan,  Jour.  Amcr.  Chem.  Soc.  SO  (1908).  1445. 
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Patent 

Felt 

None 
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1.4583 

21.0 

32.84 

0.76 

0.49 

0.27 

1.81 

66 

64 

1.03 

2.  16 

1.87 

0.70 

131 

24 

Patent 

Cloth 

None 

Settled 

1.4457 

27.0 

37.83 

0.97 

0.55 

0.42 

1.31 

84 

130 

0.65 

4.25 

2.53 

0.85 

159 

29 

Patent 

None 

None 

Settled 

1.4543 

27.6 

34.03 

0.64 

0.35 

0.29 

1.21 

62 

77 

0.81 

2.19 

1.67 

0.65 

114 

31 

Patent 

None 

None 

Not  settled 

1.4560 

26.8 

33.35 

0.83 

0.30 

0.53 

0.57 

51 

119 

0.43 

3.25 

2.02 

0.68 

134 

33 

Kettle 

Cheesecloth 

Eggs 

Settled 

1.4527 

23.7 

35.04 

1.39 

0.77 

0.62 

1.24 

102 

148 

0.69 

6.01 

3.  17 

1.03 
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36 

Kettle 

Flannel 

Eggs 

Settled 

1.4459 

24.8 

37.90 

1.24 

0.71 

0.53 

1.34 

103 

150 

0.69 

5.01 

3.06 

0.89 
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37 

Kettle 

Cotton 

Milk 

Settled 

1.4329 

29.5 

43.23 

0.99 

0.58 

0.41 

1.41 

79 

113 

0.70 

3.69 

2.48 

0.85 

166 

39 

Kettle 

Cotton 

Milk 

Settled 

1.4436 

29.4 

38.54 

1.27 

0.65 

0.62 

1.05 

88 

150 

0.59 

5.51 

2.91 

0.91 

204 

40 

Kettle 

Flannel 

Eggs 

Settled 

1.4581 

22.0 

32.86 

l.OI 

0.65 

0.36 

1.81 

101 

92 

1.10 

3.90 

2.73 

0.38 

183 

43 

Patent 

Flannel 

None 

Settled 

1.4566 

23.0 

33.39 

0.62 

0.35 

0.27 

1.30 

59 

69 

0.86 

1.88 

1.55 

0.41 

112 

44 

Patent 

Flannel 

None 

Settled 

1.4569 

29.0 

32.82 

0.61 

0.45 

0.16 

2.81 

65 

48 

1.35 

1.98 

1.41 

0.70 

123 

61 

Patent 

Flannel 

None 

Settled 

1.4328 

26.0 

43.56 

0.74 

0.35 

0.39 

0.90 

60 

98 

0.61 

3.01 

1.83 

0.56 

130 

81 

Patent 

Flannel 

None 

Settled 

1.4534 

24.6 

34.66 

1.01 

0.43 

0.58 

0.74 

66 

145 

0.46 

4.92 

2.86 

1.06 

159 

89 

Pans 
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Eggs 
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1.4586 

24.5 

32.42 

0.77 

0.53 

0.24 
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76 

58 

1.31 

1.74 

1.48 

0.69 
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95 
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Not  settled 

1.4441 

22.5 

38.92 

1.47 

0.55 

0.92 

0.60 

87 
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0.45 

7.50 

3.43 

1.27 
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96 
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Cotton 

Eggs,  milk 

Not  settled 

1.4303 

23.2 

44.88 

1.58 

0.76 

0.82 

0.93 
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0.51 

7.24 

4.09 

1.46 
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Patent 
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Eggs,  milk 

Settled 

1.4593 

23.1 

32.28 

0.71 

0.33 

0.38 

0.87 

58 

90 

0.64 

2.43 

1.76 

0.74 

125 

103 

Patent 

Felt 

None 

Settled 

1.4298 

28.6 

44.70 

1.21 

0.45 

0.76 

0.59 

81 

150 

0.54 

5.83 

3.08 

1.02 

168 

105 

Patent 

Flannel 

None 

Settled 

1.4602 

22.0 

31.97 

0.85 

0.64 

0.21 

3.05 

78 

76 

1.03 

3.02 

2.23 

0.76 

149 

115 

Patent 

Fine  cloth 

None 

Settled 

1.4471 

22.2 

37.55 

0.83 

0.41 

0.42 

0.98 

59 
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0.52 

3.56 
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0.97 
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1.4575 

23.2 

33.03 

1.25 

0.64 

0.61 

1.05 

97 
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0.71 

6.22 

3.19 

1.01 

195 

124 

Patent 

Cheesecloth 

Milk 

Settled 

1.4593 

29.0 

31.82 

1.29 

0.59 

0.70 

0.84 

85 

144 

0.59 

5.08 

2.91 

1.05 

192 

125 

Kettle 

Cheesecloth 

Milk 

Settled 

1.4452 

26.3 

38.09 

0.92 

0.66 

0.26 

2.54 

82 

113 

0.73 

3.26 

2.24 

0.74 

174 

AVERAGE 
MAXIMUM 

FOR    126    SYRU 
FOR    126    SVRU 
FOR     126   SYRU 

34.24 
44.88 
30.42 
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0.77 
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3.6! 

0.55 
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103 

51 

116 
201 

48 

0.59 
1.35 
0.41 

3.48 
7.50 
1.74 

2.30 
4.09 
1  .41 

0.75 
1.46 
0.38 

230 

in 

readings  upon  the  darkest  of  our  samples  without 
dilution.  We  clarified  them  by  filtering  through 
cotton  wool.  The  quantity  filtered  was  about  25 
cc.  and  the  time  required  for  the  cold  syrup  to  run 
through  the  filter  was  about  15  to  20  minutes.  To 
satisfy  ourselves  that  no  error  was  introduced  by 
evaporation  during  filtration  we  made  readings  upon 
three  of  the  clearest  syrups  before,  as  well  as  after, 
filtering,  and  refiltered  four  other  syrups,  making 
readings  before  and  after  the  second  filtration.  The 
results  obtained  in  these  experiments  were  as  follows: 

Dry  Matter  Calculated  from  Refractometer  Readings — Percentages 

CLEAR  SYRUPS      *  refiltered  SYRUPS 


ards,'  not  because  these  methods  are  in  our  opinion 
superior  to  others  but  because  one  of  the  objects  of 
our  investigation  was  to  make  a  critical  study  of  the 
standards  for  maple  syrup  adopted  by  the  Canadian 
Government.  As  these  determinations  were  made 
before  we  had  obtained  a  refractometer,  the  quantity 
of  syrup  used  in  the  lead  number  determinations  was 

Table  II- — Comparison  of  Refractometers 
Abb^  refractometer  F^ry  refractometer 


Reading  Corresponding     Reading  Temp.   Corresponding 


No. 


Before         After 

filtration  filtration 

1 63.26  63.15 

2 67.16  67.31 

3 55.12  55.06 


No.  After  1st  After  2nd 

filtration  filtration 

1 66.97  67.04 

2 62.92  62.87 

3 67  .  06         67  .  20 

4 65.53  65.50 


Sample  20°  C.       dry  matter 

1 1.4587  67.25 

2 1.4498  63.40 

3 1.4310  55.25 

4 1.4471  62.25 

5 1.4473  62.35 

6 1.4349  56.95 

7 1.4318  55.60 

8 1.4482  62.70 

9 1.4631  69.05 

10 1.4588  67.30 


1.4570 
1.4483 
1.4298 
1.4459 
1.4457 
1.4329 
1 . 4303 
1.4470 
1 . 4609 
1.4574 


°  C. 
28.7 
26.2 
28.6 
24.8 
27.0 
29.5 
23.2 
27.8 
31.0 
28.5 


dry  matte 
67.16 
63.26 
55.30 
62.10 
62.17 
56.77 
55.09 
62.83 
69.03 
67 .  34 


The  St.  Lawrence  Sugar  Refining  Company  of 
Montreal,  through  its  Superintendent,  Dr.  C.  Bardorf, 
courteously  permitted  us  to  make  readings  upon  ten 
of  the  syrups  with  their  Zeiss-Abb6  refractometer 
for  comparison  with  the  results  obtained  ^with  the 
Fery  instrument.     The  results  were  as  shown  in  Table 

ir. 

Analytical  Results — All  the  data  of  Table  I  except 
the  moisture  are  referred  to  dry  matter. 

The  determinations  of  total,  soluble  and  insoluble 
ash,  of  Canadian  and  modified  Winton  lead  value, 
and  of  malic  acid  value  were  made  according  to  the 
methods  prescribed  in  the  Canadian  pure  food  stand- 


that  containing  5  or  25  grams  of  dry  matter  as  esti- 
mated from  the  density.  The  results  so  obtained 
were  afterwards  recalculated  to  the  basis  of  5  or  25 
grams  dry  matter,  as  determined  by  the  refractometer. 
In  the  determinations  of  malic  acid  value  the  washing 
of  the  precipitate  was  continued  to  a  filtrate  volume 
of  100  cc,  as  it  was  found  impracticable  to  wash 
"to  freedom  from  soluble  calcium  salt,"  as  indicated 
by  testing  with  ammonium  oxalate.  The  alkalinities 
of  soluble  and  insoluble  ash  were  determined  in  the 
usual    manner.^     The    conductivity    value    determina- 

'  Canadian  Order  in  Council  G.  994,  Nov.  8.  1911;  McGiU  Lab  .  Inland 
Revenue  Dept..  Bull.  228  (1911),  5. 

2  Bryan,  U.  S.  Dept.  Agr..  Bureau  of  Chem..  Bull.  134  (1910),  17. 
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tions  were  made  as  described  in  Paper  I  of  this  series.^ 

Table  III — Comparison  op  Conductivity  Values  at  20°  and  25°  C. 
Conductivity  Conductivity 


No. 

20°  C. 

25°  C'. 

No. 

20°  C. 

25°  C. 

202 

230 
219 
205 

11.  . 

113 
112 
107 

129 

195 

181 

127 

3.... 

13.. 

121 

4.... 

180 

204 

14.  . 

107 

121 

5.... 

180 

202 

15.. 

108 

121 

6 .... 

168 

197 

16.. 

105 

120 

7 

172 

169 

195 

192 
183 

17.  . 

98 
94 
103 

116 

8.  .    . 

18.. 
19.. 

115 

9... 

160 

114 

10.... 

155 

177 

20.. 

99 

112 

Av. 

176.2 

200.4 

104.6 

119  6 

Diff  ere 
Diff.  in 

%< 

15,0 

Diff.  ir 

%  of  value  at 

25° C.      12. I 

)f  value  at  25 

C.      12.5 

It  is  difficult  to  draw  any  positive  conclusions  as 
to  the' relation  of  these  analytical  results  to  the  district 
or  to  the   method   of   manufacture  of  the  syrup.     In 

Table  IV — Range  of  Variation  of  ^ 


and  pans  were  used  there  to  a  much  greater  extent 
than  patent  evaporators  and  the  practice  of  clarifying 
with  eggs,  milk  or  soda  was  very  common.  On  the 
other  hand  the  samples  from  Elgin  County,  although 
(with  one  exception)  made  in  pans  and  treated  with 
clarifying  agents,  do  not  show  high  values,  and  in 
DufTerin,  Wellington  and  Peel  Counties  the  single 
sample.  No.  124,  showing  .high  values  is  one  made 
with  a  patent  evaporator,  while  the  syrup  made  in 
a  kettle,  No.  125,  although  insufficiently  evaporated 
shows  low  values  throughout.  Failure  to  evaporate 
to  the  proper  density  may  in  some  instances,  e.  g., 
Nos.  24,  37  and  103,  account  for  high  ash,  lead  values, 
malic  acid  value  and  alkalinity  of  insoluble  ash,  less 
calcium  malate  being  forced  out  of  solution  than  in 
the  case  of  syrups  concentrated  to  a  sufficiently  low 
moisture  content  to  meet  the  Canadian  standard 
(35  per  cent).     The  same  cause,  together  with  others, 

•jalytical  Data  of  Pure  Maple  Syrups 


PERCENTAGE  OF  ASH 


LEAD  NUMBER 


Bryan 

Jones 

McGill 

Snell  and  Scott. 


1.68 

1.23 

1.01 

3.86 

1.32 

0.72 

0.78 

2,6 

1.38 

0.79 

0.75 

1.58 

0,77 

0.92 

3,61 

0.68 

0,35 

0.23 

0.53 

0,77 

0.45 

0.25 

0.7 

0,69 

0.33 

0.12 

0.61 

0.30 

0.16 

0.55 

1  ,00 

0,63 

0.37 

1.84 

0.92 

0.58 

0.34 

1.78 

0  89 

0.56 

0.33 

0.88 

0.48 

0.40 

1.33 

IN   PERCENTAGE 

OF    AVERAGE 

100 


minimum:  .^ 

Bryan 

Jones 

McGill 

Snell  and  Scott 

AVERAGE: 

Bryan 

Jones 

McGill 

Snell  and  Scott 

RANGE    OF    VARIATION — E 

Bryan..' 

Jones 60 

McGill 78 

Snell  and  Scott 110 

percentage    DEVIATION    OF   MAXIMUM    FRI 

Bryan 68 

Jones 43 

McGill 55 

Snell  and  Scott 80 

PERCENTAGE    DEVIATION    OF    MINIMUM    FRC 

Bryan 32 

Jones 16 

McGill 23 

Snell  and  Scott 30 

per  CENT  OF  SAMPLES  ABOVE  MEAN! 

Bryan 42.8 

Jones 50.0 

McGill 46.1 

Snell  and  Scott 37.3 

PER  CENT  OP  SAMPLES  AT  AND  BELOW  MEA 

Bryan 57.2 

Jones 50.0 

McGill 53.9 

Snell  and  Scott 62 . 7 

general,  the  syrups  from  the  Lake  Huron  district 
(Simcoe,  Grey  and  Bruce  Counties)  are  high  in  total 
ash,  conductivity,  lead  values  and  malic  acid  value. 
But  the  majority  of  the  syrups  from  that  district 
were    made    by    rather    primitive    methods.     Kettles 

'  This  Journal,  6,  740. 


0,21 
0,45 


0,81 
0.98 

0.67 

200 
125 

140 

126 


1.60 
1.11 
1.16 


0.29 
0.65 
0.30 
0.38 

0.84 
0.82 
0.77 


42.6 

38.0 

46.2 

42.8 

42.5 

44.9 

46.6 

44.3 

43.8 

43.8 

41.7 

39.6 

52.1 

45.9 

40.0 

40.0 

46.1 

44.9 

51.1 

52.4 

43.7 

46.8 

38.1 

48.4 

33.3 

46,8 

46.0 

44.4 

42.9 

57,4 

62.0 

53.8 

57.2 

57.4 

,     55.1 

53.4 

55.7 

56,2 

56.2 

58.3 

60,4 

47.9 

54.1 

60.0 

60.0 

53.9 

55.1 

48.9 

47.6 

56.3 

53.2 

61,9 

51  ,6 

66.7 

53.2 

54.0 

55.6 

57.1 

may  be  instrumental  in  raising  these  values  in  36, 
39,  95,  96  and  (119).'  A  number  of  instances  appear, 
also,  in  which  high  moisture  content  is  not  accompanied 
by  high  analytical  values,  c.  g.,  Nos.  (45,  59),  61, 
(102),    115    (high    in    malic    acid)    and    125.     Again, 

1  Serial  numbers  in  parentheses  refer  to  syrups  not  included  in  Table  I. 


Mar.,  1Q14  THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY  219 

No.    81,    although    made    with    a    patent    evaporator  syrups  range  from   10.7  to   18.3  per  cent  of  the  value 

without  a  clarifying  agent,  evaporated  to  the  correct  at  25°. 
water  content  (34.66  per  cent),  filtered  through  flannel 

and  allowed  to  settle,  is  exceptionally  high  in  total  ^^''^^  °^  variation  of  the  analytical  values 
and  insoluble  ash,  alkalinity  of  insoluble  ash,  Canadian  I"  Tables  IV  and  V  we  have  set  forth  the  maximum, 

and   Winton  lead  values  and  malic  acid  value.      This  minimum  and  average  results  obtained  in  the  analysis 

syrup  came  from  a  bush  on  lime  soil,  a  fact  that  may  of  genuine   maple  syrups  in  the  four  most  extensive 

have    some    connection    with    its    composition.      No.  investigations    that    have    been    published.     In    Table 

(104,    114)    and    121,   fairly  high   in  the   same   values,  IV,  the  range  of  variation  of  each  value  in  the  work 

are  also  from  limestone  soils,  but  we  have  instances,  of  each  investigator  is  expressed  in 'percentage  of  the 

such    as    Nos.    3,    (4),    100,    (102,    108,    iii    and    113),  mean.     Table    V   gives   the    average    results    and    the 

of  syrups  which  come  from  limestone  soils  but  are  not  extreme    variations    of   the    four   investigations    taken 

high  in  these  analytical  values.  together,  the  range  of  variation  being  expressed  both 

Among   these   syrups   there   are   five — Nos.    S3,    36,  ^^  percentage  of  the   mean   and  in  percentage  of  the 

39,  95  and  96 — which  show  higher  conductivity  values  minimum. 

than  the  maximum   (200)   reported  in  Paper  I.      The  Some     explanatory     statements     are     necessary     in 

five  are  all  from  the  adjacent  counties  of  Simcoe  and  reference  to  the   data  of  Tables   IV  and  V.      Bryan's 

Grey,    Ontario.      Pour   of   the   five   were   kettle-boiled  investigation    covered    481    syrups,    collected   from    all 

and  treated  with  eggs  or  milk  or  both.      No.   96  re-  of    the    important    maple-producing    sections    of    the 

ceived  2  eggs  and  4  cups  of  milk  to  4  gallons  of  syrup;  United    States    and    from    the    Province    of    Quebec. 

No.   95  was  pan-boiled  and  not  treated  with  eggs  or  The    collection    was    made    by    disinterested    officers, 

milk.     Four    of   the    five    contained    excess    of    water,  whose  names  are  published  in   Dr.   Bryan's  bulletins, 

but  No.  S3,  which  had  the  highest  conductivity  value.  They  were  instructed  to  be  present  at  the  manufacture 

was    exactly    right    in    water    content.      The    collector  of    the    syrup,    whenever    practicable.     The    measures 

T.iBLE  V — Summary  of  Results  of  Analyses  of  Genuine  Maple    Syrups.     All  on  Moisture-free  Basis 

Canadian  lead  No.    Winton  lead  No. 

Alkalinity                                                                                         Modified 
. ■ .                               5  g.  .S  g.  dry  25  g.     25  g.  dry  Con- 
Total        Soluble     Insoluble    Soluble  ash     gol.             Insol.     Alk.  sol,  ash    syrup  matter  syrup       matter  Malic  ductivity 
ash              ash              ash      Insoluble  ash   ash               ash     Alk.  insol.  ash    A                   BAB        acid  value  value 

No.  of  analyses 770              770              770              655              655             655              655              456  126  528              126  1094  174(i:) 

Average 0.96            0.59            0.37            1.74            0.74            1.00            0.80            2.83  3.48  2.62            2.30  0.80  148 

Maximum 1.68(6)       1.23(6)       1.01(6)       3.86(6)       1.22(6)       2.08(6)       1.83(6)       6.56(m)  7.50(a)  4.41(6)       4.09(a)  1.60(6)  230(a) 

Minimum 0.61(a)      0.30(a)      0.12(m)     0.53(6)       0.41(6)       0.41(6)       0.21(6)       1.37(m)  1.74(a)  1.05(m)      1.41(a)  0.29(6)  110(<i) 

Difference 1.07             0.93             0.89            3.33             0.81             1.67             1.62             5.19  5.76  3.36            2.68  1.31  120 

Range  in  %  of  av HI               158              241               191               109              167              203               183              166              128              117  164  81 

Range  in  %  of  min....       175               310               742               628               198               407                771                379               331               320               190  452  109 
(a)  By  authors.      (6)    By   Bryan,      (m)    By  McGill.      ((f)   In  a  Vermont  syrup.     See  Paper  I. 
(r)    194  actual  samples.  22  of  which  are  reckoned  as  2  in  averaging.     See  Paper  I. 

of  Nos.  S3,  36  and  39  wrote  that  "these  samples  were  adopted  to  exclude  adulterated  samples  from  the  col- 
all  collected  from  the  bush  where  the  syrup  was  made,  lection  appear,  therefore,  to  have  been  practically 
so  that  there  was  no  possibility  of  it  being  adulterated."  identical  with  our  own.  Whether  they  were  as  suc- 
The  collector  of  Nos.  95  and  96  states  that  these  cessfuUy  carried  out  we  are,  of  course,  not  in  position 
samples  also  were  collected  from  the  bush  and  that  to  judge.  The  variations  shown  in  the  results  are, 
they  were  "made  for  home  use."  While  these  results  in  general,  much  wider  than  those  in  any  of  the  other 
indicate  the  possibility  of  a  genuine  maple  syrup  investigations.  But  the  territory  covered  was  much 
showing  a  conductivity  value  of  over  200,  they  also  wider  and  the  number  of  samples  analyzed  greater 
show  that  such  a  high  conductivity  is  rare,  and  per-  than  in  any  other  instance. 

haps  never  occurs  in  a  marketable  syrup.      The  highest  The   investigations    of   Jones    embraced    48    syrups, 

conductivity    values    found    in    those    syrups    of    this  presumably  all  Vermont  syrups. 

collection  which  were  made  in  modern  evaporators  McGill's  456  syrups  were  sent  in  by  the  producers 
are  192  and  177.  The  syrup  that  gave  the  former  with  a  declaration  of  genuineness — a  method  of  col- 
value  had  been  treated  with  eggs  and  milk.  lection  which  perhaps  affords  less  security  against  the 

inclusion    of   adulterated   samples   than   that   adopted 

CONDUCTIVITY    values    AT    20      C.    AND    2  s  °  C.  u         r.  j  i  T  -l  •  Af    r^■^^> 

■^  by  Bryan  and  ourselves.  Like  our  own,  McGiUs 
We  have  determined  the  electrical  conductivity  samples  were  all  from  the  Provinces  of  Ontario  and 
at  20°  C.  of  ten  of  the  syrups  showing  high  values  Quebec.  His  Canadian  lead  number  determinations 
and  of  ten  showing  low  values  at  25°  C.  The  results  were  made  upon  all  the  456  samples;  malic  acid  de- 
are  shown  in  Table  III.  The  maximum  at  20°  is  terminations  on  452;  total,  soluble  and  insoluble 
202,  the  minimum  94.  The  minimum  does  not  occur  ash  on  115;  and  Winton  lead  number  on  47. 
in  the  same  syrup  as  at  25°.  The  average  of  the  ten  Bryan's  "basic,"  /.  e.,  Winton,  lead  number  was 
high  values  at  20°  is  12.1  per  cent  less  than  at  25°,  determined  upon  25  grams  of  syrup  and  calculated 
the  average  of  the  ten  low  values  at  20°  is  12.5  per  cent  to  the  basis  of  100  grams  dry  matter.  The  figures 
less  than   at    25°.     The   differences  in   the   individual  given   in   our^ table   for   his   average   ratios   of   soluble 
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to  insoluble  ash  and  of  alkalinity  of  soluble  to 
alkalinity  of  insoluble  ash  are  the  true  averages 
of  the  ratios  of  the  individual  syrups.  The  figures 
given  for  these  averages  in  "his  publication  are 
evidently  derived  by  dividing  the  average  soluble 
ash  by  the  average  insoluble  ash,  and  the  average 
alkalinity  of  soluble  by  the  average  alkalinity  of  in- 
soluble ash.  This  involves  the  assumption  that  the 
ratio  of  the  averages  of  two  sets  of  numbers  is  equal 
to  the  average  of  the  ratios  of  the  individual  numbers 
• — a  proposition  that  is  not  mathematically  true. 
Thus,  instead  of  the  figure  1.70  given  in  his  summary 
for  the  average  ratio  of  soluble  to  insoluble  ash  the 
correct  average  is  1.84,  and  instead  of  0.77  for  the 
average  ratio  of  the  alkalinities  the  correct  figure  is 
0.81.  Of  the  two  kinds  of  malic  acid  value  determined 
by  him  that  given  in  our  tables  is  the  one  determined 
by  the  A.  O.  A.  C.  method. 

Jones  has  made  the  same  error  as  Bryan  in  calcu- 
lating the  average  ratio  of  soluble  to  insoluble  ash. 
We  have  used  the  true  average,  1.78.  The  ratio  of 
the  alkalinities  ascribed  to  him  has  been  calculated 
from  his  results.  His  tables  give  the  ratios  of  the 
alkalinities  of  one  gram  soluble  to  that  of  one  gram 
insoluble  ash,  but  not  the  ratios  of  the  actual  alka- 
linities of  the  two  portions  of  the  ash. 

McGill's  Winton  lead  numbers,  like  Bryan's,  were 
determined  with  the  use  of  25  grams  syrup  and  calcu- 
lated over  to  the  basis  of  100  grams  dry  matter,  not- 
withstanding the  fact  that,  consequent  upon  his  in- 
vestigation, a  modified  method  (using  instead  of  25 
grams  of  syrup,  the  quantity  of  syrup  containing  25 
grams  of  dry  mailer)  was  adopted  for  the  official 
Canadian  standard  of  purity.  The  Canadian  lead 
number  also  was  determined  on  5  grams  of  syrup 
but  calculated  over  to  the  basis  of  100  grams  dry 
matter — which  again  is  not  the  method  adopted  as 
the  official  standard.'  It  seems  probable  that  the 
malic  acid  value  was  likewise  determined  upon  6.7 
grams  of  syrup  and  calculated  to  the  basis  of  6.7 
grams  dry  matter,  although  here  again  the  use  of  the 
quantity  of  syrup  containing  6.7  grams  of  dry  matter 
is  prescribed  in  the  standards  based  upon  the  work. 

As  already  noted,  our  own  results  upon  Canadian 
lead  value,  Winton  lead  value  and  malic  acid  value 
were  obtained  with  the  use  of  the  quantities  of  the 
syrups  which  contained  5,  25  and  6.7  grams  of  dry 
mailer,  respectively.  Our  lead  values  are,  therefore, 
not  strictly  comparable  with  any  of  the  others,  and 
it  is  doubtful  also  whether  our  malic  acid  values  are 
fairly  comparable  with  the  others.  Since,  however, 
our  malic  acid  values  all  fall  within  the  limits  reached 
in  the  work  of  the  other  investigators,  this  latter  point 
is  not  of  consequence.  We  have  designated  our 
Winton  numbers  "modified"  and  placed  them  in  a 
separate  column  to  call  attention  to  the  difference  of 
method.  To  be  quite  consistent  we  ought  to  have 
done  the  same  with  the  Canadian  lead  number. 

In  Table  V,  the  averages  have  been  calculated  from 

1  In  Paper  II,  we  have  shown  that  direct  determination  of  these  two 
Ie:i<l  numbers  upon  a  quantity  of  syrup  containing  a  definite  quantity  of 
dry  matter  gives  results  which  do  not  coincide  with  those  calculated  to  dry 
matter  from  a  fixed  quantity  of  syrup.     This  Journau.  6  (1913).  997. 


the  averages  of  the  four  investigations  included  in 
Table  IV.  The  minimum  conductivity  value  given 
in  Table  IV  is  that  found  in  the  syrups  whose  analysis 
is  here  reported.  That  given  in  Table  V  is  the  mini- 
mum found  in  our  whole  experience  with  genuine 
syrups  (194  samples). 

COMPARISON  OF  THE  VARIOUS  ANALYTICAL  DATA 

Tables  IV  and  V  appear  to  throw  much  light  upon 
the  relative  merits  of  the  various  analytical  data  as 
means  of  detecting  adulteration  in  maple  syrup. 
The  total  ash,  the  soluble  ash,  and  especially  the 
alkalinity  of  the  soluble  ash  are  shown  to  be  of  rela- 
tively narrow  range  and,  therefore,  much  more  useful 
than  the  insoluble  ash  or  its  alkalinity.  In  view  of 
the  not  infrequent  use  of  soda  as  a  clarifying  agent, 
the  narrowness  of  range  of  the  alkalinity  of  the  soluble 
ash  is  a  thing  that  would  scarcely  have  been  foreseen. 

The  amount  of  insoluble  ash  shows  the  widest 
variation  of  all  the  values,  not  only  among  the  investi- 
gations taken  as  a  whole  but  also  among  the  results 
of  each  individual  investigator.  Considering  the 
opportunities  which  maple  syrup  has  to  become  con- 
taminated with  clay  and  iron  rust,  this  is  perhaps  not 
surprising.  Considered  with  respect  to  its  minimum, 
the  amount  of  insoluble  ash  has  been  regarded  as  an 
important  datum  in  the  detection  of  adulteration  in 
maple  products.  Jones  found  no  samples  below  0.25, 
and  Bryan  none  below  0.23  per  cent  in  insoluble  ash. 
McGill,  however,  finds  12  out  of  115  samples  below 
0.23  and  his  minimum  value  is  0.12 — just  one-haLf 
the  minimurn  found  by  the  two  investigators  in  the 
United  States.  It  was  partly  this  striking  divergence 
that  induced  us  to  undertake  the  present  investigation. 
The  outcome  has  been  to  confirm,  at  any  rate  to  a 
certain  extent,  McGill's  conclusion  that  the  insoluble 
ash  in  Canadian  syrups  is  not  infrequently  below  the 
minimum  found  by  Bryan.  Our  minimum  is  0.16 
and  4  samples  out  of  126  fall  below  0.23.  These 
low  results  can  not  have  been  due  to  overheating  in 
the  ignition.  Our  ash  determinations  were  made  in 
an  electric  muffle  at  a  temperature  never  exceeding 
650°  C,  as  indicated  by  a  Hoskins  pyrometer.  The 
determinations  on  the  four  samples  in  question  were 
made  in  duplicate.  In  our  experience  treating  the 
ash  with  ammonium  carbonate  and  reheating  produces 
no  increase  in  weight,  showing  that  no  loss  of  carbon 
dioxide  occurs  under  the  conditions  of  our  ash  determi- 
nations. Results  as  low,  or  nearly  as  low,  as  our 
minimum  (0.16  per  cent)  are,  however,  extremely 
rare.  McGill  has  only  two  results,  and"  we  only  two, 
below  0.19 — a  total  of  only  4  below  0.19  in  the  770 
analyses  of  the  four  investigations. 

The  alkalinity  of  the  insoluble  ash,  although  less 
variable  than  the  weight,  is  far  from  being  of  equal 
value  with  the  total  or  with  the  soluble  ash  figures. 
The  ratios  of  soluble  to  insoluble  ash  and  of  alkalinity 
of  soluble  to  insoluble  ash  are  so  widely  variable  as 
to  appear  to  us  scarcely  worth  reckoning.  The  malic 
acid  value  is  about  as  variable  as  the  alkalinity  of  the 
insoluble  ash.  The  minimum  for  this  value  is  much 
lower  than  the  work  of  Jones  indicated. 
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The  Winton  lead  value  makes  a  good  showing  on 
the  dry  basis  and,  as  will  be  shown  later,  a  much  better 
showing  on  the  wet  basis.  The  Canadian  lead  method 
yields  a  value  of  comparatively  wide  range,  but,  as 
we  have  already  shown,  this  method  has  a  very  im- 
portant advantage  over  all  the  others  in  another  re- 
spect. 

In  the  general  comparison  (Table  V)  the  conductivity 
value  shows  the  narrowest  range  of  all  the  values.  In 
view  of  the  relatively  small  number  of  samples  upon 
which  this  determination  has  been  made  we  hesitate 
to  adyance  too  positive  claims  on    its    behalf:  judging 

Table  VI — Comparison  of  Wi 
Bryan's  Samples 

Winton  lead  value 

Moisture  Dry  Wet 

Sample         County  and  State                               content  basis  basis 
Highest  values 

6401      Champaign,  0 46.71  4.41  2.35 

6842     Somerset.  Pa 36.96  4.28  2.70 

6301     Logan,  0 38.63  4.24  2.60 

6654     Upshur,  W.  Va 35.81  4.20  2.70 

6399     Madison,  Ind 39.04  4.05  2.47 

6278     Logan,  0 38.17  4.01  2.48 

6984      Mahoning,  0 30.09  3.86  2.70 

Lowest  values 

6693     Oxford,  Me 33.23  1.76  1.18 

6635     Rutland,  Vt 37.70  1.85  1.15 

Average  481  samples 34.22  2.70  1.78 

Ma.ximum 4.41  2.70 

Minimum 1.76  1.15 

Difference 2.65  1.55 

Range  in  percentage  of  average. ..  -  98.0  87.0 

Range  in  percentage  of  minimum.  .  151.0  135.0 

(a)  Erroneously  given  as  Quebec  in  McGill's  bulletin.      Burgessville  is 

from  our  results,  this  method  not  only  excels  all  others 
in  rapidity  and  ease  of  execution  but  is  equal  to  any 
in  respect  to  the  narrowness  of  range  of  the  value  in 
genuine  syrups  and  but  little  inferior  to  any,  except 
the  Canadian  lead  method,  in  the  rate  at  which  the 
value  falls  off  with  progressive  adulteration  of  the  syrup 
with  sucrose. 

In  regard  to  the  Winton  lead  number  a  point  of 
curious  interest  is  that  the  range  of  variation  is  narrower 
when  the  figures  are  referred  to  a  definite  weight  of 
syrup  than  when  they  are  reduced  to  the  dry  basis. 
The  sample  in  Bryan's  collection  which  gave  the  maxi- 
mum "basic  lead  number"  (No.  6401,  Champaign 
Co.,  Ohio)  was  one  abnormally  high  in  water  content 
(46.71  per  cent).  The  dry  basis  value,  4.41,  for  such 
a  syrup  is  equivalent  to  2.35  per  100  grams  syrup. 
A  number  of  other  syrups  in  Bryan's  collection  give 
higher  values  than  2.35  on  the  wet  basis.  (See  Table 
VI.)  The  highest  value  on  the  wet  basis  is  2.70. 
This  is  given  by  three  samples.  Similarly,  the  sample 
which  gives  the  lowest  value  on  the  wet  basis  is  not 
identical  with  that  which  gave  the  lowest  on  the  dry 
basis.  The  minimum  on  the  wet  basis  is  1.15.  The 
range  of  variation  on  the  wet  basis  amounts  to  only 
,  87  per  cent  instead  of  98  per  cent,  expressed  in  terms 
of  the  mean;  or  to  135  per  cent,  instead  of  151  per 
cent,  expressed  in  terms  of  the  minimum. 

Turning    to    McGill's    samples,    we    find    the    same 


state  of  affairs  (see  Table  VI).  The  range  of  variation 
on  the  wet  basis  is  71  per  cent  of  the  average  as  against 
76  per  cent  of  the  average  on  the  dry  basis;  or  119 
per  cent  of  the  minimum,  as  against  127  per  cent. 

Taking  Bryan's  and  McGill's  results  together 
(as  in  Table  V)  we  find  the  average  Winton  lead  value, 
on  the  wet  basis  (528  samples)  to  be  1.73.  The 
maximum  (Bryan)  is  2.70,  the  minimum  (McGill) 
0.70.  Difference  2.00.  Range  in  percentage  of  aver- 
age 116,  as  against  128  for  the  dry  basis  value.  Range 
in  percentage  of  minimum  286,  as  against  320  for  the 
dry  basis  value.     It  would  appear,  therefore,   that  the 

Lead  Number  on  Dry  and  on  Wet  Basis 

McGill's  Samples 

Winton  lead  value 


Moisture 

Maker  content 
Highest  values 

J.  Jacques,  Burgessville,  Out.    (a)....  33.82 

J.  C.  Skinner,  Burgessville,  Ont 35.68 

H.  A.  Griswold,  Burgessville,  Ont..  .  .  35.08 

J.  E.  Rice,  New  Durham,  Ont 35.22 

E.  T.  Chambery,  Oxford  Centre,  Ont.  28. 14 

M.  Sager,  Vandicar.  Ont 33.62 

G.  H.  Losee,  Burgessville,  Ont 38 .  32 


Lowest  values 

11        W.  H.  McAllister,  Dutton,  Ont 34 .  94 

207        Wilfrid  Larose,  Angers,  Que 36 .  56 

392        J.  F.  Parsons,  Bamston,  Que 34.07 

176       J.  Y.  Williams,  Wisbeach,  Ont 31.12 


Average  47  samples 34.61 

Maximum 

Minimum 


Difference 

Range  in  percentage  of 
Range  in  percentage  of  i 
Oxford  County,  Ontario. 


Dry 

We 

basis 

basi 

2.31 

1.53 

2.36 

1.52 

2.29 

1.49 

2.30 

1.49 

2.08 

1.49 

2.25 

1.49 

2.38 

1.47 

1.08 

0.70 

1.12 

0.71 

1.07 

0.71 

1.05 

0.72 

1.75 

1.17 

2.38 

1.53 

1.05 

0.70 

1.33 

0.83 

76.0 

71  .0 

127.0 

119.0 

reduction  of  Winton  lead  values  to  the  dry  basis  is 
labor  misspent. 

For  the  Canadian  lead  value,  however,  the  same 
does  not  hold  true.  Taking  McGill's  results,  de- 
termined on  the  wet  basis  and  calculated  over  to  the 
dry,  we  find: 

Table  VII — Canadian  Lead  V.\lue 

Wet  basis  Dry  basis 

Average 1.91  2.83(0) 

Maximum 4.68  6.56 

Minimum 0.89  1.37 

Difference 3.79  5.19 

Range  per  cent  of  average 198.0  183.0 

Range  per  cent  of  minimum 426 .0  379  .  0 

(a)  We  find   McGill's  average  for  moisture  content  to  be  32.58.      His 
moisture  determinations  were  made  by  drying  on  asbestos  fiber. 

Here  the  dry  basis  has  decidedly  the  advantage.  In 
our  own  work,  where  the  method  prescribed  by  the 
Canadian  standards  was  followed,  the  limits  are  still 
narrower  (see  Table  V).  But  as  our  work  embraced 
a  much  smaller  number  of  samples  than  McGill's, 
we  are  not  in  position  to  decide  whether  the  method 
followed  by  McGill  (determination  on  5  grams  syrup 
and  calculation  to  100  grams  dry  matter)  or  that 
adopted  for  the  standard  (determination  on  the  quan- 
tity of  syrup  containing  5  grams  dry  matter  and  multi- 
plication by  20)  is  preferable. 
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DISTRIBUTION    OF    RESULTS    ABOUT    THE    MEAN 

The  lower  half  of  Table  IV  shows  that  the  general 
tendency  of  the  analytical  values  is  to  run  below, 
rather  than  above,  the  mean.  Comparing  each  in- 
vestigator's results  on  each  value,  we  find  only  5  cases 
out  of  34  in  which  the  deviation  of  the  minimum  from 
the  mean  is  equal  to,  or  greater  than,  that  of  the  maxi- 
mum. Two  of  these — the  ratio  of  soluble  to  insoluble 
ash  and  the  alkalinity  of  the  insoluble  ash — occur  in 
Jones'  work;  the  other  three — per  cent  soluble,  Winton 
lead  number  and  malic  acid  value — occur  in  McGill's. 
In  regard  to  the  number  of  samples  falling  each  side 
of  the  mean  we  find  only  3  cases  out  of  34  in  which 
the  number  above  the  mean  is  equal  to,  or  greater  than, 
the  number  below  the  mean.  These  are  Jones'  al- 
kalinity of  insoluble  ash  and  McGill's  Winton  lead 
value  and  malic  acid  values.  In  all  three  of  these 
cases  very  little  over  half  the  samples  are  above  the 
mean. 

A    SCHEME    OF    RAPID    ANALYSIS 

In  the  light  of  the  preceding  we  venture  to  propose 
the  following  scheme  of  analysis  (Table  VIII),  not 
as  all-sufficient  for  detection  of  adulteration  of  maple 
syrup,  but  as  a  rapid  scheme  that  will  serve  to  condemn 
many  samples  and  thus  obviate  the  making  of  other 
determinations,   involving  additional  time   and  labor: 

Table  VIII — Scheme  for  Rapid  Analysis  of  Maple  Syrup 

time  required 

, ' v  limits  of  value 

Actual  To  reach  ^ 

DETERMINATION                         attention  result  Extreme  Ordinary 

Refractometer  reading. ...        5  min.  5  min.  

Conductivity  value  25°  C.         5  min.  5  min.  110-230  113-205 

Total  ash,  dry  basis 7  min.  I'A  hrs.  0.61-1.68  0.69-1.47 

Alkalinity  of  soluble  ash, 

dry  basis 5  min.  'A  hr.  41-122  48-109 

Canadian  lead  number.   5 

g.  syrup,  dry  basis 12min.  5  hrs.  1.37-6.56  1.51-4.55 

Winton  lead  number.  25  g. 

syrup,  wet  basis 17  min.  9  hrs.  0.70-2,70  0.76-2.47 

Total  time  required 51  min.         9  hrs. 

In  Paper  I  it  was  shown  that  the  conductivity  test 
alone  served  to  condemn  15  samples  out  of  a  collec- 
tion of  34,  purchased  in  the  Canadian  West,  while  the 
additional  determinations  made  {viz.,  total  ash,  in- 
soluble ash,  alkalinities  of  soluble  and  insoluble  ash 
and  modified  Winton  lead  number)  detected  only  two 
additional  cases-  of  adulteration.  Of  these  two  both 
would  be  condemned  by  the  total  ash  and  one  by  the 
Winton  lead  number.  We  believe  the  six  determina- 
tions here  recommended  will  in  many  instances  prove 
equally  as  serviceable  in  the  detection  of  adulteration 
as  the  twelve  made  by  us  on  the  syrups  of  Table  I. 
The  extreme  limits  given  for  the  values  are  the 
highest  and  lowest  found  in  any  of  the  syrups  included 
in  Table  V.  Under  Canadian  lead  number,  dry  basis, 
we  have  included  only  McGill's  results  and  the  limits 
given  are  for  determination  upon  5  grams  syrup  and 
calculation  to  dry  basis.  Under  Winton  lead  number, 
wet  basis,  we  have  included  McGill's  and  Bryan's 
results.  The  limits  for  each  investigator's  work  singly 
are  much  narrower  (see  Table  VI).  As  ordinary 
limits  of  the  values  we  have  chosen  the  values  not  ex- 


ceeded in  either  direction  by  more  than  one  per  cent 
of  the  samples  analyzed.  Thus,  in  the  case  of  the  total 
ash  (770  samples)  there  are  not  more  than  eight  samples 
below  0.69  and  not  more  than  eight  above  1.47.  Our 
time  estimate  is  in  each  instance  the  minimum  re- 
quired for  a  single  determination.  In  some  cases 
it  might  be  reduced  by  carrying  on  a  number  of  de- 
terminations simultaneously.  The  9  hours  assigned 
to  the  Winton  lead  number  determination  provides 
for  4  hours  settling  of  the  lead  sulfate  precipitate. 
All  six  of  the  determinations  can  be  made  within  these 
nine  hours. 

SUMMARY 

I.  The  results  of  the  analysis  of  126  samples  of 
genuine  Canadian  maple  syrup  are  reported. 

II.  The  range  of  conductivity  value  for  20°  C.  in 
these  syrups  is  determined,   as  well   as  that  for   25°. 

III.  The  range  of  the  various  analytical  values  in 
genuine  maple  syrups  is  compared  with  reference  to 
these  results  and  to  those  of  Bryan,  Jones  and  McGill. 

IV.  The  values  of  narrowest  range  are  the  conduc- 
tivity value,  the  alkalinity  of  the  soluble  ash,  the  weight 
of  the  total  ash  and  the  Winton  lead  number. 

V.  A  scheme  of  rapid  analysis  is  proposed,  embracing 
determinations  of  the  aforesaid  values  and  of  the 
Canadian  lead  number. 

The  expenses  of  this  investigation  were  defrayed  out 
of  the  Dominion  Grant  for  the  encouragement  of  Agri- 
culture, 191 2. 
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THE  EFFECTS  OF  THE  ENSILAGE  PROCESS  ON  THE 
SOLUBILITY  OF  FLOATS 

By  E.  B.  Forbes  and  Chas.  M.  Fritz 
Received  October  25,    1913 

One  of  the  standard  methods  of  adding  floats  to 
the  soil  is  through  its  addition  to  manure,  and  the 
effect  of  the  fermentation  of  manure  on  the  solubility 
of  floats  has  been  the  subject  of  discussion  and  experi- 
ment. 

It  has  occurred  to  the  writers  that  perhaps  we  might 
profitably  add  a  part  of  the  floats  to  the  plant-food  two 
steps  further  from  the  soil  by  introducing  it  into  the 
silo  with  the  fodder  corn,  thus  gaining  two  oppor- 
tunities for  increasing  the  solubility  of  the  floats,  first 
in  the  ensilage  process,  and  second  in  the  digestive 
tract  of  the  animal;  and  further,  giving  to  the  animal 
such  benefit  as  it  might  be  able  to  get  from  the  rock 
phosphate  in  its  passage  through  the  body.  We  do  not 
mean  to  suggest,  however,  that  all  of  the  floats  which 
one  might  desire  to  add  to  the  soil  could  in  this  way  be 
passed  through  the  silo  and  the  animal. 

In  this  test  four  samples  of  corn  were  prepared  as 
follows: 

1.  Untreated  green  silage  corn. 

2.  Silage  from  No.  i. 

3.  Green  silage  corn  plus  floats  (250:1). 

4.  Silage  from  No.  3.  , 
The  silagp  was  made  in  glazed  earthen  jars.     After 

being  sealed  for  6  months  the  jars  were  opened,  and  the 
silage  was  found  to  be  in  perfect  condition. 
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At  the  time  the  treated  corn  was  sealed  up  the  floats 
gave  it  a  sandy  feeling  between  the  teeth,  but  in  the 
silage  from  this  corn  the  "grit"  had  disappeared.  We 
were  able  to  detect  no  difference  in  the  taste,  odor  or 
appearance  of  the  two  samples  of  silage. 

The  following  phosphorus  estimations  were  made 
on  these  two  samples  of  silage  and  on  the  fresh  materials 
from  which  they  were  prepared. 

Phosphorus  in  S11.AG8  Corn  with  and  without  Added   Floats,   and 


IN  Silage  Mads  kro 

M  THB  Samb. 

Per  Cent,  Water-Free  Basis 

Inor-         Total 

ganic  P     water 

Water- 

Citrate- 

sol.  in        sol.   -1- 

Total 

sol. 

sol. 

0.2%     citrate-sol 

Product 

P 

P 

P 

HCl              P 

Untreated  green  silage  co 

rn..      0.200 

0.151 

0.020 

0.086 

0*203 

0.150 

0.021 

0.082 

0.218 

0.  147 

0.021 

0.082 

Averaee 

.  ...      0.207 

0.  149 

0.021 

0.083       0.170 

Silage  from  untreated  1 


Average. 


0.231  0.159  0.009  0.112 

0.228  0.161  0.007  0.110 

0,214  0.161  0.009  0.112 

0.224  0.160  0.008  0.111 

Green  silage  corn  plus  floats 

(250:1) 0.374  0.135  0.055  0.156 

0.371  0.138  0.064  0.181 

0.367  0.135  0.065  0.178 

Average 0.371  0.136  0.061  0.172 


Silage  from  treated  corn 0 .  405 

0.387 

0.361 

Average 0.384 


0.158  0.061  0.234 

0.157  0.061  0.243 

0.155  0.059  0.235 

0,157  0.060  0.237 


The  increase  in  total  phosphorus  during  the  ensilage 
process  shows  that  there  was  a  loss  of  8.2  per  cent  of 
dry  substance  from  the  untreated  corn  and  3.5  per  cent 
from  the  phosphated  corn. 

The  increase  in  water-soluble  phosphorus  in  the  un- 
treated corn  was  not  quite  equal  (7.4  per  cent)  to  the 
arithmetical  increase  due  to  the  loss  of  dry  matter. 

During  the  ensilage  of  this  untreated  corn  there  was 
a  loss  of  citrate-soluble  phosphorus,  in  the  residue  from 
water  extraction,  which  signifies  a  process  of  reversion 
to  less  soluble  forms. 

The  one  significant  increase  during  the  ensilage  of 
the  untreated  corn  was  in  the  inorganic  phosphorus 
soluble  in  0.2  per  cent  HCl.  This  was  much  more  than 
enough  to  account  for  arithmetical  increase  from  loss 
of  dry  substance. 

In  the  phosphated  corn  there  was  a  loss  of  water- 
soluble  phosphorus  simply  through  the  addition  of  the 
floats,  that  is,  the  water-soluble  phosphorus  in  the  fresh 
corn  was  0.149  per  cent  and  in  the  phosphated  corn 
0.136  per  cent,  which  probably  signifies  a  combination 
of  water-soluble  phosphorus  of  the  corn  with  bases  in 
the  floats.  This  probably  took  place  during  the  par- 
tial drying  at  50°  C,  though  perhaps  to  some  e.xtent 
during  the  subsequent  storage  of  the  sample  for  nearly 
a  year  before  the  analyses  were  made. 

The  water-soluble  phosphorus  in  the  phosphated 
silage  was  not  higher  than  in  the  untreated  silage.  The 
excess  of  water-soluble  phosphorus  in  the  phosphated 
silage  over  the  amount  in  the  unensiled,  phosphated 
corn  was  more  than  enough  to  account  for  the  loss  in 
dry  matter,  but  was  not  as  great  in  amount  as  in  the 
silage  from  the  untreated  corn,  again  suggesting  re- 
version. 


The  citrate-soluble  phosphorus  in  the  treated  fodder 
and  in  the  silage  from  the  same  was  naturally  higher 
than  in  the  untreated  corn  and  silage,  since  a  part  of 
the  phosphorus  of  the  floats  was  citrate-soluble.  There 
was  no  increase  in  citrate-soluble  phosphorus,  however, 
in  the  residue  from  the  water  extraction,  during  the 
ensilage  of  the  phosphated  corn. 

The  very  considerable  increase  in  inorganic  phos- 
phorus soluble  in  0.2  per  cent  HCl  during  the  ensilage 
of  the  phosphated  corn  gives  us  the  most  significant 
figure  of  the  test.  In  the  treated  corn  fodder  the  inor- 
ganic phosphorus  soluble  in  0.2  per  cent  HCl  was  46.4 
per  cent  of  the  total,  while  in  the  silage  from  the  same 
was  61.7  per  cent  of  the  total. 

It  is  also  of  interest  that  the  phosphated  silage  con- 
tained more  than  twice  as  much  inorganic  phosphorus 
soluble  in  0.2  per  cent  HCl  as  the  treated  silage. 

The  total  phosphorus  of  the  floats  was  12.666  per 
cent,  the  water-soluble  phosphorus  0.0129  per  cent 
and  the  phosphorus  soluble  in  0.2  per  cent  HCl  8.721 
per  cent,  all  on  a  water-free  basis. 

CONCLUSION — The  ensilage  of  corn  will  render 
soluble  in  0.2  per  cent  HCl  such  an  amount  of  the  phos- 
phorus of  floats,  added  to  corn,  as  to  constitute  a  prac- 
tical consideration  in  the  feeding  of  livestock. 

Department  of  Nutrition 
Ohio  Agricultural  Experiment  Station 
Wooster 

THE  EFFECT  OF  HEAT  UPON  THE   SOLUBILITY  OF  THE 
MINERAL  CONSTITUENTS  OF  THE  SOIL' 

By  William  McGeorgs  ' 
Received  November  5,   1913 

Heating  soils  as  a  means  of  stimulating  growth  of 
crops  is  a  practice  established  centuries  ago,  but  owing 
to  the  difficulties  encountered  in  its  application  it  has 
not  been  extensively  used  in  practical  agriculture, 
and  consequently  has  gradually  fallen  out  of  use. 
Those  who  have  investigated  the  cause  of  this  stimu- 
lation have,  as  was  to  be  expected  from  the  extremely 
complex  nature  of  soils,  differed  in  their  results  and 
conclusions.  It  is  certain,  however,  that  the  phenom- 
enon is  not  explainable  by  any  one  theory,  but  the 
action  is  dependent  upon  the  chemical,  biological,  and 
physical  properties  of  the  soil. 

In  Hawaii  certain  crops  are  greatly  influenced,  both 
in  color  and  vigor,  by  the  mere  burning  of  brush  and 
undergrowths  of  guava  and  lantana  upon  the  surface. 
In  tropical  soils,  which  receive  practically  no  "rest," 
it  is  probable  that  the  effects  of  heat  are  similar  to  those 
derived  from  cultivation  and  aeration.  With  but  few 
exceptions  it  is  found  necessary  in  Hawaii  to  plow  the 
new  land  and  follow  with  thorough  tillage  at  frequent 
intervals  for  several  months  before  planting.  On  the 
other  hand  the  same  results  may  be  accomplished  by 
means  of  heat. 

Investigators  have  studied  this  question  from' various 
standpoints,  among  these  being  the  elTect  of  the  heat 
upon  the  solubility  of  the  mineral  constituents.  How- 
ever, the  majority  have  confined  their  studies  to  phos- 
phoric acid;  several  have  included  potash  and  nitrogen, 
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while  but  comparatively  few  have  gone  beyond  this 
and  determined  the  effect  upon  the  remaining  soil 
constituents.  The  object  of  the  work,  here  presented, 
was  to  add  to  the  information  regarding  the  effect  of 
heat  upon  all  the  common  mineral  constituents  of 
the  soil.  Distilled  water  and  fifth-normal  nitric  acid 
were  used  as  solvents. 

Probably  the  most  valuable  work  on  the  solubility 
of  the  mineral  constituents  of  soils  is  to  be  found  among 
the  publications  of  the  U.  S.  Bureau  of  Soils,  their  work 
being  largely  confined  to  the  use  of  water  as  solvent. 
In  a  bulletin  of  this  Bureau'  King  gives  comparative 
results  of  work  upon  fresh  and  oven-dried  soils  which 
show  the  effect  of  heating  to  110°  C.  to  be  quite  strik- 
ing. On  the  average,  more  nitrates,  phosphoric  acid, 
sulfuric  acid,  carbonic  acid,  and  silica  were  recovered 
from  the  oven-dried  than  from  the  air-dried  soil,  while 
the  average  of  the  chlorine  determinations  showed  a 
decrease.  No  determinations  of  basic  constituents 
are  given,  but  it  is  stated  that  upon  later  investigation 
an  increase  was  found  in  the  solubility  of  potash,  lime, 
and  magnesia  in  oven-dried  soils. 

METHOD  OF  PREPARING  EXTRACTS — Extracts  were 
made  upon  the  soils  in  proportions  of  i  part  soil  to  5  of 
water  or  fifth-normal  nitric  acid.  The  conditions  of 
the  samples  treated  were  air  dry,  heated  to  100°  C. 
for  eight  hours,  heated  to  250°  C.  for  the  same  time 
and  over  the  full  flame  of  the  Bunsen  burner  (in  porce- 
lain dishes).  The  latter  were  heated  carefully  at  first 
to  prevent  dusting  and  finally  for  two  hours  over  the 
full  flame.  Water  extracts  were  obtained  by  shaking 
for  one  hour  and  allowing  to  settle  twenty-four  hours 
and  then  filtering.  Nitric  acid  extractions  were  made 
by  shaking  for  5  hours  and  then  filtering  directly. 

TYPES  OF  SOIL — In  choosing  the  soils  to  be  used  in 
this  work  a  series  of  twelve  soils  were  chosen,  which 
included  in  a  general  way  the  normal  and  abnormal 
types,  both  physical  and  chemical,  occurring  on  the 
islands.  These  include  both  red  and  yellow  heavy 
clays,  sandy  and  silty  soils,  highly  manganiferous 
(9.74  per  cent  MuaOj),  highly  titaniferous  (20  per  cent 
Ti02)  soils,  a  soil  containing  8.7  per  cent  MgO,  sub- 
merged soils  both  in  the  wet  and  subsequently  air-dried 
states,  and  finally  soils  both  high  and  low  in  organic 
matter. 

In  this  paper  only  the  results  will  be  discussed.  The 
complete  analytical  data  and  a  more  comprehensive 
discussion  will  be  found  in  a  bulletin  of  the  Hawaii 
Experiment  Station.' 

The  elements  determined  were  silica,  alumina,  iron, 
manganese,  lime,  magnesia,  potash,  sulfates,  phos- 
phoric acid  and  bicarbonates.  The  results  obtained 
upon  the  solubility  of  the  first  three  of  these  substances 
in  water  are  rather  inconsistent.  This  is  probably 
due  to  the  slight  solubility  of  these  elements  toward 
this  solvent.  On  an  average  the  solubility  of  alumina 
and  silica  increased  with  increase  in  temperature  up 
to  ignition.  Iron  was  most  soluble  in  the  air-dry 
sample.  This  latter  fact  is  in  direct  harmony  with 
former  experiences,  namely,  that  under  normal  con- 
ditions in  Hawaii,  part  of  the  iron  exists  in  the  form  of 
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ferrous  compounds.  Hawaiian  soils,  while  characteris- 
tically basic,  normally  give  an  acid  reaction,  due  in- 
directly to  the  high  clay  content  and  its  accompanying, 
poor  aeration.  Further  confirmation  of  this  fact 
is  to  be  found  in  a  comparison  of  cultivated  and  uncul- 
tivated soils,  in  which  the  iron  content  of  the  latter  is 
more  soluble.  Also,  the  solubility  of  iron  in  rice  and 
taro  soils,  in  the  submerged  state,  is  strikingly  high, 
and  is  greatly  decreased  as  a  result  of  heat  and  its  ac- 
companying oxidation.  The  data  obtained  by  using 
N / s  nitric  acid  as  solvent  disclose  some  very  interesting 
facts,  and  give  almost  conclusive  proof  of  an  increase 
in  solubility  of  these  three  constituents  as  effected  by 
heat.  The  results  indicate  a  gradual  increase  with 
increase  in  temperature  up  to  ignition. 

These  effects  on  the  solubility,  especially  in  water, 
are  probably  referable  to  a  number  of  causes.  It  is 
primarily  physical,  being  related  to  an  alteration  of  the 
films  surrounding  the  soil  particles  and  to  a  modifi- 
cation of  the  colloidal  forms  which  these  elements 
probably  assume  under  the  prevailing  conditions. 
Dehydration  and  certain  chemical  alterations  at  the 
higher  temperatures  would  also  tend  towards  increasing 
the  solubility  in  acids  through  the  action  of  heat  upon 
the  hydrated  silicates.  It  has  long  been  known  that- 
certain  hydrated  silicates  of  aluminum  become  more 
soluble  in  acids  as  a  direct  effect  of  heat.  The  ancient 
art  of  alum  manufacture  took  advantage  of  this  fact. 
The  samples  highest  in  magnesia  content  show  the 
greatest  solubility  of  silica  in  iV/5  nitric  acid.  The 
alumina  was  found  to  be  most  soluble  in  the  highly 
organic  soils  and  in  addition  proved  to  be  considerably 
more  soluble  than  the  iron  in  every  sample. 

MANGANESE — The  Solubility  of  manganese  in  water 
was  greatest  in  the  samples  ignited,  if  it  be  permissible 
to  draw  conclusions  from  an  average.  However,  the 
data  were  somewhat  inconsistent  and  not  in  harmony 
with  field  conditions  as  induced  by  cultivation;  that 
is,  an  analysis  of  the  same  soil  cultivated  and  unculti- 
vated showed  a  decrease  in  solubility  as  a  result  of 
aeration.  Apparently  -the  effect  of  heat  upon  the  man- 
ganese is  partly  chemical  as  well  as  physical. 

The  solubility  of  A^/5  nitric  acid  as  affected  by  heat 
shows  a  remarkably  consistent  increase  in  solubility 
up  to  250°  C,  followed  by  a  large  decrease  in  the  ig- 
nited samples.  This  is  true  with  only  two  exceptions 
in  the  entire  series.  This  element  occurs  in  some 
Hawaiian  soils  in  the  form  of  concretions  and  hence  is 
present,  at  least  partially  so,  as  manganese  dioxide. 
But  in  the  normal  soils  these  are  absent  and  here  the 
manganese  exists  in  a  lower  state  of  oxidation  and  hence 
in  a  more  soluble  form.  In  each  instance  manganites 
or  other  salts  may  occur  to  a  limited  extent.  With 
one  exception  the  oxides  of  manganese  are  quite  in- 
soluble in  nitric  acid,  this  oxide  being  manganous  oxide 
(MnO).  Therefore  the  solubility  of  the  oxides  would 
increase  with  increase  in  temperature,  owing  to  a  de- 
crease in  state  of  oxidation,  MnO;  being  converted 
into  Mn203  and  MnjO^,  each  of  which  are  partially 
soluble  in  nitric  acid  for  the  reason  that  they  are  com- 
binations of  the  oxides  MnO  and  MnO;.  Since 
Mn^O,,   contains    the    largest    amount   of     MnO   it   is 
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evident  that  at  this  temperature  greater  solubility  in 
A^/5  HNO3  would  result,  due  to  the  formation  of  this 
oxide.  In  addition  to  the  above  facts  it  is  known  that 
the  action  of  heat  on  organic  compounds  of  manganese, 
as  well  as  other  of  its  salts,  is  to  convert  them  into 
oxides. 

LIME  AND  MAGNESIA — From  a  study  of  the  data  ob- 
tained from  the  determinations  of  these  two  elements 
it  was  found  that  they  were  both  most  soluble  in  water 
in  the  samples  heated  to  250°  C,  increasing  with  in- 
crease in  temperature  up  to  250°  C,  and  decreasing 
again  upon  ignition.  In  nitric  acid  the  lime  is  most 
soluble  in  the  samples  heated  to  100°  C,  and  least 
soluble  in  the  ignited  samples.  The  general  tendency 
is  for  the  magnesia  to  be  affected  in  a  similar,  way. 
Thus  we  are  led  to  conclude  that  the  action  of  weak 
nitric  acid  in  no  way  correlates  with  that  of  distilled 
water.  The  highly  organic  soils  proved  to  hold  the 
lime  in  the  more  soluble  form.  It  is  also  worthy  of 
note  that  the  effect  of  cultivation  was  to  cause  an 
increase  in  the  solubility  of  these  elements.  Another 
important  fact  brought  out  was  that  even  though  most 
of  the  soils  used  in  this  series  show,  from  digestion 
with  HCl  (sp.  gr.  1.115),  a  higher  magnesia  content 
than  lime,  one  four  times  as  much,  yet  the  lime  with 
few  exceptions  is  present  in  higher  concentration  in 
the  extract. 

The  effect  of  heat  upon  the  solubility  of  these  two 
elements  is  more  striking  than  are  the  results  obtained 
from  the  remaining  elements.  It  is  highly  probable 
that  the  increased  concentration  of  the  water  extract 
of  the  sample  heated  to  100°  C  over  the  air-dried 
samples  is  the  result  of  physical  causes,  namely  de- 
struction of  the  soil  film  and  dehydration  accompanied 
by  a  slight  decomposition  of  organic  matter.  On  the 
other  hand  the  samples  heated  to  250°  C.  undergo  all 
the  above  transformations  more  completely  and  in 
addition  suffer  a  more  complete  decomposition  of  or- 
ganic matter.  Since  calcium  and  magnesium  are  two 
elements  universally  combined  with  organic  matter 
in  the  soil  there  necessarily  follows  an  increase  in  sol- 
ubility as  a  result  of  the  more  complete  decomposition. 
The  soils  containing  the  highest  per  cent  of  organic 
matter  contained  these  two  elements  in  the  most  sol- 
uble form. 

The  decrease  in  solubility  of  lime  and  magnesia  in 
water  upon  the  ignited  samples  and  in  nitric  acid  at 
250°  C.  and  ignition  is  hard  to  explain.  It  is  un- 
doubtedly partly  due  to  chemical  changes  in  the  soluble 
forms  resulting  from  the  decomposition  of  the  organic 
matter,  also  in  the  decrease  in  exposed  surfaces  as  a 
result  of  the  aggregation  of  the  soil  particles  and  other 
physical  factors.  It  is  suggested  that  one  of  the  chem- 
ical changes  taking  place  is  that  of  a  replacement  of 
the  potash  and  soda  in  the  silicates  by  magnesium  and 
calcium,  as  a  direct  result  of  heating.  The  data  ob- 
tained in  this  work  show  a  decided  decrease  in  solubility 
of  lime  and  an  increase  in  that  of  potash  upon  ignition 
in  a  majority  of  the  samples.  In  addition  to  the  above- 
mentioned  factors  a  decrease  in  solubility  at  ignition 
would  be  produced  by  the  conversion  of  the  bicar- 
bonates  into  normal  carbonates,  the  latter  being  less 


soluble.      This   would,    of   course,   be    more   noticeable 
in  the  water  extracts. 

POTASH — The  soils  heated  to  250°  C.  and  ignition 
yield  the  more  concentrated  solution  of  potash,  the 
average  being  in  favor  of  the  ignited  soils.  It  was  found 
that  the  solubility  of  the  potash  was  increased  by  culti- 
vation, and  that  in  the  highly  organic  soil  to  be  the 
most  soluble.  The  general  ideas  involved  in  the  effect 
of  heat  will  be  dealt  with  more  thoroughly  in  the  dis- 
cussion to  follow,  and  for  this  reason  the  solubility 
of  the  potash  requires  little  comment  at  this  point. 
The  fixing  of  potash  is  generally  held  to  be  due  to 
hydrated  silicates  and  organic  matter.  Cameron  and 
Bell'  on  continuously  extracting  a  soil  with  water 
until  no  more  potash  dissolved,  then  grinding  the  sam- 
ple and  re-extracting,  found  an  additional  amount  of 
potash  to  be  removed.  This  they  attributed  to  a 
colloidal  aluminum  silicate  upon  the  surface  of  the 
particles,  thus  protecting  them  from  the  action  of  the 
water  as  well  as  absorbing  the  potash.  Dehydration 
and  decomposition  would  therefore  materially  over- 
come the  fixing  power  and  the  potash  subsequently 
replaced  by  lime  or  magnesia  would  not  become  refixed 
during  a  short  period,  and  heat  would  also  liberate  more 
potash  from  the  insoluble  form. 

PHOSPHORIC  ACID — The  solubility  of  this  constituent 
as  affected  by  heat  indicates  a  minimum  in  the  air-dry 
soils  and  the  maximum  in  those  heated  to  100°  C.  and 
250°  C.  It  is  worthy  of  note  that  phosphoric  acid  is 
more  soluble  in  the  uncultivated  than  the  cultivated 
soils,  and  that  the  former  decreases  in  solubility  with 
increase  in  heat.  The  nitric  acid  extracts  show  a 
gradual  increase  in  solubility  with  increase  in  heat, 
being  most  soluble  in  the  ignited  samples. 

Phosphoric  acid  exists  in  soils  in  the  major  part 
combined  with  iron,  aluminum,  magnesium,  calcium 
and  organic  matter.  It  may  be  in  the  form  of  basic 
phosphates,  hydrogen  phosphates,  or  as  double  phos- 
phates in  combination  with  more  than  one  element. 
It  is  probably  combined  mostly  with  iron,  aluminum 
and  titanium  in  Hawaiian  soils.  Considerable  work 
has  been  done  upon  the  effect  of  heat  upon  the  solubil- 
ity of  this  constituent  and  attempts  have  been  made  to 
draw  conclusions  from  these  results  as  to  its  state  of 
combination,  that  is  whether  organically  or  inorgan- 
ically combined.  Peterson^  using  N/s  nitric  acid  found 
that  after  oxidizing  the  organic  matter  with  hydrogen 
peroxide  there  was  no  increase  in  solubility  when  the 
soil  was  subsequently  heated  to  240°  C.  He  concluded, 
therefore,  that  the  solubility  of  the  mineral  phosphates 
in  soils  is  not  increased  up  to  240°  C.  The  results 
obtained  from  the  water  extracts  of  Hawaiian  soils 
indicate  a  decrease  in  solubility  at  high  temperatures 
due  either  to  a  chemical  change  to  a  form  less  soluble 
in  water  or  an  increase  in  absorbing  power  of  the  soil. 
The  increase  at  100°  and  250°  is  undoubtedly  partly 
due  to  a  destruction  of  organic  matter  and  to  a  breaking 
up  of  the  colloidal  film.  The  action  of  dilute  nitric 
acid  is  somewhat  different  in  that  an  increase  in  solu- 
bility upon  ignition  results,  accompanied  by  that  of 
iron,  aluminum,  silica  and  titanium.     Iron  and  alumina 
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occur,  in  Hawaiian  soils,  to  a  certain  extent  as  hydrates 
or  hydrated  silicates,  and,  of  course,  would  be  more  or 
less  mechanically  impregnated  with  phosphoric  acid, 
as  well  as  chemically  combined.  The  effect  of  heat 
would  directly  increase  the  solubility  of  these  constit- 
uents in  nitric  acid  up  to  ignition,  at  which  point  the 
decomposition  of  the  hydrates  would  be  at  a  maximum 
while  their  colloidal  properties  would  be  practically  nil. 

SULFATES — Heat  has  a  very  striking  effect  upon  the 
solubility  of  sulfates,  most  marked  in  the  water  ex- 
tracts. In  this  series  the  air-dried  soils  were  the  least 
soluble,  those  heated  to  100°  C.  next,  while  the  maxi- 
mum was  reached  in  those  samples  heated  to  250°  C, 
finally  decreasing  upon  ignition.  On  the  other  hand 
the  ignited  samples  gave  the  most  concentrated  solu- 
tion with  nitric  acid.  One  surprising  feature  of  this 
series  is  that  in  many  instances  the  sulfates' were  more 
soluble  in  water  than  in  nitric  acid,  which  is  probably 
due  to  precipitation  subsequent  to  extraction  in  the 
latter. 

In  connection  with  the  solubility  of  the  sulfates  it 
should  be  mentioned  that  part  of  the  increase  in  solu- 
bility of  sulfates  as  a  result  of  heat  is  probably  due  to 
absorption  of  the  products  of  combustion  of  the  gas 
used  in  heating  the  soils.  King,'  however,  found  an 
enormous  increase  in  the  solubility  of  sulfates  upon 
heating  in  an  oven  at  110°  C,  using  both  gasoline 
and  kerosene,  thus  eliminating  this  factor.  In  addition 
to  the  destruction  of  organic  matter,  soil  films,  etc., 
it  is  necessary  to  take  into  consideration  the  effect  of 
heat  upon  the  various  inorganic  sulfur  compounds. 
Calcium  sulfate  is  known  to  exist  in  four  forms,  two 
being  anhydrous,  one  more  soluble  than  the  other. 
Sulfur  also  exists  in  soils  as  sulfides,  generally  with  iron 
or  as  sulfate  in  combination  with  iron,  lime  or  mag- 
nesia, as  well  as  many  essential  forms  of  organic  com- 
pounds. The  effect  of  heat  would  be  most  marked 
upon  the  organic  compounds  in  that  they  would  be 
oxidized  at  the  higher  temperature,  to  the  dioxide  or 
trioxide  which  upon  treatment  with  water  as  solvent 
would  tend  to  form  sulfuric  acid  or  sulfates  to  the  ex- 
tent of  the  soluble  bases  present.  On  ignition  it  is 
evident  that  sulfur,  especially  that  organically  com- 
bined, would  be  volatilized  upon  ignition.  An  illus- 
tration of  this  action  is  well  illustrated  in  the  soil  con- 
taining the  highest  amount  of  organic  matter  in  the 
series.  In  this  sample  the  increase  of  the  sample 
heated  to  100°  C.  over  the  dry-air  sample  was  1600 
parts  per  million,  while  in  passing  from  250°  C.  to 
ignition  the  decrease  amounted  to  1900  parts  per  mil- 
lion. 

BiCARBONATES — The  results  of  this  series  indicate 
a  slight  increase  in  solubility  at  100°  C.  and  250°  C, 
followed  by  a  decrease  upon  ignition.  Thus  it  appears 
that  heat  increases  the  amount  of  bicarbonates  in  the 
soil  and  at  the  same  time  increases  the  solubility  of  the 
bases.  The  decrease  upon  ignition  is  probably  due 
to  the  transformation  of  the  bicarbonates  into  normal 
carbonates,  thus  temporarily  reducing  their  solubility 
in  water. 

DISCUSSION — The  foregoing  results  show  that  an 
increase  in  solubility  of  the   mineral   constituents   of 

'  U.  S.  Dept.  Agr..  Bur.  Soils.  Bull.  26,  p.  56 


Hawaiian  soils  is  effected  by  heating.  It  was  to  be 
expected  that  the  results  would  be  inconsistent,  to 
some  extent,  because  of  the  varying  types  of  soil  used. 
The  samples  represent  most  of  the  normal  and  abnormal 
types  of  the  islands.  That  there  are  both  chemical 
and  physical  factors  concerned  in  the  phenomena  at 
hand  must  be  admitted  at  the  outset.  However,  the 
most  important  set  of  factors  affecting  the  solubility 
of  inorganic  soil  constituents  appears  to  be  of  a  physical 
nature. 

Undoubtedly  the  means  by  which  the  physical  fac- 
tors act  is  through  the  soil  moisture  in  its  relation  to 
the  physical  properties  of  the  soil.  The  conditions 
conducive  to  the  formation  of  a  colloidal  state  and  the 
subsequent  relation  of  heat  to  the  destruction  of  colloid 
are  two  of  the  most  important  of  these  factors. 

It  is  certain  that  soil  moisture  distributes  itself 
around  the  soil  particles  and  in  some  instances  as  an 
impregnation  within  the  particles.  The  moisture, 
therefore,  occurs  as  thin  films  which,  according  to 
certain  physical  conceptions,  must  be  held  around  the 
particle  by  an  enormous  pressure.  From  purely 
physical  considerations  this  pressure  has  been  estimated 
at  several  thousand  atmospheres.  Under  such  pres- 
sure the  concentration  of  film  water  with  reference  to 
the  mineral  matter  should  be  much  greater  than  that 
of  the  free  or  capillary  water  in  the  soil. 

Then  the  air-dried  soil,  the  particles  of  which  are 
still  surrounded  by  a  film  of  moisture,  when  shaken 
with  water,  should  theoretically  show  the  least  solu- 
bility. Our  results  in  most  instances  are  in  harmony 
with  this  assumption.  But  if  the  soil  be  allowed  to 
remain  in  the  condition  and  environment  prevailing 
in  submerged  cultures,  that  is,  in  the  presence  of  a  large 
excess  of  water,  then  in  time  diffusion  would  bring 
about  a  more  or  less  equal  distribution  of  dissolved 
materials  throughout  the  entire  water  present,  and, 
therefore,  the  pressure  of  soil  films  would  be  decreased 
to  a  minimum  or  entirely  eliminated.  Hence  the 
amount  of  materials  going  into  solution  in  the  free 
water  present  from  such  soils  would  be  expected  to  be 
abnormally  high.  Upon  air  drying  such  soils  the  nor- 
mal films  would  again  appear  with  a  resulting  decrease 
in  solubility.  Subsequent  heating  ought  then  to  affect 
these  soils  in  a  way  very  similar  to  that  produced  on 
dry  land  soils.  The  data  obtained  in  the  examination 
of  rice  soils  is  in  harmony  with  this  view. 

Water,  however,  not  only  exercises  a  solvent  action 
on  minerals,  but  forms  various  hydrates,  the  solu- 
bility and  physical  character  of  which ,in  some  instances 
are  greatly  altered;  organic  as  well  as  inorganic  matter 
goes  into  solution  with  the  result  that  the  moisture 
films  around  the  particles  become  solution  films,  hold- 
ing in  suspension  and  more  or  less  intermingled  with 
colloids,  both  organic  and  inorganic.  The  films  then 
may  be  looked  upon  as  being  of  a  colloidal  nature.' 

Upon  heating  the  soil  to  ioo°  C.  alterations  in  the 
films  would  take  place  through  evaporation  and  by 
partial  dehydration  of  colloids  thus  destroying  the 
pressure  by  which  the  film  was  previously  held  around 
the  particles.     At  the  temperature  of  ioo°  C.  the  con- 

>  No  claim  is  made  for  originality  in  this  view.     The  idea  of  soil  films, 
colloidal  films,  jels,  etc.,  has  been  made  use  of  by  various  writers  on  soils. 
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centration  of  the  soil  moisture  would  also  be  tempo- 
rarily increased,  due  to  increase  in  solubility  with  heat. 
During  the  course  of  the  evaporation  the  concentration 
of  the  soil  moisture  would  increase  to  the  saturation 
point,  after  which  the  mineral  matter  would  be  deposited 
on  the  surface  of  the  film  as  evaporation  went  on.^ 

Also  the  materials  held  in  solution  in  the  interior 
of  the  permeable  particles  would  be  partially  deposited 
on  the  surface  as  the  water  evaporated.  Upon  adding 
water  to  the  soil  after  having  been  dried,  it  is  probable 
the  materials  deposited  from  previous  evaporation 
would  be  more  soluble  than  the  other  mineral  constit- 
uents. In  addition  a  certain  amount'  of  oxidation  and 
other  chemical  changes  in  the  organic  matter  might 
reasonably  be  expected  to  take  place,  which  would 
have  some  effect  on  the  solubility  of  the  mineral  bases 
that  tend  to  combine  with  the  organic  matter. 

Upon  shaking  with  water  a  soil  previously  dried,  the 
solution  then  obtained  should  be  of  a  greater  concen- 
tration than  that  prepared  from  the  air-dried  soil. 
With  the  absence  of  soil  films  and  a  more  or  less  altered 
condition  of  the  colloids  present  the  solvent  would 
have  m.ore  ready  access  to  the  soil  particles  during  a 
short  period  in  addition  to  coming  into  immediate 
contact  with  salts  deposited  on  the  surface  of  the  par- 
ticles. In  the  light  of  these  views  then  the  solubility 
of  soils  before  and  after  drying  becomes  more  intel- 
ligible. 

Why  several  of  the  mineral  constituents  of  the  soil 
should  be  so  markedly  more  soluble  when  heated  to 
250°  C.  than  at  the  other  temperatures  is  a  question 
not  easily  answered.  The  difference  in  physical  effects 
were  quite  noticeable  in  that  there  was  a  greater  aggre- 
gation of  particles.  Again  there  Was  a  more  complete 
destruction  of  organic  matter  effected  at  this  tempera- 
ture and  also  it  is  not  entirely  impossible  that  drying 
at  100°  C.  for  eight  hours  does  not  effect  a  complete 
elimination  of  the  soil  moisture  and  especially  the  water 
of  chemical  combination.  It  seems  reasonable  then 
that  the  effects  of  heating  to  100°  C.  are  simply  mag- 
nified when  heated  to  250°  C.  added  to  this  being  a 
more  complete  destruction  of  organic  matter,  the  re- 
sults both  physical  and  chemical  being  of  the  same 
general  nature  but  more  complete  at  the  higher  tem- 
perature. The  destruction  of  organic  constituents 
being  more  complete  would  necessarily  increase  the 
solubility  of  the  mineral  matter  held  in  combination, 
as  it  is  generally  conceded  that  the  organic  constituents 
of  the  soil  in  its  natural  state  are  quite  insoluble  in 
water  and  acids,  more  especially  the  former.  There  is 
also  evidence  of  the  existence  of  fatty  or  resinous  or- 
ganic matter  which  would  materially  affect  the  prop- 
erties of  the  soil  film.  For  fhe  decomposition  of  such 
bodies  it  would  be  necessary  to  heat  the  soils  consider- 
ably above  100°  C. 

In  addition  to  the  above-mentioned  effects  of  heat 
the  relation  between  solid  and  solvent  would  naturally 
be  affected  by  other  factors.  Among  these,  would  be 
absorption  or  "fixing  power"  of  the  soil.^     It  is  reason- 

'  King  (lot.  cil.)  in  discussing  the  relative  solubilities  of  fresh  and  dried 
soils  advanced  this  idea. 

2  Richter  (Landw.  Vers.  Stat.,  47  (1896),  p.  269)  found  that  heating  the 
soil  increased  the  absorptive  power  of  the  soil  for  water. 


able  to  expect  soils  with  widely  varying  physical  and 
chemical  properties,  such  as  the  samples  used  in  this 
series,  to  vary  widely  in  their  absorptive  power.  Hence 
it  is  not  at  all  unlikely  that  the  lack  of  consistency  in 
some  of  the  results  obtained  is  due  primarily  to  this 
factor.  Not  only  is  there  lack  of  uniformity  in  the 
absorptive  power  of  soils  but  they  also  show  consider- 
able selective  power  in  the  absorption  of  mineral  con- 
stituents. Soils  high  in  humus  should  tend  to  have  a 
high  fixing  power,  due  to  the  properties  of  this  con- 
stituent of  chemically  combining  with  minerals  as  well 
as  its  power  of  absorption,  and,  therefore,  the  effect 
of  heat  upon  highly  organic  soils  should  tend  to  increase 
the  solubility  of  the  minerals.  This  was  found  to  be 
true  in  the  highly  organic  soils  of  the  series.  Another 
factor  is  that  of  precipitation  following  extraction, 
being  the  more  marked  in  the  acid  extract  due  to  a 
more  complete  extraction. 

In  passing  from  250°  C.  to  ignition  the  effects  are 
apparently  of  a  specific  rather  than  general  nature, 
which  have  been  previously  discussed.  Among  these 
are  the  volatilization  of  certain  sulfur  compounds, 
conversion  of  bicarbonates  into  normal  carbonates,  de- 
hydration of  silicates,  etc.,  replacing  of  potash  by  lime 
and  other  chemical  transformations.  In  addition 
there  is  produced  a  greater  aggregation  of  the  soil  par- 
ticles, resulting  in  a  decrease  in  surface  area  exposed  to 
the  solvent' and  an  accompanying  change  in  the  fixing 
and  absorbing  powers  of  the  soil.  It  is  possible,  by 
application  of  these  conceptions,  to  explain  the  majority 
of  changes,  both  increases  and  decreases  in  solubility 
resulting  from  ignition. 

Acknowledgments  are  hereby  extended  to    Dr.    W. 
P.  Kelly,  chemist  at  this  Station,  for  valuable  sugges- 
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THE  USE  OF  SODroM  CITRATE  FOR  THE  DETERMINA- 
TION OF  REVERTED  PHOSPHORIC  ACID' 

By  AUFHED    W.    BOSWORTH 

In  187 1,  Fresenius,  Neubauer  and  Luck^  published 
a  method  for  the  determination  of  reverted  phosphoric 
acid  in  phosphates  which  involves  the  use  of  a  solution 
of  neutral  ammonium  citrate,  specific  gravity  1.09. 
This  method,  with  a  change  in  the  temperature  of 
the  solvent,  has  been  in  constant  use  since  that  time' 
with  no  attempt  by  any  one  to  give  an  explanation 
of  the  chemical  reaction  involved.  It  has  been  quite 
generally  believed  that  the  neutral  ammonium  citrate 
solution  possesses  a  selective  power  which  enables 
it  to  separate  dicalcic-phosphate  from  tricalcic-phos- 
phate.  This  is  not  true,  for  it  has  been  found  in  this 
laboratory  that  100  cc.  of  the  Official  ammonium  cit- 
rate solution^  is  capable  of  dissolving  1.3  grams  of 
precipitated  tricalcic-phosphate  in  one-half  hour  at 
a  temperature  of  65°  C.  This  dissolving  of  the  tri- 
calcic-phosphate is  accompanied  by  a  precipitation 
of  calcium  citrate. 

'  Read  before  the  Association  of  Official  Agricultur.^1  Chemists.  Wash- 
ington. D.  C.  Nov.  17,   1913. 
2  Z.  anal.  Chem..  10,  133. 
s  U.  S.  Dept.  Agr.,  Bur.  of  Chem.,  Bull.  107  (revised). 
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This  separation  of  calcium  citrate  led  to  the  belief 
that  the  solvent  action  of  the  citrate  solution  was  the 
result  of  a  double  decomposition  started  by  the  free 
phosphoric  acid  alwayS  present  in  an  aqueous  solution 
which  is  in  contact  with  a  solid  phase  composed  of 
a  phosphate.'  This  double  decomposition  might 
be  indicated  by  the  following: 
CaHP04  +  2C6H506(NH4)3 — >-(NH4)2HP04  + 

[C6Hs06(NH4)2]2Ca 
CaaPjOs  +  6C6H506(NH4)3 — >2(NH4)3P04  + 

3[C6H506(NH4)2]2Ca 

If  appreciable  amounts  of  calcium  are  taken  into 
solution,  calcium  citrate  will  separate  out. 

3[C6H506(NH4)2]2Ca-^4C6H506(NH4)3    + 

(C6H506)2Ca3 

A  great  deal  of  work  has  been  done  upon  methods 
of  making  neutral  ammonium  citrate  solutions  and 
several  such  methods  have  been  published.  The 
fact  that  neutral  ammonium  citrate  is  very  unstable 
and  easily  loses  ammonia  has  not  been  sufficiently 
considered  in  this  connection,  however.  Why  should 
extreme  care  be  takpn  to  secure  an  absolutely  neutral 
solution,  if  this  solution  is  to  lose  ammonia  when 
heated  a  few  degrees  above  the  room  temperature? 
Most  chemists  who  have  used  the  neutral  ammonium 
citrate  solution  know  that  ammonia  is  constantly 
given  off  during  the  half  hour  allowed  for  the  solvent 
action  to  take  place.  The  final  result  then,  is  not  the 
action  of  neutral  citrate  but  rather  the  action  of  an 
acid. citrate.  There  seemed  to  be  no  theoretical  reason 
.why  a  solution  of  sodium  citrate  should  not  be  just 
as  effective  a  solvent  and  it  possesses  two  distinct 
advantages.  It  is  a  more  stable  salt  and  as  the  base 
in  it  is  not  volatile  the  solution  would  remain  neutral 
throughout  the  whole  operation.  All  trouble  in  se- 
curing a  neutral  solution  would  be  eliminated,  for  a 
solution  of  citric  acid  could  be  neutralized  with  sodium 
hydroxide,  using  phenolphthalein  as  an  indicator,  or  the 
neutral  crystals  of  sodium  citrate  could  be  dissolved  in 
water,  and  the  solution  made  up  to  the  required  volume. 

In  order  to  learn  whal;  the  action  of  a  solution  of 
sodium  citrate  might  be,  one  was  made  which  was  of 
the  same  molecular  concentration  as  the  Official-  am- 
monium citrate  solution,  i.  e.,  314  grams  crystallized  so- 
dium citrate,  (C6H606Na3)2. 1 1 H2O,  per  liter.  This  solu- 
tion was  used  to  determine  the  amounts  of  insoluble  and 
reverted  phosphoric  acid  in  several  fertilizers,  Thomas 
slag,  ground  bone,  ground  rock  phosphate,  dicalcic- 
phosphate,  CaHPOi,  and  tricalcic-phosphate,  Ca3P208. 
The  results,' together  with  those  obtained  by  the  use  of 
the    Official   citrate  solution,   are  given  in  the  table. 

In  connection  with  these  figures,  it  is  noticeable 
that  the  differences  between  the  figures  obtained  with 
the  two  solutions  are,  in  most  cases,  of  the  same  magni- 
tude as  the  variations  in  the  figures  obtained  by  differ- 
ent chemists  working  upon  the  same  sample.'  It 
is  also  interesting  to  know  that  Samples  .5,  10  and  11, 
which  show  the  largest  differences,  all  contain  bone. 
The    duplicate    determinations,    in    all    cases,    showed 

•  Cameron  and  Hurst.  Jour.  Amcr.  Chem.  Soc.  26,  905. 
=  U.  S.  Dept.  Agr.,  Bur.  Chem.,  Bull.  107  (revised). 
'This   Journai,.   S,    118   and   6,    957      The   differences   between    the 
extremes  in  these  two  cases  are  1.23  per  cent  and  0.90  per  cent,  respectively. 


closer  agreement  with  sodium  citrate  solution  than 
with  the  Official  citrate  solution. 

The  Official  method  directs  that  the  flask  in  which 
the  reaction  takes  place  should  be  loosely  stoppered, 
during  the  time  it  is  being  maintained  at  65°  C, 
in  order  to  prevent  evaporation.  The  use  of  stoppers 
often  results  in  the  loss  of  a  determination  through  the 
breaking  of  a  flask.  It  is  suggested  that  the  flask 
be  closed  with  a  one-hole  rubber  stopper  carrying  an 
empty  calcium  chloride  tube,  300  ram.  in  length, 
which  will  serve  as  a  condenser.  The  use  of  such  a 
condenser  will  not  interfere  with  the  shaking  and  it 
furnishes  a  vent  which  prevents  the  breaking  of  the  flask. 

The  last  column  of  the  table  shows  the  amounts  of 
ammonia  given  off  during  the  half  hour  of  treatment 
with  ammonium  citrate  solution  prescribed  by  the 
Official  method.  This  ammonia  was  caught  in  stand- 
ard acid  by  means  of  an  air  current  which  was  passed 
through  the  Erlenmeyer  flask  in  which  the  solvent 
action  was  taking  place.  These  figures  seem  to  bear 
some  relation  to  the  difference  given  in  the  preceding 
column.  By  noticing  the  large  amounts  of  ammonia 
given  off  by  the  Thomas  slag,  rock  phosphate  and 
ground  bone  when  treated  ■  with  ammonium  citrate 
at  65  °  C.  for  one-half  hour  an  indication  as  to  the  reason 
for  the  liberation  of  the  ammonia  may  be  found.  The 
fertilizing  materials,  after  being  extracted  with  water, 
leave  a  residue  which,  in  most  cases,  contains  alkaline 
material,  alkaline  phosphates,  carbonates  of  calcium 
and  magnesium  and  oxides  of  other  elements.  These 
all  tend  to  drive  off  ammonia  from  the  citrate  solution. 

Comparison  of  the  Use  of  Ammonium  Citrate  and  Sodium  Citrate 


THE   Determination 


t'ERTED   Phosphoric   Acid 
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9.07 
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0.58 
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1.11 
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1.79 
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1.78 

1.99 
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10 
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0.00 
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2.56 
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13.5 

13 

11.69 
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3.68 

4.15 

3.21 

0.47 
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7.59 
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1.88 
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1.96 

28.20 

1.33 

0.63 

20.5 
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0.00 

0.00 

0.00 

3.5 
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taken     I 

0.00 

0.00 

0.00 

14.0 

Ammonium  citrate  heated  to  65°  C. 

2.6 

Ammonium  \ 

.'itrate  he; 

ited  to  ; 

•S'C. 

36.0 

It  is  realized  that  the  small  amount  of  evidence 
presented  in  this  paper  does  not  settle  the  question 
as  to  the  desirability  of  substituting  sodium  citrate 
for  ammonium  citrate  in  the  determination  of  reverted 
phosphoric  acid.  The  subject  is  simply  brought 
forward  at  this  time  in  order  that  those  chemists  who 
are  interested  may  give  it  some  thought. 

Chemical  Laboratory 
N.  Y   .Agricultural  Experiment  St.\tion 
Geneva 
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LABORATORY  AND  PLANT 


APPLICATIONS  OF  OZONE' 

By    A.    VOSMAER 

Ozone  is  generated  by  the  action  of  the  so-called 
brush  discharge^  on  oxygen,  the  product  being  ozone 
more  or  less  diluted  with  either  non-converted  oxygen 
or  air,  the  latter  being  the  rule  in  actual  practice. 
Though  the  use  of  pure  oxygen  gives  a  higher  concen- 
tration of  ozone,  this  increase  is  not  sufficiently  high  to 
justify  the  high  cost  of  the  gas.  In  laboratory  appa- 
ratus the  concentration  of  ozone  can  be  run  up  as  high 
as  160  grams  per  cubic  meter,  but  in  regular  work  on 
a  larger  scale  it  is  hardly  possible  to  get  more  than 
something  like  30  and  even  that  is  rather  high. 

Since  the  cost  per  gram  of  ozone  is  not  a  linear 
function  of  the  concentration,  but  increases  rapidly 
with  concentration,  it  is  fortunate  that  ozone  pos- 
sesses such  wonderful  oxidizing  powers  that  concen- 
trations very  much  lower  than  those  cited  are  quite 
sufficient  for  most  purposes.  For  the  manufacture  of 
ozone  there  are  now  several  ozonators  of  varying 
values  on  the  market'  and  it  is  necessary  to  obtain  the 
right  kind  for  the  purpose  in  mind,  as  it  would  be  waste- 
ful to  generate  a  high  concentration  ozone  and  after- 
wards dilute  it  with  air.  Nearly  all  ordinary  work 
can  be  done  with  a  concentration  of  between  3  and  5 
grams  per  cubic  meter;  a  very  large  amount  of  work 
can  be  satisfactorily'  carried  out  with  ozone  of  no  more 
than  about  one  gram,  and  some  special  applications 
require  far  less  yet,  down  to  two-tenths  of  a  milligram, 
so  that  there  is  ample  variety. 

The  only  property  of  ozone  that  is  of  commercial 
importance  is  its  remarkably  strong  oxidizing  power, 
unless  we  consider  its  wonderful  power  as  a  germicide 
to  be  due  to  a  specific  property.  I  am  inclined  to  do 
so,  but  there  is  evidence  also  that  its  germicidal  value 
can  be  traced  to  its  oxidizing  power. 

Before  discussing  the  applications  of  ozone  in  detail, 
I  wish  to  draw  attention  to  some  important  points 
which  govern  the  ozone  industry:  (i)  Ozone  is  scarcely 
soluble  in  water — some  say  it  is  absolutely  insoluble, 
which  would  be  very  improbable;  others  claim  its  solu- 
bility to  be  about  ten  times  that  of  oxygen  which  latter 
statement  seems  as  improbable  as  the  former.  (2) 
Ozone  is  difficult  to  make  and  when  made,  is  difficult 
to  keep;  in  fact,  there  is  no  storage  question,  the  ozone 
being  used  when  made.  (3)  As  the  gas  may  be  con- 
sidered hardly  soluble  at  all  in  the  ordinary  sense  of 
the  word,  molecular  contact  between  ozone  and  the 
substance  to  be  treated  fails  and  one  has  to  make  up 
for  it  by  long  and  very  intimate  mechanical  contact 
which  in  practice  means  a  special  apparatus  and  con- 
stitutes the  engineering  part  of  the  business. 

A  great  advantage  when  using  ozone  is  that  its 
product  of  decomposition  is  a  gas  which  is  easily  sep- 
arated from  the  material  that  has  undergone  the  treat- 
ment, and  with  which  we  are  all  familiar.  It  is  a 
matter  of  diversity  of  opinion,  and  open  to  discussion, 

^  Abstracted  by  the  author  from  a  paper  presented  at  the  6th  Annual 
Meeting  of  the  American  Institute  of  Chemical  Engineers,  The  Chemists' 
Club.  New  York,  December  10-13.  1913. 

!  Mel.  Chem.  Eng.,  11  (1913),  623  and  705. 

'Ibid.,  12  (1914).  35. 


whether  or  not  ozone  when  acting  splits  off  one  active 
atom  or  utilizes  all  three.  In  my  opinion  it  is  probable 
that  it  is  all  three. 

PURIFICATION    OF    WATER 

Years  ago  this  most  important  of  the  possible  appli- 
cations of  ozone  originated  in  Holland  where  non- 
success  in  the  sterilization  of  milk  lead  to  successful 
sterilization  of  water.  The  interest  of  German  scien- 
tists was  soon  aroused,  and  Frohlich  of  the  firm  of 
Siemens  and  Halske  took  up  the  work.  Unfortunately, 
the  Hollanders  (Tindal  and  Schneller)  ultimately, 
through  lack  of  pecuniary  funds,  got  on  the  wrong 
track  and  the  business  failed,  not  because  ozone  did 
not  do  the  work  but  because  Schneller  did  not  know 
how  to  handle  it.  To  Tindal  anyhow  belongs  the  honor 
of  having  done  pioneer  work  in  this  line  and  later  suc- 
cess surely  owes  much  to  his  attempts. 

It  takes  very  little  ozone  to  purify  water  of  ordinary 
quality,  but  success  depends  to  a  large  extent  on  the 
apparatus  used  for  the  purpose,  not  only  as  regards 
efficiency,  but  also  with  reference  to  purification.  It 
is  here  that  the  time  factor  comes  in.  To  accomplish 
purification  and  eventually  the  complete  sterilization 
of  water,  it  is  necessary  to  have  the  water  in  close  con- 
tact with  the  ozone,  and  to  keep  it  so  for  several  min- 
utes. T.his  is  the  whole  secret  of  the  work  but  the  time 
factor  was  generally  overlooked  in  the  early  attempts. 

The  ideal  apparatus  for  the  treatment  of  liquors 
with  gases  is  not  at  all  the  well  known  scrubber,  though 
this  is  used  to  a  large  extent  for  that  purpose.  In  the 
ordinary  scrubber,  whether  made  of  baffle  plates  or 
filled  with  coke  or  pebbles,  the  only  method  of  obtaining 
a  sufficient  time  of  contact  between  liquid  and  gas  is 
to  make  the  apparatus  so  high  as  to  increase  the  time 
required  by  the  liquid  to  reach  the  bottom  when  let 
in  at  the  top,  but  the  upward  stream  of  gas  has  a  speed 
of  its  own  which  cannot  be  altered;  this  kind  of  appara- 
tus does  well  enough  for  processes  in  which  absorption  is 
the  object,  but  it  has  been  introduced  also  in  ozone  appli- 
cations and  that  was  a  mistake  resulting  in  inefficiency. 

The  principle  of  the  apparatus  I  have  worked  out 
is  shown  in  Fig.  I.  Here  the  water  inlet  is  at  the  top 
and  the  outlet  at  the  bottom,  the  reverse  being  the  case 
for  the  ozone.  By  checking  the  outlet  by  means  of  an 
ordinary  valve,  the  amount  of  water  passing  through 
in  a  given  time  can  be  regulated  perfectly  up  to  the 
maximum;  the  ozone  entering  through  3,  passes  a 
screen  or  perforated  plate,  5,  and  then  goes  upward 
until  it  reaches  the  free  outlet  at  4.  Another  perforated 
screen  at  6  serves  the  purpose  of  absolutely  preventing 
even  the  smallest  particle  of  ozone  from  escaping  at 
the  bottom  before  it  has  done  its  work.  The  height 
of  the  standpipe  depends  upon  the  quality  of  the  water 
to  be  ozonized;  if  it  be  a  bad  water  the  time  of  contact 
has  to  be  longer  than  with  a  water  of  good  quality, 
quality  in  this  particular  case  referring  only  to  the  con- 
tent of  organic  matter  in  solution.  Of  course,  one 
would  expect  the  height  to  be  greatest  in  the  case  of 
bad  water,  but  that  is  not  the  case;  on  the  contrary, 
there  is  another  way  of  prolonging  the  time  of  contact, 
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viz.,  by  means  of  increase  in  diameter.  For  bad  water, 
evidently,  far  more  ozone  is  needed  than  for  a  good 
water;  .this  fixes  the  diameter  of  the  standpipe,  because 
in  order  to  have  it  work  perfectly,  it  is  absolutely 
necessary  that  the  whole  cross  area  shall  be  completely 
;,  filled  by  a  homogeneous  mass 

^^  of  gas  and  water    with    prac- 

tically none  but  surface  films 
of  water  surrounding  the  gas 
b'ubbles.  The  downward 
motion  of  the  water  checks 
the  upward  motion  of  the 
ozone  to  any  desired  extent, 
the  natural  buoyancy  of  a 
bubble  being  one  factor  in  its 
movement  and  the  downward 
force  of  the  water  the  other. 
In  actual  practice  this  stand- 
pipe  has  to  have  a  height  of 
some  20  or  30  feet  and  may  be 
made  of  any  suitable  material, 
even  iron  when  properly 
coated. 

There  are  some  interesting 
details  concerning  this  appara- 
tus: (i)  The  curious  fact  that 
its  utter  simplicity  appeals  to 
nobody  unless  it  is  seen  in 
operation.  I  therefore  used  to 
build  one  of  glass  so  as  to  show 
the  whole  affair  outside  and 
inside.  Then  the  fact  is  evi- 
dent that  as  long  as  there  is 
sufficient  pressure  in  the  compartment  under  the 
screen  5.  there  is  no  chance  for  any  drop  of 
water  entering;  and  the  reverse  happens  at  the 
screen  6  where  the  water  alone  passes  through.  This  is 
easily  explained  by  the  assumption  that  a  liquid  and  agas 
cannot  simultaneously  pass  through  small  openings;  at 
5  there  is  excess  of  gas  pressure  that  causes  the  gas  to 
take  the  lead;  at  6  there  is  excess  of  water  pressure 
which  takes  advantage  of  its  position,  the  gas  bubbles 
having  no  speed  at  all  there.  (2)  Another  thing  that 
used  to  cause  great  surprise  is  that  when  started  for 
the  first  time  there  is  one  big  bubble,  say  one  cubic 
foot  in  size,  that  enters  into  the  water  column  but  after 
having  traveled  for  about  3  or  4  feet,  it  is  entirely 
split  up  into  small  bubbles,  the  ordinary  size  being 
about  one-quarter  of  an  inch  in  diameter.  This  phe- 
nomenon, strange  as  it  looks  at  first  sight,  is  not  at  all 
extraordinary.  It  is  entirely  analogous  to  the  fact 
that  a  vertical  stream  of  water  will  invariably  split  up 
into  drops;  no  matter  what  the  initial  size  of  the  stream 
— the  result  is  individual  drops  due  to  the  surface 
tension  of  the  water;  in  the  case  of  the  ozone  the  same 
surface  tension  of  the  water  causes  the  enclosed  gas 
bubbles  to  be  of  a  definite  size. 

The  apparatus  described  is  what  I  would  like  to  call 
perfection  itself.  In  actual  use  on  a  larger  scale  it 
can  be  very  conveniently  altered  so  as  to  be  even  sim- 
pler. Instead  of  the  inlet  at  the  bottom  through  a 
perforated  screen  one  can  as  well  have  a  pipe  come  down 


from  the  top  until  it  reaches  the  bottom,  the  whole 
being  then  more  like  the  old-fashioned  wash  bottle 
of  the  chemical  laboratory.  I  may  add  that  I  have 
built  these  sterilizing  towers  of  different  sizes,  from  6 
inches  in  diameter  to  6  feet,  and  from  10  feet  in  height 
up  to  45  feet.  In  all  cases  the  economical  results_have 
been  entirely  satisfactory.  I  claim  an  efficiency  of 
99  per  cent  for  this  apparatus,  the  average  time  of 
contact  being  four  minutes. 

As  in  commercial  treatments  on  a  large  scale  there 
is  necessarily  an  excess  of  the  reagent,  so  here  it  is 
preferable  to  have  a  slight  excess  of  ozone  for  certainty 
of  results.  The  excess  escapes  at  the  top  freely  and 
is  too  slight  to  pay  for  the  trouble  of  recovery.  This 
detail  at  once  proves  the  advantage  of  this  style  of 
apparatus  over  the  scrubber.  I  use  no  more  than  i 
gram  per  cubic  meter;  others  use  2.5  grams  and  as  the 
extra  concentration  of  ozone  is  not  used  up  in  the  short 
time  of  contact,  there  is  a  severe  loss  if  the  excess  is 
not  recovered.  The  germicidal  power  of  ozone  on 
water  is  of  such  strength  that  it  does  not  require  more 
than  one  gram  of  ozone  to  treat  one  million  grams 
(i  cu.  m.)  of  water  of  medium  quality.  In  a  water 
carrying  less  than  the  equivalent  of  10  milligrams  of 
permanganate  of  potash,  only  about  one-tenth  this 
amount  of  ozone  is  needed  to  do  the  work. 

Fig.  II  shows  the  bottom  of  a  small  sterilizer  made 
of  glass  for  demonstrational  purposes,  and  Fig.  Ill 
the  whole  standpipe  30  feet  high  and  a  larger  size, 
encased  to  prevent  freezing.  I  may  add  that  I  have 
never  found  the  slightest  difference  in  the  amount  of 
ozone  required  for  purification  of  water  in  winter  and 
that  needed  in  summer.  A  one  foot  diameter  stand- 
pipe,  the  size  of  the  glass  one,  takes  care  of  up  to  30 
cubic  meters  of  water  per  hour,  i.  e.,  about  8,000  gal- 
lons. I  have  dealt  with  this  apparatus  at  length  be- 
cause it  has  given  absolute  satisfaction  in  all  cases  and 
because  it  is  well  adapted  for  various  applications. 

The  problem  of  taking  iron  in  solution  out  of  water 
is  one  that  often  presents  itself  on  the  other  side  of  the 
ocean;  it  can  be  carried  out  successfully  by  the  use  of 
air  in  an  apparatus  similar  to  the  one  just  described; 
as  shown  by  actual  practice,  the  height  need  not  be 
over  10  or  12  feet.  A  more  difficult  problem  is  to  get 
rid  of  organic  ferric  compounds.  This  can  be  done  in 
the  same  apparatus  by  use  of  ozone,  the  precipitated 
hydroxide  of  iron  being  removed  by  any  of  the  well 
known  methods. 

It  is  quite  remarkable  that  ozone,  as  a  gas,  actually 
burns  up  most  of  the  organic  matter  in  solution  in 
water  and  also  converts  the  ferric  compounds  to  ferric 
hydroxide.  As  an  additional  advantage  of  the  use 
of  ozone  for  the  purification  of  water  may  be  mentioned 
the  fact  that  any  discoloration,  odor  or  abnormal  taste 
is  removed  so  that  the  result  of  efficient  ozone  treatment 
is  a  water  perfectly  clear,  pure,  colorless  and  perfect 
from  a  bacteriological  standpoint.  Modern  science 
does  not  require  a  water  to  be  perfectly  sterile  when  it 
has  to  be  used  for  drinking.  It  is  important  to  note 
that  the  dangerous  pathogenic  bacteria,  morfe  especially 
the  typhoid  bacillus  and  the  cholera  vibrio,  have  very 
little  resistance  and  yield  first  of  all  to  the  action  of 
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ozone.  What  may  be  left  after  treatment  are  such 
absolutely  harmless  species  as  the  b.  subtilis  or  the  b. 
mesentericus  and  insomecasesspores.  Fortunately  water 
does  not  carry  any  pathogenic  spore-forming  bacteria. 

USE    OF    OZONE    IN    THE    INDUSTRIAL    ARTS 

This  subject  is  not  so  simple  or  so  well  investigated 
as  the  former.  There  have  been  various  trials  of  ozone 
in  different  branches  of  chemistry,  but  a  good  many 
failed,  probably  because  the  experiments  were  not 
interpreted  in  the  right  way,  probably  through  ig- 
norance of  how  to  apply  the  new  agent,  perhaps  also 
in  some  cases  because  there  was  no  real  opportunity 
for  ozone  to  supplant  the  old  agent.  Certainly  the 
fact  that  ozone  is  too  expensive  has  been  a  reason  for 
non-trial  or  non-success,  but  practically  the  whole 
field  lies  open.     Aside  from  some  few  isolated  or  un- 


'  Fig.  II  Fig.  IU 

known  instances,  ozone  has  not  yet  entered  the  field 
of  chemical  industry,  but  it  may  do  so  at  any  moment. 
Its  use  for  bleaching  purposes  suggests  itself  first. 
It  has  to  compete  now  with  that  very  cheap  and  effi- 
cient agent,  chlorine,  either  as  a  gas  or  in  the  form  of 
hypochlorites  of  calcium,  sodium  or  magnesium.  This 
competition,  solely  a  question  of  price  per  pound,  is 
at  present  decidedly  in  favor  of  chlorine.  Whether 
or  not  we  shall  be  able  to  improve  our  present  method 
of  making  ozone  so  as  to  increase  the  yield  per  kilowatt 
hour  is  now  an  open  question.  The  theoretical  yield 
is  over  a  thousand  grams  and  we  are  getting  no  more 
than  10  grams  under  the  most  favorable  circumstances; 
hence,  there  must  be  a  vast  improvement  before  ozone 
can  exceed  any  other  bleaching  agent  in  value.  For 
the  present  we  must  accept  the  cost  of  ozone  as  it  is — 
about  20  cents  a  pound.  However,  one  must  bear  in 
mind  that  it  takes  two  atoms  of  chlorine  to  give  one 


atom  of  oxygen.  If  my  opinion  is  correct,  and  the 
ozone  furnishes  three  active  atoms,  then  48  grams  of 
ozone  give  us  48  grams  of  O  atoms,  whereas  it  takes  70  of 
chlorine  to  yield  16  grams  of  O  atoms;  this  would  be  an 
advantage  of  nearly  s  to  i  for  ozone,  which  would  have 
to  be  divided  by  three  if  we  must  use  48  grams  of  ozone 
to  yield  only  16  grams  of  0  atoms. 

The  advantage  of  chlorine  over  ozone  however  is 
evidently  not  its  direct  price,  but  the  fact  that  for  the 
making  of  ozone  much  electrical  apparatus  is  required, 
whereas  chlorine  as  hypochlorites  can  be  bought  in 
bottles  or  in  barrels.  Ozone,  however,  wins  if  we  do 
not  look  solely  at  direct  cost  price,  but  also  at  quality 
of  product.  I  have  been  treating  paper  pulp  with 
ozone.  The  result  was  excellent  in  so  far  as  concerns 
the  maintenance  of  fiber,  the  ozone  bleached  showing  a 
length  of  fiber  of  several  times  that  of  the  chlorine 
bleached,  but  one  should  be  very  careful  not  to  use 
a  high  ozone  concentration,  because  strong  ozone  will 
destroy  fiber  just  as  does  chlorine;  the  secret  here  lies 
in  the  proper  application  of  a  weak  ozone.  The  bleach- 
ing of  cotton  fabric  is  even  more  delicate  and  the  rule 
must  be  "Do  not  hurry."  Beeswax  is  an  article  that 
is  fairly  high  priced,  and  its  price  is  considerably 
higher  when  white.  The  bleaching  has  been  carried 
out  with  success  but  a  high  concentration  of  ozone  is 
necessary  and  a  long  treatment  must  be  used  because 
there  is  much  organic  matter  to  be  removed.  The 
bleaching  of  sugar  molasses  solution  on  the  other  hand 
is  very  easy,  but  the  sugar  is  inverted  which  bars  this 
use  of  ozone.  Its  use  for  bleaching  glue  is  also  easy, 
but  it  deprives  the  glue  of  its  sticking  properties. 

More  success  is  to  be  expected  from  the  use  of  ozone 
in  the  oil  industries.  Cottonseed  oil  when  ozonized 
has  lost  its  peculiar  taste  and  smell,  but  a  large  amount 
of  ozone  must  be  used  to  get  this  result.  Sandal  wood 
oil  responds  more  readily  to  treatment  and  can  be 
deprived  of  its  taste  and  bleached  also. 

The  manufacture  of  white  or  rather  colorless  egg- 
white  from  blood  is  not  so  easy  but  I  have  been  success- 
ful to  a  certain  extent  in  this  line.  The  bleaching  of 
flour  is  not  at  all  successful,  probably  because  it  has 
to  be  done  in  a  dry  state.  The  flour  retains  a  peculiar 
and  disagreeable  taste  after  treatment.  The  manu-. 
facture  of  varnish  from  linseed  oil  is  a  promising  propo- 
sition, since  the  resulting  varnish  is  of  remarkable  trans- 
parency because  the  oil  has  not  been  subjected  to  any 
high  temperature.  It  may  be  that  under  favorable 
circumstances  the  drying  of  the  oil,  say  for  the  manu- 
facture of  linoleums,  may  be  advantageously  done  by 
means  of  ozone — the  advantage  in  this  case  being  a 
considerable  shortening  of  time  of  the  process. 

The  future  of  ozone  is  brighter  than  ever,  but  we 
must  not  exaggerate  its  importance.  If  we  claimed  to 
be  able  to  sterilize  milk  or  butter  by  it  we  would  be 
making  false  statements.  Neither  do  I  believe  in  its 
value  for  aging  wines.  The  flavor  of  wine  is  of  such  a 
delicate  nature  and  the  liability  of  its  alcohol  to  acidify 
is  so  great  that  one  cannot  expect  any  beneficial  effect 
in  this  line;  we  all  know  that  even  ordinary  oxygen  will 
spoil  good  wine  in  a  couple  of  hours.  What  then  can 
be   expected  of  ozone?     There  are  perhaps  hundreds 
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of  possibilities  for  ozone,  but  I  do  not  wish  to  speak 
of  any  with  which  I  have  had  no  personal  experience. 
All  my  statements  come  from  my  own  experience  and 
are  thus  perhaps  a  bit  one-sided,  perhaps  too  enthu- 
siastic, but  that  is  the  inevitable  result  of  15  years' 
work. 

PURIFICATION    or   AIR   FOR    VENTILATING   PURPOSES 

I  wish  particularly  to  call  attention  to  the  fact  that 
I  do  not  speak  here  of  sterilization  of  air,  but  of  puri- 
fication. Dry  ozone  has  no  action  whatever  on  dry 
air  with  its  millions  and  millions  of  particles  of  dry  dust. 
As  a  means  of  disinfecting  a  sickroom,  ozone,  even  in 
strong  concentration  and  moist,  is  not  sensible.  Be- 
sides bacteria  clinging  to  the  particles  of  dust,  there 
are  other  sources  of  contamination.  We  must  consider 
also  volatile  products  of  respiration,  perspiration  and 
other  gaseous  products. 

What  renders  a  crowded  room  disagreeable  is  not 
the  carbon  dioxide  of  the  air  nor  lack  of  sufficient 
oxygen,  but  the  odor  due  to  the  above  named  pollu- 
tions. 

Even  in  a  non-ventilated  room  there  is  plenty  of 
oxygen  for  a  long  time  for  many  people.  Each  breath 
takes  but  a  trifiing  part  out  of  the  available  total  and 
what  makes  us  feel  uncomfortable  is  not  the  lack  of 
anything  but  the  excess  of  bad  odors  of  organic  origin. 
Now  ozone  is  an  extraordinarily  powerful  oxidizing 
agent  and  it  will  take  care  of  these  disagreeable  odors, 
harmful  not  in  the  direct  sense  of  the  word  but  indi- 
rectly because  one  is  liable  not  to  breathe  freely  and 
deeply  in  an  atmosphere  that  has  a  nasty  odor. 

Some  people  think  that  ozone  only  masks  odors,  but 
it  is  not  very  probable  that  a  strong  oxidizing  agent 
like  ozone  would  suddenly  lose  its  power,  and  even 
if  it  should,  the  mere  masking  would  be  an  advan- 
tage. 

Dr.  Franklin,  in  order  to  settle  the  question  of 
masking  vs.  oxidation,  has  been  carrying  out  some  very 
interesting  and  conclusive  experiments  to  which  we 
can  only  refer. ^  His  conclusions  are  absolute  and  con- 
vincing in  favor  of  oxidation. 

Of  course,  remembering  the  extremely  powerful 
action  of  ozone  and  thinking  also  of  the  delicate  character 
of  our  mucous  membranes,  it  is  an  absolute  necessity 
that  the  concentration  of  the  ozone  shall  be  an  exceed- 
ingly low  one — certainly  not  over  one  in  a  million 
parts  of  air  and  preferably  something  like  one  in  ten 
million  parts  of  air  when  intended  for  continuous 
breathing. 

The  question  of  purification  of  air  with  ozone  is  two- 
sided  anyhow:  (i)  There  is  the  purification  of  foul 
air  and  revivifying  it  by  ozone;  (2)  there  is  the  question 
of  ozone  as  a  therapeutic  agent,  e.  g.,  in  cases  of  phthisis 
in  its  first  stages,  anemia,  or  obesity.  I  am  not  com- 
petent to  give  any  statements  regarding  these  diseases, 
but  knowing  that  the  inhalation  of  ozone  in  a  very  weak 
concentration  actually  docs  increase  the  percentage 
of  oxyhaemoglobin  in  the  blood,  I  believe  that  this  fact, 
easy  to  control,  should  be  sufficient  to  point  to  the 

'  "Ozone  in  Ventilation,"  Healing  and  Ventilation,  10,   Pt.  1,  30-35  and 


possibility  of  a  beneficial  effect.  Even  the  chance  of 
a  possibility  of  doing  something  against  tuberculosis 
should  be  an  inducement  for  medical  men  to  try  so 
simple  a  treatment  as  ozone  inhalation.  As  to  the 
other  side  of  the  question,  one  should  not  lose  sight 
of  the  influence  of  psychological  conditions  on  physio- 
logical functions.  We  feel  better  in  a  room  when  there 
is  no  smell  and  to  obtain  that  result  we  must  ventilate 
to  an  extent  far  beyond  the  necessary  replenishment  of 
used  up  oxygen.  What  we  really  use  ventilation  for 
is  to  sweep  out  odors  by  large  volumes  of  fresh  air  and 
if  we  can  use  ozone  for  that  purpose  we  shall  need  far 
less  fresh  air  for  replenishment;  this  in  winter  means 
less  expensive  heating. 

The  problem  of  ventilation,  however,  is  not  such  a 
simple  one,  as  everybody  who  has  to  provide  for  doing 
it  efficiently  knows  by  experience.  Sweeping  out  the 
used  air  has  to  be  done  by  a  large  volume  of  new  air 
which  generally  means  a  draft  and  usually  the  result 
is  less  efficient  ventilation  in  order  to  avoid  excessive 
drafts.  If  we  try  to  express  in  grams  the  quantity  of 
organic  volatile  matter  present  in  a  crowded  space, 
we  realize  its  smallness.  In  fact  it  sometimes  does  not 
amount  to  milligrams  which  explains  thefact  that  ozone, 
one  part  in  a  million,  is  quite  strong  enough  to  take  care 
of  the  destruction.  We  need  no  more  than  milligrams 
of  ozone  to  do  the  work  and  it  is  a  pity  that  unloyal 
objections  to  its  use  have  been  made,  for  in  ozone  we 
have  a  means  of  very  cheap  and  efficient  ventilation, 
since  a  hundred-watt  apparatus  will  take  care  of  the 
health  of  a  large  number  of  people.  -We  may  well 
remind  the  reader  of  the  familiar  example  generally 
cited  in  text  books  on  physics  to  illustrate  the  sensi- 
tiveness of  our  olfactory  nerves.  Asafoetida  can  be 
detected  by  its  odor  when  present  to  the  extent  of  one 
part  in  a  thousand  million  million;  this  is  an  extreme 
case,  but  it  is  well  known  that  it  takes  but  very  little 
of  an  odorous  gaseous  substance  to  be  perceptible.  In 
fact  ozone  itself  is  a  good  example  since  one  part  in 
ten  million  of  air  can  be  very  easily  noticed. 

As  to  the  amount  of  ozone  required  to  purify  the 
air  in  a  room,  it  is  safe  to  say  that  you  should  hardly 
perceive  it.  If  there  is  a  marked  odor  of  ozone  it 
proves  that  there  is  too  much  of  it.  It  would  do  no 
harm,  but  some  do  not  like  it  and  from  the  business 
man's  point  of  view,  it  is  a  wiser  policy  not  to  overdose 
the  quantity,  and  thereby  avoid  complaints.  Some 
people  think  ozone  will  never  be  used  as  a  therapeutic 
because  all  of  it  is  destroyed  long  before  it  has  reached 
our  lungs.  I  do  not  share  that  opinion  for  my  personal 
experience  goes  to  show  that  there  actually  is  an  in- 
crease in  the  oxyhaemoglobin  percentage  and  that  can 
be  the  case  only  when  the  ozone  is  not  entirely  absorbed 
by  the  mucous  membranes  that  it  passes  on  its  way  to 
the  lungs. 

In  conclusion  I  wish  to  state  that  the  actual  appli- 
cations of  ozone  are  few,  but  the  possible  applications 
are  numerous.  Ozone  can  be  had  now  in  any  quantity 
and  quality  and  for  a  price  that  in  many  cases  is  less 
than  that  of  other  oxidizing  agents. 
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Bingham  and  White^  have  already  published  a 
description  of  a  viscometer  with  which  absolute  vis- 
cosities can  be  measured  with  very  great  certainty. 
This  form  of  apparatus  is  easily  made,  but  since  the 
dimensions  of  the  apparatus  must  be  accurately  known 
for  absolute  measurements,  the  time  consumed  in 
the  calibration  is  considerable.  So  for  general  pur- 
poses it  is  preferable  to  calculate  the  absolute  viscosities 
from  measurements  which  are  only  relative.  By  this 
procedure  not  only  is  the  calibration  simplified  but 
the  apparatus  itself  may  be  made  simpler  and  less 
delicate  to  handle. 

It  will  be  urged  that  viscometers  in  great  number 
have  already  been  devised  for  relative  measurements. 
Why  another  one?  The  answer  is  that  relative  meas- 
urements are  comparatively  valueless  unless  the  re- 
sults can  be  calculated  to  absolute  units.  It  has  been 
supposed  that  the  relative  measurements  obtained 
by  the  use  of  instruments  of  the  Ostwald  type  might 
be  calculated  to  absolute  units  without  difficulty. 
This  is  not  generally  true  and  the  reason  is  not  far  to 
seek.  In  the  viscosity  formula  for  calculating  ab- 
solute viscosities^ 

'!}_  _  si 

Vo  Soto 
which  seems  to  be  almost  universally  used,  no  account 
is  made  of  the  loss  of  the  kinetic  energy  of  the  liquid 
within  the  capillary,  this  energy  disappearing  outside 
of  the  capillary  without  helping  to  overcome  viscous 
resistance  within  the  capillary.  Furthermore,  it  can 
be  shown''  that  this  correction  does  not  come  into  the 
calculation  in  such  a  way  that  it  may  be  made  to  dis- 
appear. Viscometers  of  the  ordinary  type  are  de- 
ficient because  the  pressure  producing  the  flow  through 
the  capillary  is  not  variable  at  will.  The  result  is 
that  with  very  fluid  substances  the  kinetic  energy 
correction  becomes  large  unavoidably,  and  with  rather 
viscous  substances  the  time  of  flow  becomes  intolerably 
long,  necessitating  the  use  of  several  instruments. 
With  a  very  long  period  of  flow  the  difficulties  due 
to  clogging  with  dust  particles  become  very  great. 
Applebey^  had  shown  that  with  varying  pressures, 
the  values  of  st  in  the  above  formula,  for  a  particular 
liquid,  are  only  constant  when  the  time  of  flow  is 
rather  great — for  his  particular  instrument  of  the 
Ostwald  type,  at  least  six  minutes.  But  with  such 
sluggish  flow  he  found  that  "in  spite  of  all  precautions, 
the  tubes  frequently  became  contaminated  with  dust." 
The  necessity  of  the  knowledge  of  the  exact  specific 
gravity  of  the  liquid  at  each  temperatui-e  where  a 
viscosity  measurement    is    desired    lessens    the  conve- 

'  Twentieth  communication  bearing  on  this  subject.  Cf.  Physical 
Kcci.w,  36  (1912),  407.  Ibid.,  N.  S.  36  (1913).  96;  Z.  physik.  Chem.,  83 
(1913),  641;  J.  Chem.  Soc.  103  (1913),  959;  J.  Physical  Chem.,  Feb.  (1914). 

'  Z.  physik.  Chem.,  80  (1912),  670. 

'  »70,  sa,  and  (0  represent  the  viscosity,  density  and  time  of  efflux  of  the 
liquid  which  is  taken  as  standard:  r/,  s,  and  t  are  the  corresponding  quanti- 
ties for  the  liquid  to  be  measiu-ed. 

*  J.  Chem.  Soc,  103  (1913),  959. 

'  Ibid.,  97  (1910).  2000. 


nience  of  this  type  of  instrument.  Both  the  unrelia- 
bility and  the  inconvenience  of  these  instruments  may 
be  avoided  by  using  variable  pressure. 

THE  PROPER  DIMENSIONS  OF  AN  APPARATUS  FOR  MEASUR- 
ING   VISCOSITY 

The  question  of  the  proper  dimensions  of  the 
apparatus  should  merit  more  attention  than  is  usually 
given  to  this  subject.  A  study  of  the  best  viscosity 
data  leads  one  to  believe  that  an  accuracy  of  one-tenth 
of  one  per  cent  can  readily  be  attained.  If  one  desires 
values  with  a  smaller  limit  of  error  than  one-tenth 
of  one  per  cent  he  should  undoubtedly  make  absolute 
and  not  relative  measurements.  There  does  not  ex- 
ist the  necessary  experimental  data  for  standardizing 
and  testing  a  relative  instrument  for  such  a  high 
degree  of  precision.  We,  therefore,  assume  that  a 
relative  instrument  may  be  depended  upon  only  to 
one-tenth  of  one  per  cent  and  that  until  our  data  are 
amplified,  the  absolute  method  must  be  used  for  meas- 
urements of  higher  precision. 

With  a  stop-watch  reading  to  0.2  sec.  the  time  of 
flow  may  be  made  as  small  as  200  sec.  The  volume 
of    flow    should    be    small    for    the    following    reasons: 

(1)  The  velocity  of  the  liquid  within  the  capillary 
should  be  low  in  order  that  the  kinetic  energy  correc- 
tion may  be  kept  from  becoming  inconveniently  large. 

(2)  The  time  of  flow  should  be  small  in  order  to  econo- 
mize time,  and  in  order  that  the  temperature  may  be 
the  more  easily  kept  constant  during  the  time  of  flow. 

(3)  Small  masses  of  liquid  come  to  the  temperature  of 
the  bath  more  quickly.  (4)  There  is  also  an  economy 
of  material.  The  minimum  volume  of  flow  is  de- 
termined by  our  ability  to  read  the  volume  with  the 
desired  accuracy.  This  in  turn  is  determined  by 
the  diameter  of  the  constricted  portions  of  the  apparatus 
above  and  below  the  measured  volume.  If,  however, 
the  constricted  parts  have  very  small  bore,  the  effect 
of  capillary  action  becomes  disturbing.  In  particular, 
very  viscous  liquids  do  not  drain  out  of  the  capillary, 
a  meniscus  is  formed  bridging  across  the  capillary  and 
a  pressure  is  set  up  opposed  to  that  causing  the  flow 
and  the  results  of  the  measurement  are  then  quite 
valueless.  The  troubles  due  to  bad  drainage  may  be 
minimized  by  having  the  drainage  surfaces  everywhere 
as  nearly  vertical  as  possible.  In  other  words  the 
change  from  the  constricted  tube  to  the  tube  of  larger 
diameter  should  be  made  gradually.  A  constricted 
part  with  a  bore  of  0.25  cm.  would  have  a  volume  of 
nearly  0.05  cc.  per  centimeter  of  length.  Assuming 
that  as  the  meniscus  passes  the  marks,  it  can  be  read 
to  o.oi  cm.  it  is  only  necessary  to  have  a  volume  of 
0.5  cc.  but  in  order  to  provide  a  margin  of  safety  in 
the  construction  and  use  of  the  apparatus,  we  have 
chosen  3  cc.  as  the  volume  of  flow. 

Testing  for  any  error  due  to  faulty  drainage  is  easily 
accomplished.  It  is  only  necessary  to  test  the  flow 
of  the  most  viscous  liquid  to  be  measured,  using  very 
different  rates  of  transpiration.  Lack  of  perfect  drain- 
age will  show  itself  by  the  substance  appearing  to  be 
more  viscous  at  the  lower  rate  of  flow.  Generally 
the    more    viscous    liquids    must    be    allowed    to    flow 
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slowly  enough  so  that  the  drainage  will  be  complete. 
In  the  test  here  given,  the  drainage  may  conceivably 
appear  to  be  perfect  or  even  ultra-perfect.  But  this 
can  be  the  case  only  when  the  flow  begins  with  the 
meniscus  of  the  liquid  considerably  above  the  upper 
mark,  in  which  case  the  transpiration  volume  will 
be  increased  by  a  certain  amount  caused  by  drainage 
from  the  surfaces  above  the  mark.  This  gain  in 
volume  will  tend  to  offset  the  loss  of' a  part  of  the 
transpiration  volume  which  fails  to  pass  through  the 
capillary  during  the  determination.  Hence,  it  is 
highly  advantageous  to  have  the  shape  of  the  apparatus 
above  the  upper  mark  similar  to  that  above  the  lower 
mark  so  that  these  efl'ects  may  as  nearly  neutralize 
each  other  as  possible. 

The  ends  of  the  capillary  are  made  trumpet-shaped 
in  order  to  aid  the  drainage  by  avoiding  horizontal 
surfaces  and  also  in  order  to  avoid  the  sharp  corners 
on  which  filter  shreds  might  get  hung,  causing  clogging. 

In  making  absolute  measurements,  it  is  customary 
to  use  a  horizontal  capillary.  The  theory  for  an 
inclined  capillary  is  somewhat  more  complicated, 
but  for  relative  measurements  there  appears  to  the 
author  no  reason  against  its  use.  There  are  some 
important  advantages  to  be  gained  by  the  use  of  a 
vertical  capillary.  In  the  first  place  it  is  desirable 
to  use  a  long  capillary  in  order  that  the  radius  of  the 
capillary  may  be  relatively  large  and  the  kinetic 
energy  correction  relatively  small  and  that  any  possi- 
ble effects  of  the  ends  of  the  capillary  may  be  negli- 
gible. Thus  only  with  a  vertical  capillary  may  the 
limbs  be  kept  close  together,  so  that  any  small  error 
in  keeping  the  limbs  exactly  vertical  will  not  so  seri- 
ously affect  the  hydrostatic  level  in  the  instrument. 
Furthermore,  the  apparatus  may  be  made  stronger 
and  more  convenient  to  handle,  and  a  smaller  bath 
is  required  to  hold  it.  It  is  not  desirable  to  use  a 
bent  capillary,  not  only  because  of  the  unknown  effect 
of  the  centrifugal  forces  but  because  of  the  danger  of 
constrictions  in  the  capillary  at  the  bend.  Since  the 
velocity  of  flow  varies  as  the  fourth  power  of  the  radius, 
it  will  be  greatly  increased  by  a  small  constriction, 
and  eddy  currents  will  be  formed  at  a  relatively  low 
rate  of  transpiration.  The  kinetic  energy  correction 
will  also  be  correspondingly  increased.  Eddy  currents 
cannot  be  tolerated  even  in  a  relative  instrument  and 
the  kinetic  energy  correction  should-  be  kept  low. 

The  pressure  should  be  variable  at  will  so  that  the 
time  of  flow  may  be  kept  reasonably  constant.  There 
need  be  no  upper  limit  to  the  pressure,  since  liquids 
are  practically  incompressible.  A  pressure  of  50 
grams  per  sq.  cm.  can  easily  be  read  to  o.i  per  cent 
on  a  water  manometer,  hence  this  may  be  taken  as 
the  lower  limit. 

As  already  pointed  out,  a  long  capillary  is  desirable, 
but  since  it  is  difficult  to  get  a  capillary  of  an  exactly 
specified  bore,  it  is  best  to  pick  a  capillary  of  approxi- 
mately the  desired  radius  and  then  to  cut  the  length 
to  fit  the  other  dimensions.  Assuming  that  20  cm. 
is  a  convenient  length.  Fig.  i  is  given  to  show  just 
what  lengths  should  be  taken  from  capillaries  of  differ- 
ent radius,  the  values  being  calculated  by  means  of 


equation  (i),  using  the  above  dimensions  /  =  200  sec, 
P  —  S°  grams  per  sq.  cm.,  and  V  =  3.0  cc.  on  the  as- 
sumption that  the  highest  fluidity  to  be  measured 
is  500.  There  is  no  object  in  following  the  current 
custom  of  using  a  variety  of  viscometers  in  measuring 
liquids  of  considerably  different  fluidity.  All  that  is 
necessary  is  to  have  a  sufficient  range  of  pressures  at 
one's  disposal.  Of  course,  if  one  is  not  going  to  meas- 
ure the  viscosity  of  very  fluid  substances  like  ether 
fc»n. 
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Lengths  required   from   a  capillary  of     given    radius,     assuming    the 

minimum  values  o     (=200,    p  =  50,    and  V=i.    (A),    when    the    maximum 

auidity  to  be  measured  is  500.  and  (B),  when  the  maxim'um  fluidity  to  be 
measured  is  only  125. 

and  hexane  it  may  be  best  to  construct  an  instrument 
which  will  require  lower  pressures,  near  the  minimum 
of  50  grams  given  above,  but  this  is  purely  a  matter 
of  convenience.  In  curve  B  of  Fig.  i  we  give  the 
lengths  required  with  capillaries  of  different  radii 
on  the  assumption  that  the  highest  fluidity  to  be 
measured  will  be  only  125  absolute  units. 

THE  CONSTRUCTION  OF  THE  APPARATUS 

The  appearance  of  the  viscometer  is  shown  in  Fig.  2 
as  drawn  to  scale.  The  capillary  is  made  in  two  parts 
EF  and  GH,  from  non-soluble  glass.  The  transpira- 
tion volume  is  contained  between  the  two  marks  B 
and  D.  In  constructing  the  apparatus  it  is  very 
important  that  the  volume  of  C  should  be  similar  in 
shape,  equal  in  volume  to  the  volume  K,  and  moreover, 
it  is  important  that  their  centers  of  mass  be  as  nearly 
as  possible  at  the  same  elevation.  This  is  done  in 
order  that  the  average  resultant  hydrostatic  head  of 
liquid  within  the  instrument  during  the  time  of  flow 
may  be  as  nearly  negligible  as  possible.  It  is  also 
important  that  the  volume  AB  should  be  equal  to 
the  volume  HJ.  As  the  viscometer  is  made  of  thin 
glass  in  order  to  facilitate  the  passage  of  heat  a  brace 
is  put  in  between  the  right  and  left  limbs  of  the  instru- 
ment in  order  to  strengthen  it.  This  viscometer  may 
be  obtained  from  Eimer  and  Amend  of  New  York. 

A  diagrammatic  arrangement  of  the  apparatus  is 
shown  in  Fig.  3.  The  viscometer  V  is  shown  in  a 
bath  which  also  contains  a  thermometer,  stirrer, 
etc.  At  M  and  N  are  two  three-way  cocks  for 
connecting  one  limb  of  the  viscometer  to  the  pressure 
while  the  other  is  turned  to  air.  After  a  measurement, 
the  position  of  the  cocks  is  reversed  and  a  duplicate 
observation  is  made  or  both  cocks  may  be  turned 
to  air.     A  drying  device  is  shown  at  D,  and  a  reser 
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voir  for  keeping  the  pressure  constant  is  indicated  at 
A.  For  this  purpose  a  large  glass  bottle' will  serve, 
but  particularly  for  the  hi:^her  pressures  an  ordinary 
gas  tank,  wrapped  in  felt  to  keep  the  temperature 
steady,  is  convenient.  The  manometer  E  is  conve- 
niently filled  with  water  but  at  the 
higher  pressures  mercury  is  required. 
It  is  best,  therefore,  to  have  two 
manometers,  either  of  which  may  be 
connected  to  the  pressure  at  will, 
but  only  one  is  shown  in  the  figure. 
It  has  been  found  most  convenient 
to  read  the  manometer  on  a  steel 
tape  supported  vertically  against  a 
strip  of  plate  glass  mirror.  By 
bending  both  limbs  of  the  manom- 
eter in  such  a  way  that  the  upper 
half  of  the  right  limb  is  directly 
'above  the  lower  half  of  the  left  and 
closed  limb  only  one  tape  is  required 
and  the  measurement  is  thus  sim- 
plified. The  upper  part  of  the  closed 
limb  is  prolonged  upward  so  that  all 
danger  is  obviated  of  the  liquid  in  the 
manometer  being  drawn  back  into  A 
or  D  when  the  pressure  is  removed. 
As  shown  in  the  figure,  the  pressure 
is  obtained  from  a  tank  of  com- 
pressed gas,  B,  but  it  may  be  ob- 
tained by  means  of  an  aspirator,  a 
hand  pump,  or  by  means  of  a  head 
of  water.  Generally  it  is  necessary 
to  have  a  check-valve,  F,  to  hold 
the  pressure  once  obtained.  The 
right  limb  consists  of  tubing  of  very 
small  diameter  while  the  left  limb  is 
W^  JJ  6  of  large  diameter.  A  little  mercury  at 
^«— ^  '^  the  bottom  allows  the  easy  passage  of 
air  to  the  left  but  not  toward  the  right. 
In  making  viscosity  measurements 
by  the  variable  pressure  method,  it  is  neither  necessary 
nor  desirable  to  have  every  possible  pressure  at  one's 
disposal..  It  is  better  to  have  only  a  few  considerably 
differing  pressures.  It  is  desirable,  therefore  to  have 
a  device  for  giving  constant  pressures  at  the  desired 
intervals.  Such  an  arrangement  is  shown  at  G.  The 
right  limb  is  of  large  bore  and  contains  a  liquid  through 
which  the  excess  of  gas  rises  in  a  fine  stream.  Other 
smaller  pressures  are  obtained  by  allowing  the  gas 
to   pass   through  the  cocks  /,  2,  or  3. 

It  is  often  desired  to  measure  the  viscosity  of  a 
liquid  above  its  ordinary  boiling  point  in  which  case 
the  cocks  M  and  N  must  not  open  to  air  at  P  but, 
together  with  the  open  end  of  the  manometer,  they 
must  lead  to  a  low  pressure  reservoir,  C.  The  air 
in  this  reservoir  is  maintained  at  a  constant  pressure 
by  means  of  the  second  pressure  regulator  H  like 
that  at  G. 

The  dotted  part  of  the  apparatus  is  not  essential 
to  the  manipulation  under  ordinary  conditions.  All 
of  the  parts  except  the  viscometer  and  the  manometer 
may  be  made  of  metal  so  as  to  withstand  high  pres- 


Fig-.Zj 


sures,   but   glass  tubing   with   rubber  connections   will 
serve  for  ordinary  conditions. 

If  one  is  working  at  other  than  atmospheric  pres- 
sure, it  is  unnecessary  to  add  that  another  manometer 
is  essential  if  the  pressure  within  the  reservoir  C  must 
be  exactly  known. 

THE    MAKING    OF    A    VISCOSITY    MEASUREMENT 

After  thorough  cleaning,  the  apparatus  is  rinsed 
out  with  pure,  dust-free  water.  If  other  liquids 
than  water  are  to  be  introduced,  dust-  and  grease-free 
alcohol  and  ether,  and  dry  air  which  has  been  passed 
through  cotton  may  be  used  for  drying.  The  liquids 
may  be  regarded  as  satisfactory  when  dust  particles 
cannot  be  seen  when  carefully  examined  in  the  direct 
rays  of  the  sun. 

The  apparatus  is  then  partially  filled  with  the  pure 
liquid   to    be    measured,    the   liquid    being    introduced 


into  the  right  limb.  Pressure  is  now  applied  to  the 
right  limb  and  as  the  liquid  passes  into  the  left  limb 
care  is  taken  that  no  bubbles  remain  in  the  apparatus. 
Finally  the  liquid  runs  over  into  the  trap  at  A .  Making 
sure  that  the  temperature  is  adjusted  properly,  the 
liquid  is  allowed  to  run  into  the  trap  until  the  lower 
meniscus  reaches  exactly  to  the  point  H,  when  the 
pressure  is  removed,  the  cock  N  being  turned  to  air. 
If  much  liquid  is  in  the  trap  it  may  be  removed. 
The  remaining  liquid  in  the  apparatus  is  the  "working 
volume,"  so-called  by  Thorpe  and  Rodger.'  Keeping 
the  temperature  constant,  the  left  limb  is  now  turned 
to  pressure   and  while  the   meniscus  fall'j  from   .4    to 

>  Phil.  Trans.,  185A  (1894).  397. 
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B  the  pressure  and  temperature  of  the  manometer 
are  read.  As  the  meniscus  reaches  the  point  B  the 
time  record  is  begun  and  closed  when  the  meniscus 
reaches  the  point  D.  .  The  pressure  and  temperature 
are  again  read  after  which  the  left  limb  is  immedi- 
ately turned  to  air,  before  the  point  E  is  reached. 
The  liquid  is,  now  in  exactly  the  position  for  a  dupli- 
cate reading  in  the  reverse  direction.  On  account  of 
the  change  in  volume  on  heating,  it  is  necessary  to 
adjust  the  working  volume  after  each  elevation  of 
temperature. 

It  is  evident  that  the  duplicating  observations  in 
reverse  directions  will  not  be  identical  even  if  the 
pressure  as  read  on  the  manometer  is  the  same,  unless 
the  effective  hydrostatic  head  within  the  instrument 
is  equal  to  zero.  In  constructing  the  instrument  it 
was  intended  to  make  this  as  small  as  possible,  and 
by  making  a  series  of  observations  with  a  liquid  of 
known  specific  gravity  at  constant  pressure  and  tem- 
perature, it  is  easily  possible  as  shown  later  to  cal- 
culate the  correction  for  any  failure  in  the  construction. 

Naturally  water  is  the  liquid  which  one  would  se- 
lect for  the  purposes  of  calibration.  The  viscosity 
of  water  is  better  known  than  that  of  any  other  liquid 
and  for  convenience  the  values  obtained  by  several 
observers  for  the  fluidity  of  water  have  been  grouped 
together   in    Table    I.     It   is   important   to   emphasize 

Table  I — The  Fluidity  of  Water  at  Various  Temperatures  as  Meas- 
ured BY  Different  Observers 


2S 


perature 


0           56.3          56.3  55.3  56.2         55.8  55.9  55.9 

5            66.0          66.2  65.6  66.2           ...  65.6  65.9 

10            76.3          76.9  76.1  76.5          76.4  76.9  76.6 

15             87.3          88.1  87,4  87.9           ...  87.6  87.7 

20            99.2          99.7  99.2  99.8          99.1  99.4  99.4 

25          111.5        111.6  111.6  112.0          ...  111.8  111.7 

30          124.5        124.7  124.5  125.4  124.7  125.0  124.8 

35          138.7        138.3  138.1  138.9          ...  138.3  138.5 

40          153.1        152.2  152.2  153.2  152.2  152.4  152.5 

45          168.1        166.1  166.1  167.4  ...  166.8  166.9 

50            ...          180.8  180.8  182.4  180.8  181.8  181.4 

55            ...             ...  196.1  197.8          ...  196.9  196.9 

60     ...     ...  211.9  213.7  211.9  211.2  2i2.I 

65     ...     ...  228.3  229.5    ...  228.9  228.9 

70            ...             ...  245.1  246.3  245.7  245.4  235.6 

75             ...             ...  261.8  263.5          ...  262.8  262.7 

80            ...             ...  279.3  280.5  279.4  280.1  279.8 

85            ...             ...  296.7  298.3          ...  298.7  297.9 

90            ...             ...  314.5  316.8  316.5  318.2  316.5 

95            ...             ...  332.2  335.0          ...  334.0  333.7 

100            350.9  353.4  350.9  ...  351.7 

a.  Mem.  prlsenl.  pars  divers  Savants  i  Vacademie  Roy.  des  Sciences  de 
Vlnst.  de  France,  9  (1846),  433.     Calculation  by  Thorpe  and  Rodger. 

b.  Fogg.  Ann.,  169  (1876),  1. 

c.  Wied.  Ann.,  20  (1883),  257. 

d.  hoc.  cit. 

e.  Phil.  Mag.,  [6]  S  (1902),  487. 
/.  Loc.  cit. 

here  that  the  testing  of  a  relative  instrument  with 
only  one  liquid  at  a  single  temperature  is  entirely 
unsatisfactory.  Such  a  procedure  allows  all  sorts 
of  errors  to  creep  in  without  any  means  of  detection. 
It  is  best  to  use  several  liquids  and  a  variety  of  tem- 
peratures in  the  calibration  and  testing.     The  fluidity 


of  water  increases  over  500  per  cent  from  0°  to  100°. 
For  very  fiuid  liquids,  ether  and  hexane  are  suggested, 
and  for  very  viscous  liquids  cane  sugar  solutions.' 

Finally,  it  needs  to  be  remarked  that  a  correction 
may  be  required  for  errors  of  thermometer  and  stop- 
watch. Particular  care  needs  to  be  exercised  to  see 
that  the  stop-watch  keeps  uniform  time.  This  can 
be  tested  by  timing  ten-minute  intervals  on  a  chronom- 
eter. Many  stop-watches  fail  in  this  test  and  must 
be  discarded.  Temperatures  must  be  read  to  the 
hundredth  part  of  a  degree. 

THE    CALCULATION    OF    MEASUREMENTS 

The  formula  for  calculating  viscosity  under  the 
above  conditions  of  measurement  is 


r,  = 


TfgrHp       mnp  V 


(i) 


8Vl  Sirtl 

where  t  =  3.1416,  g  is  the  acceleration  due  to  gravi- 
tation, r  is  the  radius  of  the  capillary  in  cm.,  t  the  time 
in  sec,  p  the  pressure  in  grams  per  sq.  cm.,  V  the  vol- 
ume of  flow  in  cc,  /  the  length  of  the  capillary.  The 
second  term  contains  the  correction  for  the  loss  of 
kinetic  energy  and  it  should  always  be  but  a  small 
fraction  of  the  whole,  preferably  less  than  one  per  cent. 
The  number  of  capillaries  is  represented  by  n,  while 
p  is  the  density  of  the  liquid  under  investigation, 
and  w  is  a  constant  equal  to  1.12. 

For  a  given  instrument  the  equation    (i)   becomes 

V  =  Ctp —  C'p/t (2) 

Since  the  second  term  is  of  comparatively  small  im- 
portance, the  value  of  C  =  mnV/&Trl  may  be  obtained 
by  approximate  measurement  with  sufficient  accuracy. 
Knowing  the  values  of  p  and  t  as  well  as  the  density 
and  viscosity  of  the  liquid  used  in  standardization, 
the  value  of  C  may  be  readily  calculated. 

In  obtaining  the  value  of  the  pressure  several  cor- 
rections must  be  made:  (i)  The  pressure  in  the  manom- 
eter must  be  calculated  in  grams  per  sq.  cm.  from 
the  known  height  of  the  liquid  and  the  specific  gravity 
of  the  liquid  at  the  temperature  observed;  (2)  This 
pressure  must  be  corrected  for  the  weight  of  the  air 
displaced  by  the  head  of  liquid  in  the  manometer,  and  if 
the  limbs  of  the  manometer  are  very  unequal  in  bore 
a  capillary  correction  may  be  required;  (3)  Unless 
the  surface  of  the  liquid  in  the  lower  limb  of  the  manom- 
eter is  at  the  same  height  as  the  average  level  of  the 
liquid  in  the  viscometer,  a  correction  must  be  made 
for  the  greater  density  of  this  enclosed  air,  which  is 
under  pressure,  than  of  the  outside  air;  (4)  Finally 
a  correction  must  be  made  for  the  a-verage  resultant 
hydrostatic  head  of  liquid  within  the  viscometer. 
If  the  two  volumes  C  and  K  in  Fig.  2  are  exactly  simi- 
lar in  shape,  equal  in  volume  and  at  the  same  eleva- 
tion when  the  viscometer  is  supported  in  its  vertical 
position,  it  is  evident  that  the  gain  in  head  during 
the  first  half  of  the  flow  will  be  exactly  neutralized 
by  the  loss  in  head  during  the  last  half  of  the  flow. 
Since  this  is  never  exactly  the  case,  a  correction  is 
made  as  follows:  Duplicate  observations  in  reverse 
directions  are  made  upon  a  liquid  of  known  density 
and    viscosity    at    a    constant   pressure    and    tempera- 

'  Cf.  Hosking,  Phil.  Mag.,  [5]  49  (1900).  274. 
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ture.  Let  h  be  the  time  of  transpiration  from  left 
to  right  and  ti  the  corresponding  time  from  right 
to  left.  Let  po  be  the  pressure,  corrected  except  for 
the  average  resultant  head  of  liquid  in  the  viscometer. 
Let  this  head  be  equal  to  x  centimeters  of  liquid  as 
the  liquid  flows  from  left  to  right,  so  that  in  this  case 
the  total  pressure  becomes  equal  to  pa  +  px  but 
when  the  liquid  flows  from  right  to  left  the  pressure 
must  be  po  —  px.  From  equation  (2)  we  obtain  the 
following  equations. 

r)  +  C'p/h 
po  +  px 


Po — px 


CU 
V  +  C'p/k 


jn_      C'p 


=  ^.  + 


whence 


—  [---1 
2Cp\_U        k\ 


+ 


br    tA 


In  obtaining  this  correction  term  it  is  sufficient  to  use 
the  approximate  value  of  C  obtained  by  using  equation 
(2)  with  pa  in  place  of  p.  In  subsequent  calculations 
it  is  necessary  to  know  the  specific  gravity  of  the 
liquid  to  be  measured  in  order  to  make  the  necessary 
pressure  correction  and  also  in  order  to  make  the 
kinetic  energy  correction,  but  it  is  to  be  noted  that 
if  the  construction  of  the  viscometer  and  the  measure- 
ment has  been  properly  done  these  correction  terms 
will  both  be  small;  hence,  the  specific  gravity  need  be 
only  approximately  known,  which  constitutes  a  great 
advantage  of  this  method. 

If  the  viscometer  is  constructed  of  the  same  material 
throughout,  the  coefficient  of  expansion  of  the  material 
need  not  be  taken  into  account,  as  may  be  easily  verified 
by  introducing  the  coefficient  of  expansion  into  the 
dimensions  in  equation  (i).  But  we  cannot  legitimately 
assume  that  the  same  is  true  of  any  changes  in  the 
dimensions  of  the  apparatus  due  to  the  solubility  of 
the  glass.  For  this  reason  the  time  of  flow  of  the 
liquids  used  in  calibration  should  be  redetermined 
occasionally.  However,  so  far  as  is  known  to  the 
author,  the  most  prolonged  use  of  a  given  instrument 
has  never  yet  shown  a  change  in  the  time  of  flow  which 
could  be  attributed  to  this  cause. 

In  conclusion,  we  believe  that  this  viscometer  is 
capable  of  a  higher  degree  of  precision  than  the  forms 
usually  employed  and  that  at  the  same  time  it  is  easily 
made,  convenient  to  use,  and  economical  of  time.  The 
corrections  which  have  been  discussed  are  small  in  this 
type  of  apparatus,  so  that  the  calculation  of  the  viscosity 
by  means  of  equation  (2)  is  simple. 

Richmond  College.  Richmond,  Va. 


MODIFIED  HEMPEL  PIPETTES 

By     R.      r.     .\NDEKSON 

Received   November   7.    1913 

The  chief  objection  to  the  present  form  of  the  Hem- 
pel  pipettes  lies  in  the  fact  that  small  drops  of  the 
reagent  collect  in  the  capillary  while  the  gas  is  in  the 
pipette  and  are  carried  over  into  the  burette  on  the 
return  of  the  gas.  This  causes  no  appreciable  error 
when  water  is  used  as  the  confining  liquid,  but  is  ob- 


jectionable on  account  of  the  unsightly  appearance 
that  it  gives  to  the  burette  and  on  account  of  the  fre- 
quency with  which  the  water  must  be  changed.  How- 
ever, when  mercury  is  used  as  the  confining  liquid  and, 
as  is  usually  the  case,  a  small  amount  of  water  is  placed 
on  its  surface,  contamination  of  this  water  by  the  rea- 
gent will  result  in  a  change  of  the  tension  of  aqueous 
vapor,  and  may  in-  ^ 
fluence  to*a  measura- 


ble   extent    the   vol- 
ume of  the  gas. 

For  example,  let 
it  be  assumed  that 
there  is  o.i  cc.  of 
water  on  the  mercury 
in  the  burette  and 
that  about  0.013  cc. 
of  alkaline  pyrogallol 
is  carried  into  the 
burette  during  the  absorption  of  oxygen.  Since  this 
reagent  contains  at  least  0.8  gram  of  potassium  hy- 
droxide per  cc.  of  solution,  the  resulting  liquid  in  the 
burette  will  be  approximately  a  10  per  cent  solution 
of  potassium  hydroxide.  At  20°  C,  the  vapor  pres- 
sure of  water  is  17.53  mm.,  and  of  a  10  per  cent  solu- 
tion of  potassium  hydroxide,  16.38  mm.  On  the  basis 
of  760  mm.  as  the  total  pressure  of  water  vapor  and 
gas  sample,  the  percentages  of  water  vapor  by  volume 
are,  respectively,  2.31  and  2.16.  At  25°  C,  the  vapor 
pressures  are  23.76  mm.  and  22.19  mm.,  and  the  per- 
centages by  volume,  3.13  and  2.92,  respectively.  There- 
fore the  error  in  volume  caused  by  the  presence  of  this 
amount  of  potassium  hydroxide  in  the  water  would 
be  0.15  per  cent  at  20°  C,  and  0.21  per  cent  at  25°  C. 

The  change  in  the  volume  of  a  gas  sample  that  is 
caused  by  this  contamination  with  reagent  of  the 
water  in  the  burette  depends,  of  course,  upon  the  rea- 
gent in  question  and  upon  the  care  that  is  taken  in  the 
manipulation.  In  the  hands  of  an  experienced  gas 
analyst,  the  error  need  never  be  as  large  as  o.i  per 
cent,  but  oftentimes,  especially  in  student's  work,  it 
becomes  as  large  as  that  of  the  preceding  example. 

In  attempting  to  modify  the  pipettes  so  that  the 
reagents  would  be  largely  retained  in  them  during  the 
return  passage  of  the  gas,  an  enlargement  3  mm.  in 
diameter  was  made  in  the  capillary  tube  of  each  pi- 
pette just  below  the  upper  horizontal  portion  of  the 
frame.  This  enlargement  serves  as  a  trap  for  the  small 
drops  of  reagent  that  are  carried  up  to  it  and  since  the 
amount  of  reagent  that  collects  in  the  capillary  tube 
between  the  enlargement  and  the  tip  of  the  burette  is 
small,  very  little,  if  any,  reagent  is  carried  over  into 
the  burette.  However,  since  there  is  no  advantage 
in  the  U-shaped  capillary  tube  of  the  usual  form  of  the 
Hempel  pipette  in  the  present  method  of  manipula- 
tion' and  since  its  presence  increases  the  amount  of 
reagent  that  must  be  retained  in  the  trap,  the  pipettes 
were  finally  constructed  as  shown  in  the  accompany- 
ing figure.  This  modification  is  the  one  that  is  being 
used  in  the  Cornell  laboratory  at  the  present  time  on 
the  absorption  pipettes.  The  combustion  pipettes 
are   similarly   constructed    with   the   exception   of   the 

I  Dennis'  Gas  Analysis,  pp.  59-64. 
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enlargements.  The  length  of  the  horizontal  portion 
of  the  capillary  tube  is  such  that  the  pipette  fits  in 
the  frame  designed  for  the  original  form.  This  hori- 
zontal portion  can  be  shortened  somewhat  by  bring- 
ing the  first  bulb  of  the  pipette  over  to  the  left  edge 
of  the  pipette  frame  and  changing  the  form  of  the  frame 
accordingly.  It  was  not  thought  desirable  to  extend 
the  capillary  tube  in  a  vertical  direction'  from  the 
first  bulb  of  the  pipette  since  that  would  necessitate 
the  use  of  a  longer  capillary  in  making  the  connection 
with  the  burette. 

These  pipettes  are  furnished  by  Greiner  and  Fried- 
richs,  Stutzerbach  in  Thuringen,  Germany.  In  order- 
ing, emphasis  should  be  laid  upon  the  actual  size  of  the 
enlargement,  since  on  account  of  the  magnifying  action 
of  the  glass,  an  enlargement  apparently  3  mm.  in  diam- 
eter is  considerably  less  than  that,  and  is  not  as  satis- 
factory as  the  larger  one. 

CoRNELi,  University,  Ithaca,  N.  Y. 

AN  EFFICIENT  METHOD  FOR  CUTTING  GLASS 

By  J.  I.  Hardy 

Received  December  8,  1913 

There  is  often  great  difficulty  in  satisfactorily  cutting 
glass  in  the  scientific  laboratory,  and  this  is  especially 
true  in  the  case  of  glassware  of  large  diameter.  There 
are  several  methods  in  common  use.  Probably  the 
fine  flame  of  the  blowpipe  applied  upon  a  file  scratch 
is  one  of  the  best  known  methods.  The  diamond 
point  is  often  used  with  satisfaction.  A  metal  rod 
may  be  bent  to  the  shape  of  the  object  to  be  cut, 
heated  red  hot,  and  passed  over  the  surface  on  the 
line  where  the  glass  is  to  be  cut,  then  if  the  glass  is 
plunged  into  water  it  will  separate  on  this  line  of  con- 
tact. There  is  a  method  by  Kunz,^  using  an  elec- 
trically heated  nickel  wire  on  a  rather  complicated 
apparatus  which  requires  an  electric  current  of  about 
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eleven  amperes.  In  this  method  a  few  drops  of  water 
are  applied  to  the  heated  glass,  causing  it  to  crack. 

The  writer  believes  the  following  method  to  be  cap- 
able of  wide  application,  and  that  the  desired  results 
can  be  rapidly  and  efficiently  obtained  in  the  average 
laboratory.  The  equipment  consists  of  an  electric 
system  giving  at  least  six  amperes  electric  current, 
a  resistance  apparatus  consisting  of  a  rheostat  or  a 
bank  of  twelve  lamps  (i6  c.  p.)  arranged  in  parallel, 
and  a  piece  of  No.  24  nickel-chromium  wire.  When 
long  tubing  is  to  be  cut,  a  steady  rest  will  prove  helpful 
and  can  be  arranged  to  suit  the  convenience  of  the 
operator.     The    method    of    procedure    is    as    follows: 

Bind  a  piece  of  wire  around  the  glassware,  twisting 
the  ends  together  and  making  sure  that  the  wire  fol- 
lows the  line  where  the  glass  is  to  be  cut.  This  wire 
serves  only  as  a  guide,  and  may  be  of  any  inexpensive 

>  See  White  and  Campbell,  J.  A.  C.  S.,  27  (1905),  734. 
«  Chem.  Ztg.,  37,  406-407 


material.  In  the  diagram,  R  indicates  the  bank  of 
lamps,  which  is  used  on  account  of  being  both  inexpen- 
sive and  easily  adjusted  to  definite  resistance.  At 
binding  posts  A  and  B  connection  is  made  with  the 
electric  light  system  of  the  building.  Between  C 
and  D  is  inserted  the  No.  24  nickel-chromium  resistance 
wire  E,  and  F  is  the  switch. 

After  the  lamps  R  are  loosened  sufficiently  to  break 
their  connection,  the  switch  at  F  is  turned  on,  and  the 
lamps  are  screwed  in  one  at  a  time  until  the  wire  E 
is  a  dull  red.  The  glassware  which  has  been  prepared 
with  guide  wire  is  given  a  slight  file  scratch  of  about 
one-quarter  inch  length  on  the  line  to  be  followed  in 
cutting,  and  is  brought  into  the  loop  E  and  revolved 
two  or  three  times,  holding  the  nickel-chromium  wire 


1 — Graduated  Cylinder,  cut  above  1  L  mark. 

2 — 2.5  L.  bottle.     3— Similar  to  2. 

4 — 2  L.  Erlenmeyer  Flask. 

5 — Battery  Jar,  cut  ',  <  in.  below  break. 

6  and  9 — Jena  beakers,  I  L.  and  150  cc. 

7 — Brittle  Thin-walled  Tubing,  poor  grade  of  glass. 

close  to  the  metal  guide.  After  the  glassware  has  been 
revolved  two  or  three  times  in  the  loop  E  more  lamps 
are  connected  in  the  bank  R  until  the  wire  £  is  a  bright 
red.  Now  the  wire  loop  E  is  held  in  contact  with  the 
file  scratch  for  a  few  seconds  until  a  crack  is  started. 
The  glassware  is  now  revolved,  keeping  the  heated 
wire  slightly  ahead  of  the  crack  until  the  glass  is  cut 
off.  If  the  wire  cools  it  may  be  released  slightly 
from  the  glass  until  it  regains  its  heat. 

This  method  is  very  effective  and  can  be  used  to  cut 
any  kind  of  glass  from  cheap  bottle  glass  to  the  best 
Jena.  It  will  work  successfully  on  glassware  with 
cylindrical,  spherical  or  conical  walls,  and  will  cut  the 
glass  in  any  direction  in  which  the  guide  is.  placed. 
A  2'/2  liter  bottle  was  split  (after  having  its  neck  cut 
off)  horizontally,  although  it  required  more  time  than 
any  of  the  ordinary  glass-cutting  problems  because  of 
the  thickness  of  the  bottom  of  the  bottle. 

The  accompanying  photograph  shows  nine  samples 
which  were  cut  by  this  method  in  about  one-half  hour. 

Agricultural  Experiment  Station 
University  or  Tennessee,  Knoxvillb 


APPARATUS  FOR  TAKING  DUST  AND  BACTERIA 

SAMPLES  OF  AIR 

By  Charles  Kaskervillk 

Received  February  12,  1914 

In  the  investigation'  of  the  air  of  the  schoolrooms 
of  New  York  City,  carried  on  with  Professor  C.-E.  A. 
Winslow  at  the  request  of  the  School  Inquiry  Com- 
mittee of  the  Board  of  Estimate  and  Apportionment, 
it  early  became  apparent  on  account  of  the  large  num- 

*  See  This  Journal,  this  issue,  p.  251. 
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ber  of  samples  to  be  collected,  in  widely  separated 
schools  perhaps  on  the  same  day,  that  it  would  be  nee-* 
essary  to  depend  upon  some  other  method  than  one 
relying  upon  the  use  of  a  hand  pump  in  conjunction  with 
a  gas  meter.  The  limited  time  per  day  (school  hours) 
available  for  collecting  samples  and  the  transportation 
of   apparatus   were   factors   of    supreme   importance. 

After  many  conferences,  in  which    the    entire  staff 
took   part,    Messrs.    Wallace   and    Tiernan,    Engineers, 


MoTOft  Driven, Am  Sample f 
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New  York  City,  who  also  had  a  representative  present, 
supplied  us  with  an  apparatus,  which  we  think  should 
be  described  for  the  benefit  of  those  members  of  the 
Society  interested  in  atmospheric  hygiene. 

The  principle  of  the  apparatus  depends  upon  meas- 
uring volume  by  time.  The  apparatus  includes  an 
exhaust  pump  of  the  friction  type  run  by  a  V32  horse 
power  motor  and  a  measuring  apparatus  of  compact 
and    ingenious    design.     This    apparatus,    placed    be- 


tween the  pump  and  the  sampling  filter,  consists  of  an 
air  chamber,  the  inlet  of  which  is  connected  with  the 
two  ends  of  a  U-tube,  graduated  on  its  distal  arm. 
The  opening  of  this  distal  arm  is  so  reduced  that  the 
pressure  at  the  mouth  of  the  proximal  arm  is  registered 
by  a  rise  of  the  liquid  in  the  distal  arm.  The  whole 
apparatus  is  enclosed  in  an  oak  box  fourteen  inches 
by  twelve  inches,  air  being  drawn  in  through  an  open- 
ing at  the  top  and  forced  out  through  an  opening  in 
the  side.  The  upper  opening  is  fitted  with  a  small 
steel  cup  with  a  rubber  stopper  inside,  having  a  hole 
large  enough  to  fit  the  constricted  end  of  the  sugar  or 
sand  filter.  At  the  base  of  the  cup,  an  extension 
passes  through  the  wooden  cover  and  screws  on  to 
the  suction  chamber  of  the  machine. 

The  apparatus  as  first  made  was  designed  to  draw 
through  about  three-quarters  of  a  cubic  foot  of  air  per 
minute.  With  the  resistance  due  to  the  sand  or  sugar, 
however,  the  time  required  was  about  three  minutes  per 
one  cubic  foot.  The  pump  when  first  tested  proved 
to  be  too  noisy,  so  the  apparatus  was  placed  within  a 
second  box  lined  with  felt  and  a  muffler  attached  to 
the  exhaust.  This  reduced  the  noise  to  a  minimum. 
Teachers  in  whose  classrooms  we  operated,  were  con- 
sulted, and  no  objections  were  offered  to  the  noise 
made  by  the  apparatus  during  class  hours. 

The  accuracy  of  obtaining  dust  and  bacteria  samples 
by  means  of  this  form  of  apparatus  was  compared  with 
the  hand  pump  and  meter  method  and  approximately 
similar  results  were  obtained.  A  further  check  was 
made  by  running  the  electrically  driven  pump  and 
measuring  the  flow  by  means  of  standard  gas  meters. 
Both  the  electrical  pump  and  the  gas  meters  were 
tested  and  standardized  by  the  manufacturers. 

The  amounts  of  air  taken  for  samples  for  bacteria 
and  dust  with  this  machine  were  usually  three  feet  and 
two  feet,  duplicate  determinations  always  being  made. 
The  official  methods  of  the  Public  Health  Association 
were  used  in  making  counts  of  bacteria  and  studying 
the  character  of  the  dust  collected. 

The  apparatus  might  be  used  extensively  in  studying 
the  air  of  factories  and  other  places  where  occupational 
diseases  are  to  be  investigated. 
College  of  the  City  of  New  York 
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ADDRESSES 


RECENT  DEVELOPMENTS  IN  COMMERCIAL  EXPLO- 
SIVES' 

E.  A..  LeSueur 

The  last  few  years  have  seen  a  great  development  in  the  use 
of  safer  explosives  than  were  previously  commercially  available 
or  even  believed  to  be  possible.  It  is  my  purpose  to  take  a  brief 
general  view  of  the  trend  of  development,  to  deal  with  some 
particularity  with  an  explosive  of  rather  unique  character  with 
which  I  have  had  much  experience,  and  incidentally  to  outline 
certain  advantages  and  disadvantages  of  the  new  types. 

The   most  striking  feature  among   the   changes   occurring  in 

the   field   is  the   almost  omnipresence  of  nitrate   of  ammonia. 

Although  a  salt  of  a  hypothetical  metal  it  breaks  down  into  a 

'  Presented  at  the  6th  Annual  Meeting  of  the   American   Institute  of 

Ch  emical  Engineers.  The  Chemists'  Club,  New  York.  December  10-13.  1913. 


gaseous  mixture  containing  a  surplus  of  free  oxygen  and  no  solid 
residue  whatever  and,  insofar,  is  therefore  peculiarly  suited 
to  employment  in  explosives.  Unfortunately  it  is  very  hygro- 
scopic and  of  deplorably  low  specific  gravity  so  that  but  a 
comparatively  small  weight  can  be  packed  into  a  given  cavity. 
On  the  other  hand,  its  adaptability,  within  the  above  limitations, 
is  remarkably  wide  and  we  find  it  associated  with  almost  every 
ingredient  known  to  explosives  manufacture,  and  especially  with 
nitroglycerin.  So  wide  is  the  present  market  for  this  material 
for  use  in  explosives  that  practically  the  entire  output  of  the 
gigantic  Norwegian  Atmospheric  Nitrate  works  is  now  delivered 
in  the  form  of  nitrate  of  ammonia,  and  further  important  de- 
velopments in  the  cheap  matiufacture  of  this  important  com- 
pound are  to  be  looked  for  in  the  very  near  future. 

Perchlorates,   and  especially  perchlorate  of  ammonia,  have 
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numerous  advocates  among  the  inventors,  but  so  far  do  not 
appear  to  have  entered  the  market  to  any  very  great  extent. 
Perchlorate  of  ammonia  is  obviously,  from  its  chemical  formula 
(NH1CIO4),  well  adapted  to  act  as  an  explosive  itself  and  at  the 
same  time  provide  three  atoms  of  excess  oxygen  to  combine  with 
additional  material.  Aside  from  any  other  considerations,  it 
possesses  the  serious  defect  of  liberating  considerable  hydro- 
chloric acid  or  a  mixture  of  the  same  with  chlorine.  The  use 
of  certain  powdered  metals  in  the  mixture  serves  very  largely 
to  eliminate  both  of  the  above  gases. 

A  most  profound  impression  has  been  made  in  the  explosives 
trade  of  late  years  by  the  nitro  derivatives  of  toluol,  and  es- 
pecially by  the  various  commercial  mi.xtures  of  di-  and  tri- 
nitrotoluol now  on  the  market.  The  cheddites  (practically 
mixtures  of  the  nitrotoluols  with  chlorate  of  soda  and  a 
vegetable  oil,  preferably  castor  oil)  have  achieved  considerable 
well  earned  popularity,  and  the  flood  of  current  patent  applica- 
tions for  explosives  containing  trinitrotoluol  reminds  one  of 
nothing  so  much  as  of  that  which  occurred  some  ten  years  ago 
for  acetylene  generators.  Bearing  in  mind  that  trinitrotoluol 
possesses  certain  of  the  properties,  so  far  as  explosive  effects  go, 
of  nitroglycerine  itself;  that  it  withstands  water  and  is  not  af- 
fected by  cold,  and  that  it  can  be  handled  with  absolute  safety 
until  blended  with  other  materials  that  may  increase  its  sen- 
sitiveness, it  is  not  difficult  to  understand  the  enthusiasm  with 
which  it  has  been  received  by  amateurs  as  well  as  by  others  in 
the  explosives  field.  Aside  from  any  admixture  with  other 
materials  it  forms,  in  the  refined  condition,  an  explosive  of  quite 
ideal  properties  for  use  in  shells,  torpedoes,  mines  and  the  like. 
In  spite  of  its  fierce  and  terrific  disruptive  energy,  and  of  an 
enormous  speed  of  detonation,  it  is  a  safer  material  to  handle, 
transport  and  store  than,  for  instance,  ordinary  calcium  carbide. 
And,  notwithstanding  its  inert  behavior,  it  can  be  depended  on 
absolutely  to  explode  completely  when  exposed,  in  a  suitable 
physical  condition,  to  detonation  from  an  adequate  primer. 
Several  European  governments  are  now  making  extensive  use 
of  this  intensely  interesting  compound.  Owing  to  the  fact  that 
its  constitution  (CtHsNsOg)  presents  too  little  oxygen  com- 
pletely to  combine  with  the  carbon  contents  even  to  the  mon- 
oxide form,  the  result  of  explosion  is  the  formation  of  a  cloud  of 
carbon  particles  which  will  presumably  have  advantages  in 
warfare .  both  through  marking  the  position  of  a  shell  at  the 
instant  of  explosion  and  in  obscuring  the  enemy's  vision. 

The  liquid  nitrotoluols  are  also  finding  an  important  use 
in  connection  with  nitroglycerine.  They  greatly  lower  the 
freezing  point  of  the  latter,  contribute  their  quota  to  the  ex- 
plosive effect,  and  render  the  resulting  explosive  much  safer 
than  before. 

In  addition  to  the  above  compounds  and  many  others  (in- 
cluding the  nitronaphthalenes,  benzenes  and  xylols)  the  old 
stand-by,  chlorate  of  potash,  holds  its  own  as  a  prime  constit- 
uent of  modem  disruptive  powders.  It  may  be  worth  while 
to  glance  for  a  moment  at  the  extraordinary  thermo-cheniistry 
of  the  chlorates  and  perchlorates,  the  same  having  a  vital  bearing 
on  the  matters  of  energy  developed,  sensitiveness  and  stability 
of  certain  explosive  mixtures  containing  them. 

Chlorate  of  potash  disengages  heat  energy  to  the  extent  of 
93,800  calories  per  kilogram  molecule  on  formation  from  its 
elements,  but  potassium  chloride  disengages  105,700  calories, 
or  11,900  more  than  the  chlorate.  The  addition  of  three  atoms 
of  oxygen  to  the  chloride  is  accompanied  by  the  absorption  of 
energy  to  this  latter  extent,  the  formation  reaction  being  cndo- 
thermic.  Perchlorate  contains  one-third  as  much  oxygen  again 
as  chlorate,  but,  instead  of  the  addition  being  accompanied  by 
a  further  absorption  of  heat,  there  is  actually  a  disengagement 
of  energy,  accompanying  the  entry  of  this  lone  atom,  of  far  more 
(19,900  calories  altogether)  than  the  entire  amount  absorbed 
when  the  first  three  atoms  were  added.     Chlorate  stands  readv 


to  faU  to  pieces  on  scant  provocation  and,  in  doing  so,  gives  up 
not  only  three  atoms  of  active  oxygen  to  any  combustible  in 
the  neighborhood,  but  1 1 ,900  calories  per  kilo  molecule  as  well. 
Perchlorate,  on  the  other  hand,  in  spite  of  its  higher  degree  of 
oxygenation,  requires  more  energy  to  drag  it  to  pieces  than  does 
the  chloride  itself,  and,  in  consequence,  forms  a  less  sensitive 
and  less  energetic  constituent  for  an  explosive  than  the  less 
oxygenated  chlorate. 

In  the  light  of  the  above,  and  especially  in  view  of  the  fact 
that  the  besetting  trouble  with  most  modern  chlorate  explosives 
is  lack  rather  than  excess  of  sensitiveness,  it  will  be  seen  that 
plain  chlorate  presents  certain  large  advantages  over  perchlorate 
for  many  explosives.  This  will  help  to  explain  the  fact  that, 
although  modern  electrochemical  methods  enable  the  ready 
production  of  perchlorates,  the  latter  have  not,  as  stated  above, 
so  far  become  serious  competitors  in  the  field  of  commercial 
explosives. 

To  illustrate  the  remarkable  extent  to  which  the  desensitizing 
of  at  least  one  chlorate  explosive  has  been  carried  without  des- 
troying its  practical  usefulness  I  will  now  cite  the  case  of  an  ex- 
plosive developed  by  me  some  seven  years  ago  which  has  been 
in  somewhat  wide-spread  practical  use  since  that  time. 

In  manufacturing  this  powder  5  parts  of  paraffine  .wax  are 
melted  and  4  of  ground  sulfur  and  22  of  nitrate  of  soda  stirred 
into  it;  the  mixture  is  allowed  to  cool  and  is  then  grained.  The 
resulting  material  is  called  "mineral  base."  In  spite  of  contain- 
ing an  oxidizing  agent  and  combustibles  it  is  completely  inex- 
plosive  technically.  It  is  finished  to  explosive  by  dusting  8 
parts  (to  the  above  31  of  base)  of  powdered  chlorate  of  potash 
over  the  grains.  The  final  material  possesses  a  number  of 
interesting  features.  Due  to  an  extremely  low  speed  of  de- 
tonation it  develops  its  power  in  a  way  peculiarly  available  for 
the  requirements  of  many  large  applications  such  as  heavy  rock 
work,  clearing  land  of  stumps  and  the  like;  and,  owing  to  the 
said  low  speed  of  detonation,  its  high  effectiveness  for  these 
purposes,  even  compared  with  explosives  possessing  decidedly 
greater  energy  content,  is  quite  surprising.  Its  insensitiveness 
is  such  that  it  withstands  the  impact  of  a  steel  tipped  ser\-ice 
rifle  bullet  fired  from  the  regular  service  rifle  with  a  standard 
charge  behind  it  without  response  of  any  kind;  although,  due 
to  its  property  of  going  out  after  being  set  fire  to  when  the 
flame  causing  ignition  is  removed,  it  is  possible  that  incipient 
ignition  occurs  during  the  passage  of  the  bullet.  If  packed 
hard  it  is  impossible  to  explode  it  by  any  means  whatever. 
On  the  other  hand,  loaded  loose,  it  is  an  absolutely  sure  fire  with 
a  No.  6  detonator  even  when  unconfined,  and,  for  work  in  earth, 
as  in  removing  stumps,  it  is  necessary  to  bear  in  mind  that  con- 
finement may  be  negligible.  When  well  confined  in  large  shots 
in  solid  rock,  and  especially  if  detonated  with  a  stick  of  dsmamite, 
it  will  withstand  any  reasonable  amount  of  packing  and  still 
give  a  sure  fire.  From  its  composition  it  will  be  obvious  that  it 
is  non-freezing,  and,  indeed,  owing  to  the  paraffine  wax  incor- 
porated in  it  becoming  harder  with  increasing  cold,  it  loses  its 
porosity  through  being  pressed  into  holes  less  readily  cold  than 
otherwise.  With  regard  to  stability,  it  withstands  the  Inter- 
national Stability  Test  (75°  C.  for  48  hours)  with  indifference, 
whetlier  with  moisture  added  or  not,  and  some  millions  of 
pounds  have  been  used  during  the  past  seven  years,  and  in  some 
cases  excesses  over  requirements  have  been  stored  by  contractors 
in  badly  constructed  magazines,  occasionally  for  years,  and  there 
has  never  been  any  sign  of  heating  or  decomposition,  incipient 
or  otherwise. 

The  very  low  chlorate  content  and  the  fact  that  all  the  other 
materials  are  used  in  their  crude  commercial  condition,  together 
with  the  extremely  simjjlc  process  of  manufacture,  render  the 
cost  of  this  powder  excci)tionally  low.  It  is  known  under  the 
name  of  R.  R.  \Mrite.  A  blast  containing  600  fifty  pound  cases 
was  fired  on  the  Canadian  National  Transcontinental  Railway 
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work  on  the  Quebec-New  Brunswick  border,  near  Notre  Dame 
du  Lac,  some  years  ago,  and  the  two  largest  blasts  at  Prince 
Rupert,  the  Pacific  Coast  terminal  of  the  Grand  Trunk  Pacific, 
3500  miles  from  Notre  Dame  du  Lac,  were  also  shot  with  it, 
the  charges  containing  respectively,  loio  and  1000  fifty  pound 
cases  of  the  explosive.  Aside  from  the  technical  importance 
of  these  blasts  the  spectacular  effect  is  quite  indescribable. 
To  give  an  idea  I  may  say  that  in  the  one  of  these  shots  that  I 
witnessed  the  mass  of  broken  rock  that  had  mounted  in  the  air 
about  three  seconds  after  explosion  occurred,  and  which  looked 
like  nothing  so  much  as  a  vast  and  spreading  black  tree,  con- 
tained, to  state  it  in  units  that  will  make  it  sound  as  impressive 
as  possible,  about  175,000,000  pounds.  Reference  to  the  efii- 
ciency  of  virite  in  agricultural  work  is  contained  in  Bnlletin 
No.  134,  entitled  "Land  Clearing,"  issued  from  the  L^niversity 
of  Minnesota  by  Prof.  A.  J.  McGuire,  Superintendent  of  the 
North  Central  Experiment  Station. 

With  reference  to  the  property  which  this  explosive,  in  com- 
mon with  very  many  others,  has  of  being  more  difficult  to  ex- 
plode as  its  porosity  diminishes,  I  wish  to  point  out  a  certain 
important  corollary  which  exists  in  a  case  where  the  insensitive- 
ness  when  closely  packed  reaches  the  point  it  does  in  a  case  such 
as  the  one  under  discussion.  If  compressed  forcibly  to  a  specific 
gravity  of  about  1.45  it  has  been  found  impossible  to  explode 
by  any  amount  of  detonation,  no  matter  what  the  degree  of 
confinement.  This  in  spite  of  the  fact  that  a  certain  small 
amount  of  local  combustion  occurs  where  the  material  is  in 
direct  contact  with  the  detonator.  The  superficially  paradoxical 
situation  confronts  us  that  the  only  condition  in  which  the 
material  can  be  exploded  by  hammering  between  hard  surfaces 
is  one  in  which  it  becomes  insensitive  to  detonation  from  another 
explosive.  By  this  is  meant  that,  in  order  to  cause  explosion 
of  the  powder  by  hammering,  it  has  to  be  packed  to  a  maximum 
density  before  the  pinching  between  hard  surfaces  necessary  to 
cause  explosion  occurs.  Of  course  what  happens  when  the  ma- 
terial is  hammered  on  an  anvil  is  that  any  excess  over  what  can 
be  pinched  down  to  the  thickness  of  thin  paper  between  hammer 
and  anvil  is  forced  aside  and  only  the  trifling  amount  of  powder 
actually  so  pinched  goes  off,  and  it  has  hitherto  been  found 
impossible  by  any  degree  of  practicable  impact  to  communicate 
explosion  from  the  quantity  so  pinched  to  the  rest  of  the  mass  of 
powder.  The  importance  of  this  peculiarity  in  securing  freedom 
from  accidents  in  any  case  other  than  where  the  powder  is  ex- 
posed to  detonation  from  another  explosive  will  be  obvious. 

If  we  consider  what  is  the  fundamental  difference  between 
the  blow  of  a  hammer  and  tliat  of  a  detonator  we  see  at  once 
why  a  mass  of  the  explosive  which  refuses  to  transmit  detonation, 
however  powerful  (within  the  enormous  upper  limit  experi- 
mented with)  when  in  a  dense  (non-porous)  condition — why 
such  material  may  be  readily  exploded  when  in  a  porous  con- 
_  dition  by  a  detonator  although  a  blow  from  a  hammer  can  have 
only  a  local  effect.  The  point  is  that,  in  the  former  case,  the 
blow  is  struck  so  quickly  that  the  explosive  is  hammered  between 
the  products  of  explosion  of  the  detonator  and,  if  I  may  so  ex- 
press it,  its  own  inertia,  without  having  time  for  its  porosity 
to  be  interfered  with.  The  passage  of  a  bullet  exposes  it  to  the 
same  kind  of  a  blow  against  its  own  inertia,  but  the  swiftest 
bullet  is  so  far  inferior  in  speed  to  the  velocity  of  the  products 
of  explosion  of  a  detonator  that  it  falls  short,  in  the  case  of  a 
powder  of  the  class  under  discussion,  of  producing  an  explosion. 
There  is  also,  of  course,  the  essentially  important  feature,  in  the 
case  of  explosion  by  a  detonator,  of  exposure  to  vastly  greater 
heat  than  from  the  friction  of  a  bullet  or  impact  of  a  hammer. 

The  well  compressed  material  behaves,  as  previously  stated, 
in  a  completely  inert  fashion  to  attempts  to  detonate  it,  but 
mere  crumbling  restores  it  to  the  explosive  condition.  It  would 
seem  as  though  a  technical  division  on  the  lines  of  classification 
according  to  safety  might  well  be  adopted  to  embrace  explosives 


that  require  outside  detonation  from  another  explosive  in  order 
to  set  them  off. 

I  must  not  close  without  making  reference  to  liquid  oxygen  as 
a  constituent  of  explosives.  Modern  methods  exist  for  pro- 
ducing this  element  in  a  state  of  high  technical  purity  in  the 
liquid  form  at  a  cost  extremely  low  compared  with  its  cost  in 
the  combined  form  in  any  of  the  chemicals  employed  in  the 
explosives  trade,  so  that  completely  smokeless  and  fumeless 
mixtures  equal  to  75  per  cent  dynamite  can  be  made  at  a  cost  of 
about  2  cents  per  pound.  As  regards  safety,  explosives  con- 
taining liquid  oxygen  stand  in  a  class  by  themselves  in  one 
particular,  i.  e.,  in  the  fact  that,  should  a  shot  be  missed  for  any 
reason,  the  charge  presently  becomes  inexplosive  through 
volatilization.  Of  course  this  is  merely  the  merit  which  ac- 
companies the  greatest  defect  of  these  explosives.  They  must 
be  used  within  a  few  minutes  of  being  compounded.  Never- 
theless this  is  by  no  means  the  absolutely  prohibitive  feature 
that  might  be  expected,  owing  to  two  considerations,  one  the 
numerous  gigantic  individual  blasts  that  are  necessary  on 
certain  heavy  construction  works  (the  time  required  for  the  charge 
to  evaporate  being  comparatively  long  in  such  cases)  and  the 
other  the  fact  that  the  addition  of  the  liquid  oxygen  to  the  com- 
bustible portion  of  the  charge  may  be  made  the  last  thing  before 
firing.  I  am  rather  firmly  of  the  opinion  that  in  the  heaviest 
construction  works  of  the  future,  especially  where  the  so-called 
"coyote"  shooting  can  be  employed,  liquid  oxygen  will  play  an 
important  part. 

This  paper  is  intended  to  deal  with  accomplished  facts  in 
explosives  development  and  there  is  no  occasion  at  present  to  do 
more' than  refer  briefly  to  the  hopes  of  the  nitroglycerine  manu- 
facturers that  in  synthetically  prepared  glycol  may  be  found 
the  solution  of  their  bondage  to  the  fluctuation  of  the  corn  and 
cotton  seed  crops.  The  production  of  glycerine  depends  con- 
siderably on  the  abundance  or  otherwise  of  pork  and  of  cotton 
seed  oil  and  the  former  depends  largely  on  the  corn  supply. 
The  stearine  candle  industry,  another  feeder  to  the  high  ex- 
plosives maker,  is  not  in  a  healthy  condition,  and  altogether  the 
situation  of  the  dynamite  manufacturers  is  not  so  completely 
free  from  anxiety  in  the  matter  of  their  glycerine  supply  as  they 
might  wish. 

300  Cooper  Street 
Ottawa,  Ontario 


EXPERIMENTS  WITH  SMALL  ANIMALS  AND  CARBON 
MONOXTDE' 

By  George  A.  Burrei,l  and  Frank  M-  Seibert 

The  usefulness  of  small  animals  in  detecting  vitiated  air  in 
mines  is  well  established.  The  Bureau  of  Mines  and  others  have 
much  information  on  this  subject,  but  in  order  to  make  this 
paper  brief,  accounts  of  their  practical  use  or  of  accidents  be- 
cause they  have  not  been  used  will  not  be  given  here.  Time  can 
be  devoted,  if  so  desired,  to  this  phase  of  the  subject  in  the  dis- 
cussion. 

The  Bureau  has  experimented  with  most  of  the  more  common 
small  animals,  such  as  canaries,  guinea  pigs,  rabbits,  chickens, 
dogs,  mice  and  pigeons,  and  finds  that  canaries  or  mice  are  the 
most  suitable  for  the  work.  Of  the  tw'o  the  Bureau  finds 
canaries  to  be  the  most  sensitive.  They  were  used  in  England 
before  their  acceptance  in  this  country,  presumably  in  places  on 
the  continent  also.  Their  usefulness  in  husbanding  the  resources 
of  breathing  apparatus  is  of  great  imjiortance. 

An  additional  reason  for  the  use  of  canaries  lies  in  the  fact  that 
they  are  generally  easily  obtainable,  and  become  pets  of  the  men 
who  have  them.  If  handled  intelligently  in  rescue  operations, 
they  seldom  die  as  a  result  of  their  exposure  to  carbon  monoxide. 

'  Presented  before  the  Coal  Mining  Institute  of  America,  Pittsburgh, 
Pa.,  December  4  and  5.  1913.  Published  by  permission  of  the  Director 
of  the  Bureau  of  Mines. 
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In  rather  a  brief  manner,  one  of  the  objects  of  this  paper  is  to 
give  the  results  of  experiments  by  the  Bureau  which  have  shown 
that  they  may  be  used  repeatedly  in  rescue  operations  without 
danger  of  their  being  more  susceptible  to  carbon  monoxide  poison- 
ing after  several  or  many  exposures.  This  fact  had  not  been  de- 
termined experimentally  hitherto,  as  far  as  the  authors  are  aware. 
A  second  important  point  has  to  do  with  the  relative  behavior 
of  men  and  small  animals  to  carbon  monoxide.  Carbon  monoxide 
was  the  gas  experimented  with  because  it  is  the  constituent  of 
after-damp  most  insidious  in  its  action,  most  difficult  to  detect, 
and  responsible  for  most  of  the  deaths  caused  by  mine  explo- 
sions. Small  animals,  however,  also  feel  distress  sooner  than  men 
in  atmospheres  vitiated  by  other  gases  than  carbon  monoxide. 

EFFECT  OF  REPEATED  EXPOSURE  TO  CARBON  MONOXIDE 

Details  of  these  experiments  will  be  given  later  in  a  publication 
of  the  Bureau.  They  will  only  be  outlined  here.  Canaries, 
mice  and  guinea  pigs  were  repeatedly  exposed  to  carbon  monoxide 
under  dififerent  conditions.  In  some  experiments  they  were 
exposed  to  atmospheres  that  distress  them  in  about  two  minutes. 
In  the  case  of  canaries  0.25  per  cent  was  used  in  some  experiments, 
and  the  animals  were  exposed  7  to  10  successive  times.  For 
instance,  the  animal  was  exposed  to  collapse,  and  then,  when  it 
had  apparently  recovered  (7  to  12  minutes),  it  was  exposed 
again  and  again,  the  object  being  to  see  if,  after  many  exposures 
to  a  certain  percentage  of  the  gas,  it  would  upon  subsequent 
exposures  show  distress  in  a  greater  length  of  time,  i.  e.,  become 
more  or  less  acclimatized  to  the  gas.  No  acclimatization  effect 
was  noticed.  The  same  experiment  was  performed  with  mice 
and  guinea  pigs  with  the  same  result.  Different  percentages 
than  0.25  per  cent  were  also  used  in  the  case  of  both  canaries  and 
mice.  The  experiments  were  also  carried  further  to  the  extent 
that  the  same  animals  that  had  been  exposed  several  or  many 
times  on  one  day  were  exposed  several  or  many  times  the  next 
day  and  on  successive  days. 

Animals  were  also  exposed  to  percentages  that  quickly  distress 
them,  and  after  the  removal  from  the  atmosphere  and  recovery 
were  placed  in  atmospheres  that  ordinarily  do  not  apparently 
affect  fresh  animals.  This  experiment  was  also  reversed  in  the 
case  that  the  animals  were  first  placed  in  atmospheres  that  do 
not  affect  them,  say  o.io  per  cent  in  the  case  of  canaries  (for  a 
long  time,  at  least),  and  then  they  were  exposed  to  atmospheres 
that  ordinarily  affect  them  quickly  to  see  if  resiJts  different  from 
the  ordinary  could  be  obtained.  In  performing  this  work,  the 
results  of  which  can  be  briefly  told,  but  which  required  con- 
siderable time  for  its  performance,  the  conditions  of  recovery 
work  with  the  aid  of  small  animals  was  kept  in  view.  In  such 
work  parties  would  usually  advance  until  the  animals  showed 
distress.  The  animals  would  then  in  all  probability  be  carried 
back  to  fresh  air,  and  further  advance,  if  such  were  made,  would 
be  accomplished  with  breathing  apparatus.  A  general  recon- 
naisance  might  be  made  with  the  animals  to  define  the  danger 
zone  of  the  mine.  In  the  latter  event  they  might  be  exposed  to 
proportions  of  carbon  monoxide  that  would,  in  each  case,  cause 
collapse.  Another  possible  contingency  has  to  do  with  the  use 
of  the  animals  in  a  part  of  the  mine  where  very  small  proportions 
of  carbon  monoxide  exists,  say  o.io  per  cent,  a  proportion  that 
does  not  seem  to  affect  canaries  or  mice  (as  far  as  can  be  observed) 
in  one  or  two  hours'  time,  and  then  their  use  in  a  place  where  a 
larger  percentage  might  be  present.  It  is  possible,  too,  that  an 
animal  which  collapses  at  a  certain  place  because  of  the  pro- 
portion of  carbon  monoxide  there,  might,  upon  recovery,  be  used 
in  an  atmosphere  containing  a  proportion  that  does  not  usually 
affect  a  fresh  animal.  Finally  the  same  animal  might  be  exposed 
over  several  successive  days  while  a  mine  was  being  explored. 
It  is  believed  that  the  experiments  performed  show  that  animals 
will  not  become  acclimatized  to  carbon  monoxide  under  the  con- 
ditions surrounding  recovery  work  in  mines,  and  hence  become 
less  useful  and  even  a  source  of  danger.     It  might  be  mentioned 


that  this  question  has  been  raised  several  times  in  discussing  the 
use  of  small  animals  for  detecting  after-damp  in  mines. 

It  should  be  mentioned  that  two  Canadian  investigators,  G.  G. 
Nasmith'  and  D.  A.  S.  Graham,  found  that  the  animals  finally 
become  acclimatized  by  continued  exposure,  i.  e.,  if  a  guinea  pig 
is  exposed  for  days  and  weeks  to  small  percentages  it  can  finally 
stand  exposures  that  would  otherwise  kill  it,  but  our  tests  have 
shown  that  in  the  case  of  small  animals  which  are  quickly  re- 
moved to  fresh  air  (after  distress  is  shown)  and  then  exposed 
again  for  a  reasonable  number  of  times,  this  acclimatization  effect 
is  not  apparent.  The  two  methods  of  experimentation  are  not 
parallel.  It  is  pertinent  to  add  that  the  effect  Nasmith  and 
Graham  observed  in  guinea  pigs,  an  increase  in  the  red-blood 
cells,  has  been  observed  in  men  working  around  blast  furnaces. 
Blast-furnace  gas  contains  a  high  percentage  of  carbon  monoxide. 

EFFECTS  ON  THE  DIFFERENT  ANIMALS  OF  THE  SAME  PROPORTIONS 
OF    CARBON    MONOXIDE 

The  Bureau  has  performed  many  experiments  in  order  to  draw- 
some  conclusions  regarding  the  effect  on  different  animals  of 
the  same  species  of  a  given  proportion  of  carbon  monoxide.  It 
was  found  that  in  general  a  given  proportion  of  carbon  monoxide 
affected  different  animals  of  the  same  species  in  about  the  same 
length  of  time,  at  least  as  far  as  the  application  of  the  results  to 
the  practical  use  of  the  animals  in  mines  is  concerned,  but  that 
once  in  a  while  an  animal  might  behave  markedly  differently  from 
what  is  expected.  This  is  more  true  of  mice  than  of  canaries,  yet 
even  in  the  case  of  the  latter  several  of  them  should  be  taken 
with  an  exploration  party. 

THE  RELATIVE  EFFECT  OF  SMALL  AMOUNTS  OF  CARBON  MONOXTOE 
ON   MEN   AND    SMALL   ANIMALS 

In  reading  over  accounts  of  rescue  and  recovery  work  in  mines, 
one  is  impressed  with  the  fact  that  some  users  of  small  animals 
have  not  been  entirely  satisfied  with  the  behavior  of  mice  and 
birds  (especially  mice)  in  that  men  have  apparently  felt  distress 
before  the  animals  became  affected.  The  Bureau,  as  the  result 
of  many  experiments  made  to  determine  the  resistance  of  small 
animals  to  carbon  monoxide  poisoning,  believes  it  has  the  data 
at  hand  which  explains  partly  this  dissatisfaction. 

It  was  found,  for  instance,  that  almost  all  of  the  animals  tried 
do  not  show  sufficient  distress  in  one  hour's  time  with  o.  10  per 
cent  of  carbon  monoxide  to  make  them  valuable  for  detecting 
this  percentage  of  the  gas.  In  some  cases  the  length  of  exposure 
was  extended  to  three  hours  without  any  pronounced  effects 
being  observed.  In  one  case  only  was  a  canary  affected  in  so- 
short  a  time  as  12  minutes  by  o.  10  per  cent  of  carbon  monoxide. 
With  another  bird  and  the  same  percentage  of  carbon  monoxide, 
distress  was  scarcely  observable  in  3  hours.  Only  a  disposition, 
to  remain  quiet  was  observed.  Eight  different  canaries  were- 
used  and  six  different  mice.  Only  one  mouse  out  of  many  was- 
slightly  affected  in  so  short  a  time  as  30  minutes  with  o.io  per 
cent,  but  it  was  not  overcome  in  4  hours.  Neither  were  chickens, 
nor  pigeons  visibly  distressed.  With  0.15  per  cent  both  canaries 
and  mice  began  to  be  affected.  With  0.15  per  cent  carbon  mon- 
oxide canaries  showed  distress  in  from  5  to  30  minutes.  A  mouse 
showed  slight  distress  at  the  end  of  an  hour.  With  0.20  per  cent, 
canaries  responded  in  from  2  to  5  minutes  except  in  one  case  (35. 
minutes).  Three  mice  responded  in  12  minutes,  and  a  fourth 
in  46  minutes.  No  blood  tests  were  made,  the  object  being  to- 
determine  the  usefulness  of  the  animals  for  mining  work  where 
their  behavior  as  apparent  to  the  eye  is  the  only  guide.  Haldane 
states  that  0.06  per  cent  carbon  monoxide  is  sufficient  to  produce 
distinct  symptoms  in  mice.'  The  authors  of  this  paper  do  not 
hesitate  to  say  that  because  of  his  greater  experience  in  experi- 

1  "The    Haemotology    of    Carbon    Monoxide    Poisoning,"    Journal   of 
Physiology.  26  (1906).  Nos.  1  and  2,  32-52. 

•  "The  Relation  of  the  Action  of  Carbonic  Oxide  to  Oxygen  Tension, 
J.  S.  Haldane,  Journal  of  Physiology.  18  (1895),  201-217. 
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menting  with  small  animals  Dr.  Haldane  might  detect  outward 
symptoms  in  a  mouse  that  would  escape  the  authors'  attention. 
On  the  other  hand,  the  authors  have  had  greater  experience  than 
many  of  those  who  might  use  small  animals  in  mines.  Further, 
in  the  laboratory,  observations  are  better  made  than  in  the  mine 
where  the  light  may  be  poor.  Dr.  Haldane  made  many  experi- 
ments with  himself  as  the  subject  in  determining  the  effect  of 
carbon  monoxide  on  men.'  He  found  that  o.  1 2  per  cent  causes  a 
mouse  to  sprawl  in  1 1  minutes.  Haldane  felt  a  slight  tendency 
to  palpitation  in  33  minutes.  In  90  minutes  he  had  distinct 
dimness  of  vision  and  hearing  and  a  slight  tendency  to  stagger, 
besides  abnormal  panting  when  he  stopped  the  experiment  long 
enough  to  run  up  and  down  stairs.  In  two  hours'  time  vision  and 
hearing  became  markedly  impaired  and  there  was  some  confusion 
of  mind.  When  the  mouse  was  finally  removed  from  the  cage 
it  could  not  move  about.  After  18  minutes  from  the  time  of 
stopping,  Haldane  had  a  distinct  throbbing  headache  which  did 
not  last  long. 

With  0.045  per  cent  of  carbon  monoxide  Haldane  did  not  notice 
any  symptoms  in  the  4  hours  that  the  experiment  was  carried  on, 
but  on  running  upstairs  there  was  unusual  panting,  slight  palpi- 
tation, etc.  A  mouse  was  not  distinctly  affected.  In  defining 
the  minimum  harmful  or  poisonous  percentage  of  carbon  mon- 
oxide, Haldane  states  that  0.05  per  cent  in  pure  air  is  just  suffi- 
cient to  produce  in  time  very  slight  symptoms  in  man.  and  the 
same  percentage  produces  very  slight  symptoms  in  mice.  He 
states  that  0.20  per  cent  is  very  dangerous  to  man.  With  0.05 
per  cent  and  thereabouts  Haldane  finds  that  the  gas  finally  begins 
to  affect  men  and  the  outward  signs  appear  in  mice. 

Haldane's  observations  on  mice  are  not  entirely  in  accord  with 
those  of  the  authors  of  this  paper.  The  reasons  are  probably,  as 
already  stated,  differences  in  observation.  The  authors  are  con- 
vinced from  their  experiments  that  in  a  mine  with  poor  light,  and 
perhaps  only  hurried  examination  of  the  animals,  and  by  persons 
more  or  less  inexperienced  in  the  actions  of  the  animals,  mice 
and  canaries  will  not  usually  show  distress  pronounced  enough 
to  give  good  warning  with  o.io  per  cent  or  less  of  carbon  mon- 
oxide. Haldane's  work  shows  that  this  percentage  may  finally 
affect  men — a  headache  in  40  or  50  minutes  perhaps,  or  slight 
tendency  to  palpitations  in  less  time.  This  condition  will  be 
a  considerable  time  removed  from  actual  distress  or  unsteadiness 
of  movement.  At  the  end  of  20  minutes  one  of  the  authors  of 
this  paper  had  only  a  slight  headache  when  he  exposed  himself 
to  0.25  per  cent  carbon  monoxide  (in  air);  later,  however,  he 
became  very  Ul.     Canaries  collapsed  in  just  a  few  minutes. 

In  connection  with  the  above  laboratory  experiments  the 
authors  have  made  observations  regarding  the  use  of  small  animals 
in  mines.     One  instance  is  noteworthy,  as  follows: 

A  mine  fire  occurred  recently  and  a  sample  of  mine  gas  was 
obtained  that  contained  the  following  constituents:  ' 

Per  cent 

CO2 1.10 

Os 18.61 

CO 0.12 

CH* 0.42 

Nj 79.75 

Total,      100.00 

This  sample  was  obtained  in  a  place  where  exploration  work 
was  being  conducted.  Canaries  carried  with  the  party  were  not 
affected  but  two  of  the  men  finally  complained  of  a  bad  headache. 
Later  when  they  went  to  the  surface  they  became  ill.  One  was 
indisposed  all  evening. 

These  facts,  -although  they  appear  damaging  against  the  use 
of  small  animals  for  the  purpose  proposed,  only  militate  in  part 
against  their  usefulness.  They  still  remain,  in  the  authors' 
opinion,  the  best  indicators  of  carbon  monoxide  that  we 
'  "The  Action  of  Carbon  Monoxide  on  Man."  J.  S.  Haldane,  Jour,  of 
Physiology.  18  (1895),  430-462. 


have  for  exploring  parties  in  mines.  Canaries  will  give  ample 
warning  of  percentages  of  carbon  monoxide  immediately  dan- 
gerous to  men.  When  the  proportion  of  carbon  monoxide 
is  0.15  per  cent,  canaries  will  show  distress  usually  in  from 
5  to  12  minutes.  With  0.20  per  cent  the  distress  is  usually 
apparent  in  from  2  to  6  minutes.  For  distress  to  appear  in 
men  with  these  percentages  requires  much  longer  time,  al- 
though in  the  case  of  some  individuals  the  effects  may,  when 
they  do  disappear,  last  for  hours.  The  authors  have  also  deter- 
mined this  point  experimentally,  as  have  others.  Men  cannot 
stand  the  exposure  to  collapse  from  carbon  monoxide  like  animals 
can.  Canaries  and  mice  after  distress  and  collapse  recover 
quickly  if  exposed  to  fresh  air — only  a  matter  of  minutes  usually. 
In  the  case  of  men  exposed  to  collapse,  recovery  is  often  a  matter 
of  days. 

In  assigning  reasons  for  the  different  effects  produced  on  men 
and  small  animals  by  small  quantities  (say  o.io  per  cent  and 
under)  of  carbon  monoxide,  the  authors  of  this  paper  would  say 
that  it  is  largely  a  question  of  observation.  The  blood  of  the 
animal  is,  of  course,  taking  up  the  carbon  monoxide,  but  only 
slowly  and  to  the  extent  that  even  after  a  long  time,  one  hour 
or  more,  the  only  effect  observed  in  the  animal  may  be  a  slight 
sluggishness  or  disinclination  to  move  about.  Men,  on  the  other 
hand,  especially  when  moving  about  or  doing  hard  work,  absorb 
much  more  oxygen  and  hence  more  carbon  monoxide  than  when 
at  rest,  and  may  finally  feel  a  slight  or  even  a  severe  headache 
in  the  same  gas  mixture  that  is  only  slightly  or  not  affecting  the 
animals  (as  far  as  can  be  observed).  The  men  may  even  finally 
become  very  sick.  It  is  not  believed  that  any  pronounced  accli- 
matization effect  is  produced  in  an  animal  on  a  short  exposure 
which  would  account  for  the  apparent  resistance.  It  must  be 
remembered  that  a  man  is  in  an  excellent  position  to  determine 
effects  upon  himself  long  before  distress  occurs,  in  the  case  of 
small  percentages  of  carbon  monoxide.  Small  animals  may  feel 
distress  but  not  show  it. 

When  the  carbon  monoxide  content  of  an  atmosphere  is  raised 
from  O.IO  per  cent  to  say  0.15  or  0.20  per  cent,  the  susceptibility 
of  a  canary  or  mouse  to  the  gas  is  markedly  increased,  as  judged 
by  the  action  of  the  animal;  so  much  more  so  than  in  the  case  of 
men  that  a  canary  especially  may  show  distress  in  5  minutes, 
while  a  man  may  require  30  or  more  minutes.  A  man  if  he  ex- 
pose himself  this  long,  however,  may  finally  become  very  sick, 
and  if  for  longer  periods,  may  become  dangerously  so. 

EFFECT    OF    CARBON   MONOXIDE   ON    DIFFERENT   MEN 

The  Bureau  has  compiled  data  from  different  sources  to  show 
the  effects  produced  on  different  persons  by  carbon  monoxide. 
The  fact  is  clearly  brought  out  that  the  gas  may  affect  different 
persons  in  a  different  manner.  Long-standing  after-effects  pro- 
duced in  people  by  severe  poisoning,  although  apparently  rare, 
are  by  no  means  unknown.  It  appears  to  be  the  evidence  usually 
that  recovery  from  exposure  is  complete  but  that  in  the  case  of 
some  individuals  long-standing  after-effects  may  follow.  These 
after-effects  on  different  people  cannot  be  connected  absolutely 
with  any  degree  of  exposure,  i.  e.,  one  short  exposure  to  large 
percentages,  repeated  exposiu-es  to  large  percentages  as  usually 
happens  in  the  case  of  blast-ftu"nace  gas,  or  slow  exposine  to 
collapse  with  small  percentages  of  the  gas,  as  in  the  case  of 
miners  exposed  to  the  smaller  percentages  that  are  found  in 
mines  following  explosions.  In  the  case  of  the  same  individual, 
the  final  blood  saturation  is  what  counts,  of  course.  The  point 
is  that  different  people  may  withstand  different  degrees  of  blood 
saturation.  In  the  case  of  blast-furnace  men,  the  same  men  may 
be  exposed  to  collapse  or  severe  temporary  sickness  time  and 
again.  Usually,  as  far  as  can  be  observed  from  their  behavior, 
they  retain  their  normal  condition,  although,  as  has  been  pointed 
out  by  Thomas  Oliver,  severe  after-effects  may  linger  for  two 
years.'  This  appears  to  be  exceptional.  An  Illinois  commission, 
*  Thomas  Oliver.  "Diseases  of  Occupation,"  p.  67. 
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appointed  to  inquire  into  conditions  around  steel  plants, 
found  it  hard  to  separate  effects  on  steel  workers  produced  by 
bad  living  conditions  and  those  produced  on  some  of  the  men  by 
carbon  mono.\ide,  although  they  were  inclined  to  the  view  that 
carbon  monoxide  poisoning  had  considerable  to  do  with  the 
generally  poor  condition  of  some  of  the  employees.  The  exact 
action  of  the  gas  in  producing  bad  nervous  disorders  still 
remains  somewhat  obscure.  Some  do  not  believe  the  action  so 
simple  as  to  merely  temporarily  deprive  the  system  of  oxygen, 
although  most  of  the  good  experimental  evidence  points  to 
this  view.  An  analogy  has  to  do  with  men  who  work  at  high 
altitudes  or  suddenly  ascend  to  extreme  heights  in  balloons, 
where  the  oxygen  tension  is  very  low.  Different  individuals 
may  also  be  affected  differently  at  high  altitudes.  One  must 
believe  that  in  cases  both  of  carbon  monoxide  poisoning  and 
of  oxygen  deprivation  by  other  causes,  the  idiosyncrasy  of  the 
individual  plays  an  important  part.  Others  have  laid  much 
stress  on  this  point. 

As  regards  acclimatization  to  the  gas,  it  has  been  strikingly 
shown  that  guinea  pigs  may  become  immune.  The  compensa- 
tion found  in  pigs  has  also  been  in  part  observed  in  men.  The 
red-blood  cells  increase  to  compensate  for  those  put  out  of  action 
by  the  carbon  monoxide.  How  long  this  may  continue  without 
pronounced  distress  on  the  part  of  men  is  important. 

Repeated  exposure  to  carbon  monoxide  may  occur  in  the  case 
of  miners,  in  those  who  do  the  shot-firing.  Blasting  e.xplosives 
always  produce  some  carbon  monoxide  in  coal  mines.  Men  may 
return  too  quickly  to  the  working  face  (before  gases  have  dis- 
appeared), to  examine  their  shot,  and  thus  expose  themselves 
to  percentages,  usually  small,  of  the  gas.  Where  large  shots  are 
fired,  where  the  ventilation  is  poor,  and  where  the  working  faces 
are  too  far  ahead  of  the  last  breakthrough,  contact  by  men  with 
harmful  percentages  of  carbon  monoxide  and  other  poisonous 
gases  may  follow.  Miners  at  some  mines  frequently  go  home 
sick  from  powder  smoke.  The  general  effect  of  such  exposure 
on  them  cannot  be  anything  but  bad. 

In  the  conduct  of  exploration  work,  one  sometimes  hears  it 
said  that  certain  individuals  of  a  party  were  able  to  withstand 
atmospheres  that  caused  distress  in  other  members  of  the  same 
party.  This  may  be  true  because  some  men  are  more  affected 
than  others  by  the  same  properties  of  the  gas,  but  one  or  two 
other  causes  must  be  kept  in  mind.  After-damp  in  different 
parts  of  a  mine  (in  some  places  quite  close  together)  will  differ 
much  in  composition  to  the  extent  that  at  one  place  a  very  small 
and  insignificant  amount  of  carbon  monoxide  might  be  present, 
while  at  another  place,  close  by,  a  harmful  proportion  might 
exist.  One  person  of  a  party  unknowingly  might  encounter  the 
latter  atmosphere  whUe  his  comrades  do  not.  Another  reason 
usually  less  apparent  to  an  exploring  party  has  to  do  with  the 
fact  that  the  amount  of  carbon  monoxide  absorbed  depends,  of 
course,  upon  the  air  breathed.  A  man  at  rest  may  breathe  7  or 
8  liters  of  air  per  minute.  By  even  moderate  exertion  this  can 
be  increased  to  3  or  4  times  that  quantity.  It  follows  that  if 
one  or  more  members  of  an  exploring  party  work  harder  than 
others  they  will  become  poisoned  more  quickly  than  the  less 
active  members. 

SUMMARY 

1.  Small  animals  may  be  repeatedly  used  in  exploration  work 
without  becoming  less  useful  as  indicators  of  carbon  monoxide. 

2.  Of  the  more  common  small  animals,  canaries  are  best 
adapted  for  exploration  work. 

3.  Men  may  feel  distress,  especially  if  they  work  hard,  in 
the  presence  of  small  proportions  of  carbon  monoxide  (o.io  per 
cent  or  under),  when  animals  at  rest  in  their  cages  do  not  dis- 
tinctly show  it. 

4.  It  is  occasionally  found  that  different  animals  of  the  same 
species  may  be  differently  affected  by  the  same  proportion  of 
carbon  monoxide;  hence  more  than  one  animal  should  be  used 
at  a  time. 


The  conclusions  given  are  drawn  from  the  authors'  work  on 
small  animals  and  men,  from  J.  S.  Haldane's  work  on  small 
animals  and  men,  from  the  accounts  of  exploration  work  of. dis- 
satisfied users  of  small  animals  (especially  mice),  and  some 
miscellaneous  observations  by  the  author  on  the  use  of  small 
animals  and  general  effects  of  carbon  monoxide. 
Bureau  of  Mines,  Pittsburgh 


CHEMICAL  INDUSTRIES  AND  SCHOOLS 

Iiy  Daniel  M.  Grosh 
The  writer  through  an  address  on  the  subject  "What's  the 
Matter  with  the  American  Chemist?"  which  appeared  in  This 
Journal,  5,  692,  has  been  favored  with  the  views  and  opinions 
of  various  correspondents.  These  communications  were  ex- 
tremely diversive  as  to  the  reason  why  we  cannot  compete 
with  foreign  chemical  producers,  but  all  agree  upon  the  one  fact 
that  Germany  leads  the  world  and  controls  the  markets  in  chem- 
ical products. 

The  writer  mentioned  the  chaotic  condition  of  the  dyestuff 
industry  because  at  the  time  much  newspaper  space  was  being 
devoted  to  the  agitation  in  that  quarter,  and,  taking  the  situa- 
tion in  its  entirety,  this  phase  of  the  question  is  only  one  smalt 
link  in  the  chain  of  chemical  products. 

The  address  evidently  touched  a  responsive  chord  and  caused 
some  serious  thinking  and  has  brought  to  light  some  facts 
bearing  on  this  subject  which  have  hitherto  remained  obscured 
or  vague.  One  correspondent  in  expressing  his  views  on  the 
question  "Why  cannot  we  make  chemicals  to  supply  our  needs 
without  importing  them?"  tersely  answers  "We  can  but  we 
won't."  The  truth  of  this  statement  is  greater  than  it  appears 
at  the  first  glance  and  seems  to  answer  the  question  most 
effectively,  but  at  the  same  time  there  pops  up  another  "Why?" 
In  this  as  in  all  subjects  much  remains  hidden  that  bears 
largely  upon  existing  conditions  and  each  influence  is  effective 
to  a  greater  or  less  degree.  It  is  the  intention  to  discuss  those 
influences  which,  according  to  the  opinions  of  various  interested 
correspondents,  have  been  responsible  for  this  country  being 
left  behind  in  the  great  race  for  supremacy  in  this  industry. 
The  issue  at  stake,  however,  is  not  the  reasons  or  results  but 
the  remedy.  This  means  the  hard  cash  of  a  prosperous  industry, 
a  commercial  proposition.  It  is  well  to  remember  that  every 
new  industry  created  means  just  so  many  more  mouths  fed,  so 
many  more  families  maintained  and  so  many  more  citizens 
preserved  to  usefulness  and  productiveness. 

Closing  our  eyes  to  an  unpleasant  truth  does  not  alter  the 
situation  and  even  though  it  hurts  to  admit  it  we  must  ac- 
knowledge that  we  have  learned  oiJy  the  trade  of  producing 
chemical  products  instead  of  the  science  of  chemistry.  We  had 
the  same  opportunities  and  greater  advantages  than  Germany 
for  the  exploitation  of  the  chemical  industry  but  allowed  them 
to  slip  through  our  hands  and  be  eagerly  grasped  by  tlie  foreigner. 
In  the  early  seventies,  Germany  was  far  below  England  and 
France  in  manufacturing,  invention  and_  foreign  commerce. 
Overburdened  with  our  productive  lands  and  our  natural  wealths 
of  raw  materials,  we  have  never  been  forced  into  the  great 
fight  for  existence  and  many  of  our  natural  resources  have 
passed  from  our  control  or  remained  undeveloped. 

To  speak  of  the  chemical  industry  and  not  to  mention  the 
German  syndicates  would  be  omitting,  perhaps,  the  main 
factor  in  the  case.  As  every  one  knows,  Germany  possesses, 
to-day,  the  best  developed  chemical  industry  in  the  world 
and  dominates  the  trade  the  world  over.  This  syndicate  of 
which  we  hear  so  much  is  something  real  and  with  enormous 
powers  which  it  uses  with  a  high  hand.  We  have  nothing  to 
compare  with  it  in  our  own  land  and  its  power  is  so  great  and 
so  effectually  does  it  control  and  regulate  the  market,  that  it 
can  dump  its  supplies  where  it  pleases  and  at  prices  to  suit  itself. 
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To  this  syndicate  the  German  Government  extends  a  helping 
hand  at  all  times.  It  is  Germany,  first,  last  and  all  the  time, 
and  against  the  world.  In  the  potash  case  a  few  years  ago 
there  was  an  actual  partnership  with  the  government  to  regu- 
late the  price  of  potash  and  together  they  control  the  supply 
of  the  world. 

To  what  extent  the  individuality  of  the  chemist  contributes 
toward  the'  general  situation  is  to  be  judged  by  the  reader. 
Foreign  chemists  are  satisfied  with  a  small  salary — here,  three 
times  as  much  pay  is  demanded.  Graduates  are  glad  to  seize 
the  opportunity  to  get  into  a  factory  at  little  compensation  to 
get  a  start  and  for  the  practical  knowledge  they  will  acquire. 
This  presents  a  phase  rather  unfamiliar  to  our  general  views 
and  shows  they  have  either  a  belief  in  themselves  and  their 
future  or  a  willingness  to  sacrifice  themselves  for  their  love  of 
profession. 

If  a  graduate  is  satisfied  to  work  for  a  small  sum,  eager  for 
a  chance  to  do  great  work  at  a  personal  sacrifice,  it  certainly 
shows  a  high  degree  of  patriotism  or  an  intense  love  of  profession. 
Ambition  will  generally  make  good  in  any  capacity  and  prove 
its  worth.  While  the  wages  paid  abroad  are  very  much  lower, 
this  condition  cannot  have  much  bearing,  when  the  difl'erent 
standards  of  living  and  relative  costs  of  same  are  impartially 
considered. 

Germany  is  spending  enormous  amounts  each  year  for  its 
chemical  development  through  its  universities  in  which  the  in- 
structors and  chemical  factories  cooperate  with  very  successful 
results.  An  individual  or  manufacturer  up  against  a  difficult 
problem  has  at  call  the  finest  advisory  talent  available  as  well 
as  adequately  equipped  laboratories  at  his  disposal.  When 
such  authorities  as  Prof.  R.  K.  Duncan  and  his  associates  are 
striving  their  utmost  to  bring  about  a  similar  condition,  prac- 
tically absent  in  this  country,  it  is  most  apparent  that  this  spirit 
of  cooperation  has  a  high  potential  value.  That  there  is  a  lack 
of  such  cooperation  as  exists  abroad  between  the  manufacturer 
and  the  chemist  and  also  between  the  educational,  financial 
and  commercial  interests,  all  will  admit,  but  why  should  it  con- 
tinue if  such  cooperation  is  to  the  advantage  of  all  concerned. 

The  writer  has  knowledge  of  cases  where  firms  refused  to 
take  advantage  of  new  processes  devised  by  interested  employees 
to  reduce  costs  and  improve  the  output.  Superintendents 
resented  any  suggestions  except  those  emanating  from  them- 
selves and  looked  upon  such  as  a  reflection  upon  their  abilities. 
Instances  of  this  nature  are  by  no  means  rare  and  especially 
a  few  years  back  when  "ignorance  was  bliss,"  this  phase  of 
"destructive  conservatism"  may  have  contributed  its  share 
towards  placing  the  chemical  industry  in  its  present  state.  Such 
a  spirit  certainly  does  not  promote  the  efficiency  and  low  manu- 
factm-ing   costs   which  are  essential  in  industrial  progress.     The 


mental  attitude  of  the  worker  is  as  important  as  scientific  man- 
agement and  how  much  influence  such  incidents  as  the  above 
have  had  upon  the  industry  collectively  depends  upon  the 
personal  opinion  of  the  reader. 

Within  the  confines  of  Germany  or  France  there  is  no  such 
thing  as  a  played-out  farm.  Land  has  been  cultivated  continu- 
ously year  in  and  year  out  and  to-day  still  shows  a  high  degree 
of  productiveness  due  to  scientific  application  of  fertilizers, 
which  we  are  just  beginning  to  get  acquainted  with.  With 
the  aid  of  the  chemist,  German  farms  are  raising  beets  for  sugar 
in  competition  with  cane  sugar  and  are  producing  beet  sugar 
to  the  tune  of  100  million  dollars  a  year.  Instead  of  sending 
their  money  out  of  the  country  for  something  they  cannot 
produce,  they  keep  it  at  home  by  discovering  some  substitute 
for  the  desired  product.  Again,  the  United  States  imports 
creosote  for  various  purposes  by  the  shiploads,  produced  from 
German  coke  ovens  and  permits  the  same  by-product  to  go  to 
waste  at  our  own  ovens.  These  two  examples  serve  to  show 
how  we  neglect  our  own  resources  and  are  simply  a  few  out  of 
many  illustrations.  It  is  not  to  be  expected  that  we  should 
appropriate  all  the  means  by  which  Germany  has  reached  her 
present  position.  Times  and  conditions  are  constantly  changing 
and  the  methods  of  twenty  or  thirty  years  ago  could  not  be 
used  to-day,  but  we  can  utilize  those  aids  which  our  common 
sense  tells  us  would  be  to  our  benefit  and  advantage. 

We  can  develop  our  natural  resources  and  make  them  pro- 
ductive. We  can  foster  an  intelligent  effort  to  benefit  and  apply 
to  industrial  uses  the  energy  and  products  of  the  individual 
investigator.  We  can  establish  laboratories  where  the  problems 
of  the  manufacturer  as  well  as  the  individual  can  be  worked 
out.  There  can  be  cooperation  between  oiu-  industries  and  insti- 
tutions of  learning. 

Let  there  be  a  campaign  of  education  and  enlightenment. 
It  is  surprising  how  little  is  known  on  this  subject.  Many 
persons  well  informed  generally  have  but  the  slightest  knowledge 
of  existing  conditions  and  even  within  the  profession  there  is  not  the 
familiarity  one  would  expect.  We  can  look  for  no  legislative  assis- 
tance until  the  public  is  educated  and  as  long  as  the  truth  is  with- 
held and  the  gravity  of  the  question  is  not  impressed  as  a  matter 
of  public  concern  and  welfare,  there  will  be  no  progress. 

Looking  the  situation  squarely  in  the  face  and  casting  aside 
all  prejudice  any  person  intelligent  and  well  informed  can  see 
what  our  future  will  be.  To  be  honest  in  one's  convictions  does 
not  mean  pessimism  or  calamity  howling.  Let  us  learn  the 
truth,  rectify  our  mistakes  and  buUd  anew.  A  campaign  of 
education  once  inaugurated  cannot  fail  to  bear  fruit.  Will 
American  industry  heed  the  lesson  contained  in  rich  England's 
industrial  eclipse,  in  poor  Germany's  steady  rise? 
5927  Walton  Ave.,  Philadelphia 


VENTILATION  5YMP05IUM 


The  New  York  Section  of  the  American  Chemical  Society  held 
a  Symposium  on  Ventilation  at  The  Chemists'  Club,  November 
7,  1913.  The  various  phases  of  this  vital  subject  were  discussed 
by  qualified  experts  and  their  addresses  are  printed  in  full 
below.     [Editor.  ] 

PHYSIOLOGICAL  PROBLEMS  OF  VENTILATION 

By  Frederic  S.  Lee' 

Man  is  intimately  dependent  upon  his  environment.  In 
civilization  he  lives  under  artificial  conditions,  and  it  is.  there- 
fore, necessary  to  employ  artificial  means  in  order  to  adapt  his 
environment  to  his  physiological  needs.  The  air  surrounding 
his  body  is  one  of  his  indispensable  environmental  factors,  and 
•  Dalton  Professor  of  Physiology  in  Columbia  University. 


when  it  is  confined  between  walls  the  process  of  ventilation  is 
required  to  keep  the  air  in  such  condition  that  he  is  able  to  live 
within  it  in  a  physiological  state.  It  cannot  be  too  strongly 
emphasized  that  the  problem  of  ventilation  is  fundamentally 
a  physiological  problem,  and  it  must  vary  from  time  to  time 
as  the  knowledge  of  man's  physiological  requirements  becomes 
more  exact.  We  know  now  much  more  fully  than  we  knew  a 
few  years  ago  what  qualities  the  air  that  he  is  to  breathe  ought 
to  possess,  and  a  few  years  hence  our  knowledge  will  doubtless 
be  still  more  full.  A  few  years  ago  ventilation  was  supposed 
to  be  a  matter  of  maintaining  the  proper  chemical  purity  of 
respirable  air.  It  was  only  natural  to  draw  this  inference  from 
the  known  fact  that  respiration  renders  the  air  chemically  im- 
pure. The  chemical  compositions  of  inspired  air  and  expired 
air  are  as  follows : 
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Inspired  Expired 

Oxygen 20.94  16.4 

Carbon  dioxide 0.03  4.1 

Nitrogen 78.09  78.09 

Argon 0.94  0.94 

Helium,  krypton,  neon, -xenon,  etc Traces  Traces 

In  considering  the  chemical  vitiation  of  air  by  respiration 
it  is  obvious  that  the  inert  nitrogen,  argon,  helium,  etc.,  may 
be  neglected,  and  that  attention  should  be  focused  upon  the 
oxygen  and  the  carbon  dioxide.  The  necessity  of  oxygen  in 
respiration  has  long  been  recognized,  and  it  was  long  believed 
that  its  diminution,  especially  in  the  more  extreme  conditions, 
was  a  factor  to  be  considered  in  ventilation.  Against  carbon 
dioxide  the  case  seemed  even  stronger.  It  is  increased  more 
than  one  hundred  times  by  the  act  of  breathing;  it  was  known 
to  be  poisonous  to  man;  and  its  elimination  was  long  believed 
to  be  the  all-important  requisite  in  adequate  ventilation.  The 
object  of  ventilation  was  thus  to  remove  chemically  impure  air 
and  introduce  chemically  pure  air  and  plenty  of  it. 

In  recent  years  with  the  extension  of  human  and  animal  ex- 
perimentation the  aspect  of  the  subject  has  quite  changed. 
It  has  now  been  shown  that  the  oxygen  of  respirable  air  may  be 
reduced  to  less  than  17  per  cent  before  its  diminution  becomes 
harmful.  This  proportion  is  too  small  even  to  support  com- 
bustion. Hill  says  of  a  group  of  his  students  whom  he  confined 
in  a  small  air-tight  room:  "We  have  watched  them  trying  to 
light  a  cigarette  (to  relieve  the  monotony  of  the  experiment) 
and,  puzzled  by  their  matches  going  out,  borrowing  others, 
only  in  vain.  They  had  not  sensed  the  percentage  of  the  dimi- 
nution of  oxygen,  which  fell  below  seventeen."  Except  in  ex- 
treme experimental  conditions  the  amount  of  oxygen  in  crowded 
assemblies  never  falls  below  one-twentieth  of  its  usual  amount, 
i.  e.,  rarely  below  20  per  cent.  Oxygen  will,  therefore,  take  care 
of  itself  and  may  probably  be  wholly  left  out  of  consideration 
in  ventilating  systems. 

With  the  poisonous  carbon  dioxide,  too,  the  case  now  seems 
not  so  very  different.  Witliin  man's  body  carbon  dioxide 
plays  essential  roles.  It  is  the  stimulant  which  excites  the 
nervous  center  of  our  respiratory  mechanism  and  maintains 
its  regular  action,  and  a  similar  hormone  influence  has  been 
recognized  in  other  bodily  functions.  Moreover,  the  poisonous 
properties  of  carbon  dioxide  when  in  air  have  been  exaggerated. 
Experimentation  indicates  that  it  does  not  become  harmful 
to  man  until  it  accumulates  to  about  one  per  cent  or  nearly 
forty  times  its  usual  amount.  In  crowded  rooms  it  very  rarely 
reaches  even  0.4  per  cent,  or  ten  times  its  usual  proportion  in 
pure  air  and  only  one-quarter  of  its  harmful  amount.  Like 
oxygen,  therefore,  it  would  appear  that  carbon  dioxide  may 
probably  be  eliminated  from  the  problem  of  ventilation  except 
under  the  most  extreme  and  unusual  conditions.  It  is  still 
customary  to  use  as  the  standard  of  suitable  ventilation  the 
amount  of  carbon  dioxide  permissible  in  the  air  of  rooms.  In 
the  United  States  we  are  still  very  deficient  in  ventilation  laws, 
but  in  England  specific  laws  fix  the  quantity  of  this  gas  which 
may  be  permitted  in  the  work  rooms  of  certain  industries.  In 
view  of  the  present  status  of  physiological  knowledge  it  would 
appear  that  some  other  standard  than  that  of  a  fixed  amount 
of  carbon  dioxide  should  be  established. 

Notwithstanding  these  recent  changes  in  our  ideas  of  the 
relation  of  oxygen  and  carbon  dioxide  to  ventilation,  I  am  not 
prepared  to  say  without  reservation  that  the  continued  exposure 
of  an  individual  day  after  day  and  week  after  week  to  even  a 
moderately  diminished  quantity  of  oxygen  and  a  moderately 
increased  quantity  of  carbon  dioxide  would  be  wholly  without 
harm.  But  I  am  led  to  this  reservation  not  by  any  existing 
positive  physiological  knowledge,  but  rather  by  the  necessity 
of  maintaining  an  open  mind  receptive  to  future  possible  dis- 
coveries— a  mental  attitude  which  ought  always  to  characterize 
men  of  science. 


There  has  long  existed  a  belief,  and  even  among  scientific 
men,  that  expired  air  contains  a  peculiar  organic  and  volatile 
constituent,  probably  of  protein  nature,  which  is  toxic  to  human 
beings  and  other  animals.  Various  attempts  have  been  made 
to  support  this  idea  experimentally.  The  most  of  these  ex- 
periments have  consisted  in  condensing  expired  air  and  then 
injecting  it  into  animals.  Some  of  these  experiments  have 
seemed  to  result  positively.  The  latest  of  these  were  performed 
by  Rosenau  and  Amoss,  in  191 1,  and  the  positive  result  was 
the  production  of  an  anaphylactic  condition  in  a  certain  pro- 
portion of  the  experimental  animals.  One  by  one  these  suc- 
cessive supposed  positive  results  have  been  balanced  by  equally 
significant  negative  results  and  have  been  explained  otherwise 
than  as  indicative  of  the  existence  of  the  hypothetical  substance; 
and  now  in  this  city  Weisman  and  Lucas  independently  have 
repeated  and  extended  the  work  of  Rosenau  and  Amoss  and 
have  not  been  able  to  confirm  their  findings.  In  the  light  of 
present  evidence,  therefore,  we  cannot  accept  the  belief  that 
expired  air  contains  an  organic  poison.  Furthermore,  the  odor 
of  air  vitiated  by  human  beings  is  no  index  of  the  presence 
of  harmful  ingredients. 

It  is  pertinent  here  to  refer  to  the  case  of  ozone.  Its  powerful 
oxidizing  properties  and  its  intemperate  advocacy  by  enthusiastic 
but  unscientific  persons  have  caused  it  to  be  hailed  popularly 
as  highly  beneficial  to  the  human  body,  not  only  in  ordinary 
respiration  but  in  the  purification  of  the  air  of  living  rooms, 
and  in  the  destruction  of  bacteria  and  other  organic  matter. 
In  many  offices  and  homes  we  find  various  forms  of  ozone  ma- 
chines, busily  at  work  discharging  into  the  atmosphere  their 
peculiarly  odoriferous  product.  Very  recent  investigations 
seem  to  make  it  clear  that  the  supposed  beneficial  powers  of 
ozone  as  a  home  companion  are  creations  of  the  imagination. 
Two  groups  of  American  investigators,  Jordan  and  Carlson, 
in  Chicago,  and  Sawyer,  Beckwith  and  Skolfield,  in  Berkeley, 
have  independently  carried  out  each  a  series  of  careful  experi- 
ments' on  the  action  of  ozone  on  bacteria,  animals  and  human 
beings.  They  find  that  ozone  will  indeed  kill  bacteria  exposed 
in  a  room,  but  only  when  in  such  concentration  that  it  will 
kill  guinea  pigs  first.  "There  is  no  evidence  for  supposing  that 
a  quantity  of  ozone  that  can  be  tolerated  by  man  has  the  least 
germicidal  action."  When  present  in  any  considerable  quantity 
in  the  air  ozone  is  irritating  and  probably  corrosive  to  the  lining 
membrane  of  the  air  passages  of  the  nose,  throat  and  lungs, 
causing  the  blood  vessels  of  this  membrane  to  be  excessively 
dilated  and  to  present  the  customarj'  symptoms  of  "sore  throat." 
It  causes  headache  and  drowsiness.  The  heart,  at  first  acceler- 
ated, is  later  slowed  and  weakened,  and  the  pressure  of  the  blood 
in  the  arteries  is  unduly  lowered.  The  case  for  ozone  thus 
seems  to  narrow  down  to  a  supposed  beneficial  action  in  de- 
stroying or  modifying  unpleasant  odors  in  the  air  of  a  room. 
When  in  not  too  great  concentration  such  odors  are,  it  is  true, 
overcome,  though  it  is  quite  probable  that  their  disappearance 
is  due,  not  to  an  actual  destruction  of  the  odoriferous  substance, 
but  partly  to  a  replacement  of  the  disagreeable  odor  by  the  odor 
of  ozone  and  partly  to  fatigue  or  anesthesia  of  the  olfactory 
membrane  of  the  nose.  It  is  very  questionable  whether  this 
is  wise,  and  Jordan  and  Carlson  well  say:  "It  seems  to  us 
that  this  is  wrong  in  principle,  and  that  ozone  is  being  used 
and  will  be  used  as  a  crutch  to  bolster  up  poor  ventilating  sys- 
tems. Ozone  does  not  make  pure  air  any  more  than  strong 
spices  make  pure  food."  It  thus  seems  probable  that  ozone 
as  an  adjunct  to  ventilation  is  destined  to  pass  into  oblivion. 

Bacteria  also  may  probably  be  eliminated  as  a  factor  to  be 
considered  in  ordinary  ventilation,  for  the  idea  is  gradually 
making  its  way  that  the  germs  of  infectious  diseases  are  con- 
veyed to  the  unfortunate  individual  almost  wholly  through  some 
form  of  physical  contact  and  that  aerial  infection  occurs  with 
extreme  rarity.  In  exceptional  cases  air  may  be  rendered  un- 
'  See  also  This  Journal.  6,  882. 
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wholesome  by  the  presence  of  poisonous  gases.  Instances  of 
this  are  the  leakage  of  illuminating  gas  from  defective  pipes  and 
the  production  of  poisonous  fumes  in  certain  industrial  procedures. 
But  it  is  now  clear  that  sewer  gas  may  be  eliminated  as  a  factor 
in  our  dangerous  environment,  for  none  of  its  gaseous  constitu- 
ents is  markedly  to.xic  and  its  bacterial  content  is  so  slight 
as  to  be  negligible. 

While  it  has  thus  been  shown  that  it  is  not  the  chemical 
features  of  air  and  their  relation  to  man  which  supply  the  physio- 
logical basis  for  the  problem  of  ordinary  ventilation,  research 
has  at  the  same  time  been  demonstrating  that  two  of  the  air's 
physical  features  appear  to  be  the  decisive  factors.  This  idea 
seems  to  have  been  first  suggested  thirty  years  ago  by  Hermanns, 
and  it  has  since  constantly  found  increasing  experimental  sup- 
port. Hence,  in  considering  ventilation  from  the  latest  stand- 
point, we  are  obliged  to  turn  from  chemistry  to  physics.  At  . 
the  same  time  we  turn  also  from  the  lungs  to  the  skin.  The 
physiological  problems  of  ordinary  ventilation  have  ceased  to  be 
chemical  and  pulmonary,  and  have  become  physical  and  cu- 
taneous. 

The  average  adult  human  body  produces  within  itself  and  gives 
off  to  its  environment  during  twenty-four  hours,  when  at  rest, 
2400  calories  of  heat,  and  when  engaged  in  vigorous  physical 
labor  more  than  twice  this  amount.  Fully  95  per  cent  of  this 
heat  leaves  the  human  furnace  through  the  skin,  partly  by 
radiation  and  conduction,  and  partly  by  the  evaporation  of 
the  water  of  perspiration.  This  loss  cannot  be  regarded  as 
one  of  nature's  errors;  on  the  contrary  it  is  a  physiological 
provision,  carefully  controlled  by  the  nervous  system,  for  the 
good  of  the  organism.  If  this  dismissal  of  heat  from  the  body 
be  prevented,  heat  will  accumulate  within — for  its  production 
never  ceases  throughout  life — and  deplorable  consequences 
will  follow.  The  bodily  temperature  will  rise  above  the  normal, 
and  a  febrile  condition  will  result.  There  will  be  disturbances 
of  metabolism,  with  the  probable  accumulation  of  abnormal 
and  deleterious  metabolic  products;  working  power  will  be 
lessened;  fatigue  will  come  on  early;  and  ultimately  in  extreme 
cases  all  the  untoward  phenomena  of  heat  stroke  will  occur. 

The  normal  loss  of  heat  or,  as  the  Germans  call  it,  the  "un- 
warming"  of  the  body,  may  be  interfered  with  by  making 
the  surrounding  air  too  warm,  thus  preventing  radiation  and 
conduction;  or  by  making  the  air  too  moist,  thus  preventing 
the  evaporation  of  sweat;  or  most  effectually  by  blocking  both 
of  these  channels.  This  last-mentioned  procedure  is  that  which 
happens  to  human  beings  confined  in  improperly  ventilated 
rooms.  From  their  bodies  the  temperature  of  the  air  rises  and 
the  humidity  of  the  air  increases.  As  these  events  happen  each 
body  finds  it  not  so  easy  as  at  first  to  rid  itself  of  its  superfluous 
heat,  and  this  becomes  increasingly  more  difficult.  Heat-laden 
blood  must  be  sent  in  larger  quantity  to  dilated  cutaneous  ar- 
teries, flushing  and  warming  the  skin;  sweat  glands  must  be 
stimulated  to  visible  activity;  breathing  must  be  deepened; 
and  every  method  of  which  the  body  is  physiologically  capable 
is  unconsciously  brought  into  action  to  protect  it.  At  first 
the  sensations  are  merely  those  of  general  uneasiness,  mani- 
festing itself  in  restlessness;  then  progressively  appear  sleepiness, 
an  oppressive  sense  of  heat,  headache,  thirst,  and  still  more 
severe  sensations  which,  if  relief  is  not  obtained,  may  give  place 
to  the  delirium  of  the  Black  Hole  of  Calcutta  or  the  prison  at 
Austerlitz — these  sensations  keeping  pace  with  the  development 
of  the  fever  within  and  the  other  pathological  events  accompany- 
ing it. 

Much  experimentation  has  shown  that  these  evil  results  of 
confinement  in  improperly  ventilated  rooms  are  caused  not 
by  the  presence  of  toxic  products  of  respiration,  but  by  the  heat 
and  the  humidity  combined.  Paul  found  that  with  human 
beings  enclosed  in  a  hot  and  humid  experimental  chamber  the 
unpleasant  symptoms  began  to  appear  within  a  few  minutes 


and  before  there  was  time  for  the  accumulation  of  supposed 
poisonous  gases.  When  the  air  of  the  chamber  was  put  into 
motion  the  temperature  of  the  skin  fell,  the  unpleasant  symp- 
toms disappeared  very  quickly,  and  the  subject  felt  as  if  fresh 
air  had  been  supplied.  When  the  subject  had  been  confined 
for  a  considerable  time  and  the  symptoms  had  become  well 
developed,  the  breathing  of  pure  air.  through  a  tube  passing 
from  the  subject's  face  through  the  wall  of  the  chamber  to  the 
outside  brought  no  relief.  When,  on  the  other  hand,  an  outsider 
with  his  body  surrounded  by  fresh  air  breathed  from  a  tube, 
the  vitiated  air  of  the  chamber,  no  unpleasant  symptoms  ap- 
peared. Such  facts  make  it  clear  that  the  symptoms  are  due 
to  the  action  of  the  vitiated  air,  not  on  the  lungs  but  on  the  skin. 
In  one  of  Benedict's  experiments  a  subject  was  confined  for 
three  days  in  a  respiration  calorimeter.  During  the  second 
day  the  ventilation  of  the  calorimeter  was  cut  down  so  that  the 
products  of  respiration  were  allowed  to  accumulate.  During 
nearly  the  whole  of  this  period  of  twenty-four  hours  carbon  di- 
oxide was  present  in  a  quantity  averaging  2.2  per  cent,  or  more 
than  seventy  times  the  usual  amount.  The  humidity  ranged 
between  54  and  66  per  cent,  while  the  temperature  remained 
practically  constant  at  the  comfortable  level  of  20°  C,  or  68°  P. 
The  subject  possessed  his  usual  good  health  and  on  that  experi- 
mental day  was  said  to  be  "in  unusually  good  spirits."  Hill 
confined  eight  persons  in  a  small,  air-tight  experimental  chamber, 
containing  approximately  only  three  cubic  meters  of  air.  The 
oxygen  fell  from  20  to  between  16  and  17  per  cent,  and  the  car- 
bon dioxide  increased  from  0.04  to  between  3  and  4  per  cent, 
or  nearly  one  hundred  times  its  usual  amount.  The  symptoms 
of  the  action  of  vitiated  air  soon  appeared.  Then  three  elec- 
tric fans  attached  to  the  ceiling  were  started  and,  although  the 
temperature  of  the  air  was  between  80°  and  85°  F.  and  it  was 
very  moist,  the  simple  movement  of  this  wet,  hot,  stale  air  brought 
complete  relief,  for  the  simple  reason  that  it  whirled  away  the 
still  hotter  stationary  air  from  the  surface  of  the  bodies  and  al- 
lowed them  still  to  eliminate  their  internal  heat. 

These  experiments  and  many  others  have  proved  beyond 
question  that  the  chemical  purity  of  air  vitiated  by  the  presence 
of  human  beings  is  a  factor  of  minor  importance  in  ventilation, 
and  that  the  qualities  to  be  avoided  are  an  elevated  temperature 
and  an  elevated  amount  of  moisture.  In  our  American  cities 
we  know  too  well  that  the  chief  danger  of  our  torrid  summer 
days  is  not  the  heat  alone,  but  the  combined  heat  and  humidity; 
but  few  persons  realize  that  it  is  precisely  the  same  factors  that 
are  responsible  at  all  seasons  for  the  evil  effects  of  the  confined 
air  of  rooms.  There  is  no  doubt  that  the  air  of  our  American 
living  rooms  and  many  schoolrooms  and  other  assembly  cham- 
bers is  kept  too  warm.  A  temperature  of  70°  F.  is  commonly 
recommended  for  living  rooms,  but  a  lower  temperature  with 
a  moderate  humidity  is  more  healthful.  The  British  authorities 
advise  temperatures  reaching  as  low  as  60°  F.  Acclimatization 
undoubtedly  has  much  to  do  with  the  matter. 

No  fixed  standard  percentage  of  humidity  can  be  set,  since 
the  percentage  of  humidity  is  so  closely  related  to  temperature. 
Thus  100  per  cent  of  humidity  in  air  of  65  °  is  equivalent  to  only 
58  per  cent  at  75°  and  33  per  cent  at  85".  A  humidity  of  60 
per  cent  with  air  of  68°  F.  is  rational. 

If  any  single  standard  is  to  be  chosen  as  the  standard  of 
healthful  air,  it  is  probably  the  temperature  of  the  air  as  indi- 
cated by  the  wet-bulb  thermometer,  for  this  is  a  measure  of  heat 
and  humidity  combined.  The  British  authorities  are  very 
positive  about  this.  Thus,  Haldane  summarizes  his  observa- 
tions in  these  words: 

"These  experiments  proved  that  in  very  warm  air  it  is  the 

temperature  indicated  by  the  wet-bulb  thermometer 

which  determines  the  iU-effects  produced.  With  a  wet-bulb 
temperature  exceeding  88°  to  90°  F.  [=  31*  to  32°  C]  in  fairly 
still  air  the  body  temperature  begins  to  rise,  even  in  the  case 
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of  persons  stripped  to  the  waist  and  doing  no  work;  and  when 
once  started  this  rise  continues  until  symptoms  of  heat  stroke 
arise,  unless  the  person  leaves  the  warm  air.  In  the  case  of 
persons  doing  muscular  work,  the  rise  of  body  temperature  is 
much  more  rapid  and  begins  at  a  much  lower  wet-bulb  tempera- 
ture. It  will,  for  instance,  begin  (in  persons  stripped  to  the 
waist)  at  a  wet-bulb  temperature  of  about  80°  F.  [=  26.7°  C.) 
in  still  air  with  moderately  hard  muscular  work,  so  that  hard 
and  continuous  work  is  impracticable  at  wet-bulb  temperatures 
of  over  80°  in  still  air.  There  is  no  doubt  that  when  ordinary 
clothes  are  worn,  serious  rise  of  body  temperature  occurs  at  a 
still  lower  wet-bulb  temperature.  Soldiers  marching  in  uni- 
form are,  for  instance,  liable  to  heat  stroke  at  wet-bulb  tempera- 
tures of  under  70  °  F.  1=  21  °C.]." 

Thus,  while  the  problem  of  ventilation  seems  clearly  to  resolve 
itself  into  the  problem  of  supplying  to  the  individual  moving 
air  of  such  a  temperature  and  such  a  content  in  aqueous  vapor 
as  to  enable  him  to  maintain  his  body  in  its  best  physiological 
condition,  there  still  remain  many  physiological  problems  re- 
lated to  ventilation  which  press  for  solution.  At  what  tempera- 
tures and  what  degrees  of  moisture  do  the  really  evil  effects 
of  bad  air  begin  to  appear?  In  what  ways  other  than  the  rise 
of  bodily  temperature  and  the  obvious  symptoms  do  these 
evil  effects  manifest  themselves?  Here  there  are  many  possi- 
bilities: alterations  of  respiratory  exchange,  of  relations  of  the 
oxygen  to  the  haemoglobin  of  the  blood,  of  the  action  of  the 
heart,  of  the  pressure  of  the  blood  in  the  arteries,  of  the  course 
of  fatigue,  of  the  working  power  of  the  brain.  It  must  be  be- 
lieved that  the  normal  course  of  the  body's  metabolism  is  altered, 
but  no  one  knows  with  any  degree  of  exactness  what  the  altera- 
tions are.  Do  a  high  temperature  and  a  high  humidity  bear 
any  relation  to  bacterial  infection?  What  are  the  differences 
between  temporary  and  prolonged  exposure  to  these  unfavor- 
able conditions?  Most  of  the  experiments  heretofore  conducted 
have  been  of  short  duration,  and  few  have  extended  for  so  long 
a  period  as  even  a  whole  working  day.  Still  fewer  have  related 
to  the  exposure,  day  after  day,  for  weeks  or  months,  to  an  atmos- 
phere that  is  only  slightly  unfavorable;  yet  it  is  probable  that 
the  evil  effects  of  such  an  environment  are  cumulative.  How 
are  the  effects  of  a  high  temperature  and  a  high  humidity  altered 
by  performing  physical  or  mental  work?  At  what  temperatures 
and  humidities  can  physical  work  and  can  mental  work  best 
be  performed — in  other  words,  under  what  conditions  of  ventila- 
tion can  the  highest  physiological  efficiency  of  the  individual 
be  secured?  Ought  these  conditions  to  be  varied,  and  if  so  in 
what  way,  according  to  the  occupation  of  the  individual  con- 
cerned? Should,  for  example,  the  home,  the  schoolroom, 
the  hospital,  and  the  work  shop  have  each  its  own  ventilation 
standard  and  in  what  terms  should  these  standards  be  expressed? 
These  are  some  of  the  physiological  questions  to  be  answered 
by  the  investigation  of  the  future.  What  we  already  know  about 
ventilation  and  what  we  hope  to  know  in  the  future,  combine 
to  make  it  clear,  I  trust,  that,  as  was  stated  in  my  introduction, 
the  problem  of  ventilation  is  fundamentally  a  physiological 
problem. 

CotLBGE  OF  Physicians  and  Surgeons 
New  York  City 


MECHANICAL  PROBLEMS  OF  VENTILATION 

By  D.  D.  Kimball 

It  is  not  my  understanding  that  the  subject  assigned  me 
refers  to  the  details  of  the  problem  of  working  out  a  design 
for  the  ventilation  of  any  building  for  any  use,  for  such  problems 
have  become  those  of  details  only. 

So  far  as  this  subject  refers  to  the  present  wide-spread  atmos- 
phere of  investigation  into  the  general  problem  of  ventilation 
it  might  almost  be  said  that  there  are  no  mechanical  problems 
unsolved  in  the  field  of  ventilation;  which  is  to  say,  the  engineer 


can  provide  any  chemical  or  physical  condition  of  the  atmos- 
phere of  an  enclosed  space  which  may  be  required.  The  compo- 
sition of  the  air  may  be  maintained  with  any  reasonable  pro- 
portions of  oxygen  and  COi  (and  ozone  too,  if  desired)  and 
the  air  may  be  kept  freer  of  dust  and  bacteria  than  the  outside 
air.  It  may  be  maintained  at  any  temperature  or  any  degree  of 
relative  humidity,  and  it  may  be  given  any  degree  of  movement 
or  diffusion  desired.  Odors  and  dust  of  any  kind  and  of  any 
amount  can  be  removed. 

These  are  matters  fully  understood  by  the  engineer,  and  practice 
and  formulae  are  at  hand  for  guidance  along  correct  lines. 

The  chemical  and  physical  properties  of  the  air  may  be  varied 
at  will  and  within  short  periods  of  time.  And  all  of  this  may  be 
accomplished  by  the  artificial  ventilating  system.  It  cannot  be 
accomplished  by  natural  ventilation. 

But  nevertheless,  someone  will  rise  to  insist  that  these  things 
are  not  accomplished  and  that,  therefore,  these  statements  must 
be  those  of  theory  and  not  those  of  accomplished  fact.  And  on 
the  surface  it  appears  as  though  such  a  person  would  not  be 
far  from  right. 

Therefore,  let  us  briefly  consider  the  reason  or  reasons.  It 
will  not  be  contended  that  there  are  not  a  great  many  ventilating 
systems  in  use  which  are  justly  the  subject  of  criticism,  even 
serious  criticism,  nor  that  there  are  relatively  few  systems  in 
use  for  which  entire  satisfaction  may  be  claimed. 

But  again,  let  it  be  stated  that  this  condition  results,  not 
because  of  the  mechanical  problems  involved  but  for  other 
reasons,  serious,and  fundamental. 

There  is  now  no  agreement  as  to  which  constitutes  proper 
ventilation.  Information  is  seriously  lacking  as  to  both  the 
chemical  and  physical  properties  of  the  air  which  are  most 
desirable.  There  are  many  chemical  and  physical  phases  of 
this  problem  which  are  of  undoubted  importance,  such  as  oxygen, 
carbon  dioxide,  ozone,  temperature,  humidity,  air  movement, 
dust  and  bacteria,  but  in  the  case  of  no  one  of  these  elements 
is  there  entire  accord  among  the  Physiologists  or  medical  men 
as  to  the  effect  of  different  conditions,  except  in  so  far  as  the 
trend  of  recent  opinion  seems  to  indicate  that  the  physical, 
rather  than  the  chemical,  conditions  of  the  air  are  of  the  greater 
importance,  which  is  a  reversal  of  earlier  opinions.  That  is, 
temperature,  humidity  and  movement  of  the  air,  and  its  freedom 
from  dust,  bacteria  and  odor  are  the  first  essentials  of  ventila- 
tion. Therefore,  let  the  physiologist  and  medical  men  determine, 
by  a  continuance  of  the  splendid  studies  and  experimentation 
now  going  on,  what  are  the  most  desirable  atmospheric  condi- 
tions. The  engineer  may  then  be  counted  upon  to  provide 
such  conditions. 

But  decisions  on  these  important  matters  must  be  well  founded 
and  may  not  be  based  upon  insufficient  investigations  and  in- 
conclusive tests  as  have  been  so  many  of  the  recently  announced 
views  as,  for  instance,  the  oft  reiterated  pronouncements  in  favor 
of  window  ventilation.  In  the  tests  of  this  important  phase 
of  the  ventilation  problem,  as  recorded  to  date,  the  subjects 
have  been  in  small  classes  under  the  care  of  specially  selected 
teachers  and  nurses,  with  special  diets,  short  study  periods, 
exercise  and  rest  periods,  investigations  and  instructions  re- 
garding home  conditions  and  with  other  details,  all  at  variance 
with  regular  school  practices,  all  of  which  doubtless  materially 
affect  the  result,  and  yet  the  entire  credit  is  given  to  the  effect 
of  the  window  ventilation.  No  consideration  is  given  to  the 
fact  that  proper  window  ventilation  may  be  had  upon  but  one 
or  two  sides  of  tlie  building,  and  then  only  on  the  sides  of  the 
building  which  are  favorably  exposed,  nor  is  any  mention  made 
of  the  enormous  increase  in  the  cost  of  maintaining  the  school 
system  if  such  a  system  of  school  administration  were  applied 
to  an  entire  city,  such  as  New  York. 

In  this  reference  to  window,  or  natural,  ventilation  there 
is  no  intention  to  decrj'  its  use  within  proper  limitations,  nor  as 


Mar.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


249 


au  adjunct  to  the  artificial  ventilation  system,  which  leads 
to  the  remark  that  a  properly  designed  system  of  ventilation 
is  not  put  "out  of  balance"  by  the  opening  of  a  window,  the 
popular  impression  to  the  contrary  notwithstanding. 

Therefore,  let  the  physiologists  and  medical  men  but  come 
to  an  agreement  as  to  the  optimum  atmospheric  conditions 
and  the  engineer  may  be  depended  upon  to  produce  just  those 
conditions,  IF,  and  herein  lies  the  real  problem  of  mechanical 
ventilation  from  the  standpoint  of  the  engineer,  IF  but  a  reason- 
able appropriation  is  made  for  the  design  and  installation  of 
the  heating  and  ventilating  system,  and  for  its  operation. 

In  the  first  place,  not  more  than  one  plant  in  ten  is  designed, 
or  laid  out,  by  a  consulting  engineer.  There  may  be,  unfor- 
tunately, some  practising  engineers  incapable  of  designing  a 
system  to  meet  modern  requirements,  but  there  are  plenty  of 
competent  engineers.  If  a  continuance  of  the  unfortunate 
experiences  of  the  past  is  to  be  avoided  the  owner  must  be  made 
to  realize  that  the  design  of  a  heating  and  ventilating  system 
is  no  part  of  a  plumber's  work  or  an  architect's  work  or  training, 
for  unfortunately  some  architects  do  not  yet  realize  this  fact 
and  many  architects  prefer  to  entrust  the  design  of  the  heating 
and  ventilating  plant  to  a  friendly  and  wUling  contractor  rather 
than  to  themselves  pay  the  engineer's  fee  or  to  ask  the  owner 
to  pay  it.  Result — the  contractor  lays  out  the  work  for 
his  own  benefit,  is  indeed  glad  to  do  so  for  the  advantage  which 
he  may  thus  obtain  over  other  bidders,  the  owner  is  without  the 
expert  services  which  he  should  have,  and  in  the  end  he  pays 
much  more  than  enough  extra  for  his  plant  and  its  operation 
than  would  have  been  required  to  pay  directly  for  engineering 
services. 

It  is  this  class  of  engineering,  also,  which  produces  the  most 
failures  in  ventilation  work,  the  blame  for  which  the  engineer 
carries. 

The  cost  of  the  best  engineering  services  for  the  design  and 
supervision  of  the  heating  and  ventilating  plant  will  vary  from 
one-half  to  three-quarters  of  one  per  cent  of  the  cost  of  the 
building. 

A  first-class  engineer  will  produce  savings  in  cost  of  installa- 
tion and  operation  vastly  exceeding  this,  and  yet,  but  relatively 
few  owners  avail  themselves  of  such  services,  while  the  wail 
against  the  inefficiency  of  the  ventilating  system  goes  on. 

In  the  second  place,  in  the  case  of  nearly  every  building, 
the  appropriation  for  the  installation  of  the  heating  and  venti- 
lating system  is  reduced  to  the  very  minimum.  Take,  for 
instance,  a  school  building.  Usually  a  certain  amount  is  ap- 
propriated for  the  building,  then  the  committee  selects  its  archi- 
tect. If  by  competition,  each  architect  strives  to  outdo  the 
others  in  the  size  or  ornamentation  of  the  buUding  which  he 
offers  to  build  for  the  amount  appropriated.  In  any  case  the 
architect  is  usually  confronted  with  the  requirements  of  the 
committee,  which  requirements  are  from  ten  to  twenty-five 
per  cent  in  excess  of  what  may  be  reasonably  expected  for  the 
sum  appropriated.  And  then  begins  the  process  of  trimming, 
and  the  heating  and  ventilating  plant,  being  the  biggest  single 
item  of  equipment,  invariably  comes  in  for  the  most  attention 
and  with  the  worst  results.  And  this,  too,  despite  the  fact  that 
the  ventilating  plant  is  really  the  lungs  of  the  building  and  counts 
most  for  the  comfort  and  efficiency  of  the  building  and  its  occu- 
pants. But,  of  course,  there  must  be  so  many  rooms,  just 
so  many  gargoyles,  and  just  so  much  marble.  For  these  things 
are  seen  and  read  of  all  men.  And  thus  the  committee  can 
point  with  pride  to  the  size  and  beauty  of  its  building  and  com- 
pare it  with  what  a  neighboring  city  secured  for  a  similar 
sum. 


Only  recently  an  instance  occurred  where  an  expenditure  of 
$i,ooo  additional  in  the  installation  of  the  ventilating  plant 
would  have  saved  twice  this  sum  in  the  annual  operating 
costs  but  this  could  not  be  permitted  because  the  money  was 
needed  by  the  architect  for  additional  space  in,  or  ornamenta- 
tion of,  the  building. 

The  air  washer,  a  most  desirable  adjunct  to  the  school  venti- 
lating system,  desirable  because  it  eliminates  dust,  bacteria  and 
odors  and  makes  possible  any  degree  of  humidification,  costing 
but  approximately  five  per  cent  of  the  cost  of  the  heating  and 
ventUating  plant,  is  rarely  found  in  newly  built  school  build- 
ings, and  solely  because  the  school,  or  building,  committee  does 
not  provide  the  means,  or  the  architect,  being  forced  to  satisfy 
the  committee  as  to  the  size  or  appearance  of  the  building, 
cannot  spare  the  money. 

One  of  the  most  frequent  complaints  offered  against  the 
artificial  ventilating  system  is  that  air  of  the  same  temperature 
is  supplied  to  all  of  the  rooms  of  the  building,  regardless  of  their 
exposure  to  sun  and  wind.  Often  a  room  on  the  sunny  sheltered 
side  of  a  building  should  have  its  entering  air  supplied  at  a 
temperature  of  from  five  to  ten  degrees  less  than  the  temperature 
of  the  air  entering  a  room  on  the  side  of  the  building  which  is 
in  the  shade  and  exposed  to  a  severe  wind.  But  the  common 
ventilating  duct  supplies  the  same  air  at  the  same  temperature 
to  all  rooms.  And  this  system  is  usually  enforced  because  an 
extra  expenditure  of  two  to  four  per  cent  of  the  cost  of  the  heating 
and  ventilating  system  may  not  be  permitted  for  the  installation 
of  a  double  duct  system  or  an  individual  duct  system,  by  means 
of  which  the  temperature  of  the  air  may  be  regulated  for  each 
room  according  to  its  needs. 

In  the  single,  or  common,  duct  system  one  duct  leaves  the 
heating  chamber  and  branches  to  the  vertical  flue  to  each  room. 
The  double  duct  system  has  a  second  duct,  carrying  cooler  air, 
directly  under  the  above  mentioned  duct,  also  branching  to  the 
vertical  flue  to  each  room.  Mixing  dampers  are  provided  at  the 
base  of  each  flue  by  means  of  which  the  mixture  of  warm  and 
cool  air  entering  the  flue,  and  thus  the  room,  is  regulated  by  a 
thermostat  in  the  room,  according  to  its  individual  needs. 
In  the  case  of  the  individual  duct  system,  the  most  desirable 
but  the  most  expensive,  the  duct  for  each  room  is  carried  back 
separately  from  the  base  of  the  flue  to  the  heating  chamber, 
which  is,  in  this  case,  divided  into  upper  and  lower  chambers, 
the  air  in  the  upper  chamber  having  passed  through  all  of  the 
heating  coils,  and  the  air  in  the  lower  chamber  having  passed 
through  but  a  portion  of  the  heating  coils.  Connections  are 
made  from  both  chambers  to  each  individual  duct,  with  dampers 
in  both  connections  arranged  to  operate  in  conjunction  with 
each  other,  as  controlled  by  the  thermostat  in  the  room,  thus 
giving  to  each  room  air  of  a  temperature  suited  to  its  needs, 
and  without  reference  to  the  needs  of  any  other  room,  either  as 
to  temperature  or  volume. 

In  the  third  place  the  difficulty  of  obtaining  sufficient  space 
for  the  installation  of  necessary  apparatus  and  in  obtaining 
suitable  locations  for  ducts,  flues,  air  openings,  heating  units 
and  other  details  of  the  plant,  places  serious  limitations  upon 
the  efficiency  of  the  ventilating  system,  for  diffusion  of  air  and 
the  resulting  air  movement  are  most  important.  The  co- 
operation of  the  owner,  architect  and  engineer  are  essential 
to  the  best  results  in  this  matter. 

A  further  problem  has  to  do  with  the  standard  of  the  janitorial 
service  usually  found  in  charge  of  the  operation  of  heating  and 
ventilating  plants.  Many  well  installed  plants  are  rendered 
wholly  inefficient  by  unskilled  attention,  and  this  despite  the 
fact  that  the  employment  of  a  better  class  of  operating  engineers 
would  result  in  a  fuel  saving  more  than  sufficient  to  cover  the 
extra  cost  of  first-class  and  experienced  men. 

What  has  been  said  of  the  ventilation  of  schools  applies  with 


25° 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  ? 


equal  force  to  hospitals,  auditoriums,  stores,  factories  and  all 
other  types  of  buildings. 

In  conclusion  be  it  said  that  given  authoritative  standards, 
the  employment  of  capable  consulting  engineers,  a  proper  ap- 
propriation for  the  installation  of  the  heating  and  ventilating 
system,  a  reasonable  freedom  to  the  engineer  in  the  working  out 
and  in  the  application  of  his  design,  and  skillful  operation,  and 
the  engineer's  problems  in  mechanical  ventilation  will  have  been 
overcome. 

Without  the  consummation  of  these  ends  the  splendid  efforts 
now  being  made  to  solve  the  chemical,  physical,  physiological, 
psychological,  efficiency  and  comfort  problems  of  ventilation 
will  have  been  wasted. 

15  West  38th  Street,  New  York  City 


INVESTIGATION  OF  SCHOOL  AIR  IN  NEW  YORK  CITY 

By  Charles  Baskervillb 

The  Public  School  System  of  Greater  New  York  has  to  do 
with  over  700,000  children  requiring  the  services  of  about  18,000 
teachers  with  an  annual  expenditureof  approximately  $40,000,000. 
The  Board  of  Estimate  and  Apportionment  approves  all  appro- 
priations, which  to  be  available  must  subsequently  be  passed 
upon  by  the  Board  of  Aldermen.  A  special  Committee  on  School 
Inquiry  was  appointed  by  the  Board  of  Estimate  and  Appor- 
tionment to  look  into  the  problem  of  efficiency  of  the  entire 
school  system,  involving  the  child,  its  instruction,  and  physical 
environment. 

The  Committee  desiring  to  utilize  the  equipment  and  services 
of  some  of  the  staff  of  the  College  of  the  City  invited  me  to  under- 
take the  study  of  the  air  of  the  New  York  City  Schools.  The 
invitation  was  accepted  after  I  had  succeeded  in  securing  the  co- 
operation of  my  colleague,  Professor  C.-E.  A.  Winslow,  who 
subsequently  was  selected  as  chairman  of  the  New  York  State 
Commission  on  Ventilation. 

Our  work  constituted  a  part  of  the  investigation  assigned  to 
Mr.  Chas.  G.  Armstrong,  the  engineer  to  the  School  Inquiry 
Committee. 

A  preliminary  investigation  was  made  during  the  spring  of 
1912  after  the  ventilating  plants  in  those  schools  having  them 
had  been  shut  down.  For  this  work  $750  was  allowed.  The 
work  was  continued,  on  our  recommendation,  in  the  fall  of  191 2 
and  winter  of  1913,  when  the  various  ventilating  systems  were 
in  operation,  with  a  further  expenditure  of  about  $7,500.  Neither 
Professor  Winslow  nor  I  accepted  compensation  for  our  services 
in  connection  with  the  investigation.  The  money  was  spent 
for  the  services  of  assistants  and  special  apparatus.  Space 
admits  only  a  very  brief  summary  of  our  work,  the  full  report 
of  which  is  now  in  press  by  order  of  the  School  Inquiry  Com- 
mittee referred  to. 

Our  problem  was  to  determine  the  quality  of  New  York  air 
and  if  possible  express  an  opinion  upon  the  efficiency  of  the  several 
systems  of  ventilation  in  operation  in  the  schools,  which  might 
serve  as  a  guide  in  making  recommendations  looking  toward 
the  re-construction  of  some  of  the  school  buildings,  or,  better 
operation  of  the  systems  already  installed,  and  to  advise  as  to 
future  construction.  We  were  able  to  meet  these  demands  in 
part  only,  some  reasons  for  which  will  be  clear  in  what  Professor 
Winslow  will  say  in  the  last  paper  to  be  presented  this  evening. 
Other  reasons  are  presented  herewith. 

The  systems  studied  were  (i),  window  system  (designated  the 
"open  window"  method  by  the  lay  press);  (2),  the  natural  sys- 
tem, where  ducts  were  provided,  but  no  mechanical  means  for 
insuring  a  flow  of  air  in  a  desired  direction  or  regulating  the  speed 
of  the  flow;  (3),  mechanical  ventilation  by  means  of  fans  with 
heating  coils  in  the  main  duct;  and  (.\),  the  last  mentioned  pro- 
vided further  with  a  washer,  which  also  acted  as  a  humidifier. 
In  some,  in  fact  practically  all,  schools  investigated,  where 
mechanical  ventilation  was  the  method  used,  the  air  was  taken 


in  at  or  near  the  street  level  and  not  filtered,  except  in  so  far 
as  in  special  cases,  we  may  regard  passing  through  a  spray  of 
water  as  filtration,  which  it  undoubtedly  is.  In  this  connection, 
however,  it  is  important  to  note  that  after  it  became  known  that 
we  had  begun  the  preliminary  investigation — or  perhaps  it  was 
coincident  with  our  beginning — the  Board  of  Education  ap- 
pointed a  committee  headed  by  Hon.  John  Martin,  to  study  the 
matter  of  ventilation  in  the  schools,  which  committee  made 
a  very  common  sense  report,  whereupon  the  Superintendent 
of  Schools,  Dr.  Maxwell,  not  only  authorized,  but  ordered, 
the  teachers  in  the  schools  to  open  the  windows  in  whatever 
school  they  might  be,  at  any  time  they  deemed  it  desirable, 
it  mattered  not  what  system  was  in  operation  or  how  efficient 
it  might  be  operating,  thus  placing  another  duty  upon  the  teacher 
already  overloaded  with  responsibility.  Our  field  squads  en- 
countered these  and  many  other  conditions  in  their  work.  Acting 
under  orders  they  made  their  observations  of  existing  conditions 
as  they  found  them.  Of  necessity,  the  comparative  value  of 
our  investigation  from  a  refined  point  of  view  was  materially 
lessened.  However,  what  we  did  learn  proved  of  no  little  value 
as  will  become  apparent  to  one  who  studies  the  report. 

Two  fundamental  facts  presented  themselves  to  us  at  the  out- 
set; first,  the  quality  of  the  air  of  the  city  itself,  and  second, 
the  quality  of  the  air  in  different  localities  of  the  city. 

When  it  is  considered  that  the  children  are  in  school  5/24  of 
a  day  for  5  days  in  a  week  for  8  months,  that  is  to  say,  about 
1000  hours  of  the  total  8760  hours  of  the  year,  approximately 
3/24  of  their  existence,  while  the  remaining  21/24  of  their  time  is 
spent  in  the  streets,  where  the  air  is  superior  in  certain  ways  and 
far  inferior  in  others,  and  in  their  homes,  where  different  features 
are  better,  but  others  worse,  it  becomes  a  matter  of  no  small 
moment  to  recommend  the  expenditure  of  many  millions  of 
dollars  for  the  installation  of  elaborate  systems  of  ventilation 
involving  the  cost  of  maintaining  them  in  operation  when  the 
heating  plants  are  not  going,  as  desirable  as  they  may  be,  for 
the  actual  benefit  derived. 

The  examination  of  all  the  600  schools  in  New  York  was 
obviously  out  of  the  question,  so  under  the  advice  of  Mr.  Arm- 
strong, we  selected  32  typical  examples,  ranging  from  modem 
and  well  managed  fan-ventilated  schools  to  older  buildings  in 
congested  tenement  districts,  ventilated  without  fans,  and  in- 
cluding buildings  of  various  sizes  from  one  of  the  largest  high 
schools  to  a  four-room  countrj'  school  in  Richmond  Borough. 

Ten  of  these  schools  were  studied  intensively,  being  visited 
once  a  week  between  December  2,  1912  and  February  14,  19 13, 
while  the  other  twenty-two  were  visited  on  one  or  more  occasions 
between  February  14  and  March  15,  1913.  The  latter  group 
included  some  night  schools. 

The  work  was  organized  under  three  major  heads,  viz.: 

I.  A  study  of  the  physical  and  chemical  condition  of  the  air. 
II.  A  study  of  the  air  distribution  within  rooms. 

III.  A  physiological  study  of  "crowd  poison." 

I.  Physical  and  Chemical  Condition  of  tlie  Air — Those  factors 
known  to  possess  more  or  less  physiological  significance  only 
were  considered.  They  were  (a)  Temperature,  {b)  Relative 
Humidity,  (c)  Carbon  Dioxide,  (d)  Dust,  and  (e)  Bacteria. 

(o)  Temperature — Over  1800  determinations  were  made, 
besides  some  340  daily  thermograph  records  obtained  with  12 
Tycos  instruments  located  for  various  lengths  of  time,  in  difl'er- 
ent  schools.  The  general  results  obtained  by  the  sling  psychrom- 
eter  are  shown  in  Fig.  i.  The  thermograph  records  will  be  re- 
ferred to  under  "operation." 

The  data  are  expressed  in  the  form  of  distribution  curves, 
the  abscissae  representing  the  observed  values  in  each  case  and 
the  ordinates  the  percentage  of  all  observations  falling  within 
the  limits  of  values  indicated  below.  It  is  evident  that  these 
records  as  a  whole  indicate  very  good  conditions.  The  tempera- 
ture curve  centers  closely,  as  it  should,  about  -t-68°  F.  On  the 
whole,  this  result  must  be  considered  highly  creditable  and  an 
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indication  that  the  children  of  the  New  York  schools  for  the  most 
part  enjoy  good  atmospheric  conditions,  free  from  objection- 
able overheating.  An  examination  of  particular  schools,  how- 
ever, shows  that  this  general  cm^e  covers  up  markedly  differ- 
ent conditions  in  individual  cases. 

(6)  Relative  humidity  was  recorded  with  over  1800  obser%'ations 
made  with  the  standard  United  States  Weather  Bureau  sling 
psychrometer,  swung  through  an  angle  of  180°. 

The  general  distribution  of  results  in  regard  to  relative  hu- 
midity is  shown  in  the  fourth  curve  of  Fig.  i . 

WIDE   HUMIDITY   RANGE 

The  range  of  relative  humidity  is  seen  to  be  a  wide  one.  Sixty 
per  cent  of  all  observations,  however,  fall  between  20  per  cent 
and  40  per  cent  of  saturation  and  the  general  average  for  all 
schools  is  35  per  cent,  indicating  a  distinctly  dry  atmosphere. 

We  found  a  close  correlation  between  outdoor  temperature 
and  indoor  temperature  and  indoor  relative  humidity,  closer  if 
anything  in  the  naturally-ventilated  than  in  the  artificially- 
ventilated  schools.  This  is  an  important  point,  in  view  of  the 
criticism  often  leveled  at  the  supposedly  abnormal  air  of  the  fan- 
ventilated  schools.  It  does  not  make  the  least  difference  whether 
air  is  heated  in  the  ducts  or  in  the  rooms,  the  same  rise  in  tem- 
perature produces  the  same  drying  effect. 

The  only  way  to  avoid  dry  air  in  the  schoolroom  with  cer- 
tainty is  by  means  of  fan  ventilation,  combined  with  artificial 
humidification. 

(c)  Carbon  dioxide  was  determined  (nearly  800  determinations) 
with  an  improved  Petterson-Palmquist  portable  apparatus. 
It  is  recognized  that  a  knowledge  of  the  CO2  content  of  the  air 
is  of  comparatively  little  value  beyond  measuring  the  rate  of 
exchange,  but  we  secured  valuable  data  especially  in  connection 
with  the  night  schools. 

Our  results  in  regard  to  carbon  dioxide  are  summarized  in  the 
lowest  graph  of  Fig.  i . 

The  general  average  value  for  all  schools  was  9,1  parts  per 
10,000.  Sixty-six  per  cent  of  the  observations  fell  below  8.5 
parts,  which  may  be  considered  a  very  satisfactory  result  on 
any  standard.  Twenty-nine  per  cent  of  the  tests  showed  between 
8.5  and  12.5  parts,  which  would  have  been  considered  high  on 
the  older  standards  established  when  carbon  dioxide  was  held 
to  be  a  measure  of  some  mysterious  poisonous  matter  in  the  air. 

There  remain  6  per  cent  of  the  tests,  however,  showing  over 
12.5  parts  which  are  clearly  excessive.  These  were  associated 
with  overcrowding  and  deficient  air  supply  in   individual  rooms. 

Supplementary  observations  made  in  four  schools'  during 
evening  sessions  (when  there  is  no  artificial  ventilation)  showed 
some  very  high  carbon  dioxide  values  ranging,  in  one  case  with 
gas  burning,  up  to  26.0  parts. 

This  is  a  special  problem  which  deserves  more  attention  than 
it  receives  in  many  cities. 

(d)  Dust  Particles — Nearly  700  samples  were  collected  by 
filtration  tlirough  sugar  with  an  apparatus  for  measuring  volume 
by  time,  especially  devised  for  us  by  Wallace  &  Tiernan  (described 
on  p.  238).  After  the  sugar  was  dissolved,  the  dust  particles 
were  examined  in  an  aliquot  part  under  the  microscope  (2/3  in. 
objective),  general  character  noted,  and  counted  (the  standard 
method). 

The  general  distribution  of  dust  counts  is  shown  in  the  second 
graph  of  Fig.  i .  The  largest  number  of  samples  showed  between 
200,000  and  400,000  particles  per  cubic  foot.  The  general  aver- 
age for  all  schools  was  601,000  particles  and  20  per  cent  of  the 
samples  showed  800,000  or  more,  with  a  few  values  ranging  up 
to  2,000,000  and  over. 

The  sanitary  significance  of  these  results  is  probably  not  great. 
Dust  particles  constitute  a  serious  menace  to  health  in  industrial 
establishments,  grinding  shops,  granite  cutting  sheds  and  the 
like,  since  the  hard  metallic  or  mineral  particles  which  are  found 
under  such  conditions  injure  the  lung  tissue  and  often  form  a 


controlling  cause  in  the  development  of  industrial  tuberculosis. 
There  is  no  evidence,  however,  to  show  that  such  particles  as 
occur  in  ordinary  schoolroom  air  have  any  such  significance. 
The  particles  which  we  found  were  for  the  most  part  minute 
and  chiefly  organic  in  nature.  In  the  counting  cell  they  sepa- 
rated into  two  layers,  the  greater  number,  floating  on  the  sur- 
face, being  barely  visible  under  the  microscope  and  consisting 
in  large  part  of  mold  spores;  while  less  numerous  particles 
settling  on  the  bottom  included  larger  shreds  of  vegetable  fiber 
and  inorganic  matter. 

(c)  Bacteria — About  700  samples  were  collected  by  filtration 
through  sterile  sand.  The  sand  was  washed  with  sterile  water 
and  the  bacteria  plated  on  litmus  lactose-agar,  the  general 
method  recommended  by  the  Committee  of  the  Laboratory 
Section  of  the  American  Public  Health  Association  on  Standard 
Methods  for  the  Examination  of  Air.  The  term  "bacteria" 
included  yeast  and  molds  as  well;  all  microbes,  in  fact,  which 
will  form  visible  colonies  on  litmus-lactose  agar  in  five  days  at 
room  temperature.  The  most  frequent  result  was  25  microbes  or 
less  per  cubic  foot,  but  the  high  results  pulled  the  general  average 
up  to  96.  However,  68  per  cent  of  the  samples  showed  counts 
of  100  or  less  and  only  9  per  cent  over  200. 

These  counts  include  all  sorts  of  organisms  from  all  sorts  of 
sources,  which  are  able  to  withstand  drying  long  enough  to  be 
lifted  up  and  blown  about  in  the  air.  Most  of  them,  of  course, 
are  of  no  sanitary  significance,  and  the  values,  averaging  under 
100  per  cubic  foot  and  in  most  samples  much  less,  must  be 
considered  satisfactory  by  comparison  with  the  results  reported 
by  Miquel  (150  bacteria  per  cubic  foot  in  the  air  of  Paris),  by 
Tenon  (40-60  bacteria  per  cubic  foot  in  quiet  hospital  air),  by 
Hesse  (60  bacteria  per  cubic  foot  in  a  classroom  before  the 
students  arrived,  raised  to  430  during  the  hour,  and  1,000  just 
after  the  class  had  left),  and  by  Soper  (140  bacteria  per  cubic 
foot  at  the  remote  end  of  the  Fulton  Street  Subway  station, 
New  York  City). 

BACTERIA    OF    HUMAN    ORIGIN 

In  order  to  obtain  an  estimate  of  the  bacteria  of  human  origin 
which  might  at  times  include  pathogenic  forms,  we  made  all  our 
plates  on  litmus  lactose-agar,  as  noted  above,  and  isolated  all 
red  colonies  which  appeared  on  the  plates. 

It  is  well  established  that  acid-forming  streptococci  are  among 
the  most  abundant  forms  in  the  human  mouth,  while  they  are 
absent  from  sources  which  have  not  recently  been  exposed  to 
human  or  animal  pollution.  We  have  found  the  number  of  these 
organisms  in  preliminary  experimenis  one  and  a  half  years  ago 
to  be  quite  small.  We  then  found  among  30,000  colonies 
isolated  from  750  plates,  exposed  in  schools  with  window  ventila- 
tion, only  ten  mouth  streptococci. 

In  the  present  study,  in  the  examination  of  a  total  of  868 
cu.  ft.  of  air,  we  found  260  mouth  streptococci,  or  thirty  for 
every  100  cu.  ft.  of  air.  The  average  number  of  mouth  strepto- 
cocci for  the  individual  schools  ranged  for  the  most  part  be- 
tween ten  and  thirty-five  per  100  cu.  ft.  In  one  crowded  school 
in  a  poor  district  it  rose  to  75  per  100  cu.  ft.,  and  in  a  school 
in  a  good  semi-suburban  district,  no  streptococci  were  found 
in  41  cu.  ft.  of  air.  The  general  average  of  thirty  mouth  strepto- 
cocci per  100  cu.  ft.  gives  a  ratio  ot  about  one  of  these  forms  to 
300  total  bacteria. 

A  child  breathes  less  than  100  cu.  ft.  of  air  during  an  average 
school  period  and  these  mouth  streptococci  must,  of  course, 
be  far  more  abundant  than  pathogenic  forms.  At  a  late  of 
twenty  to  twenty-five  mouth  streptococci  per  day  the  chance 
of  ingesting  pathogenic  bacteria  from  the  air  is  seen  to  be  a 
slender  one. 

//.  A  Study  of  the  Air  Distribution  within  Rooms — This  in- 
volved some  500  anemometer  readings,  some  2000  temperature 
determinations    in    various   parts    of    the     many   schoolrooms 
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studied.  The  data  obtained  gave  some  interesting  facts  as  to 
how  the  mechanics  of  ventilation  work  out  in  practice. 

Inlet  and  outlet  velocities  were  studied  with  the  anemometer 
m  50  rooms,  25  in  one  of  the  best  fan-ventilated  schools  (33 
Bronx),  16  in  four  fan-ventilated  schools  where  high  carbon 
dioxide  values  had  been  found  and  9  in  four  schools  ventilated 
without  fans.  The  amount  of  air  supply  in  the  fan-ventilated 
schools  showed  that  in  School  a  the  amount  was  more  than 
ample,  while  in  the  poorer  school  it  was  inadequate.  For  the 
most  part  we  found  a  good  plenum  condition  in  all  the  fan- 
ventilated  rooms.  The  very  high  ratios  were  usually  in  rooms 
with  doors  or  windows  open. 

The  results  obtained  in  the  naturally- ventilated  rooms  are  not 
very  significant,  since  doors  and  windows  were  freely  opened. 
It  is  of  interest  to  note,  however,  that  in  one  school  we  found 
inlet  velocities  of  200  and  300  lin.  ft.  per  minute  without  fans, 
maintained  by  unusually  high  temperatures  of  inlet  air. 

The  circulation  of  air  within  the  rooms  themselves  we  studied 
by  the  use  of  smoking  joss  sticks  and  by  an  elaborate  series  of  local 
temperature  measurements.  The  results  obtained  by  the  use 
of  the  joss  sticks  in  about  70  rooms  were  very  hard  to  correlate. 
In  about  half  of  the  fan-ventilated  rooms  there  were  clean-cut 
currents  which  could  be  traced  across  the  upper  part  of  the  room, 
down  the  side  wall  opposite  and  back  along  the  floor  to  the 
outlet.  In  an  equal  number  of  cases,  however,  the  currents 
were  indefinite  and  broken  and  in  a  few  cases  no  currents  at  all 
could  be  discerned.  In  the  rooms  without  fans  the  currents 
were  usually  very  erratic,  although  in  one  or  two  cases  a  definite 
circulation  was  produced  by  windows  open  at  top  and  bottom. 
In  general  the  naturally  ventilated  rooms  were  much  more  sub- 
ject to  local  drafts  than  were  those  ventilated  by  fans. 

The  local  temperature  observations  were  on  the  whole  more 
valuable  as  throwing  light  on  air  circulation.  In  24  rooms  in 
fan-ventilated  schools  we  found  an  average  increase  in  tempera- 
ture between  inlet  and  outlet  of  4.3  °  F. 

The  outlet  temperature  corresponds  very  closely  to  the  general 
room  average.  This  indicates  that  the  outgoing  air  is  a  pretty 
fair  sample  of  that  in  the  room  and  that  its  temperature  may  be 
taken  as  a  fair  measure  of  that  of  the  room  as  a  whole. 

The  difference  between  bottom  (3  ft.  above  floor)  temperature 
and  top  (12  ft.  above  floor)  temperatures  was  inconsiderable, 
and  more  variable  than  might  have  been  expected.  Of  twenty- 
six  rooms  in  which  both  were  determined,  just  half  showed  a 
higher  temperature  at  the  top  than  at  the  bottom,  while  in  the 
rest  the  upper  air  was  cooler.  The  top  excesses  were  higher  than 
the  bottom  excesses,  however,  averaging  over  2.0°  instead  of 
under  1.0°. 

The  slight  extent  of  the  differences  observed  is  probably  due 
to  the  fact  that,  on  the  one  hand,  cool  air  was  being  blown  in 
at  the  top  of  the  room  while,  on  the  other  hand,  the  air,  as  it 
was  warmed  in  the  room,  tended  naturally  to  rise.  This  condi- 
tion must  interfere  to  some  extent  with  normal  air  circulation 
and  offers  a  certain  argument  in  favor  of  upward  as  opposed 
to  the  usual  downward  ventilation. 

Finally,  the  range  between  the  maximum  and  minimum 
individual  temperatures  observed  in  the  room  is  significant  as  a 
measuie  of  general  air  circulation.  The  differences  ranged  for 
individual  rooms  between  1.7°  and  12.0°,  and  averaged  5.8°, 
showing  on  the  whole  a  fairly  good  mixture  of  the  air.  These 
observations  were  all  made  in  fan-ventilated  rooms. 

In  rooms  ventilated  without  fans,  conditions  were  more 
variable.  Among  eighteen  rooms  without  fan-ventilation 
(that  is,  without  a  current  of  cool  air  blown  in  near  the  top) 
all  but  one  showed  a  higher  ceiling  temperature,  the  excess  in 
two  cases  being  over  11.0°,  and  averaging  5.8°. 

Another  marked  difference  between  the  fan-ventilated  and  the 
artificially-ventilated  rooms  lies  in  the  evenness  of  temperatures 
at  different  points.     The  range  of  difference  between  maximum 


and  minimum  room  temperatures,  for  the  fan-ventilated  rooms 
as  noted  above,  was  from  1.7"  to  i2.o°,  and  the  average  5.8° 
For  thirty-eight  naturally-ventilated  rooms,  it  ranged  from 
1.2"  to  20.2",  and  averaged  7.9°.  Obviously,  the  air  circulation 
is  rather  defective  when  such  conditions  exist. 

It  may  be  of  interest  to  note  that  in  five  of  the  naturaUy- 
ventilated  rooms,  all  in  one  building,  the  temperature  of  the 
incoming  air  was  respectively,  83°,  86°,  90°,  98°,  and  125"  F. 
In  the  latter  case  one  of  our  thermometers  (registering  to  130°) 
was  burst  by  the  heat  of  the  inlet  air  the  first  time  the  tempera- 
ture was  taken. 

COMPARISON    OF   NATURALLY-    AND    ARTIFICIALLY-VENTILATED 
SCHOOLS 

For  the  purpose  of  estimating  the  value  of  fan- ventilation,  as 
actually  operated  in  New  York  schools,  curves  were  plotted 
for  all  the  schools  classified  on  this  basis  and  this  curve  is  re- 
produced in  Fig.  II.  Of  course,  it  must  be  understood  that  by 
natural  ventilation  is  meant  simply  that  fans  were  not  running. 
In  almost  all  cases  there  were  ducts  and  often  heating  coils  were 
within  them  and  air  was  undoubtedly  passing  through  them. 
So,  on  the  other  hand,  where  fans  were  in  operation,  windows 
were  often  open  aod  outside  air  passing  in  or  out  through  them. 
The  distinction  is  made  solely  on  the  fact  that  fans  were  or  were 
not  in  operation  in  connection  with  the  particular  room  in  which 
each  test  was  made. 
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Fig.  Ill — Temperature  Curves.  Public  Schools  Nos.  33,  49,  84 

33 — Good  Fan  Ventilation  49 — Naturally-Ventilated 

84 — Badly  Operated  Fan  Ventilation 

The  general  results  for  the  two  classes  of  schools  are  on  the 
whole  remarkably  alike.  The  fan-ventilated  schools  show  more 
dust,  more  humidity  more  carbon  dioxide  and  a  somewhat  more 
equable  temperature;  but  none  of  the  differences  is  very  great 
or  very  significant. 

In  dust  and  carbon  dioxide,  the  fan-ventilated  schools  appear 
slightly  inferior  to  the  others.  In  humidity  they  are  better 
(if  dry  air  be  a  disadvantage).  In  temperature  they  are  also 
somewhat  better,  showing  less  observations  over  72  °. 

So  far  as  temperature  is  concerned,  however,  it  should  be  noted 
that  the  curve  for  the  fan-ventilated  class  conceals  wide  varia- 
tions between  the  individual  schools  included  in  it.  Of  our  ten 
schools  more  thoroughlj'  studied,  it  is  noteworthy  that  the  four 
really  good  records  (from  the  standpoint  of  temperature)  were 
in  fan-ventilated  schools.  The  three  wholly  or  partly  naturally- 
ventilated  schools  are  mediocre  or  poor;  and  two  fan-ventilated 
schools  are  worst  of  all. 

In  Fig.  Ill  are  shown  typical  curves  for  these  three  classes. 
Either  almost  perfect  conditions  or  very  poor  conditions  may 
be  obtained  with  fan-ventilation  according  to  the  care  and 
intelligence  of  the  janitor  in  charge. 
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Fig.  IV — Automatic  Temperaturs  Records  in  a  Badly-operated  Fan-ventilated  Schooi. — Public  School  No.  1,  C-Eens 


On  the  whole  it  can  be  said  that,  comparing  the  actual  condi- 
tion of  rooms  ventilated  with  and  without  fans.  New  York  was 
not  deriving  any  material  advantage  from  its  fan-ventilation 
last  winter  as  actually  operated. 

THE   OPERATION    OP    A    VENTII-ATION    SYSTEM 

A  system  of  ventilation  inherently  not  the  best  may  give  good 
results  by  good  operation,  and  an  excellent  system  may  give 
poor  results  by  poor  or  unintelligent  operation.     This  folliful 


statement  was  vividly  illustrated  in  our  investigation.  We 
found  certain  schools  of  either  type  which  had  an  ample  air 
supply  and  uniformly  low  carbon  dioxide  values.  We  found 
other  schools,  of  both  types,  in  which  the  supply  of  air  was 
inadequate  and  carbon  dioxide  figures  consequently  high.  In 
the  case  of  fan-ventilated  schools  this  usually  meant  low  inlet 
velocities  (sometimes  inadequate  inlet  areas)  or  overcrowding, 
while  in  the  naturally-ventilated  schools  it  meant  either  over- 
crowding or  neglect  to  open  windows. 
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The  most  striking  results  of  careless  operation  were  shown, 
however,  in  the  matter  of  overheating.  In  the  case  of  the 
naturally-venlilated  schools  the  cooperation  of  both  janitors 
and  teachers  is  required  in  order  to  secure  good  results,  and, 
where  so  many  persons  are  concerned,  it  is  practically  impossible 
to  reach  a  maximum  of  efficiency.  Such  results  as  that  indi- 
cated in  Kig.  Ill  for  School  33  could  scarcely  be  attained  where 
window  ventilation  plays  any  large  part. 

In  fan-ventilated  schools,  on  the  other  hand,  the  whole  re- 
sponsibility rests  (or  should  rest)  with  the  janitor,  and  either 
very  good  or  very  bad  results  may  be  attained,  according  to  his 
intelligence  and  responsibility.  The  continuous  records  ob- 
tained by  our  recording  thermographs  brought  out  the  importance 
of  the  operating  factor  with  startling  clearness,  and  four  of  our 
curves  are  reproduced  herewith  to  illustrate  the  variation  which 
occurred  (Figs.  IV  and  V). 

In  order  to  remedy  this  condition  we  urged  that  a  thermo- 
graph of  some  improved  type  be  installed  in  each  school  building 


pounds  of  human  origin  can  be  detected  in  respired  air  by  the 
delicate  physiological  reaction  of  anaphylaxis,  we  devoted  con- 
siderable attention  to  this  point.  Dr.  D.  R.  Lucas,  who  con- 
ducted this  part  of  the  investigation,  was  able  to  demonstrate 
easily  the  presence  of  such  specific  proteid  substances  in  the 
saliva  under  carefully  controlled  conditions,  but  was  unable  to 
detect  them  in  material  condensed  from  the  breath  or  in  air 
heavily  contaminated  by  the  respiration  and  exhalation  of  dogs 
and  human  beings.  We  were  forced  to  conclude  that  "there 
is  at  present  considerable  uncertainty  as  to  the  presence  of  such 
specific  proteid  substances  in  demonstrable  amounts  in  respired 
air  and  that  there  is  absolutely  no  evidence  of  the  presence  of 
any  organic  substances  of  a  deleterious  nature  in  such  air." 

Similar  experiments  carried  out  simultaneously  and  inde- 
pendently by  Dr.  Charles  Weisman  at  Columbia  University  and 
published  as  a  Doctor's  Dissertation  have  led  to  the  even  more 
definite  conclusion  that  "the  results  of  these  experiments  dis- 
prove the  statements  of  Rosenau   and   Amoss  that  the  breath 
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Fig.  V — Automatic  Temperature  Records  in  a  Badly-operated  NATURAt.LY-vBNTn,ATED  Scaooi, — Public  School  No.  25,  Manhatta 


and  that  the  records  obtained  be  carefully  inspected  and  made 
tlie  basis  for  an  efficient  control  of  ventilating  systems  and 
janitorial  service  and  we  recommended  that  these  records  be 
supplemented  by  periodical  studies  of  temperature  and  volume 
of  air  at  the  room  inlets. 

CRITERIA   FOR    SCHOOL-ROOM   AIR 

The  chief  value  of  these  investigations  lies  perhaps  in  their 
possible  use  as  a  basis  for  comparative  studies  in  the  schools  of 
other  cities,  which  are  greatly  needed,  if  scientific  records  are  to 
take  the  place  of  opinion  in  the  field  of  school  ventilation. 

The  results  obtained  in  regard  to  dust  and  bacteria  seem  to 
indicate  that,  so  far  as  these  suspended  matters  are  concerned, 
the  air  of  the  New  York  schools  is  in  a  satisfactory  condition, 
without  any  special  measures  of  protection,  provided  we  regard 
the  air  of  New  York  as  good.  Personally,  I  know  the  air  in  New 
York  City  is  better  than  in  some  cities,  it  is  also  worse  than  in 
some  other  cities.  The  topographic  conditions  are  an  important 
factor.  The  general  air  conditions  can  and  should  be  improved, 
for  example  by  more  extended  washing  down  of  the  streets. 
I  have  not  ceased  in  ray  hopes  furthermore  to  see  the  city  wash 
down  its  streets  at  suitable  intervals  with  proper  disinfecting 
solutions. 

So  far  as  carbon  dioxide  is  concerned,  our  results  indicate  that 
it  is  comparatively  easy,  either  with  or  without  the  use  of  fans, 
to  keep  the  air  in  a  schoolroom  so  changed  that  its  carbon 
dioxide  will  average  well  under  10  parts  per  10,000  and  will 
rarely  exceed  12  parts.  This  test  furnishes  an  excellent  measure 
of  air  change  and  under  ordinary  conditions  such  an  air  change 
IS  essential  in  order  to  remove  odors  and  preserve  a  freshness 
agreeable  to  the  senses.  Where  air  is  recirculated,  however, 
with  washing  or  chemical  treatment  to  remove  odors,  the  carbon 
dioxide  standard  may  have  to  be  relaxed  still  further,  although 
It  will  always  be  of  value  as  an  index  of  what  is  going  on  in  the 
way  of  air  dilution. 

///.  A  Physiological  Sliidy  of  "  Crowd  Poison" — In  view  of 
the  claim  of   Rosenau   and   Amoss  that  specific  proteid  com- 


contains  'volatile'  protein  and  that  such   'volatile'   protein  is 
an  important  respiratory  factor." 

While  subsequent  investigations  may  prove  it  different,  at 
present  we  may  agree,  in  large  part  at  least,  with  the  conclusion 
reached  by  Fliigge  eight  years  ago,  viz.,  "Whenever  in  closed, 
crowded  rooms  certain  impairment  of  health  ensues,  such  as 
headache,  dizziness,  nausea,  etc.,  these  symptoms  are  to  be  at- 
tributed solely  to  heat  retention." 

Overheating  seems  to  be  the  chief  evil  to  be  guarded  against 
in  school  ventilation  at  present.  Associated  with  this  is  regu- 
lated humidification. 

College  of  the  City  of  New  York 


THE  NEW  YORK    STATE    COMMISSION    ON    VENTILA- 
TION AND  ITS  PROBLEMS 


By  C.-E.  A.  Wu 

Rudolph  Hering  has  well  said,  in  his  recent  address  as  Presi- 
dent of  the  American  Public  Health  Association,  that  the  sub- 
ject "of  supplying  suitable  air  to  enclosed  spaces,  of  heating, 
ventilating  and  removing  foul  air,  is  one  whicli  as  yet  is  not 
sufficiently  well  understood  in  detail,  and  on  which  there  are 
still  opposing  opinions.  In  fact,  of  all  of  the  branches  of  sanitary 
engineering  at  the  present  time  it  needs  most  investigation  and 
most  study."  In  the  last  few  years,  however,  a  new  and  en- 
couraging interest  has  been  manifested  in  the  study  of  ventila- 
tion problems.  Among  the  various  signs  of  this  awakening 
none  is  perhaps  more  significant  than  the  creation  of  the  New 
York  State  Commission  on  Ventilation  to  undertake  a  broad  and 
fundamental  study  of  the  physiological  and  mechanical  problems 
which  underlie  the  art  of  air  conditioning.  For  the  first  time, 
in  this  country,  at  least,  a  sum  of  money  is  to  be  applied  toward 
the  solution  of  these  problems  which,  though  small  in  com- 
parison with  the  magnitude  of  the  task,  is  large  enough  to  give 
a.  New  York  State  Commission  on  Ventilation, 
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hope  of  substantial  results.  The  Hodgkins  Fund  of  the  Smith- 
sonian Institution  has  made  possible  the  publication  of  a  number 
of  individual  researches  on  the  relation  of  the  atmosi)herc  to 
health  which  have  become  classics.  College  and  health  depart- 
ments and  committees  ifrom  many  societies  have  made  important 
contributions  to  the  subject.  There  has  not  before,  however, 
been  any  body  which  could  attack  the  whole  problem  under 
such  favorable  circumstances  as  can  the  New  York  State  Com- 
mission on  Ventilation. 

This  Commission  was  made  possible  by  the  assignment  to  its 
use  of  the  sum  of  $50,000  out  of  a  munificent  gift  made  for 
various  social  investigations  by  Mrs.  Elizabeth  Milbank  Ander- 
son to  the  New  York  Association  for  Improving  the  Condition 
of  the  Poor  (Mr.  J.  A.  Kingsbury,  Director).  The  Commission 
was  made  an  official  State  Commission  by  appointment  of  the 
Governor  on  June  25,  1913.  Its  members,  who  serve  without 
pay,  are  Mr.  D.  D.  Kimball  (Ventilating  Engineer),  Prof.  F. 
S.  Lee  (Professor  of  Physiology  in  Columbia  University),  Dr. 
J.  A.  Miller  (of  the  Bellevue  Medical  School  and  Hospital), 
Prof.  E.  B.  Phelps  (late  of  the  Massachusetts  Institute  of 
Technology  and  now  Chemist  of  the  U.  S.  Hygienic  Laboratory 
in  Washington),  Prof.  E.  L.  Thorndike  (Professor  of  Psychology 
in  Columbia  University),  and  the  writer.  Its  objects  are  "to 
examine  and  investigate  the  subject  of  ventilating  systems  in 
the  public  schools  and  other  public  buildings  of  the  state,  and 
the  proper  installation  of  the  same  to  the  end  that  a  thorough 
and  effective  system,  which  will  assure  an  adequate  supply  of 
fresh  air,  under  the  best  conditions,  will  be  maintained."  In 
his  statement  in  regard  to  the  appointment  of  the  Commission 
the  Governor  pointed  out  that  "the  problem  is  far  from  simple." 
He  continued,  "It  is  much  more  than  an  engineering  problem, 
for  the  best  scientific  experts  have  not  determined  what  condi- 
tions should  be  met  by  the  engineers.  Even  the  most  funda- 
mental facts  which  must  lie  at  the  basis  of  any  efforts  to  ventilate 
our  school  buildings,  have  not  been  scientifically  determined 
by  any  experiments  which  have  been  made  thus  far.  It  is  not 
known,  for  example,  and  cannot  be  known  without  more  adequate 
experiments  than  have  been  possible  up  to  this  time,  what 
temperature  should  be  maintained  in  public  school  buildings. 
Indeed,  it  has  not  even  been  proven  whether  a  constant  tem- 
perature or  a  varying  temperature  is  more  beneficial.  We  do 
not  know  scientifically  what  degree  of  humidity  should  be  main- 
tained in  our  schoolrooms. 

"  I  am  informed,  also,  that  it  has  not  been  proven  what  amount 
of  carbon  dioxide  in  the  air  is  possible  before  the  air  becomes 
detrimental  to  health.  In  other  words,  there  is  no  scientific 
proof  for  some  of  the  most  fundamental  factors  involved  in  the 
problem  of  ventilation.  On  the  other  hand,  I  have  been  assured 
that  if  careful  scientific  studies  were  made  with  the  express 
purpose  of  measuring  some  of  the  unknown  factors,  such  studies 
could  be  reasonably  expected  to  put  us  in  possession  of  data 
which  would  enable  the  scientist  to  tell  us  with  some  degree  of 
accuracy  what  those  fundamental  conditions  are  which  should  be 
maintained  in  schoolrooms  if  they  are  to  be  beneficial  to  the 
health  of  children." 

Other  speakers  have  so  ably  presented  the  positive  results  of 
previous  studies  of  ventilation  problems  during  the  last  ten 
years  that  I  need  not  dwell  upon  what  has  already  been  achieved. 
We  may  take  it  as  established  that  changes  in  the  oxygen  or 
carbon  dioxide  content  of  the  vitiated  air  of  rooms  never  re- 
motely approach  the  limits  at  which  harmful  physiological 
effects  can  be  produced.  We  may  safely  assume  that  specific 
organic  poisons  are  absent  from  breathed  air  since  all  recent 
experiments  along  this  line  have  yielded  negative  results.  We 
may  conclude  with  reasonable  certainty  that  the  symptoms  of 
discomfort  in  a  badly  ventilated  place  are  due  to  the  physical 
condition  of  the  air  in  respect  to  temperature,  humidity  and 
movement,  and  not  to  any  chemical  i)roperties  whatever.     All 


this  represents  solid  and  important  progress.  I  wish  to-night, 
however,  rather  to  call  your  attention  to  the  lacunae  in  our 
knowledge,  which  this  new  Commission  is  to  try  in  some  small 
measure  to  fill  in. 

In  the  first  place,  since  as  scientific  men  we  must  ask  not  only 
what  happens  under  a  given  set  of  circumstances  but  how  and 
perhaps  why  it  happens,  we  need  to  know  much  more  than  we 
now  do  as  to  the  mechanism  of  the  bad  effects  produced  by 
atmospheric  heat  and  moisture.  Through  what  means  is  the 
difficulty  in  giving  off  bodily  heat  translated  into  the  sense  of 
discomfort,  the  headache,  the  drowsiness  and  the  other 
symptoms  experienced  in  a  warm  room?  There  are  many  sug- 
gestive possibilities.  One  of  the  most  striking  recent  hints  is 
the  observation  of  the  English  physiologist  Barcroft  that  under 
the  influence  of  external  heat  the  dissociation  curve  of  the 
hemoglobin  is  so  altered,  presumably  as  a  result  of  decreased 
alkalinity,  that  oxygen  is  less  rapidly  absorbed.  If  this  result  is 
confirmed  it  may  be  that  in  a  badly  ventilated  room  we  really 
suffer  from  oxygen  starvation  after  all,  not  however  as  a  result 
'of  oxygen  deficiency  in  the  air,  but  as  a  result  of  the  effect  of 
temperature  upon  the  chemical  properties  of  the  blood.  Allied 
to  this  problem  of  the  causes  of  discomfort  in  stagnant,  over- 
heated air  is  that  of  the  relation  of  such  air  to  various  diseases. 
Discomfort  and  disease  may  of  course  be  due  to  the  same  factors 
but  such  is  by  no  means  necessarily  the  case.  We  know  that 
tuberculous  and  anemic  children  improve  when  exposed  to  the 
influence  of  moving  currents  of  cold,  dry  air.  It  would  be  of  the 
greatest  scientific  importance  and  perhaps  of  much  practical 
value  to  know  by  what  physiological  reactions  this  is  brought 
to  pass. 

The  upper  limit  beyond  which  our  room  temperatures  should 
never  be  allowed  to  go  is  clearly  indicated  by  the  experiments 
to  which  reference  has  been  made  and  it  seems  certain  that 
except  for  old  people  it  should  be  fixed  at  least  as  low  as  70'. 
As  to  the  lower  limit,  however,  we  are  far  more  in  doubt.  In 
this  country  we  are  apt  to  consider  65  °  quite  cool  enough,  while 
in  England,  rooms  are  usually  kept  5°  lower.  It  is  maintained 
by  some  advocates  of  open-air  schools  that  the  unheated  air 
of  winter  ranging  from  50°  to  0°  is  more  desirable  than  either. 
It  seems  probable  that  the  problem  is  complicated  by  the  ex- 
istence of  a  "danger  zone"  of  temperature,  low  enough  to  cause 
a  dangerous  chill,  but  not  low  enough  to  stimulate  the  defensive 
reactions  with  which  the  body  defends  itself  against  more  severe 
cold.  It  is  certainly  complicated  by  a  considerable  power  of 
gradual  acclimatization,  by  which  the  defensive  mechanisms 
adapt  themselves  to  a  higher  or  lower  air  temperature  in  the 
course  of  days  or  weeks.  It  would  seem,  however,  that  there 
must  be  a  certain  range  of  temperature  which  is  most  favorable 
to  maximum  efiiciency  with  a  minimum  expenditure  of  bodily 
energy.  On  the  basis  of  the  fundamental  human  instinct  for 
keeping  warm  in  winter  I  doubt  very  much  whether  this  range 
will  correspond  with  the  chance  variations  of  the  winter  tem- 
perature in  a  northern  climate;  but  I  am  quite  open  to  further 
light  upon  the  subject. 

We  must  distinguish  between  favorable  conditions  of  normal  air 
temperature  and  the  possible  value  of  sudden  brief  variations  there- 
from. It  is  maintained  with  good  reason  that  any  uniform  tem- 
perature maintained  for  long  periods  may  be  distinctly  harmful  by 
lowering  the  tone  of  the  heat  regulating  mechanism  and  by  rolibing 
the  body  of  valuable  nervous  stimuli.  The  good  effects  of  cold 
baths  are  well  recognized  and  "cold  air  baths"  may  be  equally 
beneficial.  Closely  allied  to  the  question  of  variations  in  tem- 
perature is  that  of  air  movement.  At  temperatures  over  70°  F. 
strong  air  currents  which  may  carrj'  off  the  excess  heat  in  the 
aerial  blanket  surrounding  the  body  are  essential  to  comfort. 
Even  at  low  temperatures  air  currents  certainly  exert  a  pleasant 
and  wholesome  stimulating  effect  within  certain  limits.  What 
these  limits  may  be.  however,  we  do  not  clearly  know,  and  we 
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do  not  understand  the  exact  nature  of  the  bad  effects  produced 
by  chilling  of  the  body  surface,  particularly  of  the  local  chilling 
caused  by  what  is  commonly  termed  a  draft.  The  value  of 
moving  air  under  certain  circumstances  is  unquestioned;  but  so 
is  the  harmfulness  of  "drafts."  Where  the  threshold  lies  be- 
tween the  two,  and  why  it  lies  there,  is  what  we  need  to  de- 
termine. 

The  problem  of  humidity  is  almost  as  complicated  as  that  of 
temperature.  We  know  a  good  deal  of  the  upper  limits  of  high 
temperature  combined  with  high  humidity.  We  know  that  low 
humidity  combined  with  low  temperature  produces  grave 
chilling  effects  but  where  the  permissible  upper  limit  of  humidity 
lies  at  a  given  low  temperature  has  not  been  carefully  worked 
out.  As  to  the  supposed  harmful  effects  of  low  humidity  com- 
bined with  high  or  moderate  temperature  we  are  almost  wholly 
in  the  realm  of  conjecture.  We  are  told  that  schoolroom  air 
is  drier  than  the  desert  of  Sahara ;  and  as  Professor  Baskerville 
has  pointed  out,  the  air  in  the  New  York  schoolrooms  is  certainly 
pretty  dry.  Dry  hot  climates,  like  that  of  Egypt  are,  however, 
sought  out  for  their  health-giving  properties  and  the  claims 
that  the  dry  air  of  our  rooms  in  winter  overstimulates  ■  the 
cutaneous  nerves  causing  neivousness  and  restlessness  and  in- 
jures the  respiratory  membrane  so  as  to  promote  nose  and 
throat  disease,  while  a  reasonable  assumption,  has  as  yet  no 
firm  basis  of  experimental  observation.  So  far  as  I  am  aware, 
there  are  no  sound  data  by  which  we  may  determine  whether, 
with  a  temperature  of  70°  C,  the  humidity  should  be  25  per 
cent  or  50  per  cent  or  75  per  cent  of  saturation. 

One  of  the  hrst  things  that  strikes  an  observer  on  entering  an 
unventUated  room  is  the  odor,  produced  by  decomposing  organic 
matter  in  the  mouths,  on  the  bodies,  and  on  the  clothing  of 
the  occupants.  Highly  offensive  to  one  coming  in  from  a  purer 
outside  air,  these  products  are  usually  imperceptible  to  those 
who  have  been  in  the  room  while  they  have  been  accumulating 
and  whose  olfactory  nerves  have  been  gradually  accustomed  to 
them.  It  is  of  course  possible  that  even  when  unperceived  these 
bodies  may  exert  some  subtle,  harmful  influence,  but  there  is 
not  the  slightest  evidence  that  such  is  the  case.  In  any  event 
it  seems  reasonable  to  demand  for  decency's  sake  that  the  air  of 
occupied  rooms  should  not  be  malodorous.  It  is  somewhat 
an  open  question,  however,  how  far  such  conditions  should  be 
rr.et  by  ventilation  and  how  far  by  a  rise  in  general  standards 
of  personal  cleanliness. 

In  regard  to  the  dust  content  of  the  atmosphere,  the  serious 
danger  from  comparatively  large  particles  of  mineral  matter 
such  as  are  produced  in  stone-cutting,  needle  grinding  and  the 
like,  is  well  established  both  by  animal  experimentation  and  by 
statistical  study  of  the  incidence  of  tuberculosis  in  the  dusty 
trades.  Whether  the  very  minute  dust  particles,  largely  of 
organic  nature,  which  to  the  number  of  a  million  or  so  per  cubic 
foot  may  be  found  in  ordinary  schoolroom  air  have  any  such 
significance  at  all  is  anotlier  question,  to  which  we  have  at  present 
no  answer.  The  chief  argument  for  the  use  of  air  washers  is 
in  most  cases  the  possibility  of  freeing  the  atmosphere  from  such 
dust  particles.  We  know  that  where  delicate  physical  instru- 
ments are  in  question,  it  is  essential  to  wash  ordinary  city  air. 
The  respiratory  passages  are,  however,  equipped  with  an  ex- 
cellent mechanism  for  self-cleansing  and  it  is  altogether  possible 
that  the  ordinary  dust  content  of  the  atmosphere  is  a  negligible 
factor.  I  do  not  believe  that  we  have  at  present  any  valid 
reason  for  advocating  the  washing  of  normal  city  air  on  sanitary 
grounds. 

With  regard  to  the  bacteria  in  air,  evidence  is  reasonably 
clear  that  they  have  no  serious  sanitary  significance.  Local 
pollution  takes  place  by  the  discharge  of  mouth  spray  im- 
mediately in  front  of  an  infected  person;  but  such  spray  quickly 
falls  to  the  ground  and  does  not  in  any  sense  constitute  general 
aerial  pollution.     The  experience  of  modem  hospitals  in  which 


various  diseases  are  treated  in  the  same  open  ward  without  cross 
infection,  provided  only  direct  transfer  by  nurses  and  other 
attendants  be  avoided,  is  reasonably  conclusive  on  this  point. 
The  heavier  dust  particles  deposited  on  surfaces  do  contain 
considerable  numbers  of  mouth  cocci  and  some  tubercle  bacilli, 
however;  and  the  possibility  that  an  appreciable  danger  might 
exist  from  dust  stirred  up  in  clouds  as  by  gymnastic  exercises 
in  a  dirty  schoolroom  seems  to  be  well  worthy  of  further  study. 
These  questions  to  which  I  have  briefly  referred  are  all  con- 
cerned with  the  physiolo^cal  problem  of  precisely  what  air  condi- 
tions are  most  favorable  to  the  human  organism.  The  mechani- 
cal problem  of  how  to  maintain  a  given  set  of  air  conditions  is 
far  better  understood.  Many  existing  ventilating  plants  yield 
unsatisfactory  results,  it  is  true,  but  there  are  three  good  reasons 
for  this,  none  of  which  are  related  to  any  shortcomings  in  the 
art  of  the  ventilating  engineer.  In  the  first  place,  until  recently 
he  has  been  told  by  the  hygienist  that  the  prime  object  of  ventila- 
tion was  to  remove  noxious  gases  rather  than  to  regulate  air 
temperature  and  humidity,  so  that  he  has  naturally  laid  stress 
on  air  volume  rather  than  air  conditioning.  In  the  second 
place  he  has  rarely  been  given  appropriations  to  do  his  work 
as  he  felt  it  should  be  done  and  in  the  third  place  he  has  still 
more  rarely  been  able  to  count  on  an  intelligent  and  conscientious 
operation  of  his  plants  after  they  have  been  built. 

The  first  of  these  difficulties  is  now  cleared  away  by  the 
recognition  on  the  part  of  all  competent  authorities  that  the 
chief  aim  of  ventilation  is  to  provide  a  moving  current  of  cool  air. 
This  necessarily  implies  a  separation  of  the  two  processes  of 
heating  and  ventilation  which  have  been  so  disastrously  inter- 
mingled in  the  past.  Cooling,  not  heating,  is  the  task  which 
should  be  closely  associated  with  ventilating  and  a  constant 
supply  of  cool  air  to  remove  the  heat  produced  by  human  meta- 
bolism and  by  the  combustion  of  illuminants  is  the  fundamental 
end  to  be  attained.  It  is  interesting  to  note  that  Rietschel 
in  the  last  edition  of  his  standard  work  on  ventilation  bases  his 
calculations  of  air  volume  primarily  on  heat  removal,  and  on 
carbon  dioxide  dilution  only  secondarily  and  in  certain  specified 
cases.  The  substitution  of  this  clear  and  definite  aim  for  the 
old  idea  of  mere  air  dilution  will  go  far  to  make  ventilating  prac- 
tice purposeful  and  efficient. 

There  are,  however,  still  many  purely  mechanical  problems 
which  require  further  elucidation.  Taking  first  natural  ventila- 
tion or  air  interchange  through  walls,  cracks,  chimneys,  windows 
and  the  like  there  is  need  for  further  data  than  we  now  possess 
as  to  the  amount  of  leakage  tlu-ough  walls  under  varying  condi- 
tions of  temperatiue  and  external  wind  movement.  There  is 
need  of  more  exact  knowledge  as  to  the  amount  of  ventilation 
through  chimneys  and  ducts  and  windows  with  similar  variables 
in  weather  conditions  and  as  to  the  resulting  circulation  of  air 
within  the  rooms. 

The  question  of  the  adequacy  of  such  natural  ventilation  by 
the  admission  of  untempered  air  and  the  necessity  or  desirability 
of  artificial  or  fan-ventilation  is  one  of  the  most  vigorously  de- 
bated points  in  contemporaneous  discussions.  It  is  clear  that 
with  one  or  two  persons  in  a  large  room  window  ventilation  is 
adequate  and  sufficient.  As  soon  as  the  factor  of  crowding 
comes  in,  however,  difficulties  begin  to  appear.  In  hospital 
wards  the  consensus  of  opinion  seems  to  be  in  favor  of  natural 
ventilation.  The  patients  have  a  comparatively  ample  air 
space.  They  are  warmly  covered  and  are  doing  no  manual 
work.  The  windows  are,  or  may  be,  under  the  constant  control 
of  skilled  attendants.  In  a  schoolroom  these  favorable  factors 
are  all  wanting  and  in  verj'  cold  weather  it  is  usually  found  to 
be  quite  impossible  by  window  ventilation  to  maintain  properly 
cool  conditions  at  the  interior  side  without  chilling  those  nearest 
the  windows.  In  the  ordinary  factor>'  workroom  conditions 
for  natural  ventilation  are  even  more  unfavorable.  It  seems  to 
me  probable  that  in  most  schools  and  factories  artificial  ventilq- 
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tion  with  tempered  air  (either  warmed  at  its  point  of  admission 
to  the  room  or  warmed  at-  a  central  point  and  blown  in  by  fans) 
is  generally  essential  to  good  atmospheric  conditions.  The  limits 
of  occupancy  and  of  outside  weather  conditions  within  which 
such  artificial  ventilation  is  needed  deserve  careful  study,  how- 
ever. If  it  is  possible  in  a  room  of  a  given  type,  perhaps  by  the 
use  of  special  window  ventilators  to  insure  good  diffusion  and  to 
maintain  good  air  conditions  without  fan  ventilation  during  the 
greater  part  of  the  year  it  might  be  reasonably  maintained  that 
the  expense  of  artificial  ventilation  was  hardly  justified,  for  the 
removal  of  atmospheric  odors  on  a  few  extreme  winter  days 
when  the  worst  evils  of  bad  ventilation  could  be  eliminated  by 
avoiding  overheating  and  on  the  windless  days  of  moderate 
temperature  when  window  ventilation  is  inadequate  to  remove 
the  heat  produced  within  the  rooms.  I  am  inclined  to  believe 
that  the  number  of  days  of  the  latter  class  in  .schoolrooms  open 
to  winds  on  only  one  or  two  sides  is  likely  to  be  large,  and  that 
the  difficulty  in  securing  proper  supervision  of  window  ventila- 
tion is  sure  to  limit  its  practical  value  very  seriou.sly.  The 
whole  matter,  however,  is  worthy  of  open-minded  investigation. 

Intimately  connected  with  this  question  of  the  limits  within 
which  artificial  ventilation  is  necessary — and  fundamental  in 
artificial  ventilation  itself — is  the  problem  of  the  necessary 
volume  of  air  to  be  supplied  under  various  conditions.  On 
the  older  conception  of  carbon  dioxide  dilution  it  was  easy  to 
derive  constants  of  air  supply.  To-day  we  must  calculate  our 
necessary  volumes  of  air  on  the  basis  of  heat  removal.  Assum- 
ing no  heat  loss  through  walls  and  ceilings  and  assuming  that 
incoming  air  must  not  be  below  60°  nor  outgoing  air  above  70°, 
2000  cubic  feet  of  air  per  hour  will  be  required  to  take  up  the 
heat  produced  by  a  single  person  and  1500  cubic  feet  will  be 
required  to  take  up  the  heat  of  a  single  gas  burner.  The  first 
figure  happens  to  be  almost  exactly  that  deduced  on  the  theory 
of  carbon  dioxide  dilution.  The  amount  of  heat  loss  through 
walls  and  ceiling  will  modify  this  constant  to  an  almost  infinite 
degree  with  variations  in  building  construction  and  weather 
conditions.  Professor  Bass  in  his  experiments  at  Minneapolis 
has  found  it  possible  to  reduce  the  air  supply  to  a  fraction  of 
this  amount  without  objectionable  results. 

Perhaps  the  most  important  mechanical  problems  of  ventila- 
tion are  those  which  relate  to  the  distribution  of  air  between 
different  rooms  and  the  circulation  of  air  within  the  rooms 
themselves.  German  and  English  experiments  on  duct  con- 
struction should  be  verified  and  extended.  The  mistaken  claim 
that  a  ventilation  system  cannot  be  designed  which  will  not  be 
unbalanced  by  opening  windows  in  some  rooms  and  not  in  others 
must  be  set  at  rest.  In  regard  to  the  circulation  of  air  within 
the  rooms  there  are  even  more  difficulties.  Too  often  a  room 
has  been  treated  as  a  box  to  which  as  a  unit  it  was  only  neces- 
sary to  supply  a  given  amount  of  air.  What  happened  to  the 
air  thus  supplied,  and  how  far  it  maintained  good  conditions  in 
varioiis  parts  of  the  room,  was  left  to  chance  or  to  the  working 
out  of  a  few  crudely  generalized  principles.  I  am  quite  con- 
vinced that  in  most  existing  installations  the  number  of  inlets 
and  outlets  is  too  small  to  ensure  at  all  times  a  reasonably  good 
distribution  of  air.  Prof.  Bass's  results,  to  which  reference 
has  been  made,  were  accomplished  by  supplying  air  through 
individual  inlets  at  each  desk.  This  is  an  extreme  case  but  we 
need  to  know  with  some  exactness  the  proper  mean  between 
this  condition  and  the  usual  single  inlet  and  outlet.  In  con- 
nection with  this  question  is  the  mooted  problem  of  upward 
vs.  downward  ventilation.  My  own  personal  feeling  is  that  it 
will  frequently  be  best  to  take  advantage  of  the  natural  upward 
tendency  of  air  which  is  being  warmed  by  supplying  cool  fresh 
air  below  and  removing  the  warmed  air  above  as  is  done  in  some 
of  the  most  successful  ventilating  systems  now  in  use  in  auditoria 
and  factories.  The  objection  felt  to  drafts  of  cool  air  is  the 
limiting  factor  in  this  system,  however,  and  We  must  not  rest  on 


abstract  generalizations  but  on  careful  studies  of  the  variables 
involved  in  practical  operation. 

The  most  important  contributions  to  the  art  of  ventilation 
in  recent  years  have  certainly  been  the  experiments  on  recircula- 
tion of  air  at  Minneapolis  and  at  Springfield,  Mass.  If  it  is 
possible,  as  the  theory  of  the  newer  ventilation  would  suggest, 
and  as  these  studies  seem  to  indicate,  to  use  the  same  air  over 
and  over  again,  merely  adjusting  its  temperature  and  humidity 
and  washing  or  ozonizing  to  eliminate  odors,  the  cost  of  operating 
a  ventilating  system  may  be  cut  from  one-third  to  one-half 
and  the  whole  practice  of  ventilation  will  be  revolutionized. 

Finally,  there  are  many  minor  mechanical  problems  which 
require  further  study.  The  efficiency  of  various  types  of  air 
washers  should  be  carefully  compared  as  has  recently  been  done 
in  certain  iifctallations  by  Professor  Whipple  of  Harvard  Uni- 
versity. The  use  of  ozone  machines  as  an  alternative  to  air 
washers  for  deodorizing  deserves  further  consideration,  although 
physiological  investigations,  both  in  this  country  and  in 
Germany,  throw  serious  doubt  upon  the  advisability  of  this 
procedure.  The  distillation  of  objectionable  gases  from  dust  on 
heating  surfaces  is  an  interesting  and  important  question;  and 
there  are  many  more  to  which  I  cannot  even  allude  in  this  hasty 
review. 

More  than  enough  has  been  said,  to  indicate  the  need  for 
light  upon  many  of  the  physiological  and  mechanical  problems 
which  underlie  the  art  of  ventilation,  and  to  illustrate  the  fact 
that  the  New  York  State  Commission  on  Ventilation  has  quite 
enough  to  occupy  its  energies.  We  are  only  at  the  threshold 
of  our  work  and  have  at  this  time  only  questions  to  ask  and  no 
answers  to  give.  Our  staff  is  now  practically  organized,  how- 
ever, with  Mr.  G.  T.  Palmer  as  Chief  of  the  Investigating  Staff 
and  Mr,  Joseph  Herzstein  as  Secretary  and  we  shall  begin  actual 
work  before  the  end  of  the  month.  Through  the  courtesy  of  the 
Board  of  Trustees,  of  the  College  of  the  City  of  New  York  two 
experimental  rooms  have  been  equipped  in  the  Biological  Labora- 
tories of  the  College  in  which  any  desired  conditions  may  be 
maintained.  Here  it  is  hoped  that  the  fundamental  physiological 
problems  may  be  so  worked  out  as  to  determine  with  reasonable 
definiteness  what  atmospheric  conditions  in  regard  to  tempera- 
ture, humidity,  air  movement  and  the  like  are  most  favorable 
to  human  health  and  efficiency.  Special  studies  will  also  be 
made  here  in  regard  to  the  distribution  of  dust  particles  and 
bacteria  in  the  air  and  the  physiological  effects  of  dusty  air  in 
promoting  tuberculosis. 

Through  the  coiu-tesy  of  the  Board  of  Education  of  the  City 
of  New  York  experimental  schoolrooms  are  included  in  the  plans 
for  one  of  the  new  buildings  to  be  completed  in  191 4  in  which  air 
of  any  desired  condition  can  be  admitted  and  withdrawn  from 
any  point.  In  these  rooms  the  favorable  air  conditions  de- 
termined in  the  City  College  experiments  may  be  tested  out  on 
a  practical  scale  and  detailed  studies  may  be  made  in  regard  to 
air  circulation.  The  latter  should  be  supplemented  by  special 
experiments  on  the  mechanical  problems  of  air  flow  and  air 
circulation,  and  by  tests  of  various  mechanical  devices  used  in 
ventilation,  such  as  air  washers  and  the  like. 

Cooperative  investigations  have  been  arranged  for,  under 
grants  from  the  Commission,  which  will  bring  to  it  the  advantage 
of  much  previous  experience  obtained  by  the  leading  students 
of  ventilation  problems  in  this  country.  These  will  include 
studies  of  certain  fundamental  physical  problems  of  heat  and 
moisture  loss  at  the  Massachusetts  Institute  of  Technology 
(under  Professor  Phelps),  observations  on  the  results  of  the  use 
of  recirculated  air  in  the  International  V.  M.  C.  A.  College 
Gymnasium  at  .Springfield,  Mass.  (under  Dr.  J,  H.  McCurdy), 
investigations  of  the  physiological  and  psychological  results  of 
recirculated  air  supplied  from  individual  inlets  in  a  schoolroom 
in    Minneapolis   (by   Prof.    Bass),   and   records  of  cffickucy  of 
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factory   operatives   under   various   atmospheric   conditions    (by 
Dr.  Mollis  Godfrey). 

The  task  before  us  is  a  large  and  important  one  which  we 
approach  with  a  keen  sense  of  responsibility.  There  are  three 
factors  and  only  three  which  universally  affect  the  life  processes 
of  living  beings  from  one  end  of  the  biological  scale  to  the  other. 
These  arc  the  physical  and  chemical  conditions  of  the  enveloping 


medium,  food  supply  and  predacious  or  parasitic  enemies.  The 
first  of  these  factors,  in  the  case  of  land  animals,  is  solely  a  ques- 
tion of  air  conditioning  or  ventilation.  I  cannot  doubt  that  when 
the  ideal  air  conditions  and  the  practical  methods  of  securing 
them  have  been  worked  out  with  reasonable  completeness  it 
will  mean  an  incalculable  gain  in  human  health  and  efficiency. 

COI-LEGE  OF  THE  CiTY  OF  NEW  YORK 


CURRENT  INDUSTRIAL  NE.W5 
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By  M.   L.   HAMLIN 


THE  MOTOR  SHIP  "FIONIA" 

The  Engineer,  117  (.1914).  4°,  has  recently  published  an  account 
of  the  large  passenger  and  freight  vessel  "Fionia"  and  her  power 
plant.  The  "Fionia"  was  built  by  Burmeister  and  Wain,  of 
Copenhagen,  for  the  East  Asiatic  Co.,  to  be  used  on  the  Bangkok 
route  and  is  the  ninth  vessel  of  her  kind  that  they  have  launched. 
She  is  395  feet  over  all  and  driven  by  two  six-cylinder  2000  h.  p. 


\ \ 


Vertical  Section  of  Main  Engine 
Diesel  internal  combustion  engines.  The  diameter  of  the  cylin- 
ders is  740  mm.,  stroke  iioo  mm.,  and  the  speed  is  100  r.  p.  m. 
Each  cylinder  is  mounted  on  two  columns  and  the  columns  are 
coupled  together  at  the  upper  part  on  the  sides  by  cast  iron  plates 
to  give  fore  and  aft  steadiness;  the  guides  are  made  fast  to  the 


columns  in  the  ordinary  way.  The  bed  plate  is  like  that  of  an 
ordinary  steam  engine  with  open  pits,  but  a  steel  tray  is  fitted 
underneath  its  whole  length,  and  this  with  the  light  steel  plate 
removable  doors  fitted  between  the  lower  parts  of  the  columns 
allows  forced  lubrication  to  be  used.  A  diaphragm  piece  is 
fitted  across  the  top  of  the  columns  through  which  the  piston 
rods  pass  in  a  light  gland,  and  this  prevents  any  oil  which  may 
come  down  from  the  pistons  becoming  mixed  with  the  lighter  oil 
in  the  crank  pit. 

The  cylinder  jackets  are  cast  together  in  blocks  of  three  and 
bolted  to  the  columns  in  the  ordinary  way. 

The  cross-heads,  connecting  rods  and  pistons  follow  ordinary 
steam  practice,  the  piston  rod  being  deeply  spigoted  into  the  pis- 
ton, to  which  it  is  bolted  by  a  number  of  light  bolts.  In  the 
"Fionia"  it  was  necessary  to  give  up  the  very  nice  piston  cooling 
arrangement  previously  used  on  the  "Lelandia,"  in  which  the 
oil  was  forced  through  the  shaft  up  the  connecting-  and  piston- 
rods  and  into  the  piston,  whence  it  was  passed  down  on  to  the 
guides  where  it  was  cooled  to  a  certain  extent.  In  the  case  of  the 
new  "Fionia,"  however,  it  was  thought  that  the  volume  of  oil 
necessary  to  cool  a  740  mm.  piston  would  present  difficulties  in 
recooling,  so  recourse  was  had  to  sea  water  which  is  admitted  to 
the  pistons  by  ordinary  telescopic  tubes. 

Reavell  air  compressors  are  fitted  on  the  main  shaft  for  sup- 
plying injection  air,  and  are  supplemented  by  200  h.  p.  Diesel 
compressors.  Two  more  200  h.  p.  four-stroke  Diesel  engines 
running  at  225  r.  p.  m.  are  fitted  for  auxiliary  purposes;  one  pro- 
vides current  for  the  auxiliary  machinery,  steering  gear,  lighting, 
etc.,  while  the  other  acts  as  a  stand-by.  In  addition  to  these, 
there  is  a  crude  oil  motor  simply  for  the  purpose  of  lighting  the 
ship  when  in  port,  where  none  of  tlie  other  auxiliaries  are  required. 

BOILER  EXPLOSIONS  IN  CHEMICAL  INDUSTRIES  IN 
GERMANY  IN  1912 

Eleven  boiler  explosions,  exclusive  of  militar>',  naval  and 
locomotive  boilers,  occurred  in  Germany  in  1912;  of  these,  seven 
occurred  in  chemical  or  related  industries.  The  Chemiker-Zei- 
tung,  37  (1913),  1456,  analyzes  each  of  these  cases,  giving  the 
attendant  circumstances,  character  of  the  feed  water,  tyne  of 
boiler,  probable  cause  of  the  accident,  etc.,  and  these  facts  may 
be  summed  up  as  follows:  All  seven  boilers  were  horizontal; 
in  two  cases  the  accidents  were  due  to  the  water  being  allowed 
to  run  low  through  carelessness;  in  the  other  cases  the  accidents 
were  caused  by  weakness  resulting  in  tlie  opening  of  seams, 
aided  in  one  case  by  local  overheating  due  to  incomplete  removal 
of  boiler  scale.  In  the  seven  explosions  eight  persons  were  killed, 
one  accident  only  not  proving  fatal. 


BENZOL  IN  GERMANY 

In  connection  with  the  liquid  fuel  campaign  it  is  interesting 
to  learn  from  the  Jour,  of  Gas  Lighting  and  Water  Supply.  124, 
(1913)  1004,  that  there  are  now  upwards  of  seventy  German 
makers  of  benzol  represented  in  the  German  Benzol  Association. 
An  important  thing  from  the  motorists'  point  of  view  is  that 


26o 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No. 


'  these  firms  all  produce  benzol  of  uniform  quality.  Distribution 
of  the  benzol  is  performed  by  some  iioo  sale  depots  scattered 
through  Germany.  The  price  at  which  the  benzol  is  sold  is 
fixed,  and  averages  40  per  cent  lower  than  the  price  of  petrol. 
This  being  true,  the  latter  can  not  surely  maintain  its  present 
price  much  longer,  in  view  of  the  favorable  experiences  with 
benzol  for  motor  use.  It  is  stated  that  the  associated  firms 
referred  to  have  this  year  produced  140,000,000  kg.  of  benzol, 
the  entire  quantity  being  obtained  from  German  coal.  The 
coke  ovens  are  responsible  for  the  greater  part,  and  there  are 
signs  of  further  quantitative  progress  in  the  production  of  coke, 
which  will  in  time  supplement  the  supply  of  benzol. 

DOUBLE  SCISSORS  CROSSING  IN  ROLLED  MANGANESE 
STEEL 

There  has  recently  been  constructed  at  the  works  of  Edgar 
Allen  &  Co.,  Ltd.,  Sheffield,  England  [The  Engineer,  117  (1914), 
78  ]  for  the  Buenos  Ayres  Great  Southern  Railway,  a  layout  with 
remarkable  features.  It  is  a  double  scissors  cross-over  built 
up  entirely  of  rolled  manganese  steel  rails,  and  is  claimed  to  be 
the  largest  and  most  intricate  junction  ever  constructed  of  this 
material.  The  entire  layout  weighs  upwards  of  loo  tons  and  is 
about  145  yards  long. 

The  application  of  rolled  manganese  steel  to  railway  work  is 
a  development  of  the  use  to  which  this  material  has  been  put 
in  the  tramway  world.  Although  the  initial  cost  of  manganese 
rolled-steel  rails  is  much  higher  than  that  of  ordinary  steel,  the 
life  of  the  former  is  much  greater  than  that  of  the  latter,  so  that 
the  expense  and  trouble  of  frequent  replacements  are  avoided. 
Manganese  steel  is  so  tough  that  it  may  be  bent  double  while 
cold  without  fracture,  and  yet  is  so  hard  that  it  effectually  re- 
sists cutting  by  tools,  while  its  resistance  to  abrasive  wear  is 
remarkably  high.  Rails  of  this  material  have  been  subjected 
to  very  severe  tests  on  one  of  the  London  electric  railways,  and 
the  results  under  the  most  trying  conditions  have  shown  that  the 
durability  is  far  greater  than  that  of  other  kinds  of  rails  pre- 
viously used  in  similar  situations. 

The  layout  comprises  eight  sets  of  18  ft.  switches,  four  sets 
of  12  ft.  slip  switches,  twenty  acute  crossings  and  closure  rails, 
forming  eight  turnouts  and  eight  diamonds,  two  of  which  have 
slip  roads;  the  whole  when  connected  with  the  closure  rails  forms 
a  complete  double  scissors  cross-over. 


ANCIENT  NORSE  IRON  NAILS 

A  report  in  Client.  Ztg.,  37  (1913'!,  1599  of  the  Poly teknisk Foren- 
ings  Kemikergruppe,  Kristiana,  on  chemical  methods  adapted  to 
preserving  wood  antiquities,  makes  the  following  statement 
about  nails  in  a  Viking  ship:  "While  the  original  old  iron  nails 
with  which  the  wooden  parts  of  the  ship  are  held  together  have 
remained  bright  and  untarnished,  several  new  ones  which  had 
to  be  used  in  assembling  the  vessel  have  already  rusted.  The 
cause  of  the  great  durability  of  the  old  iron,  proof  of  which  is 
also  given  by  the  fully  preserved  anchor,  will  be  investigated 
by  a  special  commission." 

In  connection  with  this  investigation,  C.  Hugo  reports  in  Chem. 
.  Zlg.,  Chem. -Tech.  Rep.,  37  (1914),  13  that  a  great  iron  kettle 
from  the  Norwegian  iron  works  at  Lesjeskogen,  which  were  in 
operation  between  the  years  1652  and  1812,  was  used  by  him 
and  others  in  that  place  in  1886  and  following  years  as  a  wash 
kettle,  and  although  it  stood  in  tlie  open  and  was  often  left  full 
of  water,  it  remained  completely  free  from  rust  as  did  the  clothes 
washed  in  it.  There  are  probably  still  in  Romsdalen  large 
quantities  of  the  ore  used  in  these  works.  [Teknisk.  Ugeblad, 
1913,   No.  20,   p.   200.) 

RUBBER  STATISTICS 

The  Chemiker  Zeilung,  38  (19 14),  96  gives  .some  interesting 
statistics  of  rubber  production  on  the  Island  of  Java  and  out- 


lying possessions;  after  a  summing  up  of  the  general  situation, 
the  following  figures  appear,  the  amounts  being  given  in  metric 
tons : 

Total  Exports  of  Rubber  from  Java 
To  1910  1911  1912 

Holland 39  181  794 

England .8  99  433 

Belgium 13  15  63 

Remainder  of  Europe 6  6  10 

United  States.. 1  22  9 

Singapore 3  25  3 

Other  countries 1  12  10 


Totals 71 


360 


1322 


Exports  of  Rubber  from  the  Outlying  Possessions 


To 

Holland 

England 

France 

Belgium 

Germany 

Penang 

Singapore 

Other  countries. 


1912 
260 
108 


Totals. 


471 
1859 


2651 


479 
1195 


Total  World  Production 

From  1911 

Brazil 39,000 

West  Africa 15,000 

East  Africa '.  .  .  5,300 

Central  America 2,500 

Plantation  rubber 14,200 

Guayule 9 .  200 


F  Rubber 

1912 

1913 

40,500 

40,000 

13,800 

13,800 

4,000 

4.000 

2,500 

2,500 

28.500 

38.000 

7,000 

7.000 

Djelutong. 


2,800 


Totals 88,000  99.000  108,000 

THE  CHEMIST  IN  BRAZIL 

According  to  Chem.  Ztg.,  38  (1914),  57,  only  the  simplest 
chemical  products  are  manufactured  in  Brazil.  There  are  many 
successful  pharmacists  but  few  chemists.  The  local  technical 
schools  are  only  beginning  to  teach  chemistry  and  the  Brazil- 
ians know  almost  nothing  of  professional  chemists.  The  chem- 
ist is  generally  expected  to  know  all  trades  and  arts.  Wages  are 
fairly  high  but  are  consumed  by  high  living  expenses,  doctor's 
bills,  etc.  The  climate  is  unhealthy  and  dangerous  to  many: 
sanitary  conditions  are  generally  poor. 

Chemists  are  urged  to  investigate  the  financial  standing  of 
firms  offering  positions  and  to  insist  on  written  contracts,  as 
well  as  a  guarantee  or  salarj'  paid  in  advance.  These  precau- 
tions are  necessary  on  account  of  the  uncertain  legal  condi- 
tions in  Brazil.  Many  chemists  have  gone  to  Brazil  only  to  find 
their  company  already  dissolved  or  bankrupt.  Yet  Brazilians 
are  very  generous  when  successful  and  in  many  instances  have 
been  known  to  give  bonuses  far  in  excess  of  regular  salaries. 

A  knowledge  of  Portuguese  is  necessary,  though  the  educated 
population  speaks  French.  German  is  used  a  little  in  the  South 
but  is  nowhere  popular. 

Sulfuric  acid  is  manufactured  at  Sao  Paulo,  by  the  chamber 
process,  from  North  American  sulfur  but  competition  is  very 
severe  on  account  of  the  cheapness  of  the  imported  acid 

The  brewery  industry  is  chiefly  in  the  hands  of  Germans. 
The  light  products  are  most  successful,  but  the  price  is  high — 
18  to  20  cents  per  pint. 

The  large  quantities  of  banana  leaves,  palms,  etc.,  available 
would  support  a  first-class  industry  in  cellulose  products  but 
none  exists  as  yet.  Textiles  are  chiefly  cotton  and  though  the 
industry'  flourishes  there  are  still  many  technical  difficulties  to  be 
overcome.  Glass  and  matches  are  made  in  many  sections  of 
the  countn.'.  The  brick  aijd  artificial  stone  industries  are  de- 
veloped to  some  extent,  but  ven.-  little  is  done  in  the  earthen- 
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ware  line  though  kaolin  deposits  are  abundant.  [The  rubber 
industry  was  discussed  in  Chem.  Ztg.,  35,   1303   (1911).] 

The  iron  industry  is  quite  undeveloped.  The  ore  is  very 
pure,  rich,  and  easily  smelted  but  a  suitable  fuel  is  lacking.  It 
is  reported  that  an  English  firm  has  a  concession  to  build  several 
blast  fiumaces.  Coal  for  gasworks,  railroads,  etc.,  is  imported 
chiefly  from  England  and  charcoal  is  made  by  the  peasants 
for  their  own  use.  There  is  one  modern  charcoal  kiln  near  Rio 
de  Janiero  and  another  near  Sao  Paulo. 

Rich  manganese  ores  are  abundant  but  »  market  is  lacking, 
as  is  the  case  with  other  possible  products.  The  government  is 
begiiming  a  survey  of  its  mineral  resources.  Oil  and  coal  of  very 
poor  quality  occur  in  quantities  in  the  state  of  Sao  Paulo  and  else- 
where. Almost  all  the  necessary  minerals  for  a  solidly  founded 
series  of  chemical  industries  are  to  be  found  in  Brazil;  only  the 
necessary  capital  and  spirit  of  enterprise  are  lacking.  Much  in 
these  lines  is  looked  for  from  North  America  and  England,  from 
whence  financiers  and  large  companies  have  begun  a  systematic 
campaign  for  concessions. 

INDUSTRIAL  ACCIDENTS  IN  1913 

Information  collected  from  all  available  sources  by  the  Pru- 
dential Insurance  Company  shows  the  total  number  of  persons 
killed  in  American  industries  in  1913  to  be  about  23,000  in  a  total 

of  38,000,000  employed.  The  following  table  was  made  up 
from  available  information: 

Number  Fatal 

Occupations                                 employed  accidents 

Agricultural  pursuits 12,000,000  4,200 

Building  and  construction 1 ,  500 ,  000  1 ,  875 

Coalmining 750,000  2,625 

Draymen,  teamsters,  etc 686,000  686 

Electricians  (light  and  power) 68,000  153 

Fisheries 150,000  450 

Lumber  industry 531,000  797 

Manufacturing  (general) 7,277,000  1,819 

Metal  mining 170,000  680 

Navigation 150,000  450 

U.  S.  Navy 62,000  115 

Quarrying 150,000  255 

Railroad  employees 1,750,000  4,200 

U.  S.  Army 73,000  109 

Street  railway  employees 320,000  320 

Telephone  and  telegraph  (includ- 
ing linemen) 245,000  123 

Watchmen,  policemen,  firemen.  .            200,000  150 

AU  other  occupied  males 4.678.000  3.508 

Total  males 30,760,000  22,515 

AU  occupied  females 7 , 200, 000  540 

Grand  total 37,960.000  23,055 

The  probable  number  of  serious  injuries,  causing  more  or  less 
prolonged  absence  from  work,  was  estimated  at  300,000. 


PROCESSES  FOR  FIREPROOFING  WOOD 

Consul-General  John  L.  Griffiths,  London,  England,  states  that 
considerable  attention  has  been  given  in  the  United  Kingdom 
to  the  best  method  for  fireproofing  wood,  especially  in  connec- 
tion with  railroad  construction.  The  following  process,  it  is 
claimed,  has  received  the  favorable  consideration  of  the  British 
Admiralty:  The  wood  is  placed  in  large  iron  cylinders  having 
hermetically  sealed  doors.  The  wood  is  steamed,  and  under 
vacuum  the  air  and  moisture  in  the  pores  of  the  wood  are  re- 
moved and  the  sap  vaporized.  The  fireproofing  solution  is 
then  run  into  the  cylinders,  and  under  pressure  forced  through- 
out the  pores  and  fibers.  Subsequently  the  water  in  the  solu- 
tion is  evaporated  in  drying  kilns  and  the  chemicals,  in  minute 
crystal  form,  are  left  embedded  in  the  wood.  When  heat  is 
applied,  these  crystals  expand  to  many  times  their  original 
size,  forming  a  glassy  coating  to  the  fibers  of  the  wood  which 
excludes  the  oxygen  in  the  air.     In  time  the  heat  causes  the  crys- 


tals to  collapse,  but  further  crystals  in  the  wood  immediately 
expand,  and  the  same  process  of  resistance  against  fire  continues. 
The  chemicals  used  are  antiseptic  and  preservative,  consisting 
chiefly  of  phosphate  of  ammonia.  As  a  result  of  the  treatment, 
the  life  of  the  wood  is  also  lengthened,  for  the  cause  of  decay 
(sap  water)  is  eliminated.  This  process  is  claimed  to  be  espe- 
cially satisfactory,  inasmuch  as  the  material  treated  is  not  sat- 
urated with  a  solution  of  salt,  nor  are  such  chemicals  used  as 
tungstate  of  soda,  sulfate  of  ammonia,  sulfate  of  alumina, 
alum,  etc.,  which  invariably  cause  discoloration  of  the  wood, 
corrosion  of  metals,  destruction  of  fibers,  and  prevent  satisfac- 
tory painting  or  polishing.  After  this  treatment,  the  wood  can 
be  worked,  nailed,  glued,  painted,  polished,  etc.,  as  though  it 
had  not  been  subjected  to  any  special  process.  All  kinds  of 
timber  can  be  treated,  including  oak,  teak,  deal,  pine,  mahogany, 
walnut,  beech,  birch,  ash,  maple,  whitewood,  pitch,  pine,  larch, 
etc. 

The  first  railway  company  to  take  advantage  of  this  process 
was  the  Underground  Electric  Railways  of  London,  and  at  the 
present  time  it  is  stated  that  the  woodwork  of  all  the  cars  of 
the  company  has  been  subjected  to  the  treatment.  It  is  also 
stated  that  after  exhaustive  tests  the  British  Admiralty  has 
adopted  the  process,  that  the  company  is  engaged  in  fireproofing 
large  quantities  of  wood  for  70  motor  boats  for  the  British  war- 
ships Indomitable  and  Monarch,  and  that  the  two  new  super- 
dreadnoughts  now  building,  the  Queen  Elizabeth  and  Warspite, 
axe.  to  have  their  woodwork  fireproofed  by  this  process. 

The  company  using  the  process  states  that  as  a  result  of  the 
recent  disaster  at  Aisgill,  the  Midland  Railway  (on  whose  sys- 
tem the  accident  occurred)  has  requested  the  fireproofing  com- 
pany to  submit  a  tender  for  erecting  a  fireproofing  plant  at  the 
company's  works  in  Derby,  and  that,  pending  the  erection  of 
such  a  plant,  the  company  has  sent  144,000  feet  of  timber  to 
be  treated  by  the  fireproofing  company. 

The  cost  of  rendering  wood  fireproof  by  this  process  is  a  uni- 
form one  of  73  cents  per  cubic  foot,  for  all  woods  excepting 
oak  and  teak,  for  which  the  charge  is  85  cents  per  cubic  foot. 

There  is  another  fireproofing  process,  known  as  the  "Snow- 
don  process,"  the  chief  feature  of  which  is  a  chemical  mixture, 
but  the  formula  is  not  disclosed.  By  the  use  of  this  mixttu-e 
it  is  claimed  that  woodwork  and  all  manner  of  fabrics  may  be 
rendered  non-inflammable  and  insect  proof.  In  the  case  of 
wood  already  in  position,  it  may  be  painted  or  washed  with  three 
or  more  coats  according  to  density,  when  the  solution  pene- 
trates to  a  depth  of  about  one-eighth  of  an  inch.  When  treated 
prior  to  construction,  the  wood  is  usually  soaked  in  the  solution 
in  tanks,  but  if  it  is  desired  to  render  the  wood  fireproof  through- 
out, pressure  cylinders  are  used  to  force  the  liquid  into  every 
fiber. 

GERMAN  UTILIZATION  OF  IRON-FURNACE  SLAG 

Consul-General  A.  M.  Thackara  reports,  from  Berlin,  that  the 
utilization  of  iron-furnace  slag  is  well  developed  in  Germany, 
and  the  problem  of  its  further  utilization  is  receiving  the  atten- 
tion of  the  Prussian  Government  and  the  Association  of  Ger- 
man Iron  Founders.  In  solid  form  it  serves  for  highway  and 
railway  construction  and  as  a  body  material  for  concrete;  gran- 
ulated, it  is  used  for  making  building  blocks,  bricks,  tiles,  etc.. 
and  for  the  manufacture  of  cement.  Slag  is  also  employed  to  a 
lesser  extent  as  a  raw  material  in  glass-making  and  in  the  pro- 
duction of  artificial  marble  and  artificial  pumice  stone. 

Experiments  have  been  made  in  the  past  with  the  use  of  slag 
paving  blocks,  but  little  or  nothing  seems  to  have  come  of  them. 
The  usual  practice  is  to  use  slag  in  rubble  form  for  road-making, 
the  road  being  constructed  after  the  system  of  macadam,  the 
slag  simply  replacing  the  usual  crushed  stone.  Its  use  ceases 
to  be  economical  as  soon  as  any  considerable  transportation 
charges  are  involved. 
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According  to  the  Association  of  German  Iron  Founders, 
opinion  varies  as  to  the  value  of  slag  as  ballast  for  railroad  tracks. 
A  number  of  German  railroad  administrations,  particularly 
that  of  Alsace-Lorraine,  use  large  quantities  of  slag  as  ballast, 
while  others  still  regard  its  use  with  skepticism.  One  technical 
officer  states  that  no  opinion  as  to  the  relative  durability  of 
slag  and  hard-stone  ballast  is  possible  as  yet,  owing  to  the 
comparatively  short  time  the  former  has  been  in  use. 

At  the  behest  of  the  Iron  Founders'  Association,  the  Prussian 
Minister  of  Public  Works  has  ordered  exhaustive  tests  of  slag 
concrete  to  be  made  at  the  Royal  Prussian  Material-Testing 
Station  near  Berlin.  Investigation  will  be  made  as  to  reliable 
methods  for  determining  the  availability  of  particular  slag  for 
use  in  concrete.  The  test  will  extend  to  (i)  observation  of  slag 
pieces  left  in  the  open  air  to  determine  changes  in  exterior  ap- 
pearance, volume,  specific  gravity,  etc.;  (2)  chemical  analyses; 
(3)  tests  of  the  compressive  strength  of  rich  and  poor  concrete 
mixtures,  made  of  Portland  cement  and  broken  slag,  the  blocks 
to  be  tested  having  been  exposed  to  air  and  water  for  varying 
intervals  and  under  varying  conditions;  and  (4)  observation  of 
the  behavior  of  pieces  of  steel  embedded  in  slag  concrete  blocks 
with  special  reference  to  rusting.  The  tests  will  continue  for 
a  number  of  years,  but  it  is  possible  that  a  report  may  be  pub- 
lished at  the  end  of  the  first  year. 

Slag  sand  obtained  from  the  granulation  of  basic  slag  has 
hydraulic  properties  and  serves  for  the  production  of  building 
l)locks,  bricks,  etc.,  and  of  cement.  One  system  of  granulation 
is  by  cold  water;  another  by  air.  Another  is  covered  by  a 
patent,  according  to  which  the  hot,  fluid  slag  is  granulated  by 
sprinkling  with  a  salt  solution;  it  does  not  appear,  however, 
to  have  been  put  to  any  considerable  practical  use. 

It  is  said  of  bricks  made  from  slag  that,  as  compared  with 
glazed  earthen  bricks,  they  have  a  greater  porosity  and  accom- 
panying permeability.  This  is  said  to  suit  them  especially  for 
the  construction  of  dwelling  houses,  as  their  strength  increases 
with  age. 


IMPORTANT  PROCESS  FOR  PURIFYING  GAS  FROM 
SULFUR  COMPOUNDS 

Charles  Carpenter,  chairman  of  the  South  Metropolitan 
Gas  Co.,  London,  describes  in  a  paper  prepared  by  him  for  the 
"Societ6  Technique  de  ITndustrie  du  Gaz  en  France"  a  process 
of  purifying  gas  from  sulfur  compounds  which  appears  to  have 
yielded  truly  remarkable  results. 

Mr.  Carpenter,  whose  position  is  supported  by  Mr.  Evans, 
the  company's  chief  chemist,  declares  that  it  is  possible  to  effect 
a  reduction  of  the  sulfur  which  is  ordinarily  left  in  so-called 
purified  gas  by  more  than  70  per  cent,  and  this  without  causing 
any  appreciable  deterioration  of  the  illuminating  or  calorific 
power  of  the  gas,  and  at  a  cost  of  less  than  half  a  cent  per  1,000 
cu.  ft.  This  is  accomplished  by  passing  the  gas  over  heated 
nickel,  deposited  by  the  reduction  of  its  chloride  or  other  salt, 
on  refractory  material,  the  catalytic  power  of  the  metal  causing 
the  reaction  to  take  place  at  a  lower  temperature  than  had 
hitherto  been  necessary.  The  finely  divided  condition  of  the 
metal  also  provides  an  extensive  contact  surface,  so  that  prac- 
tically the  whole  of  tlie  impurity  in  the  gas  is  successfully  acted 
upon.  It  furthermore  is  stated  that  when  the  process  came  to 
be  applied  in  the  works — on  a  small  scale  at  first — it  was  found 
that  to  attain  the  best  results  with  economy,  it  was  necessary 
to  give  the  gas  a  preliminary  heating  before  submitting  it  to 
the  contact  material.  By  improvements  and  enlargement  of 
plant,  such  perfection  is  claimed  that  since  January  last  the 
whole  of  the  gas  produced  at  the  company's  works  has  been 
successfully  treated,  and  a  new  plant  now  is  being  erected 
with  a  maximum  production  of  25,000,000  cu.  ft.  per  day. 
carpenter's  process 

Mr.  Carpenter  found  that  the  best  conditions  were  obtained 


by  using  balls,  one  inch  in  diameter,  impregnated  with  reduced 
nickel  obtained  by  the  reduction  of  the  chloride  in  a  stream  of 
hydrogen.  The  gas  was  preheated  to  212°  F.  below  the  tem- 
perature of  the  reaction  before  its  contact  with  the  catalyzer. 
This  enabled  the  retort  to  be  kept  at  932°  F.  The  installation 
worked  for  four  months,  the  carbon  deposited  being  burned 
out  by  a  current  of  air  once  a  week.  During  that  period  3,500,- 
000  cu.  ft.  of  gas  were  treated  and  the  sulfur  was  reduced  from 
38.675  to  12.031  grains  per  100  cu.  ft. 

An  installation  was  then  put  up  comprising  forty  reaction 
tubes  twelve  feet  long  and  six  inches  in  diameter,  through  which 
the  gas  passed  in  ten  streams.  The  preheating  of  the  gas  was 
effected  by  230  tubes,  2  inches  in  diameter  and  24  feet  long. 
Regenerators  enabled  the  gas  to  be  heated  in  these  to  any  re- 
quired temperature.  This  installation,  capable  of  treating 
2,000,000  cu.  ft.  of  gas  per  twenty-four  hours,  had  been  at  work 
since  November,  1911,  ahd  the  catalyzer  remained  active.  The 
quantity  of  sulfur  at  the  inlet  had  been,  on  the  average,  31.94 
grains  per  100  cu.  ft.;  at  the  outlet  8.45  grains;  a  mean  reduc- 
tion of  73.5  per  cent.  Since  its  erection,  29,000,000  cu.  ft. 
from  23,673  tons  of  coal  had  been  treated.  The  costs  (not  in- 
cluding the  secondary  purification  from  H.S)  had  been  for  fuel 
0.0728,  for  wages  0.0188,  for  interest,  sinking  fund  and  repairs, 
0.0830  in  cents  per  thousand  cu.  ft.  of  gas. 

The  Old  Kent  Road  Works  of  the  South  Metropolitan  Gas 
Co.  has  an  installation  capable  of  dealing  with  10,800,000 
cu.  ft.  per  day.  This  installation  has  been  divided  into  five 
units,  fed  with  heat  by  a  producer,  so  that  the  temperatures 
may  be  easily  regulated.  The  arrangement  provides  for  putting 
one  unit  out  of  action  for  the  regeneration  of  the  catalyzing  ma- 
terial during  the  period  of  the  greatest  output.  The  combus- 
tion chambers  are  placed  between  the  reaction  retorts  or  tubes 
and  the  preheating  tubes,  and  the  flow  of  combustion  products 
can  be  regulated  in  one  or  the  other  direction.  In  practice  it 
is  found  necessary  to  regulate  it  only  in  the  direction  of  the  pre- 
heater.  It  may  be  considered  that  the  function  of  the  heating 
arrangement  is  to  raise  the  temperature  of  the  gas  up  to  the 
point  necessary  for  the  reaction  and  to  prevent,  during  the 
passage  of  the  gas  through  the  catalyzer,  any  fall  of  tempera- 
ture due  to  radiation.  The  gas  passes  first  through  a  couple  of 
regenerators,  counter-current  fashion,  then  through  the  heating 
tubes  and  on  to  the  catalyzer  tubes;  then  it  returns  to  the  re- 
generators and  gives  up  its  heat  to  the  gas  newly  arriving. 
Thanks  to  the  progress  made  in  the  preheating,  its  temperature 
can  be  maintained  at  770°  F.  before  reaching  the  catalyzer; 
consequently  the  temperature  of  the  latter  has  been  reduced 
from  932°  F.  to  806°  F. 

The  maximum  content  of  sulfur  was,  before  treatment,  62.86 
grains  per  100  cu.  ft.;  minimum,  16.01;  average,  40.34  grains. 
After  the  treatment,  maximum  8.71,  minimum  5.82,  average 
7 .  79  grains.  Since  this  installation  was  set  in  action,  up  to 
April  21,  1913,  650,000,000  cu.  ft.  of  gas,  from  50,800  tons  of 
coal,  had  been  treated.  The  quantity  of  CS>  broken  up  corre- 
sponds to  13V2  tons  of  sulfur,  or  42  tons  of  sulfuric  acid.  Many 
tests  have  been  made  to  find  whether  nickel-carbonyl  was  pres- 
ent in  the  gas;  but  no  trace  of  deposit  of  nickel  in  a  hot  tube  has 
been  obtained.  It  is  an  established  fact  that  nickel-carbonyl 
is  completely  decomposed  at  392  °  F. ;  but  care  is  taken  never 
to  let  the  gas  touch  the  catalyzer  unless  the  latter  has  a  tempera- 
ture above  572°  F.  The  reaction  has  been  conclusively  deter- 
mined by  laboratory  experiments  to,  be 

CS2  +  2H2   =   2H2S  +  C. 
When  pure  materials  are  used,  the  carbon  is  deposited  on  the 
catalyzer  in  the  theoretical  quantity. 

This  carbon  diminishes  the  activity  of  the  catalyzer  by  pro- 
tecting it  from  contact  with  the  gas;  the  loss  of  efficiency  is 
shown  by  daily  chemical  tests.  Each  unit  goes  on  for  thirty 
days  before  it  appears  necessary  to  burn  off  the  carbon  deposited. 
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Burning  off  this  carbon  requires  careful  handling  and  a  temporary 
lowering  of  the  temperature.  It  lasts  over  a  period  of  four 
or  five  days,  in  such  fashion  as  to  keep  the  temperatures  below 
the  limits  at  which  the  metal  of  the  tubes  might  be  injured. 
The  burning-off  is  complete  when  the  emergent  gases  contain  no 
carbonic  acid.  Calculating  from  the  amount  of  CO2  obtained, 
the  amount  of  carbon  deposited  would  appear  to  be,  in  some 
cases,  some  50  per  cent  above  the  calculated  quantity.  This 
excess  may  be  due  to  the  decomposition  of  hydrocarbons; 
but  it  is  negligible  in  amount,  as  is  shown  by  the  following 
table  of  data: 


Before  treatment 

Lighting  power,  English  candles.. .  14.05 

Heating  power,  B.  t.  u.  per  cu.  ft.  590.0 
Naphthalene,  grains  per  1,000  cu. 

ft 45.5 

HCN.  grains  per  1.000  cu.  ft 222.5 

Carbonic  acid,  per  cent 1  .  82 

H  ydrocarbons .S  .  6 1 

Oxygen 0,27 

Carbonic  oxide 8.85 

Methane 26.62 

Hydrogen 52.45 

Nitrogen  (by  difference) 6  .  ,18 


After  treatment 

14 

05 

594 

0 

■     47 

2 

187 

7 

1 

80 

3 

79 

0 

07 

8 

62 

27 

45 

52 
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NOTL5  AND  CORRL5PONDLNCL 


SYNTHETIC  RESINS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  6,  167,  there  appears  a  criticism  by  Dr. 
Leo  H.  Baekeland  of  an  original  paper  entitled  "Synthetic 
Resins,"  which  was  published  by  the  authors  in  This  Journal. 
6,  3.  We  are  sorry  that  it  is  necessary  for  us  to  answer  Dr. 
Baekeland's  criticism  but  because  of  the  erroneous  impressions 
which  may  have  been  created  in  the  minds  of  those  who  have 
not  studied  the  subject  matter  of  phenol  condensation  products 
at  great  length,  we  take  the  liberty  of  submitting  the  following 
statement: 

Dr.  Baekeland  writes  that  the  Industrial  Fellowships  are 
paid  for  "in  the  interests  of  purely  commercial  enterprises." 
Not  only  is  this  not  true  of  a  number  of  the  Fellowships,  but  it 
may  be  stated  that  every  Fellowship  applies  itself  to  a  certain 
extent  to  purely  scientific  problems  which  have  no  ulterior 
remunerative  consideration,  and  many  of  the  results  of  these 
purely  scientific  researches  are  already  known  to  our  readers 
through  the  publications  of  This  Journal.  We  presume  that 
the  Doctor  does  not  believe  an  original  paper  would  be  of  less 
value  if  it  came  from  a  purely  commercial  laboratory,  such  as 
his  own,  rather  than  from  the  laboratory  of  a  State  University. 

The  Doctor  takes  issue  with  the  authors  on  the  meaning  of 
the  Wetter  patent  as  to  whether  it  is  the  "wet  process"  or  the 
"dry  process."  We  can  only  state  that  the  whole  conte.\t 
of  the  Wetter-Lebach  Patent  is  for  the  wet  process  and  that  it  is 
impossible  for  hexamethylenetetramine  to  yield  formaldehyde  in 
the  presence  of  anhydrous  phenol  and  Wetter-Lebach  states  defi- 
nitely that  formaldehyde  may  be  replaced  "by  substances  which 
yield  formaldehyde,  such,  for  example,  as  hexamethylenetetra- 
mine:" the  conclusion  is  very  easy  to  draw.  If  the  hexamethyl- 
enetetramine yielded  formaldehyde,  there  must  have  been 
water  present  during  the  reaction. 

It  is  unthinkable  to  the  authors,  who  have  worked  for  four 
years  on  this  dry  reaction  that  such  a  well-known  chemist  as 
Dr.  H.  Lebach  did  discover  the  anhydrous  reaction  between 
phenol  and  hexamethylenetetramine  and  that  in  the  face  of  this 
discovery  he  did  not  take  out  basis  and  process  patents  on  the 
reaction  and  the  resulting  resins.  The  position  of  the  patent 
office,  as  Dr.  Baekeland  undoubtedly  knows,  is  that  the  Wetter 
process  is  a  wet  process. 

The  Doctor  intimates  that  "the  authors  show  a  fertile  imag- 
ination" when  they  state  "that  the  resins  formed  have  very 
great  commercial  possibilities,"  and  yet  at  the  end  of  his  criti- 
cism he  assures  us  that  these  resins  are  identical  with  those 
formed  by  the  wet  process.  While  freely  admitting  that  the 
wet  process  product  of  Dr.  Baekeland  and  others  has  proven 
commercially  valuable,  the  authors  have  no  hesitation  in  stating 
that  the  dry  process  product  which  they  have  subjected  to  quite 
exhaustive  tests  is  far  superior  for  many  reasons,  some  of  which 
are  mentioned  herein. 

With  reference  to  raw  materials,  the  process  of  producing 
hexamethylenetetramine     from     formaldehyde     and     ammonia 


with  the  removal  of  water  from  a  crystalline  material,  such  as 
hexamethylenetetramine,  is  surely  not  as  difficult  as  the  re- 
moval of  the  water  and  condensing  agent  from  a  resinous  ma- 
terial such  as  phenol  condensation  products  made  in  the  wet 
way.  The  ammonia  is  not  lost  in  our  dry  process  but  may  be 
collected  quantitatively  and  used  over  and  over  again  indefi- 
nitely. 

Dr.  Baekeland  states  that  "Bakelite"  is  a  registered  trade 
mark  for  phenolic  condensation  products.  If  so,  the  Doctor 
doubtless  is  entitled  to  its  exclusive  use  as  a  trade  mark  on  any 
such  condensation  product,  whether  involving  any  discovery 
of  his  or  not.  One  should  not  confuse  the  trade  mark,  how- 
ever, with  the  question  of  such  discovery  or  inventive  contribu- 
tion to  the  art  as  may  have  been  made  by  the  user  of  the  trade 
mark;  and  in  this  connection  it  is  to  be  borne  in  mind.  If  our 
definition  of  the  word  Bakelite  is  "narrow  and  arbitrary,"  the 
Doctor's  definition  of  his  own  products  is  too  broad  to  be  of  any 
value  when  he  says  "Bakelite  is  a  registered  trade  mark  for 
phenolic  condensation  products."  Such  a  definition  would  in- 
clude saligeno-saligenin  and  saliretin  resins  which  were  made 
by  Beilstein  and  Seelhein  in  1816  and  by  Moitessier  in  1866, 
and  were  well-known  substances  probably  before  the  Doctor 
was  born.  If  Bakelite  is  to  be  used  simply  as  a  generic  term 
for  all  condensation  products,  the  meaning  of  the  word  is  reduced 
to  a  minimum,  because  it  would  then  include  the  worthless, 
permanently  soluble,  fusible  products  as  well  as  the  infusible, 
insoluble  porous  products  made  without  the  use  of  counter 
pressure.  And  such  a  term  would  indeed  include  such  phenolic 
condensation  products  as  the  resins  patented  by  Smith  in  1899, 
Luft  1902,  Blumer  1902-3,  FayoUe  1903-4,  Story  1905-8, 
DeLaire  1905,  Baeyer  1907,  Helm  1907,  Knoll  1907,  Lebach 
(Knoll  and  Wetter  )  1907-8,  Grognot  1908,  all  of  which  patents 
were  taken  out  before  Dr.  Baekeland  entered  the  field. 

Our  definition  of  the  word  Bakelite  was  from  a  purely  scien- 
tific standpoint  and  had  nothing  whatsoever  to  do  with  its 
uses  as  a  registered  trade  mark.  We  made  a  serious  attempt, 
however,  to  use  the  word  as  defined  by  the  Doctor  in  his  earlier 
publications. 

The  experiments  devised  by  us  showed  that  dry  hexa- 
methylenetetramine and  dry  phenol  heated  together  evolve  no 
water  and  have  "more  than  a  theoretical  significance."  These 
experiments  were  designed  especially  to  clear  up  the  erroneous 
statements'  which  appear  in  recent  literature  to  the  effect  that 
large  quantities  of  water  are  produced  during  this  reaction  be- 
tween phenol  and  anhydrous  hexametliylenetetramine. 

Dr.  Baekeland  objects  when  the  authors  describe  a  method 
for  changing  a  porous  mass  of  their  material  into  a  solid  uni- 
form body  by  welding  together  the  ground-up  material  in  a 
hot  hydraulic  press.  This  objection  lies  in  the  fact  that  we  have 
not  cited  his  U.  S.  patents,  Nos.  939,966  and  942,700,  wherein 
he  described  such  a  process  accurately  for  molding  his  resin 
produced  by  the  wet  process.     There  is  no  claim  made  in  the 

1  Baekeland.  This  Joornai,,  4  (1912),  741. 
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article  to  this  process  as  being  new.  The  matter  of  molding 
powdered  materials  in  a  hot  hydraulic  press  was  known  long 
before  the  discovery  of  our  own  materials  or  Dr.  Baekeland's 
discoveries.  The  method  is  given  simply  to  show  that  the  porous 
material  which  Dr.  Baekeland  stated  was  of  inferior  value  com- 
mercially can  be  made  into  homogeneous  solid  material  which 
compares  favorably  with  the  best  resins  produced  by  the  wet 
process,  if  we  accept  his  own  tables  of  the  two  materials. 

We  take  decided  issue  with  Dr.  Baekeland  when  he  makes 
the  statement  that  the  evolution  of  the  ammonia  is  not  a  possi- 
ble method  for  following  the  reaction  between  a  phenolic  body 
and  active  methylene  groups  and  is  "only  true  in  case  phenol 
is  in  large  excess."  The  reaction  may  be  followed  easily  by 
measuring  the  evolved  ammonia  when  the  phenol  is  not  in  ex- 
cess at  all,  e.  g.,  when  6  mol.  of  phenol  to  one  mol.  of  hexamethyl- 
enetetramine  are  jiresent.  We  intend  to  discuss  this  in  a  later 
paper  and  we  propose  to  show  that  the  reaction  is  very  easy  to 
follow  if  carried  on  in  the  presence  of  ethyl  alcohol,  amyl  alco- 
hol or  certain  other  solvents. 

The  Doctor  intimates  that  we  have  dealt  unfairly  with  Dr. 
C.  P.  Steinmetz,  of  Schenectady,  in  not  mentioning  in  our  paper 
the  fact  that  Dr.  Steinmetz  had  also  prepared  synthetic  resins 
from  anhydrous  phenol  and  dry  hexamethylenetetramine. 
However,  Dr.  Baekeland  is  In  possession  of  the  knowledge  that 
we  had  made  basic  patent  applications  for  these  resins  long  be- 
fore Dr.  Steinmetz  conceived  of  them,  according  to  his  sworn 
statement  in  the  patent  office.  As  prior  discoveries  in  the  art, 
it  was  not  incumbent  upon  us  to  give  Dr.  Steinmetz  credit  for 
what  was  clearly  our  own  invention.  The  Patent  Office  has 
ruled  that  Dr.  Steinmetz  is  not  the  first  inventor,  and  the  office 
has  also  ruled  that  the  interference  in  which  Dr.  Baekeland 
was  involved  should  be  dissolved,  although  this  matter  is  now 
pending  an  appeal.  Indeed,  every  claim  made  in  the  inter- 
ferences was  taken  verbatim  from  our  earlier  applications. 

The  Doctor  calls  upon  us  to  describe  at  greater  length  the 
qualities  of  the  rods  which  we  have  in  oiu-  laboratories  which 
are  two  feet  long  and  one  and  one-half  inches  in  diameter. 
We  are  prepared  to  say  that  the  tensile  strength,  crushing 
strength,  dielectric  properties  and  chemical  inertness  compare 
favorably  with  any  of  the  products  we  have  been  able  to  pro- 
duce from  either  the  dry  or  wet  process  where  a  counter  pressure 
was  used. 

At  this  time  we  do  not  deem  it  expedient  to  give  the  methods 
by  which  the  rods  were  produced. 

The  table  of  analysis  published'  on  page  11,  column  i,  is  given 
with  one  specific  idea  in  mind,  viz.,  to  show  that  the  chemical 
individual,  phenyl-endeka-saligeno-saligenin  is  one  of  the 
principal  intermediate  products  of  all  these  reactions  between 
phenolic  bodies  and  active  methylene  bodies  and  also  with  other 
data  went  to  show  that  phenyl-endeka-saligeno-saligenin  was  the 
particular  intermediate  product  which  transformed  into  the 
final  insoluble  resin.  There  was  no  attempt  made  to  give  an 
analysis  of  our  most  insoluble  resins  as  the  time  required  for 
analysis  was  too  long,  owing  to  the  slow  disintegration  of  the 
resin  by  the  caustic  and  it  was  the  object  of  the  authors  to  pro- 
duce a  purely  scientific  treatise  of  the  subject  without  discussing 
at  unnecessary  length  its  technical  values. 

The  apparatus  described'  on  page  1 1  for  determining  whether 
water  is  set  free  when  hexamethylenetetramine  reacts  with  an 
excess  of  phenol  also  finds  objection  from  Dr.  Baekeland.  He 
believes  the  condensor  marked  "8"  is  the  best  means  for  pre- 
venting any  water  from  entering  the  train  of  absorbing  tubes. 
This  we  may  concede  without  detracting  from  the  value  of  the 
experiments.  We  are  indeed  very  sorry  the  Doctor  did  not 
read  the  article  more  carefully.  If  the  Doctor  wUl  again  read 
the  article  he  will  see  that  we  are  trying  primarily  to  absorb 
nitrogen  compounds  and  not  water  and  we  were  able  to  account 
'  This  Journai,.  6  (1914),  11. 


for  all  the  nitrogen  in  the  hexamethylenetetramine  present  up 
to  99.5-100  per  cent.  The  reaction  does  not  come  under  the 
class  of  organic  reactions  of  which  Dr.  Baekeland  speaks  which 
are  considered  quantitative  when  they  lack  5  or  even  7  per  cent 
of  the  full  100  per  cent. 

Now,  if  the  ammonia  be  evolved  quantitatively  there  remains 
no  reasonable  chance  for  the  remaining  methylene  groups  and 
the  dry  phenol  or  the  phenol  less  two  of  its  hydrogens  to  yield 
water  as  a  by-product  during  their  reaction. 

The  condenser  was  the  shortest  type  allowable  which  would 
guarantee  a  condensation  of  the  phenol  and  a  return  of  the  same 
to  the  flask.  Water,  if  it  had  been  formed,  would  not  have  re- 
turned completely  to  the  flask  which  was  heated  to  185°  Centi- 
grade, but  it  would  have  passed  over  in  part  at  least  into  the 
train  of  absorbing  tubes;  or  if  it  were  formed  in  quantity  and  re- 
turned to  the  flask,  it  would  have  shown  itself  readily  in  either 
of  two  ways.  Each  drop  as  it  feU  from  the  condenser  would  have 
evaporated  rapidly  with  a  sizzling  sound  such  as  a  lower  boil- 
ing liquid  makes  when  it  falls  upon  the  surface  of  a  higher 
boiling  liquid  (which  is  actually  boiling),  or,  which  is  more  prob- 
able, it  would  have  shown  in  a  whitish  ring  around  the  top  of 
the  boiling  liquid  as  the  water  in  condensing  ran  down  the  sides 
of  the  flask  and  precipitated  temporarily  the  resins  out  of  the 
phenol.  Such  phenomena  were  not  noticeable  in  any  of  the 
experiments. 

Whatever  may  be  Dr.  Baekeland's  objection,  the  fact  remains 
indisputable  that  no  water  is  formed  during  the  reaction  between 
anhydrous  phenol  and  dry  hexamethylenetetramine. 

The  experiments  with  anisol  call  forth  some  rather  strange 
speculations  on  the  Doctor's  part.  The  non-reactivity  of  anisol 
and  hexamethylenetetramine  with  each  other  when  heated 
together  and  their  activity  when  in  the  presence  of  phenol  ex- 
cites the  Doctor.  We  feel  like  apologizing  for  having  to  point 
out  that  this  is  one  of  the  commonest  classes  of  reactions  known 
where  a  substance  A  and  a  substance  B  do  not  react  readily 
with  each  other  but  react  readily  in  the  presence  of  a  third  sub- 
stance C.  Indeed  the  very  example  the  Doctor  cites  is  among 
the  most  interesting  in  this  respect.  If  we  take  pure  meta-cresol 
and  pure  hexamethylenetetramine  and  let  them  react  together 
they  produce  a  resin  which  gives  an  inferior  lacquer.  The 
lacquer  thus  produced,  heated  for  thirty  minutes  at  180°  Centi- 
grade, wUl  darken  and  disintegrate  in  aqueous  normal  caustic 
solution  in  150  minutes  and  darkens  and  dissolves  in  acetone 
in  two  hours  whUe,  if  we  accept  Dr.  Baekeland's  statements, 
the  meat-cresol  in  the  presence  of  sufficient  amounts  of  other 
cresols,  will  produce  a  resin  which  gives  a  lacquer  film  which  is 
not  attacked  by  caustic  in  90  hours.  We  cannot  understand 
why  the  Doctor  accepts  his  own  meta-cresol  experiments  and 
throws  away  our  experiments  with  anisol.  But  we  shall  enter 
into  a  discussion  of  the  relative  merits  of  these  lacquers  in  a 
later  paper  which  we  now  have  ready  for  publication. 

The  Doctor  complains  that  his  molecules  do  not  obey  him 
in  the  wet  reaction  so  well  as  do  ours  in  the  dry  reaction.  We 
agree  with  tlie  Doctor  entirely  on  this  point.  We  also  found 
the  wet  reaction  very  hard  to  follow  chemically  while  the  dry- 
reaction  has  considerable  of  the  "Prussian  Soldier"  about  it, 
especially  in  the  precision  with  which  it  may  be  made  to  con- 
form to  orders.  There  are  no  deserters  among  the  methylene 
groups  in  the  hexamethylenetetramine — none  of  them  are 
volatile — and  none  of  them  need  to  be  pressed  into  service. 

The  tables  with  which  the  Doctor  has  concluded  his  criticism 
are  misleading  as  he  has  arbitrarily  selected  examples  from  our 
tables  and  arranged  them  without  regard  to  the  original  con- 
text. The  tensile  strengths  for  our  anhydrous  resins  have  no 
meaning,  as  no  data  is  quoted  of  the  conditions  under  which 
they  are  taken.  The  numbers  quoted  are  neither  the  highest 
nor  the  lowest,  nor  the  average  of  those  we  have  published. 
But  if  the  Doctor  will  read  the  paper  again,  carefully,  he  will 


Mar.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


26: 


see  that  the  numbers  given  in  each  table  were  given  for  special 
reason,  I'iz..  to  show  the  effect  of  time  of  heating,  temperature, 
per  cent  rubber  product  present,  etc.,  upon  the  final  resins. 

Indeed,  we  have  tensile  strength  tests  on  our  transparent 
almost  water  white  materials  which  run  higher  than  any  of  our 
published  results  (i.  e.,  from  5,000  to  6,200  lbs.  per  sq.  in.), 
but  since  they  have  no  bearing  upon  the  scientific  data  given  in 
our  preliminary  paper,  we  have  not  submitted  them  until  now 
for  publication. 

There  are  many  possible  differences  between  our  synthetic 
resins  and  the  synthetic  resins  produced  by  the  wet  process 
which  have  not  been  mentioned  in  the  Doctor's  criticism;  and 
it  is  to  be  carefully  borne  in  mind  that  these  very  differences 
are  the  determining  factors  in  many  of  the  lines  of  industry 
in  which  our  product  is  finding  a  market. 

(i)  The  rate  of  discoloration  in  daylight  or  direct  sunlight. 

(2)  The  rate  of  disintegration  in  caustic  or  alkaline  solutions. 

(3)  The  solubility  or  discoloration  in  alcohol  and  acetone 
solutions. 

(4)  The  effect  of  the  lower  fatty  acids  upon  the  resins,  such  as 
formic. 

(5)  The  ability  of  the  resins  to  withstand  shock  as  in  rapid 
valve  work,  under  high  pressure. 

(6)  The  presence  of  free  phenol  in  materials  used  for  pharma- 
ceutical apparatus. 

(7)  The  presence  of  water  as  a  by-product  in  the  final  trans- 
formation of  the  resins,  especially  in  large  impregnated  arma- 
tures. 

These  are  only  a  few  of  the  possible  and  real  differences  be- 
tween our  anhydrous  resins  and  the  wet  process  resins. 

We  cannot  close  this  reply  without  pointing  out  another 
of  the" Doctor's  errors.  He  concludes  that  our  resins  are  iden- 
tical' with  his  resins,  but  this  conclusion  is  offset  by  his  state- 
ment that  he  obtained  by  the  wet  process  (i)  "An  infusible 
end-product  resins  which  showed  incomparably  better  dielectric 
properties  than  what  we  obtain  in  making  a  material  by  means 
of  dry  phenol  and  dry  hexamethylenetetramine  as  described 
by  Dr.  Redman  and  his  collaborators." 

Just  how  a  material  can  be  at  one  and  the  same  time  equal 
to  itself  and  incomparably  better  than  itself  would  seem  to  call 
for  explanation. 

It  has  been  no  part  of  our  purpose  to  engage  in  controversy 
with  a  gentleman  who  has  shown  untiring  industry  in  studying 
the  work  of  the  earlier  inventors  and  putting  to  industrial  uses 
the  results  of  their  labors  supplemented  by  his  own  discoveries. 
Our  effort,  in  our  earlier  paper,  was  to  set  forth  something  of 
the  history  of  the  art  of  producing  synthetic  resins,  and  it  did 
not  occiu-  to  us  that  in  so  doing  we  should  give  offense  to  our 
highly  esteemed  contemporary  or  furnish  the  animus  for  Dr. 
Baekeland's  criticism  to  which  we  have  here  made  reply. 

L.  V.  Redman 
A.  J.  Weith 
F.  P.  Brock 
Amberiod  Chemical  Products  Co. 
636-678  West  22nd  St.    Chicago 
February  16.  1914 


VALUATION  OF  FLUORSPAR 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  4,  201  and  548,  I  published  a  quick  method 
for  the  determination  of  the  principal  constituents  of  Fluorspar. 
This  method  is  now  used  in  our  mine  laboratory  and  has  proved 
very  satisfactory.  In  practical  work,  I  have  made  some  slight 
modifications,  increasing  thereby  the  accuracy  of  the  results,  so  I 
believe  the  modifications  may  be  of  interest  to  some  of  my  col- 
leagues. 

After  dissolving  the  carbonates  by  diluted  acetic  acid,  I  evapo- 
rate to  dryness,  add  50  cc.  water  and  heat  to  boiling  to  precip- 


itate the  iron,  dissolved  by  acetic  acid,  as  basic  acetate.  Thereby 
the  small  amount  of  iron  soluble  in  acetic  acid  is  not  calculated 
in  the  amount  of  calcium  carbonate,  as  it  would  be  by  filtering 
off  the  acetic  acid  solution.  Furthermore,  the  amount  of  cal- 
cium fluoride  brought  in  solution  is  smaller,  since  the  solubility 
of  calcium  fluoride  in  acetic  acid  is  higher  than  in  water:  50 
cc.  hot  water  dissolve  0.8  mg.  calcium  fluoride,  while  50  cc. 
acetic  acid  (i:io)  dissolve  10  mg.  of  calcium  fluoride. 

After  volatilizing  the  silica,  I  decompose  the  metal  oxides,  as 
formerly,  by  digesting  and  evaporating  the  residue  with  hydro- 
fluoric acid  and  a  few  drops  of  nitric  acid.  By  this  operation 
under  certain  conditions,  some  calcium  nitrate  can  be  formed 
and  left  undecomposed,  which  would  cause  an  error  because  of 
the  solubility  of  calcium  hydroxide  in  the  alkaline  extraction 
solution.  Also  in  fluorspar  high  in  iron,  some  iron  nitrate  can 
be  left  undecomposed,  which  will  change  to  a  basic  salt  by  evapo- 
rating, which  basic  salt  is  insoluble  in  the  extraction  solution. 

Therefore.  I  repeat  the  evaporation  with  hydrofluoric  acid 
in  all  cases  in  order  to  be  sure  that  all  nitrates  are  transformed 
into  fluorides.  Investigating  the  action  of  nitric  acid  on  calcium 
fluoride,  I  evaporated  one  gram  of  pure  crystallized  fluorspar, 
finely  ground,  with  different  amounts  of  nitric  acid  and  calculated 
the  amount  of  decomposed  Calcium  Fluoride  from  the  increase 
of  weight  as  follows: 

Cc.  HNOs  G.  CaFj 

G.  CaF2  Sp.  gr.  1.42  decomposed 

0.5  0.0034 

1.0  0.0057 

1.5  0.0089 

2.0  0.0114 

2.5  0.0131 

3.0  0.0163 

By  digesting  and  evaporating  these  residues  with  2  cc.  hydro- 
fluoric acid  (50  per  cent),  I  obtained  the  original  weight  of  one 
gram  fluorspar,  showing  that  one  evaporation  with  2  cc.  50  per 
cent  hydrofluoric  acid  is  sufficient  to  decompose  tlie  calcium 
nitrate  formed  by  evaporating  one  gram  fluorspar  with  3  cc. 
nitric  acid  (1.42). 

Considering  these  results,  I  changed  the  method  as  follows: 
After  volatilizing  the  silica  and  weighing  the  residue  add  2 
cc.  hydrofluoric  acid  and  10  drops  of  nitric  acid,  cover  the 
crucible  with  its  lid  and  place  on  a  moderately  warm  water  bath 
thirty  minutes;  then  remove  the  lid  and  evaporate  to  dr>'ness, 
add  2  cc.  hydrofluoric  acid  and  evaporate  again  to  dryness,  etc., 
as  described  in  my  first  paper. 

Working  in  this  manner,  no  calcium  salt  is  dissolved  by  the 
extraction  solution  and  only  a  small  amount  of  calcium  fluoride 
is  washed  out  corresponding  to  the  solubility  of  calcium  fluoride 
in  water. 


The  corrections  I   am  using  in  this  modified  method,   taking  one  gram  o 
Fluorspar  for  analysis,  are; 

(1)  For  loss  in  weight  by  treating  with  acetic  acid,  evaporating 

to  dryness  and  boiling  after  the  addition  of  50  cc.  water 0 .  00 1 0  g 

(2)  For  loss  in  weight  by  treating  with  HgO  and  HF 0.0002   g 

(3)  For  loss  in  weight  by  treating  with  ammonium  acetate.  .  .        0.0010  g 


0.0022   g. 
E.    BlDTEL 


IvAboratory  Fairview  Fluorsp.^r  &  Lead 
GoLCONDA,  Illinois 
February  2.  1914 


NOTE  ON  THE  ELECTROLYTIC  DETERMINATION  OF 
COPPER 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  the  electrolytic  determination  of  copper  from  nitric  acid 
solutions  the  depositjs  very  bright  and  adherent,  if  the  correct 
acidity  concentration  conditions  have  been  maintained.  When 
the  acid  concentration  is  too  low  the  film  has  a  dull  look  and  may 
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not  be  adherent.  If  the  acid  concentration  is  too  high  a  long 
time  will  be  required  to  completely  deposit  the  metal,  although 
the  deposit  will  be  very  bright. 

In  those  cases  where  it  is  very  convenieiit  to  limit  the  amount 
of  free  acid  in  bringing  the  copper  into  solution  in  preparing  for 
the  electrolysis,  and  where  the  results  of  the  analysis  are  needed 
in  the  shortest  possible  time  for  control  work,  this  excess  acidity 
can  be  very  easily  controlled  by  the  addition  of  a  little  powdered 
sodium  acetate  to  the  solution. 

In  preparing  the  solution  for  electrolysis  all  the  nitric  acid 
can  be  used  that  is  necessary  to  quickly  bring  into  solution  the 
copper,  copper  salts,  or  compounds  containing  copper.  Then 
after  the  electrodes  have  been  mounted,  the  current  switched 
on,  and  current  density  adjusted,  if  the  copper  does  not  promptly 
start  to  plate  out,  a  little  sodium  acetate  dusted  into  the  solu- 
tion will  fix  the  excess  of  nitric  acid  which  is  dissolving  the  copper 
film  as  fast  as  formed. 

The  change  in  the  character  and  speed  of  deposition  will  be 
almost  instantaneous  and  the  deposit  will  be  bright,  adherent, 
and  formed  in  the  minimum  of  time.  The  treatment  of  the  solu- 
tion with  an  excess  of  sodium  acetate  at  the  end  of  a  deposition 
in  order  to  change  the  free  nitric  acid  to  sodium  nitrate  and  thus 
enable  the  electrodes  to  be  removed  without  previous  washing 
has  been  recommended  often  and  the  action  is  the  same  in  both 
cases,  differing  only  in  degree. 

H.  Cloukey 
FoRBsT  Products  Laboratory 
Madison,  Wisconsin 
December  27.  1913 


REMARKS  ON  WHITE  LEAD  PAINT  PUBLISHED  IN  1810 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Mr.  Frederick  L.  Hoffman,  Statistician  of  the  Prudential 
Insurance  Company  of  America,  has  kindly  sent  me  for  perusal 
a  rare  volume  of  the  Memoirs  of  the  Connecticut  Academy  of 
Arts  and  Sciences,  published  in  New  Haven  in  1810.  On  pages 
135  and  136  occurs  a  letter  from  N.  Webster,  Jr.,  to  Mr.  Benjamin 
Silliman,  Secretary  of  the  Academy.  I  enclose  a  copy  of  this 
letter,  thinking  perhaps  it  might  be  interesting  to  the  readers 
of  the  Journal.  It  is  interesting  no  note  that  in  those  days 
they  spoke  of  the  "  new  chemistry  "  in  pretty  much  the  same  way 
that  we  do  to-day.  The  "new  chemistry  '  of  Webster,  however, 
is  not  very  new  now. 

G.  W.  Thompson 

129  York  St..  Brooklyn 
January  27.   1914 

ON  THE  DECOMPOSITION  OF  WHITE  LEAD  PAINT 

To  Mr.  BENj.-iMiN  Silliman,  Secretary  of  the  Connecticut  Academy 

of  Arts  and  Sciences. 

SIR, 
It  is  well  known,  that  a  white  paint,  formed  by  mixing  oil, 
and  usually  vegetable  oil,  with  the  white  oxyd  of  lead,  is  very 
expensive,  and  not  very  durable.  Within  a  few  years  after  this 
paint  is  laid  upon  a  building,  it  is  observedthat  the  oil  has  been 
separated  from  the  lead,  and  the  latter  may  be  rubbed  off  with 
the  hand,  being  reduced  to  a  state  in  which  it  is  easily  pulverized. 
It  is  observable  also,  that  the  like  paint  on  inside  work,  not  ex- 
posed to  water,  is  not  liable  to  the  same  change.  From  these 
facts,  it  is  probable  that  the  oil,  when  exposed  to  water,  under- 
goes a  slow  decomposition. 

Oil  is  proved,  by  chemical  analysis,  to  be  composed  of  carbon, 
or  pure  charcoal,  and  hydrogene,  or  the  base  of  inflammable 
air,  in  the  proportion  of  nearly  four  parts  of  the  former,  with  one 
of  the  latter.  Now  carbon  has  a  very  strong  affinity  for  oxygene, 
one  of  the  constituent  elements  of  water.  Is  it  not  probable 
that  the  decomposition  of  the  oil  of  paints  is  owing  to  that  affinity 
— the  carbon  of  the  oil  combining  with  the  oxygene  of  water, 
and  the  hydrogene  of  the  oil,  being  set  free,  escajiing  in  the  form 


of  gas?  If  so,  the  art  of  rendering  the  paint  durable  will  consist 
in  fixing  the  oil,  or  i)reventing  this  decomposition.  This  is 
undoubtedly  a  great  desideratum  in  the  arts.  In  the  course  of 
my  scanty  reading  on  subjects  of  this  kind,  I  have  found  nothing 
satisfactory.  The  experiments  of  M.  de  Morveau,  as  related 
in  a  paper  communicated  to  the  Academy  of  Dijon,  of  which 
an  extract  is  found  in  the  Encyclopedia,  were  evidently  made 
before  the  date  of  the  new  Chemistry.  It  is  believed  that  the 
causes  of  the  changes  which  paints  undergo,  and  which  he  ascribes 
to  phlogistic  vapors,  are  now  better  understood  than  when  he 
wrote;  and  it  is  desirable  that  the  attention  of  the  chemist,  as 
well  as  the  artist,  may  be  invited  to  the  subject. 

If  the  funds  of  the  Academy  would  permit,  it  might  be  well 
to  offer  a  premium  for  the  discovery  of  a  substance  which  should 
fix  the  oil  in  white  paints,  without  changing  their  color. 

I  am.  Sir,  respectfully,  your  obedient  servant, 

N.  Webster,  Jun. 

New-IIaven,  Oct.  30,  1S04 

FORTY-NINTH   MEETING   OF   THE   AMERICAN    CHEM- 
ICAL SOCIETY,  CINCINNATI,  APRIL  7-10,  1914 

A  meeting  of  the  American  Chemical  Society  will  be  held  in 
Cincinnati,  Ohio,  April  7th  to  loth,  inclusive,  the  beginning 
date  having  been  changed  from  April  8th  to  April  7th  since  the 
announcement  in  the  February  Journal.  A  meeting  of  the 
Council  will  be  held  at  the  Hotel  Sinton,  at  eight  o'clock,  p.m., 
on  Monday  evening,  April  6th.  The  meetings  of  the  Society 
will  be  held  at  the  University  of  Cincinnati.  The  Hotel  Sinton 
on  the  corner  of  Fourth  and  Vine  Streets  has  been  chosen  as 
headquarters.  Other  hotels  will  be  designated  in  the  final 
program,  which  will  be  sent  to  all  members  who  signify  tlifir  in- 
tention of  attending  the  meeting. 

The  following  committees  have  been  chosen  to  arrange  the 
spring  meeting: 

F.  W.  Weissmann,  Chairman. 
Stephan  J.  Hauser.  Secretary.  Archibald  Campbell.  Treasurer. 

CHAIRMAN    OK    SUB-COMMITTEES. 

G.  Farnham.  Transportation  and  Excursions. 

C.  T.  P.  Fennel.  Publicity.  Press  and  Printing. 

J.  W.  Films.  Reception. 

John  Uri  Lloyd,  Meeting  Places. 

Mrs.  J.  W.  EUms.  Ladies'  Reception. 

Richard  Lord.  Entertainment. 

Lauder  W.  Jones.  Banquet. 

F.  C.  Broeman,  Smolier. 

Archibald  Campbell.  Finance. 

F.  O.  Clements.  Reception  at  Dayton.  O. 

All  Divisions  of  the  Society  will  meet,  and  the  Water,  Sewage, 
and  Sanitation  Section  have  announced  that  they  are  planning 
a  special  conference  on  Standard  Methods  of  Water  Analysis. 
As  Cincinnati  is  near  to  some  of  our  largest  rubber  manufactur- 
ing centers  a  large  meeting  of  the  Rubber  Section  is  expected. 

The  Secretary  of  the  Local  Section  announces  the  following 
detail : 

"The  Entertainment  Committee  is  planning  many  interesting 
events,  and  special  preparations  are  being  made  to  jirovide 
entertainment  for  ladies,  who  may  attend,  at  times  when  they 
cannot  participate  in  the  regular  meetings.  One  particularly 
interesting  feature  will  be  the  concert  given  by  the  Cincinnati 
Symphony  Orchestra,  under  the  direction  of  Ernst  Kunwald, 
which  has  been  arranged  for  Wednesday  evening. 

"The  Transportation  Committee  has  arranged  a  number  ol 
interesting  visits  to  local  industrial  plants.  It  is  a  well  known 
fact  that  Cincinnati  has  a  very  large  variety  of  industries  which 
are  strictly  chemical  or  very  closely  allied.  This  Committee 
has  already  arranged  trips  to  the  Filtration  Plant,  Proctor  and 
Gamble's,  the  home  of  Crisco,  Globe  Soap  Co.,  Diamalt  Co., 
Andrew  Steel  Works,  Boldt  Glass  Co.,  the  New  Cincinnati 
Hospital,    the    largest    and    most    modem   city    hospital    in    the 
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world,  Machine  Tool  Plants,  Rookwood  Pottery.  Lloyd  Brothers, 
VV.  S.  Merril  Chemical  Co.  and  many  others. 

"In  addition  to  these  inspection  trips,  the  Committee  is 
planning  to  devote  Friday,  April  loth,  to  visit  adjacent  indus- 
trial plants,  an  all  day  excursion.  It  is  planned  to  go  to  Middle- 
town  during  the  morning  and  inspect  the  plant  of  the  American 
Rolling  Mills,  the  home  of  Ingot  Iron.  After  visiting  this  plant, 
we  shall  go  to  Dayton,  where  members  of  the  Cincinnati  Section, 
residents  of  Dayton,  have  arranged  an  inspection  trip  through 
the  plant  of  the  National  Cash  Register  Co.  Negotiations  are 
now  in  progress  to  have  Mr.  Wright  give  an  exhibition  of  his 
latest  Aeroplane,  mcluding  the  stabilizer. 

"The  following  provisional  program  will  give  an  idea  of  the 
plans  for  the  Cincinnati  meeting. 

Monday.  Apr.     6,  Evening.  Council  Meeting 

Tuesday,         Apr.     7,  Morning,  General  Meeting 

Aflernoon.  Excursions 

Evening,  Smoker  at  Zoo 
Wednesday,   Apr.     8,  Morning,  Division  Meetings 

Afternoon.  Excursions 

Evening.    Concert    by    the    Cincinnati    Symphony 
Orchestra  at  Emery  Hall 
Thursday.       Apr.     9.  Morning.  Division  Meetings 

.Afternoon.  E.xcursions 

Evening.  Subscription  Dinner 
Friday,  Apr.  10,  Excursion  to  American  Rolling  Mills.  Middletown; 

to  National  Cash  Register  Co.,  Dayton." 

All  titles  for  papers  should  be  in  the  Secretary's  hands  on  or 
before  March  23rd,  or  in  the  hands  of  the  Secretaries  of  Divisions 
by  March  21st,  in  order  to  be  placed  on  the  final  program.  By 
vote  of  the  Council  no  papers  can  be  presented  at  the  meeting 
that  are  not  printed  on  the  final  program. 

ADDRESSES  OF  SECRETARIES 

DIVISIONS 

Agricultural  and  Food  Chemistry.  Glen  F.  Mason,  H.  J.  Heinz 
Company,  Pittsburgh,  Pa. 

Biological.  Chemistry.  I.  K.  Phelps,  Bureau  of  Chemistry, 
Washington,  D,  C. 


Fertilizer  Chemistry,  F.  B.  Carpenter,  Virginia-Carolina 
Chemical  Co.,  Richmond,  Va. 

Industrial  Chemists  and  Chemical  Engineers,  S.  H.  Salisbury, 
Jr.,  Lehigh  University,  South  Bethlehem,  Pa. 

Organic  Chemistry,  C.  G.  Derick,  Morris  Ave.,  Lincoln  Place, 
Urbana,  111. 

Pharmaceutical  Chemistry,  A.  P.  Sy.  University  of  Buffalo,  24 
High  St.,  Buffalo,  New  York. 

Physical  and  Inorganic  Chemistry,  R.  C.  Wells,  U.  S.  Geo- 
logical Survey,  Washington,  D.  C. 

SECTIONS 

India  Rubber  Chemistry,  Dorris  Whipple,  The  Safety  In- 
sulated Wire  and  Cable  Co.,  Bayonne,  N.  J. 

Water,  Sewage  and  Sanitation,  Harry  P.  Corson,  State  Water 
Survey,  LTrbana,  111. 

The  final  program  will  be  sent  to  all  members  of  the  .Cin- 
cinnati Section,  to  Secretaries  of  Local  Sections,  to  members 
of  the  Council  and  to  all  members  requesting  same.  The  ex- 
pense ot  printing  and  mailing  this  program  is  so  great  that  it  is 
sent  only  to  those  who  especially  desire  it  on  account  of  their 
intention  of  attending  the  meeting.  Other  members  will  find 
it  printed  in  the  Society's  Journals. 

Cincinnati  is  centrally  located,  and  is  accordingly  easily 
reached  by  all  members  of  the  Society.  Every  member  of  the 
Society  should  make  an  effort  to  be  present,  for  it  is  hoped  and 
expected  that  this  will  be  the  largest  meeting  of  the  American 
Chemical  Society  ever  held  in  the  spring. 

Charles  L.  Parsons,  Secretary 
Box  505,  Washington.  D.  C. 
February  19,  1914 

NOTE  ON  CERTAIN  UNPUBLISHED  WORK  ON  ELEC- 
TROLYSIS USING  SUPPORTED  MERCURY 
KATHODE     A  CORRECTION 
In  This  Journal,  6,  166  my  name  was  omitted  as  author  of 
the  article  under  the  above  title. 

Ernest  A.  LeSueur 

Ottawa,  Ontario 


PERSONAL  NOTL5 


The  program  of  the  first  public  meeting  of  the  Radium  Institute 
of  America,  held  at  Columbia  LIniversity  on  Feb.  17th,  was  as  fol- 
lows: "Introductory  Remarks,"  Pres.  N.  M.  Butler;  "The  Ex- 
periment of  Counting  the  Alpha  Particles,"  Prof.  Geo.  B.  Pegram; 
"Some  Experiments  with  Radium  Emanation,"  Prof.  William 
Duane;  "Therapeutic  Use  of  Radium,"  Dr.  Robert  Abbe;  "Some 
Biological  Effects  from  Radium,"  Prof.   Francis  Carter  Wood. 

Dr.  Wolfgang  Ostwald,  of  the  LTniversity  of  Leipsic,  Germany, 
was  the  guest  of  honor  at  a  dinner  given  by  the  Cincinnati 
section  of  the  A.  C.  S.  and  the  Cincinnati  Research  Society, 
at  the  Business  Men's  Club,  on  Feb.  11,  1914. 

Dr.  F.  K.  Cameron,  of  the  Bureau  of  Soils,  spoke  before  the 
Washington  Section  of  the  A.  C.  S.  on  Feb.  12,  1914.  Dr. 
Cameron  gave  an  illustrated  lecture  on  "Potash  from  Kelp." 

Prof.  Harry  C.  Jones,  of  Johns  Hopkins  University,  gave 
an  illustrated  lecture  on  "The  New  Era  in  Chemistr>',"  before 
the  Philadelphia  Section  of  the  A.  C.  S.  on  Feb.  21,  1914. 

The  Michigan  Section  of  the  A.  C.  S.  met  Jan.  22,  1914  and 
were  addressed  by  Mr.  W.  L.  Badger  on  "The  Work  of  the 
Bureau  of  Standards." 

Mr.  Wm.  H.  Blauvelt,  Consulting  Engineer  of  the  Semet- 
vSolvay  Co.,  Syracu.se,  N.  Y.,  gave  an  illustrated  lecture  on 
"By-Product  Coke  Ovens  from  the  Chemical,  Engineering 
and  Economic  Standpoints,"  before  the  Pittsburgh  Section 
of  the  A.  C.  S.,  Feb.  19,  1914. 

Prof.  W.  P.  Mason,  of  the  Rensselaer  Polytechnic  Institute 
at  Troy,  N.  Y.,  lectured  on  Jan.  29th  before  the  Franklin  Insti- 


tute of  Philadelphia  on  "Advantages  and  Disadvantages  of 
Water  Storage." 

Dr.  Walter  P.  Bradley  has  resigned  as  Professor  of  Chemistry 
after  twenty-five  years  of  service  at  Wesleyan  University  to 
take  charge  of  the  investigations  of  the  United  States  Rubber 
Company  in  whose  employ  he  recently  spent  a  year's  leave  of 
absence. 

The  LTniversity  of  Illinois  offered  a  two  weeks'  course  on 
"The  Technology  of  the  Clay  Industries,"  from  Jan.  i2th-24th, 
under  the  direction  of  Mr.  A.  V.  Bleininger,  of  the  Bureau  of 
Standards  at  Pittsburgh,  and  Mr.  R.  T.  StuU,  Acting  Director, 
Ceramics  Department,  University  of  Illinois.  .  This  course 
was  intended  for  men  actively  engaged  in  the  industries  and 
an  attempt  was  made  to  apply  the  chemical  and  physical 
principles  underlying  the  operations  of  preparation,  shaping, 
drying,  burning  and  decorating.  Additional  subjects,  such 
as  Construction  of  Furnaces  and  Kilns,  Power  Plants,  Power 
Transmission,  Dynamos  and  Motors,  Care  of  Machinery,  etc., 
were  presented.  The  engineering  topics  were  treated  by  Acting 
Dean  Richards,  of  the  Mechanical  Engineering  Department 
and  his  associates.  For  the  complete  course,  51  men  registered 
and  a  smaller  number  attended  for  a  shorter  time.  All  of 
these  men  are  connected  with  the  ceramic  industries  in  the 
capacity  of  managers,  superintendents  or  in  charge  of  plant 
departments. 

Mr.  C.  H.  Teesdale,  of  the  Forest  Products  Laboratory, 
Madison,  Wisconsin,   will   address  the   Chicago  Section  of  the 
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A.  C.  S.  at  the  March  meeting  on  his  special  work  on  Wood 
Preservation. 

Mr.  J.  Lanison  Wills,  F.C.S.,  of  the  Stifel  Laboratory  of 
Fermentology,  addressed  the  Feb.  9th  meeting  of  the  St.  Louis 
Section  of  the  A.  C.  S.  ou  "American  Beer  from  the  Chemical 
and  Biological  Viewpoint." 

Mr.  W.  D.  Richardson,  Chief  Chemist  of  Swift  &  Co.,  Chicago, 
addressed  the  Detroit  Chemists  on  Jan.  30th,  his  subject  being 
"The  History  and  Present  Status  of  Food  Preservation." 

Walter  Wallace  Weir  has  been  placed  in  charge  of  cooperative 
drainage  experiments  being  carried  on  at  Kearney  Park,  near 
Fresno,  on  the  5,400-acre  ranch  belonging  to  the  University  of 
California.  The  University  and  the  Office  of  Experiment 
Stations  of  the  U.  S.  Dept.  of  Agric.  are  making  these  investi- 
gations in  the  reclamation  of  alkali  lands  by  drainage  ditches 
and  a  pumping  system. 

The  Nashville  Section  of  the  A.  C.  S.  was  addressed  on  Feb. 
20,  1914,  by  Mr.  E.  J.  Pranke,  who  spoke  on  "Some  Problems 
of  the  Cyanamid  Industry  and  their  Industrial  Solution." 

Mr.  Paul  Poetschke  has  resigned  from  the  position  of  As- 
sistant Director  of  the  Department  of  Chemistry  of  the  Lederle 
Laboratories,  New  York,  after  ten  years  of  continuous  service 
with  that  company;  he  was  presented  with  a  beautifully  inscribed 
loving  cup  by  the  officers,  employees  and  friends  associated 
with  the  Lederle  Laboratories  and  Lederle  &  Provost.  Mr. 
Poetschke's  present  position  is  that  of  Director  of  the  Depart- 
ment of  Chemistry  of  the  L.  D.  Caulk  Co.,  Milford,  Del.,  manu- 
facturers of  dental  materials:  his  new  work  will  be  in  connec- 
tion with  various  lines  of  research  leading  to  scientific  develop- 
ment and  apiilication  of  the  materials  used  in  dentistry,  as 
well  as  improvements  in  processes  of  manufacture  and  the  stand- 
ardization of  materials. 

Mr.  Frank  A.  Lidbury,  Works  Manager  of  the  Olbury  Electro- 
Chemical  Co.,  of  Niagara  Falls,  gave  an'  experimentally  illus- 
trated address  before  the  Rochester  Section  of  the  A.   C.   S., 


Feb.  2,  1914,  on  "Some  Aspects  of  the  Electro-Chemical  In- 
dustry." 

Mr.  Lewis  J.  Seidensticker,  formerly  with  the  Warner  Sugar 
Refining  Co.,  Edgewater,  N.  J.,  has  accepted  the  position  of 
Manager  of  the  Atlantic  Sugar  Refineries,  Ltd.,  St.  John,  N.  B.. 
Canada. 

Prof.  A.  H.  Blanchard.  in  charge  of  the  graduate  course  in 
highway  engineering  at  Columbia  L'niversity,  delivered  illus- 
trated lectures  on  Jan.  26th  at  the  University  of  Illinois,  his 
subjects  being:  "Bituminous  Surfaces  and  Bituminous  Pave- 
ments," and  "Modern  Developments  in  Highway  Engineering 
in  Europe." 

The  Food  and  Drug  Inspection  work  of  the  Bureau  of  Chem- 
istry has  been  reorganized,  the  country  being  divided  into  three 
districts,  each  under  a  District  Chief,  who  wiU  be  in  charge  of 
the  branch  laboratories  and  the  work  of  the  inspectors  in  his 
territory.  It  is  expected  that  the  Pittsburgh,  Kansas  City, 
Nashville,  Portland  and  Omaha  Laboratories  will  be  closed  by 
April  I  St.  The  Eastern  District,  in  charge  of  Mr.  W.  G.  Camp- 
bell (now  Chief  Inspector)  with  headquarters  at  the  Bureau 
in  Washington,  includes  the  laboratories  at  New  York,  Boston, 
Philadelphia,  Buffalo.  Pittsburgh,  Savannah  and  San  Juan. 
The  Central  District  under  Mr.  L.  M.  Tolman  (now  Chief 
ol  the  Washington,  D.  C,  F'ood  Inspection  Division)  takes  in  the 
laboratories  at  Chicago,  St.  Paul.  St.  Louis,  Cincinnati,  New 
Orleans,  Nashville,  Kansas  City  and  Omaha.  The  Western 
District,  in  charge  of  Mr.  B.  R.  Hart  (formerly  of  the  Cincinnati 
Laboratory)  with  headquarters  at  San  Francisco,  includes  the 
territory  west  of  the  Rocky  Mountains  and  the  branch  labora- 
tories at  San  Francisco,  Denver,  Portland,  Seattle  and  Honolulu. 

Dr.  Robert  Kennedy  Duncan,  Director  of  the  Mellon  In- 
stitute of  Industrial  Research  of  the  University  of  Pittsburgh, 
died  at  his  home  in  Pittsburgh  on  February  18,  1914,  after  an 
illness  ot  several  weeks. 
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Treatise  on  General  and  Industrial  Organic  Chemistry.      By  Dr. 

Ettore  Molinari.  Translated  from  the  second,  enlarged 
and  revised  Italianeditionby  Thomas H.  Pope.  Philadelphia: 
P.  Blakiston's  Son  &  Co.,  1913.  Pp.  xix  +  770.  506  illus- 
trations.    $6.00  net. 

There  are  plenty  of  excellent  modern  textbooks  on  general 
organic  chemistry  already  on  the  market  and  new  ones  are  con- 
stantly appearing.  There  are  also  many  admirable  standard 
works  on  industrial  organic  chemistry  and  this  number  also  is 
being  steadily  increased.  It  would  therefore  seem  a  rather 
difficult  matter  to  find  any  places  in  the  field  not  already  fully 
occupied,  or  any  need  not  already  satisfactorily  met.  Yet,  in 
tlic  opinion  of  the  reviewer,  Dr.  Molinari  has  found  one  of  these 
few  remaining  uncrowded  parts  of  the  field  and  his  book  therefore 
meets  a  need  not  heretofore  properly  provided  for.  Mr.  Pope 
has  done  a  service  to  all  English-speaking  chemists  in  translating 
it  into  our  own  tongue.  The  recording  of  weights  in  quintals 
throughout  the  book  will  look  more  familiar  to  the  Englishman 
than  to  the  American. 

In  textbooks  on  general  organic  chemistry  there  is  usually 
only  an  occasional  brief  reference  to  the  industrial  importance  of 
the  compound  or  reaction  discussed,  practically  all  of  the  space 
being  given  up  to  a  consideration  of  the  theoretical  side  of  the 
subject.  Similarly,  the  textbooks  on  industrial  organic  chem- 
istry as  a  rule  give  but  scant  attention  to  the  theoretical  ques- 
tions involved  or  attempt  to  arrange  their  material  with  regard 
to  its  proper  place  in  a  scientific  classification  of  the  whole  field, 
the  arrangement  being  almost  without  exception  from  the  stand- 
I)oint  of  the  industrialist  and  not  from  that  of  the  teacher.     There 


is  thus  a  gap  between  the  two,  and  it  is  just  this  gap  which  Dr. 
Molinari  has  endeavored  to  bridge. 

His  book  is  essentially  a  textbook  of  general  organic  chemistry, 
in  which  all  groups  of  organic  compounds  are  classified  as  usual 
according  to  their  structural  formulas,  and  with  which  has  been 
incorporated  and  properly  distributed  under  this  dassilication 
a  textbook  of  industrial  organic  chemistry.  In  other  words,  the 
problem  was  to  take  a  book  like  Sadtler's  "Industrial  Organic 
Chemistry"  and  add  this  material,  in  the  proper  places,  to  that 
already  given  in  such  a  book  as  Bernthsen's  "Organic  Chemistry." 
The  result  of  such  a  fusion  is,  as  just  pointed  out,  a  textbook  of 
general  organic  chemistry  with  special  emphasis  on  and  detailed 
treatment  of  its  industrial  side.  Such  an  arrangement  is  of 
advantage  both  to  the  student  of  general  chemistry  and  to  the 
industrialist.  To  the  former,  it  points  out  at  once  which  are 
the  compounds  and  reactions  of  commercial  importance,  what 
their  significance  is  to  the  community,  and  what'  are  the  actual 
manufacturing  4 processes  by  which  they  are  produced.  On 
the  other  hand,  it  teaches  the  industrialist  the  place  of  his  own 
special  line  of  manufacturing  in  the  whole  wide  field  of  organic 
chemistry,  what  other  compounds  and  reactions  are  most  closely 
related  to  those  which  occupy  his  chief  attention,  and  gives  him 
a  clearer  insight  into  the  importance  of  the  underlying  theoretical 
principles. 

It  will  be  admitted  at  the  outset  that  it  is  not  an  easy  problem 
to  condense  two  such  textbooks  into  one  volume  of  convenient 
size.  It  was  necessary,  naturally,  to  sacrifice  something  of  each, 
to  keep  down  the  size  of  the  volume,  but  on  the  whole  the  work 
has  been  well  done,  and  its  author  is  to  be  congratulated.     Where 
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the  trimming  can  be  done  with  least  injury  in  such  a  consolidation 
is  a  matter  of  opinion  and  will,  of  course,  be  decided  by  the  view- 
point of  the  author.  On  the  industrial  side,  it  may  be  determined 
solely  on  the  basis  of  the  commercial  importance  of  the  subject 
or,  on  the  other  hand,  the  determining  factor  may  be  the  extent 
to  which  chemistry  enters  into  the  processes  involved.  Person- 
ally, in  a  book  of  this  kind,  the  reviewer,  being  a  teacher,  would 
like  to  see  the  latter  the  chief  factor  in  deciding  the  question; 
more  space  being  given  to  such  matters  as  synthetic  drugs  and 
synthetic  perfumes  and  less  to  sugar,  textiles  and  the  like,  where 
the  engineering  features  are  so  much  more  in  evidence  than  the 
chemical.  Where  various  methods  are  given  for  the  manufacture 
of  the  same  products,  an  indication  of  the  relative  commercial 
importance  of  each  should  be  given,  so  that  the  reader  may  be 
able  to  pick  out  at  a  glance  the  leading  present-day  practice. 

It  is  scarcely  to  be  expected  that  a  book  of  this  size  and  scope 
should  be  wholly  free  from  minor  defects,  and  the  rigorous  critic 
who  goes  over  it  with  a  fine-tooth  comb  will  discover  here  and 
there  statements  which  are  inaccurate  or  misleading.  These 
occasional  lapses  presumably  will  be  corrected  in  subsequent 
editions. 

An  immense  amount  of  labor  has  been  expended  in  gathering 
and  properly  distributing  the  mass  of  material  contained  in  the 
volume.  Much  statistical  information  is  included  and  consti- 
tutes a  very  valuable  feature.  References  and  special  bibliog- 
raphies are,  however,  generally  lacking;  and  it  is  to  be  hoped 
that  the  author  can  include  them  in  future  editions.  In  fact,  the 
reviewer  would  be  glad  to  see  the  scope  of  the  work  enlarged,  even 
though  it  involved  the  publication  of  two  volumes  instead  of  one. 

The  book  is  a  welcome  addition  to  the  literature  of  the  subject, 
and  is  just  what  is  wanted  in  courses  in  organic  chemistry  for 
engineering  students,  especially  for  those  intending  to  become 
chemical  engineers. 

Part  I.  General.  This  part  comprises  the  usual  introduction 
to  textbooks  of  organic  chemistry  and  deals  with  such  topics 
as  the  purification  and  analysis  of  organic  compounds,  deter- 
mination of  empiric,  molecular,  constitutional  and  stereochemical 
formulas,  valency,  isomerism,  polymerism,  homology  and  isology, 
the  bearing  of  chemical  composition  and  constitution  upon 
jjhysical  properties,  classification  of  carbon  compounds,  official 
nomenclature  and  the  like.  It  would  seem  desirable  to  add  here 
also  some  facts  of  special  interest  to  the  future  chemical  engineer 
concerning  chemical  manufacturing  processes  in  general,  the 
most  important  factors  governing  industrial  operations,  standard 
forms  of  apparatus,  the  difference  between  test  tube  reactions 
and  those  of  the  plant,  and  the  like;  material  similar  in  character 
to  that  contained  in  the  recent  address  of  O.  N.  Witt,  before  the 
general  meeting  in  Prague  of  the  Austrian  Union  for  the  Advance- 
ment of  Chemical  Industry,  on  the  methods  of  work  of  the  chemical 
laboratory  and  of  chemical  industry  and  their  inter-relations. 

Part  II.  Derivatives  of  Methane.  A  discussion  of  the  more 
important  groups  of  straight-chain  carbon  compounds.  The 
classification  employed  in  this  part  does  not  appeal  to  the  re- 
viewer as  logical  or  as  the  best  adapted  to  the  purposes  of  the 
author.  It  seems  unfortunate,  for  example,  to  discuss  acetic 
acid  and  its  salts  in  one  part  of  the  book  (p.  270),  acetic  anhy- 
dride in  another  part  (p.  320),  and  the  esters  of  acetic  in  still  a 
third  place  (p.  371);  and  not  to  consider  the  industries  of  the  oils, 
fats,  waxes,  candles  and  soaps,  in  closer  connection  with  the 
corresponding  fatty  acids.  In  addition  to  the  industries  just 
mentioned,  this  part  contains  a  discussion  also  of  the  following: 
gas,  petroleum,  alcohol  and  alcoholic  beverages,  explosives, 
tartaric  acid,  citric  acid,  sugar,  starch  and  paper,  as  well  as  many 
others  (wood  distillation,  vinegar,  glycerol,  glucose,  etc.)  treated 
more  briefly. 

Part  III.  Cyclic  Compounds.  A  discussion  of  the  more  im- 
portant groups  of  cyclic  carbon  compounds.  This  includes 
descriptions  of  the  following  industries:  coal  tar.  tanning,  col- 
oring matters,   textile  fibres;  alsQ,  briefer  articles  on  synthetic 


perfumes,    synthetic   drugs,    synthetic   rubber,    etc.,    several    of 
which  merit  fuller  treatment. 

M.  T.  BoGERT 

Preservative  Coatings  for  Structural  Materials.  Reports  of 
Committee  D-i  of  the  American  Society  for  Testing  Ma- 
terials, 1 903- 1 9 13.  Edited  by  the  Secretary  and  published 
by  the  Society.  Philadelphia.  431  pages.  Quarto.  Cloth. 
Price,  $2.00. 

The  study  of  protective  coatings  for  iron  and  steel,  begun 
by  the  American  Society  for  Testing  Materials  in  1903  and  con- 
tinued unbrokenly  and  with  increasing  effectiveness  to  the  present 
time,  is  described  in  detail  in  these  reports,  now  published  in 
combined  form  in  a  single  volume. 

During  the  first  few  years  the  Committee  planned  its  investi- 
gations and  formulated  its  standards  but  as  soon  as  definite 
lines  became  clear,  the  work  was  taken  up  and  pushed  as  vigorously 
as  possible,  consistent  with  the  exercise  of  conservative  judgment. 
The  first  constructive  work  the  Committee  undertook  was  in 
the  application  of  nineteen  different  paints  on  the  Havre  de  Grace 
Bridge  in  1906.  Since  then  a  great  deal  has  been  accomplished 
in  the  study  of  white  paints,  the  influence  of  pigments  upon 
corrosion,  linseed  oil,  soya  bean  oil,  China  wood  oil.  turpentine, 
definitions  of  terms  used  in  paint  specifications,  etc.  There 
is  probably  no  book  which  contains  within  its'  covers  so  much 
original  work  on  the  subject  of  paints. 

The  Committee,  made  up,  half  of  representatives  of  producing 
interests,  and  half  of  representatives  of  consuming  interests, 
constitutes  a  body  of  investigators,  unhampered  as  to  any  line 
of  investigation,  but  conservative  as  to  the  conclusions  it  draws. 
The  volume  is  arranged  chronologically,  and  the  contents 
give  full  information  as  to  where  the  reports  of  the  various  sub- 
committees appear.  These  reports  contain  numerous  tables 
giving  analyses  and  classifications  of  paint  materials  unobtain- 
able elsewhere.  The  volume  is  well  printed  and  paged  both  with 
respect  to  the  annual  reports  and  serially  for  this  volume  only. 
All  persons  interested  in  paint  technology  will  find  much  valu- 
able material  in  this  book. 

Die  Gerbstoffe-Botanische-chemische  Monographie  der  Tannide. 
By  J.  DekkER.  Borntraeger,  Berlin.  Translated  to  the  Ger- 
man from  the  Dutch,   by  Otto  Klipp.     586  pp.     Price,  $5.25. 

The  first  synthetic  tanning  agent  was  prepared  in  19 12  and 
the  next  few  years  will  undoubtedly  see  tremendous  progress  in 
this  field,  not  oijy  in  our  at  present  limited  chemical  knowledge, 
but  also  in  the  better  control  and  understanding  of  their  technical 
application. 

The  author  has  carried  out  the  work  so  well  that  a  brief  de- 
scription of  the  arrangement  of  the  subject  matter  is  all  that  is 
required. 

The  book  is  divided  into  two  parts:  Part  I  treating  the  Bib- 
liography and  Botany,  and  Part  II  dealing  with  the  Chemistry 
of  the  Tannins. 

Part  I  is  divided  into  three  chapters:  Chapter  I,  Bibliography, 
Journals  and  Books,  1 754-1 913;  Chapter  II,  Distribution  of  the 
Tannins  in  the  Various  Plants;  Chapter  III,  (i)  Analytical  Meth- 
ods of  Identification;  (2)  Distribution  of  the  Tanning  Agents 
in  the  Plant;  (3)  Significance  of  the  Tanning  Agents  to  the  Life 
of  the  Plant. 

Part  II,  dealing  with  the  strictly  chemical  side  of  the  tanning 
agent,  is  divided  into  four  chapters :  Chapter  I,  Tannin  and  Tan- 
nin-Like Substances;  Chapter  II,  Chemistry  of  the  Tanning  Agent; 
Chapter  III,  Analytical  Methods;  Chapter  IV.  Technical  Appli- 
cations of  the  Tanning  Agents. 

The  author  has  produced  a  splendid  book  which  brings  to- 
gether the  available  botanical  and  chemical  knowledge  of  the 
tannins,  which  will  be  appreciated  by  all  interested  in  either  the 
scientific  or  technical  application  of  the  training  agents. 

Otto  Kress 
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By  D.  D    Berolzhbimbr,  Librarian  The  Chemists'  Club,  New  York 


Analysis,  Gas,  Exercises  in.     liy  H.\kt 
I'rici-,  SI  no.      BLickii.-  S:  Bon,   London, 


KAN-ZEN.  l.'mo.  120  pp. 
station  in   Knglish.) 

Asphalts,  Natural  and  Artificial,  Chemistry  and  Technology  of  the. 
By  H,  KoEHLER  AND  E.  Graefe.  2nd  Ed.  8vo.  Price,  $4.75.  Fried- 
rich  Vieweg  &  Sohn,  Brunswick,      (Oerman,) 

Atoms,  The,  By  Jean  Perrin.  8vo.  190  pp.  Price,  SI. '50.  Theodor 
Steinkopff,  Dresden,      {Translation  in  German.) 

Constitution,  Chemical,  and  Physical  Properties,  By  S.  Smiles. 
8vo.  688  pp.  Price,  ?5,2S.  Theodor  .SleinkopfT,  Dresden.  (Trans- 
lation in  German.) 

Cyanogen  Compounds,  The  Industry  of  the.  By  H.  KoEnt,ER. 
8vo.      Price,    S1.75.      Friedrich   Vieweg   St   Sohn,    Brunswick.      (German.) 

Electric  Furnace,  The.  By  Alfred  A.  Stansfield.  2nd  Ed.  8vo. 
415  pp.      Price,  $4.00.     McGraw-Hill  Book  Co.,  New  York. 

Explosives,  Permissible,  Tests  of.  By  Clarence  Hall  and  Spencer 
P.   Howell.      8vo.      ^\^  pp       U    .S.  Bureau  of  Mines,  Bulletin  66. 

Inorganic  Chemistry,  Newer  Views  in  the  Domain  of.  By  .\.  Werner. 
itd  ed.  8vo.  419  pp.  Price,  J,?. 00.  Friedrich  Vieweg  &  Sohn,  Bruns- 
wick,     (German.) 

Iron  and  Steel  Production,  Electrothermal,  Methods  of.  fiy  J.  B. 
C    Kershaw.     8vo.     264  pp.      Price.  $2,25,     Constable  &  Co  ,  London. 

Mechanics,  Technical,  By  Edward  R.  Maurer.  .^rd  Ed.  8vo. 
Mi  pp.      Price,  SJ.50.      John  Wiley  &  Sons,  New  York. 

Metals,  Precious,  The  Sampling  and  Assay  of  the.  By  E  .\.  Smith. 
8vo.      476  pp.      Price,  S4.00.      Chas.  Griffin  &  Co.,  London 

Metallurgy,  General,  By  H.  O.  Hofman.  8vo  909  pp  Price, 
$6.00.      McGraw-Hill  Book  Co.,  New  York. 

Nickel  and  Cobalt,  Methods  of  Determination  of,  and  Separation 
from  Other  Elements,  By  H.  Grossmann.  8vo.  Price,  $1.25, 
Ferdinand  Enke,  Stuttgart.      (German.) 

Paint  Making  and  Color  Grinding.  By  Charles  L  Uebkle.  8vo. 
481  pp.      Price,  SlO-00       Paintirs  .Magazine,  New  York. 

Petroleum:  Oil  Production  Methods.  By  Paul  M.  Paine  and 
li  K.  StrolD-  8vo.  240  pp.  Price,  $.^.00.  Western  Engineering 
Publishing  Co.,  San  Francisco. 

Poisoning,  Industrial,  from  Fumes,  Gases,  and  Poisons  of  Manu- 
facturing Processes,  By  J.  Rambousek.  8vo.  360  pp.  Price, 
S^.50.      Longmans.   Green  &  Co.,   New  York.      (Translation  in  English.) 

Potash  Industry,  Trade  Effluents  from  the,  their  Removal  and 
their  Effect  in  and  on  Water  Mains.  By  J.  H,  Vogel.  8vo.  Price, 
$7.00.      Gebrueder  Borntraeger.  Berlin.      (German.) 

Pyrotechnics.  By  Vannoccio  Biringuccio,  A.  Mieli  and  E.  Troilo. 
8vo        l')8  pp.      Society  Tipogralica,  Bari  (Italy).      (Italian.) 

Kadium  Report,  By  Mr.  Foster.  63rd  Congress,  2nd  Session,  House 
of  Representatives,  Report  No.  217.      18  pp. 

Rubber,  The  Chemistry  of.  By  B.  D.  Porritt.  Cr.  8vo.  96  pp. 
Price,  $0.50.      Gurney  &  Jackson,  London. 

Rubber,  Plantation,  The  Preparation  of.  By  Sidney  Morgan. 
Roy.  8vo  269  pp.  Price,  S2.75.  Rubber  Growers'  Association,  Lon- 
don. 

Rubber  and  Rubber  Planting,  By  R.  H.  Lock.  Cr.  8vo.  245  pp. 
Price,  $1.50.      Cambridge  Ifniversity  Press,  Cambridge. 

Tannins,    The,      By    J      Dkkker.     8vo.     586    pp.      Price,    $5.00.      Geb- 
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Technical  Processes  and  Manufacturing  Methods,  The  Application 
of  Physico-chemical  Theory  to.  By  R.  Kremann,  8vo,  212  pp. 
Price,  $3.00.  D.  Van  Nostrand  Co.,  New  York.  (Translation  in  Eng- 
lish.) 

Thermodynamics,  A  Textbook  of.  By  James  Riddick  Partington. 
8vo.      544  pp.      Price,  $4.0(1.      D.  \'an  Nostrand  Co.,  New  York. 

Water  Purification,  Modern  Methods  of.  By  J.  Don  and  J.  Chisholm. 
2nd  Ed.      8vo.      416  pp.      Price,  $4.00.      Ed,   Arnold,  London. 

Yearbook  of  Chemistry  for  1912,  By  Richard  Meyer.  22nd  Ed. 
8vo.     577    pp.      Price,    $5.00.     Friedrich    Vieweg    &    Sohn,    Brunswick. 


fGe 


RECENT  JOURNAL  ARTICLES 
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Glass    Standards:    A    Necessity.     By  .\lexander   Silverman.     Trans. 

of  the  American  Ceramic  Society.  Vol.  15,  19L3,  pp.  684-693. 
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Iron  Ore  Analysis,  Report  of  the  Committee  of  the  Verein  Deutscher 
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facturer. Vol.  52.   1914,  No.  4,  pp.  55   56. 
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and  Reclaiming  of  the  Sulfurous  Acid  and  Lime  Used,     By  R,  W. 
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RE.CLNT  INVE.NTION5 


By  C.  L.  Parker.  Solicitor  of  Chemical  Patents.  McGill  Building.  Washington.  D.  C. 


Electrolytic  Cell.  C.  W.  Marsh,  Oct.  14,  1913.  U.  S.  Pat. 
1,075,362.  The  cell  is  of  the  diaphragm  type  intended  for  the 
decomposition  of  sodium  and  potassium  chlorids.     The  anode 


compartment  is  open  at  one  side  only.  A  substantially  vertical 
pervious  cathode  and  diaphragm  is  disposed  across  the  opening 
and  an  anode  connection  extends  horizontally  through  the  wall 
of  the  cell  opposite  the  electrode. 

Restoring  Coagulated  Albumins  to  the  Original  State.  A.  H. 
Rasche,  Oct.  21,  1913.  U.  S. 
Pat.  1,076,232.  The  liquid  or 
emulsion  containing  the  coagu- 
lated albumins  is  first  heated, 
agitated  and  supersaturated  with 
a  compressed  chemically  indif- 
ferent gas.  The  treated  material 
is  then  atomized  by  means  of  the 
chemically  indifferent  gas  into  an 
open  vessel. 

Art  of  Forming  Chemical  Com- 
pounds. T.  A.  Edison,  Jan.  6, 
1914.      U.      S.     Pat.      1,083,335- 

Nickel  hydroxid  for  use  in  storage 

batteries    is  produced    by  mixing 

intimately    a    dry  pulverized  salt 

of  nickel  containing  water  of  crystallization  and  an  excess  of  dry 

soluble  hydroxid.        The   resulting   mixture    is    dried,  crushed, 

wa.shed,  and    the  residue,  nickel  hydroxid,  dried. 

Extracting  Oils  and  Fats  from  Oil-Seeds,  Etc.  R.  N.  Riddle, 
Oct.  28,  1913.  U.  S.  Pat. 
1,076,997.  The  oil-containing 
materials  are  subjected  to  alter- 
nate crushing  pressure  and  release 
of  pressure  while  subjecting  them 
to  the  action  of  the  solvent.  The 
alternate  pressure  and  release  of 
pressure  are  obtained  by  the 
action  of  the  corrugated  surfaces 
of  the  grinding  mill  i. 

Gunpowder  and  Process  of 
making  the  same.  C.  D.  Mc- 
Dowell, Jan.  6,  1914.  U.  S.  Pat. 
ii083,37i.  The  composition  com- 
prises eight  ounces  of  potassium 
chlorate,  seven  ounces  of  granulated  sugar,  one  drachm  of 
glycerin  and  two  drachms  of  water. 


Chemical  Filter. 
1,077,037.     Upon 


28,  1913.     U.  S.  Pat. 


C.  S.  Bradley,  Oct 

the  founda- 
tion 10  are  laid  filter  bricks  form- 
ing a  continuous  flat  outer  sur- 
face. Within  the  bricks  are 
formed  passages  20  communicat- 
ing from  one  brick  to  another, 
whereby  pressure  and  suction 
are  sustained  upwardly  and 
downwardly,  thereby  avoiding 
displacing  tendencies. 

Obtaining  Aluminum.  P.  C. 
Mcllhiney,  Jan.  6,  1914.  U.  S. 
Pat.  1,083,691.  Aluminum  bear- 
ing silicious  material  is  treated  with  hydrofluoric  acid  to 
produce  aluminum  fluorid.  The  aluminum  fluorid  is  then 
electrolyzed  to  obtain  metallic  aluminum  and  hydrofluoric  acid. 

Recovering  Escaping  Acid-Gases  from  Sulfite-Towers.     J.  A. 
DeCew,   Oct.   28,   1913.     U.   S.  Pat.  1,077,243. 

The  escaping  gases  are  passed  successively 
through  chambers  4,  containing  moistened 
limestone  and  chamber  5  containing  moistened 
magnesite  in  lump  form.  It  is  stated  that  the 
use  of  magnesite  saves  the  10%  to  20%  of  the 
sulfur  dioxid  heretofore  lost. 

Manufacturing  Phosphoric  Acid.      F.  Brunsch- 
wig,     Jan.     6,    1914.     U.    S.    Pat.     1,083,429. 

Material  containing  calcium  phosphate  is  treated 
with  less  sulfuric  acid  than  is  required  to  com- 
bine with  the  calcium  of  the  phosphate  and 
the  reaction  is  stopped  before  the  impurities  go 
into  solution. 

Making  Sugar  from  Cane.  F.  G.  P.  Leao, 
Jan.  6,  1914.  U.  S.  Pat.  1,083,545.  The  sugar  cane  is  finely 
divided  and  dried  at  a  temperature  liolow  158°  F.  The  dried 
cane  is  then  satura.ted  with  water  to  dissolve  the  saccharine 
matter  and  the  solution  separated  from  the  cane  by  pressure. 
The  resulting  syrup  is  then  evaporated  and  refined. 


R.  Baggaley,  Dec. 


Utilizing  Iron  Blast  Furnace  Flue-Dust. 
16,  1913.     U.  S.  Pat.   1,081,921. 

The  flue  dust  and  fines  are  in- 
troduced into  molten  metal  and 
the  mixture  subjected  to  a  refin- 
ing process.  It  is  recommended 
that  the  dust  and  fines  be  intro- 
duced into  the  vortex  5  produced 
liy  the  fall  of  the  metal  into  the 
vessel  4  to  insure  the  dust  and 
fines  being  immediately  enveloped 
by  the  molten  metal. 

Production  of  Fertilizers.  A. 
Messerschmitt,  Jan.  6,  1914.  U.  S.  Pat.  1,083,553.  Alkali 
metals  containing  silicates  are  decomposed  with  lime  and  the 
alkali  metal  compounds  partially  separated  from  the  mixture 
by  lixiviation.  The  residue  is  then  treated  with  nitric  oxid  gas. 
Caustic  lime  is  then  added  and  the  mixture  lixiviated  and  evap- 
orated to  dryness 

Effecting  Catalytic  Reactions.  Hagemann  and  Baskerville,  Jan. 
13,1914.  U.  S.  Pat.  1,083,930.  Catalytic  reactions  are  effected  by 
the  employment  of  catalytic  metal  in  the  form  of  very  thin  leaves. 


MARKEX  REPORT 

AVERAGE   WHOLESALE    PRICES    OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE    MONTH    OF    FEBRUARY,    19x4 


OBGANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) .  -  Lb. 

Alcohol,  denatured  (180  proof)  .  .Gal. 

Alcohol,  grain  (188  proof) .Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amy!  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal 

Camphor  (refined  iu  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) ._ Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P..  1900) Lb. 

Formaldehyde ' Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) .  .  Lb. 

Starch  (corn) .  .C. 

Starch  (potato)  Lb. 

Starch  (rice)    ,  .    Lb. 

Starch  (sago) .  .  Lb. 

Starch  (wheat) .    Lb. 

Tannic  Acid  (commercial) ....  Lb. 

Tartaric  Acid,  crystals .  .  Lb. 

INORGANIC  CHEMICALS 


Acetate  of  Lead  (brown,  broken) 

Acetate  of  Lime  (gray) 

Alum  (lump) 

Aluminum  Sulfate  (high-grade). 

Ammonium  Carbonate,  domestic 

Ammonium  Chloride,  gray 

Aqua  Ammonia  (drums)   Ifi" 

Arsenic,  white 

Barium  Chloride 

Barium  Nitrate 

Barytes  (prime  white,  foreign) 
Bleaching  Powder  (35  per  cent) 

Blue  Vitriol 

Borax,  crystals  (bags) 

Boric  A(?id.  crystals  (powd.). 
Brimstone  (crude,  domestic). 

Bromine,  bulk 

Calcium  Chloride,  fused 

Chalk  (Hght  precipitated) 

China  Clay  (imported) 

Feldspar 

P'uller's  Earth,  powdered.  Foreign 

Green  Vitriol  (bulk) 

Hydrochloric  Acid  (18°) 

Iodine  (resublimed) 

Lead  Nitrate 

Litharge  (American). 
Lithium  Carbonate.  .  , 
Magnesium  Carbonate 
Magnesite  "Calcined". 

Nitric  Acid,  .'56° 

Phosphoric  Acid  (sp.  gr.  1.75) 

Phosphorus 

Plaster  of  Paris 

Potassium  Bichromate,  50° 

Potassium  Bromide 

Potassium  Carbonate  (calcined),  80  @  85%. 

Potassium  Chlorate,  crystals 

Potassium  Cyanide  (bulk),  98-99% 

Potassium  Hydroxide 

Potassium  Iodide  (bulk) .... 
Potassium  Nitrate  (crude) ... 
Potassium  Permanganate  (bulk) 
Quicksilver,  Flask  (75  lbs.).  , 

Red  Lead  (American) 

Salt  Cake  (glass-makers') 
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Silver  Nitrate Oz. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide.  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur,  Roll C. 

Sulfuric  Acid,  60°  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process)   Lb. 

Zinc  Sulfate Lb. 

OILS,   WAXES,  ETC. 

Beeswax  (pure  white) Lb, 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter)  ,  ,  ,  ,  Gal. 

Linseed  Oil  (raw) ,    .  Gal. 

Menhaden  Oil  (crude)  Gal, 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude,  120  &  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

Shellac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil,  No.  200 Gal. 

Stearic  .\cid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  ofl  ,  ,  Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) Lb. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Oz 
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FERTILIZER  MATERIALS 

[Sulfate C  2.85         @     ; 

Blood,  dried irnit  3.45         @ 

Bone,  4"A  and  50,  ground,  raw Ton  29.00         @  3C 

Calcium  Nitrate  (Norwegian) C.  2.05         @     ; 

Castor  meal Unit  nominal 

Fish  Scrap,  domestic,  dried Unit  nominal 

Mowrah  meal Ton  nominal 

Phosphate,  acid,  1 6  per  cent  bulk Ton  7  00         @ 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble,  68  per  cent ,,,  ,                           Ton  2,75          @     1 

Tennessee,  70-80  per  cent Ton  5.00        @     5 

Potassium,  "murjate."  basis  80  per  cent Ton  39,07         @ 

Pyrites,  furnace  size,  imported Unit  0   13"< 

Tankage,  high-grade Unit  3  40       & 
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THE  WILLIAM  H.  NICHOLS  MEDAL 

In  the  year  1901  the  New  York  Section  of  the  So- 
ciety discussed  the  advisability  of  establishing  a  Re- 
search and  Medal  Fund,  the  income  from  which  was 
to  be  used  for  the  encouragement  of  chemical  research. 
A  committee  reported  that  in  its  judgment  the  estab- 
lishment of  a  Medal  Fund  was  not  desirable  but  recom- 
mended the  establishment  of  a  Research  Fund.  It 
was  further  proposed  that  from  the  proceeds  of  such 
a  fund,  the  sum  of  $50  should  be  awarded  annually 
for  the  best  paper  incorporating  the  result  oL  original 
research  in  Chemistry  read  before  the  Section.  On 
mature  deliberation  the  Section  decided  against  a 
monetary  reward  and  almost  unanimously  decreed 
the  establishment  of  a   Medal   instead. 

Dr.  William  H.  Nichols,  a  charter  member  of  the 
Society  and  former  Treasurer  of  the  New  York  Sec- 
tion, became  interested  in  the  movement  and  offered 
to  provide  funds  for  the  endowment  of  such  a  Medal 
and  its  necessary  design  and  dies.  He  made  no  re- 
strictions as  to  the  award  of  the  medal,  e-xcept  that  it 
be  given  for  the  encouragement  of  original  research 
in  Chemistry,  leaving  the  conditions  entirely  to  the 
Section.  The  Section,  by  unanimous  vote,  accepted 
the  gift,  formulated  rules  for  the  award  of  the  medal, 
and  called  it  the  WilHam  H.  Nichols  Medal.  That 
the  medal  has  accomplished  its  purpose,  the  charac- 
ter of  the  work  for  which  it  has  been  awarded  speaks 
fully. 

The  founder  of  the  medal  has  been  heard  to  say 
that  he  has  been  profoundly  impressed  with  the  highly 
original  and  valuable  research  work  in  Chemistry 
which  is  accomplished  in  a  most  unassuming  and 
modest  way  by  the  teachers  in  our  universities  and 
collegtes  without  hope  of  material  recompense,  and 
that  he  had  given  a  great  deal  of  thought  as  to  what 
to  suggest  and  advocate  in  recognition. 

Article  II  of  the  Constitution  of  our  Society  states: 
"The  object  of  the  Society  shall  be  the  advancement 
of  Chemistry  and  the  promotion  of  Chemical  Research." 
It  is  believed  that  valuable  results  are  being  accomplished 
in  the  advancement  of  Chemistry  through  the  publi- 
cation of  our  Journals.  What  have  we  done  as  a  great 
Society  to  promote  Chemical  Research?  Have  we 
lived  up  to  our  opportunities? 

The  interest  accruing  from  the  Life  Membership 
Fund  not  required  to  protect  the  rights  of  Life  Mem- 
bers will  be  available  for  the  support  of  Research. 
By  a  recent  vote  of  the  Directors  of  the  Society  finan- 
cial assistance  to  aid  in  defraying  the  legitimate  ex- 
penses of  chemical  research  may  be  given  if  the  sub- 
ject of  the  work  meets  with  their  approval.  This 
certainly  is  a  step  in  the  right  direction,  but  the  amount 
available  will  enable  the  Directors  to  meet  but  a 
small  fraction  of  the  deserving  demands.  Is  there 
not  some  way  in  which  the  funds  for  the  support 
of  meritorious  research  may  be  greatly  increased? 
It  is  only  through  larger  resources  that  we  can  attain 


the  second  great  oljjccl  of  the  foundation  of  our 
Society  and  become  a  factor  in  the  support  and  ad- 
vancement of  Chemical  Research. 

T.  J.  Parker 

THE   COMMISSION  ON  INDUSTRIAL  RELATIONS 

A  trip  to  include  the  principal  cities  of  the  country 
was  begun  in  March  by  the  members  and  investigators 
of  the  Federal  Commission  on  Industrial  Relations, 
which  is  to  make  an  inquiry  into  irregularity  of  em- 
ployment, the  possibility  of  increasing  production 
through  scientific  management,  the  activities  of  em- 
ployers' associations  and  trade  unions,  and  similar 
industrial  problems  of  moment.  It  is  announced 
that  the  Commission  will  especiallj'  endeavor  to  bring 
together  manufacturers  who  are  in  the  habit  of  shut- 
ting-down during  certain  periods  of  the  year,  in  the 
hope  that  some  way  may  be  devised  whereby  employers 
may  agree  to  close  down  at  different  times,  thereby 
providing  practically  continuous  employment  for 
wage  earners.  In  order  that  it  may  be  enabled  to 
properly  perform  its  functions  in  collecting  informa- 
tion, conducting  investigations  and  determining  facts, 
the  Commission  is  properly  invested  with  authority 
to  secure  all  statements  that  it  desires.  Every  interest 
is  to  be  given  a  hearing,  and,  while  witnesses  may  be 
summoned,  voluntary  testimony  from  persons  looking 
to  the  general  betterment  of  conditions  is  said  to  be 
welcome. 

It  is  indeed  difficult  to  frame  specific  business  and 
industrial  legislation  without  carrying  the  efforts  of 
it  to  almost  absurd  lengths;  but,  while  some  prominent 
manufacturers  predict  that  this  investigation  into 
industrial  relations  will  "effect  little  in  the  way  of  re- 
form in  the  case  of  concerns  which  have  learned  their 
business  lessons  under  severe  competitive  conditions, 
the  results  will  be  awaited  with  interest  by  those 
favoring  a  constructive  course  of  procedure.  However. 
the  information  obtained  should  be  accessible  to  the 
public  only  upon  approval  of  the  Commission  itself, 
in  order  that  there  may  be  some  reasonable  inquiry 
into  the  purpose  of  the  applicant  for  the  information. 
Publicity  has  accomplished  more  than  even  drastic 
legislation  in  industrial  reform,  but  to  make  the  ma- 
terial secured  by  the  Commission  available  to  all 
would  not  be  demanded  by  the  public  welfare  in  this 
case. 

This  Commission  might  also  assume  the  responsibility 
for  effecting  certain  of  the  results  sought  in  the  Trade 
Relations  Bill,  some  of  the  provisions  of  which  aim  at 
eliminating  practices  which  should  be  condemned. 

W.    A.    H.\MOR 


TRADE  IN  CHEMICALS  AND  CHEMICAL  PRODUCTS 

BETWEEN  GERMANY  AND  THE  UNITED 

STATES   IN  1913 

The  statistics  relative  to  the  foreign  trade  of  Ger- 
many during  1913,  dealing  with  the  export  and  import 
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Table  I— In  Units  of   100  Kg.  = 


Official 
German 

class 


VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 
XXIII 
XXIV 

XXV 


PRODUCT 

Malt,  oil  fruits,  plants,  etc 

Industrial  or  medicinal  vegetable  products. 

Tanning  extracts 

Resins,  gums  and  adhesives 

Caoutchouc  and  camphor 

Animal  and  vegetable  fats  and  oils 

Animal  products 

Starch  and  sugar 

Alcohol,  acetic  acid,  mineral  waters 

Mineral  and  fossil  raw  materials 

Ores,  iron  and  slags 

Fossil  fuels 

Mineral  oils  and  like  fossil    raw  materials.  . 

Coal-tar  oils  and  products 

Waxes 


Soap  and  fat  products 

Chemical  and  pharmaceutical  products 

Miscellaneous  chemical  and  pharmaceutical  products. 

Dyes  and  dye  materials 

Ethers  and  alcohols 

Volatile  oils,  synthetic  perfumes,  toilet  articles 

Artificial  fertilizers 

Explosives' and  combustibles 

Wood  fiber  and  chemical  paper 

Metals 


of  drugs,  medicines,  dyewares,  and  the  various  com- 
modities related  to  chemical  industry,  have  just  be- 
come available  {Chemiker-Zeilung,  Feb.  3,  I9I4>  PP- 
169-76).  From  this  source  of  information,  the  fol- 
lowing tabulations  have  been  compiled,  showing 
the  exchange  of  chemical  products  between  the  United 
States  and  Germany.  The  figures  given  are  in  units 
each  of  100  kilograms,  or  one-tenth  of  the  metric  ton 
which  is  substantially  the  long  ton  of  this  country. 
No  account  has  been  taken  of  fractions,  which  are 
involved  only  in  the  precious  metals,  and  the 
alkaloids. 

The  tables  show  a  total  metric  tonnage  of  3,430,564,  of 
which  1,917,430  metric  tons  represent  exports  from 
the  United  States  into  Germany,  and  1,513,134  metric 
tons  represent  imports  into  the  United  States  from 
Germany;  that  is,  practically  56  per  cent  of  the  gross 
are  exports  to  Germany,  and  44  per  cent  of  the  gross 
are  imports  from  Germany.  Comparison  with  the 
information  given  in  This  Journal,  6,  2,  is  not  easily 
possible,  since  the  values  of  the  imports  and 
exports  involved  in  1913  are  not  now  known, 
and  tonnage-figures  for  1904  are  not  readily 
accessible. 

Table  I  displays  with  respect  to  each  of  the  twenty- 
five  classes  of  merchandise,  the  tonnage  movement 
originating  in  each  country,  and  the  excess  for  each 
class.  Out  of  the  25  classes,  Germany  excels  in  15  and 
the  United  States  in  10. 

Table  II  shows  for  each  class  the  movement  in  each 
direction,  under  each  of  the  sub-classes  involved. 
There  is  a  total  of  twejity-five  different  classes 
with  a  grand  total  of  229  sub-classes.  In  none  of 
the  sub-classes  involving  more  than  one  specific 
merchandise,  is  it  shown  how  the  tonnage  is  dis- 
tributed over  individual  articles.  Nevertheless,  these 
tables  cannot  be  otherwise  than  suggestive  and 
helpful. 


=  SiiBSTANn.M,i,Y  0.1    Long  To 

■< 

Li.  S. 

U.  S. 

exports 

imports 

balance  in  favor  of 

from 

Germany 

Germany 

u.  s. 

Germany 

3,40.? 

1 1 , 284 

7,881 

4,567 

33, 171 

28,604 

3,213 

3,213 

787,296 

7,985 

779,311 

3,781 

34,671 

30,890 

1,482,240 

197,040 

1,285,200 

135 

10,821 

10,686 

11.050 

158.298 

147,248 

20,419 

20,419 

4,317.449 

696,514 

3.620,935 

141 ,320 

30,678 

110,642 

192,156 

192,156 

7,466,897 

21,707 

7,445.190 

221,748 

221,748 

1,116 

1,116 

79,307 

13,033 

66,274 

326,378 

12.327,989 

12,001,611 

809 

40,825 

40,016 

39,276 

299.178 

259,902 

50,707 

714 

49,993 

271,319 

4,916 

266,403 

254,475 

254,475 

119 

3,800 

3.681 

.7.893 

354,220 

346,327 

4,177,136 

194,582 

3.982,554 

19,174,295 

15,131.340 

17,609,715 

13.566.760 

Table  II— In 

Units  of   100  Kg.  =  Substani 

lALLY  0.1   Long  Ton 

Official 

u.  S.             U.  S. 

German 

exports         imports 

sub- 

to                from 

class 

Germany     Germany 

I— Malt,  Oil 

Fruits,  Industrial  Plants.  Fruits  and  Plant  Juices 

30          Hops... 

11,119 

32           Madder 

quercitron 

and     other     dye 

3.403                  

60fl        Opium. 

165 

II — Industrial  or 

Medicinal  Vegetable  Products 

72c         Lichens, 

herbs,  berrie 

.  leaves  and  buds. 

4,567               5,499 

1 

.          ,  • 

27.671 

Miscellaneou 


98a 
98() 
98<i 


1260 

1266 

126c 

1286 

129 

130 

131a 

]66d 

166A 

166i 


170 
171ft 


172 
2056 


III — Tanning  Extracts 

;  tanning  extracts 3.213 

IV — Resins,  Lacquer  and  Varnish  Gums,  Adhesives 

Turpentine  rosin 

Damar;  hard  and  soft  gums  and  res 

Shellac 

Gum  acacia,  Bassora  gum,  etc 

Gum  tragacanth 

Alcohol  and  shellac  varnishes 

Miscellaneous  and  coach  varnishes.  . 

Putty  and  miscellaneous  putties 

Asbestos  paint  and  putties 

V — Caoutchouc  and  Camphor 

Caoutchouc,  crude  or  refined 

Gutta  percha,  crude  or  refined 272 

Rubber  scrap  and  waste 3,  145 

VI — Animal  and  Vegetable  Fats  and  Oils 
Hog  lard 1,011,812 


770.100 
11,168 


4,447 
829 
668 

364 


2.619 
560 


1,027 
625 


20.019 

911 

13.741 


Oleomargarine. 
Goosefat,  beef-i 

Prime  beef  tallow 

Beef  and  mutton  tallow 

Bone-fat,  fat-waste,  stearin-t: 

Fish  oils   

Peanut  oil 

Cotton-seed  oil 

Beechnut,  bone,  corn,  poppy, 

etc.,  oils 

Cocoa-butter 

Cotton-stearin 

Palm  oil 

Cocoanut  oil 

Oleic  acid,  olein,  etc. 

Edible  vegetable  fats 


196,328 
1.091 
85,998 
35.498 
16.809 
6,417 

99,950 

19,127 

3,335 
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Tabub  II— In  Units  of  100  Kg. 


Official 
German 


SOBSTANTIALUV  0.  1    LONG  TON 

3.  Official 

■ts  German 


\T6c 
176/ 


22Sa 
224d 
225a 

225c 
2276 
227<i 


2320 
2360 
236c 


2370 
237/ 
237s 
237h 
2370 
237? 


238i 
238A 

239o 
2396 
239c 
239d 
239« 
239/ 
239s 

239/1 
2506 


249 

243  a 


2456 
2460 
246c 
246d 
246« 
246/ 
246i; 


Germany      Germany 


VII — Animal  Products 

Spermaceti 

Bon.es  and  hoofs 

VIII — Starch  and  Sugar 

Potato  starch,  wet.  dry  or  ground 

Corn,  wheat  and  other  starches  

Starch-gums    (dextrin),     roasted  starch 

and  gluten 

Beet  sugar,  all  forms,  refined. 

Beet  sugar,  raw ....  ... 

Glucose,  etc - 


19.460 
22,112 
101,504 


IX — AucoHoi.,  Acet: 
Mineral  waters,  inclus 


Aci) 


,  .  .5.217 

AST.   Mineral  Wa 


of  bottles.    .  .  ... 

X-:— Mineral  and  Fossil  Raw  Materials 

Clay  (potter's  pipe,  fire,  etc.) .... 

Graphite,  crude,  ground  and  washed.  .  . 
Pumice  and  tripoli,  crude,  ground  and 

washed 

Mineral  abrasives  polishes  and  rouges.  . 

Magnesite 

Phosphate  rock  and  other  mineral  phos 

phates 

Portland,  etc.,  cement 

Asbestos,  crude  and  in  fibers 


10,763 


1,761 


4,212,124 


Mica 

Heavy  spar  and  celestite 

Boronatrocalcite,  etc 

Miscellaneous     earths,     e.     g.,    Fuller's 

earth,  etc 

XI — Ores.  Iron  and  Slags 

Antimony  ores  and  matte 

Gold  ores 

Copper  ores  and  cuprous  cinder . .  ^ 

Manganese  ores 


48,151 
575 


nolybde 


nd  othe 


256 

257o 
2576 


Uraniu 
cella 

XII — Fossil  Fuels 

Coke 

Vegetable  charcoal ■  .  .  - 

XIII — Mineral  Oils  and  Other  Fossil  Raw  Matj 

Mineral  lubricants 1,024,673 

Crude  petroleum,  etc 1  ,619 

Heavy  benzine,  patent-turpentine 18, 194 

Gas  oil 55,468 

Refined  petroleum 5,747.587 

Crude  benzine 418. 159 

Benzine,  ligroin  and  other  miscellaneous 

light  distillates 15,712 

M  iscellaneous  crude  mineral  oils 1 8  ,  746 

Crude  hard  paraffin 87  ,028 

Soft  paraffin 1 00 

Asphalt  and  asphaltic  minerals 68.  1 16 

Crude  ozokerite,  etc 11 .443 

Refined  ozokerite,  etc 52 

Pitch .... 

XIV — Coal-Tar  Oils  and  Products 

Anthracene  and  heavy  oils .... 

Naphthalene .... 

Phenol,  crude  or  refined .... 

Cresol .... 

Anilin  oil  and  salt .... 

Naphthol  and  naphthylamin .... 

Anthraquinone,     nitrobenzol.     tolnidin, 
resorcin,  phthalic  acid  and  other  like 

materials .... 

XV— Waxes 

Beeswax .... 

XVI — Soap  and  Fat  Products 

Soft  and  textile  soaps;  Turkey-red  oil, 

etc .... 

Soap  in  cakes,  powder,  liquid,  etc .... 

Crude  glycerin .... 

Refined  glycerin .... 


6,675 
10,856 


442 
350,196 


25,854 
4.610 


185,492 
6,664 


5,214 
8,078 


159,944 

7,242 
12,098 

2.152 
24,282 

6,379 


258 
260 
262 
264 

266 

270 

276 

277 

278 

279a 

280c 

280<f 

280e 

280/ 
283 
2896 
290 
292 

295a 
2956 
298a 

299 
3046 
306 


3086 
309a 


314 

315 

3166 

317a 

3176 

317c 

snd 

3l7e 
317> 
317/i 


317m 
317n 


317o 
317s 


exports 
to 
Germany 
XVI— Soap  and  Fat  Products  (Concluded) 

Vasclin  and  lanoUn 10,285 

Lubricants  made  of  fats  or  oils 68.384 

Shoe  polish 243 

Stearin,  paraffin  materials 395 

XVII — Chemical  and  Fbarhacbutjcal  Products 

Alkali  and  other  metals .... 

,d  Spence  metal 

id  and  potassium  oxalate.. . 

ihydride 

d  lactates 


imports 

from 

Germany 


411 


Sulfur 
Oxalic 
.\cetic 
Lactic  acid 

Tartaric  acid .  ; 

Crude  salts  of  12-15  per  cent  KiO 

Salts  of  more  than  15-19.9  per  cent  KjO. 
Fertilizer   salts    and    fertilizers    with   38 

per  cent  KiO 

"Abraum"  and  miscellaneous  salts 

Barium  chloride 

Caustic  potash,  solution  or  solid 

Potassium  carbonate 

Bleaching  powder,  barium  and  hydrogen 

peroxide,  etc 

Potassium  sulfate 

Potassium  phosphate 

Alums,    acetate    of    alumina,    alumina. 


71,535 


etc. 


Chro 


!-iron  and  copper  alums 

Barium  nitrate 

Potassium  manganate  and  perman- 
ganate  

Potassium  and  sodium  ferro-  and  ferri- 
cyanide 

Potassium  and  sodium  cyanide 

.■Vcetate  of  lime 

Crude  and  refined  argols 

Tartar  emetic  and  other  antimony 
products 

Strontium  carbonate,  oxide  and  chloride. 

Zinc  chloride  and  other  zinc  salts 

Carbides  of  aluminum,  silicon,  etc 

Sulfate  of  ammonia 

Arsenious  acid 

Epsom  salts 

Chlorides  of  magnesium  and  calcium.  .  . 

Potassium  chloride 

Potassium  magnesium  sulfate 

Lime-nitrogen,  nitro-lime  and  other 
fertilizers 

Nitrites 

Salicylic  acid  and  salicylates;  santonin; 
benzoic  acid  and  benzoates 

Ammonium  chloride 

Sodium  sulfhydrate,  lead  compounds 
and  miscellaneous  metalloids,  acids, 
salts 


26.066 

832 

2.040 

1.23S 

5,412.614 

412,926 

2,168.204 
131.626 
13,434 
38.173 
78,339 

82,634 
536,741 


7,605 
4.794 
6.078 


.2,077 
903 
489 

56.296 
10.947 
46.816 
68,771 
2,611,137 
222.978 

231.976 


2.672 
19.127 


XVIII — Miscellaneous  Chemical 

371  Scrap  Welsbach  mantles 

372  Dried  or  powdered  egg  albumen 

373  Casein  and  products  for  technical  uses. 

375o        Glue  exclusive  of  albumen 

3756         Gelatine 

376  Gelatine  capsules 

378  Wood  and  peat  tar  creosote 

380a        Quinine,  salts  and  compounds 

3806        Other  alkaloids  and  their  salts  or  com- 
pounds  

386  .\rtificial   balsams   and   non-odoriferous 

watery  extracts 

388  Proprietary  remedies 

390o         Miscellaneous  medicinals, 

3906        Miscellaneous     chemicals     for     photo- 
graphic cleansing  and  other  uses.  ... 

. Miscellaneous      pharmaceuticals       and 

chemicals '....'. 

XIX — Dyes  and  Dye  Matbrials 
Ani 


PHARMACEtrriCAL    PRODUCTS 


389 
416 


5.037 
1  .  307 


3186 
319 
320o 


Anihi 

Alizal 


il  kirmes.  i 
and  other  coal-1 


sepia . 
•  dyes. 


1.308 

1,658 

23.180 

4,839 

540 

180 

625 

444 

240 

1,010 

968 


138,547 
4.926 


Apr.,  1914 
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Table  II — In  Units  of  100  Kg.   =  Substantially  0.1  Long  Ton    {Concluded) 


imports 

from 


21 .636 

34.609 

1,056 

24,208 
20.979 


6.616 
8.530 


879 
295 


Official  U.  S. 

German         '  exports 

sub-  to 

class  Germany 
XIX — Dyes  and  Dye  Materials    {Concluded) 

320b         Alizarin  dyes  from  anthracene ... 

321a        Indigo,  synthetic  and  vegetable .... 

322          Prussian  blues,  chrome  and  zinc  greens.  .... 

3246         White  lead 4.848 

325           Blanc  fixe .... 

326a        Zinc  oxide 18.850 

3266        Zinc  dust ... 

326c         Lithopone .... 

327           Red  cinnabar .... 

328a        Logwood  extract .    2  ,  775 

3286        Fustic,  Brazil  wood  and  similar  extracts.  1 ,225 

329f         Umber,  sienna  and  earth  colors .... 

330  Lamp  and  similar  blacks 9,537 

331  Bronze  and  metal  colors .... 

3326          Copper  pigments 1,226 

334           Printing  inks 573 

336fl         Ready-made  paints  ground  in  oil .... 

3366         Artists'  colors .... 

338          Graphite  in  manufactured  forms ...  217              ... 

340          Lead  and  colored  pencils ,  crayons ....                 2.21 

XX— Ethers  and  Alcohols 
348  Fusel    oils;    amyl,     butyl    and    propyl 

alcohol ....                     6( 

349fl        Crude  wood  alcohol 50 .  707               ... 

351  Acetaldehyde.  paraldehyde ....                       •: 

XXI — Volatile  Oils.  Synthetic  Perfumes.  Toilet  Articles 

352  Wood  tar  oil;  caoutchouc  oil;  animal  oil.  ....                         * 
353a        Turpentine,  pine  needle  oil  and  spirits 

turpentine 269  ,  945                .  .  .  . 

353c  Oil  camphor,  anise,  elder,  rosemary  and 
other  volatile  oils;  menthol  and  men- 
thol pencils 1 ,  374               2.71 

354  Terpineol,  vanillin,  anethol  and  similar 
synthetics 

358  Toilet  and  tooth  powders 

XXII — Artificial  Fertilizers 

359a        Animal  fertilizers 

360  Bone-meal 

361  Thomas-meal 

362  Superphosphates,  etc 


imports 

from 

Germany 


769d 

769e 


844 
850 
855a 
860 
864 
869a 
8696 
869c 
869e 
869/ 


XXIV — Wood  Fiber.  Chemical  Paper 
Straw,  esparto  and  other  fibers;  paper 

stock 7.545 

Tracing,  blue-print,  gelatine,  fly.  ozone 

and  test  papers 348 

XXV— Metals 

Gold  scrap 36 

Platinum,  iridium,  osmium,  palladium, 
rhodium,  ruthenium:  cast,  raw  and 
not  allowed 2 

Silver  alloys 

Silver  scrap 

Pig  iron 

Ferro-aluminum.  chrome,  manganese 
nickel,  etc   

Aluminum  plates  and  metal 

Pig  lead  and  lead  scrap 

Zinc 

Tin  and  tin  scrap 

Nickel  and  nickel  coins 

Copper 3,946,378 

Copper  coins,  copper  scraps,  etc 

Copper  alloys 

Spiers  glance 

Chrome,  cadmium,  tungsten  and  similar 


190 

312 

24,400 

117,331 

8,367 

10,186 

162,727 

17.697 

9,285 

10.412 

21.566 

946,378 

5.111 

1  .977 

23,162 

5.931 

1  ,  545 

etals 


366 

370 


XXIII — Explosives.  Ammu 
Loaded  cartridges 


AND  Combustibles 


1 

842 

298 

23 

996 

82 

838 

105 

481 

42 

160 

953 

2 

847 

It  should  be  noted  that  in  certain  of  the  above 
items  such  as  Class  XVII,  sub-classes  280c  and  3176, 
crude  potash  of  12-15  per  cent  K2O  and  potassium 
chloride,  respectively,  it  is  stated  that  some  of  the 
exports  to  this  country  listed  as  under  1913,  do,  in 
fact,  include  some  of  191 2,  but  no  information  is 
given  as  to  the  actual  or  relative  size  of  such  191 2 
inclusion,  but  such  inclusions  do  not  disturb  the  general 
result  or  effect. 

Bernhard  C.   Hesse 

90  W11.UAM  Street 
New  York  City 
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THE  RELATION  OF  COMPOSITION  OF  ASH  IN  COAL 

TO  ITS  FUSING  TEMPERATURE' 

By  Oscar  W.  Palmenberg 

One  of  the  most  troublesome  features  in  the  com- 
bustion of  coal  is  that  due  to  the  production  of  clinker. 
The  production  of  clinker  influences  the  rate  of  com- 
bustion and  the  cost  of  maintenance  especially  where 
automatic  stokers  are  in  use.  A  coal  may  clinker  so 
readily  under  certain  conditions  that  it  becomes  unfit 
for  use  irrespective  of  its  fuel  value.  '  It  is,  therefore, 
of  the  greatest  importance  to  know  whether  a  coal  will 
clinker  under  the  conditions  for  which  it  is  required. 
When  coal  is  burned  under  a  boiler  for  the  production 
of  steam  it  is  especially  important  to  know  whether 
the  ash  will  clinker  and  at  what  temperature. 

The  production  of  clinker,  as  is  well  known,  is  due 
to  the  fact  that  the  ash  of  the  coal,  which  is  the  liberated 
mineral  matter,  is  exposed  to  a  temperature  sufficient 
to  fuse  it,  causing  it  to  form  a  viscous  mass  which  will 

'  Presented  before  the  New  York  Section  of  the  Society  of  Chemical 
Industry.  The  Chemists'  Club.  New  York,  November  21.  1913. 


flow  and  form  cakes  and  thereby  clog  up  the  spaces 
between  the  burning  particles  of  coal  or  coke.  The 
mass  of  fused  material  offers  resistance  to  the  flow 
of  air  and  robs  the  coal  of  the  necessary  oxygen  to 
support  combustion.  If  the  draft  cannot  be  increased 
to  overcome  this  resistance  the  rate  of  combustion  is 
diminished,  other  things  being  equal,  in  proportion 
to  the  amount  of  clinker  formed. 

To  determine  whether  a  coal  will  clinker,  that  is, 
whether  the  coal  has  an  ash  which  will  fuse  at  a  low 
temperature,  has  been  undertaken  in  several  ways 
and  many  have  believed  that  an  analysis  of  the  ash, 
or  the  iron  in  the  ash,  or  the  sulfur  in  the  coal  will 
give  the  explanation. 

To  show  that  there  is  no  relation  between  the 
cHnkering  quality  of  a  coal  and  the  sulfur  or  iron 
content,  the  writer  has  made  this  investigation. 
The  following  analyses  of  the  ash  together  with  the 
fusing  temperature  determinations  on  a  wide  range  of 
coals  will  readily  show  that  no  conclusion  can  be 
obtained  from  a  chemical  analysis. 
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The  ash  of  coal  is  composed  mainly  of  silica  (SiOi),  constituents   of   the   ash   and   the  fusing  temperature, 

iron  oxide   (FejOs),  aluminium  oxide   (AI2O3),  calcium  Therefore,  a  chemical  analysis  is  of  no  value  to  arrive 

oxide   (CaO),  magnesium  oxide   (MgO),  sodium  oxide  at  a  conclusion  regarding  the  clinkering  quality  of  a 

(NajO),    potassium  .oxide    (K2O),    carbonates    (CO2),  coal.     It    may   be   noted   that   although    coals   having 

sulfates     (SO3)     and    small    amounts    of    phosphates.  an  ash  with  a  very  low  iron  content  seem  to  give  the 

Since  all  coals,  but  particularly  soft  coals,  consist  of  a  highest    fusing    ash,    no    definite    fusing    temperature 
mixture    of    pure    coal    substance    and    pyrites,    bone, 
slate,  fire-clay,  etc.,  these  elements  will  be  present  in  a        "^'^     ~  "^' 
variable  proportion  depending  upon  the  nature  of  the 
coal  vein  and  the  method  and  care  by  which  the  coal  iron 

is  extracted  from  the  ground.     In  making  an  analysis,  ^°-        '""■''= 

therefore,  of  a  coal  sample  representing  a  mixture  of       ^ ' 

all  these  materials,  a  definite  percentage  of  the  com-       3 4,35 

ponent   parts   of   the   ash    may   be   obtained   but   this       * ^si 

analysis    does    not   tell    us    how    much    pyrites,    bone,       ^ ^  ^^ 

slate,   fire-clay,    etc.,   is   present.     It   is,  therefore,  ap-       7 7.29 

parently  impossible  to  judge  from  this  analysis  whether       * "  -''* 

the  ash  will  have  a  high  or  low  fusing  temperature.  lo,,,,,    t,62 

It  is  true  that  the  pyrites  will  fuse  at  a  lower  tempera-  11 7.88 

ture  than  the  slate,  but  since  both  may  contain  iron,  [^ 'Zt. 

the   analysis  does  not  indicate   a   method  of  arriving  14 9  19 

at  a  conclusion  to  show  the  fusibility  of  the  ash  due  '5 9.23 

to    the    iron    content.     The    problem    offered    is    very  ^^ \o  d 

similar  to  that  when  trying  to  determine  a  formula  18. :..  10.40 

by  which  the  heat  value  in  a  coal  may  be  estimated.  " 'O-^' 

This  has  been  tried  by  using  the  percentage   of   ash  j, n',, 

and  volatile  matter  or  ash  and  fixed  carbon,  but  since  22 u.24 

these  constituents  are  so  variable  in  their  composition,  -•' "-* 

...  .,   ,       ^  .  24 11.40 

depending  upon  their  sources,  it  is  impossible  to  arrive  25  12.27 

at  a  reliable  method.     For  this  reason  a  calorimetric  26 12.77 

determination  must  be  made.  ^' 

The     following     analyses     and     fusing     temperature  29 1.^.84 

determinations  were  made  on  coals,  most  of  which  were  -^o '4-  '* 

mined    in    Pennsylvania    and    samples    were    obtained  .^^ 15  15 

either  from  the  mine  or  place  of  consumption: 


NG  TE 

MPERAT 

LTRES  OP 

Ash  in  C 

OAI.S  A 

*RANGED  ACCORDI.S'G 

TO  THE  Iron 
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.\sh 

Fus. 

Ash 

Fus. 

.S  in 

in 

temp. 

Iron 

S  in 

in 

temp 

coal 

coal 

°  F. 

No. 

oxide 

coal 

coal 

"F. 

0.69 

10.77 

2950 

33 .... 

15.21 

1.42 

7.98 

2400 

0.64 

7.19 

2730 

34. . . . 

15.38 

1.57 

2156 

0.58 

5.81 

2850 

35 .  .  . 

15.53 

2291 

0.51 

5.15 

2700 

36... 

15.89 

1.22 

9.74 

2610 

0.73 

2912 

37 

16.00 

1.63 

9.90 

2309 

1.01 

9.15 

2600 

38... 

17.95 

2.11 

11.04 

2309 

0.90 

6.41 

2600 

39... . 

19.19 

1.79 

7.90 

2138 

15.57 

2850 

40. . . . 

19.54 

2.41 

11.33 

2380 

2408 

41 

22.38 

4.56 

2210 

2900 

42 

22.55 

2.09 

2516 

0.74 

5.57 

2600 

43 ...  . 

22.57 

2.00 

9.03 

2336 

1.52 

15.61 

2750 

44 

22.86 

7.23 

2372 

1  .04 

7.46 

2642 

45 

23.17 

1.16 

9.52 

2535 

2600 

46 

23.30 

2.40 

8.10 

2156 

1.59 

19.63 

2822 

47.... 

24.40 

2.23 

10.90 

2190 

0.89 

11.36 

2950 

48... 

26.50 

2.13 

6.86 

2192 

1.59 

17.64 

2768 

49 

27.22 

3.13 

13.54 

2138 

1.09 

2678 

50 

28.39 

1.96 

6.65 

2084 

2660 

51.... 

28.81 

2.32 

7.55 

2318 

2253 

52 

30.42 

3.14 

10.32 

2246 

0.97 

2732 

53.... 

30.67 

2.17 

7.90 

2246 

2372 

54... 

33.27 

2.86 

9.33 

2520 

1.04 

8.53 

2745 

55.  ..  . 

35.13 

2.13 

6.25 

2300 

0.63 

2516 

56 

36.12 

3.04 

8.40 

2264 

1  .04 

8.32 

2830 

57.... 

36.17 

2.60 

7.50 

2500 

1.01 

9.02 

2678 

58.  .. 

38.12 

2300 

2534 

59. . . . 

38.62 

3.26 

10.  11 

2100 

1.36 

2543 

60... 

38.75 

3.97 

10.60 

2180 

1.80 

13.51 

2300 

61... 

39.51 

2.97 

8.22 

2210 

1  .46 

7.88 

2615 

62... 

39.88 

2.41 

8.96 

2372 

1  .32 

14.83 

2210 

63 ... . 

40.93 

2.68 

9  08 

2415 

1.07 

6.38 

2560 

64 

44.39 

3.51 

9.34 

2318 

Tab 


I — Fusing  Temperatures  and  Composition  of  the  Ash 
Bituminous  and  Semi-Bituminous  Coals 
Fus.  KiO. 


No. 


2700 
2615 
2600 
2600 
2400 
2372 
2309 
2300 
2300 
2246 
2180 


10 


SiOa 
51.93 
44.74 
48 .  83 
54.  18 
40.61 
30.07 
47.94 
46.40 
30.90 
35.48 
29.37 


FesOj 
4.81 
14.14 


22.26 
39.88 
17.95 
13.84 
35.13 
30.67 
38.75 


AljOa 
36.82 
36.91 


CaO 
3.84 


1.64 
3.01 


25.31 
28.47 
35.30 
31.14 
30.73 
29.52 


2.10 

1.57 


MgO 
1.00 
0.41 
0.30 
0.47 
0.51 
0.39 
0.51 
0.31 
0.52 
0.44 
0.37 


SOi, 
Na;0. 
CO2 
1.60 
4.85 
3.90 
0.52 
1.91 
1.71 
0.96 
0.57 
0.31 
0.28 
0.44 


coal 
0.51 
1.46 
1.01 
0.90 
2.06 
2.41 
2.11 
1.80 
2,  13 


11.04 
13.51 
6.25 


Comparisons 


Iron  temp.  temp.  Iron 

No.                                  oxide  of  ash  No.  of  ash  oxide 

2 14.14  2615                  7 2309  17.95 

8 13.84  2300                  S 2300  13.84 

9 2300  35.  13 

6 39.88  2372        5 2400  22.26 

11 38.75  2180        6 2372  39.88 

It  may  be  noted  from  these  tables  that  some  coals 
have  ash  of  like  iron  content  and  variable  fusing  tem- 
perature, then  again  others  have  ash  of  like  fusing 
temperature  and  variable  iron  content. 

It  would  appear  from  these  analyses  that  there  is 
no    relation    between    the    percentages  of  the    various 


fits  a  definite  percentage  and  when  the  iron  content 
goes  beyond  lo  per  cent  the  fusing  temperature  can- 
not be  judged  at  all.  That  the  sulfur  content  of  the 
coal  has  no  bearing  whatsoever  upon  the  fusibility 
of  the  ash  is  also  apparent. 

The  writer  intends  to  continue  this  investigation 
on  coals  from  other  sources  with  the  object  of  de- 
termining whether  there  may  not  be  some  having 
practically  no  iron  and  showing  a  low  fusing  ash. 

Since  the  sulfur  occurs  in  coal  combined  either  with 
iron,  lime  or  the  hydrocarbons  there  naturally  exist 
innumerable  combinations  and  for  this  reason  the 
sulfur  content  cannot  be  used  as  an  index  to  clinkering. 
Only  in  those  cases  in  which  the  sulfur  is  in  combina- 
tion with  the  iron  in  the  form  of  pyrites  would  it  be 
possible  to  judge  the  clinkering  property,  if  the  iron 
content  in  the  ash  had  any  bearing  upon  the  fusing 
temperature. 

The  fusing  temperature  determination  of  the  ash 
in  coal  will,  in  the  future,  displace  the  sulfur  determina- 
tion in  such  coals  used  for  steaming  purposes  and  will 
readily  show  the  fallacy  of  buying  and  selling  coal 
on  an  analysis  basis  where  specifications  are  used 
containing  sulfur  tables  penalizing  beyond  a  certain 
guaranteed  amount  of  sulfur. 

It  has  been  quite  a  common  practice  to  place  1.50 
per  cent  sulfur  as  a  limit  and  penalize  as  much  as  four 
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cents  per  ton  for  every  0.25  per  cent  above  1.50  per 
cent.  The  injustice  of  this  practice  is  very  evident 
as  it  often  happens  that  coals  with  a  high  sulfur  con- 
tent are  extremely  high  in  heat  value  and  do  not 
clinker  readily  at  all.  Since  the  sulfur  has  no  ap- 
preciable effect  upon  the  metallic  parts  of  the  furnace, 
it  need  therefore  not  be  considered  in  the  selection  of 
a  coal  for  steaming  purposes. 

To  arrive  at  the  value  of  a  coal  for  steaming  pur- 
poses it  is  therefore  just  as  essential  to  make  the 
fusing  temperature  test  of  the  ash  as  it  is  to  make  the 
calorimetric  determination.  If  these  determinations 
are  made  an  explanation  is  readily  had  as  to  why  two 
coals  of  apparently  like  proximate  analyses  will  give 
entirely  different  evaporations  when  fired  under  like 
conditions. 

50  East  41st  Street,  New  York 

"FREE  CARBON" 
Its  Nature  and  Determination  in  Tar  Products 

By  John  Morris  Weiss 
Received  January  26.  1914 

All  tars  contain  a  substance  in  greater  or  lesser 
amount,  which  has  been  called  "free  carbon."  This 
has  usually  been  considered  as  the  material  insoluble 
in  hot  benzol,  and  is  not  pure  elemental  carbon,  but  a 
mixture  of  this  substance  with  insoluble  hydrocarbons 
and  other  compounds  of  high  carbon  content.  The 
amount  of  this  free  carbon  varies  quite  considerably 
in  tars  from  various  sources,  depending  on  the  original 
coal  and  also,  to  a  large  extent,  on  the  temperature  of 
carbonization  and  the  degree  of  superheating  to  which 
the  developing  tar  vapors  were  subjected.  Under  like 
conditions,  the  higher  the'  temperature  the  greater 
the  amount  of  free  carbon  found  in  the  tar  produced. 
The  extent  to  which  free  carbon  varies  in  tars  from 
various  sources  may  be  shown  in  the  following  typical 
analyses  of  a  number  of  tars: 

Percentage 
free  carbon  by 
Kinds  of  Tar  toluol-benzol  method 

Semet-Solvay  coke  oven 10.76 

Koppers  coke  oven 6 .  79 

United  Otto  coke  oven 13.38 

Horizontal  retort  gas  works 37.47 

Horizontal  retort  gas  works 28.91 

Inclined  retort  gas  works 24.31 

Vertical  retort  gas  works 3.95 

Water  gas 0 ,  02 

Water  gas 0,38 

Oil  gas  tar 1.18 

Blast  furnace 15.89 

Lignite 1.79 

Hardwood 0 .  02 

Pine 0.03 

All  these  analyses  were  taken  on  the  dried  tar.s, 
that  is,  the  samples  of  tar  were  distilled  until  all  water 
was  removed,  any  oil  distilling  with  the  water  being 
separated  and  returned  to  the  distilling  vessel  after 
the  water  was  completely  driven  over. 

As  stated  before,  this  insoluble  material  is  not  pure 
carl)on.     One  analysis  by  Donath  and  Asriel'  showed 

Hydrogen 2.3 

Nitrogen 3.7 

Oxygen 7.  13 

Carbon ". 89 .  3 

This  analysis  adds  up  to  over  loo,  but  the  writer  can 

'  Lunge's  "Coal  Tar  and  Ammonia,"  4th  ed.,  p.  241. 


give  only  the  figures  as  found  by  him  in  the  reference. 
Hubbard  and  Reeve'  have  made  several  ultimate 
analyses  of  so-called  free  carbon,  with  the  following 
results: 

From  To 

Carbon    , ,                                          90 . 1 7  94 . 26 

Hydrogen      .                                     2 .  59  3.31 

Oxygen    ...                                          1.81  5.91 

Sulfur 0,50  1,78 

Nitrogen No  trace  upon  a  qual- 
itative test. 

They  also  made  analyses  of  sulfur  on  various  pre- 
cipitates obtained  by  digestion  of  tars  with  carbon 
bisulfide  for  various  periods,  the  results  seeming  to 
indicate  a  combination  of  tar  with  the  solvent. 

One  analysis  of  average  free  carbon  from  coal  tars 
made  in  the  writer's  laboratory  showed 

Carbon 89.85 

Hydrogen 3  .30 

Nitrogen 1  .  10 

Oxygen 3  .  1 3  (by  difference) 

.Sulfur 1,28 

Mineral  ash 1,34 

The  free  carbon  used  for  this  analysis  was  obtained 
by  the  toluol-benzol  method,  which  is  described  in 
detail  in  a  later  part  of  this  paper. 

Many  methods  have  been  proposed  for  the  estima- 
tion of  free  carbon.  Kraemer''  extracts  the  tar  with 
forty  times  its  volume  of  xylol.  Kohler^  heats  lo 
grams  of  tar  with  25  grams  of  glacial  acetic  acid  and 
25  grams  of  toluol,  pours  the  mixture  on  two  filters 
of  equal  weight  placed  inside  of  each  other,  and  washes 
with  hot  toluol  until  colorless,  Kraemer  and  Spilker^ 
mix  the  tar  with  twenty  parts  of  xylol,  filter  off  the 
insoluble  material,  wash  with  five  parts  of  xylol, 
and  dry  on  the  filter.  The  same  authors  give  another 
method  which  consists  of  mixing  one  part  of  tar  with 
three  parts  of  aniline,  pouring  the  liquid  mass  on  a 
porcelain  plate  of  special  shape.  The  insoluble 
carbon  remains  as  a  heavy  mass  after  the  liquid  has 
been  sucked  into  the  porcelain  and  is  removed  with  a 
wooden  spatula,  dried  and  weighed.  The  statement 
is  made  that  this  method  gives  from  2—3  per  cent 
lower  results  than  the  xylol  method  described,  due 
to  the  greater  solubility  of  the  tar  bitumens  in  aniline. 
Hodurek*  has  found  that  some  solvents,  of  which 
benzol,  acetic  acid  and  ether  are  mentioned,  have  a 
precipitating  action  on  bituminous  substances,  such 
as  those  contained  in  coal  tar,  and  has  devised  a  method 
based  on  filtration  of  the  original  undiluted  tar  to 
determine  the  real  free  carbon.  The  method  is,  how- 
ever, cumbrous  and  not  adapted  for  practical  work. 

Hubbard  and  Reeve,*  after  a  comparison  of  various 
methods,  proposed  the  use  of  cold  carbon  bisulfide 
as  the  solvent  in  testing  tars  for  free  carbon.  The 
method  was  claimed  to  be  equally  applicable  to  both 
tar  and  asphalt  products.  These  authors  also  make 
mention  of  the  progressive  formation  of  further  in- 
soluble matter  when  the  filtrates  are  allowed  to  stand, 

1  Proc.  Am.  Soc.  resting  Materials.  11  (1911),  665. 

"-  Lunge's  "Coal  Tar  and  Ammonia,"  4th  ed.,  p.  426. 

>  Z.  angew.  Chem.  (1888),  677. 

»  Muspralfs  Indus.  Chem..  8  (1900).  3. 

'  Oesterr.  Chem.  Zeil.  (1904).  365. 

«  Proc.  Am.  Soc.  Testing  Materials.  10  (1910).  420. 
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and  ascribe  this  phenomenon  either  to  sedimentation 
or  to  a  combination  of  tar  and  solvent.  S.  R.  Church, 
in  discussing  this  paper,  objects  to  the  use  of  this 
method  for  testing  tar  products,  contending  that  for 
these  materials  the  use  of  two  solvents  is  desirable, 
and  that  a  hot  extraction  is  necessary.  The  method 
suggested  by  him  and  later  published  in  connection 
with  other  methods  for  testing  tars,  oils  and  pitches, ' 
involves  the  use  of  toluol  and  benzol,  and  will  be  fully 
described  in  a  later  portion  of  this  paper.  Later, 
Church'  described  an  improved  form  of  extraction 
apparatus,  a  modification  of  one  proposed  for  other 
uses  by  H.  J.  Cary-Curr.' 

Recently,  in  a  book  published  by  Arthur  R.  Warnes,^ 
there  is  described  a  method  devised  by  Hooper  and  a 
modification  of  same  by  Warnes.  This  method  in- 
volves the  use  of  cresylic  acid  and  90  per  cent  benzol, 
and  the  writer  has  had  no  experience  in  its  use,  but 
objects  to  90  per  cent  benzol  and  cresylic  acid  as 
solvents,  because  they  are  not  definite  chemical  com- 
pounds which  can  always  be  obtained  pure. 

The  remainder  of  this  paper  may  be  roughly  sub- 
divided into  three  parts.  The  first  concerns  work 
on  the  formation  of  insoluble  compounds  in  mixtures 
of  tar  products  and  various  solvents.  The  second 
comprises  a  comparison  of  various  methods  for  "free 
carbon"  or  insoluble  material  determination,  the 
work  involved  being  carried  out  on  a  number  of  ma- 
terials, both  of  pitch  and  asphaltic  origin.  The 
.third  portion  involves  a  detailed  description  of  the 
toluol-benzol  "free  carbon"  method  as  developed  in 
our  laboratories,  for  tar  and  tar  products,  and  decided 
after  considerable  experience  and  experimentation  as 
the  most  convenient. 

I INSOLUBLE       COMPOUNDS     FORMED     IN     MIXTURES     OF 

TAR    PRODUCTS    AND    VARIOUS    SOLVENTS 

The  experiments  which  are  set  forth  in  the  first 
part  of  this  communication  were  originally  under- 
takeii  for  the  purpose  of  obtaining  a  tar  free  from  in- 
soluble residue,  without  otherwise  changing  the 
chemical  constitution  of  the  tar.  As  will  be  seen  later, 
the  attempts  to  this  end  were  unsuccessful,  but  the 
results  were  very  interesting,  and  led  to  the  further 
experiments  outlined  below. 

To  remove  free  carbon,  chloroform  was  first  used  as 
a  solvent,  because  its  low  boiling  point  renders  it  easy 
to  remove  without  superheating.  Moreover,  it  has 
an  odor  distinct  from  that  of  the  aromatic  hydro- 
carbons, and  its  removal  could  be  more  or  less  ac- 
curately indicated  by  the  odor  of  the  residues  handled. 
The  tar  selected  was  a  coke  oven  tar,  containing  about 
5  per  cent  of  insoluble  matter  when  tested  by  the 
toluol-benzol  method.  A  weighed  quantity  of  tar 
(about  500  grams)  was  diluted  with  about  ten  times 
its  volume  of  pure  chloroform  and  filtered  twice 
through  weighed  thimbles  made  of  a  double  thickness 
of  S.  and  S.  No.  575  hardened  filter  paper.  When  all 
material  had  been  passed  through  the  thimbles,  these 

>  This  Journal,  3  (1911),  227 

^  Ibid..  6  (1913),  195. 

'  Ibid.,  i  (1912),  535  and  856. 

<  Warnes'."  Coal  Tar  Distillntioii."  p.  146. 


were  placed  in  the  extractors  and  exhausted  with  hot 
chloroform.  The  extracts  were  refiltered  through 
fresh  thimbles,  and  again  extracted.  All  the  thimbles 
were  dried  at  ioo°  C.  and  weighed.  The  combined 
filtrates  and  washings  were  brought  into  a  tared  flask 
connected  to  a  condenser,  and  the  bulk  of  the  chloro- 
form taken  off  on  a  steam  bath.  The  condenser  was 
then  disconnected  and  the  material  was  held  at  a 
temperature  of  8o°  C.  until  it  had  regained  its  original 
weight,  less  the  amount  of  insoluble  matter  removed. 
This  latter  amounted  to  5.54  per  cent.  At  this  point, 
all  odor  of  chloroform  had  completely  disappeared. 

This  supposedly  carbon-free  tar  was  then  tested  by 
the  toluol-benzol  method,  and  also  by  a  chloroform 
extraction  to  determine  the  percentage  of  insoluble 
matter.     The  results  were: 

Original 
Percentage  insoluble  in  tar  Treated  tar 


Toluol  and  benzol . 
Chloroform 


10.05 
0.88 


The  inference  to  be  drawn  is  obvious.  On  standing, 
chloroform  formed  a-  compound  with  the  tar  which  is 
insoluble  in  benzol.  This  insoluble  material  is  quite 
different  in  appearance  from  ordinary  free  carbon. 
The  latter  is  dull  black,  and  infusible,  while  this  sub- 
stance had  considerable  luster  and  could  be  sintered 
together  by  careful  heating.  Under  the  microscope 
it  appeared  slightly  crystalline.  No  quantitative 
test  was  made  on  this  substance,  but  on  oxidation 
with  fuming  nitric  acid,  a  very  strong  qualitative  test 
was  obtained  in  the  resulting  solution. 

Following  this,  a  similar  amount  of  the  same  tar  was 
treated  in  like  manner,  using  pure  benzol  (benzene) 
as  the  solvent  instead  of  chloroform.  The  tests  of 
this  treated  tar  were:' 


Percentage 

nsoluljle  in 

Toluol  and  be 

izol..    .. 

.      4.71 

Benzol  alone. 

4.67 

Chloroform. . 

2.17 

This  residue  also  did  not  resemble  ordinary  free 
carbon,  being  brown  instead  of  black.  Under  the 
microscope,  it  appeared  absolutely  amorphous.  On 
heating,  it  melted  with  decomposition  and  coking. 

Slides  were  made  of  the  original  and  treated  tars, 
and  viewed  in  a  very  thin  layer  with  the  microscope  by 
transmitted  light.  Similar  slides  were  also  made, 
mixing  a  drop  of  one  of  the  tars  with  a  drop  of  the 
solvent.  The  magnification  used  was  eighty-seven 
diameters.  This  examination  confirmed  the  analytical 
tests,  and  threw  further  light  on  the  subject.  The 
results  are  given  in  the  following  table.  The  body 
of  the  slides  appeared  a  clear,  reddish  brown,  with  the^ 
variations  as  noted  in  the  following  table. 

The  apparent  meaning  of  the  following  results  is  that 
in  the  treated  tars  there  is  no  real  insoluble  material 
of  the  same  nature  as  ordinary  free  carbon,  but  that 
apparently  materials  have  been  formed  which,  though 
soluble  in  the  complex  mixture  known  as  tar,  yet  are 
precipitated  upon  the  addition  of  a  solvent.  These 
results  indicate  that  both  chloroform  and  benzol  in 
contact  with  tar  undoubtedly  form  compounds  with 
some  of  the  tar  constituents,  which  compounds  are  at 
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Slide  No.        Material 
I Original  tar 


Appearance 
Very  granular  with  amorphous 
grains  of  various  sizes. 

2 Tar  treated  with  chloroform  Clear,  without  grains. 

3 Tar  treated  with  benzol  Clear,  without  grains. 

4 Mixture  of  No.  1  and  benzol  Strongly  granular. 

5 Mixture    of    No.    1    and    chloro- 
form Strongly  granular. 

6 Mixture  of  No.  2  and  benzol  Very  strongly  granular. 

7 Mixture   of    No.    2    and    chloro- 
form Nearly  clear. 
8 Mixture  of  No.  3  and  benzol  Granular    and    slightly    crystal- 
line. 
9 Mixture  of   No.   3   and   chloro- 
form Granular    and    fine,    needle-like 
crystals. 

least  partly  insoluble  in  benzol,  and  to  a  lesser  degree, 
in  chloroform.  These  three  tars  were  also  tested  for 
fixed  carbon  and  ash. 

Percentages 

fixed  carbon  Ash 


Original  tar 15.42 

Chloroform  treated  tar 14.65 

Benzol  treated  tar 13  .  78 


0.13 
0.02 
0.01 


These  results  are  also  indicative,  as  the  fixed  carbon 
was  not  lowered  as  much  as  would  be  expected  from 
the  removal  of  over  5  per  cent  of  material  nearly  all 
carbon.  It  would  tend  to  show  that  simultaneously, 
higher,  more  complex  bodies  were  formed  which,  on 
heating,  give  an  increased  coke  residue.  Possibly  the 
chloroform  may  also  form  bodies  of  a  trialkylmethane 
series,  which  would  have  this  tendency  to  a  very 
marked  degree.  It  was  not  thought  worth  while  to 
subject  these  residues  to  an  ultimate  quantitative 
organic  analysis,  as  with  an  evident  mixture  of  com- 
pounds, such  results  would  show  but  little. 

In  the  light  of  the  foregoing  results,  experiments 
were  then  instituted  to  see  whether,  in  the  laboratory 
determination  of  free  carbon,  the  results  obtained 
would  increase  with  the  time  the  solvent  and  tar  were 
allowed  to  remain  in  contact  in  the  cold.  The  same 
tar  was  used  for  this  work  as  in  the  previous  experi- 
ments. Except  for  the  time  of  standing  with  the 
first  amount  of  solvent  added,  the  general  procedure 
in  all  cases  was  identical.  In  one  series  of  tests, 
toluol  was  used  as  the  digesting  solvent;  in  another, 
benzol.  In  both  cases  benzol  was  used  afterward 
in  the  extractor. 

Percentage  Insoluble  in 
Time  of  standing                 insoluble  in  benzol      toluol  and  benzol 

0.25   hour 6.42  5.54 

24         hours 6.65  6.30 

90          hours 7.74  7.55 

138          hours 9.25  8.44 

258          hours 10.72  9.34 

The  longer  the  tar  stands,  the  greater  the  amount  of 
insoluble  residue  obtained.  The  reaction  is  evidently 
accelerated  by  the  presence  of  a  large  excess  of  the 
solvent,  and  occurs  equally  with  benzol  and  toluol. 
With  only  small  amounts  of  benzol  present,  such  as 
in  an  ordinary  tar,  it  is  conceivable  that  this  reaction 
might  take  place  with  a  very  small  velocity.  In 
other  words,  with  long  time  the  amount  of  apparent 
insoluble  matter  in  a  tar  might  increase. 

Experiments  were  then  instituted  by  the  writer  to 
see  whether  carbon  bisulfide  and  chloroform  would 
give    similar    results.      Tests    similar    to    those    with 


benzol  and  toluol  were  made,  using  carbon  bisulfide 
and  chloroform  separately,  the  material  under  trial 
being  used  both  in  the  digestion  and  in  the  extractor. 
The  following  results  were  obtained  on  the  same  tar 
that  was  previously  used: 

Percentage  Insoluble  in 
Time  of  standing                 insoluble  in  chloroform  carbon  bisulfide 

0.25  hour 5.91  5.84 

48         hours 6.93  6.62 

120         hours 8.27  7.37 

216          hours 8.01  7.67 

288          hours 8.21  7.52 

A  similar  increase  in  apparent  insoluble  matter  was 
noted  here  as  with  benzol  and  toluol,  though  not  to 
the  same  extent. 

The  residues  from  the  chloroform  extraction  were 
tested  qualitatively  for  chlorine  with  positive  results, 
but  as  no  tube  furnace  was  available,  quantitative 
results  could  not  be  obtained.  On  the  other  hand, 
the  residues  from  the  carbon  bisulfide  extractions  were 
assayed  for  sulfur  by  the  "Eschka"  method,  the 
following  figures  being  obtained: 

Time  of  Percentage 

Residue  from  a                           standing  sulfur 

Benzol  extraction 0 .  92 

Carbon  bisulfide  extraction 0.25  hr.  1.46 

Carbon  bisulfide  extraction 120         hrs.  1.82 

Carbon  bisulfide  extraction. .. .    216         hrs.  1.67 

This  is  conclusive  proof  that  the  solvents  actually 
enter  into  combination  with  the  tar  constituents. 
The  results  can  be  explained  on  no  other  basis. 

At  various  times,  the  writer  has  noticed  in  some  of 
the  German  publications  on  tar  products,  that  aniline, 
pyridine  and  glacial  acetic  acid  have  been  suggested 
as  the  digestive  solvent  for  free  carbon  determination. 
The  following  results  were  obtained  using  the  material 
mentioned  for  digestion,  and  then  in  all  cases  after 
filtration,  using  benzol  in  the  extractor: 

Percentage  free  carbon  by  digestion  with 

Aniline  Pyridine  Glacial  acetic 

Time  of  standing         and  benzol  and  benzol  acid  and   benzol 

0.25  hour 5.00  5.11                   6.80 

48         hours 4.81  5.23                   7.01 

144         hours 4.62  5.27                   8.10 

Here  quite  different  results  were  obtained  in  the  case 
of  the  first  two  solvents,  aniline  and  pyridine.  Acetic 
acid  gives  high  results,  and  shows  the  phenomenon 
of  progressive  formation  of  insoluble  compounds. 
It  was  also  noted  that,  owing  to  its  hygroscopic  nature, 
water  is  easily  absorbed  and  in  this  event,  precipitates 
are  formed  which  dissolve  very  slowly  in  the  ex- 
tractor. The  pyridine  is  a  very  disagreeable  sub- 
stance with  which  to  work,  and  is  expensive  and 
difficult  to  obtain  in  the  pure  state.  The  filtration 
of  the  aniline  solution  is  a  very  slow  and  tedious 
operation,  from  four  to  five  hours  being  required  in 
many  cases  to  pass  50  cc.  through  the  thimble.  In 
spite  of  the  theoretical  aspects  of  the  matter,  neither 
pyridine  nor  aniline  seem  to  the  writer  to  be  suitable 
materials  for  a  laboratory  assay  of  free  carbon. 

It  was  then  deemed  advisable  to  try  further  ex- 
periments on  various  tar  products.  So  far,  but  one 
tar  had  been  used,  and  it  was  possible  that  this  was  a 
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peculiar  material,  giving  rise  to  phenomena  not  sljown 
by  other  similar  substances.  A  series  of  experiments 
on  various  materials  .was  made,  comparing  aniline 
and  toluol  as  the  digesting  solvents,  and  using  benzol 
afterward  in  the  extractor. 

Aniline  Toluol 


Time  of  digestion     0.25  hour  72  hours  0.2.5  hour  72  hours 

Coal  tar  No.  1 3.22                3.71  5.09  5.31 

Coal  tar  No.  2 12.48               12   83  14.28  17.59 

Coal  tar  pitch 8.68                 9.08  13.22  15.15 

Water  gas  tar 0.02                0.17  0.02  0.19 

Besides,  several  substances  were  tested  at  0.25 
hour  only,  using  aniline  versus  toluol: 

Aniline  Toluol 

Water  gas  tar  pitch 4.11  5.28 

Coal  tar  roofing  pitch 20.51  25.57 

Coal  tar  briquette  pitch 17.30  21.13 

Coal  tar  paving  pitch 13.08  16.72 

Road  compound 11.88  13.95 

Various  filtrates  from  this  last  set  of  tests  were 
examined  under  the  microscope  by  the  hanging  drop 
method.  With  both  aniline  and  toluol,  the  first  few 
drops  filtered  showed  a  very  faint  trace  of  insoluble 
matter;  the  remainder  of  the  filtrate  was  in  both  cases 
perfectly  clear  when  examined  immediately.  The 
aniline  filtrate  remained  so,  even  after  twenty-four 
hours'standingjbut  the  toluol  filtrates  showed  a  gradual 
formation  of  insoluble  matter  in  the  form  of  amor- 
phous grains.  The  formation  of  this  precipitate  was 
accelerated  by  further  dilution  with  either  toluol  or 
benzol.  The  aniline  solutions,  similarly  diluted,  also 
showed  precipitation,  but  of  a  quite  different  nature, 
being  in  the  form  of  clear,  fine,  crystalline  needles. 
The  toluol  filtrates  showed  precipitation  on  standing 
alone,  the  aniline  filtrates  only  after  the  addition  of 
benzol. 

These  results  are  of  the  same  general  nature  as 
those  with  the  first  tar  investigated.  In  water  gas 
tar  products,  where  the  insoluble  residue  is  very  small, 
the  differences  between  toluol  and  aniline  are  not 
marked.  Tar  No.  i,  which  shows  no  increase  on 
standing  with  toluol,  was  unusually  high  in  tar  acids, 
and  this  factor  may  be  the  cause  of  its  variable  be- 
havior. With  substances  varying  as  much  as  tars 
do,  it  would  be  too  much  to  expect  that  all  varieties 
would  behave  in  exactly  the  same  way,  and  it  seems 
sufficient  that  a  majority  of  those  investigated  showed 
similar  phenomena  when  mixed  with  various  solvents. 
For  a  practical  laboratory  test,  neither  aniline  nor 
pyridine  seem  suitable.  The  latter,  as  before  men- 
tioned, is  very  disagreeable  in  its  properties,  ex- 
pensive, and  difficult  to  obtain  pure.  The  difficulty 
of  filtration  of  the  aniline  solutions  is,  to  the  writer's 
mind,  sufficient  in  itself  to  exclude  it  from  considera- 
tion for  such  purposes.  Such  difficulty  is  not  en- 
countered with  toluol,  carbon  bisulfide,  chloroform, 
etc.  For  a  working  method  it  would  seem  imperative 
to  consider  solvents  of  the  general  nature  of  these 
materials. 

II COMPARISON     OF       VARIOUS     MORE     OR     LESS     WIDELY 

USED     METHODS     FOR     DETERMINATION     OF     IN- 
SOLUBLE    MATTER 

A.     Cold    carbon    bisulfide    method,  using    a    Gooch 


crucible-standard  procedure  of  the   American   Society 
for  Testing  Materials.' 

B.  Toluol-benzol  hot  extraction  method,  using  a 
cup  made  of  filter  paper. 

C.  Standard  A.  S.  T.  M.  method,  using  cold  carbon 
tetrachloride  as  the  solvent. 

D.  The  method  used  in  C  was  supplemented  by  a 
hot  extraction  with  the  same  solvent. 

Besides  these  tests,  another  set  was  carried  out, 
using  carbon  tetrachloride  ^nd  cups  of  filter  paper, 
and  running  exactly  as  in  the  toluol-benzol  method. 
These  results  are  not  recorded  because  the  experience 
was  that  results  obtained  by  this  procedure  are  not 
reliable,  especially  with  tar  products.  After  ex- 
traction and  drying,  the  thimbles  become  very  brittle 
and  cannot,  in  many  cases,  be  handled  without  loss. 
In  some  cases,  also,  with  substances  low  in  insoluble 
matter,  an  appreciable  gain  in  weight  was  noted. 
The  hot  solvent  and  bitumen  seem  to  form  some  com- 
pound jvhich  attacks  the  filter  paper  and  causes  dis- 
integration. This  is  probably  hydrochloric  acid  or 
chlorine  compounds  of  some  sort.  An  acid  reaction 
was  noted  in  the  extraction  flasks  and  in  the  recovery 
of  carbon  tetrachloride;  the  residues  in  the  distillation 
vessel  had  a  very  strong  smell  of  hydrochloric  acid. 
This  phenomenon  was  not  exhaustively  investigated, 
so  that  no  positive  assertion  as  to  the  cause  can  be 
made. 

In  these  experiments,  eighteen  materials,  com- 
prising the  most  common  types  of  pitches  and  asphalts, 
were  selected  and  tested  by  the  four  methods  mentioned 
above.  All  tests  were  made  in  duplicate,  making 
144  single  determinations.  The  work  was  carried 
out  by  a  single  operator,  and  great  care  was  taken 
to  have  as  nearly  as  possible  identical  conditions  in 
all  cases.  The  solvents  used  were  chemically  pure, 
of  the  best  obtainable  grade.  Thoroughly  average 
samples  of  the  various  bitumens  used  were  taken  for 
the  single  determinations.  In  other  words,  every 
precaution  was  taken  to  eliminate  all  variations  except 
those  inherent  in  the  particular  method  employed. 

The  results  are  given  in  the  following  table,  two 
figures  being  given  under  each  method,  and  repre- 
senting the  check  determinations.  The  general  con- 
sistency of  the  various  materials  was  about  40°  Dow 
taken  at  77°  F.  for  five  seconds,  under  a  load  of  100 
grams. 

It  was  necessary  in  these  tests  to  alter  slightly  the 
cold  carbon  bisulfide  method  when  tar  products  were 
being  handled.  The  slow  solution  of  the  last  portion 
of  these  bitumens  made  complete  washing  a  long  and 
tedious  affair.  Accordingly,  after  the  bitumen  had 
been  entirely  brought  into  the  crucible,  the  washing 
was  carried  on  until  about  150  cc.  of  carbon  bisulfide 
had  been  used.  The  crucible  was  then  allowed  to 
stand  over  night  in  a  stoppered  bottle  containing 
carbon  bisulfide  to  a  depth  of  about  half  the  height 
of  the  crucible.  Following  this  digestion,  the  washing 
could  be  completed  with  the  use  of  50-100  cc.  addi- 
tional carbon  bisulfide.     Precisely  the  same  procedure 

'  Proc.  Am.  Soc.  Tesling  MaUrials,  11  (1911).  245. 
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ethod  cold  CS2 


1 

Coal  tar  pitch,  horizontal  gas  retort 34 .  76 

Coal  tar  pitch,  inclined  gas  retort 32  .  07 

Coal  tar  pitch,  vertical  gas  retort 10   16 

Coal  tar  pitch,  coke  oven 1 9 .  83 

Coal  tar  pitch,  coke  oven 1 7  .  26 

Water  gas  tar  pitch 2  .  02 

Water  gas  tar  pitch 1  .  60 

Blast  furnace  tar  pitch 30 .  20 

Pine  tar  pitch 4 .  68 

Stearine  pitch 4.61 

Bermudez  asphalt 5.49 

Trinidad  asphalt 24  .  38 

Gilsonite  fluxed 0.14 

Grahamite  fluxed 0.12 

California  asphalt 0.45 

Mexican  asphalt 0 .  30 

Texas  blown  asphalt 1.11 

Texas  straight  run  asphalt 1.25 


was  necessary  when  carrying  on  the  cold  carbon 
tetrachloride  tests. 

Comparing  the  figures  obtained  by  the  hot  toluol- 
benzol  method  with  those  of  the  cold  carbon  bisulfide 
method,  it  will  be  seen  that  for  the  coal  tar  products 
in  general,  approximately  the  same  results  are  ob- 
tained. The  one  exception  is  the  vertical  retort  tar 
pitch,  which  is  notably  higher  by  the  cold  carbon 
bisulfide  test.  The  water  gas  tar  pitches  give  markedly 
higher  results  when  tested  by  hot  toluol  and  benzol, 
a  phenomenon  which  must  be  explained  by  the  nature 
of  these  bitumens,  which  are  quite  different  from  coal 
tar  products.  The  pine  tar  pitch  is  also  lower  by  the 
carbon  bisulfide  test  in  somewhat  lesser  ratio  than  the 
water  gas  tar  products,  but  nevertheless,  striking. 
All  the  asphalt  products  show  approximately  the  same 
results  by  both  methods,  except  the  Trinidad  asphalt, 
which  gives  slightly  lower  figures  by  the  hot  extraction 
with  toluol  and  benzol. 

Mention  may  also  be  made  here  of  stearine  pitch 
and  its  behavior  in  these  tests.  It  dissolves  with 
great  difficulty  in  all  of  the  solvents  used,  forming 
gummy  masses  which  were  very  difficult  to  filter, 
and  which  were  broken  up  only  by  long  washing. 
The  final  residue  was  not  "free  carbon"  in  the  ordinary 
sense  of  the  word,  but  was  a  somewhat  elastic, 
bituminous  mass,  which  could  be  melted  with  de- 
composition at  an  elevated  temperature.  The  results 
with  benzol  and  with  carbon  tetrachloride  on  this 
material  were  so  unsatisfactory  and  showed  such  poor 
concordance  that  they  were  omitted  as  worthless. 

The  cold  carbon  tetrachloride  test,  in  all  cases  on 
tar  products,  gave  much  higher  figures  than  those 
obtained  with  the  other  solvents  used.  The  hot 
extraction  gave  lower  results  than  with  the  cold 
solvent,  but  in  no  case  as  low  as  the  results  with 
carbon  bisulfide  or  toluol-benzol.  On  the  asphalts 
there  is  very  little  difference  between  the  hot  and  cold 
solvent,  and  only  minor  variations  between  this 
material  and  the  other  solvents  employed. 

The  carbon  tetrachloride  methods  have  never  been 
considered  as  basic  methods  for  an  insoluble  matter 
determination,  but  merely  as  a  supplementary  pro- 
cedure to  determine  something  of  the  nature  of  the 
bitumens    soluble    in    other    solvents.     Therefore,    it 


Benzol-tol. 

hot  extr. 

ceil  cold 

Gooch 

ecu 

hot  Gooch 

1 

2 

1 

2 

1 

2 

34.50 

35.30 

42.41 

42.26 

38.77 

37.94 

30.99 

30.67 

38 .  22 

38.95 

34.78 

34.85 

7,80 

8.09 

17.25 

1 7  .  50 

15.38 

15.90 

20.92 

21.31 

30.38 

31.75 

27.24 

27.01 

18.40 

18.26 

25.97 

26.50 

23.09 

23.41 

4.73 

5.  19 

10.31 

10.76 

9.02 

9.21 

7.92 

7.71 

14.83 

13.31 

11.93 

11.77 

28.76 

27.95 

34.87 

35.32 

32.82 

32.31 

8.00 

7.59 

11.67 

11.47 

11.41 

10.97 

(0) 

5.53 

5.70 

5.73 

5.78 

5.61 

5.71 

22.21 

22.55 

23.34 

23 .  89 

22.30 

21.17 

0.04 

0.07 

0.23 

0.29 

0.24 

0.26 

0.0 

•0.0 

0.37 

0.32 

0.30 

0.32 

0.27 

0.39 

0.43 

0.41 

0.43 

0.4J 

0.57 

0.47 

0.30 

0.40 

0.30 

0.40 

1.26 

1  ,36 

1.13 

1  .09 

0.96 

0.96 

1.71 

1  .84 

1,83 

1.51 

1.85 

1.48 

(a-)  Not  considered 


rding. 


would  not  seem  necessary  to  consider  it  as  a  possible 
solvent  for  regular  "free  carbon"  tests  of  tars  and 
pitches.  The  writer  will,  therefore,  confine  himself 
to  a  consideration  of  the  relative  merits  of  the  cold 
carbon  bisulfide  test  and  the  toluol-benzol  hot  ex- 
traclion. 

On  asphalts  in  general,  the  Gooch  method  using 
carbon  bisulfide  can  be  completed  in  a  considerably 
less  time  than  the  toluol-benzol  hot  extraction,  and 
the  results  obtained  are  equally  as  accurate.  For 
this  class  of  bitumens  alone,  it  seems  to  be  considerably 
more  convenient.  But  it  must  not  be  forgotten  that 
the  toluol-benzol  method  can  be  used  with  accuracy 
"on  asphalts,  and  even  though  it  consumes  a  longer 
total  time,  yet  the  actual  time  required  for  the  operator 
is  no  greater.  The  extractor,  once  started,  needs  no 
especial  attention.  The  carbon  bisulfide  cold  method 
is,  however,  not  readily  applicable  to  tar  products. 
It  is  troublesome  and  slow.  All  our  experience  tends 
to  show  that  a  cold  solvent  is  not  desirable  for  tars 
and  pitches.  For  these  materials,  the  hot  toluol- 
benzol  method  is  far  more  convenient  and  easy  of 
application,  and  the  writer  has  no  hesitancy  in  rec- 
ommending it.  An  aromatic  solvent  is  the  natural 
solvent  for  tar  products,  made  up  as  they  are  of  mainly 
aromatic  compounds.  Toluol  and  benzol  are  aromatic 
solvents,  in  fact,  the  only  ones  of  this  series  low  enough 
boiling  to  be  applicable  to  this  purpose. 

Ill — "free  carbon"  method  recommended 

The  writer  would  now  turn  his  attention  to  a  de- 
tailed description  of  the  "free  carbon"  method  rec- 
ommended, using  toluol  and  benzol  as  solvents. 
This  method  in  all  its  essential  details  has  been  in  use 
in  all  of  the  laboratories  of  the  Barrett  Manufacturing 
Company  for  a  period  of  years,  and  has  been  adopted 
by  a  number  of  outside  laboratories.  So  far  as  accuracy 
of  results  and  ease  of  manipulation  is  concerned,  it 
has,  to  the  best  of  my  knowledge,  given  satisfactory 
results.  When  the  method  was  first  proposed  in 
essentially  its  present  form,  check  tests  on  standard 
samples  were  made  by  six  of  our  principal  laboratories. 

These  results  seem  particularly  good  when  one  con- 
siders that  these  tests  were  undertaken  when  the 
method  was  first  introduced,  at  which  time  the  opera- 
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Coal  tar  Coal  tar 

Percentages  pitch  pitch 

of  free  carbon  in  No.  1  No.  2 

Laboratory! 23.40  38.13 

Laboratory  2 24.26  36.44 

Laboratory  3 23.40  39.40 

Laboratory  4 23.41  40.79 

Laboratory  5 24.03  40.71 

Laboratory  6 '  23.70  38.43 


Coal  tar     Coal  tar 
No.  1  No.  2 


28.67 
28.61 
28.80 
29.52 
29.27 
29.49 


12.24 
13.31 
13.30 
15.26 
13.48 
13.19 


tors  in  the  various  laboratories  were  not  yet  expert 
in  the  manipulation  of  the  method.  At  present,  much 
closer  checks  could  be  obtained,  and  such  discrepancies 
as  Tar  No.  2,  Laboratory  4,  would  be  entirely  obviated. 
Since  this  time  (about  five  years  ago)  the  principal 
changes  have  been  in  the  form  of  the  extractor,  the 
steam  bath,  and  supplementary  apparatus.  Following 
the  results  given  in  the  early  part  of  this  paper,  the 
operator  should  be  cautioned  against  allowing  the 
pitch  or  tar  to  digest  too  long  with  the  toluol.  At 
the  outside,  thirty  minutes  should  suffice.  This 
feature  may  have  caused  some  of  the  discrepancies 
in  check  testing  on  the  high  side,  as  at  the  time  of  first 
putting  forward  this  test,  the  possibility  of  formation 
of  insoluble  compounds  was  not  recognized.  All 
details  of  the  test  as  standardized  today,  together  with 
full  descriptions  of  all  apparatus  used,  are  included 
in  the  following  paragraphs. 

APPARATUS 

The  extractor  is  shown  in  Fig.  I,  and  is  patterned 
after  one  described  by  H.  J.  Cary-Curr.'  The  principal 
differences  are  in  the 
dimensions,  the  flask 
being  1^/4"  inside  di- 
ameter at  the  top,  2^/2 
diameter  at  the  bot- 
tom andg^Z/in  height. 
The  tin  top  and  coil 
are  made  larger  at  the 
top  to  correspond  to 
the  flask  and  the  sides 
of  the  top  have  been 
given  an  outward  slant 
to  prevent  any  water 
condensing  on  the  top 
being  carried  into  the 
extractor  flask.  On 
the  lower  side  of  the 
top  are  two  small 
hooks  to  hold  the  wire 
carrying  the  paper 
thimble.  The  wire 
basket  has  been  made 
of  German  silver  wire, 
and  its  construction 
requires  but  little  ingenuity  on  the  part  of  the  operator. 
Any  type  of  steam  or  hot  water  bath  will  suffice 
for  heating.  We  have,  however,  constructed  in  our 
own  shops  a  bath  for  this  purpose,  which  is  very 
satisfactory  in  operation  and,  being  compact,  takes 
up  very  little  space.  It  is  constructed  of  copper  and 
consists  of  a  rectangular  box  eighteen  inches  long  by 
five  inches  high.  The  width  varies,  depending  on  the 
number  of  extractors  to  be  provided  for.  For  an 
eight-extractor  bath,  a  width  of  ten  inches  would  be 

>  This  Journal,  4  (1912).  535  and  856. 
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used.  Half  way  up  from  the  bottom  of  the  box  is  a 
perforated  false  bottom,  on  which  the  extraction 
flasks  rest.  Below  this  false  bottom  is  a  steam  coil, 
entering  and  leaving  through  the  side  of  the  box. 
This  coil  is  made  of  'A  inch  copper  pipe,  strong  enough 
to  withstand  the  local  steam  pressure.  An  S  bend 
through  the  box,  giving  about  54  inches  of  pipe,  is 
ample.  The  top  of  the  box  contains  two  rows  of  four 
circular  holes  each,  the  openings  having  a  diameter  of 
two  and  seven-eighths  inches.  At  each  corner  of  the 
box  are  uprights  carrying  a  plate  of  copper  the  same 
size  as  the  top  of  the  box,  and  six  inches  above  it. 
This  plate  is  cut  out  with  openings  directly  over 
those  on  the  top  of  the  bo.x  and  of  the  same  size,  this 
arrangement  serving  to  steady  the  flasks.  Four 
condensers  are  used  in  series,  so  that  at  one  end  of  the 
box  there  is  provided  a  water  inlet  with  cock  for  each 
row  of  flasks.  The  box  is  filled  with  water,  and  the 
coil  keeps  this  water  hot  enough  to  boil  the  benzol 
in  the  extraction  flasks.  The  gradual  evaporation 
of  the  water  is  taken  care  of  by  a  constant  level  device 
at  the  opposite  end  from  the  condenser  water  inlets. 
The  spent  water  from  the  condensers  drains  into  this 
constant    level    device,    and    by    this    means    sufficient 


water  is  added  automatically  to  replace  that  lost  by 
evaporation.  There  is  a  draw-off  at  the  bottom  of 
the  bath  for  cleaning  purposes.  The  connections 
of  the  condensers  are  made  with  rubber  tubing.  The 
whole  outfit  can  be  placed  on  brackets  on  the  wall 
with  water  and  steam  connections,  and  takes  up  but 
little  space.  A  picture  of  one  of  these  baths  in  use 
is  shown  in  Fig.  II. 

The  filter  cups  or  thimbles  are  made  of  Schleicher  & 
Schuell  No.  575  hardened  filter  paper,  which  comes 
in  cut  circles.  The  size  used  is  15  cm.  in  diameter. 
To  make  a  cup,  two  circles  should'  be  taken  and  one 
cut  down  to  a  diameter  of  about  14  cm.  A  round 
stick  about  one  inch  in  diameter  is  used  as  a  form.  The 
stick  is  placed  in  the  center  of  the  circles  of  filter  paper, 
the  smaller  inside;  the  papers  are  then  folded  sym- 
metrically around  the  stick  to  form  a  cup  of  about 
2';  2  inches  in  length.  A  very  little  practice  enables 
the  operator  to  make  these  evenly  and  quickly.  After 
being  made,  they  are  soaked  in  benzol  to  remove  any 
grease  due  to  handling,  drained,  dried  in  a  steam  oven 
and  kept  in  a  desiccator  until  used. 

Besides  the  apparatus  previously  described,  the 
laboratory     requires     beakers,     stirring-rods,     carbon 
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filter  tubes,  and  a  weighing  bottle,  all  of  which  are 
regular  stock  apparatus.  A  steam  oven  for  drying 
is  desirable,  but  an  ordinary  hot  air  oven  can  be  made 
to  take  its  place.  A  small  camel's  hair  brush  or  stout 
chicken  feather  trimmed  down  to  a  fan  at  the  end, 
should  be  available  as  a  policeman  for  removing  the 
last  portions  of  the  carbon  from  beakers. 

ANALYTICAL    PROCEDURE 

If  tar  is  to  be  assayed,  it  must  be  dried  before 
testing,  and  after  drying  it  is  passed  hot  through  a 
thirty  mesh  sieve  to  remove  any  foreign  substances. 
Pitch  requires  no  previous  treatment,  other  than  the 
ordinary  procedure  of  insuring  an  average  sample. 
If  the  pitch  is  hard  enough,  grinding  the  material  taken 
for  test  will  be  advantageous  in  aiding  the  subsequent 
solution.  In  testing  materials  of  5  per  cent  or  more 
carbon  content,  5  grams  should  be  taken  for  the  test. 
With  lesser  percentages,  10  grams  should  be  used.  The 
amount  is  weighed  out  in  a  100  cc.  beaker,  and  digested 
with  about  50  cc.  of  C.  P.  toluol  on  the  steam  bath 
for  a  period  not  to  exceed  thirty  minutes.  If  the 
solution  is  kept  hot  and  constantly  stirred,  the  diges- 
tion can  be  completed  very  rapidly.  A  filter  cup, 
prepared  as  described,  is  weighed  in  a  weighing  bottle 
and  placed  in  a  carbon  filter  tube  over  a  beaker  or 
flask.  The  toluol-tar  mixture  is  now  decanted  through 
the  thimble  and  washed  with  hot  c.  p.  toluol  until 
clean,  using  some  form  of  policeman  which  is  un- 
affected by  toluol  for  the  purpose  of  detaching  any 
carbon  which  may  adhere  to  the  beaker.  The  cup  is 
finally  given  a  washing  with  hot  c.  p.  benzol  and 
then,  after  draining,  is  covered  with  a  cap  of  filter  paper 
or  alundum,  and  placed  in  the  extraction  apparatus 
in  which  the  c.  p.  benzol  is  used  as  a  solvent.  The 
extraction  is  continued  until  the  descending  benzol  is 
colorless.  The  thimble  is  then  removed,  the  cap  taken 
off,  dried  in  the  steam  oven,  and  weighed  in  the  weigh- 
ing bottle  after  cooling  in  the  desiccator.  The  balance 
used  for  this  work  should  be  accurate  to  at  least  a 
half  milligram.  When  pitches  are  being  tested,  it 
is  well  to  examine  the  carbon  residue  for  foreign 
matter,  such  as  wood  slivers,  pieces  of  bagging,  etc. 
If  such  foreign  matter  is  present,  the  test  should  be 
rejected.  All  of  the  apparatus  for  this  test,  with  the 
exception  of  the  special  water  bath,  can  be  obtained 
from  the  Arthur  H.  Thomas  Company  of  Philadelphia, 
Pa.  This  water  bath  is  only  desirable  if  a  number  of 
such  tests  are  run  as  routine  work;  for  occasional 
tests  it  would  not  pay  to  have  one  made. 

It  is  the  hope  of  the  writer  that  this  paper  will 
throw  some  light,  on  the  nature  of  "free  carbon"  in 
tar  products,  and  that  the  procedure  given  here  will 
be  useful  to  the  chemist  who  has  occasion  to  test  these 
materials.  He  would  also  express  his  appreciation 
of  the  work  of  Messrs.  L.  B.  Shipley  and  C.  R.  Downs, 
who  performed  many  of  the  tests  and  analyses  which 
are  recorded  in  this  paper.  One  thing  which  must 
be  kept  in  mind  in  free  carbon  tests  as  in  other  analyses 
of  this  nature,  is  that  the  results  obtained  are  only 
proximate,  and  in  order  to  obtain  concordant  results, 
faithful  attention  to  details  is  necessary.     We  believe 


that  we  have  completely  standardized  all  the  essential 
conditions  of  the  test  considered,  and  that  it  can  be 
applied  successfully  by  workers  in  general. 


Research  Department 

Barrett  Manufacturing  Co. 

New  York  City 


THE  RELATION  BETWEEN  THE  MELTING  POINT  AND 
THE  VISCOSITY  OF  REFINED  TARS^ 

By  Philip  P.  Sharples 

The  rough  dependence  of  the  viscosity  of  refined 
tars  as  determined  by  any  of  the  standard  instru- 
ments and  their  melting  point  has  been  long  recognized. 
Many  discrepancies  have,  however,  been  noted  and 
apparently  little  thought  has  been  given  to  the  rela- 
tion between  the  two  in  making  specifications. 

Table  I  shows  a  series  of  samples  taken  from  refined 
tars  made  on  a  manufacturing  scale  from  the  same 
raw  tars.  The  methods  used  in  analysis  are  those 
described  by  S.  R.  Church  in  This  Journal  3  (1911), 
227  and  5  (1913),  i95- 

Table  I — A.  Series  of  Samples  of  Refined  Tar  Made  from  Same  Raw 
Tar 

Viscosity 

Free       Distilla-                                                   Engler  Float 

carbon        tion        Melting        Schutte        100  cc.  at  test 

Sample  Percent-  total  to       point       penetrometer    100°  C.  at  50°  C. 

No.         ages       315°  C.         °  F.         Sec.  at  °  F.          Sec.  Sec. 

5             12.1           21.8             ...                29      40                 94  34 

7  12.0           19.2             ...              108     40               127  38 

8  14.0          16.4            ...             114     50              159  58 

9  14.4          14.9            86,9            85     60              208  75 

10  17.2  12.7  99.7  90      70  335  110 

11  18.2  10.4  108.7  88      80  431  170 

The  melting  point  is  the  half-inch  cube  method  in 
water,  starting,  however,  at  40°  F.  instead  of  60°  F. 

The  Schutte  penetrometer  is,  strictly  speaking,  not  a 
penetrometer,  but  a  modified  melting  point.  An  arbi- 
trary melting  point  is  assigned  and  the  time  taken  at 
the  assumed  melting  point  to  force  out  under  constant 
pressure  a  plug  of  the  material  cooled  to  40°  F.  is 
noted.  The  arbitrary  melting  point  is  so  chosen  on 
a  10°  F.  scale  that  the  number  of  seconds  is  as  near 
as  possible  100. 

The  float  test  is  the  New  York  Testing  Laboratory 
test.  The  plug  was  cooled  to  41°  F.  before  floating. 
The  Engler  test  is  made  under  standard  conditions 
with  the  exception  that  100  cc.  were  run  off  instead 
of  200  cc.  The  reduction  of  the  number  of  cubic 
centimeters  with  viscous  materials  allows  more  con- 
cordant results  to  be  obtained  and  gives  lower  figures. 

A  comparison  of  the  three  melting  points  and  the 
Schutte  penetrometer  figures  show  that  they  advance 
quite  regularly  together.  Other  experiments  have 
shown  this  same  relation  to  hold  true,  provided  the 
free  carbon  content  is  very  nearly  the  same.  Samples 
7  and  8  may  then  be  included  in  our  further  examination 
of  the  results  without  introdticing  undue  error. 

An  examination  of  the  float  test  shows  an  increas- 
ing interval  between  samples  as  we  ascend  in  the  series. 
Between  7  and  8  the  interval  is  20  sec.  while  between 
10  and  II  the  interval  is  60  sec. 

The  results  with  the  Engler  viscosimeter  show  the 

1  Presented  at  the  Atlanta  Meeting  of  the  American  Association  for 
the  Advancement  of  Science.  January,  1914. 
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same  tendency  much  more  accentuated.  The  interval 
between  Samples  7  and  8  is  32  sec.  while  between 
Samples  10  and  11  it  is  96  sec.  It  is  interesting  to 
note  that  the  ratio  is  the  same  as  in  the  float  test. 

A  more  careful  consideration  of  temperature  in 
testing  tar  'materials  with  viscosimeters  would  seem 
to  be  indicated.  The  tars  are  more  sensitive  to  tem- 
perature changes  than  oils  or  asphalts  and  not  enough 
attention  has  been  paid  to  viscosity  changes  with 
temperature. 

The  work  in  Table  II  was  undertaken  to  show  that 
although  a  specification  was  rather  closely  drawn  for 
the  Engler  reading  at  60°  C,  yet  it  failed  in  its  object 

Table  II — Comparison  of  Mixtures  op  Tar  H  and  Tar  D  on  Engler 


ViSCOSIMETER — 100 

Free  carbon 
estimated 

Percentages 
4.4 
5.0 
5.6 
6.2 
6,8 


Three  Temperatures 


110.5 
136.  1 


62.5 
66.3 
83.3 


60°  C. 
41.0 
45.6 
47.0 
48.7 
56.0 


in  that  it  admitted  all  mixtures  of  tar  H  and  tar  D 
from  40  per  cent  H  to  80  per  cent  H.  Testing  the 
same  mixtures  at  50°  C.  shows  that  the  same  limit  in 
the  upper  part  of  the  table  would  confine  the  mixture 
to  within  20' per  cent  while  at  40°  C.  the  same  limit 
would  confine  it  to  within  15  per  cent. 

The  table  also  illustrates  again  the  rapid  increase 
in  the  time  interval  as  the  temperature  of  the  determina- 
tion of  the  viscosity  approaches  the  melting  point. 
Thus  under  60°  C.  the  space  interval  is  4.6  for  the  50 
per  cent  mixture  H,  but  this  is  increased  to  25.6 
for  the  80  per  cent  H  mixture  at  40°  C. 

The  examples  that  have  been  cited  have  been  in 
series  of  tars  of  nearly  uniform  composition.  An 
illustration  of  the  effect  of  free  carbon  on  the  relation 
between  the  melting  point  and  the  viscosity  is  given 
in  Table  III.  The  effect  of  the  free  carbon  is  very 
marked.  In  the  Schutte  and  float  test  the  times  are 
markedly    increased.     With    the    Engler    the    results 

Table  III — Repined  Tars — Relation  op  Viscositv  to  Carbon  Content 


Schutte 

Engler 

Melting 

penetrometer 

100  cc.  at 

Float  test 

Free  carbon 

point 

at  80°  F. 

212°  F. 

at  212°  F. 

percentages 

■>F. 

Sec. 

Sec. 

Sec. 

1.4 

110 

42.2 

302 

158 

14.5 

109 

80.  1 

298 

192 

39.6 

112 

144.9 

739 

337 

are  more  irregular,  but  show  a  marked  increase  with 
the  high  carbon  tar.  From  a  physical  standpoint, 
the  increase  of  free  carbon  might  be  expected  to  have 
this  effect.  It  impedes  the  flow  of  the  material  with 
increase  of  temperature  and  in  that  way  up  to  the 
point  at  which  the  free  carbon  tends  to  weaken  the 
binding  and  lasting  qualities  of  the  tar,  would  seem  to 
be  a  desirable  addition. 

The  inclusion  of  both  the  melting  point  and  the  vis- 
cosity in  a  physical  examination  of  refined  tars  to  be 
used  as  binders  would  seem  to  be  warranted.  The 
viscosity  at  100°  C.  compared  with  the  melting  point 
would  give  an  indication  of  the  behavior  of  the  tar 


with  uniform  distributors  and  also  an  indication  of 
its  resistance  to  temperature  changes  when  used  on 
the  road. 

CONCLUSIONS 

I.   The  viscosities  of  tars  of  the  same  composition 

vary  with  the  melting  point,  but  not  in  direct  ratio. 

II.   The  viscosities  of  tars  of  the  same  melting  point 

but  of  different  carbon  content  increase  with  the  carbon 

content. 

Barrett  Manufacturing  Co. 
35  Wendell  Street,  Boston 


THE  DIFFERENTIATION  OF  NATURAL  AND  OIL 

ASPHALTS 

By  E.  C.  Pailler 

Received  November  U,  1913 

The  chemical  knowledge  of  asphalts  at  the  present 
time  is  undoubtedly  very  limited,  the  chemical  tests 
used  being  mostly  arbitrary  ones.  The  lack  of  scientific 
analytical  methods  has  perhaps  never  been  felt  more 
than  at  the  present  time.  The  asphalts  used  for 
paving  purposes  can  be  divided  into  two  classes — 
natural  asphalts,  such  as  Trinidad  and  Bermudez 
asphalts,  and  oil  asphalts  obtained  from  asphaltic 
petroleum  oil  by  means  of  freeing  it  from  the  lighter 
oils  by  distillation.  It  is  considered  impossible  to 
identify  mixtures  of  natural  and  oil  asphalts,  especially 
when  such  a  mixture  is  made  into  an  asphaltic  cement, 
which  is  usually  accomplished  by  fluxing  the  refined 
asphalt  with  maltha  or  other  petroleum  residuum. 
If  the  chemist .  has  no  means  of  detection,  is  it  any 
wonder  that  the  practice  of  substituting  oil  asphalt 
for  natural  asphalt  exists? 

In  this  paper  the  author  wishes  to  be  distinctly 
understood  as  neither  recommending  nor  condemning 
the  asphalts  mentioned,  but  to  find  some  means  to 
identify  the  nature  of  them,  pure  and  in  mixtures. 
The  test  to  date  was  simply  to  determine  the  fixed 
carbon  content  and  mineral  matter,  and  judging  by 
the  mineral  matter,  fixed  carbon  and  physical  tests, 
mixtures  could  be  detected  but  only  to  a  limited 
degree.  It  is  well  known  how  great  a  variation  of 
mineral  matter  exists  in  all  asphalts.  The  same  is 
true  of  the  fixed  carbon  content. 

The  following  table  shows  the  average,  minimum 
and  maximum  amounts  found: 


Percentages  Fixed  Carbon 


Mineral  Matter 


Av.  Max.  Min.  Av.  Max.  Min. 

Trinidad 10.20  10.60  9.80  '35.00  38.00  30.00.' 

Bermudez 12.90  13.50  12.50  4.00  5.00       3.00 

California 14.50  16.00  13.80  0.15  0.20  Trace 

Mexican 15.50  18.00  13.50  0.20  0.30  Trace 

The  foregoing  shows  that  if  we  take  a  mixture  of, 
say,  50  per  cent  Bermudez  and  50  per  cent  California, 
it  will,  under  conditions,  be  almost  impossible  to 
detect  the  presence  of  the  California,  for,  assuming 
the  fixed  carbon  content  to  be  12.50  per  cent  for 
Bermudez  and  14.50  per  cent  for  California,  the 
I  :  I  mixture  will  have  a  fixed  carbon  content  of 
13.50  per  cent. 

Much  has  been  said  for  and  against  the  fixed  carbon 
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determination.  Lester  Kirschbaum'  states  that  tlie 
fixed  carbon  content  is  a  means  of  identification  of 
native  bitumens.  It  is  true  that  the  fixed  carbon 
content  in  natural  bitumens  is  clearly  defined,  the  range 
being  less  than  2  per  cent  and  therefore  it  is  valuable 
as  an  indication  as  to  the  purity  of  the  natural  asphalts, 
even  if  they  are  fluxed.  Should  a  Bermudez  asphalt 
show  a  fixed  carbon  of  14  per  cent  or  more,  I  would 
expect  that  the  sample  in  question  is  not  straight 
Bermudez  and  other  tests  described  later  would  be 
made.  If,  however,  a  petroleum  residuum  is  under 
consideration,  the  fixed  carbon  content  as  a  means  of 
identification  is  of  not  much  value,  although  an  im- 
portant significance  may  be  attached  to  it.  Kirsch- 
baum,  in  his  article,  treated  this  subject  in  an  elaborate 
manner  and  it  is  quite  logical  to  look  upon  the  fixed 
carbon  in  oil  residuum  as  an  index  of  the  severity  of 
the  heat  treatment  it  has  received.  Unfortunately 
the  fixed  carbon  in  California,  Mexican  and  Texas 
oil  residuums  may  be  the  same  for  all  and  it  is  seen  that 
it  would  be  impossible  to  draw  conclusions  from  this 
determination.  The  method  employed  in  the  fixed 
carbon  determination  is  described  in  the  Jour.  Am. 
Chem.  Soc,  21  (1899),  1116.  To  test  the  accuracy 
of  the  method  a  sample  was  given  to  four  different 
chemists,  who  were  instructed  to  use  the  same  method. 
The  results  obtained  were  as  follows: 


Volatile  corn- 
Percentages       bustible  matter 

1 83.03 

2 82.93 


L.  M.  Law^  quite  recently  had  fixed  carbon  de- 
terminations made  on  two  samples  at  six  laboratories 
and  the  results  obtained  differed  6  per  cent  on  one  and 
9  per  cent  on  the  other  sample.  However,  three  re- 
sults in  each  sample  check  very  well,  and  I  am  safe  in 
saying  that  these  three  laboratories  evidently  employed 
the  same  method.  The  fixed  carbon  determination 
is  an  arbitrary  one  and  has  to  be  carried  out  to  the 
smallest  detail.  The  burners,  crucible,  size  of  flame, 
etc.,  have  to  be  the  same  in  all  determinations  to  ob- 
tain the  right  results.  Could  anyone  expect  to  get 
the  same  results  if,  in  the  sulfonation  test,  he  would 
use  dilute  sulfuric  acid,  and  in  the  other  concentrated 
or  in  a  moisture  determination  if  he  would  heat  the 
substance  to  only  50°  C?  The  pressure  and  the 
composition  of  the  gas  has  very  little  effect  on  the 
result.  This  is  shown  on  the  three  following  tests: 
No.  1  was  run  with  gas  at  full  pressure.  No.  2  with  the 
same  gas  at  reduced  pressure  and  No.  3  with  different 
gas  and  pressure  at  the  author's  private  laboratory. 

PfiRCENTAGES  Fixed  Carbon 
No.  1 16.87     No.  2 17.45     No.  3 17.08 


carbon 

matte 

16.77 

0.20 

16.67 

0.20 

17.02 

0.  18 

17.08 

0.  16 

My  contention  is  that  a  fixed  carbon  determination  is 
of  much  value  in  asphalt  analysis,  in  native  bitumens 
as  a  means  of  identification  and  in  petroleum'  residues 
as   an   index    of   the   severity    of    heat    treatment    the 

'  Engineering  and  Contracting.  Feb.  12.  1913. 
'  This  Journal.  S,  1021. 


petroleum  was  sulsjected  to — the  former,  however, 
only  in  conjunction  with  test  described  later. 

Very  little  is  known  of  the  chemical  composition  of 
the  bitumens  contained  in  asphalts.  They  are  hydro- 
carbons of  complex  structure,  largely  cyclic  and 
bridge  compounds,  together  with  a  small  amount  of 
their  sulfur  and  nitrogen  derivatives  and  are  closely 
related  to  the  hydrocarbons  occurring  in  petroleum; 
as  a  matter  of  fact,  some  writers  have  advanced  the 
theory  that  asphalts  are  the  residue  of  petroleum,  the 
lighter  constituents  of  which  have  in  a  natural  way 
evaporated. 

The  process  to  convert  oil  into  asphalt,  which  took 
ages  in  nature,  is  used  in  the  manufacture  of  oil 
asphalts,  and  is  accomplished  in  a  few  days.  The 
difficulty  in  distinguishing  between  the  natural  and 
artificial  asphalts,  or  in  proving  their  presence  in  a 
mixture,  is  due  to  this  fact.  Malencovic'  states  that 
oil  asphalts  and  natural  asphalts  differ  in  that  the 
former  do  not  react  with  mercuric  bromid  solution;  the 
latter,  however,  owing  to  their  sulfur  contents,  give  a 
precipitate.  This  test,  however,  is  of  no  use,  as  oil 
asphalts  are  very  often  artificially  sulfonated  and  conse- 
quently give  the  reaction.  The  sulfur  content  in  oil 
asphalts  and  natural  asphalts  is,  if  the  oil  asphalt  is 
not  sulfonated,  quite  different,  as  the  following  table 
shows: 

Percentages  .Sttufur 


Trinidad 4.35 

Bermudez 5-6 


California  less  than 2.0 

Mexican 4.0 


The  sulfur  content  is  determined  by  igniting  the 
asphalt  in  an  atmosphere  of  oxygen,  precipitating  the 
SO3  with  BaS04.  The  ignition  of  asphalt  in  oxygen 
consequently  oxidizing  the  sulfur  to  SO3  is  more 
accurate  and  easier  to  perform  than  the  oxidation  of 
the  sulfur  by  the  Carius  method.  A  number  of  experi- 
ments have  shown  that  it  is  quite  difficult  to  oxidize 
all  of  the  asphalt  in  some  cases.  In  others  it  was 
found  that  the  results  were  too  high  by  the  Carius 
method,  to  say  nothing  of  the  danger  of  exploding  the 
glass  tube.  It  is  not  at  all  unusual  to  have  three  or 
four  tubes  blown  up  in  a  single  determination.  The 
method,  using  Graef's  apparatus,  is  easily  per- 
formed, requires  but  little  time  and  the  apparatus 
used  is  moderate  in  cost. 

As  stated  before,  it  is  doubtful  .whether  the  de- 
termination of  sulfur  is  of  any  practical  value  as  an 
identification,  as  many  oil  asphalts  are  artificially 
sulfonated  and  some  oil  asphalts  contain  naturally 
a  considerable  amount  of  sulfur.  Kast  and  Logan- 
state  that  all  petroleum,  and  therefore  petroleum 
residue,  except  that  from  Legernsee,  contain  sulfur 
(from  0.14-1.90  per  cent).  This  sulfur  may  be  present 
as  free  sulfur,  sulfides  or  complex  sulfur  compounds. 
Mabery  and  Quayle  succeeded  in  isolating  a  series  of 
alkyl  sulfur  compounds  by  distilling  crude  Canadian 
oils  at  a  pressure  of  55  mm.  Richardson  and  Wallace 
have  found  free  sulfur  to  be  the  form  in  which  the 
larger  part  if  not  nearly  all  of  the  sulfur  in  Texas  oil 
exists.  Some  hydrogen  sulfide  is  dissolved  in  the  oil 
and  a  large  amount  is  formed  if  the  oil  is  heated  as  in 

1  Baumaterialenkunde.  1906,  p.  29. 

»  Jour.  Soc.  Chem.  Ind..  19  (1900).  505. 
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distillation.  The  sulfur  content  in  Mexican  oil  asphalt 
is  as  high  as  6.20  per  cent.  Considering  this  fact,  a 
sulfur  determination  alone  would  not  amount  to  much 
as  an  identification-  of  asphalts,  especially  mixtures 
or  asphaltic  cements  which  are  fluxed  with  oil  residuum. 

J.  Marcusson^  states  that  in  all  natural  asphalts 
there  are  present  a  number  of  organic  acids  or  acid 
salts,  which  on  distilling  are  collected  in  the  first  few 
cc.  of  the  distillate  and  this  distillate  also  contains  a 
certain  amount  of  saponifiable  oils.  It  was  this  state- 
ment which  was  the  basis  of  this  investigation.  There 
was,  however,  no  method  given  as  to  the  manner  of 
distillation.  The  collecting  of  the  distillate,  and 
accordingly  the  results  obtained  in  a  rough-and-tumble 
way  did,  by  no  means,  give  satisfactory  results  and  the 
first  step  was  to  devise  a  method  which  would,  under 
the  same  conditions,  give  uniform  results.  The  acids 
present  are  organic  and  are  all  insoluble  in  water. 
They  are  also  not  decomposed  by  heat  and  the  test 
can  safely  be  carried  on  at  a  temperature  of  375°  C. 

The  apparatus  used  is  a  small  retort  of  150  cc. 
capacity,  two  weighing  bottles  of  10  cc.  capacity  and 
two  8  oz.  Erlenmeyer  flasks.  The  reagents  are  N/io 
NaOH,  ethyl  ether,  neutral  alcohol  of  95  per  cent 
strength  and  a  i  per  cent  alcoholic  solution  of  alkaline 
blue. 

METHOD 

Thirty  gramsof  bitumenor  an  amount  of  asphalt  which 
will  yield  30  grams  bitumen  are  placed  in  the  retort 
and  heated  until  it  melts.  The  flame  is  now  raised 
until  the  first  drop  distils  and  so  adjusted  that  about 
one  drop  in  two  seconds  is  collected.  The  distillate 
is  collected  in  the  weighing  tubes  (the  weight  of  which 
were  previously  obtained)  in  5  cc.  portions  and  kept 
separate.  After  weighing  the  tubes  with  the  oil,  each 
of  the  distillates  is  dissolved  in  10  cc.  portions  of  ether. 
The  ethereal  solution  is  then  washed  with  water  in  a 
separatory  funnel  until  free  from  mineral  acids  which 
may  be  present,  transferred  to  the  Erlenmeyer  flask, 
diluted  with  75  cc.  neutral  alcohol,  5  cc.  of  the  alkaline 
blue  solution  are  added  and  titrated  until  the  red  color 
changes  to  blue.  The  acid  number  is  expressed  in 
milligrams  of  KOH  used  to  neutralize  the  acid  in  i 
gram  of  oil  distillate.  The  following  table  shows  some 
of  the  results  obtained: 

Acid  Value 

Brand  of  Asphalt  Dist.  1  Dist.  2 

1  Pure  Trinidad 16.20  8.40 

2  Pure  Trinidad 15.70  7.90 

3  Pure  Bermudez 9.80  3.20 

4  Pure  Bermudez 9.60  3.60 

5  Pure  California 0.11  0.07 

6  Pure  California 0.19  0.04 

7  Maltha  flux 0.12  0.25 

8  Maltha  flux 0.16  0.19 

9  Bermudez  maltha 9.80  2.30 

10  Mexican 0.24  0.05 

11  Mexican 0.22  0.09 

12  Bermudez  -|-  California 4.90  1.20 

13  Bermudez   +  Mexican 5.40  2.00 

14  Bermudez +California-l-maltha.  5.50  1.70 

15  Bermudez +Mexican-t-maltha.  .  5.15  1.22 

The  above  table  shows  clearly  that  the  acid  values  of 
natural  asphalts  are  considerably  higher  than  those  of  oil 

'  Chem.  ?.tg.,  36.  84.  801. 


asphalts.  The  second  distillate  in  both  Trinidad  and 
Bermudez  asphalts  shows  still  some  acid  value,  while  in 
California  the  second  distillate  is  almost  free  from 
acids.  Therefore,  if  the  acid  value  falls  below  i.o 
we  can  safely  say  that  we  are  dealing  with  an  oil 
asphalt  or  a  mixture.  If  we  deal  with  an  asphaltic 
cement,  which  will  be  shown  by  taking  the  penetra- 
tion, ductility  and  other  physical  tests,  we  should 
expect  an  acid  value  of  not  less  than  what  is  given 
under  No.  9.  If  it  is  lower,  we  can  expect  to  deal 
with  a  mixture. 

The  acid  number  is  of  great  value  as  a  preliminary 
test,  to  determine  whether  we  deal  with  natural  or 
oil  asphalts  or  a  mixture.  It  was  also  noted  that  the 
behavior  of  the  asphalts  in  the  retort,  while  distilling, 
indicates  the  nature  of  the  asphalt.  Dealing  with 
natural  asphalts  we  have,  as  soon  as  distillation 
starts,  dense  yellow  fumes,  emitting  a  strong  sulfide 
odor,  which  are  entirely  absent  in  California  and  other 
oil  asphalts.  Oil  asphalts,  too,  distil  much  easier 
than  natural,  but  at  a  higher  temperature. 

Having  ascertained  the  acid  value  of  the  asphalt,  the 
next  step  was  to  determine  the  saponifiable  quantity. 
Five  grams  of  ash-free  asphalt  are  dissolved  in  30  cc. 
benzol.  This  is  boiled  with  50  cc.  N  alcoholic 
KOH  under  a  reflux  condenser.  After  cooling 
to  room  temperature,  250  cc.  95  percent  alcohol  are 
added  and  the  excess  of  alkali  titrated  back  with  N 
H0SO4  using  alkaline  blue  as  an  indicator.  The  end 
reaction  is,  in  spite  of  the  dark  color  of  the  solution, 
very  distinct.  The  flask  is  now  heated  again  on  the 
water  bath  and  more  acid  added  if  the  red  color  re- 
appears. This  is  to  be  kept  up  until  the  color  remains 
blue.  A  blank  determination  is  run  alongside  on  the 
reagents  used,  to  make  allowance  for  the  action  of  the 
alkali  on  the  glass. 

The  following  table  shows  the  results  obtained  by 
the  above  method : 

Asphalt  Sapon.  No. 

Trinidad 40.0 

Bermudez 28.0 

California 12.0 

Mexican 10.5 

Maltha  flux 8.0 

Bermudez  and  California.  1  ;   1 20.5 

Trinidad  and  California.  1   :    1 26.0 

Bermudez  and  Mexican,  1   :    1 19.7 

Trinidad  and  Mexican.  1  :   1 24.9 

The  above  shows  very  clearly  the  great  difference 
between  natural  and  oil  asphalts.  The  difference  of 
this  constant  enables  one  to  tell  not  only  the  nature 
of  the  asphalt,  but  also  give  fairly  accurate  quan- 
titative results. 

It  is  interesting  to  note  that  in  asphalts,  there  is 
such  a  great  difference  in  these  two  constants — the 
acid  and  saponification  value  and  undoubtedly  a 
further  investigation  will  reveal  more  distinguishing 
means  between  the  various  brands  of  asphalts. 

The  foregoing  proves  that  there  are  a  number  of 
tests  which  are  of  great  value  as  single  tests.  In 
conjunction  with  other  tests  they  show  conclusively 
the  nature  of  the  asphalt  or  mixture.  Furthermore, 
if  the  flux  is  known  a  mixture  of  oil  and  natural  asphalts 
can  readily  be  recognized,  as  the  following  table  shows. 
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Acid 

Fixed  Mineral         value 

carbon  matter  ' ' ■ 

Per            Per          1st      2nd  Rapon.                Conclusion  as  to 

No.          cent  cent  Dist.   Dist.  value                nature  of  asphalt 

1 12.30  4.90  9.6      i.6  29.8  Bermudez 

2 9.95  35.60  15.9      8.1  36.0  Trinidad 

3 15.85  Trace  0.16  0.08  11.2  California 

4 10.10  Trace  0.12  0.18  7.4  Maltha  California 

5 14.60  2.21  4.9      1.2  19.3  Bermudez    1   :    1 

6 14.15  2.94  4.7      0.9  22.0  California  and  Bermudez  3  :    7 

7 16.87  0.20  0.24  0,05  9.8  Mexican 

8 17.24  0.22  0.22   0.09  10.7  Mexican 

In  concluding,  I  wish  to  acknowledge  my  indebtedness 
to  Dr.  F.  Kleeberg  for  his  valuable  advice. 

Department  of  Public  Works 
Borough  of  Manhattan,  New  York  City 


CHEMICAL  UTILIZATION  OF   SOUTHERN  PINE  WASTE 

By  M.  C.  Whitaker  and  J.  S.   Bates 
Received  February  13,  1914 

The  utilization  of  waste  resinous  wood  not  fit  for 
lumber  is  a  problem  of  great  economic  importance. 
The  representative  species  are  the  Douglas  fir,  the 
Norway  pine  and  the  western  yellow  pine  of  the  Pacific 
slope,  the  long-leaf  pine  and  the  associated  Cuban 
pine  of  the  southeastern  states,  the  less  important 
digger,  lodgepole,  sugar  and  pinon  pines  of  the  West 
and  the  short-leaf  and  loblolly  pines  of  the  South. 

The  most  abundant  resinous  wood  and  the  most 
important  industrially  is  the  long-leaf  southern  pine, 
Finns  palustris.  As  is  well  known,  this  is  the  chief 
wood  of  the  South  Atlantic  and  Gulf  States  and  con- 
stitutes over  one-quarter  of  the  total  timber  cut  in 
the  United  States.  It  is  estimated  that  the  forest 
areas  cover  over  70  million  acres  and  that  the  stand  of 
long-leaf  pine  amounts  to  about  232  billion  board 
feet.' 

The  utilization  of  this  waste  resinous  wood  is  an 
increasingly  important  factor  in  the  naval  stores 
industry.  The  virgin  forests  which  have  supplied 
the  world  with  turpentine  and  rosin  from  gum  are 
disappearing  at  a  rapid  rate  and  the  principles  of  con- 
servation demand  that  the  tapping  and  wasting  of  the 
living  trees  should  be  relieved  as  far  as  possible  by  the 
recovery  of  resinous  products  from  the  felled  waste 
wood. 

COMPOSITION    OF    LONG-LEAF    PINE 

The  constituents  of  economic  value  existing  in  long- 
leaf  pine  are  the  oleoresin  and  the  wood  itself.  The 
products  actually  obtained  from  the  pine  depend  on 
the  methods  of  treatment. 

The  oleoresin  varies  widely  in  amount  but  its  com- 
position is  fairly  uniform;  the  volatile  oils  comprise 
approximately  20  per  cent  of  the  crude  gum  and 
colophony  or  rosin  makes  up  the  remainder.  The 
volatile  oils  or  "crude  turps"  yield  from  60  to  80 
per  cent  actual  turpentine  and  from  40  to  20  per  cent 
heavier  oils  known  collectively  as  "pine  oil."  The 
turpentine  in  the  wood  consists  mainly  of  a-pinene 
with  smaller  amounts  of  |8-pinene,  dipentene,  camphene 
and  traces  of  other  oils.^     The  pine  oil  is  essentially 

'  U.  S.  Dept.  Agric,  Forest  Service,  Bull.  99,  p.  8. 
»  Ibid.,    119,  p.  7;  Bur.  Chem.,  Bull.  144,  p.  21. 


terpineol,  with  smaller  amounts  of  borneol,  fenchyl 
alcohol,  limonene,  cineol  and  other  terpenes  and  re- 
lated compounds.  Gum  turpentine  issues  from  the 
sapwood  of  the  living  tree  and  consists  almost  en- 
tirely of  pinene,  whereas  the  volatile  oils  of  the  heart- 
wood  contain  appreciable  amounts  of  dipentene  and 
heavier  oils.  The  main  constituent  (80-90  per  cent) 
of  the  rosin  is  believed  to  be  abietic  acid  or  its  an- 
hydride; unsaponifiable  matter  usually  occurs  to  the 
extent  of  about  10  per  cent. 

The  true  wood,  con.sidered  apart  from  oleoresin  and 
moisture,  is  essentially  lignocellulose,  made  up  of 
55-65  per  cent  stable  cellulose,  (CeHioOs)^,  associated 
in  a  colloidal  state  with  about  30  per  cent  lignin,  a 
carbohydrate  body  approaching  the  empirical  formula' 
C6H7O3.  The  balance  is  made  up  of  lower  carbo- 
hydrates, chiefly  pentosans  and  hexosans,  and  small 
amounts  of  protein  and  mineral  matter.  The  moisture 
content  of  pine  varies  from  about  5  per  cent  in  very 
fat  wood  to  30-40  per  cent  or  more  in  some  classes  of 
lean  wood. 

CLASSIFICATION    OF    WOOD    WASTE 

It  is  estimated  that  at  least  60  per  cent  of  the  tree 
is  wasted  in  the  manufacture  of  lumber. - 

Sawdust,  slabs  and  edgings  represent  about  35 
per  cent  of  the  original  tree.  Sawdust  is  usually  low 
in  oleoresin  since  its  fine  state  of  division  allows  more 
or  less  volatilization  of  the  turpentine  and  average 
saw  lumber  is  lean.  Slabs  are  available  in  large 
quantities  and  offer  one  of  the  most  convenient  sources 
of  raw  material.  Their  percentage  of  bark  is  of  course 
very  high  and  its  removal  is  a  problem  to  be  considered. 
Furthermore,  slabs  come  from  the  outer  sapwood  of 
the  tree,  where  the  oleoresin  content  is  lowest.  The 
richest  slabs  are  those  from  the  "box  face"  of  trees 
which  have  been  tapped  for  gum  resins. 

Forest  waste  amounts  to  about  25  per  cent  of  the 
original  tree.  Large  branches,  tree-tops  and  oc- 
casional logs  left  by  the  lumbermen  afford  raw  ma- 
terial in  forms  compact  enough  for  handling.  Stumps 
usually  have  a  high  oleoresin  content  and  their  utiliza- 
tion is  of  special  importance  in  cases  where  the  land  is 
being  cleared  for  agricultural  purposes. 

The  most  attractive  class  of  forest  waste  is  the 
"dead  and  down"  material  known  as  "lightwood." 
After  a  tree  dies  the  bark  and  outer  sapwood  gradually 
decay  and  in  five  to  fifteen  years  there  is  left  a  resinous 
log,  which  resists  the  natural  processes  of  disintegra- 
tion for  long  periods.^  Lightwood  is  often  charred 
by  the  ground  fires  which  run  through  the  pine  forests. 

INDUSTRIAL    PROCESSES 

The  processes  now  employed  for  recovering  valuable 
products  from  resinous  woods  have  already  been 
adequately  described  in  This  Journal.*     The.  methods 

'  Klason,  see  Schwalbe,  "Die  Chemie  der  Cellulose,"  pp.  395  and  441; 
Dean  and  Tower,  J.  Am.  Chem.  Soc,  29,  1119;  Cross  and  Bevan,  "Re- 
searches on  Cellulose.  III." 

=  U.  S.  Dept.  Agric.  V.  B.  Sep..  834  (1910),  257. 

'  Tschirch  in  "Die  Harze  und  die  Harzbehalter"  describes  the  pro- 
gressive accumulation  of  rosin  in  a  wounded  or  dead  tree  as  a  pathological 
process  carried  on  by  minute  organisms. 

*  Herty.  This  Journal,  6,  65;  Teeple,  S,  680;  French  and  Withrow,  6, 
148. 
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differ  rather  widely  in  principle  and  yield  a  variety  of 
end  products.  Turpentine  orcharding  provides  high- 
grade  turpentine  and  rosin  by  the  tapping  of  living 
trees.  Destructive  distillation  of  rich  pine  yields 
turpentiije,  rosin  spirits,  rosin  oils,  tar  oils,  pitch, 
charcoal  and  other  products.  Steam  distillation  of 
shredded  wood  provides  for  the  removal  of  only 
turpentine  and  pine  oil.  There  has  been  some  com- 
mercial succ'ess  in  extracting  rosin  and  turpentine  from 
resinous  pine  by  means  of  volatile  solvents,-  such  as 
gasoline  and  naphtha.  Rosin  may  also  be  dissolved 
by  solutions  of  alkali.  In  some  cases  the  volatile  oils 
have  been  extracted  by  hot  baths  of  non-volatile  or 
high-boiling  material,  such  as  rosin,  pitch,  pine  tar, 
etc.  The  hydrolysis  of  the  lignocellulose  complex  of 
wood  by  dilute  solutions  of  sulfurous,  sulfuric  or 
hydrochloric  acids  at  elevated  pressures  and  the  pro- 
duction of  ethyl  alcohol  from  the  fermentable  sugars 
so  formed  constitute  a  problem  of  ever-growing  in- 
terest. 

The  use  of  long-leaf  pine  for  the  manufacture  of 
pulp  and  paper  is  an  industrial  development  of  recent 
years.  Several  plants  are  already  in  operation  in  the 
South    and   other   extensive   projects   are   under   way. 

The  soda  and  the  sulfate  processes  are  preferred,  while 
sound,  lean  wood  is  best  adapted  to  pulpmaking. 
The  large  quantities  of  mill  waste  in  the  South  offer  a 
convenient  and  cheap  source  of  raw   material. 

To  make  the  treatment  of  the  more  resinous  classes 
of  pine  waste  profitable,  attention  must  be  given  to 
by-products.  Rosin  and  turpentine  may  be  first 
removed  by  a  volatile  solvent.'  Several  of  the  methods 
suggested  have  aimed  at  preliminary  removal  of  the 
volatile  oils  in  a  pure  form  by  distilling  at  moderate 
pressures  with  steam  alone^  or  in  presence  of  alkali 
solutions.'  It  has  been  claimed  that  part  of  the  rosin 
can  be  melted  down  and  tapped  from  the  bottom  of 
the  •  digester.^  The  spent  pulping  liquors  may  be 
evaporated  and  destructively  distilled  to  yield  rosin 
spirits,  pyroligneous  acid,  tar,  etc.^ 

SCOPE    OF    INVESTIGATION 

In  the  chemical  utilization  of  resinous  wood  waste 
on  a  profitable  commercial  basis,  it  is  essential  to  aim 
at  simplicity  of  treatment  and  at  the  same  time  pro- 
vide for  a  complete  recovery  of  valuable  products. 
Under  existing  processes  one  or  more  of  the  valuable 
constituents  of  the  wood  is  usually  impaired  or  sacri- 
ficed or  the  operations  involve  unusual  or  expensive 
difficulties.  The  minimum  number  of  end  products 
is  a  decided  advantage  and  all  processes  must  be 
simple  and  inexpensive. 

It  was  with  these  considerations  in  mind  that  an 
investigation  of  resinous  pine  waste  was  undertaken. 
As  excellent  paper  pulp  had  been  made  from  long- 
leaf  pine  it  seemed  likely  that  a  process  might  be 
perfected  by  which  the  most  valuable  products — 
turpentine,  rosin  and  pulp— might  all  be  recovered  in 
marketable    form.     Since    rosin    is    readily    saponified 

■  Rowley.  U.  S.  Pat.  942,106. 

=  Hough,  U.  S.  Pat.  903,859. 

>  Craighill  and  Kerr.  U.  S.  Pat.  817,960. 

«  Saylor,  U.  S.  Pat.  1,004.473;  Hoskins,  U.  S.  Pat.  770.463. 

'  U.  S.  Dept.  Agric,  Bur.  Chem.,  Bull  169. 


by  alkalies  and  thereby  rendered  soluble  in  water, 
it  was  decided  to  make  use  of  this  principle  in  ex- 
tracting the  rosin  from  the  wood.  The  fact  that 
turpentine  and  pine  oil  are  volatile  with  steam  at 
temperatures  far  below  their  boiling  points  suggested 
making  the  preliminary  extraction  at  low  steam 
pressures,  thus  allowing  separation  of  the  volatile 
oils.  After  removal  of  the  rosin  and  turpentine, 
the  chips  could  be  steamed  \/ith  stronger  alkali  under 
pressure,  for  the  production  of  paper  pulp. 

In  addition  to  the  investigation  of  the  factors 
affecting  such  a  treatment  of  the  wood,  it  was  im- 
portant to  determine  the  quality  and  yields  of  the 
products  and  to  provide  for  their  purification. 

There  have  been  a  number  of  suggestions  for  the 
utilization  of  resinous  materials  involving  the  principle 
of  alkali  extraction. 

Craighill  and  Kerr'  patented  a  process  by  which 
chipped  wood  is  treated  first  with  a  small  volume  of 
liquor  containing  an  amount  of  caustic  soda  "just 
sufficient  to  saponify  the  rosin  and  oils  and  neutralize 
the  (volatile)  acids  without  dissolving  the  other 
extractive  matters  of  the  wood."  Steam  is  admitted 
long  enough  to  distil  the  terpenes;  water  is  then  added 
to  submerge  the  chips  in  alkaline  solution,  and  steam- 
ing is  continued  until  saponification  of  rosin  is  com- 
plete. The  solution  is  then  drawn  off  and  the  chips 
treated  with  a  strong^er  caustic  solution  for  the  pro- 
duction of  paper  pulp. 

J.  Aktschourin'^  provides  for  the  extraction  of 
resinous  material  by  heating  with  dilute  alkali  below 
ioo°  C.  at  several  atmospheres  pressure.  The  lower 
temperature  lessens  the  attack  of  the  lignin.  The 
liquor  is  drawn  off  and  cooled  to  precipitate  a  certain 
amount  of  emulsified  resin  and  rosin  soap.  The 
filtrate  is  used  in  digesting  the  fibrous  material  at  high 
steam  pressure  for  pulp. 

Where  turpentine  is  the  only  product  desired, 
alkali  has,  in  some  cases,  been  added  primarily  to 
disintegrate  the  rosin  and  thereby  permit  a  more 
nearly  complete  distillation  of  the  volatile  oils.' 

Kerr*  has  suggested  a  continuous  process  for  the 
removal  of  turpentine  and  rosin  from  wood,  the 
turpentine  being  first  distilled  with  steam  and  the 
rosin  being  subsequently  dissolved  in  alkaline  liquor. 

PRELIMINARY    EXPERIMENTS 

From  a  shipment  of  assorted  pine  waste,  the  "box- 
face  slab"  material  was  selected  as  being  best  suited 
to  a  laboratory  investigation.  This  wood  was  sound 
and  clean,  and  very  rich  and  uniform  in  oleoresin 
content.  When  reduced  to  chips  or  shavings  the  wood 
had  a  strong  turpentine  odor  and  burned  freely  with  a 
characteristic,  smoky  flame.  Box-face  slabs  con- 
stitute a  comparatively  expensive  and  restricted  source 
of  raw  material  for  commercial  supply  and  the  oleo- 
resin content  (30-40  per  cent)  is  higher  than  that  of 
average  lightwood  (15-25  per  cent).  This  material, 
then,   should   present  perhaps  the  severest  conditions 

■  U.  S.  Pat.  817,960.  April  17,  1906. 

=  French    Patents  432.998,  Aug.  5.  1911.  and  433.424,  Aug.   11,   1911, 
Ger.  Pats.  248,275,  July  12.  I9I2,  and  257,015,  Jan.  12,  1913. 
3  Hough.  U.  S.  Pat.  903,471. 
*  U.  S.  Pat.  832,863. 
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for  complete  extraction  of  rosin  and  turpentine,  but 
the  yields  must  be  considered  a  maximum  for  southern 
pine  waste. 

Sample  slabs  were  carefully  cleaned  by  the  removal 
of  bark,  rosin  "scrape"  and  other  surface  material. 
Only  the  clean,  inside  wood  was  used  in  the  investiga- 
tions. Some  of  the  wood  was  reduced  to  large  chips — 
about  I  in.  X  V4  in.  X  Vs  in. — some  to  small  chips — 
about  V2  in-  X  V4  in.  X  Vae  in. — and  another  portion 
to  thin  shavings. 

A  number  of  preliminary  extraction  experiments 
were  made  to  determine  the  action  of  caustic  soda  and 
sodium  carbonate  on  the  wood  under  various  conditions 
of  temperature  and  pressure.  In  general,  caustic  soda 
seemed  to  be  the  more  effective  reagent  for  rosin  ex- 
traction. Sodium  carbonate  gave  cleaner  extracts  by 
reason  of  its  milder  attack  of  the  lignocellulose,  but 
penetration  of  the  wood  was  in  most  cases  incomplete. 
Elevated  temperatures  and  pressures  facilitated  the 
removal  of  rosin  and  turpentine,  but  occasioned 
greater  attack  of  the  wood  itself.  Vacuum  treatment 
proved  unsatisfactory,  due  to  slow  penetration  of  the 
alkali  into  the  wood  at  the  lower  temperatures  and  to 
the  tendency  toward  frothing,  especially  while  tur- 
pentine distillation  was  proceeding  most  rapidly.  The 
size  of  wood  unit  proved  to  be  a  highly  important 
factor  in  extraction  of  the  oleoresin.  A  fine  state  of 
division,  represented  by  the  shavings,  greatly  simplified 
the  problem  of  extraction.  On  the  other  hand,  the 
production  of  good  paper  pulp  necessitates  the  prep- 
aration of  the  wood  in  chip  form  and  this  introduced 
some  complication  in  the  preliminary  alkali  treatment. 
The  brown  extracts  obtained  by  heating  the  resinous 
wood  in  dilute  caustic  solutions  consisted  mainly  of 
sodium  resinate  and  the  sodium  salts  of  humic  acids. 
Isolation  of  the  rosin  content  of  the  alkali  extract  was 
accomplished  by  salting  out  the  rosin  soap  with  caustic 
soda.  Humus  itself  is  soluble  in  alkaline  solution 
but  a  small  part  is  carried  down  by  the  colloidal  soap. 
Sodium  resinate  is  quite  soluble  in  hot  alkaline  solu- 
tions, as  well  as  in  neutral  or  faintly  alkaline  solu- 
tions in  the  cold,  but  is  only  slightly  soluble  in  cold 
alkaline  solutions  when  the  concentration  of  free 
caustic  soda  exceeds  about  4  per  cent.  This  solu- 
bility determines  the  loss  in  recovery  of  the  soap. 

The  method  has  the  advantage  of  utilizing  the  same 
reagent  for  salting  out  as  is  employed  for  extracting 
the  wood  and  cooking  for  pulp.  No  acid  is  necessary 
for  precipitating  the  free  rosin,  if  the  soap  is  to  be  used 
as  such,  and  no  acid-resisting  apparatus  need  be  pro- 
vided. The  alkali  used  in  extracting  the  wood  and 
precipitating  the  soap  can  be  saved  partly  in  the 
form  of  sodium  resinate  (thereby  enhancing  the  value 
of  the  rosin  fraction),  and  partly  in  the  form  of  brown, 
supernatant  liquor  to  be  used  as  a  source  of  alkali  for 
the  soda  cook  of  the  extracted  chips.  After  the  pulping 
operation,  the  alkali  can  be  recovered  in  the  usual  way  by 
evaporating,  incineration  and  causticizing  the  waste 
soda  liquor. 

As  regards  actual  manipulation,  it  was  found  best 
to  add  the  excess  of  caustic  soda  to  the  hot  extract, 
so   that   precipitation   of   the   soap   took   place   rather 


slowiy  as  the  solution  cooled  down.  Very  strong 
alkali — above  10  per  cent  NaOH — gave  somewhat 
syrupy  solutions,  with  increased  contamination  of  the 
soap  by  humus  and  without  appreciable  gain  in  the 
quantity  of  soap  precipitated.  The  soap  precipitate 
proved  difficult  to  filter  and  was  separated  by  drain- 
ing or  syphoning.  With  this  procedure  the  soft 
precipitate  retained  an  appreciable  quantity  of  liquor. 
The  bulk  of  the  humus  was  removed  from  the  soap  by 
dissolving  the  same  in  the  minimum  amount  of  hot 
water  and  salting  out  again  with  caustic  soda. 
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Fig.  1 — Salting  Out  Curve 
as  sodiltm  resinate  in  naoh  solutio 


To  determine  the  power  of  caustic  soda  in  salting 
out  rosin  soap,  a  series  of  experiments  was  carried  out 
with  pure  rosin  on  a  quantitative  scale.  The  results 
are  summarized  in  Fig.  i. 

PRACTICAL    EXPERIMENTS 

Experiments  were  undertaken  on  a  larger  scale  to 
approach  more  closely  the  conditions  in  actual  com- 
mercial operation.  The  wood  was  prepared  in  the 
form  of  chips  of  the  ordinary  pulping  size,  then  sub- 
jected to  a  mild  preliminary  steaming  in  dilute  alkali 
to  recover  the  rosin  and  turpentine,  and  finally  cooked 
in  stronger  alkali  in  the  usual  way  for  pulp.  The 
preliminary  extraction  was  studied  to  determine  the 
conditions  for  complete  solution  of  the  rosin  and 
simultaneous  distillation  of  the  turpentine.  The 
draining  of  the  alkali  extract  from  the  chips  and  the 
salting  out  of  the  rosin  soap  by  subsequent  addition 
of  excess  caustic  soda  were  carried  out  with  con- 
servation of  alkali  in  mind,  as  well  as  high  recovery  of 
rosin  soap.  The  second  stage  of  the  process — the 
production  of  pulp  from  the  extracted  chips — was 
carried  through  to  note  any  possible  deleterious  effect 
of  the  preliminary  steaming  on  the  quality  or  yield 
of  the  final  pulp.  The  experiments  were  designed  to 
throw  light  on  the  problem  of  commercial  feasibility. 

The  wood  studied  was  limited  to  box-face  slab 
material,  reduced  to  chips  by  sawing  into  short  lengths 
and  splitting  to  an  average  size  of  about  I'/s  in.  X  '/4 
in.  X  V32  in.  These  chips  were  considerably  longer 
than  the  smallest  commercial  size  and,  as  penetration 
of  wood  proceeds  most  readily  along  the  grain,  the 
conditions  for  alkali  extraction  were  certainly  as 
severe  as  industrial  practice  would  necessitate.  The 
main  supply  of  chips  was  thoroughly  mixed  and  rep- 
resentative samples  obtained  for  analysis  by  quarter- 
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ing  and  subdividing.  The  chips  were  stored  in  stop- 
pered jars  to  prevent  loss  of  turpentine,  while  the 
samples  were  used  to  determine  the  composition  of  the 
wood. 

ANALYSIS    OF    THE    CHIPS 

The  rosin  content  was  determined  by  extracting 
25  gram  portions  of  the  very  fine  chips  with  ether  in  a 
Soxhlet.  On  drying  the  chips  at  105°  C.  after  ex- 
traction with  ether,  a  figure  was  obtained  representing 
the  percentage  of  "actual  wood" — free  from  moisture, 
turpentine  and  rosin.  This  value  has  been  used  in 
computing  the  true  pulp  yields.  The  percentage  of 
volatile  oils  could  not  be  accurately  determined  on  a 
small  scale,  so  the  highest  yield  obtained  in  the  subse- 
quent steaming  experiments  has  been  taken  as  a  close 
approximation  of  the  true  "turpentine"  content  of 
the  wood.  In  Expts.  s  and  6,  1500  grams  of  wood 
yielded  145  cc.  of  "turps"  weighing  approximately 
126  grams  on  the  basis  of  0.87  specific  gravity.  This 
shows  that  the  wood  contained  close  to  8.4  per  cent  by 
weight  of  turpentine  and  pine  oil. 

The  average  composition  of  the  wood  supply  was 
found  to  be  as  follows: 

Percentages 

"Actual  wood " 54.3 

Rosin 32.1 

Volatile  oils 8.4 

Moisture,  by  difference 5.2 

100.0 

Thus,  the  total  oleoresin  amounted  to  40.5  per  cent, 
made  up  of  79.2  per  cent  rosin  and  20.8  per  cent 
volatile  oils. 

APPARATUS 

The  digester  used  in  carrying  out  the  extraction 
and  cooking  of  the  wood  was  made  from  an  extra- 
heavy  cast  iron  tee,  6  in.  X  6  in.  X  4  in.  The  ap- 
paratus was  supported  in  a  horizontal  position  by 
resting  the  flanges  in  two  concrete  yokes.  The  4  in. 
outlet  of  the  tee  was  turned  upward  to  act  as  a  dome 
for  the  collection  of  steam  and  turpentine  vapor;  this 
arm  was  also  used  for  charging  and  discharging.  The 
digester  .  was  equipped  with  thermometer  pocket, 
pressure  gage  and  relief  line,  controlled  by  a  needle 
valve  and  leading  to  a  glass  condenser.  An  internal 
stirring  device,  consisting  of  a  small  shaft  fitted  with 
arms,  allowed  mixing  of  the  contents  of  the  digester 
when  desired.  As  condensation  was  too  great  when  the 
digester  was  heated  by  live  steam,  heat  was  furnished 
by  two  gas  burners. 

The  manipulation  was  much  the  same  in  all  the 
experiments.  For  the  preliminary  extraction,  from 
one  to  two  kilograms  of  resinous  chips  were  placed  in 
the  digester  and  covered  with  a  measured  volume  of 
alkaline  liquor,  containing  the  desired  amount  of  NaOH 
or  NaaCOa.  Space  had  to  be  left  for  steam  collection 
on  account  of  the  tendency  toward  foaming.  The  top 
flange  was  then  securely  bolted  in  place,  all  necessary 
connections  were  made  and  the  burners  started.  In 
about  an  hour  the  relief  line  \vas  opened  to  permit 
steam  distillation  of  the  volatile  oils.  The  burners 
were  controlled  to  maintain  a  fixed,  low  pressure 
(between  15  and  30  pounds)  for  extraction  of  the  rosin. 


Agitation  was  carried  on  continuously  or  inter- 
mittently to  prevent  local  overheating  and  to  facilitate 
solution  of  the  rosin.  Continuous  stirring  tended  to 
fray  the  chips  and  render  them  less  suitable  for  pulp- 
ing. 

The  turpentine  fractions  were  in  most  cases  isolated 
every  fifteen  minutes  during  the  relieving  period. 
Figs.  2  and  3  show  the  rate  of  evolution  of  the  volatile 
oils  and  the  changes  in  refractive  index  and  specific 
gravity   during  the   course   of   distillation.     After   the 
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preliminary  treatment  no  longer  yielded  turpentine 
in  measurable  amounts,  the  burners  were  removed 
and  the  pressure  diminished.  The  digester  was  then 
inverted  by  rotating  in  its  seat  and  the  hot  liquor 
drained  through  the  relief  line. 

The  "direct  extract"  was  dark  brown  in  color  and 
the  rosin  was  in  perfect  solution.  For  analytical 
purposes  the  liquor  was  aliquoted,  which  presented 
some  difficulties.  The  liquor  had  to  be  kept  hot  to 
prevent  precipitation  of  the  rosin  soap  and  the  syrupy 
solution  was  not  easy  to  handle.  Some  of  the  aliquot 
portions  were  strengthened,  while  hot,  with  additional 
caustic  soda  to  make  the  precipitation  of  resinate  more 
nearly  complete.  On  cooling,  the  direct  extract  gave 
bulky  precipitates  of  fairly  white  rosin  soap.  The 
dark  supernatant  liquors  were  decanted,  drained 
through  cotton  or  filter  paper  and  analyzed  for  un- 
precipitated  rosin.  The  soap,  more  or  less  con- 
taminated with  humus  and  liquor,  was  dissolved  in 
water  and  the  rosin  determined  in  the  usual  way. 

The  chips  retained  from  i  to  1.5  times  their  weight 
of  liquor  after  draining.  This  represents  a  serious 
loss  of  rosin.  In  order  to  recover  tnost  of  this  soap, 
the  chips  were  washed  by  covering  with  hot  water  and 
boiling  for  some  time.  The  "first  wash  liquor"  was 
drained  as  before,  cooled  and  aliquoted  for  determina- 
tion of  rosin  content.  The  color  of  the  solution  was 
dark    brown.      No    soap    precipitated    on    cooling,    al- 
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though  about  go  per  cent  could  be  precipitated  by 
caustic  soda. 

To  further  clean  the  chips  enough  to  allow  sampling 
and  careful  examination,  the  wood  was  washed  a 
second  time  by  boiling  with  fresh  water.  This  "second 
wash  liquor"  contained  but  little  rosin.  In  actual 
practice  the  chips  would  be  ready  for  the  introduction 
of  pulping  liquor  after  draining  the  first  wash  liquor 
from  the  digester. 

The  extracted  chips  after  washing  as  above  were 
discharged  from  the  digester  and  allowed  to  dry  some- 
what. The  chips  had  been  appreciably  softened  by 
the  alkali  and  darkened  by  partial  attack  of  the 
lignin.  After  thorough  mixing,  the  weight  was  taken 
and  the  mixture  sampled.  The  sample  was  reduced 
to  small  chips  and  boiled  with  successive  portions  of 
water  to  remove  the  last  traces  of  sodium  resinate. 
This  final  washing  yielded  small  amounts  of  rosin 
soap.  The  chips  were  then  dried  in  the  oven  and  ex- 
tracted with  ether  to  determine  the  percentage  of  un- 
saponified  rosin  left  in  the  wood.  This  indicated  the 
efficiencv  of  the  alkali  extraction. 


where  preliminary  extraction  of  the  rosin  had  been 
incomplete. 

At  the  end  of  the  cook,  the  pressure  was  drawn  down, 
the  hot  liquor  drained  off  and  the  pulp  washed 
thoroughly.  To  determine  the  yield,  the  pulp  was 
pressed  by  hand,  carefully  sampled,  and  the  aliquot 
portion  dried  at  105°  C.  The  pulp  was  refined  in  a 
small  beater,  samples  being  taken  at  intervals  and  made 
into  sheets  on  a  hand  frame. 

Table  I  contains  most  of  the  important  data  bearing 
on  the  preliminary  extractions.  The  rosin  determina- 
tions have  been  reserved  for  later  discussion.  (See 
Table  II) 

In  computing  turpentine  yield,  a  factor  was  worked 
out  for  the  transformation  of  volume  in  cubic  centi- 
meters to  gallons  per  cord.  A  yield  of  i  cc.  from  100 
grams  of  wood  is  equivalent  to  a  production  of 
4000  -^  (100  X  8.33s)  =  4.8  gallons  from  a  cord  of  4000 
pounds.  The  wood  used  probably  weighed  con- 
siderably more  than  4000  pounds  per  cord,  but  this, 
figure  has  been  chosen  as  a  conservative  estimate  for 
rich  pine. 


Table  I — Preliminary  Alkali  Extr 


Alka 


Used 


N'u.v 


OF  Resinous  Chips 


Sodium  Hydroxide — NaOH 


SODIUBJ 

Carbonatb" 
NaiCOs 


EXPERIN 

Weight  of  resinous  chips,  grams 2000 

Na20  used,  multiple  of  theoretical  value. . i.2 

Volume  of  liquor,  cc 7000 

Strength  of  liquor,  per  cent  Na20 2.6 

Relieving  pressure,  pounds  gage 20 

Time  under  pressure,  hours 3.5 

Crude  Turpentine 

Cubic  centimeters 113 

GaUons  per  cord  (4000  lbs.) 27.1 

Index  of  refraction  at  15°  C 

Specific  gravity  at  1 5  °  C 

Dry.  extracted  chips  (rosin-free),  per  cent  of  original  wood 

"Humus,"  dissolved,  per  cent  of  actual  wood 


The  sample  of  chips  was  finally  dried  at  105°  C. 
and  weighed  giving  the  percentage  of  dry,  rosin-free 
wood.  The  difference  between  the  true  wood  content 
of  the  original  resinous  material  and  the  weight  of  the 
wood  after  alkali  extraction  showed  the  extent  of  de- 
composition of  the  lignocellulose. 

The  second  stage  of  the  treatment  was  the  pro- 
duction of  pulp  from  the  wood.  The  main  portion 
of  the  chips,  after  alkali  extraction  and  washing,  was 
returned  to  the  digester  for  the  soda  cook.  Caustic 
soda  solution  was  added  to  cover  the  chips  and  provide 
amounts  of  Na20  varying  from  15  to  35  per  cent  of 
the  weight  of  the  wood. 

A  gage  reading  of  100  pounds  was  reached  in  i-i'/2 
hour.s.  The  pressure  was  held  at  this  arbitrary  value 
for  about  three  hours  to  obtain  satisfactory  disin- 
tegration of  the  wood.  The  preliminary  treatment  had 
already  dissolved  some  of  the  lignin,  so  the  final  cook- 
ing was  comparatively  short. 

The  contents  of  the  digester  were  agitated  by 
stirring  frequently.  Distillation  was  carried  on  at 
intervals  to  detect  any  further  evolution  of  turpentine. 
Only  a  few  drops  were  obtained,  except  in  those  cases 


30-40 

3.0 


1.4742 
0.8753 


1000 

2.17 
5000 

1.25 
25-30 

4.0 


44.6 
1.4742 
0.8854 


1500 

4.34 
7000 


1500 

3.47 
7000 

2.  14 
15-20 

4.0 


46.4 
1.4738 
0.8743 

40.8 
24.8 


6(0) 
1500 

3.0 

7150 

1.82 

15-20 

3.5 


7000 
2.02 


41  0 
1.4742 
0.8774 


17.5       24.1       24.8       23.2       11.4 

(O)  Extraction  of  smaller  chips. 

The  important  variable  in  the  various  runs  was  the 
ratio  of  alkali  to  wood.  The  unit  basis  for  calculating 
the  amount  of  NaOH  or  NajCOs  to  be  used  in  the  pre- 
liminary treatment  was  the  weight  of  Na20  theoretic- 
ally necessary  to  saponify  the  rosin  in  the  wood. 
Although  abietic  acid  has  a  molecular  weight  of  about 
312,  American  rosin^  acts  as  if  its  "molecular  weight" 
were  close  to  346.  Of  course,  each  sample  of  rosin 
has  its  own  saponification  number,  but  for  convenience 
the  latter  figure  above  has  been  taken  as  an  approxima- 
tion of  the  average  combining  weight  of  the  rosin  in 
the  chips.  On  this  basis  rosin  would  require 
31  -^  346  =  8.96  per  cent  of  its  weight  of  Na20  to 
produce  a  neutral  sodium  resinate.  The  wood  under 
consideration  contained  32.1  per  cent  of  rosin,  so  that 
100  parts  of  resinous  wood  required  at  least  2.88 
parts  of  Na20  for  complete  saponification  of  the  rosin 
therein.  The  amounts  of  Na^O  actually  used  have 
been  expressed  as  multiples  of  this  unit  value.  The 
attempt  was  to  find  the  least  amount  of  caustic  which 
would  completely  extract  the  rosin  before  neutraliza- 

i  Lewkowitsch,  "Chemical  Technology  and  Analysis  of  Oils,  Fats  and 
Waxes."  Vol.  I,  p.  499. 
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tion,  under  conditions  allowing  efficient  turpentine 
distillation  and  still  preventing  undue  attack  of  the 
wood  itself.  With  the  preliminary  extraction  con- 
tinued for  3.5  to  4  hours  under  15  to  30  pounds  pres- 
sure, the  lower  limit  for  NaOH  was  found  to  lie  some- 
where between  2.17  and  3.0  times  the  theoretical 
amount  of  caustic  (see  Expts.  3  and  6).  In  the 
former  case  extraction  was  incomplete,  due  to  pre- 
mature neutralization  of  the  caustic,  while  in  the 
latter  there  was  thorough  penetration  of  the  wood 
and  an  appreciable  excess  of  NaOH  was  found  in  the 
black  liquors.  Under  the  conditions  employed,  the 
minimum  amount  of  caustic  necessary  for  extraction 
could  be  safely  placed  at  about  2.5  times  the  theoretical 
value.  The  excess  above  that  needed  for  saponifica- 
tion of  the  rosin  was  of  course  neutralized  by  combining 
■with  the  decomposition  products  from  the  wood  itself. 

The  relieving  pressure  was  varied  somewhat,  but 
without  appreciable  change  in  the  other  steaming 
factors.  The  aim  was  to  discover  the  lowest  pressure 
at  which  distillation  of  turpentine  and  penetration 
of  the  wood  could  be  carried  on  without  unduly 
lengthening  the  time  of  treatment.  To  attain  least 
contamination  of  the  rosin  extract  by  the  decomposi- 
tion products  of  the  lignin,  it  seemed  desirable  to  work 
toward  a  low  alkali  ratio  and  a  low  steaming  pressure. 
A  pressure  of  15-20  pounds  was  found  to  be  most 
efTective. 

The  time  consumed  in  extraction  varied  from  3.5 
to  4  hours  and  must,  in  most  cases,  be  considered  a 
maximum,  because  of  the  attempt  to  recover  all  the 
turpentine.  The  greater  proportion  of  the  run  was 
spent  in  distilling  the  last  small  portions  of  oil.  An 
important  feature  in  the  design  of  a  digester  for  prac- 
tical operation  would  be  the  provision  for  rapid  steam 
distillation,  so  that  the  final  portions  of  volatile  oil 
could  be  carried  over  as  soon  as  liberated  by  dis- 
integration of  the  rosin.  This  would  shorten  the  time 
of  preliminary  treatment  and  decrease  the  effect  of  the 
alkali  on  the  rosin  and  the  wood.  A  large  dome  or 
distilling  head  set  with  closed  steam  coils  might 
successfully  break  the  froth  and  allow  proper  control 
of  distillation  from  the  digester. 

There  was  considerable  attack  of  the  lignocellulose, 
as  may  be  seen  from  the  amounts  of  humus,  etc.,  dis- 
solved (i  1.4-24.8  per  cent  of  the  actual  wood).  This 
decomposition  of  lignin  seemed  to  depend  as  much 
on  the  time  of  contact  with  the  alkali  as  on  the  strength 
of  caustic  used.  This  action  does  not  signify  a  waste 
of  alkali  or  an  injury  to  the  wood,  but  rather  represents 
the  first  stages  of  the  ordinary  pulping  operation. 
The  dissolving  of  the  humus  is  objectionable  only 
because  of  its  contamination  of  the  rosin  soap  and  of 
the  extra  steps  involved  in  its  removal. 

Representative  curves  showing  the  rates  of  tur- 
pentine distillation  are  given  in  Fig.  2.  In  order  to 
compare  the  results  on  a  convenient  basis  the  yields 
from  Expts.  5  and  6  have  been  taken  as  standard 
and  assumed  to  be  100  per  cent  of  the  volatile  oils 
in  the  wood.  All  turpentine  fractions  in  the  four 
experiments  considered  have  been  calculated  as  per- 
centages of  this  maximum  value.     The  abscissas  rep- 


resent the  total  time  of  heating,  starting  from  room 
temperature.  The  ordinates  show  the  percentages 
of  the  total  turpentine  in  the  wood,  which  were  re- 
covered at  different  stages  of  the  steaming. 

The  most  noticeable  feature  of  the  curves  is  that  the 
great  bulk  of  the  turpentine  was  recovered  during  the 
first  stages  of  relieving  and  about  as  fast  as  the  steam 
could  carry  it  over.  After  relieving  one  hour,  ap- 
proximately 75  per  cent  of  the  turpentine  had  been 
recovered.  The  last  25  per  cent  was  evolved  more 
slowly.  With  proper  appliances  for  more  rapid 
distillation  of  steam,  it  is  quite  probable  that  this 
proportion  of  the  turpentine  could  be  recovered  in 
much  less  time.  The  final  upward  turns  of  the  curves 
represent  the  last  fractions  which  were  carried  over 
by  the  rather  large  quantities  of  steam  drawn  off  in 
reducing  the  pressure  to  atmospheric.  The  curve  for 
Expt.  7  shows  the  retardation  when  sodium  carbonate 
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Fig.  3 — Changes  in  Index    of    Refraction    and  Specific  Gravity  of 
Crude  Turpentine  during  Progress  of  Distili^tio.v 

was  used.  The  extraction  of  rosin  was  in  this  case 
incomplete.  The  vertical  portion  of  the  curve  indi- 
cates the  turpentine  fraction  recovered  during  final 
cooking  for  pulp.  » 

Another  feature  is  the  remarkable  similarity  of  the 
curves,  in  spite  of  the  differences  in  "treating  the  wood. 
In  the  three  experiments  where  caustic  soda  was  used, 
it  will  be  seen  that  the  curves  almost  converge  at  the 
two  hour  mark.  This  indicates  that  it  makes  little 
difference  whether  distillation  is  begun  as  soon  as 
pressure  is  evidenced  or  whether  relieving  is  post- 
poned a  little. 

The  gradual  flattening  of  all  the  curves  and  the 
marked  retardation  in  turpentine  evolution  in  Expt. 
7,  where  solution  of  the  rosin  was  slow  and  in- 
complete, indicate  pretty  clearly  that  disintegration 
of  the  rosin  is  necessary  for  efficient  turpentine  re- 
covery.    This    is    the    difficulty    experienced    in    the 
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ordinary  steam  distillation  process  where  the  fine 
resinous  material  must  be  subjected  to  the  action  of 
steam  for  3  to  10  hours  and  even  then  without  the 
recovery  of  the  last  traces  of  oil.  In  a  degree,  then, 
the  curves  represent  the  speed  of  alkali  penetration 
of  the  wood. 

The  amounts  of  steam  necessary  to  carry  over  the 
various  turpentine  fractions  are  important  from  a 
practical  view-point.  In  nearly  all  cases  the  first 
50  per  cent  of  the  oil  was  distilled  with  less  than  its 
own  volume  of  condensed  water-vapor.  The  next 
25  per  cent  required  from  i  to  4  times  its  volume  of 
aqueous  distillate,  the  ratios  in  the  most  representative 
experiments  (4,  5  and  6)  being  1.2,  1.3  and  i.o,  re- 
spectively. The  fraction  from  75  to  90  per  cent 
required  a  ratio  of  7-10  under  properly  regulated 
conditions.  The  figures, for  the  final  10  per  cent  are  not 
significant,  because  of  the  large  amount  of  steam  removed 
at  the  end  of  the  treatment  to  ensure  evolution  of  the 
last  traces  of  turpentine.  The  ratios  for  this  period 
varied  from  40  to  50.  It, will  be  apparent  that  the 
ratios  of  condensed  water  vapor  to  turpentine  are  well 
within  -the  practical  limits.  In  fact,  a  much  more 
rapid  evolution  of  steam  would  be  justified  in  order  to 
shorten  the  steaming  period. 

The  nature  of  the  turpentine  curves  suggests  that  it 
might  be  found  more  economical  in  practice  to  dis- 
continue the  preliminary  steaming  before  the  last 
traces  of  turpentine  were  removed.  This  would  mean 
a  saving  in  steam  consumption  and  a  less  severe  attack 
of  the  wood  itself. 

It  seems  reasonable  to  assume  that  a  properly 
conducted  alkali  extraction  will  allow  recovery  of  all 
the  volatile  oils  in  the  wood  in  a  high  state  of  purity. 

Fig.  3  serves  to  show  certain  changes  in  the  nature 
of  the  volatile  oils  during  the  progress  of  distillation. 
The  fractions  were  saved  separately  every  fifteen 
minutes  in  Expts.  4  and  5  and  the  refractive 
indices  and  specific  gravity  constants  of  each  fraction 
determined.  The  ordinates  have  been  chosen  to 
represent  the  various  stages  of  turpentine  distillation, 
expressed  in  percentages  of  the  total  turpentine  con- 
tent of  the  wood.  The  backward  turn  at  the  end  of 
each' curve  is  occasioned  by  the  final  fraction  obtained 
while  diminishing  the  pressure.  The  average  constants, 
obtained  by  finally  combining  all  the  fractions,  are 
shown  by  the  vertical  lines. 

The  curves  of  index  of  refraction  and  specific  gravity 
for  a  single  experiment  follow  closely  parallel  to  one 
another.  Moreover,  the  curves  are  materially  the 
same  for  the  two  experiments.  It  is  apparent  that  the 
oil  became  heavier  as  distillation  proceeded  and  that 
the  last  period  of  steaming  was  spent  in  removing  the 
fractions  which  approach  pine  oil  in  general  properties. 
This  shows  that  distillation  of  the  crude  turpentine 
is  not  coincident  with  its  liberation  from  the  rosin, 
for  otherwise  the  distillate  would  be  uniform  through- 
out the  run.  The  heavier  constituents  are  carried  over 
more  slowly  by  the  steam  and  require  extended  treat- 
ment to  ensure  their  recovery.  This  also  points  to 
the  advantage  of  rapid  steam  evolution  during  the  last 
stages  of  the  preliminary  treatment,  in  order  to  remove 


the  heavier  oils  from  the  solution  as  quickly  as  possi- 
ble. 

The  change  in  the  nature  of  the  oil  during  distillation 
suggests  that  this  direct  recovery  might  be  used  as  a 
preliminary  fractionation  of  the  crude  turpentine  into 
"wood  turpentine"  and  "pine  oil." 

RECLAIMING    OF    ROSIN 

Table  II  shows  the  distribution  of  the  rosin  content 
of  the  wood  after  alkali  extraction  and  washing.  The 
analytical  results  have  been  expressed  as  percentages 
of  the  total  rosin  in  the  original  wood  as  determined 
by  extraction  with  ether. 

As  already  mentioned,  the  direct  extract  was  all- 
quoted  and  treated  in  two  ways:  some  portions  were 
allowed  to  cool  directly;  others  were  treated  with  addi- 
tional caustic  soda  to  precipitate  the  soap  more  com- 
pletely and  leave   a  supernatant  liquor,   which   would 

PROCESS-     DIAGRAM 
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represent  a  solution  available  for  the  final  soda  cook 
in  industrial  practice.  Where  solution  of  the  rosin 
was  complete,  from  75  to  79  per  cent  was  removed 
in  the  first  draining.  Of  this  amount,  from  96  to  97 
per  cent  was  recovered  in  the  form-  of  soap  precipitate 
by  strengthening  the.  liquor  with  caustic  soda  up  to 
6  to  8  per  cent.  The  sodium  resinate  remaining  in 
solution  was,  of  course,  dependent  on  the  solubility 
of  the  soap  in  the  strong  alkali  and  on  this  account 
was  practically  a  constant  quantity — 2.3  to  2.8  per 
cent  of  the  total.  The  percentage  would  be  relatively 
higher  in  the  case  of  leaner  woods,  but  the  actual  loss 
is  comparatively  small.  This  unrecovered  rosin  would 
be  carried  through  the  soda  cook  and  would  be  of 
some  advantage  as  fuel  in  the  final  incineration  in- 
volved in  the  recovery  of  alkali  from  the  waste  pulping 
liquors. 

The    figures   for    direct    cooling    of   the    extract    are 
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interesting  only  in  showing  the  necessity  of  salting  out  was  the  black  liquor  from  the  preliminary   extraction 

the    soap    with    stronger    caustic.     The    filtrate   losses  of   rosin,    which   had   been   strengthened   with   caustic 

were  high  and  varied  inversely  as  the  excess  of  alkali  soda  to   salt   out   most   of  the  resinate.     The   sulfate 

left    in    the    extract  ■  after    preliminary    steaming.     In  process    would    have    yielded    better   fiber,    but    there 

Expt.      6,     for     instance,     where     the     caustic      was  seemed    no    necessity    of    complicating   the    treatment 

nearly  all  neutralized,  the  rosin  remaining  in  solution  by  the  addition  of  sodium  sulfide, 

amounted  to  20.2  per  cent  of  the  total.  In  the  first  seven  experiments,  the  chips  which  had 

From  10  to  12  per  cent  of  the  rosin  was  removed  been  subjected  to  alkali  extraction  and  washing  were 
in  the  first  washing  of  the  chips.  This  treatment  used  as  raw  material.  In  Expt.  8  a  single  steam- 
must,  therefore,  be  looked  upon  as  an  important  ing  of  the  wood  was  employed.  The  pressure  was 
step  in  the  process.  It  was  found  that  80  or  90  per  held  at  about  30  pounds  for  3  hours  in  order  to  dis- 
cent  of  this  rosin  soap  could  be  recovered  by  precipi-  integrate  the  rosin  and  to  distil  the  turpentine  without 
tation  with  caustic.  An  industrial  cycle  might  in-  decomposing  it.  The  pressure  was  then  raised  to 
volve  the  salting  out  of  the  resinate  in  this  way.     An  100  pounds  for  final  pulping. 

alternative   would  be  the   addition  of  enough   caustic  The  first  two  ratios — liquor  :  wood  and  NasO  :  wood 

soda  to  the  first  wash  liquor  to  allow  its  use  directly  — are  based  on  the  dry  weight  of  the  extracted  chips 

as  the  alkali  liquor  for  extraction  of  the  wood  in  the  in  Expts.  1—7  and  on  the  weight  of  the  original  resinous 

succeeding   cycle.     This   would   permit   the   precipita-  wood  in  Expt.  8.     "Causticity"  refers  to  the  percentage 

tion  of  the  inherent  resinate  in  the  next  "direct  ex-  of  sodium   oxide  present  in  the  cooking  liquor  in  the 

tract."  form  of   NaOH,  based  on    the  total    amount   present 

From  the  direct  extract  and  the  first  wash  liquor  it  both  as  NaOH  and  Na2C03. 

was  possible  to  recover  about  85  per  cent  of  the  total  The  pulp  was  dried  at   105°  C.  and  the  yield  cal- 

rosin  in  the  wood,  in  the  form  of  rosin  soap  precipitate  culated:  first,   as   percentage   of  the   original   resinous 

salted  out  of  solution  by  means  of  caustic  soda.  wood  to  show  the  over-all  yield;  second,  as  percentage 

Table  II — Distribution-  of  Rosin  after  Alkali  Extraction 

Results  in  Percentages  of  Total  Rosin  in  Original  Wood  as  Determined  by  Extraction  with  Ether;    Total  Rosin  =  32.1  Per  Cent 

Experiment  Number       3  4  5  6(0)  7('') 

f  soap  precipitate 48.2  70.7  6.5.5  59.2  53.3 

Direct  extract,  direct  cooUng  I  g,^^^^^ ^^^  ^^  3^  ^0.2  8.4 

_,  .      .  ,        „'  »,   „_,/ soap  precipitate. .      63.5  75.0  72.0  76.5  59.4 

Direct  extract,  strengthening  to  6  to  8  per  cent  NaOH  jg,,     ^  -,-  ,„  ,8  28  ''3 

Direct  extract,  total  rosin  as  soap 66 .  2                      77.2                      74 . 5  79 . 4  61.7 

First  wash  liquor,  soluble  rosin  soap 11.7                       10.6                       11.2  9.7  10.0 

Second  wash  liquor,  soluble  rosin  soap 2.9                        3.4                        2.5                         2.9  4.4 

Washed  chips.  unsaponiBed  rosin 7.8                        0.15                      0.9  0.14  80 

Balance  (by  difference) 11.4                        8,6                       10.9  7.9  159 

(<^)  Extraction  of  smaller  chips  with  NaOH.      (p)  Extraction  of  larger  chips  with  NajCOa. 

Comparatively   little    rosin   was   obtained   from   the  of  actual  dry  resin-free  wood  in  the  original  material, 

second  wash  liquor  and  this  step  would  hardly  be  justi-  to  indicate  the  true  efficiency  of  the  pulping  operation, 

fied  in  practice.  The  turpentine  figures  refer  in  the  first  7  experiments 

The    unsaponified    rosin,    determined    by    ether    ex-  to    the    additional    recovery    during    the    soda    cook, 

traction    of    the    washed,    dried    chips,    indicates    the  signifying,    in  several  cases,  incomplete  disintegration 

efficiency  of    the    alkali    extraction.      In  Expt.  3,    7.8  of    the    oleoresin    in    the    preliminary    treatment.     In 

per  cent  of  the  rosin  was  left  undissolved  by  reason  Expt.  8  the  turpentine    was   obtained   by  a  combined 

of  the  premature  neutralization  of  the  small  amount  extraction  and  pulping  of  the  wood, 

of    caustic   used.     In   Expt.    7   the  sodium   carbonate  ^j^^  ^^^^^1  ^^^^  ^^g_  -^^  ^^^^  ^^^^^  ^^^  comparable 

failed  to  penetrate  the  wood  m  the  time  allowed  for  ^,.^^     ^j^^^^     -^     ordinary     soda-mill     practice.     The 

steaming  and  8  per  cent  of  the  rosin  was  retained  in  .jj^^^^  .  ^^^^„   ^^^-^   -^   ^^^^^y   f^^^   ^  ^^   ^^   ^^^^ 

the  free  state  by  the  chips.     Expts.  4,  5  and  6  represent  ^  digester  is  filled  with  chips  and  flooded  with  liquor. 

practically  perfect,  extractions  of  rosm.  Because   of  the   decreased   volume  of  the   wood   after 

The  "balance"  includes  3  to   5  per  cent  of  soluble  preliminary  extraction,  a  larger  ratio  of  cooking  ,<olu- 

resinate  retained  by  the  chips  after  the  two  washings  ^.^^   ^^^  necessary  to  properly   fill  the   experimental 

and  small  quantities  of  soapy  liquor  surging  over  with  digester    and    prevent    exposure    of    the    chips.      With 

the     distillate     during    steaming.      Mechamcal     losses  ,  j^^^   ^^^^s  the   Na^O  percentage  is  usually  from   17 

in  handling  the  liquors  and  m  analysis  are  also  involved  ^^    ^^   ^^^   the   actual   consumption   of    NaOH   about 

in  this  figure.     The  main  discrepancy  seems  to  be  due  ^.    equivalent  to  about  11  per  cent  Na.O.     By  reason 

to  decomposition  occasioned  by  the  alkali  in  dissolving  ^f  ^^^  p^^^j^l  ^^^^^j,  ^^  ^^^  ^-^^-^  -^  ^^^  preliminary 

the  more  or  less  complex  resinous  content  of  the  wood,  extraction,  an  amount  of  sodium  oxide  below  20  per 

PRODUCTION  OF  PULP  cent  was  found  to  be  most  satisfactory.     The  above 

The   more  pertinent  data  on  the  soda  cooks  have  considerations  necessitated  a  low  strength  of  cooking 

been  assembled  in  Table  III.     For  the  sake  of  con-  liquor — lower    than    would    be    necessary   in    practice, 

venience,  caustic  soda  was  used  in  reducing  the  wood  A   concentration   of    5-10   per   cent    NaOH   is   usually 

to    pulp.       In    Expt.  5  the   solution    used   for   cooking  employed  in  practice. 
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The   pressures   used  in  soda  cooking   vary  from    75  pentine.      The  odor  was  pleasant  and  of  an  "essential 

to  150  pounds,  the  higher  values  applying  particularly  oil"  character,  rather  than  of  pure  turpentine.     This 

to   deciduous    woods,    such    as   poplar    and   basswood.  may  be  ascribed  to  the  pine  oil  content. 

In   these   experiments   a   pressure   of    100   pounds   was  It  was  not  considered  necessary  to  give  particular 

chosen    as    a   satisfactory   figure    for   pine.     The   time  attention  to  the  refining  of  the  crude  turpentine.     The 

necessary  to  reduce  the  pine  to  pulp  was  comparatively  methods   have   been   carefully   worked   out   and   there 

short,  due  to  partial  decomposition  during  preliminary  are  no  special  difficulties  involved. 

steaming  and  also  to  the  more  effective  action  in  the  rosin    soap — The    proposed    scheme    provides    for 

small  digester.  the  recovery  of  rosin  from  the  direct  extract  and  first 

The  outstanding  feature  of  the  several  experiments  wash  liquor  by  salting  out  the  rosin  soap  with  caustic 

was   that    there    was   no   failure   in    obtaining    strong,  soda.     It  has  been  shown  that  75-85  per  cent  of  the 

long-fibered   pulp   of   good   quality.     The   preliminary  rosin   can  be   obtained  in   this   way  from   rich   wood, 

extraction   did   not   detract   in   any   noticeable   degree  The    soap    precipitates    were    soft,    and    more    or    less 

from   the   quality   of   the   final   fiber.     The   soundness  contaminated   with    material    derived   from   the   wood 

of  the  raw  material  and  the  use  of  large  chips  was,  itself.     Purification  from  the  humus  was  accomplished 

of  course,  largely  responsible  for  the  favorable  nature  by  reprecipitation  with  caustic  soda.     It  would  seem 

of   the    pulp.     In    Expts.    2,    3,    4    and    8,    the    pulp  logical  to  use  the  soap  as  such,  without  acidifying  to 

was    quite    thoroughly    disintegrated    by    the    stirring  liberate  free  rosin. 

device  and  the  fiber  was  "soft."  It  will  be  seen  that  Ordinary  papers  are  sized  with  rosin,  added  in  the 
low  yield  is  coincident  with  soft  fiber.  In  Expt.  form  of  soap  solution  and  finally  precipitated  by  alum. 
5  the  pulp  retained  the  chip  form,  but  yielded  to  By  dissolving  the  soap  precipitates  obtained  in  the 
disintegration  on  handling.  Expt.  6  gave  a  process  under  discussion,  and  heating  with  a  certain 
strong  pulp  from  the  smaller  chips.  Expt.  7  amount  of  free  rosin,  it  should  not  be  difficult  to  pro- 
represents  a  "raw"  cook,  in  which  the  pulp  was  blown  vide  an  emulsion  of  the  composition  demanded  by 
in  the  form  of  firm  chips.     Careful  reduction  in  the  the  paper  maker. 

beater  gave  a  fiber  of  dark  brown  color  and  considerable  There  are  possible  drawbacks  in  a  scheme   of  this 

strength,    although   the    insufficient    cooking    had    left  kind.     The  presence  of  oils  in  size  sometimes  results 

the  fiber  somewhat  "woody."  in  spotting  of  the  finished  paper.      However,  by  careful 

Table  III — Soda  Cooks  for  Paper  Pulp 

Experiment  Number     1  2               .^               4             SC)          6{b^           7              8(0 

Ratio  of  liqvior  to  wood 7.5  14.0  6.7  13.5  8.16  9.6  10.0  5.0 

Per  cent  Na.O  based  on  weight  of  wood 24.0         28.0         27.9  35.0  19.8  16.5  18.1  18.5 

Strength  of  alkaline  liquor,  per  cent  Na:0 3.2  2.0  4.17  2.6  2.42  1.72  1.8  3.7 

Causticity  of  alkali,  per  cent  NaiO  as  NaOH  in  total  NaiO  as  (NaOH +  Na2CO.i)        ..  ..            94.3          94.8          81.0         94.5          96.0         94.5 

Time  at  100  lbs.  pressure,  hours 2.25  4.0  3.5  3.25  2.75  2.5  2.75  3.0 

Turpentine  Recovered,  gallons  per  cord 2.0  0.0  0.3  0.0  0.0  0.0  2.9         32.6 

„       „  /  per  cent  of  resinous  wood 22.5  22.3  22.8  25.2  25.9  27.0         24.0 

\ieldopPulponDrvBas.s|p^^^^^^^j..^^^^^,^_^^j„ ^^  5         ^10         ^,3         45.4         47.7         49.7         44.2 

C)  Black  liquor  from  preliminary  extraction  used  as  cooking  solution.  (!>)  Soda  cook  on  smaller  chips       (<■)  Direct  soda  cook  of  resinous  chips. 

The  over-all  yield  of  approximately  25  per  cent  of  distillation  of  the  crude  turpentine  during  extraction 

pulp    illustrates    the    practical    drawback    in    treating  of  the  wood,  it  is  doubtful  if  more  than  a  trace  of  oily 

this  resinous  material  directly  for  pulp  alone,  not  to  matter  would  find  its  way  into  the  finished  size.      The 

mention  the  high  consumption  of  alkali  which  would  humus  carried  down  by  the  colloidal  sodium  resinate 

be  involved  in  dissolving  the  rosin  and  the  mechanical  detracts  somewhat  from  the  white  color  of  the  rosin 

difficulties   in   cooking   and   washing.     The   true   pulp  soap  and  gives  a  brownish  color  to  the  solutions.     It 

yields  are  well  within  the  range  of  ordinary  practice,  is  a  question  whether  the  small  proportion  of  humus  in 

The  figures  between  45  and  50  per  cent  must  be  con-  the   original  rosin   soap   would   appreciably  affect  the 

sidered  as  most  typical,  inasmuch  as  the  raw  material  value  of  the  directly  prepared  size,  except  for  use  on 

is  especially  adapted  to  the  production  of  somewhat  white  papers.     Humic  salts  have  even  been  suggested 

raw,    strong    fiber    for    making    high-grade    wrapping  as  possible  sizing  agents  in  themselves.' 

papers,  etc.  paper  pulp — In  addition  to  the  products  mentioned 

NATURE  or  PRODUCTS  above,   it   has   been   shown  that   the   normal   yield   of 

TURPENTINE — The  crude  turpentine  obtained  during  high-grade   pulp   can  be   obtained  from  resinous  pine 

alkali  extraction  represents  the  volatile  oils  of  the  wood  by    the    methods    described.     The    whole    process,    in 

practically     unchanged     by     distillation     from     dilute  fact,  has  been  designed  with  this  end  in  view.     The 

alkali  at  low  steam  pressures.     In  the  refining  of  the  two-stage  treatment  adapts  itself  to  the  employment 

"crude  turps"  from  the  "Steam  Distillation"  process,  of   ^^y   ^f  the   so-called   "alkaline"   processes  "for  the 

it  is  customary  to  redistil  after  the  addition  of  dilute  final  production  of  fiber.     It   would  not   be  desirable 

alkali.     It   may  be   said,   then,   that   the   volatile   oils  to  use  "sulfate"  Hquor  for  extraction  of  the  rosin,  but 

from    this    alkali     extraction    process    have     already  j^   a   sulfate   mill,    where   the  two-stage   treatment   of 

undergone  the  first  steps  in  refining.  rich  wood  was  carried  on  in  coniunction  with  ordinary 

The  direct  product  was  in  every  case  clear  and  only  pulping  operations  on  lean  wood,  there  should  be  no 

faintly  yellowish  in   color.     The   oil   was  without  the  ,  r,  -a-           c-      ..  i-    ••  ,. -r-j  1  v,         r  c     ^i       j  .j    c.>i    na 

.       ■'     ■'  '  E.  Rinman,  Svensk  Kennsk  Ttdskrifl;  see  /.  Soc.  Chem.  Ind..  Feb.  29, 

objectionable  odor  of  "Destructive    Distillation"   tur-  1912,  p.  183. 
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difficulty  in  providing  for  the  extraction  of  the  rich 
wood  with  caustic  soda  alone. 

The  pulp  obtained  from  long-leaf  pine  is  charac- 
terized by  unusual'  length  of  fiber,  the  length  being 
4-6  millimeters,  or  about  twice  that  of  spruce  fiber. 
This  quality,  coupled  with  the  favorable  strength 
and  flexibility  of  the  fiber,  imparts  to  the  finished 
paper  unusual  toughness  and  resistance  to  folding 
and  bursting.  It  is  well  suited  for  making  high-grade 
wrapping  paper,  board  stock,  etc.  With  further 
study  of  the  methods  for  cooking,  beating  and  bleach- 
ing, it  is  expected  that  the  uses  of  the  pulp  will  be 
greatly  extended. 

SIGNIFICANCE    OF    RESULTS 

The  data  obtained  in  these  investigations  are  not 
necessarily  representative  of  those  which  would  hold 
in  industrial  practice,  nevertheless  the  results  of  the 
investigation  clearly  indicates  the  feasibility  of  a 
simple  two-stage  alkaline  treatment  for  southern 
pine  by  which  it  is  possible  to  obtain  a  high  recovery 
of  valuable  products  from  the  primary  constituents 
of  the  wood.  The  crude  products  are  isolated  in  a 
favorable  state  of  purity  and  require  little  subsequent 
refining.  The  process  is  characterized  by  simplicity 
in  manipulation  and  in  separation  of  end  products. 
Moreover,  the  materials  used  in  the  reduction,  as 
well  as  the  ultimate  products  themselves,  are  few  in 
number  and  simple  in  natu-re. 

There  is  no  waste  of  alkali  at  any  point.  The 
portion  withdrawn  from  the  cycle  in  the  form  of  pre- 
cipitated sodium  resinate  serves  to  enhance  the  value 
of  the  rosin  fraction.  Incineration  of  the  waste  pulp- 
ing liquor  provides  for  the  recovery  of  the  balance  of  the 
alkali,  within  the  practical  limits  of  mechanical  efficiency. 

As  mentioned  before,  practical  application  of  this 
treatment  of  the  more  resinous  materials  could  be 
carried  out  most  conveniently  as  supplementary  to 
ordinary  pulp-mill  operation  on  lean  wood.  Only 
slight  modifications  in  certain  of  the  existing  digester 
units  would  be  necessary  to  take  care  of  the  richer 
grades  of  pine.  The  supply  of  fat  wood  could  be 
obtained  by  sorting  the  raw  material  received  at  the 
pulp  mill  or  by  procuring  lightwood,  etc.,  from  inde- 
pendent sources. 

There  is  also  a  possibility  that  the  first  stage  of  the 
process,  namely,  that  of  extraction  with  caustic  soda 
or  sodium  carbonate,  could  be  employed  in  treating 
those  grades  of  resinous  waste  which  would  not  lend 
themselves  to  final  pulping.  Charred  or  unsound 
wood  might  be  steamed  with  dilute  alkali  for  the  re- 
covery of  rosin  and  turpentine,  without  provision  for 
treatment  of  the  extracted  chips.  The  economic  merits 
of  such  a  scheme  could  be  decided  only  by  actual  trial. 

CiiEMicAi,  Engineering  Laboratory 
Columbia  Univkrsity.  New  York 


THE  DETERMINATION  OF  MINUTE  AMOUNTS  OF 
SULFUR  DIOXIDE  IN  AIR' 

By    ATHERTON    SKIDICI.I.    and    I'llll.IP    W.    Meserve 

In  the  case  of  most  of  the  determinations  of  small 
amounts  of  sulfur  dioxide  in   air,   which   have  so  far 

'  Presented  at  the   Rochester  Meeting  of  the  AmericHn    Chemical  So- 
ciety, Sept.  9.  191.'5. 


been  made,  considerable  volumes  of  sample  were 
available.  Methods  based  upon  the  aspiration  of  a 
large  amount  of  air  through  a  small  quantity  of  liquid, 
and  the  gravimetric  estimation  of  the  retained  sulfur 
could  therefore  be  used.  In  such  cases  the  results 
showed  the  average  sulfur  dioxide  content  for  various 
periods  of  time.  The  problem  at  present  in  hand  was 
the  estimation  of  sulfur  dioxide  at  any  particular 
instant  in  the  air  of  railway  tunnels.' 

The  approximate  dilutions  which  were  to  be  de- 
termined were  ascertained  by  liberating  given  amounts 
of  the  gas  in  a  closed  room  and  noting  the  odor.  It 
was  found  in  this  way  that  10  parts  per  million  pro- 
duced an  effect  similar  to  that  often  experienced 
while  passing  through  a  smoke-filled  railway  tunnel. 

In  order  to-  collect  what  might  be  termed  instan- 
taneous samples,  use  was  made  of  evacuated  2.5  liter 
bottles.  These  were  provided  with  seals  made  of 
short  glass  tubes  passing  through  the  stoppers.  On 
breaking  the  tip  of  the  tube,  the  air  entered  within  a 
few  seconds,  and  therefore  constituted  a  fairly  repre- 
sentative sample  of  the  atmosphere  at  the  particular 
point  at  which  the  seal  was  broken.  It  therefore 
became  necessary  to  determine  in  2.5  liter  samples  of 
air,  amounts  of  sulfur  dioxide  varying  from  about 
0.0025  to  0.05  of  a  cubic  centimeter. 

The  determination  of  fairly  large  amounts  of  sulfur 
dioxide  by  iodometric  titration  can,  of  course,  be  made 
with  considerable  accuracy.  The  application  of  this 
method  to  the  determination  of  very  small  amounts 
of  the  gas  appeared  to  be  simply  a  question  of  ascer- 
taining the  peculiarities  of  the  iodine  reaction  at 
great  dilution,  and  selecting  those  conditions  most 
favorable  to  constancy  and  accuracy  of  results.  Ex- 
periments were  made  with  dilutions  of  sulfur  dioxide 
of  the  order  of  magnitude  under  consideration,  namely, 
one  to  twenty  parts  per  million.  The  titrations  were 
made  in  the  2.5  liter  white  glass  bottles,  using  A'/  1000 
iodine  and  thiosulfate  solutions.  In  those  cases  ' 
in  which  an  excess  of  iodine  was  used  and  the  end 
point  approached  with  thiosulfate,  great  diflSculty 
was  experienced  in  judging  when  the  last  trace  of  the 
blue  color  of  the  starch  disappeared.  It  was  also  found 
that  even  in  the  absence  of  sulfur  dioxide,  direct 
titrations  with  iodine  and  thiosulfate  solutions  gave 
quite  different  results,  depending  upon  whether  the 
end  point  was  approached  from  the  side  of  appearance 
or  of  disappearance  of  the  blue  color  of  the  starch 
indicator.  This  point  showed  that  no  method  of 
determination  of  very  small  amoun-ts  of  sulfur  dioxide 
involving  a  back  titration  would  be  practicable. 

The  results  of  the  extended  series  of  experiments 
showed  that  satisfactory  determinations  can  best  be 
made  by  adding  5  cc.  of  o.i  per  cent  aqueous  starch 
paste  to  the  bottle  containing  the  sample,  and  after 
rotating  in  such  a  manner  that  the  interior  walls  are 
entirely  moistened,  titrating  with  A'^/iooo  iodine 
solution  to  appearance  of  the  blue  color  of  the  starch 
iodide.  The  end  point  obtained  in  this  manner  is 
quite    sharp,    one   or   two    drops   of   the   iodine   being 

*  A  detailed  account  of  the  analytical  results  obtained  by  the  method 
here  described  will  be  given  in  a  bulletin  of  the  Hygienic  Laboratory.  U.  Si 
Public  Health  Service. 
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sufficient  to  produce  the  final  distinct  blue  color. 
Blank  titrations  made  in  exactly  the  same  manner 
in  a  bottle  containing  air  free  from  sulfur  dioxide, 
required  an  average  of  0.3  cc.  iV/iooo  iodine  to  yield 
an  equivalent  color  change  in  the  aqueous  starch  solu- 
tion. This  correction  must  therefore  be  applied  to 
the  titrations  made  upon  samples  containing  sulfur 
dioxide.  Since  the  reaction  between  iodine  and  sulfur 
dioxide  is  represented  by  the  equation  I2  +  SO2  + 
2H2O  =  2HI  +  H2SO4  and  I  liter  of  SO2  at  0°  and 
760  mm.  pressure  weighs  2.862  grams  then  i  cc. 
iV/iooo  iodine  should  correspond  to  0.000032  gram  or 
0.0112  cc.  SO2  (at  0°  and  760  mm.).  In  order  to  test 
the  reaction  at  great  dilutions  the  titrations  of  given 
mixtures  of  air  and  sulfur  dioxide  as  shown  in  Table  I 
were  made. 

Table  I — Results  of  Direct  Titration  of  Mixtures  of  Sulfur  Di- 
oxide AND  Air  with  Standard  Iodine  Solutions 


Compositio 

n  of  mixture 

Cc.  SO5 

Per  cent  of 

(0°  and 

Cc.  standard       C 

Uc.  vol    SO! 

actual  SO 

Cc.  Air 

760  mm.) 

iodine 

(cor.)    (0° 

and  760  mir 

,)      found 

3875 

1.8 

13.35 

N/\00 

1.49 

83 

250 

1.8 

13.5 

1.51 

84 

3875 

0.9 

6.55 

0,73 

81 

250 

0.9 

6.8 

0.76 

84 

3875 

0.9 

6.75 

0,76 

84 

250 

0,9 

6.7 

0.75 

83 

3875 

0.36 

2.65 

0.30 

83 

250 

0.36 

2.85 

0.32 

89 

3875 

0.36 

2.75 

0.31 

86 

250 

0.36 

2.75 

0.31 

86 

3875 

0.09 

6.95 

iV/loon 

0.078 

87 

250 

0.09 

7.25 

0.081 

90 

3875 

0.09 

6.85 

0.077 

86 

250 

0.09 

7.0 

0.078 

87 

2500 

0.09 

6.8 

0.076 

84 

2500 

0.09 

7.5 

0,084 

93 

2590 

0.09 

6.9 

0.077 

86 

2500 

0.09 

7.1 

0,080 

88 

2500 

0.09 

7.5 

0.084 

93 

2500 

0.09 

7.25 

0.081 

90 

2500 

0.09 

6.55 

0.073 

81 

2500 

0.018 

1,15 

0.013 

72 

2500 

0.018 

1.05 

0.012 

66 

2500 

0.018 

1.15 

0,013 

72 

2500 

0.018 

1.1 

0,012 

68 

2500 

0.018 

1.1 

0,012 

68 

2500 

0.009 

0.8 

0,009 

98 

2500 

0.009 

0.6 

0,007 

75 

The  sulfur  dioxide  was  measured  by  successively 
diluting  a  given  volume  of  the  pure  gas  with  air  and 
transferring  definite  amounts  of  the  mixture  to  par- 
tially evacuated  bottles  of  the  capacity  indicated  in 
the  table  under  "Cc.  Air.'-' 

An  examination  of  this  table  shows  that  in  all  cases 
low  results  are  obtained.  The  average  for  concen- 
trations of  SO2  between  0.09  and  1.8  cc.  is  86  per  cent 
and  for  concentrations  below  0.09  (except  Det.  No.  27) 
it  is  70  per  cent.  There  are  two  possible  explanations 
for  the  low  results.  Either  the  reaction  of  the  iodine 
with  the  sulfur  dioxide  may  be  incomplete  at  this 
dilution. or  else  partial  oxidation  of  the  sulfur  dioxide 
occurs  when  it  is  diluted  with  air.  Some  evidence 
upon  the  latter  of  these  assumptions  is  contained  in 
the  table.  Thus  it  will  be  seen  that  in  practically 
all  of  the  duplicate  titrations  made  in  large  and  in  small 
bottles,  slightly  lower  results  are  obtained  in  the  larger 
bottles,  that  is,  in  the  more  highly  diluted  mixtures. 


Also  the  percentage  of  sulfur  dioxide  recovered  is 
lowest  in  the  case  of  the  more  dilute  mixtures.  It  may 
therefore  be  concluded  that  some  oxidation  takes 
place  simply  upon  allowing  sulfur  dioxide  to  diffuse 
in  a  large  volume  of  air  of  ordinary  dryness. 

In  regard  to  the  incompleteness  of  the  reaction,  it 
was  pointed  out  by  Volhard'  many  years  ago  that  in 
titrating  aqueous  sulfurous  acid  solution  with  stand- 
ard N/10  iodine,  less  sulfur  dioxide  is  found  when  the 
titration  is  made  with  the  iodine,  that  is,  to  appearance 
of  the  blue  starch  color,  than  when  made  in  the  reverse 
direction.  At  1/10  normal  concentrations  the  differ- 
ence amounted  to  about  5  per  cent  of  the  sulfur  dioxide 
present.  •  Results  for  more  concentrated  solutions  are 
given,  but  none  for  solutions  more  dilute  than  i/io 
normal. 

In  order  to  obtain  data  upon  this  point  an  experiment 
was  made  by  us  as  follows:  A  standard  solution  of 
sulfur  dioxide  was  prepared  by  dissolving  an  accurately 
measured  volume  of  the  gas  in  distilled  water  and  di- 
luting to  a  known  volume.  The  first  dilution  con- 
tained 1.097  grams  SO2  per  1000  cc.  The  second 
dilution  contained  0.1097  gram  SO2  per  1000  cc. 

a.  Titrations  made  with  the  first  dilution  and  A' '10 
iodine: 

10  38  CO.  AVIO  iodine  required  35.05  cc.  SOs  solution  =  98.6  per  cent 
SO2  found, 

35,05  cc.  SO2  solution  required  9.96  cc,  A'/IO  iodine  =  83.0  per  cent 
SO2  found, 

h.  Titrations  made  with  second  dilution  of  SO2 
solution  and  N/100  iodine: 

10.1    cc.   iV/lOO  iodine  required  32.3 
SO2  found. 

32.3   cc.   SO:   solutio.i   required  9.54   c 
SO.  found. 

c.  Titrations    made    with 
solution  and  Af/iooo  iodine: 

50.0  cc.  iV ,71000  iodine  required   15.7 
SOi  found. 

15.0  cc.   SO2   solution   required   43.6 
S02  found. 

Although  these  results  are  not  perfectly  consistent, 
they  show  that  the  titration  to  appearance  of  the  blue 
color  of  the  starch  indicator  gives  the  lower  results, 
and  the  actual  percentage  recovered  is  approximately 
equal  to  that  found  by  titrating  the  sulfur  dioxide 
and  air  mixtures  in  the  large  2500  cc.  white  glass 
bottles,  as  reported  in  Table  I. 

A  more  detailed  study  of  this  incomplete  recovery 
of  sulfur  dioxide  by  iodine  titration  would  be  of  con- 
siderable interest,  but  further  experiments  were  not 
made  by  us,  since  it  was  evident  that  for  the  purpose 
of  the  present  investigation  of  tunnel  air,  greater 
accuracy  was  not  required. 

From  a  consideration  of  the  above  experiments  it  is 
evident  that  a  correction  facto,r  for  incompleteness  of 
the  reaction  at  the  great  dilutions  must  be  applied 
to  the  iodine  titrations.  The  selection  of  this  factor 
was  based  upon  the  results  shown  in  Table  I.  Here  it 
is  seen  that  for  concentrations  between  about  4  and 
40  parts  per  million  the  recovered  sulfur  dioxide  lies 
between   70  and   86  per  cent.     It   was  therefore  con- 

1  J.  Volhard.  Liebig's  Annalen,  242  (1887).  93. 


S02   solution   =   91,5    per 


second    dilution    of    SO2 


SO2  solution  =  92.5  per  cent 


83.7  per 
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eluded  that  the  factor  1.3  would  bring  the  results 
sufficiently  near  100  per  cent  for  all  practical  purposes. 
There  is  one  other  point  which  must  be  taken  into 
consideration  in  connection  with  the  determination 
of  small  amounts  of  sulfur  dioxide,  and  that  is  the  rate 
of  loss  due  to  oxidation,  on  standing.  It  was  early 
noticed  that  the  presence  of  moisture  hastens  this  loss 
very  materially.  Even  in  the  case  of  bottles  dried  as 
carefully  as  possible  and  with  the  exercise  of  reasonable 
precautions  to  exclude  moisture,  it  was  found  that  the 
sulfur  dioxide  began  to  disappear  within  a  short  time. 
Some  experiments  were  therefore  made  for  the  purpose 
of  ascertaining  how  soon  the  titrations  of  given  samples 
must  be  made  in  order  that  loss  due  to  oxidation  may 
be  avoided.  A  series  of  experiments  was  first  made 
with  carefully  dried  bottles.  The  results  are  shown  in 
Table  II. 

Table  II — Showing  Rate  of  Disappearance  of  Sdlfur  Dioxide  from 

Dilute  Mixtures  with  Air  in  Dry  2500  Cc.  Bottles 
Found  vol. 

Volume  of  Time  of  .V/1000  SO;  (at  0° 

contained  SO2  standing  iodine  (cor.)       and  760)  Per  cent  SO; 

(at  0°  and  760)  Minutes  Cc.  Cc.  recovered 

0.09  10.0  6.45  0.094  104 

0.09  20.0  6.75  0,098  109 

0.09  65.0  3.6  0.052  60 

0.09  90.0  6.3  0.092  100 

0.09  135.0  5.15  0.075  83 

0.09  160.0  4.5  0.065  72 

0.09  225.0  2.85  0.042  47 

0.045  0.5  3.1  0.045  100 

0.045  14.0  2.55  0.037  82 

0.045  30  0  1.6  0.023  52 

0.045  45.0  0.95  O.014  31 

0.045  60.0  1.35  0.019  43 

0.045  75.0  1.25  0.018  40 

0.045  100.0  1.55  0.022  50 

0,045  130.0  1.55  0.022  50 

In  the  case  of  the  dry  bottles  it  would  appear  from 
the  results  that  the  disappearance  is  the  more  rapid, 
the  more  dilute  the  sulfur  dioxide.  This,  however, 
cannot  be  definitely  concluded  since  the  experiments 
with  the  moist  bottles  indicate  that  the  moisture 
factor  plays  a  much  more  important  part  than  the 
concentration.  The  difference  in  rate  of  loss  as  shown 
by  the  first  series  of  seven  determinations  and  the 
second  series  of  eight  determinations  i,n  Table  II,  may, 
in  fact,  be  due  to  inappreciable  differences  in  moisture 
content  of  the  laboratory  air  with  which  the  dilutions 
were  made  in  the  two  cases,  rather  than  to  the  50 
per  cent  difference  in  concentration  of  the  sulfur 
dioxide  itself. 

In  the  experiments  with  moist  bottles  the  irregulari- 
ties were  so  great  that  no  conclusion  in  regard  to  the 
rate  of  oxidation  of  the  sulfur  dioxide  could  be  drawn. 
In  some  cases  about  half  of  the  added  gas  had  disap- 
peared within  a  few  minutes,  and  in  others  a  loss  of 
only  about  30  per  cent  had  occurred  in  half  an  hour. 
In  practically  all  cases  only  a  small  fraction  of  the  used 
sulfur  dioxide  was  recovered  after  one  hour.  These 
irregularities  were  found  even  in  spite  of  special 
efforts  to  maintain  uniform  conditions  for  the  experi- 
ments. The  results  demonstrated  the  necessity  of 
using  dry  bottles  for  collecting  the  samples.  They 
also  indicate  that  except  on  very  dry  days  it  is  neces- 
sary to  make  the  titration  within  less  than  half  an  hour 
after  collecting  the  samples  in  order  to  avoid  low  re- 


sults due  to  gradual  oxidation  of  the  sulfur  dioxide. 
In  order  to  test  further  the  direct  iodine  titration 
method  for  sulfur  dioxide,  several  series  of  determina- 
tions were  made  upon  samples  of  air  from  a  room 
in  which  given  volumes  of  pure  sulfur  dioxide  were 
liberated.  The  room  was  p  ft.  X  10  ft.  X  13  ft.  = 
1 1 70  cubic  feet  capacity  and  contained  a  rather  large 
window  and  door.  The  walls  were  of  painted  plaster. 
No  attempt  to  seal  the  cracks  around  the  window 
and  door  was  made.  A  large  electric  fan  was  ar- 
ranged to  cause  a  rapid  circulation  of  the  air  in  the  room. 
For  each  experiment  the  given  volume  of  sulfur  di- 
oxide was  liberated  quickly  and  after  a  2  to  6  minute 
period  of  stirring  with  the  fan,  the  seals  on.  the  first 
series  of  eight  evacuated  dry  bottles  placed  near 
together  on  a  table,  were  broken  practically  simul- 
taneously. A  second  series  of  six  samples  were  taken 
after  an  additional  5  to  10  minutes'  stirring.  These 
samples  were  titrated  as  quickly  as  possible  in  all 
cases.  The  analytical  results  are  given  below  in  the 
order  in  which  the  titrations  were  made: 

Experiment  I — Volume  of  SO2  liberated  =  500  cc.  or,  on  the 
basis  of  the  volume  of  the  room,  15  parts  SO2  per  1,000,000. 
First  series  of  samples  taken  after  2  minutes'  stirring,  contained, 
respectively:  5.0,  7.9,  6.4,  4.1,  1.9,  5.5,  0.9,  5.5  parts  SO;  per 
1,000,000.  Second  series  of  samples  taken  after  6  minutes' 
stirring  contained,  respectively:  7.6,  6.0,  5.5,  6.7,  4.1,  5.5  parts 
SO:  per  1,000,000. 

Experiment  11 — ^Volume  of  SO2  liberated  =  500  cc.  or  15.0 
parts  per  1,000,000.  First  series  of  samples  taken  after  5  min- 
utes'stirring  contaired,  respectively ;  lo.o,  9.9,  7.0,  5.0,  9.6,  1.2, 
6.1,  5.8  parts  SO:  per  1,000,000.  Second  series  of  samples  taken 
after  lo  minutes'  stirring  contained,  respectively:  6.1,  6.1,  5.8, 
4.1,  4.7,  5.8  parts  SO2  per  1,000,000. 

Experiment  III — Volume  of  SO2  liberated  =  500  cc.  or  15.0 
parts  SO2  per  1,000,000.  There  were  also  liberated  3300  cc.  of 
COo  (=  100  parts  per  1,000,000)  generated  by  mixing  aqueous 
NaoCOs  and  H2SO4  solutions.  The  weather  outside  was  cloudy 
and  moist.  First  series  of  samples  taken  after  5  minutes  con- 
tained, respectively:  3.5,  2.3,  1.8,  6.4,  3.2,  2.6,  1.2,  1.2  parts 
SO2  per  1,000,000.  Second  series  of  samples  taken  after  10 
minutes  contained,  respectively:  4.6,  7.0,  2.3,  1.8,  3.8,  3.2  parts 
SO2  per  1,000,000. 

Experiment  IV — Volume  of  SO2  liberated  =213  cc.  or  6.4 
parts  per  1,000,000.  First  series  of  samples  taken  after  3  min- 
utes contained,  respectively:  5.2,  2.3,  1.2,  1.2  parts  SO2  per 
1,000,000.  Second  series  of  samples  taken  after  6  minutes 
contained,  respectively:  3.2,  2.3  parts  SO2  per  1,000,000. 

It  will  be  noted  that  in  all  cases  considerably  less 
sulfur  dioxide  was  recovered  than  liberated.  There 
appears  to  be  an  initial  loss  amounting  to  about  30 
to  50  per  cent  of  the  liberated  gas.  The"  variation 
between  the  individual  samples  of  the  second  series 
in  each  case  is  less  than  for  the  first  series,  due  probably 
to  the  more  thorough  mixing  after  the  longer  period 
of  stirring.  The  variations  between  the  several 
experiments  are  very  significant.  Thus  in  Experiment 
III,  made  on  a  cloudy,  damp  day  and  in  which  con- 
siderable water  vapor  was  set  free  during  the  genera- 
tion of  the  carbon  dioxide,  the  recovered  sulfur  dioxide 
is  appreciably  lower  than  in  the  case  of  Experiments- 
I  and  II.  The  moisture  content  of  the  air,  therefore,, 
influences  the  loss  of  sulfur  dioxide  set  free  in  the  room- 
to  a  very  considerable  extent. 
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SlIMMARY 

It  has  been  shown  that  very  minute  amounts  of 
sulfur  dioxide  in  2V2  liter  samples  of  air  can  be  de- 
termined by  direct  titration  with  iV/iooo  iodine.  A 
correction  factor  of  1.3  for  the  apparent  incomplete- 
ness of  the  reaction  at  the  great  dilution  must  be 
applied.  On  account  of  the  gradual  oxidation  of  the 
sulfur  dioxide,  the  titrations  must  be  made  within 
a  short  time  after  the  collection  of  the  sample.  The 
presence  of  moisture  hastens  the  loss  by  oxidation 
very  materially. 

Hygienic  Laboratory 
Washington,   D    C 


THE  ANALYSIS  OF  MAPLE  PRODUCTS,  FV 
The  Composition  of  Maple  Sugar  Sand 

By  J.  F.  Sneu.  and  a.  G.  Lochhead 
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INTRODUCTION — When,  in  July,  191 1,  Professor 
W.  H.  Warren's  article  "Sugar  Sand  from  Maple 
Sap;  A  Source  of  Malic  Acid,"'  appeared,  Mr.  Loch- 
head had  been  engaged  for  some  weeks  in  analyzing 
sugar  sand  and  attempting  to  prepare  malic  acid  from 
it.  In  carrying  out  my  suggestion  to  treat  the  sand 
with  dilute  nitric  acid,  precipitate  the  malic  acid  as 
lead  malate  and  liberate  it  by  treatment  with  hydrogen 
sulfide,  he  had  found  that  calcium  bimalate  could  be 
crystallized  out  from  the  nitric  acid  solution,  and 
transformed  into  free  acid  by  treatment  with  oxalic 
acid — essentially  the  process  recommended  by  Warren. 
Mr.  Lochhead's  work  was  presented  to  the  Faculty  of 
McGill  University  in  191 2  as  a  thesis  for  the  degree 
of  M.Sc,  but  has  not  appeared  in  print.  The  present 
article  prepared  during  Mr.  Lochhead's  absence  is 
based  upon  his  results.      [J.  F.  Snell] 

PREVIOUSLY   PUBLISHED   ANALYSES    OE    SUGAR    SAND 

When  the  sap  of  the  sugar  maple  has  been  con- 
centrated to  a  thin  syrup  by  boiling,  a  precipitate  is 
deposited,  which  is  known  to  the  sugarmaker  as  "sugar 
sand"  or  "niter."  Two  analyses  of  this  precipitate,'' 
published  previous  to  Warren's  paper,  indicated  a 
content  of  33.75  and  40.10  per  cent  of  calcium  malate, 
respectively.  These  analyses  included  about  40  per 
cent  of  sugars  and  obviously  referred  to  the  crude 
unwashed  materials.  Warren'  made  a  more  detailed 
analysis  of  a  single  sample  of  washed  sugar  sand, 
which  showed  a  calcium  malate  content  of  68.64  per 
cent  and  a  silica  content  of  7.74  per  cent. 

DESCRIPTION    OE    SAMPLES 

We  have  analyzed  six  washed  samples,  all  of  Quebec 
origin,  five  being  the  product  of  single  sugar  bushes, 
the  other  (No.  5)  a  mixture.  The  sources  of  the 
samples  and  the  descriptions  of  the  unwashed  material 
are  given  in  Table  I.  The  samples  were  washed  by 
mixing  thoroughly  with  hot  water  and  filtering  with  a 
Buchner  filter,  the  process  being  repeated  until  the 
sweet    taste    disappeared.     In     most    instances    four 

'  Warren.  Jour.  Amer.  Client.  Soc.  33  (1911),  1205. 

«  Bryan,  U.  S.  Dept.  Agriculture,  Bureau  of  Chemistry,  Bull.  134 
(1910).  55.  One  of  the  analyses  is  original,  the  other  is  quoted  from  In- 
diana Agr.  Expt.  Station,  12th  Annual  Report,  1899,  p.  74.  The  latter  is 
also  quoted  and  commented  upon  by  Sy,  Jour.  Franklin  Inst.,  1908. 

'  Loc.  cit. 


Table  I — Description  of  Samples  of  Sugar  Sand  Washed  and 
Analyzed 
No.     County  Description  Remarks 

1  Argenteuil  Light  brown  High         land,         shallow, 

gravelly    soil,    limestone 
bottom 

2  ShefFord  Light  brown  High  gravelly  soil 

3  Shefford  Darker  than  1  or  2  High      land,      slate      and 

4  Shefford  Dark    brown    contain- 

5  Shefford  Light  colored  Mixture      from      different 

parts  of  Shefford  Co. 

6  Brome  Very  dark,   containing 

so  much  syrup  as  to 
make  it  somewhat 
fluid 

washings  were  sufficient.  The  washings  invariably 
contained  calcium  as  well  as  sugar.  They  readily 
underwent  fermentation,  liberating  carbon  dioxide 
and  becoming  acid  in  reaction. 

The  washed  sugar  sand  was  almost  white  and  was 
non-hygroscopic.  It  had  a  specific  gravity  varying 
from  1.76  to  1.83  and  averaging  1.80. 

The  loss  of  dry  matter  during  washing  was  de- 
termined in   Samples    i    and    5.      In  four  experiments 

Table  II — Results  of  Analysis  of  Washed  Sugar  Sand 

Sample                12              3  4  5  6 

H2O 0.21        0.69        0.69  0.57  0.17  0.11 

CaO 25.74      22.63      24.27  24.07  25.33  23.06 

MnO 1.87        1.38        1.80  1.63  1.49 

MgO ■    0.27  0.84  0.45  0.88 

C<H40i(a) 53.73     46.49     47.14  44.32  50.73  44.88 

SiOz 6.16     18.55      13.74  15.03  10.65  13.82 

PzOs 0.99       0.70  0.82  0.33  0.29 

Total 87.71     90.73     88.61      87.28     89.15  83.04 

Average 

Ca 17.76      15.62      16.75      16.61      17.44  15.91  16.68 

CtHiOiib) 61.17     52.90     53.64     56. H     57.73  51   06  54.49 

Ratio  1: 3.44       3.38       3.20       3.04       3.31  3.21  3.26 

CaC4H405.  calculated: 

(l)fromCa...      76.22     67.03     71.88     71.28     74.83  68.28  71.59 

(2)  from  CiHsOs    79.67     68.91      69.87     65.73     75.25  66.56  70.98 
(a)   Malic  acid  anhydride.     (6)  Malate  radical. 

on  No.  I  it  varied  from  51  to  55  per  cent  and  averaged 
52.7  per  cent.  In  four  experiments  on  No.  5  it  varied 
from  49.5  to  53  and  averaged  52.1  per  cent. 

METHODS    OF    ANALYSIS 

Moisture  was  determined  by  drying  10  grams  at 
100°.  The  mineral  constituents  were  determined  in 
the  air-dry  ash  and  calculated  over  to  percentage  of 
the  original  material.  A  trace  of  iron  was  found  in 
all  the  samples. 

Malic  acid  was  determined  by  a  method  similar  to 
and  suggested  by  that  of  Warren,  whose  work  had 
been  published  before  our  malic  acid  determinations 
were  undertaken:  i  gram  sugar  sand  and  25  cc.  normal 
oxalic  acid  were  heated  on  the  water  bath  for  an 
hour  and  a  half.  The  product  was  filtered  and  washed, 
and  the  filtrate  made  up  to  250  cc.  Total  acidity 
was  determined  in  one  50  cc.  aliquot.  In  another, 
the  residual  oxalic  acid  was  determined  by  neutralizing 
with  ammonia,  acidifying  with  acetic  acid,  precip- 
itating with  calcium  chloride,  dissolving  the  washed 
precipitate  in  sulfuric  acid  and  titrating  with  standard 
permanganate.  The  difference  between  total  acid  and 
residual  oxalic  acid  represents  the  liberated  malic 
acid. 
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RESULTS 

The  results  of  our  analyses  are  given  in  Table  II. 
For  comparison  with  Warren's  analysis  we  give  calcium 
(Ca)  and  malate  radicle  (C4H405),  as  well  as  lime  and 
malic  anhydride. 

An  unsatisfactory  feature  of  the  analyses  is  the  large 
percentage  of  undetermined  matter.  This  appears 
also  in  Warren's  analysis,  in  spite  of  his  determinations 
of  sugar,  ether  extract,  carbon  dioxide  and  extraneous 
organic  matter. 

Evidently  constituents  of  some  little  quantitative 
importance  are  unreached  both  by  his  methods  of 
analysis  and  by  ours.  The  Indiana  analysis,  likewise, 
shows  about  10  per  cent  of  undetermined  matter. 
It  is  remarkable  that  Bryan's  analysis  shows  only 
1.66  per  cent  of  "insoluble  matter" — apparently 
including  silica — and  totals  98.23  per  cent  (assuming 
"malic  acid''  to  mean  malate  radicle). 

In  two  of  our  samples  the  calcium  content  is  higher 
than  in  Warren's;  in  four  it  is  lower.  The  average 
for  all  seven  samples  is  16.75  per  cent.  In  malic 
acid  four  of  our  samples  are  higher  and  two  lower  than 
Warren's.  The  average  for  all  seven  is  54.06  per 
cent  expressed  as  malate  radicle.  The  ratio  of  malate 
to  calcium  for  our  samples  is  given  in  Table  II.  It 
is  in  three  cases  higher,  and  in  three  lower  than  the 
theoretical  ratio  for  normal  calcium  malate,  viz., 
3.29.  The  average  for  our  six  samples  is  3.26.  In 
Warren's  analysis,  this  ratio  is  a  little  lower  than  the 
lowest  of  ours,  viz.,  3.00  as  against  3.04.  The  average 
for  all  seven  samples  is  3.22.  These  results  would 
indicate  that  the  calcium  and  malic  acid,  the  chief 
constituents  of  sugar  sand,  are  present  almost  wholly 
in  the  form  of  normal  calcium  malate,  this  salt  con- 
stituting about  70  per  cent  of  the  washed  material. 

Silica  is  the  only  other  constituent  of  sugar  sand 
of  any  prominence.  Its  quantity  varies  in  the  seven 
samples  from  a  little  over  6  to  a  little  over  18.5  per  cent. 

The  quantity  of  phosphoric  acid  present  is  always 
small.  It  is  interesting  to  note  in  this  connection 
that  in  1887  B.  J.  Harrington'  in  boiling  down  the  sap 
of  the  ash-leaved  maple  {Negundo  aceroides  or  Acer 
negundo\  obtained  a  deposit  containing  no  less  than 
64.91  per  cent  of  iricalcium  phosphate.  He  also 
found  a  large  proportion  of  calcium  phosphate  in  a 
similar  deposit  from  the  sap  of  Acer  rubrum  and  based 
upon  these  results  an  opinion  on  that  "if  the  nitre 
from  the  sap  of  Acer  saccharium^  were  examined  for 
phosphoric  acid,  it  would  here  also  be  found  to  be  a 
prominent  constituent." 

SUMMARY 

1.  The  analyses  of  six  Quebec  samples  of  washed, 
air-dried  maple  sugar  sand  are  reported. 

2.  This  material  contains  from  65  to  80  per  cent  of 
normal  calcium  malate,  from  6  to  18.5  per  cent  of 
silica,  minor  quantities  of  manganese,  magnesium  and 
phosphorus,  traces  of  iron  and  from  10  to  17  per  cent 
of  undetermined  material. 

Macdonald  Collbok.  Quebec,  Canada 

■  Harrington,  Trans.  Roy.  .Soc.  Can.,  6,  Sec.  3,  p.  .W  (1887). 
2  EvidenUy  referring  to  tlie  hard  or  sugar  maple,  now  designated  .Acer 
saccharum. 
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The  present  output  of  unfermented  grape  juice  in 
California  is  estimated  at  80,000  to  100,000  gallons 
yearly.  Considering  the  size  of  the  Viticulture  indus- 
try in  the  state,  this  amount  is  very  small  in  com- 
parison with  the  production  in  the  Eastern  states. 
On  the  other  hand,  the  possibilities  are  almost  un- 
limited because  California  produces  55-60  million 
gallons  of  wine  and  a  great  quantity  of  table  and 
raisin  grapes.  With  the  growth  of  the  temperance 
movement,  the  popularity  of  grape  juice  will  un- 
doubtedly increase.  California  will  be  the  logical 
source  of  supply  because  of  its  adaptability  to  the  pro- 
duction of  large  quantities  of  grapes  of  high  quality. 

The  varieties  of  grapes  to  be  selected  may  either  be 
the  American  varieties,  which  produce  a  juice  with 
the  well  known  "foxy"  flavor,  and  which  would 
satisfy  the  demand  already  created  by  such  juices 
now  on  the  market;  or,  as  is  the  general  rule  in  Cali- 
fornia, the  European  varieties  of  high  flavor,  such  as 
are  grown  in  the  state  at  the  present  time,  may  be 
utilized.  Among  the  former.  California  produces  the 
Isabella  and  Concord,  chiefly.  Of  the  European  varie- 
ties, the  Muscat  of  Alexandria,  Semillon,  and  Franken 
Riesling  are  suitable  highly  flavored  white  grapes, 
while  the  Cabernet  is  a  suitable  black  grape  of  pro- 
nounced flavor.  Besides  high  flavor,  high  acid  is 
necessary.  For  white  juice,  Muscat  may  be  taken  to 
give  flavor  and  blended  with  Burger  or  West's  White 
Prolific  which  are  high  in  acid  but  lacking  in  distinctive 
flavor.  Both  color  and  acid,  as  well  as  high  flavor, 
are  needed  in  red  juice.  For  flavor  Isabella  grapes 
may  be  used;  the  acid  and  color  may  be  obtained 
by  mixing  with  them  slightly  underripe  Alicante 
Bouschet  or  Alicante  Ganzin  juice,  or  by  heating 
Zinfandel  or  other  common  black  juice  on  the  skins 
to  180°  F.  for  a  short  time  to  extract  the  color. 

The  acidity  of  the  juice  in  any  case  should  be  be- 
tween o.  8  and  i .  i  per  cent  as  tartaric  acid.  The  total 
solids  (Brix  or  Balling)  should  be  not  higher  than  20 
per  cent.  The  desired  composition  can  usually  be 
obtained  by  judicious  blending.  It  may  be  said  that 
one  of  the  chief  defects  of  a  great  deal  of  the  juice  at 
present  is  that  due  to  the  use  of  grapes  too  high  in 
sugar  and  defective  in  acid. 

The  objects  in  the  manufacture  of  grape  juice  are 
the  attainment  of  high  and  agreeable  flavor  and  per- 
fect and  permanent  brightness  in  bottle.  An  outline 
of  present  commercial  methods  is  given  below  and  is 
followed  by  a  summary  of  experimental  results. 

OUTLINE    OF    PRESENT    METHODS 

The  grapes  are  picked  without  any  special  regard 
to  the  proper  degree  of  ripeness  for  grape  juice  making, 
usually  at  about  22  per  cent  Balling  or  more  and  crushed 
as  soon  as  possible  to  prevent  mold  growth.  The  juice 
is  drained  from  the  crushed  grapes  and  the  pomace 
is  pressed  in  a  hydraulic  press. 

The  free  run  and  press  juice  are  mixed  and  pasteur- 
ized at  once  at  a  temperature  of  185°  F.  into  50  gallon 
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sterile  barrels.  Two  forms  of  pasteurizers  are  in  use, 
one  type  continuous  and  the  other  discontinuous.  The 
former  may  be  the  familiar  steam-jacketed  copper  or 
aluminum  cookers  used  in  canneries  or  may  be  a  tank 
fitted  with  a  steam  coil.  In  either  of  these  the  juice 
must  be  kept  in  constant  motion  to  prevent  local 
overheating,  which  results  in  a  cooked  taste.  The 
continuous  pasteurizers  have  a  steam-jacketed,  tin- 
lined  pipe  through  which  the  juice  is  passed.  By 
varying  the  rate  of  flow  of  juice  and  the  steam  pressure, 
any  desired  temperature  may  be  given  the  juice  pass- 
ing through  it.  The  continuous  pasteurizers  require 
less  labor  and  are  in  general  more  satisfactory  than  the 
discontinuous  types. 

If  the  acidity  is  too  low,  tartaric  acid  is  added  at 
the  time  of  pasteurization.  This  is  added  by  taste 
and  not  according  to  a  chemical  test  of  the  acid. 

The  pasteurized  juice  is  stored  in  barrels  at  least 
six  months  to  allow  the  separation  and  settling  of 
albumen  coagulated  by  the  heating  and  the  separation 
of  cream  of  tartar  in  the  form  of  crystals.  During  this 
storage  about  2  per  cent  of  the  juice  ferments,  due  to 
action  of  yeasts  that  gain  entrance  through  leaky 
barrels.  This  fermented  juice  may  be  used  for  wine 
or  vinegar. 

After  this  long  storage  the  juice  is  rackeci  from  the 
sediment  and  brightened  by  simple  filtration,  if  possi- 
ble, or  by  one  of  the  methods  of  clarification  given  be- 
low, followed  by  filtration. 

By  one  method  of  clarification  casein  is  added  to 
the  juice  in  sodium  carbonate  or  ammonia  solution. 
The  acidity  of  the  juice  precipitates  the  casein  which 
will,  on  settling  out,  carry  down  all  suspended  matter 
with  it.  The  juice  is  filtered  immediately  after  adding 
the  casein,  the  whole  process  being  carried  out  on  the 
cold  juice.  It  is  bottled  immediately  and  pasteurized 
in  the  bottle.  By  a  second  method  of  clarification 
egg  albumen  is  added  to  the  freshly  racked  juice  in 
water  solution  and  the  mixture  heated  to  180°  F.  The 
heat  coagulates  the  albumen,  forming  a  fine  network 
throughout  the  liquid,  which,  on  settling,  carries  down 
all  finely  divided  suspended  matter  with  it.  After  this 
pasteurization  the  juice  is  stored  in  barrels  several 
weeks.  It  is  then  filtered  through  some  form  of  pulp 
filter  and  bottled.  The  bottles  are  closed  with  corks, 
Crown  caps  or  Goldy  caps.  The  Crown  cap  is  the 
one  so  commonly  used  on  beer  bottles,  soda  water 
bottles,  etc.  The  Goldy  cap  consists  of  an  inner  layer 
of  cork  that  fits  over  the  top  of  the  bottle;  over  the 
cork  is  an  enameled  metal  disc  and  over  the  disc  is  an 
aluminum  cover  that  can  be  removed  easily  without 
the  aid  of  an  opener  of  any  sort. 

The  bottled  juice  is  pasteurized  in  an  autoclave  un- 
der slight  pressure  or  in  an  open  cooker  at  atmospheric 
pressure.  The  latter  type  is  the  one  in  more  common 
use.  It  consists  of  a  wooden  tank  with  a  false  bottom. 
The  bottles  are  placed  on  the  false  bottom  and  water 
is  run  into  the  pasteurizer  to  about  three-fourths  the 
height  of  the  bottles.  The  apparatus  is  covered  and 
the  temperature  brought  to  the  desired  point  by  a 
steam  coil  placed  beneath  the  false  bottom.  It  is 
essential  that  every  part  of  the   bottle  be  heated  in 


order  that  no  mold  spores  may  escape.  Failure  to  ob- 
serve this  point  is  the  cause  of  a  great  deal  of  moldy 
juice.  A  temperature  is  employed  which  is  5°  F.  be- 
low that  of  the  previous  pasteurization.  If  the  tempera- 
■  ture  exceeds  that  of  the  preceding  cooking,  cloudi- 
ness is  apt  to  develop,  probably  due  to  the  precipita- 
tion of  albumens  not  coagulated  by  the  previous  heat- 
ing. 

The  pasteurized  juice  is  stored  a  few  weeks  at  the 
plant  to  ascertain  if  the  treatment  has  been  satis- 
factory. Cloudiness  may  develop,  due  to  overheating, 
separation  of  cream  of  tartar  or  to  mold  growth,  hence 
the  need  of  making  certain  that  the  juice  will  remain 
clear  after  leaving  the  factory. 

RESULTS     OF     EXPERIMENTS     AND     PROPOSED     MODIFICA- 
TIONS   IN    PRESENT    METHODS 

Tests  were  made  in  1912  and  19 13  to  ascertain  if  the 
juice  could  be  clarified  immediately  after  pressing 
from  the  grapes,  or  at  least  very  shortly  after  pressing. 
If  such  a  method  could  be  developed  it  would  save  one 
heating  at  least,  and  would  therefore  lessen  the  cooked 
taste.  Experiments  in  the  laboratory  on  clarifica- 
tion of  the  muddy  juice  from  the  press  and  crusher 
gave  negative  results.  Samples  of  the  fresh  juice 
were  also  filtered  to  give  a  bright  juice,  but  on  pasteur- 
ization these  samples  invariably  became  cloudy. 

However,  it  was  found  that  if  the  juice  were  allowed 
to  stand  24  to  48  hours  to  deposit  all  suspended  mat- 
ter, it  could  be  clarified  without  any  great  difficulty. 
This  settling  process  is  ordinarily  termed  defecation. 
During  defecation,  fermentation  must  be  prevented. 
This  may  be  done  either  by  cold  or  sulfurous  acid; 
preferably  by  aid  of  the  latter.  Pasteurizing  the  juice  to 
prevent  fermentation  temporarily  does  not  serve  the 
purpose  because  heated  juice  will  not  defecate  satis- 
factorily or  completely.  The  sulfurous  acid  was  used 
in  all  tests  at  the  rate  of  4  to  6  ounces  per  ton  of  crushed 
grapes.  It  was  added  in  the  form  of  potassium 
metabisulfite,  K2S2O5,  which  contains  about  50  to  56 
per  cent  SO2.  Twelve  ounces  of  the  metabisulfite 
per  ton  is  equivalent  to  about  185  milligrams  of  SO2 
per  kilogram  of  grapes.  Tests  have  shown  that 
at  least  half  of  this  disappears  during  subsequent 
treatment,  so  that  the  amount  left  in  the  final  juice 
is  far  below  the  legal  limit  of  350  milligrams  per  kilo. 
After  a  few  days  it  is  practically  all  in  the  combined 
form,  so  that  very  little  of  the  free  or  active  form  can 
be  detected  in  the  finished  juice.  The  sulfurous  acid 
tends  to  minimize  the  development  of  the  cooked 
taste,  which  seems  to  be  an  oxidation  phenomenon. 

A  number  of  substances  were  tried  as  clarifying 
materials,  among  them  being  casein,  lactocoll  (soluble 
casein),  tannin  and  gelatin,  egg_albumen,  tannin  alone, 
tannin  and  isinglass  and  water  glass  alone.  All 
tests  were  made  by  adding  the  fining  materials  to  the 
freshly  defecated  juice,  mixing  them  thoroughly  with 
the  juice  and  then  heating  to  185°  F.  The  casein  and 
lactocoll  are  precipitated  by  the  acid  of  the  juice; 
the  gelatin  by  the  tannin;  the  isinglass  is  precipitated 
by  the  tannin;  the  egg  albumen  is  coagulated  by  the 
heating;  and  the  water  glass  is  broken  up  by  the  acidity 
of  the  juice  to  give  SiOs  in  hydrated  form.     All  of  the 
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precipitates  are  flocculent  and  on  settling  out  tend  to 
carry  down  all  suspended  material  with  them.  This 
suspended  material  consists  of  small  particles  of  pulp 
and  grape  proteins  coagulated  by  the  heating. 

Casein,  egg  albumen  and  the  isinglass-tannin  finings- 
gave  the  best  results.  Casein  seems  to  be  the  most 
satisfactory  material  of  the  whole  series  tested  be- 
cause it  gives  a  heavy  precipitate  that  settles  rapidly 
and  completely  and  when  used  in  moderate  amounts 
gives  a  larger  percentage  of  successful  finings  than  any 
of  the  other  materials. 

The  variety  and  composition  of  the  juice  has  con- 
siderable influence  on  the  clarification.  Casein  added 
at  the  rate  of  5  ounces  per  100  gallons  of  juice  to  Ali- 
cante Bouschet,  Alicante  Ganzin,  Isabella,  Zinfandel, 
Burger  and  Chasselas  juices  gave  excellent  results, 
the  juices  becoming  perfectly  bright  in  24  to  48  hours 
after  fining.  Muscat  juice  treated  in  the  same  man- 
ner did  not  clear  satisfactorily  and  had  to  be  filtered 
after  the  fining  process  to  render  it  bright.  Ripe 
Muscat  juice  was  very  much  more  difficult  to  clear 
than  slightly  underripe  juice. 

Besides  the  above  laboratory  fining  experiments, 
practical  tests  were  made  on  several  lots  of  juice  at 
the  plant  of  J.  Swett  and  Son,  Martinez,  Calif.  Five 
ounces  of  casein  were  added  to  each  100  gallons  of 
Alicante  Bouschet  juice  and  the  must  was  heated 
in  an  open  cooker  to  185°  F.  In  24  hours  the  juice 
had  settled  bright  and  remained  bright  in  bottle  after 
bottling  and  repasteurizing.  Chasselas  treated  simi- 
larly gave  similar  results.  Muscat  treated  in  the 
same  way  did  not  clear  well,  but  did  give  good  results 
with  egg  albumen  finings. 

Both  laboratory  and  winery  tests  demonstrated 
that  grape  juice  clarified  by  casein  or  egg  albumen 
and  heating,  when  filtered  48  hours  after  fining,  re- 
mained bright  in  bottle.  The  only  objection  found  to 
this  .method  of  treatment  was  that  cream  of  tartar 
separated  out  after  the  juice  had  stood  a  few  days. 
This  settles  to  the  bottom  of  the  bottle  in  the  form 
of  a  layer  of  small  crystals  and  detracts  considerably 
from  the  appearance  of  the  product.  To  white  juice 
previously  clarified  and  filtered,  was  added  varying 
amounts  of  tartaric  and  citric  acids.  One  set  was  kept 
at  22°  C.  and  the  other  at  0-4°  C.  The  addition  of 
o.  2  per  cent  or  more  of  tartaric  acid  caused  an  im- 
mediate separation  of  cream  of  tartar.  The  addition 
of  as  small  an  amount  as  o.  i  per  cent  tartaric  acid 
caused  a  great  increase  in  the  rate  of  separation  of 
cream  of  tartar  at  the  lower  temperature  but  seemed 
to  have  little  or  no  effect  at  the  higher  temperature. 
There  was  no  perceptible  difference  in  the  rate  of  sepa- 
ration of  cream  of  tartar  at  the  two  temperatures  in 
the  untreated  samples.  This  indicates  that  to  get  the 
greatest  effect  of  cooling  on  the  separation  of  cream 
of  tartar  from  grape  juice  a  small  amount  of  tartaric 
acid  should  be  added  before  cooling.  The  citric  acid 
in  small  amounts,  i.  e.,  0.05  and  o.i  per  cent,  pre- 
vented the  separation  of  cream  of  tartar  but  at  0.3 
per  cent  seemed  to  slightly  hasten  the  separation  of 
the  cream  of  tartar. 

The  eflPect  of  the  tartaric  acid  is  no  doubt  due  to 


the  increase  of  tartrate  ions.  This  would  cause  a  re- 
pression of  the  ionization  of  the  cream  of  tartar  and 
because  of  the  slight  solubility  of  the  undissociated 
form  causes  it  to  separate  from  solution. 

In  view  of  these  tests  it  is  recommended  that  the 
process  of  grape  juice  manufacture  be  modified  to 
conform  to  the  following  outline: 

1.  Use  a  mixture  of  ripe  grapes  to  give  flavor  with 
grapes  of  high  acid  to  remedy  the  lack  of  acid  in  the 
ripe  grapes. 

2.  Add  8-12  ounces  of  potassium  metabisulfite'  per 
ton  of  grapes  at  the  crusher,  to  prevent  fermentation 
during  defecation. 

3.  Allow  the  juice  to  defecate  24-48  hours  and  rack 
from  the  sediment. 

4.  Add  to  each  100  gallons  of  juice  4-6  ounces  of 
casein  dissolved  in  sodium  carbonate  or  ammonium 
hydroxide. 

5.  Add  a  small  amount  of  tartaric  acid  to  increase 
the  rate  of  separation  of  the  cream  of  tartar. 

6.  Heat  the  juice  to  165°  F.  and  store  in  50  gallon 
barrels  until  most  of  the  excess  cream  of  tartar  has 
separated. 

7.  Rack  from  the  sediment  and  filter,  if  necessary. 

8.  Add  a  small  amount  of  citric  acid  to  prevent 
further  separation  of  cream  of  tartar,  and  bottle. 

9.  Pasteurize  in  bottle  at  160°  F. 

Note  that  a  temperature  of  165°  F.  is  recommended 
for  the  first  cooking  and  160°  F.  for  the  final  heating. 
These  are  high  enough  temperatures  to  keep  well 
handled  juice  and  will  give  a  great  deal  less  of  the  ob- 
jectionable cooked  flavor  so  evident  in  all  grape  juice 
now  on  the  market. 

Enology  Laboratory 

University  of  California  Experiment  Station 

Berkeley 


THE  COMPARATIVE  VALUES  OF  SOME  ESSENTIAL  OILS 
AS  PRESERVATIVES  OF  CANE  SUGAR  SOLUTIONS 

By  C.  B.  Cochran^  and  J.  H.  Perkins" 
Received  October   17,   1913 

THE  FERMENTATION  TEST  USED — A  measured  amount 
of  Fleischmann's  yeast  was  thoroughly  mixed  with 
a  measured  amount  of  syrup.  Portions  of  the  syrup 
were  then  put  in  two  fermentation  tubes  and  kept  in 
an  incubator  at  a  constant  temperature.  The  per- 
centage of  gas  was  noted  once  each  day.  Where  only 
one  percentage  is  stated  in  the  following  tables,  the 
duplicate  tube  contained  the  same- amount  of  gas. 
The  amounts  of  yeast  and  syrup  and  the  temperature 
are  stated  in  each  table. 

THE  OILS  USED — The  essential  oils,  purchased  from 
the  most  reputable  firms,  were  analyzed  by  us  and 
found  to  be  pure. 

THE  SYRUPS   USED — Unless     otherwise     stated,     the 

'  II  should  be  remembered  Ih.'it  this  trc-itment  will  produce  a  juice 
illegal  in  several  states  where  the  pure  food  laws  do  not  allow  the  use  of 
sulfurous  acid  as  n  preservative,  although  the  amounts  used  cannot  be 
said  to  act  as  preservative  because  fermentation  will  take  place  in  such 
juice  after  standing  a  few  days.  The  total  amount  left  in  the  juice  will  be 
less  than  '/>  the  U.  S.  maximum  of  350  mg   per  kilogram. — [Editors] 

•  Chemist  for  Dairy  and  Food  Department  of  Pennsylvania. 

J  Chief  Chemist  for  The  Charles  E.  Hires  Company. 
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syrups  were  made  by  dissolving  sugar  in   warm   (not 
hot)  distilled  water. 

The  undiluted  oils,  unless  otherwise  stated,  con- 
tained no  alcohol.  They  were  measured  in  a  finely 
graduated  burette  and  run  into  bottles  containing 
measured  volumes  of  syrup.  The  bottles  were  then 
violently  shaken.  The  solutions  of  very  small  amounts 
of  oils  used  in  some  tests  were  made  by  mixing  syrups 
containing  comparatively  large  amounts  with  the 
necessary  amounts  of  simple  syrup. 

Table  I — Showing   Influence    ok   Yeast   on    Cane    Sugar    Syrup    ok 

DiFKERENT   SPECIFIC    GRAVITIES 


V16  Fleischm 

mn's  Yeast  Cake  to  50  C 

c.  Syrup 

Temperatur 

;.30 

"10  40''  C. 

Sp.  gr.  of 

Time 

Per  cent 

Sp.  gr.  of 

Time 

Per  cent 

syrup 

Days 

gas 

syrup 

Days 

gas 

1.225 

1 

100 

1.2719 

11 

15 

1.230 

2 

100 

280 

5 

None 

1.240 

5 

80 

2844 

10 

None 

1.2418 

I'A 

100 

286 

10 

30 

1.249 

2 

100 

311 

10 

None 

1.2503 

2 

90 

320 

5 

None 

1 . 2643 

7 

•  100 

3257 

18 

None 

1.267 

4 

100 

3425 

10 

None 

Table 

II- 

-Birch  ani 

3  Cassia 

Compared 

One  Thirtj 

-second  of  a 

Fleischmar 

n's 

Yeast  Cake  in  1  Fluid  Oz.  Syrup 

Temperature  of  Incubator,  30-31°  C. 
Specific  Gravity  of  Syrup.  1.259  at  20° 
Series  1 
Tested  when  made 


fermentation  decreases  with  the  increase  in  age  of  the 
syrup. 

3 — Some  inversion  took  place. 

.4 — Decrease  in  ability  of  the  0.045  per  cent  birch 
syrup  to  resist  fermentation  may  be  due  to  the  in- 
version of  the  sugar  making  the  syrup  more  easily 
fermentable. 

5 — Indicates  that  syrup  containing  0.022  per  cent 
of  cassia  resists  fermentation  as  well  after  being  kept 
II  months  as  it  did  when  first  made. 

Table  III — Sassafras,  Birch,  Cassia  and  Star-anise  Compared 
Specific  Gravity  of  Syrups,  1.255  at  20°  C. 

One  Thirty-second  of  Fleischmann's  Yeast  Cake  in  1  Fluid  Oz.  Syrup 
Temperature  of  Incubator,  30-31°  C. 


Series  2 
Fresh  syrups 


2a 


Series  26 


0.011  sassafras 1 

0 .  022  sassafras None 

0 .  045  sassafras None 

0.067  sassafras None 

0 .  022  birch 48 


None 
None 


0.011  cassia.. 

0.022  star-ani 
Simple  syrup . 


20 


{:? 


16     30  &  60        8     55  &  60 


0.067 

birch.. .  . 

None 

0.045  birch.... 

'A 

0.022 

birch. .  .  . 

50  and  52 

0.011  birch... 

100 

0.067 

cassia .  .  . 

None 

0.045 

cassia. . . 

None 

0.022 

cassia. . . 

None 

0.011 

cassia. . . 

18  and  21 

Simple  syrup. 

73  and  88 

.a  s  j;  g, 

'/:  «  Ph 
I  in  10  days 


m  to 
1.2622 


8  50  and  60  in  8  days 


10  days      1.2621 


CONCLUSIONS 

I — Cassia  is  a  much  better  preservative  than  is  birch. 
2 — The  ability  of  a  syrup  containing  birch  to  resist 


CONCLUSIONS 

I — Fresh  syrups:  o.oii  per  cent  sassafras  is  a  better 
preservative  than  o.oii  per  cent  cassia,  which  in  turn 
is  superior  to  0.022  per  cent  birch;  0.022  per  cent  star- 
anise  is  superior  to  0.022  per  cent  birch. 

Two-month  old  syrups:  0.022  per  cent  sassafras 
is  superior  to  0.022  per  cent  anise. 

Seven-month  old  syrups:  o.oii  per  cent  cassia  is 
superior  to  0.022  per  cent  anise,  which  is  superior  to 
0.022  per  cent  sassafras. 

2 — The  value  of  sassafras  and  star-anise  as  pre- 
servatives decreases  with  the  increase  in  age  of  the 
syrup. 


Fresh  syr 

ips 

Per  cent  oil 

Per  cent  gas 

ndays 

0.045  star-anise 

0.011  star-anise 

0.022  sassafras 

None 

None 

None 

26 
26 
26 

0.011  sassafras 

0.011  cassia 

None 

26 

None 

0.022  ginger 

...     ginger 

0.022  lemon 

22  &  25 

16  &  20 

26 
9 

0.011  lemon 

0.022  orange 

0.011  orange 

Simple  syrup 

None 

100 

9 
3 

Table  IV — Star-anise,  Sassafras,  Cassia,  Ginger.  Lemon  a> 
Specific  Gravity  of  Syrups.  1.2566  at  20°  C. 
One  Thirty-second  of  Fleischmann's  Yeast  Cake  in  1  Flu 
Temperature  of  Incubator,  30-31°  C. 
Series  3 

Series  3  a 
5  weeks  old 
Per  cent  gas 


Orange  Compared 


Series  36 
6  weeks  old 
Per  cent  gas 


{" 


50  &  60  i 

&   2  i 


;  6  days  1 
.  2  days  J 


Series  3c 

6V/2  mos.  old            Series  3d 

Sp.  gr. 

. ■ .  9'/!  mos.  old 

9>A  mos.  c 

Per  cent  gas  in  days     Per  cent  gas 

at  20°  C 

60            5 

28  &  32             5           15  in  10  days 

1.2589 

15  in  10  days 

(0&     25  in 
<.0&  100  in 
(,  0  &  trace 

7  days 

8  days 

n  6  day 

40  &  50  i 

a  6  days  "i 

10  i 
1  i 

n  5  days  > 
ti  2  days  ' 

33  &  38  i 

a  3  days 

30  &  38  i 

Q  2  days 

75  &  80  in  8  days 


3o6 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  4 


CONCLUSIONS 

I — Oils  are  named  in  the  following  in  the  order  of 
their  value  as  preservatives: 

Fresh  syrups:  o.bii  per  cent  sassafras  apparently 
equal  to  o.oii  per  cent  star-anise;  0.01 1  per  cent  cassia: 
0.22  per  cent  ginger. 

Five- week  old  syrups:  o.ii  per  cent  lemon:  o.ii 
per  cent  star-anise;  o.ii  per  cent  sassafras:  o.ooi  per 
cent  orange. 

Six-week  old  syrups:  0.22  per  cent  lemon:  0.022 
orange. 

Six' and  one-half-month  old  syrups:  0.022  per  cent 
cassia;  0.22  per  cent  sassafras  (apparently  equal  to 
0.045  psr  cent  star-anise);  0.22  per  cent  lemon. 

2 — Ginger  is  a  poor  preservative.  Syrups  containing 
this  oil  fermented  a  few  months  after  they  were 
made. 

Tabi,b  V — Sassafras.  Star-anise,  Lemon  and  Orange  Compared 

Specific  Gravity  of  Syrups,  1.2563  at  20°  C. 

One  Thirty-second  of  a  Fleiscljmann's  Veast  Cake  in  I  Fluid  Oz.  Syrup 

Temperature  of  Incubator.  30-31*'  C. 

Series  5 

Fresh  syrup  Series  5a              Sp.  gr. 

. ■ ,       8  mos.  old  8  mos.  old 

Per  cent  of  oil  Per  cent  gas  in  days     Per  cent  gas     Per  cent  gas 

0.011  sassafras 10  &       2  7 

0.011  sassafras 20  &  100  11 

0.022  sassafras None  in  10  days  1.259 

0.0083  sassafras 10  7 

0.0083  sassafras 88  &  100  12 

0.0056  sassafras 20  &    23  4 

0.011  star-anise 2&       5  7 

0.011  star-anise 25  &  100  11 

0 .  022  star-anise None  in  10  days  1 .  2568 

0.0083  star-anise 10  7 

0.0083  star-anise 80  &  100  12 

0.0056  star-anise 32  &    40  4 

0.011  lemon None  8 

0.011  lemon 0  &     43  12 

0.002  lemon 80  &  100  in  2  days 

0.0083  lemon 'A  7 

0.00831emon 80  &  100  11 

0.0056  lemon 1/2  &       1  5 

0.0056  lemon 20  &    30  7 

0.011  orange 8  &     10  5 

0.011  orange 85  &  100  7 

0.0083  orange 55  &    60  4 

CONCLUSIONS 

I — That  lemon  as  a  preservative  is  superior  to  star- 
anise  and  sassafras  so  far  as  the  withstanding  of  the 
above  fermentation  test  on  the  freshly  mixed  syrups 
is  concerned.  (See  conclusion  No.  i,  Table  IV  and, 
also,  the  following  conclusion  No.  4) 

2 — That  there  is  little  difference  between  the  pre- 
servative powers  of  star-anise  and  sassafras,  the  latter, 
however,  appearing  to  be  a  trifle  the  better. 

3 — That  orange  is  inferior  to  star-anise,  sassafras 
and  lemon  as  a  preservative. 

4 — Syrups  containing  lemon  resist  fermentation 
much  more  when  just  mixed  than  they  do  after  they 
have  been  kept  for  some  time.  As  pointed  out  before, 
this  tendency  of  the  old  syrups  containing  oils  to  fer- 
ment may  be  due  to  an  increase  in  the  fermentability 
of  the  syrups  brought  about  by  inversion. 

Philadelphia 


THE  COMPARATIVE  VALUES  OF  SOME  ESSENTIAL  OILS 

AS  PRESERVATIVES  OF  STARCH  SYRUPS 

By  C.   B.  Cochran  and  J.  H.  Perkins 

Received  October  17,  1913 

THE  FERMEN'TATION  TEST  USED — A  measured  amount 
of  magic  or  Fleischmann's  yeast  was  thoroughly  mixed 
with  a  measured  amount  of  syrup.  Portions  of  the 
syrup  were  then  put  in  two  fermentation  tubes  and 
kept  in  an  incubator  at  a  constant  temperature.  The 
percentage  of  gas  was  noted  once  each  day.  Where 
only  one  percentage  is  stated  in  the  following  tables, 
the  duplicate  tube  contained  the  same  amount  of  gas. 
The  kind  and  amounts  of  yeast  and  syrup  and  the 
temperature  are  stated  in  each  table, 

THE  OILS  USED — -The  essential  oils,  purchased  from 
the  most  reputable  firms,  were  analyzed  by  us  and 
found  to  be  pure, 

THE  SYRUPS  USED — The  oils  were  mixed  with  95  per 
cent  alcohol — one  volume  of  oil  to  9  of  the  alcohol. 
The  oils  in  this  form  were  then  thoroughly  mixed  with 
the  syrup  in  the  proportions  desired, 

"Karo  Corn  Syrup"  was  used,  all  tests  being  made  on 
syrups  from  the  same  can. 

Table  I — Anise.  Clove,  Cassia.  Wintergreen,  Sassafras,  Spearmint 
AND  Pennyroyal  Compared 
Vn  of  a  Fleischmann's  Yeast  Cake  in  50  Cc.  of  Syrup 
Temperature  of  Incubator,  32°  C. 
Specific  Gravity  of  Syrup,  1.243  at  20°  C. 

Per  cent             Time  Result 

Oil                                                of  oil                Days  Per  cent  gas 

Anise 0.026                  7  80 

Clove 0.026                  1  100 

Cassia 0.026                  1  70 

Wintergreen..: 0.026                   1  100 

Sassafras 0.026                  6  100 

Spearmint 0.026                  2  100 

Pennyroyal 0.133                  7  None 

None 1  100 

CONCLUSIONS — The  oils  are  here  named  in  the  order 
of  their  value  as  preservatives  as  determined  by  the 
above  tests: 

(i)  Anise,  (2)  sassafras,  (3)  cassia,  (4)  spearmint, 
(s)  wintergreen  and  (6)  clove. 

Table    II — Clove,    Cassia,    Sassafras,    Juniper    Berry,    Citronella, 
Wintergreen  and  Peppermint  Compared 
'/i«  of  Fleischmann's  Yeast  Cake  in  50  Cc.  of  Syrup 
Temperature  of  Incubator,  32°  C. 
Specific  Gravity  of  Syrup,  1.248  at  20°  C. 

Per  cent            Time  Per  cent 

Oil                                         of  oil                Days  gas 

Clove 0.04                    4  10 

Juniper  berry 0.08                    4  100 

Peppermint 0.08                    9  None 

Citronella 0.08                  10  12 

Cassia 0.04                    5  100 

Sassafras 0.04                    9  15 

■Wintergreen 0.04                    2  100 

None 1  100 

CONCLUSIONS — I — When  0.04  per  cent  is  used,  the 
value  of  the  oils  is  as  follows: 

(i)  Sassafras,  (2)  clove,  (3)  cassia,  (4)  wintergreen. 
II — When  0,08  per  cent  is  used,  the  value  of  the  oils 
is  as  follows: 

(i)  Peppermint,  (2)  citronella,  (3)  juniper  berry. 

Ill — 0,04  per  cent  of  sassafras,  or  clove,  or  cassia  is 
better  preservative  than  0.08  per  cent  of  juniper  berry. 
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Table   HI — Lavender,  Sweet  Fennel,   Caraway,   Coriander,   Sweet 
Birch  and  Sassafras  Compared 
',16  of  a  Fleischmann's  Yeast  Cake  in  50  Cc.  of  Syrup 
Speci6c  Gravity  of  Syrup.  1.1925  at  20°  C. 
Temperature  of  Incubator.  32°  C. 

Per  cent            Time  Per  cent 

Oil                                                  oil                  Days  gas 

Lavender 0.2                         1  100 

Sweet  fennel 0.2                      7  30 

Caraway 0.2                       1  100 

Coriander 0.2                       7  None 

Sweet  birch 0.08                    7  50 

Sassafras 0.08                    7  None 

CONCLUSIONS — I — Coriander  is  superior  to  sweet 
fennel,  which  in  turn  is  superior  to  lavender  and 
caraway.  The  latter  two  oils  have  practically  no  value 
as  preservatives  when  0.2  per  cent  is  used. 

II — Sassafras  is  decidedly  superior   to   sweet  birch. 

Ill — Sassafras  in  these  tests  is  superior  to  any  one 
of  the  above  oils,  with  the  possible  exception  of  cori- 
ander. 

Table    IV — Clove,    Juniper    Berry.    Peppermint,    Cassia,    Sassafras, 
Wintercreen.  Anise,  and  Spearmint  Compared 
Vsa  of  a  Magic  Yeast  Cake  in  50  Cc.  of  Syrup 
Specific  Gravity  of  Syrup,  1.248. 
Temperature  of  Incubator,  32°  C. 

Per  cent  Time  Per  cent 


Oil 


oil 


Days 


None 1  100 

Clove 0.04  2  100 

Juniper  berry 0.08  2  100 

Peppermint 0.08  3  100 

Cassia 0.04  4  100 

Sassafras 0.04  4  100 

Wintergreen 0.04  2  100 

Anise 0.04  3  100 

Spearmint 0.04  2  100 

CONCLUSIONS — I- — In  these  tests,  0.04  per  cent  of 
cassia  seems  to  be  equal  to  the  same  amount  of  sassafras, 
and  superior  to  0.04  per  cent  of  anise,  which  in  turn 
is  superior  to  0.04  per  cent  of  spearmint  or  wintergreen. 

II — It  will  be  noted  that  these  results  differ  some- 
what from  similar  tests  made  with  Fleischmann's 
yeast. 

Philadelphia 

ESTIMATION  OF  SUCROSE  IN  THE  PRESENCE  OF 
LACTOSE  AND  IN  THE  MILK  PREPARATIONS' 

By  JiTENDRA  Nath  Raksmit 
Received  December  21,   1913 

The  practical  use  and  importance  of  the  method  of 
estimation  of  sucrose  and  lactose  in  their  mixture, 
chiefly  depend  on  the  presence  of  the  former  in  the 
sweetened  condensed  milks  and  other  milk  prepara- 
tions. All  the  difficulty  arises  from  the  fact  that  the 
milk  sugar  also  undergoes  hydrolysis  during  the  in- 
version of  cane  sugar  by  mineral  acids.  Stokes 
and  Bodmer^  described  a  method,  the  principle  involved 
in  which  is  the  titration  of  a  portion  with  Pavy's 
ammoniacal  copper  solution  and  that  of  another  part 
after  boiling  with  2  per  cent  citric  acid  for  ten  minutes 
and   then   neutralizing.      Boiling   with   citric   acid   was 

'  The  estimation  of  sucrose  in  presence  of  lactose,  with  special  reference 
to  milk  products,  has  also  been  thoroughly  investigated  by  the  Association 
of  OfTicial  Agricultural  Chemists.  See  Proceedings,  190S,  pp.  98-101; 
1907,  pp.  53-9;  1908,  pp.  152-9.  In  this  connection  should  be  mentioned 
the  method  of  Bigelow  and  McElroy  (J.  Am.  Chem.  Soc.  IB,  668),  who 
determined  sucrose  in  condensed  milk  by  polarization  before  and  after 
inversion  with  yeast  or  invertase.      [Editors] 

=  Atialysl.  10,  62. 


expected  to  invert  the  cane  sugar  without  affecting 
the  other.  The  difference  in  reducing  power  would 
account  for  the  cane  sugar.  E.  W.  T.  Jones,'  in  a 
modification  of  the  above  process  of  inversion,  recom- 
mended that  it  should  be  kept  in  boiling  water  with 
1.6  per  cent  citric  acid  for  half  an  hour.  F.  Watts 
and  H.  A.  Tempany^  have  shown  that  the  inversion 
of  cane  sugar  is  fairly  complete  in  ten  minutes  when 
only  the  two  sugars  are  present,  but  is  very  greatly 
retarded  in  the  presence  of  milk  constituents.  These 
authors  have  suggested  that  to  obtain  satisfactory 
results  the  boiling  should  be  continued  for  forty  min- 
utes. In  analyzing  several  samples  of  condensed 
milks  it  was  observed  that  even  boiling  for  that  period 
was  not  always  sufficient  for  complete  inversion — the 
results  obtained  were  too  low.  In  addition  to  the 
inconvenience  of  the  lengthy  time  of  boiling  the 
method  does  not  yield  reliable  results  in  all  cases  in 
the  presence  of  milk  constituents. 

The  principle  of  the  following  method  is  simple, 
and  works  well  for  practical  purposes.  The  percentage 
of  lactose  in  the  solution  is  first  determined  by  titra- 
tion with  Fehling's  solution,  then  a  measured  quantity 
of  Fehling's  solution  is  boiled  with  a  calculated  quan- 
tity of  sugar  solution  so  that  all  the  copper  may  be 
thrown  out  of  solution  with  the  simultaneous  conse- 
.quent  decomposition  of  all  lactose  when  cane  sugar 
alone  will  be  left  in  solution,  which  can  be  readily 
estimated  after  the  usual  inversion  and  neutralization. 

A  solution  was  prepared  containing  i  and  2.5  per 
cent  of  lactose  and  sucrose  respectively.  In  titrating 
10  cc.  Fehling's  solution,  6.9  cc.  sugar  solution  (equiva- 
lent to  0.98  per  cent  lactose)  were  required.  Twenty 
cc.  Fehling's  solution  were  placed  in  an  Erlenmeyer 
flask,  and  13.8  cc.  sugar  solution  and  60  cc.  water 
were  added.  The  solution  was  heated  to  boiling  for 
5  minutes  or  until  the  reduced  copper  coagulated. 
It  was  then  filtered  hot  through  fine  filter  paper  to 
another  similar  flask.  The  filtrate  should  be  per- 
fectly clear;  no  copper  should  remain  either  in  solu- 
tion or  in  suspension.  Next,  10  cc.  of  strong  hydro- 
chloric acid  were  added  and  gently  boile.d  for  10 
minutes,  cooled,  neutralized  with  sodium  carbonate 
and  made  up  to  200  cc.  Ten  cc.  Fehling's  required 
27.6  cc.  of  the  above  sugar  solution,  which  is  equivalent 
to  2.49  per  cent  sucrose  in  the  original  solution.  Simi- 
larly the  following  estimations  were  made: 


Percentage 

found 

Percentage 

taken 

Sucrose 

Lactose 

Sucrose 

Lactose 

8.10 

4.00 

8.10 

4.00 

20.08 

4.00 

20.00 

4.00 

3.00 

5.95 

3.00 

6.00 

15.04 

5.95 

15.00 

6.00 

It  is  thus  seen  that  the  method  is  quite  satisfactory 
in  the  case  of  mixtures  of  pure  sugars. 

In  the  examination  of  milks  and  milk  preparations, 
they  are  usually  coagulated  first  by  cautious  addition 
of  dilute  citric  acid,  adding  drop  by  drop  and  shaking 
alternately.  An  excess  of  citric  acid  makes  the  subse- 
quent filtration  difficult,  otherwise  it  is  very  easy  and 

'  Analyst.  14,  81. 
■^  Ibid..  30,  119. 
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rapid.     The   filtrate   after   neutralization   is   examined 
for  sugars  as  before. 

A  sample  of  milk  was  taken  which  was  found  to 
contain  4.64  per  cent  milk  sugar.  Four  flasks  of 
250  cc.  capacity  were,  filled  with  100  grams  of  the  above 
milk  and  5,  10,  20  and  50  grams  of  pure  cane  sugar 
were  added  to  them,  respectively.  Ten  grams  of 
each  of  the  above  prepared  solutions  were  taken  in 
100  cc.  flasks,  and  made  up  to  100  cc.  From  each, 
50  cc.  were  taken,  placed  in  four  other  100  cc.  flasks,  and 
coagulated  with  2  per  cent  citric  acid  solution  added 
drop  by  drop,  shaking  all  the  while  by  a  rotatory 
motion.  These  were  filtered  and  the  filtrates  made 
up  to  100  cc.  and  the  sugars  were  estimated  as 
before. 

Percentage  of  lactose  Percentage  of  sucrose 

Found  Calculated  Found  Calculated 

4-40                               4.41  4.73  4.76 

*-24                             4.22  9.03  9.09 

3.86                               3.86  16.60  16.67 

3    12                               3,09  33,40  33.33 

Some  sweetened  condensed  milks  were  examined 
and  the  sugars  estimated  by  the  above  method, 
starting  with  a  lo  per  cent  solution.  The  following 
results  were  obtained: 

Ash  proteid  Total  solids 

fat  lactose  by  evapora- 
^^s.n6.                                                                sucrose  tion 

! .   Best  skimmed  condensed  milk 70.7  70 .  2 

2.  Nestle's  condensed  milk,  "Nest  Brand" 74.2  74,8 

3.  Milk-maid  brand 70.8  70. 1 

4.  Best  skimmed  condensed  milk,  cow  and  calf 

brand ,.      75.1  756 

In   conclusion,  I  have   much  pleasure  in  expressing 
by  best  thanks  to  Mr.  R.  L.  Jenks,  Chemical  Examiner  ■ 
for  Customs  and  Excise,  for  his  kindly  allowing  me  to 
analyze  several  samples  of  condensed  milks. 

Customs  and  Excise  Chemicai,  Laboratory 
Custom  House.  Calcutta.  India 


THE  SOLUBttlTY  OF  DEXTRIN' 

By  W.  K.  Lewis 
Received  December  26,  1913 

In  an  attempt  to  find  a  rapid  method  of  determining 
the  proportion  of  dextrin  soluble  in  cold  water,  the 
author  some  time  ago  treated  weighed  dextrin  samples 
with  known  amounts  of  water  in  the  tubes  of  a  centri- 
fuge, and  after  thorough  agitation  separated  the  sus- 
pended insoluble  matter  by  whizzing.  The  ^soluble 
portion  was  determined  by  the  evaporation  of  an  ali- 
quot part  of  the  clear  solution.  The  ratio  of  water 
to  sample  was  varied  to  insure  sufficient  solvent  so 
that  the  solution  should  not  be  saturated  with  respect 
to  any  of  the  soluble  constituents  of  the  original 
dextrin.  It  was  surprising  to  find  that  the  soluble 
fraction  increased  rapidly  with  dilution. 

If  a  physical  mixture  of  a  soluble  and  an  insoluble 
substance  be  treated  with  increasing  amounts  of  a 
solvent,  we  shall  first  o.btain  a  saturated  solution  of 
the  solute  at  the  temperature  employed,  the  excess 
solute  remaining  undissolved.  During  this  stage  the 
concentration    of    the    solution    obtained    will    remain 

'  All  data  quoted  in  this  article  are  taken  from  a  thesis  by  C.  W.  Hob- 
son,  submitted  in  partial  fulfilment  of  the  requirements  for  the  S.B  degree 
at   the  Massachusetts  Institute  of  Technology. 


constant.  After  sufficient  solvent  has  been  added  to 
dissolve  the  whole  of  the  soluble  substance,  further 
addition  will  dilute  the  solution  without  increasing 
the  amount  dissolved.  In  the  case  of  dextrin,  how- 
ever, no  matter  how  small  an  amount  of  water  be 
employed,  under  no  condition  does  the  concentra- 
tion of  the  solution  obtained  remain  constant,  while 
on  the  other  hand  the  addition  of  further  solvent 
never  fails  to  dissolve  additional  dextrin,  although  the 
use  of  no  amount  of  water,  however  large,  will  dissolve 
the  whole  of  the  sample. 

This  unexpected  behavior  seemed  worthy  of  quanti- 
tative study,  and  a  large  number  of  dextrins  were  ex- 
amined in  the  following  way:  Weighed  samples  were 
introduced  with  known  amounts  of  water  into  well 
stoppered  bottles  and  shaken  in  a  thermostat.  After- 
a  certain  time  a  part  of  the  mixture  was  whizzed  in  a 
centrifuge,  and  the  water-soluble  matter  determined  by 
evaporation  of  an  aliquot  part  of  the  solution.  This 
was  repeated  until  no  further  change  in  the  concentra- 
tion of  the  solution  occurred,  requiring  at  no  time  over 
twenty-four  hours.  Characteristic  results  are  shown 
graphically  by  the  following  curves,  the    soluble  frac- 


'^  dKi  JO         4U  50  60  70  SO  90 

CONCENTR/MION  -   GRAMS    PER    LITER 

tion  of  the  dextrins  being  plotted  as  ordinates, 
abscissae  being  the  concentration  of  the  solutions  ob- 
tained. 

With  the  idea  in  mind  that  the  insoluble  portion  of 
the  dextrins  might  serve  as  a  body  on  which  the  solu- 
ble portion  could  be  adsorbed,  these  quantitative  re- 
sults were  studied  in  the  following  way:  Call  the 
fraction  of  the  dextrin  insoluble  in  water,  however 
great  in  amount,  at  the  temperature  in  question,  i  — A. 
It  follows  that  an  indefinitely  large  amount  of  water 
will  dissolve  the  fraction  A.  The  fraction  actually  dis- 
solved, as  determined  by  experiment,  is  designated  by 
X.  The  fraction  soluble  in  water  infinite  in  amount,  but 
retained  on  the  insoluble  portion  under  the  conditions 
in  question,  is  A  —  .r.  The  concentration  of  the  solu- 
tion,  expressed   in    any    suitable  way,  call  c.       If  the 
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soluble  portion  unaffected  by  the  water  be  adsorbed 
on  the  insoluble  residue,  one  would  expert  the  relation- 
ship to  be  represented  by  the  adsorption  equation, 
which  in  this  case  will  be  A  —  x  —  kc^^".  Taking  the 
logarithms  of  both  sides: 

log  (A  —  x)     =  log  ^  +  -i/n  log  c. 
This  requires  that  the  logarithm  of  the  soluble  portion 
remaining    undissolved    under    the    conditions    of    the 
experiment   shall   be    a   straight    line   function   of    the 
logarithm  of  the  concentration  of  the  solution. 

It  is  of  course  theoretically  possible  to  determine 
the  insoluble  residue  by  treatment  of  the  dextrin 
with  an  indefinitely  large  amount  of  water.      This  is, 


SI; 


LOG.    CONCENTRATION 

however,  difficult,  and  it  is  wiser  to  determine  A  in 
the  following  way:  If  there  exist  any  value  of  A 
which  will  make  the  logarithm  of  A  —  x  a  straight 
line  function  of  the  logarithm  of  c,  for  all  values  of  c 
however  small,  then  this  value  of  A  is  a  most  probable 
one  for  the  soluble  fraction  of  the  dextrin.  The  data 
of  the  previous  plot  were  tested  by  plotting  log  (A  —  x) 
as  ordinates  against  log  c  as  abscissae,  different  values 
of  A  being  chosen.  It  was  found  that  by  varying  the 
va'ue  of  A  the  curve  could  be  made  concave  either  up 
or  down,  and  that  a  suitable  intermediate  value  of  A 
would  in  all  cases  straighten  out  the  plot.  These 
plots  are  shown  in  the  above  diagram. 

It  is  found  from  these  results  that  at  25°  C,  the 
assumption  of  the  presence  in  the  dextrin  of  a  residue 
insoluble  in  water,  upon  which  a  fraction  of  the  solu- 
ble portion  is  adsorbed,  offers  a  quantitative  explana- 
tion of  the  behavior  of  the  dextrin  on  treatment  with 
water.     It    is    desired  to  point  out  that  not  only  this 


insoluble  fraction,  but  the  two  constants  of  the  ad- 
sorption equation — namely,  k  and  n — are  highly 
characteristic  of  the  dextrin  employed,  and  in  the 
opinion  of  the  author  offer  a  better  means  of  distin- 
guishing between  samples  of  dextrins  than  any  other 
method  hitherto  suggested.  For  the  purpose  of  test- 
ing dextrins  by  this  method,  the  procedure  to  be  em- 
ployed is  to  treat  weighed  samples  of  the  dextrin  with 
known  amounts  of  water  in  a  thermostat  for  approxi- 
mately twenty-four  hours,  and  determine  the  water 
soluble  portion  by  evaporation  of  an  aliquot  sample 
of  the  liquid  after  whizzing  in  a  centrifuge.  The 
easiest  method  of  determining  the  constants  of  the 
dextrin  will  then  be  to  assume  values  for  the  total 
soluble  fraction  A,  and  to  plot  the  logarithm  of 
A  —  X  against  the  experimental  values  of  the 
logarithm  of  c  until  a  chosen  value  of  A  results  in  a 
straight  line.  This  value  of  A  is  the  soluble  portion, 
the  slope  of  this  line  is  i/w,  and  the  intercept  of  this 
line  is  the  logarithm  of  k.  For  the  dextrins  plotted, 
these  constants  are  tabulated  below: 

Substance  A  l/ii  * 

Yellow  dextrin : 

White  dextrin I 

White  dextrin 1 

Imported  potato  gum 1 


Thii 


gun 


0 .  995 

0.272 

17.20 

0.935 

0.250 

7.48 

0.800 

0.240 

9.62 

0.920 

0.168 

3.81 

0.400 

0.100 

6.05 

/>^/ 


So/ufton 


As  shown  in  the  first  plots,  one  "Partial  Dextrin'" 
was  found,  the  solubility  of  which  is  independent  of 
the  amount  of  water  used,  22  per  cent  being  dissolved 
in  all  cases.  This  sample  is  probably  made  by  mixing 
a  highly  hydrolyzed  product  (practically  a  grape 
sugar)  with  untreated  starch,  adsorption  being  absent 
owing  to  the  low  molecular  weight  of  the  soluble  por- 
tion. 

It  is  not  wished  to  have  it  understood  that  the  author 
considers  the  results  here  presented  as  proof  that  adsorp- 
tion is  necessarily  the  explanation  of  the  phenomena 
observed.  Dextrins  are  unquestion- 
ably highly  complex  bodies,  ^the 
components  of  which  vary  in  solu- 
bility, and  it  is  easily  possible  that 
the  behavior  on  treatment  with 
increasing  amounts  of  water  is  due 
to  the  solution  of  increasingly  in- 
soluble components.'  Such^a  hy- 
pothesis, however,  it  is  impossible 
to  express  in  mathematical  form, 
whereas  the  suggestion  which  is 
here  offered  has  shown  itself  in  the  cases  so  far  tested 
capable  of  simple  and  exact  algebraic  treatment. 
Merely  as  a  matter  of  empirical  presentation  of  the  re- 
sults, therefore,  it  is  considered  that  the  proposed  hy- 
pothesis justifies  itself,  and  it  is  commended  for  use  until 
further  light  is  thrown  upon  the  problem  of  the  nature 
of  the  dextrins. 

Research  L.-\bor.\tory  of  .\ppi.ied  Chemistry 
Massachusetts  Institute  of  Technology 
Boston 

1  That  something  of  this  nature  occurs  is  shown  by  the  appearance 
of  the  deposit  in  the  bottom  of  the  tube  after  whizzing.  This  deposit  con- 
sists of  two  distinct  layers:  the  upper  one  is  a  jelly,  readily  soluble  in  warm 
water,  and  the  lower  one  opalescent,  lighter  in  color  on  that  account,  and 
less  readily  soluble.  Beneath  these  is  usually  a  slight  amount  of  dirt. 
This  appearance  is  indicated  in  Fig.   1. 
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ANALYSES  SHOWING  THE  COMPOSITION  OF  THE  DIF- 
FERENT GRADES  OF  COMMERCIAL  PACK  PEAS 
By  John  C.  Diggs 
Received  November  19,  1913 

Knowledge  that  the  maturity  of  the  pea  is  an  im- 
portant factor  in  its  composition  led  to  an  investigation 
of  the  different  grades  of  canned  peas  put  out  by  an 
Indiana  packing  concern.  Work  on  peas  has  been 
conducted  chiefly  by  chemists  who  obtained  their 
samples  from  the  open  market.  The  non-uniformity 
of  methods  used  in  grading  and  packing  seriously 
interfered  with  any  careful  work  in  determining  the 
exact  effect  of  size  and  age  upon  the  composition  of 
the  pea.  Data  at  hand  give  information  regarding 
the  composition  as  to  the  size  of  the  canned  pea: 
none,  however,  are  available  showing  changes  in  com- 
position that  may  result  with  the  maturing  of  the  pea; 
A  noticeable  fact  shown  by  the  work  of  chemists  is 
the  utter  unreliability  of  the  label  as  a  guide  to  the 
composition  of  the  product.  This  work  may,  in  a 
measure,  assist  in  the  establishment  of  standards  of 
composition  for  each  of  the  grades  of  canned  peas. 
The  work  of  McElroy  and  Bigelow  of  some  twenty 
years  ago  gives  us'  some  analyses  made  of  a  large 
number  of  samples,  of  both  American  and  foreign 
origin.  No  information  is  given  as  to  system  of  gra- 
ding as  to  maturity — if  any  system  did  exist.  Dubois^ 
in  1910  made  the  analyses  of  more  than  one  hundred 
samples  of  canned  peas.  He  draws  conclusions  re- 
garding composition  as  to  size  but  has  no  data  for 
determining  the  effect  of  age  upon  composition. 
Street,'  the  same  year,  published  results  of  one  hundred 
and  eleven  samples  but,  without  the  history  of  the 
samples  and  method  used  in  grading  and  sizing, 
based  all  tabulations  on  label  statements. 

Different  systems  of  sizing  and  grading  employed 
in  various  plants  and  the  overlapping  of  one  grade  into 
the  next  tend  to  reduce  the  results  of  different  grades 
to  an  average  rather  than  differentiate  between  them. 
Since  the  samples  were  raised  in  different  parts  of  the 
country,  the  matter  of  soil,  rainfall  and  climate  would 
be  interfering  factors. 

Consequently,  it  was  thought  that  if  the  common 
analytical  factors  were  determined  on  the  product 
put  out  by  a  single  plant  where  uniform  methods  were 
used  in  sizing  and  grading,  where  the  same  variety 
of  peas  were  packed,  and  one  system  used  in  packing 
and  processing,  there  might  prove  to  be  a  definite 
relation  between  the  composition  and  the  grade  of  the 
pea.  While  it  has  been  shown''  that  the  ratios  ex- 
isting between  the  organic  plant  constituents  are  differ- 
ent for  different  sizes  of  peas,  no  literature  has  been 
published  showing  the  relations  existing  among  the 
various  inorganic  plant  factors  for  these  samples.  In 
view  of  this  fact  analyses  were  made  showing  the 
calcium,  magnesium  and  phosphoric  acid  content  of 
each  grade  of  pea.  A  table  has  been  calculated  showing 
to  some  degree  the  composition  of  the  ash  of  each 
grade. 

1  U.  S.  Department  of  Agriculture,  Bureau  of  Chemistry,  Circ.  64. 
'  U.  S.  Department  of  Agriculture,  Bureau  of  Clicmistry,  Bull.  13. 
'  Conn.  Agr.  Exp.  Station  Report,  1910.      U.  S.  Dept.    of   Agriculture, 
Bur.  of  Chemistry,  Bull.  137. 


In  undertaking  this  work,  eleven  samples  of  canned 
peas  were  obtained'  from  a  local  packing  concern, 
ten  of  these  representing  three  brands  and  several 
grades  of  each  brand  and  the  eleventh  being  a  sample 
of  so-called  "soaked  peas." 

THE    PACKING    PROCESS 

The  peas  used  in  this  pack  were  grown  in  central 
Indiana  within  a  radius  of  ten  miles  of  the  packing 
plant.  The  soil  in  this  section  is  uniform,  consequently 
that  factor  does  not  influence  any  particular  grade. 
The  season  of  packing  usually  extends  from  June  loth 
to  July  15th. 

The  peas  are  mowed,  loaded  on  wagons  and  hauled 
to  the  vining  and  thrashing  machines.  The  hulled 
peas  are  passed  through  a  squirrel  cage  washer  into 
a  grading  tank  of  dilute  brine  (sp.  gr.  1.07).  The 
younger  peas  float  in  this  solution  and  are  removed  by 
an  elevator  to  a  bin  for  subsequent  grading  as  to  size. 
This  quality  of  pea  is  used  for  the  Polk's  Best  Brand. 
'The  peas  which  have  sunk  to  the  bottom  are  carried 
by  an  elevator  into  a  stong  brine  grading  tank  (sp. 
gr.  1. 11).  This  brings  about  another  grading,  some 
floating  and  some  going  to  the  bottom.  Those  floating 
are  made  into  the  Greenwood  Brand;  those  sinking, 
the  harder  and  the  more  mature  peas,  into  the  May  Day. 

Each  of  these  three  classes  of  peas  is  made  up  of  large' 
and  small  sizes.  It  is  desirable  that  the  peas  of  a 
can  be  of  uniform  size.  In  factory  practice  each  class 
is  separated  into  five  sizes.  Beginning  with  the  largest 
and  going  to  the  smallest,  the  names  assigned  to  these 
five  sizes  are  Marrow  Fat,  Early  June,  Sifted  June, 
Extra  Sifted  June  and  Petit  Pois.  These  trade  names 
apply  only  to  the  size  of  the  pea  and  have  nothing  to 
do  with  the  season  of  packing.  The  grading  is  ac- 
complished by  means  of  perforated  cylinders  through 
which  the  peas  pass. 

After  proper  sizing  the  peas  are  blanched.  The 
blancher  is  a  continuous  washer  in  which  the  peas 
are  held  in  hot  water  for  a  certain  period.  In  blanch- 
ing two  results  are  accomplished:  (i)  The  outside 
mucous  coat  is  removed  from  the  pea  and  with  it 
some  of  the  green  coloring  matter  so  that  the  liquor 
of  the  can  may  be  clear;  (2)  and  to  force  water  into 
the  pea  so  that  it  may  be  tender.  The  time  for  blanch- 
ing depends  entirely  upon  the  maturity  of  the  pea. 
Blanching  is  not  done  "by  rule  of  thumb"  but  by 
competent  workmen  who  very  carefully  determine 
when  the  peas  have  taken  up  the  right  amount  of 
water,  when  the  right  amount  of  color  has  been  re- 
moved, etc.  In  general  the  time  varies  from  two 
to  five  minutes. 

Prom  the  blanchers  the  peas  go  to  the  filling  machines. 
These  put  a  certain  weight  of  peas,  varying  according 
to  size  and  quality  into  the  can  and  add  the  liquor, 
a  salt  sugar  solution  (24  pounds  of  salt  and  24  pounds 
of  sugar  to  500  gallons  water)  sufficient  to  fill  the  can. 
The  lid  is  put  on,  sealed  and  the  cans  sent  to  the  retorts 
for  processing  where  they  are  heated  at  240°  Fahren- 
heit for  30  minutes. 

PHYSICAL    EXAMINATION 

The  contents  of  each  can  were  poured  upon  a  sieve 
of  Vs  inch  wire  mesh  and  allowed  to  drain  for  one  min- 
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ute.  The  greatest  total  weight  (Table  I)  was  612 
grams  in  the  sample  of  "Soaked  Peas."  The  maximum 
total  of  the  fresh  peas  was  598  grams  and  the  mini- 
mum 581  grams.  The  maximum  weight  of  drained 
peas  was  421  grams.  This  sample,  7247  B,  undoubtedly 
had  an  excess  of  peas  as  would  be  indicated  by  the 
condition  of  the  sample,  "Peas  all  broken,"  "-Liquor 
very  turbid."  The  minimum  of  drained  peas  was 
322  grams.  This  can  had  an  excess  of  liquor.  As 
a  rule  the  small  grades  of  peas  were  accompanied  by 
the  larger  per  cent  of  liquor. 


a  number  of  samples  might  be  run  simultaneously. 
However,  the  samples  assumed  a  dark  color  upon  dry- 
ing, especially  those  in  which  the  starch  content  was 
low.  The  dried  substance  proved  to  be  hygroscopic 
and  caused  trouble  in  weighing.  All  of  this  would 
indicate  that  when  time  permitted,  it  would  be  ad- 
visable to  determine  the  liquors  without  drying  which, 
of  course,  means  that  the  sample  must  to  a  certain 
extent,  be  handled  individually.  In  many  cases  on 
account  of  the  small  amount  of  liquor  obtained,  it 
was  impossible  to  make  all  of  the  desired  determina- 


Table  I — Physicai.  Ex 

IMINATrON    OK    CANNED 

PEAS 

Peas  and  liquor 

Label  0 

lean 

Appearance  of  contents 

■ 

__._ 

grams 

% 

Draine 

peas 

d      7c 
Liquor 

Gravity 

Sample 

Brand 

Grade 

Peas 

Liquor 

Total 

Drainec 
peas 

Liquor 

Peas 

Liquor 

7246  B 

May  Day 

Marrow  Fat 

Peas  all  broken 

Liquor  very  turbid 

581 

388.5 

192.5 

66.9 

33.1 

1.065 

1  .033 

7247  B 

May  Day 

Early  June 

Peas  all  broken 

Liquor  very  turbid 

594 

421 

173 

70.9 

29.1 

1.123 

1.028 

7248  -B 

May  Day 

Sifted  June 

Slightly  sprouted  and  broker 

Turbid 

590 

322 

268 

54,6 

45.4 

1.106 

.0135 

7252  B 

Greenwood 

Early  June 

Large  and  broken 

Somewhat  turbid 

598 

370 

228 

61.9 

38.1 

1.099 

.025 

7253  B 

Greenwood 

Sifted  June 

Small  and  slightly  broken 

Somewhat  turbid 

596 

386 

210 

64.8 

35.2 

1.090 

.0277 

7254  B 

Greenwood 

Extra  Sifted  June 

Nearly  all  slightly  broken 

Slightly  turbid 

598 

379 

219 

63.3 

36.7 

1  .063 

.0244 

7249  B 

Polk's  Best 

Early  June 

Slightly  sprouted  and  broker 

Somewhat  turbid 

598 

391 

207 

65.4 

34.6 

1.  112 

.026 

7250  B 

Polk's  Best 

Sifted  June 

Slightly  sprouted  and  broker 

Somewhat  turbid 

586 

370 

216 

63.0 

37.0 

1.072 

.0178 

7251  B 

Polk's  Best 

Extra  sifted  June 

Small — not  much  broken 

Nearly  clear 

595 

360 

235 

60.5 

39.5 

1.0218 

7255  B 

Polk's  Best 

Petit-Pois 

Peas  small — badly  broken 

Nearly  clear 

594 

351 

243 

59.1 

40.9 

1.075 

.0208 

7256  B 

Everybody's 

Soaked  Peas 

Large  and  all  broken 

Liquor  muddy 

61 

408 

204 

66.7 

33.3 

1  .  120 

.034 

The  appearance  of  the  drained  peas  and  liquor  was 
quite  variable.  We  would  have  expected  the  smaller 
and  better  grades  of  peas  to  have  been  less  broken 
since  they  required  less  blanching.  This,  however, 
was  not  always  the  case.  The  liquor  of  the  more 
mature  peas  showed  a  greater  tendency  to  be  turbid, 
due  to  the  longer  time  required  for  blanching  and  the 
greater  tendency  of  these  peas  to  swell  and  burst. 

Table  II — Percentage  Composition  of  Canned  Peas 
Original  basis  Water-free  basis 


tions  and  to  check  some  inconsistent  results.  In 
general,  the  methods  of  analysis  used  were  those  of 
BiM.  I07i  Bureau  of  Chemistry.  In  order  to  run  a 
number  of  samples  simultaneously,  it  was  necessary 
to  dry  a  large  quantity  of  the  drained  peas  and  pul- 
verize the  dry  sample  until  all  would  pass  through  a 
forty  mesh  sieve.  From  this  dried  material  the  samples 
for  subsequent  determinations  were  weighed  out. 


Table  III — Percentage  Composition 
Original  basis 


>F  Pea  Liquor 
Water-free  basis 


J5      & 

PL, 

U 

CO 

Z 

Oi 

(Li 

0 

m 

■A 

P< 

7246  B 78.52 

4.56 

11  .94 

1.15 

0,40 

0,167 

21.23 

55.8 

5,35 

1.86 

0,777 

7247  B  80.77 

4.64 

8.22 

1,13 

0.60 

0,145 

24.1 

42.6 

5.87 

3.12 

0,754 

7248  B  84.55 

3.31 

8,11 

0,71 

0.40 

0.106 

21.4 

52.5 

4,59 

2.59 

0,686 

7252  B 82. 29 

3.79 

8.05 

27,8 

51.0 

7253  B  82.90 

6.50 

38.0 

7254  B  85.92 

2.96 

5.16 

21.0 

36.6 

7249  B  81. 65 

4.55 

9.18 

1,97 

0,53 

0.131 

24,8 

50.0 

10.68 

2.34 

0.713 

7250  B 86.32 

3.09 

6,09 

1,46 

0.34 

0.118 

22.7 

41.5 

10.66 

2.48 

0.862 

7251  B  88.06 

2.85 

3.30 

23,9 

27.6 

7255  B  89. 61 

2.34 

2.73 

22,5 

26.2 

7256  B  78.96 

3,95 

9,87 

1,32 

0.73 

0.  165 

18,7 

47.0 

6.27 

3.47 

0.784 

02 


m 


V 


to 


In  a  general  way  the  gravity  of  the  drained  peas 
was  practically  the  same  as  that  of  the  fresh  peas  used 
in  each  brand.  Samples  7254  B  and  7246  B  were  ex- 
ceptions to  this  rule.  The  gravity  of  the  liquors  was 
practically  the  same  for  all,  the  saihples  7248  B  and 
7250  B  having  the  minimum  gravity.  The  salt  and 
sugar  content  of  these  samples  help  explain  this 
discrepancy. 

PERCENTAGE    COMPOSITION 

The  chemical  analyses  were  made  on  the  liquor 
and  drained  peas  independently.  Considerable  diffi- 
culty was  encountered  in  working  on  the  liquor. 
Owing  to  the  fact  that  it  would  quickly  ferment,  it 
was  necessary  to  evaporate  it  to  dryness  in  order  that 


29.78 

23.7 

27.5 

7 

8 

.22 

29.21 

16,33 

19.58 

11 

61 

.19 

30,65 

22.27 

21.89 

15 

68 

.39 

25,83 

7.89 
9.06 

25.59 

3.00 

32.22 

48.66 

28.93 

12 

17 

,15 

30.07 

33.15 

12.72 

11 

71 

,55 

32.38 

0.93 

28.27 

2,35 

20.71 

20.7 

22,6 

11 

3 

.51 

7246  B  92.9     2,11    1.68    1.95  0,55  0.086 

7247  B  93  ,  23  1 ,  98  1.10  1  ,  33  0 .  79  0 ,  080 
7248B96.54  1,06  0,77  0,76  0.54  0,048 

7252  B  94, 62    1,51  0,46      

7253  B  93, 87  0,56      

7254  B  94,66  1.37  0,16      

7249B93,61  2.06  3.11  1,85  0.78  0.073 
7250B95.42  1.38  1.52  0,58  0.54  0.071 
7251  B  95.22   1  .53      .  .      0.04      

7255  B  95, 02    1,41  0,11       

7256  B  9 1,80    1  ,  70    1  ,  7      1  ,  85   0,93   0.  123 

Tables  III  and  IVA  and  B  have  been  prepared 
showing  the  percentage  composition  of  the  drained 
peas  and  liquors  on  both  the  original  and  water-free 
basis.  The  composition  on  a  water  basis  in  a  measure 
eliminates  the  abnormal  figures  that  may  result  from 
varying  amounts  of  liquor  added.  Table  II  has  been 
calculated  on  the  basis  of  the  peas  and  liquor  as  they 
occur  in  the  can.  This  table  has  also  been  reduced 
to  a  water-free  basis. 

The  composition  of  the  diff'erent  samples  varies  quite 
as  much  as  do  the  analyses  made  by  Street  and  Dubois. 
However,  all  determinations  come  within  the  limits 
found  by  these  authors. 

According  to  the  information  given  at   the  factory 
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the  salt  sugar  solution  used  in  all  grades  was  24  pounds 
sugar  and  24  pounds  salt  to  500  gallons  of  water. 
This  would  mean  that  the  liquor  contained  0.57  per 
cent  each  of  salt  and  sugar.  This  figure  is  hard  to 
reconcile  with  the  percentage  of  salt  and  sugar  found 
in  the  pea  liquor  and  canned  peas.  The  maximum 
percentage  of  salt  found  in  the  liquor  was  0.79  per 
cent  in  Sample  7247  B.  The  drained  peas  taken  from 
the  same  can  showed  0.52  per  cent  of  salt,  a  figure  by 
no  means  the  highest  in  this  table.  The  samples  of 
liquor  having  the  minimum  salt  content  were  7248  B 
and  7250  B,  each  of  which  had  0.54  per  cent.  The 
drained  peas  from  these  cans  had  0.32  per  cent  and 
0.23  per  cent,  respectively,  these  figures  being  the 
smallest  in  the  table.  This  would  indicate  a  differ- 
ence in  the  strength  of  the  salt  solutions  used.  This 
assists  in  explaining  the  low  gravity  of  the  liquor  of 
these  samples. 


plained  by  Table  I  which  shows  all  of  these  liquors 
to  be  "very  turbid."  The  peas  have  been  over- 
blanched  or  over-processed  and  have  burst,  allowing 
the  solids  including  starch  and  insoluble  proteid  to 
become  mixed  with  the  liquor.  It  is  also  interesting 
to  note  that  the  gravities  of  these  solutions  have  been 
increased  to  the  highest  of  the  table.  The  other  fac- 
tors of  these  tables  vary  so  greatly  that  no  fair  conclu- 
sion can  be  drawn. 

Table  V  shows  the  average  composition  according 
to  the  maturity  of  the  pea.  The  Polk's  Best  Brand 
was  made  from  the  tender  and  more  succulent  peas 
— peas  which  have  a  gravity  of  less  than  1.07,  the 
Greenwood  was  made  from  the  fresh  pea  harder  than 
the  Polk's  Best  Brand  and  having  a  gravity  between 
1.07  and  I. II,  and  the  May  Day  from  peas  which  sank 
in  a  I.I  I  gravity  brine.  By  means  of  this  table 
(dried  peas,  original  basis)  we  see  the  water  decreases 


Sample 

Water 

Ether 

extract 

0.56 

0.38 

0.49 

0.49 

0.47 

0.53 

0.50 

0.50 

0.39 

0.42 

0.55 

Table  IVo- 
Crude 
fiber 
1.77 
1.74 
2.06 
1.98 
1.62 
1.74 
2.00 
1.99 
1.92 
1.54 
1.90 

-Percentage  Composition  of  Dra 
Proteid 

NX  6.25        Sugar             Crude 
5 .  92              0 .  89              starch 
5.74              1.14              16.93 
5.19              0.66              11.04 
5.21                1.22               14.21 
5.10               1.39               12.74 
3.89               1.31                  9.72 
5.88               1.33                 8.06 
4.10               1.44               13.06 
3.73              1.62                8.86 
3.16               1.85                 5.42 
5.09               1.11                  4.56 
13.98 

iNED  Peas, 

Salt 
0.34 
0.52 
0.32 
0.64 
0.65 
0.92 
0.41 
0.23 
0.43 
0.58 
0.66 

Original 

Total 
ash 
1.04 
1.10 
0,85 
1.27 
1.26 
1.33 
0.97 
0.67 
0.96 
0.95 
0.32 

B.\SIS 

Salt-free 
ash 
0.70 
0.58 
0.53 
0,63 
0,61 
0,41 
0,56 
0,44 
0.53 
0,47 
0,66 

CaO 
0.047 
0.053 
0.078 
0  053 
0,060 
0.061 
0.047 
0.047 
0.049 
0.031 
0.057 

MgO 
0.038 
0.033 
0.049 
0.038 
0.021 
0.040 
0.054 
0.035 
0.032 
0.036 
0.037 

PiOj 

7247  B 

7''48  B      .     .  . 

...      75.81 

...      74.57 

0.208 
0.172 

7252  B 

...      74.69 
...      76.94 

0.  158 
0.  179 

7254  B 

7249  B    

...      80.85 
...      75.32 

0.165 
0.128 

...      80.96 

0.166 

7251  B 

7255  B 

...      83.35 
...      85.85 
...      72.85 

0.  147 
0.  131 
0.  142 

0.185 

The  highest  sugar  content  of  the  liquor  was  in  Sample 
7249  B,  being  3. 11  percent.  The  corresponding  sample 
of  drained  peas  had  1.33  per  cent  sugar,  one  of  the 
highest  of  this  table.  The  minimum  sugar  content 
was  in  liquor  Sample  7248  B  where  it  was  0.77  per  cent. 
The  corresponding  drained  peas  sample  had  0.66  per 
cent,  the  minimum  of  that  table.  Sample  7248  B  es- 
pecially seems  to  be  deficient  in  these  added  constitu- 
ents. .  We  have  no  explanation  of  this  save  that  the 
liquor  is  probably  not  made  up  according  to  formula. 
It  has  been  suggested  that  selective  absorption  may 
play  a  part  in  determining  the  location  of  the  salt  and 
sugar  added.  This,  however,  is  a  field  for  further 
study. 

Table  IV6 — Water-free  Basis 


■246  B  1 

.96 

6.18 

20.7 

3.1 

59.2 

1 

.16 

3.65 

2.49 

0.17 

0.134  0.730 

■247  Bl 

.59 

7.18 

23.71 

4.7 

45.65 

2 

.19 

4.55 

2.36 

0.22 

0.142  0.714 

■248  B  1 

.94 

8.09 

20.41 

2.61 

55.87 

1 

,29 

3.34 

2.05 

0.35 

0.198  0.639 

■252  B  1 

.93 

7.84 

20.58 

4.81 

48.16 

2 

.55 

5.02 

2.47 

0.21 

0.157  0.716 

■253  B  2 

.03 

8.03 

22.11 

6.01 

42.14 

2 

.82 

5.48 

2.66 

0.26 

0.093  0.675 

254  B2 

.77 

9.08 

20.33 

6.83 

42.07 

4 

.86 

6.85 

2.09 

0.32 

0.203  0.640 

■249  B  2 

.07 

8.09 

23.83 

5.35 

52.91 

1 

.66 

3.94 

2.28 

0.19 

0.223  0.667 

'250  B  2 

.64 

10.43 

21.54 

7.54 

46.52 

1 

.20 

3.54 

2.34 

0.25 

0.178  0.738 

•251  B2 

.32 

11.55 

22.41 

9.68 

32.53 

3 

.22 

5.75 

2.53 

0.29 

0.188  0.784 

■255  B2 

.94 

10.91 

22.36 

13.10 

32.24 

4 

.13 

6.69 

2.56 

0.21 

0.223  0.854 

■256  B2 

.03 

6.92 

18.51 

4.02 

50.85 

2 

.40 

4.79 

2.39 

0.21 

0.157  0.756 

Liquors  7246,  47,  49  and  56  have  very  high  starch 
content.  These  same  liquors  have  the  highest  pro- 
teid content  of  the  table.     This  is  in   a  measure  ex- 


from  81.37  per  cent  in  the  Polk's  Best  to  73.92  per 
cent  in  the  May  Day,  the  oldest  peas.  On  account 
of  the  varying  factor  of  water  content  no  con- 
clusion regarding  other  constituents  from  this  table 
can  be  drawn. 

According  to  the  water-free  basis  calculations  of  the 
drained  peas,  the  crude  fiber  decreased  with  the  age 
of  the  pea,  changing  from  10.25  per  cent  in  the  youngest 
to  7.15  per  cent  in  the  mature  peas.  This  fact  is  borne 
out  by  Street,  who  says:  "The  crude  fiber  of  the  im- 
mature pea,  in  which  the  meaty  portion  had  just  be- 
gun to  develop,  is  usually  higher  than  in  the  more 
mature."'  Protein  decreases  slightly,  22.31  per  cent 
to  21.74  per  cent,  as  the  pea  becomes  older.  The 
crude  starch  increases  from  41.05  per  cent  to  53.57 
per  cent. 

The  figures  for  the  sugar  content  of  these  brands 
call  for  an  explanation.  Bitting^  gives  the  average 
sugar  content  of  fresh  peas  as  follows: 

Original  Water-free 

Grade  basis  basis 

First,  corresponds  to  Polk's  Best. . .  0.88  4.51 

Second,  corresponds  to  Greenwood.   0.71  3.26 

Third,  corresponds  to  May  Day. .. .   0.55  2.16 

These  figures  indicate  that  the  sugar  which  forms 
in  the  pea  during  the  early  stage  of  growth  does  not 
keep  pace  with  the  other  constituents  as  the  pea  ma- 
tures. It  has  been  suggested  that  the  variation  of 
sugar  content  of  the  drained  peas  was  due  to  the  sugar 
content  of  the  liquor. 

1  Lor,  a!. 

■  U.  S.  Dept.  of  .Agriculture,  Bureau  of  Chemistry.  Bull.  125. 
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Table  Va- 

-Percentagb 

Composition  of  Drained  Peas 

Based  on 

Brand 

Original  Basis 

Ether 

Crude 

Proteid 

Crude 

Total 

Salt -free 

Brand 

Water 

extract 

fiber 

N  X  6.25 

Sugar 

starch 

Salt 

ash 

ash 

CaO 

MgO 

P2O. 

May  Day 

..      73.92 

0.47 

1.85 

5.61 

0.89 

14.06 

0.39 

0.99 

0.60 

0.059 

0.040 

0.179 

Greenwood 

..      77.49 

0.49 

1.78 

4.73 

1.31 

10.17 

0.74 

1.28 

0.55 

0.058 

0.033 

0.157 

Polk's  Best.... 

..      81.37 

0.45 

1.86 

4.22 

1.56 

Water 

7.97 
-FREE  Basis 

0.41 

0.89 

0.47 

0.043 

0.039 

0.146 

May  Day 

1.83 

7.15 

21.74 

3.14 

53.57 

1.55 

3.85 

2.30 

0.25 

.0.158 

0.694 

Greenwood 

2.34 

8.31 

21.01 

5.55 

44.12 

3.54 

5.78 

2.41 

0.27 

0.151 

0.677 

Polk's  Best.  ... 

2.00 

10.25 

22.31 

8.92 

41.05 

2.55 

4.98 

2.43 

0.23 

0.203 

0.761 

Table  V6 — Percentage  Composition  op  Canned  Peas  Based  on  Brand 

Original  basis  Water  free  basis 

Proteid  Crude  Proteid  Crude 

Brand  Water       N  X  6.25        starch         Sugar  Salt  P2O5  N  X  6.25  starch  Sugar  Salt  P2O1 

May  Day 81.28  4.17  9.42  1.00  0.47  0.139  22.2  50.3  5.27  2.52  0.739 

Greenwood 83.70  3.37  6.60  ..  ..  ...  24.4  41.87 

Polk's  Best 83.91  3.27  5.35  1.71  0.43  0.125  23.49  36.32  10.67  2.41  0.787 

There  are  two  points  that  lead  us  to  believe  this  is  summary 

not  the  case.     First,  the  liquor  of  the  sample  7249  B  is  The  investigation  has  shown  that  in  a  pack  of  peas 

abnormally  high  in  sugar,  but  the  drained  peas  of  this  put  up  by  a  single  concern  where  the  conditions  are 

can  show  only  a  normal  amount  of  sugar.     Secondly  as  nearly  uniform  as  it  is  possible  to   make  them  in 

the   Polk's   Best   Brand   would   before  processing  have  factory  work,  great  variations  of  results  in  individual 

the  highest  water  content  and  would  absorb  a  smaller  samples   are  found.     A   large  number   of  samples   are 

amount  of  liquor  upon  processing.      Therefore,  unless  desirable  for  conclusive  results. 

selective   absorption   comes   into   play,   the   conditions  ^here  is  considerable  variation  in  the  proportion  of 

cannot  be  laid  to  the  composition  of  the  hquor.      The  y^^^^^  ^^^  pg^3  ^^  ^^^  different  grades  of  the  product, 

question  is  one  open  for  study.      The  salt-free  ash  is  r^^^   composition   of  the  liquor   of  the   canned  pea  is 

slightly  higher  in  the  youngest  pea.  largely  determined  by  the  blanching  and  processing, 

Upon  comparing  the  analysis  of  the  sample  of  "  Soaked  and  as  the  more  mature  peas  require  a  longer  period. 

Peas"   with   the   above   averages,   it   is   found  that  it  we  may  expect  to  find  this  grade  with  turbid  liquors 

agrees  quite  closely  with  the   May   Day  grade.     The  of  high  starch  and  proteid  content. 

reason  for  this  is  quite  apparent  for  as  far  as  maturity  ^j^g  ^^^^^  immature  dried  peas  contain  18  per  cent 

is  concerned  these  grades  lie  very  close  together.  ^^^^  ^^^^j.  ^j^^^  ^j^g  ^j^gs^  gj.g^^g 

Table  VI  shows  the  maximum  salt-free  ash  content  ^j^g   ^^^^^g   ^^.g^   decreases  from    10.25   per   cent   to 

of   2.66  per  cent  and  the  minimum  of   2.05   per  cent  ^^^  ^^^  ^^^^  on  the  drained  peas,  water-free  basis, 
with  an  average  of  2.38  per  cent.     The  alkalinity  of  _,,  .      ,  ,       ,  ., 

.  -J     r-  ,T  /       TT^,  J- he  per  cent  of  sugar  seems  to  decrease  with  ma- 

the  ash  vanes  from  2.5  to  2.1  cc.  N/io  HCl  per  gram  ^     -.         rr^-,  ■  ^  ^        j,      ,       ,  j    i. 

turity.     The   reason   is   not    apparent    and   should    be 

„  a  field  for  further  study. 

Table  VI — Ash  op  the  Drained  Peas 

_        .  .'      ,     .  The  part  played  by    selective    absorption   in    deter- 

Percentage  composition  of  ash  ...  . 

Salt-free  ash       Aik.  of  . • .  mining   the   location    of    added   constituents  is  one  re- 

Sampie    Water -free  basis     ashC)         PjOs  CaO  MgO  quiring   further    study.     The    change    in '  ash   is    very 

"**^ -•*'  2'  2'-^  *■'  ^-^  slight.     The  composition  of  the  ash  seems  to  remain 

7247  B 2.36  2.4  30.1  9.4  5.9  ^  ^ 

7248  B 2.05  2.3  31.1  17.1  9.6  the  Same  throughout  the  growth  of  the  pea. 

^^"B 2.47  2.2  29.0  8.5  6.3  (Credit  is  duc  to  C.  F.  Coffin,  Jr.,  for  much  of  the 

7253  B 2.66  2.2  25.3  9.9  4.0  ...  ,  ,   .  .  , 

7254  B 2.09  2.2  30.5  15.4  8.7     ■  analytical  work  reported  in  this  paper.) 

'249  B 2.28  2.3  29. 2  8.5  9.8  Laboratories  Indiana  State  Board  of  Health 

7250  B 2.34  2.5  31.5  10.7  7.5  Indianapolis 

7251  B 2.53  2.5  31.0  11.6  7.3 

7255  B 2.56  ..  33.4  8.1  8.6  

Ma^mum.:;:     2;66  2:5  33:!  17^  9;8  ON   THE   VALUATION   OF   LIME-SULFUR   AS   AN   IN- 

Minimum....      2.05  2.1  25.3  5.7  4.0  SECTICIDE 

A^"»K= 2.38  2.3  30.2  10.0  7.2  By  Herman  V.  Tartar 

WCc.  N/\0  HCl  per  gram  water-free  sample.  Received  January  10,  1914 

At  the  present  time,  the  object  of  the  examinations 

dry    sample.     The     phosphoric     acid     remains    fairly  made   of   samples   of   commercial   lime-sulfur   solution 

constant   averaging    25.3    per    cent    of   the    total    ash.  in     different     chemical     laboratories    throughout    the 

The  CaO  varies  from  5.7  per  cent  to  three  times  that  country,  is  to   ascertain  data  regarding  composition, 

amount.     The   MgO  ranges  from  4.0  per  cent  to  9.8  In  many  cases,  simply  the  total  lime  content,  total 

per  cent  of  the  total  ash.     There  seems  to  be  no  re-  sulfur    content    and    specific    gravity    are    ascertained, 

lation  between  the  ash  or  any  of  its  constituents  and  Oftentimes,  however,  quantitative  determinations  are 

the  maturity  of  the  pea.  also  made  of  the  different  forms  of  sulfur  in  combina- 
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tion.      Entomologists  and  horticulturists,  making  field 
experiments,  generally  use  a  gravity  test  only. 

A  large  proportion  of  the  lime-sulfur  used  is  for 
insecticidal  purposes.  Consequently,  examinations 
made  in  the  valuation  of  the  same  should  be  quan- 
titative determinations  of  those  properties  from  which 
the  spray  derives  its  insecticidal  value.  Actual 
chemical  conjposition  is  a  secondary  matter  except 
in  so  far  as  it  may  be  an  indication  or  measurement  of 
these  properties.  For  this  reason,  the  determination 
of  specific  gravity  is  perhaps  of  little  value  except  in  a 
very  general  way.  Samples  of  lime-sulfur-  having  the 
same  specific  gravity  may  not  be  alike  in  chemical 
composition  nor  in  many  other  properties.  For  ex- 
ample, a  sample  having  a  low  specific  gravity  may 
have  a  greater  per  cent  of  polysulfides  than  a  sample 
having  a  somewhat  higher  specific  gravity. 

In  this  discussion  of  valuation,  it  is  well  first  to  con- 
sider the  properties  which  give  to  lime-sulfur  its  in- 
secticidal value.  The  most  exhaustive  investigation 
available  is,  perhaps,  that  of  Shafer.'  He  showed 
that  with  scale  insects,  like  San  Jos6  scale,  the  calcium 
polysulfides  present  in  the  solution  soften  the  so-called 
wax  about  the  margin  of  the  insect  and,  on  drying, 
cause  it  to  stick  to  the  plant.  In  the  cases  tried, 
the  insects  stuck  tightly  enough  to  cause  also  the 
death  of  the  young  by  sealing  them  under  the  scale 
covering  of  the  mother.  Shafer's  work  also  strongly 
indicated  that  one  of  the  principal,  if  not  the  principal, 
insecticidal  effect  of  lime-sulfur  solution,  upon  in- 
sects of  the  type  mentioned,  is  its  great  power  of  ab- 
sorbing oxygen,  thus  causing  the  treated  insects  to 
suffer  because  of  an  insufficient  supply  of  this  element. 
Other  experiments  made  by  Shafer  showed  that  sulfur 
dioxide  is  not  "formed  in  appreciable  amounts  from 
sulfur  deposited  by  linie-sulfur  except  at  temperatures 
much  above  those  found  under  spraying  conditions 
in  the  orchard."  The  liberation  of  this  gas  is,  evi- 
dently, not  in  amounts  large  enough  to  make  it  of 
importance  in  any  consideration  of  the  insecticidal 
properties  of  the  spray. 

The  work  done  by  the  Department  of  Entomology 
of  this  station^  indicates  clearly  that  the  principal 
insecticidal  constituents  are  the  calcium  polysulfides. 
Experiments  tried  with  calcium  thiosulfate  on  San 
Jos6  scale'  showed  this  material  to  have  but  little, 
if  any  insecticidal  value.  Wellington*  arrived  at 
similar  conclusions.  Shafer's^  results  also  indicated 
that  the  thiosulfate  has  a  limited  insecticidal  efficiency. 

It  has  been  known  for  long,  too,  that  with  certain 
insects,  free  sulfur  has  some  killing  power.  It  is 
stated  that  dry  sulfur  has  been  used  in  California 
perhaps  a  quarter  of  a  century  against  almond-red 
spider.  The  experimental  work  carried  on  by  the 
experts  of  the  California  Agricultural  Experiment 
Station^  and  the  Bureau  of  Entomology,  U.  S.  De- 
partment of  Agriculture^  shows  that  towards  certain 


Tech.  Bull.  11. 


'  Mich.  Agr.  Exp.  Sta 

^  Unpublished  results. 

^  "Biennial  Crop  Pest 

'  Mass.  Agr.  Exp.  .Sta 

'  Loc.  cit. 

'  Calif.  Agr.  Exp.  Sta..  Bulls.  154  and  234. 

"  Private  correspondence. 


and  HOrticuItu 
Bull.  116. 


:1  Report."  p.   112  (1913) 


insects    free    sulfur    has     marked    insecticidal    proper- 
ties. 

There  is  also  the  possibility  that  hydrogen  sulfide, 
a  gas  poisonous  to  insects,  may  be  liberated  from 
lime-sulfur  when  it  combines  with  the  carbon  dioxide 
of  the  atmosphere  or  that  given  off  in  the  breath  of 
insects.  So  far  as  the  writer  knows,  no  means  has  been 
found  to  ascertain  the  extent  to  which  this  occurs. 
Experimental  work  carried  out  at  this  laboratory, 
however,  indicates  that  if  hydrogen  sulfide  is  liberated 
under  normal  conditions  it  is  in  very  small  quantity, 
and,  evidently,  is  not  an  important  matter  to  consider 
here. 

From  the  discussion  preceding,  it  appears  that,  in 
general,  the  insecticidal  properties  of  lime-sulfur  arc 
due  principally  to  the  following-named  properties; 
(i)  Its  power  to  take  up  large  amounts  of  oxygen,  (2) 
its  ability  to  soften  the  newly  secreted  wax  at  the 
margin  of  scale  insects,  and  (3)  the  amount  of  free 
sulfur  formed  in  its  decomposition.  If  this  be  true, 
then  the  question  of  the  correct  valuation  resolves 
itself  into  the  quantitative  measurement  of  these 
factors. 

The  amount  of  oxygen  consumed  depends  upon 
reactions  as  represented  in  the  following  equa- 
tions; 

CaSs  +  3O  — >  CaSjOa  -f  3S 
CaSi  -i-  3O  — >  CaSzOa  +  aS 

CaSjOs  — >  CaSOa  +  S 
CaSOs  +  0  — >  CaSO, 
The  combination  of  oxygen  with  the  moist  poly- 
sulfides is  very  rapid  and  quantities  of  the  tetra- 
sulfide  or  pentasulfide  containing  the  same  amount  of 
calcium  would  absorb  the  same  amount  of  oxygen  and 
consequently  produce  the  same  amount  of  thiosulfate. 
This  last  named  substance  decomposes  verj-  slowly 
under  ordinary  conditions.  For  this  reason,  calcium 
sulfite  is  formed  very  gradually  and  the  oxygen  re- 
quired to  form  the  sulfate  is  absorbed  slowly;  too 
slowly,  in  the  writer's  opinion,  to  make  it  of  insecticidal 
importance.  Investigations  made  by  the  entomologist 
of  this  station  indicate  that  calcium  sulfite  has 
practically  no  insecticidal  effect  upon  San  Jos^ 
scale. 

The  oxygen  required  to  convert  the  polysulfides 
present  in  a  given  solution  into  thiosulfate  can  he 
estimated  easily  by  use  of  the  methods  of  Harris.' 
The  titration  used  in  the  determination  of  "mono- 
sulfide"  (for  explanation  of  this  term  see  bulletin  re- 
ferred to)  sulfur  may  be  used  in  estimating  the  amount 
of  oxygen  which  will  combine  with  the  polysulfide 
present  to  form  thiosulfate.  In  this  case,  i  cc.  of 
tenth-normal  iodine  is  equal  to  0.0024  gram  of  oxygen. 
The  writer  suggests  that  this  oxygen-consuming 
capacity  might  be  expressed  as  the  "oxygen  number" 
(analogous  to  the  iodine  number  of  fats),  this  term 
meaning  the  amount  of  oxygen  consumed  expressed 
as  per  cent  of  the  lime-sulfur  solution,  or,  in  other 
words,  the  number  grams  of  oxygen  absorbed  by  100 
grams  of  lime-sulfur. 

Free  sulfur  is  liberated  from  lime-sulfur  by  reactions 
represented  by  the  following  equations; 

1  Mich    Agr.  Exp.  St.i  .  Ttfh.  Bull.  6. 
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CaS4  +  3O  — »-  CaSjOs  +  2S 
CaSs  +  3O  — >■  CaSjOa  +  3S 
CaS.Os  — >  CaSOs  +  S 
Since  the  oxidation  of  the  polysulfide  takes  place 
rapidly  there  is  a  correspondingly  rapid  deposition 
of  sulfur.  The  liberation  of  sulfur  due  to  the  de- 
composition of  the  thiosulfate  is  much  less  rapid. 
Considering  everything,  however,  it  appears  that  all 
of  the  sulfur  liberated  might  be  of  equal  insecticidal 
value;  at  least,  there  is  no  good  evidence  available 
to  the  contrary.  The  chemical  estimation  of  the 
sulfur  which  will  be  deposited  from  a  given  amount  of 
lime-sulfur  solution  can  be  made  without  difficulty. 
.\11  of  the  sulfur  present  in  the  polysulfides  in  excess  of 
that  necessary  to  form  the  "  monosulfide "  of  calcium 
combined  in  this  form,  would  be  deposited;  also  one- 
half  of  the  sulfur  present  as  thiosulfate  in  the  original 
solution.  The  chemical  methods  for  making  these 
determinations  have  already  been  worked  out  in  a 
thorough  manner'  and  it  is  unnecessary  to  go  into  a 
detailed  discussion  of  them  here.  The  author  sug- 
gests that  the  total  free  sulfur  which  would  be  deposited 
might  be  expressed  as  the  "available  sulfur  number," 
this  term  meaning  sulfur  deposited  expressed  as  per 
cent  of  the  original  lime-sulfur  solution. 

The  third  insecticidal  property  mentioned  above  is 
not  so  easily  estimated.  In  fact,  it  is  not  definitely 
known  why  the  spray  solution  softens  the  so-called 
wax  on  scale  insects.  It  might  be  stated,  however, 
that  calcium  thiosulfate  is  neutral  in  solution  and 
gives  no  caustic  effect  on  the  hands,  while  solutions 
containing  calcium  polysulfide  are  very  caustic.  It  is 
true  that  there  is  a  small  amount  of  calcium  hydroxide 
in  lime-sulfur  solutions,  due  to  hydrolysis  of  the  poly- 
sulfide, but  it  is  present  in  insufficient  quantity  to  say 
that  the  caustic  properties  are  due  to  the  alkalinity 
of  the  solution.  The  writer's  experience  in  handling 
the  spray  simply  verifies  the  correctness  of  Shafer's 
statement  that  "the  so-called  caustic  action  of  the 
wash  on  the  hands  seems  rather  due  to  its  strong 
reducing  power  (power  to  absorb  oxygen)^  than  to  the 
alkalinity  of  the  solution."  It  is  very  possible  that 
this  reducing  power  may  also  cause  the  softening  of 
the  so-called  wax  on  the  scale  insects.  If  this  be  true, 
the  "oxygen"  number  mentioned  above  would  give  its 
quantitative  measurement.  At  any  rate,  the  power 
of  the  spray  to  soften  the  so-called  wax  is  evidently 
due  to  some  property  of  the  polysulfides  and  in  the 
light  of  present  knowledge  no  definite  statement 
can  be  made  regarding  its  exact  nature  nor  its  exact 
quantitative  analytical  measurement. 

In  conclusion,  the  writer  wishes  to  state  that  the 
above  discussion  is  merely  a  suggestion  to  chemists 
and  entomologists.  There  may  be  other  insecticidal 
properties  of  the  spray  than  those  mentioned  and  it  is 
possible  that  the  ordinary  methods  of  valuation  now 
in  use  are  the  best.  If  not,  the  discussion  given  here 
may  prove  to  be  of  some  value. 

EXPEK 


5M1CAI.  Laboratorv  Agricultura 

CORVAmiS.  OrBG 


dUNT  Station 


A  studyJof  the  methodsJfor  extractions  by 

MEANS  OF  IMMISCIBLE  SOLVENTS  FROM  THE 
POINT  OF  VIEW  OF  THE  DISTRIBUTION 
COEFFICIENTS.     I 

By   J.    W.   Marden 
Received  December  12,  1 9 1."? 

It  has  been  found  by  Berthelot  and  Jungfleisch' 
and  later  by  Nernst^  that  when  a  substance  is  shaken 
with  two  immiscible  solvents  in  which  it  is  mutually 
soluble,  that  it  always  distributes  itself  between  the 
two  in  a  definite  ratio.'  They  found,  however,  that 
this  is  true  only  when  the  molecular  state  of  the  solute 
is  the  same  in  both  solvents,  that  is,  when  the  substance 
does  not  polymerize  in  either  solvent  or  polymerizes 
to  the  same  extent  in  both,  and  that  the  ratio  of  the  con- 
centrations remains  the  same  at  a  given  temperature, 
irrespective  of  the  amounts  of  solute  present.  It 
has  furthermore  been  found  that  if  there  are  two  or 
more  substances  in  solution,  this  ratio  is  the  same 
as  if  each  substance  were  present  alone.  This  ratio 
is  called  the  partition  or  distribution  ratio  for  the  par- 
ticular solute  and  pair  of  solvents. 

This  ratio  has  been  used  in  physical  chemistry 
chiefly  as  a  method  for  the  determination  of  molecular 
weights  and  for  the  determination  of  chemical  equi- 
librium. If,  however,  substances  distribute  themselves 
between  two  solvents  always  in  the  same  ratio,  it  is 
easy  to  see  that  this  ratio  could  be  used  to  calculate 
the  number  of  times  that  the  one  solvent  must  be  shaken 
out  with  the  other  to  extract  all  but  o.i  per  cent  of 
the  material  in  question.  If  we  let  {d)  =  the  distri- 
bution ratio,  then  in  the  case  of  ether  and  water, 
where  the  volumes  are  the  same. 


concentration  in  water 
concentration  in  ether 


constant 


{d). 


If  we  let  (a)     =  the     volume     of     aqueous    solution, 
(e)     =  the  volume  of  ether  added, 
(xo)  =  the  initial  concentration  in  the  aqueous 

solution  and 
(^i)i  (xi),  {x„)   =  the  concentration  after  i,  2, 

n,  extractions, 


thsn, 


*i 


'  Jour.  Amer.  Chem.    ioc,   27    (1905).    2H;  Thi: 
271;  Mich.  Agr.  Exp.  Sta.,  Tech.  Bull   6. 

'  Words  in  parentheses  inserted  by  the  author. 


a  ^       e       ' 

solving  for  xi,  we  get 

\e  +  da' 
after  a  second  extraction, 

a  \       e        / 

(     da     y 

after  n  extractions, 

(      da      Y 
\e  +  da' 

From   this   it   is   to   be   seen    that,   although   complete 

'  Ann.  chim.  phyy.  [4]  26  (1872).  Mb;  Berthelot.  Ibid.,  p.  408. 
»  Z.  thysik.  Chem..  8  (1891),  110. 

'  Nernst,  "Thcoretische  Chemie"    1.1909).   p,   494;    Morgan,     ■physical 
Chemistry"  (1908),  p.  201. 
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separation  is  theoretically  impossible,  the  number 
of  shakings  necessary  to  almost  completely  extract 
a  substance  depends  upon  the  value  of  {d). 

The  following  example  of  the  distribution  ratio 
given  by  Partington'  will  serve  to  illustrate  its  use. 
For  benzoic  acid  in  ether  and  water,  the  value  of  {d)  = 
0.0125  or  Vso,  that  is,  eighty  times  as  much  benzoic 
acid  goes  into  the  ether  layer  as  goes  into  the  water 
layer  in  one  shaking,  where  equal  volumes  of  each 
solvent  are  used.  If  we  use  100  cc.  of  water  (a)  and 
20  cc.  of  ether  (e),  then, 

xi  _       da      _       0.0125  X  100 
Xd       e  +  da       20  +  0.0125  X  100 

21.25 


or  Vi 


Only  one-seventeenth,  then,  of  the  benzoic  acid  re- 
mains in  the  water  layer  after  one  extraction.  After 
three  extractions,  (V17)',  or  only  Visit  remains.  For 
succinic  acid  in  ether  and  water,  {d)  =  6,  so  that  shak- 
ing but  once,  'V31  of  the  acid  is  left  in  the  water  layer 
and,  in  order  to  wash  out  the  succinic  acid  almost 
completely,  it  is  necessary  to  shake  out  a  great  many 
times.  This  shows  how  different  the  distribution 
coefficient  may  be  for  different  substances  and  that  a 
detailed  study  from  this  point  of  view  would  throw 
much  light  upon  the  methods  now  in  use  for  extrac- 
tion by  immiscible  solvents. 

In  many  of  our  quantitative  "shaking-out"  experi- 
ments there  is  a  lack  of  definite  directions  as  to  the 
araount|of  ether  or  chloroform  to  use  for  each  extrac- 
tion, as  to  just  how  many  times  various  solutions 
should  be  shaken  out  and  a  doubt  as  to  the  accuracy 
of  the  results.  An  example  of  this  kind  is  cited  in  the 
very  excellent  paper  on  the  examination  of  hydrogen 
dioxide  solutions.  Bull.  I50>  U.  S.  Bureau  of  Chemistry, 
in  describing  the  method  for  the  determination  of 
acetanilid.  "The  acetanilid  was  determined  by  shak- 
ing a  50  cc.  sample  of  hydrogen  peroxide  twice  with 
ether  and  once  with  chloroform,  combining  the  several 
extracts  in  a  tared  beaker  and  drying  at  70°  C."  The 
authors  state  that  this  method  yields  about  95  per  cent 
of  the  total  amount  of  acetanilid  present.  There 
are  no  definite  statements  as  to  the  volumes  of  ether 
or  chloroform  used  in  these  experiments  or  as  to  the 
amount  of  shaking  necessary  for  each  extraction. 
The  method  of  analysis  for  acetanilid  will  be  discussed 
later  in  this  paper. 

Another  example  of  the  vagueness  of  this  kind  of 
estimation  may  be  cited  in  Bull.  I07  in  the  method  for 
the  "Approximate  Quantitative  Estimation  of  Sac- 
charin." Here  the  analyst  is  referred  back  to  the 
method  for  salicylic  acid,  where  directions  are  given 
to  extract  with  a  "sufficient"  amount  of  sulfuric  ether. 
It  is  rather  difficult  for  the  analyst  to  know  how  much 
is  a  sufficient  amount  and  furthermore,  as  will  be  shown 
later,  what  may  be  a  sufficient  amount  for  salicylic 
acid  is  not  at  all  a  proper  amount  for  saccharin. 

In  this  study,  therefore,  a  few  of  the  "shaking  out" 
problems  given  in  the  bulletins  of  the  U.  S.  Bureau 
of   Chemistry  have  been  attacked  from  the  point  of 

'  "Higher  Mathematics  for  Chemical  Students,"  Van  Nostrand  &  Co. 


view  of  the  distribution  ratio  and,  if  better  conditions 
were  indicated  by  the  experiments  made,  they  were 
checked  by  analysis  and  modifications  are  herein  sug- 
gested which  have  been  found  to  give  greater  accuracy 
in  these  determinations. 

The  method  for  the  determination  of  the  distribu- 
tion coefficient  was  similar  to  that  given  in  laboratory 
exercises  in  physical  chemistry.'  Bottles,  containing 
the  solute  and  pair  of  solvents,  were  placed  in  a  rack 
in  a  thermostat  in  such  a  way  that  the  bottles  were 
turned  end  over  end  at  a  rate  of  about  thirty  revolu- 
tions per  minute  for  from  thirty  to  forty  minutes. 
The  thermostat  regulated  at  25°  C.  (to  less  than  0.1°  C. 
total  variation,  unless  otherwise  stated).  The  ether, 
chloroform  or  other  solvent  used  was  pipetted  off 
after  a  run,  allowed  to  evaporate  over  night,  dried 
in  a  desiccator  and  weighed.  After  the  volume  of 
ether,  chloroform  or  other  solvent  and  the  volume  of 
the  aqueous  solution  had  been  corrected  for  their 
solubility,  the  difference  in  weight  between  the  weight 
found  in  the  non-aqueous  layer  and  the  total  weight 
was  taken  as  the  weight  in  the  water  layer.  The  solu- 
bility of  ether  in  100  cc.  of  water  was  taken  as  7.8 
cc.  and  that  of  water  in  ether  as  1.2  cc.  in  too  cc.  of 
ether.  The  solubility  of  chloroform  and  of  amyl 
acetate  in  water  and  vice  versa  was  assumed  to  be  negli- 
gible for  our  purposes.  The  method  of  calculation 
was  the  same  as  is  shown  above.  The  non-aqueous 
solvents  were  of  U.  S.  P.  strength.  The  acetanilid, 
saccharin,  coumarin  and  other  solutes  were  of  Merck's 
best  and  had  been  carefully  dried  in  desiccators. 
The  results  in  this  paper  are  stated  in  terms  of  volume 
rather  than  weight  because  volume  methods  of  measure- 
ment are  ordinarily  used  in  analyses  where  this  kind 
of  extraction  is  necessary.  A  slide  rule  was  thought 
sufficiently  accurate  in  making  these  calculations, 
since  there  are  many  sources  of  error  in  this  kind  of 
determination  and  an  indication  of  better  conditions 
was  sought  by  this  method  rather  than  absolute  ac- 
curacy. In  most  of  the  determinations  given  below, 
when  the  concentration  was  widely  varied,  the  dis- 
tribution ratio  could  scarcely  be  called  constant  but 
within  the  limits  found  by  actual  analysis  the  results 
are  very  nearly  so  and  certainly  can  be  used  to  good 
advantage  in  this  work. 

ACETANILID    IN    HYDROGEN    PEROXIDE 

Shaking-out  experiments  were  first  tried  with  acet- 
anilid in  water  and  ether  to  find,  if  possible,  the  proper 
conditions  under  which  we  could  get,  by  shaking 
out  hydrogen  peroxide  solutions,  not  95  per  cent  of 
the  acetanilid,  but  99.9  per  cent.  Hydrogen  peroxide 
usually  contains  '/le  grains  of  acetanilid  per  fluid  ounce 
Oi  about  0.04  gram  per  100  cc.  This  amount  was 
found  to  be  very  small  to  handle  in  the  laboratory, 
so  weights  of  acetanilid  varying  from  0.05  to  0.25  gram 
were  used  with  100  cc.  of  water  and  50  cc.  of  ether. 
It  was  correctly  assumed,  as  is  shown  later,  that  the 
extraction  of  acetanilid  is  practically  the  same  from 
water  as  from  3  per  cent  hydrogen  peroxide.  These 
mixtures   were   shaken   in .  200   cc.    bottles.     Twenty- 

'  Getman,    "Laboratory    Exercises   in    Physical   Chemistry;"    Ostwald 
Luther,  "Physico  Chemische  Messungeu." 
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ive  cc.  of  the  ether  layer  were  pipetted  off  into  small 
ivaporating  dishes,  dried  and  weighed  as  described 
ibove.  The  following  table  shows  the  results  ob- 
ained: 


(S-) 


(1)  (2)  (3)  (4)  D   S 

Wt.  acet        Wt.  found  in    Wt.  acet.  in    Wt.  acet.  in  "^   a 

used  25  cc.  ether     ether   layer     water  layer  ^ 

Using  100  cc.  of  water,  50  cc.  of  ether  and  drawing  off  25 


0.086.-! 
0. 1484 
0.  1492 
0.2243 


0.0282 
0.0482 
0.0485 
0.0770 
Using  100  cc.  of  wate 
0.1006  0.0302 

0.2001  0.0790 


0.0475 


0. 


813 


0.0818 
0, 1298 
0  cc.  of  ether 
0 . 0485 
0. 1020 


0.0388 
0 . 067 1 
0.0674 
0 . 0945 
nd  drawing  off  20 
0.0521 
0 . 098 1 


:.  for  (2) 

0.347 

0.350 

0.349 

0.310 

c.  for  (2) 

0.346 

0.315 


Average,     0.336  =   Va 


This  means  that  if  acetanilid  is  shaken  up  between 
equal  volumes  of  ether  and  water,  one-third  of  the 
acetanilid  remains  in  the  water  layer.  If  50  cc.  of 
water,  containing  acetanilid,  are  shaken  with  20  cc.  of 
etter  (assuming  that  the  ether  does  not  dissolve  in 
the  water)  we  find  that  on  washing  once. 


of  the  original  amount  is  left  in  the  water  layer,  and 
af 


X  so 


20  +       X  50 
3 


i6.6 
36.6 


;r  three  such  washings, 

\2.21  10. t 


or  0.0935 


of  ;he  total  amount  remains  in  the  water  layer.  Only 
9c  7  per  cent  of  the  acetanilid  is  extracted  by  the  ether 
w:  h  this  number  of  washings. 

This  calculation,  like  the  latter  calculations  with 
water  and  ether,  was  made  upon  the  assumption  that 
tm  volume  of  water  at  equilibrium  was  100  cc.  and  the 
volume  of  ether  42.2  or  32.2  cc.  as  the  case  might  be, 
t  le  data  being  given  so  that  it  can  readily  be  recalcu- 
l|ted.     If  the  values  given  by   Herz'  are  used  for  the 

ubilities    and    volumes    of    water    and    ether    when 

turated  with  each  other,  (rf),  in  this  case,  is  lowered 

t    0.313.      In  the  later  calculations  with  water,  chloro- 

f  rm  and  amyl  acetate,  the  volumes  were   assumed  to 

li»  those  originally  taken. 


wt.  acet. 

Wt.  acet.  found 

Wt.  in  chlor. 

Wt.  in  water 

C, 

used 

in  25  cc.  chlor. 

layer 

layer 

Ci 

0.0698 

0.0328 

0.0525 

0.0173 

0.132 

0.0983 

0.0460 

0.0737 

0.0246 

0.134 

0.1050 

0.0498 

0.0798 

0.0252 

0.126 

0   1940 

0.0924 

0.1478 

0.1462 

0.125 

.\verage.     0.129 

The  shaking  out  of  acetanilid  from  aqueous  solutions 
th  chloroform  was  next  tried  and  the  results  are 
bulated  below.     One  hundred  cc.  of  water  and  forty 

e.  of  chloroform  were  used  for  a  shaking.  Twenty- 
of    the    chloroform    layer    were    pipetted    off, 

Vaporated,  dried  and  the  residue  weighed. 

Ber.,  IS  (1898),  2671. 


If,  therefore,  50  cc.  of  the  aqueous  solution  of  acet- 
anilid and  20  cc.  of  chloroform  are  used  for  an  ex- 
traction, then, 

0.129  X  50        ^     6-45 
26.4s 


or  0.244 


20  -|-  0.129  X  so       26. 4S      4.1 

remains  in  the  water  layer  after  one  washing. 

If,  in  the  determination  of  acetanilid  in  hydrogen 
peroxide  solutions,  the  hydrogen  peroxide  is  washed 
twice  with  ether  and  once  with  chloroform,  as  is  sug- 
gested in  Bull.  I50>  using  20  cc.  at  each  washing,  then 


w 


X 


4.1 


0.05, 


or  s  per  cent  of  the  acetanilid  remains  in  the  aqueous 
layer.  The  authors  of  Bull.  150  state  that  they  ob- 
tain about  9S  per  cent  of  the  acetanilid  present  by 
this  method.  The  calculation  here  checks  well  with 
their  results. 

It  is  to  be  seen  that  each  washing  with  chloroform 
extracts  the  acetanilid  much  more  completely  than 
a  similar  washing  with  ether.  Apparently,  then,  it  is 
better  to  wash  with  chloroform  than  with  ether  through- 
out the  entire  experiment.  If  aqueous  solutions  of 
ace?tanilid  are  shaken  out  three  times  with  20  cc.  of 
chloroform  at  each  extraction,  only  '/es,  or  1.5  per 
cent  remains  in  the  aqueous  layer,  and  after  five 
such  extractions,  Viieo,  or  less  than  o.i  per  cent  re- 
mains. 

Of  course  the  same  laws  that  govern  the  number 
of  washings  of  precipitates  govern  the  amount  used 
at  each  washing,  so  that,  if  10  cc.  of  chloroform  are 
used  at  each  washing  instead  of  20  cc,  only  80  cc.  of 
chloroform  are  necessary  to  remove  more  than  99.9 
per  cent  from  the  aqueous  layer,  instead  of  a  larger 
amount,  as  is  the  case  when  using  20  cc.  to  a  washing. 
The  validity  of  this  was  tried  by  dissolving  weighed 
amounts  of  acetanilid  in  distilled  water  and  shaking 
out  with  chloroform,  using  separatory  funnels  in  the 
ordinary  way.  With  five  shakings,  using  10  cc.  each 
time,  correcting  for  the  residue  left  by  the  chloroform, 
etc.,  an  average  of  99.1  per  cent  of  the  amount  added 
was  obtained.  The  calculated  amount  which  we  should 
obtain  is  99.1  per  cent.  The  agreement  here  is  even 
better  than  could  well  be  expected  in  determinations 
of  this  kind  because  there  is  usually  a  loss  around 
the  stoppers  of  separatory  funnels.  On  three  extrac- 
tions from  50  cc.  of  water,  using  10  cc.  of  chloroform 
for  each  extraction,  an  average  of  93.0  per  cent  of  the 
total  amount  of  acetanilid  used  was  obtained.  The 
calculated  amount  is  93.5  per  cent.  This  gives  an 
idea  of  about  how  closely  the  calculated  value  may  be 
checked  by  analysis. 

Estimations  were  also  tried  to  prove  the  correctness 
of  this  calculation  for  hydrogen  peroxide  as  well  as 
for  water  and  to  show  that  this  method  can  be  used 
in  quantitative  determinations  for  acetanilid.  Known 
weights  of  acetanilid  were  dissolved  in  50  cc.  of  a  solu- 
tion of  perhydrol  diluted  to  3  per  cent  hydrogen  per- 
oxide, which  was  previously  known  to  contain  no  acet- 
anilid or  other  substance  which  would  shake  out  with 
chloroform.  The  acetanilid  was  shaken  out  five  times 
with    10  cc.   portions  of  chloroform,   using  separatory 
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funnels.  At  each  shaking  the  mixture  was  thoroughly 
agitated  for  two  minutes  and  then  the  two  liquids 
allowed  to  separate.     The  results  are  as  follows: 


Wt.  acet, 
■started  with 

Wt.  total 
residue 

wt.  residue  fro 

.SO  cc.  chlor. 

71   Corrected  wt 
nf   aret. 

Percentage 
acet.  added 

^a^  o.2,s6n 

(())    0.2149 

n.2.';,'in 

0.2147 

n.0015 

n .  00 :  s 

n.2.'53.-i 
0.21.12 

99.0 
99.2 

Average.  99. 1 

Another  chemist,  by  shaking  out  acetanilid  from  1.5 
per  cent  hydrogen  peroxide  in  separatory  funnels 
with  only  the  ordinary  precautions,  obtained  an  av- 
erage of  98.8  per  cent  of  the  acetanilid,  under  these 
conditions. 

The  effect  of  temperature  on  the  distribution  co- 
efficient of  acetanilid  in  chloroform  and  water  is  not 
very  marked.  At  19.70°  C,  it  was  found  to  be  so 
nearly  the  same  value  as  at  25°  C.  that  it  is  not  worth 
while  to  take  this  into  consideration.  This  value 
for  the  distribution  coefficient  as  previously  given 
should  be  very  nearly  correct  for  any  ordinary  labora- 
tory temperature. 

A  modification  for  the  method  for  acetanilid  in 
BuU.  150  is  suggested  in  the  light  of  these  facts.  For 
quick  work  50  cc.  of  the  hydrogen  peroxide  should 
be  shaken  out  (for  two  minutes  at  each  extraction) 
five  times  with  10  cc.  of  chloroform  at  each  washing. 
This  gives  99  per  cent  of  the  acetanilid  present.  If 
the  hydrogen  peroxide  be  washed  eight  times,  99.9 
per  cent  of  the  acetanilid-  is  extracted.  The  chloro- 
form liquid  should  be  allowed  to  evaporate  over  night 
at  ordinary  temperatures  and  then  dried  in  a  desic- 
cator. Better  results  were  obtained  in  this  way  than 
when  an  effort  was  made  to  hasten  the  evaporation 
by  blowing  or  heating  to  70°  C.  Also,  blanks  must 
be  run  to  correct  for  the  residue  left  by  the  chloroform 
upon  evaporation. 

ACETANILID,      VANILLIN      AND      COUiMARIN      IN      VANILLA 
EXTRACTS 

As  would  be  anticipated,  the  determination  of 
acetanilid,  unless  carefully  guarded,  would  undoubtedly 
cause  trouble  in  the  excellent  Hess  and  Prescott  method 
for  vanillin,  coumarin  and  acetanilid  in  vanilla  ex- 
tracts.' This  method,  as  modified  by  Winton  and 
Bailey, '^  directs  that  5°  cc.  of  the  dealcoholized  extract 
be  shaken  out  once  with  20  cc.  and  three  times  with 
IS  cc.  of  ether.  Taking  the  distribution  coefficient 
of  acetanilid  between  ether  and  water  as  Va  and  dis- 
regarding the  solubility  of  the  ether  in  the  water, 
not  more  than  93  per  cent  of  the  acetanilid  can  be 
extracted  in  the'  ether  fractions.  If  this  is  true, 
then  our  acetanilid  determinations  are  not  worth  much 
in  this  method. 

wt.  of  wt.  found  in  2.S  Wlinelhcr  Wt.  in  water          Ci 

vanillin  cc.  ether  layer  layer  layer                  Ci 

0.0811  0.0384  0.0647  0.0164  0.108 

0.1169  O.O.S.SO  0.0927  0.0242  0.110 

0.2058  0.0980  0.1655  0.0403  0.104 

Average.  0.107 

The  distribution  ratio  was  run  on  vanillin  between 
SO  cc.  of  ether  and  loo  cc.  of  water  and  the  above 
results  were  obtained. 


BM.  107,  U.  S,  Bur.  of  Chem 
<  J.  Am.  Chem.  Sot..  21  (1899). 


?.S6;   24    (1902),    1128;   27    (190.S).    719. 


When  an  aqueous  solution  of  vanillin,  therefore,  i 
extracted  three  times  with  is  cc.  and  once  with  2' 
cc.  of  ether,  as  suggested  by  Winton  and  Bailey,  th' 
ethereal  solution  extracts  all  but  0.4  per  cent  to  o. 
per  cent  of  the  vanillin.  This  shows  that  the  presen 
method  for  the  extraction  of  vanillin  with  ether  i 
quite  sufficient  for  our  needs.  The  distribution  rau 
for  coumarin,  although  it  was  not  found  to  be  ver 
constant,  and  for  that  reason  is  not  given  here,  is  sii 
less,  about  0.0374.  When  an  aqueous  solution  ' 
coumarin  is  shaken  out  with  ether  by  the 
mentioned  method,  only  a  few  hundredths  ff 
cent  are  left  in  the  aqueous  layer. 

When  the  ethereal  solution  of  vanillin  was  shakei 
up  with  2  per  cent  NH4OH,  hardly  enough  vanillii 
remained  in  the  ether  layer  to  be  a  weighable  quantity 
and  so,  for  even  small  quantities  of  2  per  cent  XHiOH 
the  separation  is  nearly  complete  with  only  one  shak 
ing.  This,  however,  is  not  the  case  with  coumarii 
or  acetanilid.  The  distribution  ratios  for  thes?  :  v. 
substances  were  determined  between  ether  and  2  pc 
cent,  3.58  per  cent  and  5.11  per  cent  NH4OH.  Althougl 
the  ratios  in  these  cases  were  not  very  constant 
as  was  the  case  with  coumarin,  the  variation  un 
doubtedly  being  due  to  a  partial  polymerization  ii 
the  ethereal  layer,  yet  a  very  good  idea  can  be  obtained 
from  them  regarding  the  separation  of  vanillin  fror 
acetanilid  and  coumarin  with  NH40H  from  this  poin 
of  view.  It  was  found  that  the  ratio  did  not  var; 
greatly  with  this  change  in  the  concentration  of  thi 
NH4OH  with  either.  From  this  it  would  sen-  1  vi 
dent  that  the  method  proposed  by  Hess  and  Pi<  -  .  t: 
where  the  vanillin  is  shaken  out  just  once  with  th( 
stronger  NH4OH  and  all  removed,  is  preferable  ti 
the  later  method  of  Winton  and  Bailey.  To  reduo 
the  number  of  shakings  with  NH4OH  is  to  reduo 
the  amount  of  acetanilid  and  coumarin  that  go  througl 
with  the  vanillin.  At  best,  in  5  per  cent  NH4OI 
and  ether,  the  distribution  ratio  for  acetanilid  is  abou 
V4  and  for  coumarin  about  '/e,  so  that,  with  one  shak 
ing  of  10  cc.  of  s  per  cent  NH4OH  and  50  cc.  of  ethci 
S  per  cent  of  the  acetanilid  and  3  per  cent  of  the  con 
marin  go  into  solution  with  the  vanillin.  Winto 
and  Bailey  may  have  some  other  reason,  howevei 
which   may   make  their  method  the   more  preferable 

SALICYLIC     ACID,     BENZOIC     ACID     AND     /3-NAPHTHOL 

The  distribution  coefficients  of  both  salicylic  an 
benzoic  acids  were  run  and  in  each  case,  between  ethe 
and  water,  the  results  were  of  such  magnitude  that 
under  ordinary  conditions,  a  very  few  washings  re 
move  practically  all  of  either. 

Beta-naphthol  was  tried  between  chloroform  an 
water  that  had  been  made  slightly  acid  with  HC 
The  distribution  coefficient  was  found  to  be  0.0171 
which  showed  that  with  only  a  moderate  amount 
shaking  out  with  chloroform  practically  all  was  es 
tracted. 

SACCHARIN 

As  has  been  stated,  the  method  for  saccharin  give 
in  BulL  107  is  rather  vague  and  directs  that  the  chemis 
extract  with  a  "sufficient"  quantity  of  sulfuric  ethe 
from    aqueous    solution,    previously    slightly    acidifie 
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with  HCl.  The  results  on  the  distribution  ratio 
run  under  these  conditions,  using  100  cc.  of  water, 
made  slightly  acid  with  dilute  HCl,  and  50  cc.  of  ether, 
are  as  follows: 


Wt.  found  in 

W 

t.  in  ether 

Wt.  in  water 

C, 

25  cc.  ether 

layer 

layer 

Ct 

0.0260 

0.0438 

0.0290 

0.267 

0.0492 

0.0829 

0.0458 

0.235 

0.0738 

0.1245 

0.0719 
Average, 

0.245 
0.249 

Under  ordinary  conditions  of  extraction,  four  shakings 
with  ether  may  be  considered  sufficient  in  a  good 
many  cases  and  in  that  of  salicylic  acid  more  than 
enough,  but  with  saccharin,  if  100  cc.  of  an  aqueous 
solution  of  saccharin  be  shaken  out  four  times  with 
20  cc.  portions  of  ether,  only  90  per  cent  of  the  amount 
present  is  removed.  If  the  analyst  desires  to  remove 
99  per  cent  of  the  total  amount  present,  it  is  necessary 
to  §hake  out  eight  times  with  20  cc.  portions  of  ether, 
making  160  cc.  of  ether  in  all.  If  he  uses  10  cc.  in- 
stead of  20  cc.  portions,  which  is  more  economical 
with  the  ether,  it  is  necessary  to  shake  out  seven  times 
to  get  90  per  cent  and  thirteen  times,  making  130  cc. 
of  ether,  in  order  to  get  99  per  cent  of  the  total 
amount. 

Experiments  were  tried  to  determine  the  distri- 
bution ratio  between  the  aqueous  solution  of  saccharin, 
made  acid  with  dilute  HCl,  and  chloroform,  to  see 
if  the  chloroform  did  not  extract  the  saccharin  better 
than  did  the  ether.  The  results  showed  that  the 
chloroform  did  not  extract  the  saccharin  nearly  so 
well  as  did  the  ether  and  that  it  could  not  be  used  for 
this  purpose. 

A  search  was  made  to  find  an  immiscible  solvent 
which  could  be  used  to  make  a  better  separation  from 
aqueous  solution  than  did  the  ether.  It  was  found 
II. at  amyl  acetate  was  a  good  solvent  for  saccharin 
and  that  it  might  be  used  for  this  purpose.  It  was 
alstj  found  by  careful  trial  that  amyl  acetate  can  be 
easily  evaporated  from  solutions  of  saccharin  on  a 
water-bath  without  loss.  When  saccharin  was  shaken 
uut  with  100  cc.  of  water,  s  cc.  of  concentrated  HCl 
anij  50  cc.  of  amyl  acetate,  the  following  value  was 
inuiid  for  the  distribution  coefficient: 


used 
U.0745 
0.1022 
0.1838 


nyl  acetate 
0,0350 
0  0478 
0 . 0862 


cetate  laye 
0.0700 
0.0957 
0    1724 


layer 
0 . 0045 
0 , 0065 
0,0114 


0 , 0.(06 
0  0322 
0,0315 


Average,  0.0314 


is  would  indicate  that  with  four  .extractions  from 
cc.  of  aqueous  solution  of  this  strength  of  acid  with 
cc.  of  amyl  acetate  for  each  shaking,  99.9  per  cent 
the  saccharin  could  be  washed  out.  On  three 
;h  washings,  99.4  per  cent  is  extracted.  This  con- 
.sion  was  tested  by  dissolving  known  weights  of 
I'harin  in  50  cc.  of  water,  adding  5  cc.  of  i-i  HCl 
1  extracting  with  three  portions  of  amyl  acetate, 
ng  separatory  funnels  in  the  ordinary  way.  The 
ults  are  as  follows: 


.  saccharin 

Wt.  total         Wt.  residue  in 

Corrected  wt. 

Percentage 

used 

residue  found      amyl  acetate 

of  saccharin 

found 

0.1020 

0.1018                    (J,  0006 

0.1012 

99.3 

0.2045 

0.2035                    0,0006 

0.2029 

99.2 

Average,     99.25% 

These  results  check  well  with  the  calculated   value  of 
99.4  per  cent. 

It  was  found  that  the  distribution  coefficient  of 
saccharin  between  ether  and  water  was  decreased 
very  much  with  increased  concentrations  of  HCl 
in  the  aqueous  layer.  The  distribution  coefficient 
of  saccharin  between  ether,  water  and  HCl,  using  the 
same  concentration  of  HCl  as  was  used  in  the  amyl 
acetate  extraction,  is  given  below: 

wt.  saccharin      Wt.  saccharin     Wt.  saccharin    Wt,  saccharin  Ci 


used 

in  25  cc.  ether 

in  ether  layer 

n  water  la 

0.0751 

0.0386 

0 . 065 1 

0.0100 

0.1175 

0.0602 

0.1013 

0.0162 

0. 1816 

0.0933 

,0.1575 

0.0241 

Average.  0.0624 

This  is  somewhat  higher  than  the  value  for  amyl 
acetate.  From  this  it  is  to  be  seen  that  it  takes  four 
extractions  with  lo  cc.  portions  to  accomplish  what 
three  of  amyl  acetate  do.  The  ether  is,  however, 
more  pleasant  to  handle  and,  moreover,  on  five  such 
extractions,  removes  99.9  per  cent  of  the  saccharin 
present. 

Analyses  were  made  with  separatory  funnels  to  check 
these  conclusions,  using  50  cc.  of  water,  2V2  cc.  of 
concentrated   HCl  and  four   10  cc.   portions  of  ether. 


0.1982 
0.1809 


Wt.  total 
residue 
0.1978 
0.1806 


in  ether 
0.0005 
0.0005 


/t.  saccharin 
obtained 
0.1973 


Percentage 

of  total 

99.5 


Another  analyst  found  by  following  the  above  direc- 
tions and  heating  to  100°  C.  to  remove  traces  of  mois- 
ture and  drying  in  a  desicdator: 


,  saccharin 

Wt   total 

Wt    residue 

Wt.  sacchari 

J    Percentage 

used 

residue 

in  ether 

obtained 

of  total 

0.1500 

0.1489 

0 .  0005 

0, 1484 

99   0 

0.1500 

0. 1489 

0.0005 
Calculated 

0.1484 

99,0 
99,4 

The  agreement  here  is  not  so  good  but  when  the  fact 
is  considered  that  the  distribution  coefficient  varies 
several  times  over  with  the  addition  of  only  a  moderate 
amount  of  HCl,  it  is  evident  that  it  is  a  question  of 
the  strength  of  the  HCl  as  to  the  amount  of  saccharin 
extracted. 

From  this  a  modification  of  the  present  method  for 
saccharin  might  be  suggested.  Fifty  cc.  of  the  aqueous 
solution  are  made  acid  with  2V2  cc.  of  concentrated 
(38  per  cent)  HCl  and  shaken  out  four  times  with 
10  cc.  portions  of  ether,  shaking  for  two  minutes 
at  each  extraction.  This  gives  at  least  99  per  cent 
of  the  saccharin  and  six  washings,  99.9  per .  cent. 
This  is  true  only  when  the  concentration  of  the  HCl 
is  very  nearly  that  specified.  In  these  determinations 
a  very  small  amount  of  HCl  always  goes  into  the  ether 
layer  and,  since  saccharin  is  a  stable  substance,  it  is 
recommended  that,  after  the  ether  is  all  evaporated 
and    the   residue   apparently   dry,   it   be    heated    for   a 
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few  minutes  at  ioo°  C.  in  a  water  oven,  cooled  in  a 
desiccator  and  weighed. 

CAFFEINE    AND    TANNIN 

In  the  method  proposed  by  H.  L.  Smith'  for  the 
determination  of  tannin  in  tea,  directions  are  that 
the  caffeine  be  separated  from  the  tannin  by  extrac- 
tion from  the  aqueous  solution  with  chloroform. 
The  method^  directs  that  50  cc,  of  the  solution  be 
shaken  out  with  four  30  cc.  portions  of  chloroform, 
making  a  total  of  120  cc.  This  method  was  tested 
from  the  viewpoint  of  the  distribution  ratio,  using 
105  cc.  of  water  and  30  cc.  of  chloroform.  The  re- 
sults are  given  below: 

Wt.  caffeine    Wt.  found  in  20      Wt,  in  chlor.     Wt.  in  water  Ci 


used 

cc.  of  chlor.  layer 

layer 

layer 

c. 

0.0653 

0.0375 

0.0563 

0.0090 

0.0456 

0.1228 

0.0698 

0. 1048 

0.0180 

0.0492 

0.2061 

0.1180 

0. 1770 

0.0291 

0.0470 

Average.  0.0473 

Hence,  on  one  shaking  with  30  cc.  of  chloroform, 
but  Vi4  of  the  caffeine  remains  in  the  water  layer. 
On  four  washings  with  30  cc.  of  chloroform  for  each 
extraction,  there  is  only  Vssjsoo  of  the  original  amount 
left.  This  is,  of  course,  beyond  our  limits  of  accuracy 
and  such  washing  is  unnecessary.  Four  washings, 
using  10  cc.  for  each  extraction,  are  far  more  satisfactory 
and  economical.  Under  such  conditions,  99.7  per 
cent  of  the  caffeine  is  extracted,  using  a  total  of  40 
cc.  of  chloroform.  If  the  aqueous  solution  is  shaken 
out  five  times  with  10  cc.  portions  of  chloroform, 
99.95  per  cent  is  extracted.  It  might  be  pointed 
out  that  the  aqueous  liquid  does  not  need  to  be  made 
either  acid  or  alkaline  to  get  a  good  separation  with 
chloroform. 

The  validity  of  the  above  is  shown  by  the  following 
analysis.  Known  weights  of  caffeine  were  shaken  out 
from  distilled  water  solutions  with  four  10  cc.  portions 
of  chloroform,  the  chloroform  evaporated  over  night, 
the  residue  dried  in  a  desiccator  and  weighed. 


t.  caffeine 

Wt.  total 

Residue  in 

Wt.  caffeine 

Percenta 

irted  with 

residue 

chloroform 

obtained 

of  total 

0.0809 

0.0816 

0.0012 

0.0804 

99.4 

0.1545 

0.1547 

0.0012 

0.1535 

99.3 

This   was  repeated  by   another  analyst   with   another 
sample  of  chloroform  with  these  results: 


0.2000 
0.2000 


0.2005 

0.2002 


0.0012  0.1993  99.6 

0.0012  0.1990  99.5 

Calculated  amount.        99.7 


The  distribution  ratio  of  tannin  between  water 
and  chloroform  was  also  run.  The  chloroform  solu- 
tion, however,  did  not  leave  a  weighable  residue.  Hence, 
error  from  this  source  need  not  be  feared  in  this 
determination. 

SUMMARY 

I — A  practical  application  of  the  distribution  ratio 
has  been  made  in  a  study  of  a  few  of  the  extraction 
methods  given  in  the   bulletins  of  the   United  States 

'  H.  L.  Smith,  Analyst,  38,  312;  Chapman,  Chem.  .46s.,  2,  1477;  4,  1081. 

»  This  method  is  not  given  in  the  bulletins  of  the  United  States  Bureau 
of  Chemistry  but  it  is  included  in  this  paper  as  an  example  of  somewhat 
excessive   washing   for  the   extraction  of  caffeine. 


Bureau  of  Chemistry  with  the  view  of  pointing  ot 
the  fact  that  definite  directions  are  needed  in  ot 
extraction  methods  which  give  a  definite  amount  ( 
the  material  in  question. 

II — A  modification  of  the  method  of  analysis,  fc 
acetanilid   in  hydrogen   peroxide   has   been   suggestec 

III — The  method  for  acetanilid,  vanillin  and  coi 
marin  in  vanilla  extracts  has  been  discussed  from  th 
point  of  view  of  the  distribution  ratio. 

IV — The  methods  now  in  use  for  salicylic  aci( 
benzoic  acid  and  j3-naphthol  have  been  studied  an 
found  satisfactory  from  this  point  of  view. 

V — A   method  has   been   suggested  for  the  analys 
of  saccharin  by  extracting   with   amyl  acetate  and 
modification  of  the  present  method  with  sulfuric  ethe 
proposed  which  gives  definite  results. 

VI — It  has  been  shown  in  the  analysis  of  caffeir 
(in  the  particular  case  referred  to)  that  the  amount  ( 
chloroform  used  for  the  extraction  was  excessive. 

VII — The  fact  has  been  emphasized  that  a  large 
number  of  extractions,  using  a  smaller  volume  ( 
solvent  for  each  washing,  is  better  than  a  fewer  nun 
ber  of  extractions  using  a  larger  amount. 

A  much  more  extended  study  of  the  methods  ( 
extraction  is  being  carried  on  in  this  laboratory  i 
the  present  time. 

South  Dakota  Food  and  Drug  Dbpartmbnt 
Vermilion 


SOME  REACTIONS  OF  CHRYSOPHANIC  ACID  WITH 

REFERENCE  TO  ITS  DETECTION  IN  COMPLEX 

MEDICINAL  PREPARATIONS 

By  E.  Monroe  Baii,ey 
Received  December  1,  1913 

Chrysophanic  acid,  dioxymethylanthraquinone,  Q 
Hjo04,  is  a  yellow  color  principle  of  weakly  acid  cha 
acter    occurring    in    a    number    of    medicinal    plant 
notably  in  senna  and  rhubarb,  and  may  be  obtaim 
also  from  its  anthranol'  chrysarobin,  C16H12O3,  wl.i( 
is  present  in  Araroba  or  Goa  powder.^     The  presence 
the  free  acid  in  plants  is  presumably  due  to  the  enzyni 
hydrolysis    of    the     glucoside,     chrysophan.     Chrys 
phanic   acid   is   not   the   active   principle   of   rhuba: 
nor  does  the  cathartic  action  of  senna  appear  to 
due,  primarily,    to  its  presence.     It  is  soluble  in  alkan 
with  the   production   of  a  deep   cherry-red    color, 
the  alkaline  solution  is  heated  with  a  little  zinc  dy 
reduction   takes   place   and   the   red   color   changes 
yellow,  the  anthranol  being  formed.'     Reoxidation 
the  alkaline  solution  takes  place  very  readily;  exposu 
to  the  air  or  simple  dilution  with  water  affects  it  ai 
a  drop  or  two  of  hydrogen  dioxide  produces  the  chan 
almost    immediately.     It    behaves    as    an    indicate 
although  its  merits  as  such  do  not  appear  to  have  be 
investigated. 

Toward  reactions  of  oxidation  chrysophanic  ac 
appears  to  be  quite  stable.  When  taken  into  the  boi 
it  may  be,  apparently,  eliminated  unchanged  in  t 
urine.  It  is  said  that  after  the  ingestion  of  sen: 
the   urine   becomes   intensely   yellow   and   if   renderi 

>  Liebermann,  Ber.  d.  chem.  Ges.,  1S88. 

'  Oesterle,  Arch.  Pharm..  343  (1905).  434. 

'  Allen's  "Commer.  Organ.  Anal."  4th  ed..  Vol.  V.  p.  208;  cf.  "Aliiarij 


I 


Apr.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


32I 


alkaline  by  sodium  hydroxide  a  deep  red  color  is  pro- 
duced. Of  nine  men  in  this  laboratory,  however, 
who  took  prescribed  doses  of  senna — in  preparations 
compounded  with  syrup  of  figs — in  only  two  cases 
were  positive  tests  given  on  examination  of  the  urine 
twelve  hours  later. ^ 

The  applicability  of  chrysophanic  acid  for  purposes 
of  artificial  coloring  are  apparent,  one  instance  having 
been  cited  recently  by  Thum.^  The  sophistication  of 
powdered  rhubarb  with  powdered  turmeric  has  been 
practiced  and  Howie'  and  others  have  given  some  at- 
tention to  the  detection  of  curcumin  in  such  cases. 
In  the  inspection  of  patented  and  other  medicinal  prep- 
arations, the  detection  of  chrysophanic  acid  serves 
to  indicate  the  presence  of  a  restricted  group  of  vege- 
table constituents.  And,  finally,  the  similarity  of 
many  of  its  reactions  to  tbose  of  phenolphthalein,  a 
substance  of  not  uncommon  occurrence  in  medicines, 
makes  its  detection  in  presence  of  that  substance 
desirable. 

If  an  alcoholic  extract  containing  chrysophanic  acid 
is  dealcoholized  or  sufBciently  diluted  with  water, 
acidified  with  a  few  drops  of  concentrated  hydrochloric 
acid  and  shaken  out  with  ether, ^  the  coloring  matter 
is  taken  up  by  the  solvent  and  the  ethereal  layer  is 
colored  yellow.  On  washing  the  solvent  with  dilute 
alkali  (2I/2  per  cent  ammonium  hydroxide  was  used) 
the  color  is  transferred  to  the  aqueous  solution  which 
is  colored  red.  Similarly  treated,  picric  acid  and  the 
color  principle  of  hydrastis  yield  no  red  color  to  dilute 
alkali  nor  does  their  presence  interfere  with  subsequent 
tests;  but  curcumin,  haematoxylin,  and  phenolphthalein 
yield  colors  not  to  be  distinguished  in  certain  con- 
centrations from  that  produced  by  chrysophanic  acid. 
In  the  cases  of  curcumin  and  haematoxylin,  however, 
the  color  of  their  alkaline  solutions  is  slowly  fugitive. 
After  standing  over  night  at  40  "-50°  the  red  element 
is  entirely  lost,  but  the  red  color  of  chrysophanic  acid 
and  phenolphthalein  is  persistent. 


If  this  solution  is  now  acidified  and  shaken  out  with 
ether,  the  interfering  color  principles,  curcumin  and 
haematoxylin,  are  eliminated.  Their  absence  can  be 
demonstrated  by  concentrating  a  portion  of  the  ether 
shake-out  on  filter  strips  and  testing  as  follows: 

(i)  Moisten  one  of  the  strips  with  a  drop  of  strong 
hydrochloric  acid.  No  pink  color  will  be  obtained, 
showing  the  absence  of  haematoxylin. 

(2)  Moisten  another  strip  with  a  mixture  of  hydro- 
chloric— boric  acids.  No  red  color  will  be  produced, 
showing  the  absence  of  curcumin. 

(3)  Moisten  a  third  strip  with  dilute  ammonium 
hydroxide.  A  pinkish  red  color  will  indicate  the 
presence  of  chrysophanic  acid  or  phenolphthalein  or 
both. 

To  eliminate  phenolphthalein  transfer  a  portion  of 
the  ether  shake-out  obtained  above  to  a  test  tube  and 
drive  oflf  the  ether.  Add  a  little  zinc  dust  and  4-5  cc. 
of  25  per  cent  sodium  hydroxide,  boil  until  the  red  color 
is  discharged  and  cool  the  solution.  "  By  this  treatment 
chrysophanic  acid  is  reduced,  as  already  described, 
the  solution  becoming  yellowish,  and  phenolphthalein 
is  reduced  to  phthalin  which  is  colorless.  Dilute  the 
alkaline  solution  with  water  or  treat  it  with  a  few  drops 
of  hydrogen  dioxide  and  the  characteristic  cherry-red 
color  of  chrysophanic  acid  will  be  obtained.  Phthalin 
remains  unoxidized  under  these  conditions. 

Curcumin  and  haematoxylin  both  undergo  reduction 
by  means  of  zinc  dust  and  sodium  hydroxide  and  neither 
are  subsequently  oxidized  by  hydrogen  dioxide,  but 
their  yellow  or  brown  solutions  mask  the  color  of 
chrysophanic  acid  in  certain  proportions  and  thus 
make  the  test  for  the  latter  less  distinct.  It  is  therefore 
best  to  eliminate  these  substances  by  the  method 
described. 

Analytical  I^aboratory 

Connecticut  Agricultural  Experiment  Station 
New  Haven 
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IMPROVEMENTS  IN  THE  IODINE  PENTOXIDE  METHOD 

FOR  THE  DETERMINATION  OF  CARBON 

MONOXIDE  IN  AIR 

By  Atherton  Seidell 
Received  January  10,  1914 

The  iodine  pentoxide  method  is  based  upon  the 
reaction  IjOs  4-  5CO  =  sCOa  +  I2  which  has  been 
found  to  be  quantitative  at  approximately  150°. 
The  sample  of  air  is  passed  first  through  absorption 
tubes  containing  potassium  hydroxide  and  concen- 
trated sulfuric  acid  and  then  through  a  U-tube  con- 
taining powdered  iodine  pentoxide,  and  immersed 
in  an  oil  bath  heated  to  150°.  It  is  obvious  that  either 
the  resulting  iodine  or  the  carbon  dioxide  may  be  used 
as  the  measure  of  the  carbon  monoxide. 

'  These  tests  were  made  with  commercial  laxative  preparations  in 
which  senna  was  declared  to  be  an  ingredient.  The  amounts  of  senna  in 
many  cases  may  have  been  too  small  to  give  the  physiological  test, 

2  .4m.  J.  Pharm..  85,  1.  19. 

•  Pharm.  Jour.,  Nov.,  1873;  also  Am.  J.  Pharm..  4  (1874):   1,  16. 

*  The  emulsion  which  forms  is  readily  destroyed  by  adding  acetone. 


The  apparatus  as  usually  described'  consists  of  a 
series  of  U  tubes,  spiral  or  other  absorption  tubes  and 
potash  bulbs  connected  with  a  suitable  aspirator. 
On  assembling  an  apparatus  according  to  the  usual 
descriptions,  it  became  evident  that  a  reduction  of 
the  dead  air  space  would  materially  shorten  the  time 
required  for  a  determination  and  reduce  the  correction 
factor  resulting  from  the  slight  decomposition  of  the 
iodine  pentoxide  reagent  by  the  air  used  to  drive  the 
sample  through  the  apparatus.''  It  was  also  hoped 
that  the  rate  at  which  the  sample  is  drawn  through  the 
apparatus  could  be  increased. 

The  improved  apparatus  which  has  been  developed 
is  shown  in  the  accompanying  diagram.  The  es- 
sential feature  of  it  is  the  special  form  of  absorption 

'  Niclou.';,  Compt.  rend..  126  (1898).  746;  Kinnicutt  and  Sanford, 
J.  Am.  Chem.  Soc,  22  (1900).  14;  Levy  and  Pecoul.  Compt.  rend..  140 
(1905).  98;  142  (1906),  162;  Morgan  and  McVVhorter,  J.  Am.  Chem.  Soc, 
29  (1907),  1589;  Weiskopf.  J.  Chem.  Met.  Soc.  S.  .Africa.  9  (1909):  258.  306; 
and  also  Chem.  News,  100  (1900),  191;  Goutal.  Ann.  chim.  anal  appl., 
16  (1910),  1-7;  Levy.  J.  Soc.  Chem.  Ind.,  30  (1911),  1437. 
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bulb  which  has  been  adopted.  A  brief  note  on  this 
bulb  has  been  recently  published.'  As  will  be  seen, 
the  apparatus  has  been  so  arranged  that  the  air  sample 
is  automatically  transferred  by  water  displacement 
from  its  container  S  to  the  reservoir  R  by  way  of  the 
train  of  absorption  bulbs  and  U  tubes  B,  H,  K,  L,  P 
and  Q.  The  fixed  level  N  of  the  end  of  the  return 
tube  M  insures  a  constant  hydrostatic  pressure  during 
the  flow  of  the  water  from  the  upper  to  the  lower  bottle. 
The  rate  of  flow  is  regulated  by  the  screw  pinch-cock 
C  and  the  air  pressure  in  the  system,  as  indicated  by 
the  manometer  I,  is  controlled  by  means  of  the  cock  U. 
The  two  sets  of  bulbs  at  A  contain,  respectively, 
concentrated  sulfuric  acid  and  aqueous  KOH  solution 
(1:1)  for  purifying  the  laboratory  air  used  for  wash- 
ing the  sample  through  the  apparatus.      Bulbs  H  con- 


tain concentrated  sulfuric  acid.  The  upper  of  the 
double  bulb  at  the  right  was  filled  with  glass  wool  to 
prevent  possible  splashing  of  the  acid  into  the  U  tube 
K  which  followed,  and  contained  small  lumps  of 
potassium  hydroxide.  This  U  tube  K  and  the  follow- 
ing one  L  containing  the  iodine  pentoxide  were  each 
made  of  a  continuous  glass  tube  and  the  two  sealed 
together.  The  U  tube  L  was  immersed  in  the  oil 
bath  O.  The  iodine  pentoxide  was  rather  finely 
powdered  and  introduced  in  layers  alternating  with 
glass  wool.  Pure  air  was  drawn  through  the  tube 
heated  to  i5o°-2oo°  for  several  hours  previous  to 
beginning  determinations  upon  air  samples  containing 
carbon  monoxide. 

'  Seidell.  J.  Am.  Chem.  Sm.  St  (1V13).  188S. 


The  procedure  for  a  determination  is  as  follows: 
the  reservoir  R  is  filled  by  opening  cock  F,  closing  cock 
J  and  turning  on  the  water  at  W.  The  stopper  of 
the  2500  cc.  sample  bottle  is  replaced  by  the  stopper 
V  with  its  two  glass  tubes.  These  are  then  con- 
nected as  shown  at  D  and  E.  The  carbon  dioxide 
absorption  bulbs  B  are  then  filled  with  10  cc.  of  the 
stronger  standard  barium  hydroxide  solution  (ap- 
proximately 0.0s  normal)  and  the  bulbs  Q  with  10  cc. 
of  the  diluted  standard  barium  hydroxide  solution 
(approximately  0.005  normal).  The  bulbs  P  for  re- 
taining the  iodine  are  filled  with  5  cc.  of  i  per  cent 
aqueous  potassium  iodide  solution  plus  0.5  cc.  of  0.5 
per  cent  arrowroot  starch  solution.  When  all  con- 
nections are  made  cock  F  is  closed,  the  cocks  J  and  U 
are  opened  and  the  screw  pinch-cock  C  so  adjusted 
that  the  water  flows  throiigh  at  the  rate  of  about  two 
to  three  liters  an  hour.  Although  this  is  about  six 
times  as  fast  as  Kinnicutt  and  Sanford  specify,  and 
three  times  as  fast  as  Goutal  prescribes  for  the  ap- 
paratus described  by  him,  there  was  no  evidence  of 
incomplete  absorption  of  iodine  at  any  time  and  only  a 
slight  loss  of  carbon  dioxide  in  case  of  samples  con- 
taining enough  of  this  gas  to  nearly  saturate  the 
barium  hydroxide  solution. 

The  three  volumetric  solutions  used  for  titrating 
the  contents  of  the  three  absorption  bulbs  B,  P  and  Q 
were,  respectively,  oxalic  acid  containing  56325 
gram's  per  liter  (each  cubic  centimeter  therefore  cor- 
responding to  one  cubic  centimeter  of  CO2  at  0°  and 
760  mm.),  one-thousandth  normal  thiosulfate  and 
oxalic  acid  solution  of  one-tenth  the  concentration  of 
the  stronger  standard. 

The  standardization  of  the  thiosulfate  is  made 
under  conditions  as  nearly  identical  as  possible  with 
those  under  which  the  titration  of  the  contents  of  bulbs 
P  are  made.  Standard  0.00 1  normal  iodine  is  pre- 
pared by  dilution  of  a  o.i  normal  solution  and  to 
quantities  of  this  within  the  range  of  the  amounts  to 
be  determined,  is  added  enough  potassium  iodide  to 
yield  approximately  i  per  cent  of  the  latter  and  the 
titrations  made  to  disappearance  of  the  blue  starch 
color  with  o.ooi  normal  thiosulfate.  The  choice  of 
the  I  per  cent  concentration  of  potassium  iodide  was 
made  on  the  basis  of  experiments  with  the  absorption 
of  iodine  in  bulbs  P.  Stronger  solutions  than  1  per 
cent  caused  the  starch,  which  was  added  to  assist 
in  the  retention  of  the  iodine  and  as  an  indicator,' 
to  flocculate  in  the  form  of  blue  granules.  With  larger 
quantities  of  iodine  than  encountered  in  the  analysis 
of  the  samples  of  tunnel  air  it  would  probably  be 
necessary  to  select  other  proportions  of  the  several 
reagents  than  here  specified  for  the  particular  condi- 
tions in  hand. 

In  order  to  ascertain  the  degree  of  accuracy  to  be 
expected  by  the  iodine  pentoxide  method  a  series  of 
determinations  was  made  with  known  amounts  of 
carbon  monoxide  diluted  with  laboratory  air.  The. 
carbon  monoxide  for  this  purpose  was  prepared  by 
mi.xing  concentrated  sulfuric  acid  and  sodium  formate 

.  The  absence  of  the  blue  color  in  the  third  of  the  series  of  three  bulbs 
used  for  the  potassium  iodide-starch  paste  reagent  shows  that  the  iodine 
has  been  completely  retained  iu  the  first  and  second  bulbs. 
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in  a  test  tube  and  after  displacement  of  the  air  in  the 
tube,  collecting  the  evolved  gas  over  water.  Suc- 
cessive dilutions  of  this  were  made  and  10  to  100  cc. 
portions  of  the  final  mixture,  corresponding  to  the 
volumes  of  carbon  monoxide  shown  in  Column  2  of 
the  accompanying  table,  were  introduced  into  partially 
evacuated  2500  cc.  bottles  and  these  samples,  which 
contained  from  36  to  360  parts  of  carbon  monoxide 
per  million,  were  drawn  through  the  absorption  ap- 
paratus as  described  above. 


Determin 

ATIONS    UPON    M 

XTURES, 

OF  Kno 

.VN  .^MOUNTS  OF  Pure  Carbon 

Mono 

XIDE    AN 

D  Labor 

ATORv   Air 
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COj  bulbs 

B 

Iodine 

BULBS    P 

10  cc. 

approx. 

10  cc.  approx. 

5-10  cc 

aq.  1  % 

0.005  N 

Ba(OH); 

0  05  Af    Ba(OH); 

KI  -)-  0 

1  %  starch 

used  for  each  det. 

CO 

used  for  each  det. 

used  for  each  det.    ^ 

•^ , 

(COOH). 

760  mm.) 

{COOH)j  for 

Calc. 

0.001  N 

Calc.  CO 

for 

Calc.  CO 

per  2.500 

excess  of 

parts 

thio.  for 

(at  0°  and 

excess 

(at  0°  and 

cc.  of  air. 

Ba(OH)2    COjper 

evolved  ' 

760  mm.) 

Ba(OH) 

760  mm  ) 

Cc. 

Cc. 

10.000 

Cc. 

Cc. 

Cc. 

Cc. 

0.90 

14.8 

0.79 

0.456 

2.6 

13.0 

7.65 

0.405 

2.15 

0.345 

0.456(al 

4.35 

6.0 

7.3 

0.386 

2.55 

0.30 

0  45 

7.5 

0.40 

0.229 

3. .3 

10.2 

4.0 

0.207 

2.8 

0.28 

0.229(a) 

4.5 

5.4 

3.8 

0.196 

3.8 

0.18 

0.228 

4.05 

7.2 

4.1 

0.212 

3.35 

0.225 

0.22.'i 

4.1 

0.212 

0.225 

3.95 

0.20 

0.092 

4.2 

6.6 

1.85 

0.09 

4.3 

0.13 

0.09 

1.75 

0.084 

0.09 

1.75 

0.084 

0.00 

4.2 

6.6 

0.2 

4.9 

(i)Tll 

e  mixture  of  CO 

+  air  stood  over 

water  two  days  befo 

e  analysis. 

Factor  for  0.001  ,^'  thi 

osulfate 

=  readir 

gs  X  0.97 

=   0.001 

N  exactly. 

1  cc.  0.001  N  thiosulfate  =  0.056  cc.  CO  (at  0°  an 

i  760  mn 

1.). 

10  cc. 

approx.  0.05  N  Ba(OH)2 

=  5.85  c 

c.  (COOH) 

;  1  cc.  (COOH);   = 

1  cc.  COz  (at  O"  and  760  m 

m.). 

10  cc. 

approx.  0.005  N  Ba(OH)2   -  5.6  i 

c.  (COOH) 

;  1  cc.  (COOH);  = 

0.1  cc.  CO- 

(at  0°  and  760 

mm.). 

Blank  determinations  made  by  drawing  2500  cc. 
portions  of  laboratory  air  through  the  iodine  pentoxide 
tube  heated  to  150°,  gave  blue  colorations  in  bulbs  P 
which  required  0.2  cc.  and  sometimes  as  high  as  0.4 
cc.  of  o.ooi  N  thiosulfate  for  their  discharge.  These 
amounts,  no  doubt,  correspond  to  the  carbon  monoxide 
normally  present  in  the  laboratory  air  and  do  not 
indicate  a  faint  spontaneous  decomposition  of  the 
iodine  pentoxide.  The  correction  of  0.2  cc.  has  there- 
fore been  applied  to  the  thiosulfate  titrations  given  in 
the  table,  since  in  these  cases  the  estimation  of  the 
added  carbon  monoxide  only  was  desired. 

It  will  be  observed  that  in  the  present  experiments 
slightly  low  results  for  carbon  monoxide  were  obtained 
in  all  cases.  The  amounts  recovered  varied  from 
88  to  98  per  cent,  the  lower  percentages  being  obtained 
with  the  higher  amounts  of  carbon  monoxide.  Al- 
though on  the  percentage  basis  this  appears  to  be  a 
considerable  loss,  as  a  matter  of  fact  when  the  very 
minute  amounts  of  gas  are  taken  into  consideration 
the  differences  are  quite  small. 

In  regard  to  the  carbon  monoxide  determinations 
based  upon  the  titrations  of  the  contents  of  bulbs  Q 
It  IS  seen  that  unaccountable  irregularities  are  obtained. 
In  most  cases  the  amounts  of  carbon  monoxide  re- 
covered were  considerably  lower  than  found  by  the 
iodine  titration.      It  may,  therefore,  be  concluded  that 


for  the  concentrations  of  carbon  monoxide  under 
consideration,  no  increased  confidence  in  the  results 
is  to  be  obtained  by  using  the  carbon  dioxide  titration 
as  a  check  upon  the  iodine  titration. 

Hygienic  Laboratory,  Washington.  D    C. 

CONVERSION   CURVE  FOR  LOVIBOND'S    TINTOMETER 
AND  STAMMER'S  COLORIMETER 

By   Carl   .\.    NowAK 
Received  January  20,    1914 

In  compliance  with  a  request  recently  received 
asking  me  to  construct  a  table  correlating  the  readings 
taken  on  the  Lovibond  tintometer,  V2  inch  cell,  series 
52,  and  those  obtainable  with  the  Stammer  colorimeter, 
I  have  carried  out  a  number  of  comparative  color  de- 
terminations with  these  two  instruments  using  an  8% 
malt  wort,  and  plotted  the  results  in  a  form  of  a  con- 
version curve. 

In  order  to  verify  the  readings  and  to  determine 
the  extent  of  experimental  error  due  to  personal  fac- 
tors,   such    as    variation    in    color    vision,    all    readings 


were  taken  by  two  persons,  with  the  unexpected 
result,  that  in  no  case  did  the  readings  vary  by  more 
than  2  degrees  Stammer  or  more  than  0.2  to  0.3  degree 
Lovibond.  All  readings  were  taken  at  the  same  tem- 
perature, viz.,  15  Centigrade.  After  plotting  the  tabu- 
lated results  it  was  found  that  an  almost  ideal  curve 
was  obtained,  showing  that  with  a  careful  manipulation 
very  slight  differences  in  color  can  be  detected  with 
either  of  these  instruments. 

For  the  benefit  of  any  who  may  not  have  access  to 
both  instruments  and  wish  to  convert  the  readings  of 
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one  into  the  other,  the  conversion  curve,  which  is  self- 
explanatory,  is  herewith  given,  inasmuch  as,  to  the 
author's  knowledge,  a  curve  of  this  kind,  or  a  table  of 
conversions,  is  at  present  nowhere  available. 

CuBMicAL  Laboratory  The  Wm.  Rahr  Sons'  Co. 
MA>aTOwoc,  Wisconsin 


APPARATUS  FOR  THE  DETERMINATION  OF  FAT  BY 
THE  ROESE-GOTTLIEB  METHOD' 

By  William   Bkinsmaid 

Wishing  to  use  the  Roese-Gottlieb  method  for  the 
determination  of  fat  in  evaporated  milk  as  published 
in  Circular  No.  66  of  the  Bureau  of  Chemistry,  it  was 
found  that  the  Rohrig 
tubes  for  this  purpose 
could  not  be  purchased. 
None  of  the  dealers  in 
chemical  glassware  of 
whom  inquirieswere  made, 
knew  anything  of  them. 
The  writer  had  seen  the 
tubes  designed  by  Mr. 
Patrick,  but  wished  a  tube 
differing  from  them  in 
some  respects. 

As  there  is  nothing  com- 
plicated about  these  tubes, 
specifications  were  drawn 
up  and  the  tubes  ordered 
from  the  glass-blower. 
The  specifications  were 
determined  by  sealing  the 
end  of  a  glass  tube  of 
five-eighths  of  an  inch  in- 
side diameter  and  using  the  amounts  of  material 
required  in  exactly  the  same  way  as  in  an  actual 
determination.  After  the  mixture  had  settled  for 
twenty  minutes,  marks  were  made  on  the  tube  in 
two  places.  The  tube  was  first  marked  at  the  lowest 
point  on  the  column  of  ether  at  which  the  ether  could 


and    85    cubic    centimeters,    respectively.     The    speci- 
fications were  as  follows: 

1.  Inside  diameter  of  tubing  to  be  five-eighths  of 
an  inch. 

2.  Drainage  tube  to  be  so  placed  that  the  bottom  of 
the  orifice  is  at  the  ig.5  cc.  point. 

3.  Capacity  of  the  tube  to  be  85  cc. 

4.  Mouth  of  tube  to  be  constricted  to  fit  the  taper 
of  a  cork  stopper. 

A  rough  drawing  was  sent  with  the  specifications. 

Fig.  I  shows  an  empty  tube  and  Fig.  2  shows  a 
tube  with  a  fat  determination  in  it.  The  height  of 
the  emulsion  in  the  tube  can  easily  be  seen.  With 
some  milks  the  emulsion  may  stand  a  very  little  higher, 
but  as  yet  there  has  been  no  difficulty  with  the  tubes 
made  as  specified. 

The  tubes  being  awkward  to  handle  and  the  drainage 
cock  rather  fragile,  the  problem  of  a  safe  and  con- 
venient mode  of  handling  presented  itself.  At  first 
the  tubes  were  set  in  perforated  blocks  but  when  handled 
in  this  way  the  mixing  has  to  be  done  singly  and  this 
is  a  rather  slow  method. 

Finally  a  tilting  rack  was  designed  of  the  form  shown 
in  Figs  3,  4  and  5,  and  this  has  been  found  well 
adapted  to  the  purpose. 

Boiled  cork  stoppers  are  used  in  the  tubes  and  if 
well  fitted  will  hold  the  small  pressure  developed  with- 
out trouble.  The  mixing  of  the  milk  with  the  ammonia 
and  with  the  alcohol  is  done  quickly  while  holding 
the  tube  in  the  hand  and  without  using  the  stoppers. 
The  tubes  are  then  placed  in  the  rack  in  an  upright 
position  and  the  ethyl  ether  added  and  the  cork  stoppers 
placed  firmly  in  the  tubes.  The  tilting  frame  with 
tubes  is  then  turned  back  as  shown  in  Fig.  3  and 
again  turned  to  an  upright  position,  and  this  continued 
as  long  as  necessary.  The  petroleum  ether  is  then 
added  and  the  process  repeated.  The  rack  is  then 
placed  in  the  position  shown  in  Fig.  4,  the  wing-nut 
tightened  to  keep  it  at  this  angle  and  the  contents  of 
the   tubes   allowed   to  settle.     This   position   prevents 


H 

be  safely  drawn  off.  The  second  mark  was  made 
above  the  top  of  the  ether  column  at  a  height  that 
would  allow  space  for  proper  mixing.  The  tube 
was  then  emptied  and  these  two  points  were  measured 
in    cubic    centimeters.     They  were    found  to  be    19.5 

1  Presented  at  the  16th  Anmi.il  .\ssociation  of  Food,  Dairy  and  Drug 
Officials,  Seattle,  July  9-12,  1912. 


the  emulsion  from  running  into  the  outlet  tube,  which 
it  is  liable  to  do  if  the  mixture  is  allowed  to  settle  with 
the  tube  in  an  upright  position. 

In  this  way  six  determinations  can  be  extracted  in- 
the  time  that  would  be  required  by  one  if  held  in  the 
hand.  Furthermore,  as  the  tubes  are  not  held  in 
a  warm  hand,  there  is  less  pressure  developed.     After 
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settling  for  a  proper  time  the  rack  is  turned  to  an  up- 
right position,  the  flasks  placed  under  the  outlet 
cocks  as  in  Fig.  5  and  the  mixed  ethers  and  fat 
drained  off.  If  closer  drainage  is  desired  the  tubes 
may  be  held  in  the  hand  while  the  last  portion  is  drained 
off.  -Funnels  and  filter  papers  may  be  placed  in  the 
flasks  if  desired. 

State  Pood  Commission 
1623  Manhattan  Building.  Chicago 


MODIFIED  APPARATUS  FOR   THE   PUTRESCIBILITY 
TEST 

By  A.  M.  Buswell' 

The  putrescibility  test  as  described  by  Jackson 
and  Horton^  is  made  in  a  250  cc.  bottle  provided  with 
a  one-hole  rubber  stopper  carrying  a  medicine  dropper 
with  a  5  cc.  rubber  bulb:  37  ..5°  C.  is  the  temperature 
of  incubation.  The  bulb  is  collapsed  at  the  begin- 
ning of  the  test  but  soon  becomes  partially  filled, 
due  to  the  expansion  of  the  liquid  and  the  evolution 
of  some  of  the  gases  originally  in  solution.  Expan- 
sion is  thus  allowed  for  without  permitting  the  absorp- 
tion of  air.  It  has  been  found,  however,  that  the 
rubber  bulbs  deteriorate  very  rapidly.  This  not  only 
makes  the  cost  of  up-keep  of  the  apparatus  high  but 


250 


cc. 


occasionally  a  test  is  lost,  due  to  the  failure  of  a  bulb 
during  incubation. 

These  facts  led  the  writer  to  design  for  the  putres- 
cibility bottle  the  modified  form  of  stopper  shown  in 
the    figure.     The   modifica-  ,,_=^,:_^_^ 

tion    consists    in    replacing 

the  medicine   dropper  by  a  ^B  ^^  Tnm. 

J  shaped  capillary  tube  of 
0.5  mm.  bore.  The  long 
end  of  the  tube  extends 
to  the  bottom  of  a  small 
test  tube  which  catches  the 
overflow.  The  diffusion  of 
gases  through  capillary  tub- 
ing is  so  slight  that  the 
prevention  of  air  absorp- 
tion is  effected.  Aside  from  being  more  durable  the 
modified  stopper  can  be  applied  much  more  easily 
and  rapidly  than  the  old  form  and  the  convenience 
is  quite  an  item  when  50  to  100  bottles  have  to  be 
made  up  at  one  time. 

The  modified  stopper  has  been  used  in  a  series  of 
comparative  tests  made  by  students  in  this  laboratory 
and  the  results  obtained  so  far  are  entirely  satisfactory. 

Laboratory  of  Sanitary  Chemistry 
CoLVMBiA  University.  New  York 


ADDRESSED 


MODERN  CHEMICAL  INDUSTRY^ 

By  Fritz  Haber 
It  is  a  special  honor  to  me  to  speak  here  in  appreciation  of  a 
man  who  recognized  and  represented  the  importance  of  physical 
thinking  in  applied  chemistry  at  a  time  when  almost  without 
exception  technical  chemists  declined  to  take  this  view. 

Thirty  years  ago,  when  Hurler's  activity  was  at  its  height, 
the  center  point  of  chemical  industry  was  the  Leblanc  soda  pro- 
cess. Here  in  England  a  number  of  technical  methods  for 
the  manufacture  of  sulfuric  acid  and  Glauber's  salt,  bleaching 
powder,  soda,  potash  and  the  alkalies  had  been  developed  up  to  a 
remarkable  standard.  It  is  impossible  to  admire  too  much 
the  richness  of  inventive  genius  and  the  clearness  of  judgment 
which  the  technical  chemists  of  this  period  developed  in  your 
country.  The  world  has  learned  of  them  how  to  convert  chemical 
laboratory  reactions  into  industrial  technical  processes  and  how- 
to  build  up  a  system  of  analytical  controls  which  enables  the 
manager  to  follow  the  chemical  change  in  a  complicated  system 
of  reactions  on  a  large  scale. 

The  picture  that  technical  chemistry  exhibits  to-day  is  quite 
different  from  that  of  thirty  years  ago.  There  is  more  brilliancy 
around  the  accomplishment  of  the  organic  than  of  the  inorganic 
industries.  The  replacement  of  natural  dyes  by  the  products 
of  coal  tar,  the  extension  of  our  medical  resources  by  the  manu- 
facture of  synthetic  medicines,  has  gone  far  to  extend  the  ap- 
preciation of  chemical  work  and  to  produce  the  general  con- 
viction that  chemistry  is  an  inexhaustible  field  of  economic 
possibilities.  Indeed,  one  natural  product  after  another  falls 
into  the  domain  of  chemical  synthesis,  and  chemistry  is  be- 
coming the  important  factor  in  the  economy  of  the  tropical 
Iiroducts  which  are  used  for  industrial  purposes.     As  soon  as 

'  Instructor  in  Sanitary  Chemistry.  Columbia  University. 

=  This  Journal.  1  (1909),  328. 

^  The  Hurler  Memorial  Lecture,  delivered  before  the  Liverpool  Section 
of  the  Society  of  Chemical  Industry.  November  26.  1913  and  printed  in 
the  Jour.  Soc.  Chem.  Ind..  33  (1914).  49. 


the  price  of  such  a  product  exceeds  a  certain  limit  organic  chem- 
istry enters  the  field  and  synthesizes  it  in  Western  Europe. 
Thus  indigo  has  succumbed  to  the  on.slaught  of  organic  chemistry. 
Tanning  materials  at  present  are  in  a  struggle  with  the  con- 
densation products  of  formaldehyde  and  phenolsulfonic  acids. 
Camphor  could  maintain  its  position  only  by  large  price  re- 
duction, and  the  prospect  of  synthetic  rubber  holds  down  the 
would-be  inflated  prices  of  the  natural  product.  The  basis  of 
this  marked  development  in  organic  chemical  industries  is  the 
combined  working  of  science  and  technology.  The  fact  and  the 
success  of  this  intermingling  is  so  obvious  that  we  need  not  dwell 
on  the  point. 

In  the  territory  of  inorganic  technical  chemistry  things  are 
somewhat  different.  Here  also  a  great  change  has  taken  place. 
The  historical  sulfuric  acid  and  soda  processes  have  lost  much 
ground  to  the  ammonia-soda  and  electrolytic  processes,  and  to 
the  contact  process.  New  branches  of  industries  have  taken  root 
and  grown  up.  In  this  field,  however,  the  connection  between 
scientific  and  technical  progress  is  neither  so  obvious  nor  so  well 
recognized  as  in  the  realm  of  industrial  organic  chemistry. 
The  reason  is  that  the  advance  in  inorganic  science,  during  the 
last  decade  or  two,  has  resulted  less  in  the  discovery  of  new 
facts  which  had  direct  technical  applications,  than  in  the  un- 
ravelling and  working  out  of  new  theoretical  views.  In  fact, 
the  introduction  of  physical  laws  and  physical  methods  into 
the  working  sphere  of  inorganic  chemistry  has  led  to  the  greatest 
scientific  progress.  The  invasion  of  physics  into  chemistry 
has  produced  the  splendid  development  of  physical  chemistry, 
the  basis  of  which  is  the  second  law  of  thermodynamics,  the 
phase  rule,  and  the  theory  of  electrolytic  dissociation.  The 
introduction  of  the  electroscope  into  chemical  analysis  has 
opened  up  the  new  chemical  world  of  radioactivity.  Now,  in 
my  opinion,  inorganic  chemical  industries  can  gain  almost  as 
much  by  regarding  their  problems  from  a  physical  point  of  view 
as  organic  industries  do  by  the  application  of  structural  con- 
siderations. 
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I  do  not  think  it  will  be  out  of  place  in  this  lecture  if  I  speak 
of  one  or  two  inorganic  technical  questions  and  lay  stress  on  the 
physical  considerations  which  bear  on  them.  I  may  be  per- 
mitted to  pass  by  many  of  the  current  examples  of  the  part 
played  by  physical  chemistry  in  technical  chemistry,  owing  to 
their  general  recognition  and  go  on  to  speak  of  a  few  industrial 
cases  with  which  I  have  come  in  contact  during  the  last  year  or  two. 

ZIRCONIUM    OXIDE    REPLACES    STANNIC    OXIDE    IN    THE    ENAMEL 
INDUSTRY 

During  the  last  few  years  a  not  very  obvious  property  of 
stannic  acid  has  become  the  source  of  a  new  inorganic  industry. 
Iron  cooking  utensils  are  coated  on  the  inner  side  with  a 
white  enaniel'  which  must  contain  no  poisonous  material; 
owing  to  its  relative  coefficient  of  expansion  it  must  be  very 
thin  so  as  not  to  crack  and  chip  away  when  the  iron  expands 
through  rise  of  temperature.  It  must  have  a  low  melting 
point  so  that  the  iron  does  not  lose  its  shape  when  it  is 
coated  with  the  melted  enamel.  A  glass  is  therefore  used  which 
has  nearly  the  following  constitution:  Borax,  26  per  cent; 
quartz,  17  per  cent;  feldspar,  34  per  cent ;  sodium  silico-fluoride, 
13  per  cent;  soda,  4  per  cent;  saltpetre,  3  per  cent;  kaolin,  3 
per  cent.  The  constituent  parts  are  melted  together;  the  fused 
mass  is  ground  with  water  and  some  plastic  clay  to  a  thin  paste 
of  suitable  thickness  for  even  coating,  then  dried  on  the  iron  and 
heated  to  a  temperature  of  800°  C.  for  about  a  minute,  whereby 
fluxing  of  the  enamel  is  attained.  That  is  roughly  the  tech- 
nology of  enamelled  iron.  But  such  an  enamel  is  too  transparent, 
for  the  thin  coating,  which  it  is  necessary  to  use  on  the  iron, 
permits  the  dark  color  of  the  backgrourid  to  be  seen.  It  is  de- 
sirable to  add  something  which,  in  small  quantities,  will  render 
the  enamel  quite  opaque,  and  which  will,  at  the  same  time,  give 
it  a  clear  white  color.  The  only  satisfactory  substance  up  to 
the  present  has  been  stannic  acid.  The  requisite  amount  for  a 
given  surface  is  small,  about  one-half  gram  being  required  per 
square  decimeter,  but  the  employment  of  enamelled  iron  utensils 
is  so  great  that  3300  metric  tons  of  stannic  acid  are  used  yearly 
for  this  purpose.  In  earlier  times  about  double  the  amount  of 
stannic  acid  was  used  per  unit  area,  as  it  was  mixed  and  melted 
with  the  other  constituents  of  the  glass,  and  not,  as  at  present, 
added  to  the  enamel  paste  before  the  baking  process. 

The  substitution  of  stannic  acid  by  an  equally  efficient  and 
non-poisonous,  but  cheaper  clouding  medium,  has  long  been  sought 
for  by  the  enamel  industry.  Many  and  various  substances  have 
been  tried  and  now  it  seems  as  if  the  problem  has  been  solved. 

The  naturally  occurring  zirconium  silicate  is  treated  by  alkali 
and  a  product  of  roughly  the  following  composition  is  obtained: 
ZrOj,  83  per  cent;  TiOj,  4  per  cent;  SiOo,  9  per  cent;  Na:0,  2 
per  cent,  the  remainder  being  water.  This  impure  zirconium 
oxide  is  replacing  stannic  acid.  It  is  used  in  the  same  quantities 
and  in  the  same  way. 

The  development  of  this  new  industrial  process  has  brought 
forward  the  question  as  to  whether  the  specific  property  of  the 
product  is  due  to  the  oxide  of  zirconium  or  to  ^me  peculiar 
physical  state  that  it  possesses  which  could  be  imparted  to  other 
substances  or  perhaps  to  the  impurities  contained  besides  the 
oxide  of  zirconium.  These  questions  are  solved  by  some  simple 
considerations. 

Zirconium  oxide  is  like  tin  oxide,  namely,  when  in  large  crystals, 
a  transparent  colorless  body.  To  render  a  glass  opaque 
by  the  intermixture  of  particles  of  such  a  body  the  two  sub- 
stances must  have  difTercnt  indices  of  refraction.  The  greater 
the  difference,  the  greater  will  be  the  specific  power  of  the  particles 
to  render  the  glass  opaque.  Now,  the  easily  melting  glasses 
I  See  Paul  Randau,  "Die  Fabrikation  lies  Emails  und  das  Emaillieren." 
Wien  und  Leipzig,  1909;  Julius  Griinwald,  "Theorie  und  Praxis  der  Blcch- 
und  Gussemailindustrie,"  Leipzig,  1908,  and  "Chemische  Technologic  dor 
Email-Rohmaterialien."  Dresden,  1911;  further  "Ausgewiihlte  Kfapitel  aus 
der  Emailliertechnik,"  herausgegeben  von  der  Redaction  des  Sprechsaals, 
Coburg.  1912. 


which  are  used  for  enamels  have  a  coefficient  of  refraction  in  the 
neighborhood  of  1.5.  Natural  tin  oxide  has  the  refractive 
index — for  yellow  light — of  1.9966  or  2:0799,  according  to  the 
axis  chosen.  Its  refractive  power  is  therefore  far  greater  than 
that  of  the  glass.  This  property  accounts  for  its  utility  in  making 
enamels  opaque.'  Natural  zirconium  silicate  has  ver>'  similar 
refractive  indices,  being  only  about  one  unit  smaller  in  the  first 
place  of  decimals.  Calculating  from  the  well  known  additive 
properties  of  molecular  refraction  we  find  that  the  removal  of 
the  relatively  feebly  refracting  silica  from  the  zirconium  silicate 
will  increase  its  coefficient  so  that  pure  zirconium  oxide  will 
have  a  refractivity  about  10  per  cent  greater  t,han  pure  tin  oxide. 
Thus  we  may  expect  that  zirconium  oxide  with  or  without  the 
above-mentioned  impurities  of  the  technical  product  acts  like 
tin  oxide  if  it  is  equally  finely  divided  in  the  glass.  Differences 
will,  however,  appear  if  one  of  the  oxides  dissolves  in  the  enamel 
to  a  much  greater  extent  than  the  other.  The  fact  that  only 
half  the  tin  o.xide  is  required  when  it  is  not  melted  with  the 
enamel,  but  only  mixed  with  it  before  roasting,  shows  that  it 
is  not  so  much  a  question  of  solubility,  but  of  the  rate  at  which 
it  dissolves.  Now  the  oxide  dissolves  only  after  the  melting 
of  the  glass  and  the  melting  is  stopped  the  moment  the  heat 
coming  from  above  renders  the  surface  mirror-smooth.  Thus 
there  is  only  time  for  a  limited  solvent  action  of  the  glass  to  take 
place.  From  this  we  gather  that  an  equally  small  quantity 
of  suiuibly  calcined  zirconium  oxide  or  of  tin  oxide  will  probably 
render  the  enamel  equally  opaque.  With  voluminous  zirconium 
oxide  prepared  by  heating  pure  commercial  zirconium  nitrate 
to  800°,  this  conclusion  was  easily  proved  by  a  few  experiments. 
Some  minor  points  about  the  composition  of  the  enamel  would 
have  to  be  considered  if  we  would  go  into  the  subject  more  fully.' 
The  former  difficulty  of  finding  empirically  a  substitute  for  tin 
oxide  is  now  made  plain  by  inspection  of  a  table  of  refractive 
indices,  because  we  find  that  the  oxides  of  tin  and  zirconium  have 
peculiarly  large  indices  among  the  substances  which  are  colorless, 
stable  at  high  temperature  and  non-poisonous.  The  oxide  of 
titanium  which  forms  a  small  part  of  the  technical  pr<  duct 
would  be  even  better  alone,  because  of  its  still  larger  refractive 
index,  but  the  enamels  made  opaque  by  it  show  a  j'ellowish  color. 

MESOTHORIUM   FROM    MONAZITE   SAND 

I  will  now  pass  from  the  zirconium  oxide  to  its  aecomiianying 
mineral  raonazite  sand  and  speak  for  a  moment  of  a  new  factor 
in  its  industrial  treatment.  Since  the  introduction  of  the 
Welsbach  mantle  for  lighting  purposes,  monazite  sand  has  been 
worked  up  in  large  quantities  for  the  production  of  thorium 
nitrate.  In  the  last  two  years  a  new  and  very  peculiar  question 
has  arisen  for  this  industry  by  the  demand  of  the  medical  pro- 
fession for  radioactive  substances  which  give  penetrating  7-rays. 
There  are  in  a  thousand  metric  tons  of  the  usual  monazite  sand 
containing  5  per  cent  of  thorium  oxide,  according  to  the  current 
radioactive  figures,  iS  milligrams  of  such  a  radioactive  sub- 
stance. The  value  of  these  few  milligrams  in  a  sufficiently  con- 
centrated form  exceeds  the  value  of  any  other  substance  known 
and  covers  the  original  cost  of  the  1000  tons  of  monazite  sand. 
Now,  the  problem  was  to  get  these  few  milligrams  out  of  the 
thousand  tons  in  the  normal  thorium  extraction  process.  This 
extremely  valuable  substance  is  the  mesothorium  I,  of  Dr. 
Hahn,  which  by  changing  into  mesothorium  II,  becomes  a  much 
more  powerful  source  of  7-rays  than  radium  itself  in  equilibrium 
with  its  products. 

•  So  far  as  I  am  informed,  this  view  is  not  mentioned  in  the  literature 
of  enamel.  But  I  have  recently  found  that  Wilhelm  Ostnald,  in  his  "Maler- 
briefe,"  Leipzig,  1904.  explains  the  property  of  white  lead  of  giving  the  great- 
est opacity  for  painting  by  help  of  the  analogous  consideration  for  oil  and 
carbonate  of  lead. 

>  See  D.  R.  P.  189,364;  Bela  Havas  "Ueber  EisenblechemaiUe,"  Karls- 
ruhe, 1910  (Doctor- Dissertation);  Kartmann,  "Zirkonemaill"  Munchen. 
1910  (Doctor-Dissertation);  Weiss,  Ztilschrift  fUr  anoTganische  Chemie.  6S 
(1910).  218. 
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The  problem  is  solved  by  the  addition  of  o.i  per  cent,  of  barium 
to  the  sand  before  treating  it  with  sulfuric  acid  in  the  usual  way. 
In  due  course  we  get  a  radioactive  deposit  of  barium  sulfate 
rendered  impure  with  SiO^,  TiO;,  lead,  and  rare  earths.  These 
impurities  must  be  separated  by  four  distinct  chemical  processes, 
resulting  finally  in  the  regaining  of  barium  sulfate  with  radio- 
active impurities  only.  This  product  is  then  concentrated  by 
the  ordinary  methods  using  the  chloride,  carbonate,  and  bromide 
of  barium,  up  to  the  7-ray  activity  of  pure  radium  bromide,  or 
in  excess  thereof.  One  might  certainly  e.\pect  from  such  a  com- 
plicated process  that  the  largest  jjart  of  the  18  milligrams  would 
be  lost.  The  real  result,  however,  is  found  by  comparing,  using 
the  a-ray  method,  the  amount  of  mesothorium  in  the  final  con- 
centrate and  ir  thorium  in  equilibrium  with  its  transformation 
products.  Dr  Keetman  and  Dr.  Mayer  have  done  so'  and 
obtained  the  astounding  re,sult,  that  the  figures  are  nearly  the 
same.  Hcvv  is  that  to  be  explained?  The  sand  always  contains 
a  small  amount  of  uranium  (say  o.i  per  cent)  and  in  consequence 
its  equivalent  of  radium,  which  is  saved  together  with  the  meso- 
thorium. The  amount  of  radium  in  the  sand  and  in  the  final 
concentrate  is  determined  by  using  the  emanation  method  of 
estimation.  Keetman  and  Mayer  have  also  made  this  com- 
parison and  found  an  equally  quantitative  agreement.  This 
yield  also  is  almost  theoretical.  The  quantity  by  weight  of 
the  radium  is  much  greater  than  that  of  the  mesothorium  in 
the  sand  as  well  as  in  the  final  product.  The  final  radioactive 
product  of  the  1000  tons  shows  a  7-radiation  equivalent  to  2200 
milligrams  of  RaBro,  three-tenths  of  which  come  from  the  bulk 
of  real  RaBr2,  while  seven-tenths  are  due  to  the  small  admixture 
of  the  much  more  powerful  mesothorium  bromide.  We  have 
learned  from  Soddy  and  Fajans  that  radioactive  elements 
occurring  in  the  same  place  of  the  periodic  system  are  inseparable 
by  any  chemical  means.  Therefore,  according  to  this  rule,  the 
quantitative  extraction  of  mesothorium  follows  from  the  quanti- 
tative extraction  of  the  larger  mass  of  radium.  That  the  latter 
accompanies  the  barium  fully  is  usually  explained  by  the  greater 
insolubility  of  the  radium  sulfate  and  their  isomorphism. 

I  wonder  whether  this  explanation  will  be  final.  Perhaps 
adsorption  plays  an  important  part,  even  in  case  the  sulfates 
should  be  able  to  dissolve  into  each  other  in  the  solid  state  like 
alcohol  and  water  in  the  liquid  state.  Diffusion  is  so  extremely 
slow  with  solids  that  the  surface  phenomena  become  more  prom- 
inent in  all  rapid  changes.  The  work  done  by  RitzeP  here  at 
Liverpool,  in  this  laboratory  on  the  suggestion  of  Donnan  in- 
duces us  to  regard  adsorption  as  the  primary  step  even  in  the 
case  that  a  solid  solution  can  be  formed.  Now  there  are  certain 
facts  stated  quite  recently  by  Fajans  and  Beer,^  which  suggest 
a  near  connection  between  adsorption  and  chemical  affinity. 
On  the  other  hand  we  have  learned  from  Braggs'  new  brilliant 
investigations,  that  the  ordinary  solid  crystalline  salts  are  not 
systems  in  which  one  anion  and  one  cation  form  a  molecule 
which  is  separated  from  the  next,  but  that  one  cation  is  probably 
bound  to  all  the  surrounding  anions  and  one  anion  to 
all  the  surrounding  cations.  In  consequence  of  that,  we 
may  feel  inclined  to  consider  the  possibility  of  chemical 
forces  acting  between  the  atoms  or  ions  in  the  surface  of  the  solid 
precipitates  and  the  molecules  or  ions  in  the  final  layer  of  the 
surrounding  liquid,  i.  e.,  in  the  adsorption  layer.  We  may  re- 
member that  there  are  good  reasons  for  the  belief  that  chemical 
forces  are  of  electrical  character  and  we  know  from  electro- 
osmosis  and  similar  phenomena  that  electrical  forces  are  always 
acting  between  the  surface  of  the  solids  and  the  adjacent  layer 
of  fluid.  Adsorption  phenomena,  which  are  especially  in- 
structive with  radioactive  substances,  owing  to  our  being  able  to 
detect  the  presence  of  minute  quantities,  may  thus  perhaps  be 
brought  in  close  connection  with  chemical  affinities. 

'  Private  communication. 

=  Zeitschrifl  far  physikalische  Chemic.  67,  724. 

'  lierirhte  der  dculschen  chcmischcn  Cessellschafi,  46,  3468 


COMPARISON    OF    BLAST   LAMP    AND   BUNSEN   BURNER 

The  working  up  of  the  rare  earths  presents  many  physical- 
chemical  points  of  interest.  It  is  tempting  to  speak  of  the 
electrolytic  preparation  of  the  so-called  "Mischmetall"  con- 
taining 80-90  per  cent  cerium  (the  rest  consisting  of  didymium 
and  lanthanum)  and  its  use  for  patent  lighters,  or  about  the 
manufacture  of  pure  fluorides  of  the  rare  earths  used  for  the 
salted  arc  to  make  the  light  white,  or  of  the  special  properties 
which  a  thorium  nitrate  must  show  in  order  to  give  good  Welsbach 
mantles.  I  will  just  consider  one  point  more  in  detail  because 
it  is  a  good  example  of  how  the  same  simple  consideration  elucidates 
problems  in  very  different  branches  of  chemical  working.  The 
splendid  reasoning  of  Le  Chatelier  explained  the  property  of  the 
Welsbach  mantle  in  producing  more  light  when  heated  by  a 
Bunsen  flame  than  any  other  radiator,  as  being  due  to  the  fact 
of  the  transparency  of  its  substance  in  the  infra-red  region.  In 
virtue  of  this  transparency  the  mantle  is  unable  to  give  off  the 
heat  imparted  to  it  by  the  burning  gas  by  the  emission  of  heat 
wave  energy.  At  the  same  temperature  the  Welsbach  mantle 
radiates  no  more  light  than  other  substances,  but  in  a  given 
flame  it  gets  hotter  and  more  nearly  approaches  the  temperature 
of  the  flame  than  does  any  other  substance  owing  to  this  lack  of 
heat  radiation.  From  this  state  of  things  high  light  economy 
results,  as  we  get  with  gas  of  a  heating  power  of  5000  calories, 
one  Hefner  candle-power  for  an  hour  with  the  consumption  of 
0.8-0.9  1-  of  coal  gas  using  the  inverted  type  of  burner  which,  as 
is  known,  affords  a  certain  amount  of  previous  heating.  Now, 
by  using  a  compressed  air  burner  we  can  increase  the  economy 
to  0,6  liter  of  gas  per  Hefner  candle-power  with  the  same  gas- 
without  more  previous  heating  than  in  the  former  case.  At 
first  sight  we  may  be  led  to  think  that  the  compressed  air  flame  is 
hotter,  but  on  closer  consideration  it  will  be  evident  that  this  is 
wrong.  A  Bunsen  flame  consists  of  two  extremely  thin  reaction 
zones,  the  internal  cone  and  the  external  one,  the  latter  being 
used  for  heating  the  Welsbach  mantle.  In  the  internal  cone 
the  admixed  air  burns  in  an  excess  of  gas,  while  in  the  outer 
cone  the  burning  components  undergo  complete  combustion 
with  the  air,  forming  CO2  and  water.  The  position  of  the  outer 
cone  is  fixed  by  the  fact  that  in  this  zone  the  quantity  of  oxygen 
present  must  be  exactly  the  theoretical  amount  required  for 
complete  combustion.  Here,  as  there  is  no  excess  of  air,  the 
temperature  depends  only  on  the  calorific  value  of  the  gas  and 
the  specific  heat  of  the  products  of  combustion,  and  is  therefore 
at  the  maximum  attainable  with  this  gas  and  air.  Thus  the 
temperature  of  a  blowpipe,  using  air,  and  gas  of  the  same  com- 
position cannot  exceed  this  ma.ximum.  Nevertheless,  the  mantle 
does  get  hotter  in  the  blowpipe  as  is  proved  by  the  fact  of  in- 
creased economy.  We  do  not  even  need  this  special  observation 
of  the  mantle,  as  everyone  knows  from  elementary  experience 
that  things  can  be  heated  to  a  much  higher  temperature  in  a  blow- 
pipe than  they  can  in  a  Bunsen  flame.  Now,  why  is  this  the 
case?  An  explanation  has  been  suggested  in  the  fact  that  as 
the  blowpipe  has  a  smaller  flame,  the  production  of  heat  takes 
place  in  a  more  confined  region.  But  this  fact  is  really  no  ex- 
planation as  we  do  not  heat  a  geometrical  space,  but  a  quantity 
of  gas,  and  we  have  just  proved  that  it  is  impossible  to.  get  it 
hotter  than  it  becomes  in  the  outer  cone  of  a  Bunsen  flame. 
To  find  the  proper  explanation  we  must  consider  a  phenomenon 
that  has  no  very  obvious  connection  with  this  subject,  namely, 
the  dissolving  of  crystals  in  water.  On  this  subject  we  have  the 
theory  inaugurated  by  Noyes  and  Whitney,  and  developed  by 
Nernst,  which  states  that  the  layer  of  liquid  in  contact  with  the 
crystal  always  consists  of  saturated  solution.  This  satiu"ated 
layer  is  continually  losing  its  dissolved  substances  to  the  un- 
saturated further  removed  layers  and  at  the  same  time  being 
resaturated  from  the  surface  of  the  crystal.  If  the  liquid  is 
stirred  this  surface  layer  remains  without  motion,  as  the  external 
friction  is  very  much  greater  than  the  internal,  while  the  neigh- 
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boring  layers  have  progressively  increasing  velocities.  Now, 
for  the  sake  of  simplicity  we  may  imagine  this  system  of  layers  of 
increasing  velocities  replaced  by  a  stationary  layer  in  contact 
at  one  side  with  the  crystal  and  on  the  other  with  the  bulk  of 
the  solution  tmiformly  moved  by  the  stirrer.  Thus,  this  sta- 
tionary layer  is  a  region  through  which  diffusion  of  the  dissolved 
substance  takes  place  and  the  rate  of  solution  is  determined  by 
the  amount  of  substance  which  diffuses  in  unit  time  through 
this  layer.  The  quicker  the  stirring  is,  the  thinner  is  the  sta- 
tionary layer,  the  shorter  is  the  distance  for  diffusion  and  the 
greater  the  rate  of  solution.  Bearing  in  mind  that  diffusion 
and  conduction  of  heat  are  entirely  analogous  processes,  and 
that  both  phenomena  follow  the  same  differential  equations,  we 
at  once  arrive  at  the  theory  of  the  blowpipe,  by  introducing 
this  simplifying  conception  of  a  stationary  layer  of  gas  on  the 
surface  of  the  heated  body  immersed  in  the  rapidly  moving 
gases  of  the  flame.  We  see  that  the  temperature  of  the  solid 
body  depends  on  the  gain  of  heat  by  conduction  through  this 
stationary  layer  of  gas  and  upon  the  equally  large  loss  of  heat 
due  to  radiation.  The  quicker  the  flow  of  the  gas,  the  thinner 
will  be  the  stationary  layer;  the  thinner  the  layer,  the  greater 
will  be  the  flow  of  heat  and  the  higher  the  temperature  of  the 
body.  Thus  the  difference  in  the  velocities  of  the  hot  gases  at 
equal  temperature  accounts  for  the  higher  efficiency  of  the  blow- 
pipe.' 

The  study  of  flames  and  the  process  of  combustion  and  the 
possible  uses  of  the  products  of  combustion  constitute  a  favorite 
field  for  a  physical-chemical  consideration. 

MANUFACTURE   OF   FORMIC   AND   OXALIC    ACIDS 

Among  the  processes  for  utilizing  the  products  of  combustion 
in  chemical  industries,  the  action  of  generator  gas  on  alkaline 
solutions  stands  out.  The  old  method  of  making  oxalic  acid 
was  by  the  action  of  fused  alkalis  on  wood,  and  formic  acid  was 
got  by  splitting  off  of  CO2  from  the  oxalic  acid.  To-day  these 
processes  have  disappeared.  Formic  acid  is  obtained  by  the 
action  of  carbon  monoxide,  in  the  form  of  generator  gas,  on  alkali, 
and  oxalic  acid  is  made  from  formic  acid  by  heating  its  salts  and 
decomposing  them  into  hydrogen  and  salts  of  oxalic  acid.  Berth- 
elot  discovered  this  action  of  CO  on  alkali  as  long  as  50  years 
ago  and  has  done  much  research  on  this  subject.  His  view  was 
that  the  caustic  alkalis  combine  with  CO  best  in  presence  of  a 
little  water  but  always  at  a  very  slow  rate.  In  order  to  quicken 
up  the  reaction  later  on,  CO  at  high  pressure  was  used  and 
Berthelot's  concentrated  solutions  were  replaced  by  solid  alkali. 
This  was  developed  into  a  technical  process  in  which  wet  generator 
gas  under  pressure  acted  upon  slowly  shaken  pieces  of  solid  alkali; 
but  finally  it  was  found  more  expedient  to  replace  the  solid  alkali 
by  a  dilute  solution  which  has  the  surprising  property  at  high 
temperature  of  acting  much  more  quickly  than  concentrated 
solutions.  This  is  the  most  modern  form  of  the  technical 
process. 

This  reaction  has  been  studied  in  my  laboratory.'  The 
question  was  first  whether  the  reaction  goes  on  between  water 
vapor  and  gaseous  CO,  or  between  dissolved  CO  and  the  con- 
stituents of  the  solution.  Experiment  proved  the  latter  to  be 
the  case.  Thus  the  speed  depends  upon  the  concentration  of 
the  dissolved  CO  which  is  used  by  the  reaction  and  replaced 
from  the  atmosphere  above.  Under  equal  conditions  of  stirring 
and  temperature  the  speed  is  strictly  proportional  to  the  partial 
pressure  of  CO  in  the  gas  room.  At  low  temperatures  the  re- 
action is  extremely  slow,  and  moderate  stirring  of  the  gas  and 

■  See  Haber  and  Le  Rossignol,  Zciluhrift  fiir  physikaliah,-  Chemie,  66, 
195.  The  influence  of  the  rate  of  flow  of  the  flame  gases  upon  the  tempera- 
ture of  an  immersed  body  has  first  been  mentioned  by  Fory,  Compl.  rend., 
137,  909:   see  Haber.  Zeilschrift  fiir  physikatische  Chemie.  68,  752. 

•  Friedrich  A.  Weber,  "Ueber  die  Einwirkung  von  Kohlenoxyd  auf 
Natronlauge"  (Doctor-Dissertation),  Karlsruhe,  1908.  Gorton  R.  Fonda, 
"Ueber  die  Einwirkung  von  Kohlenoxyd  auf  Laugen"  (Doctor-Dissertation), 
Karlsruhe.  1910. 


solution  is  all  that  is  required  to  keep  the  solution  saturated 
with  CO.  Stronger  stirring  is  without  influence.  Under  these 
circumstances  a  high  concentration  of  alkali  helps  to  a  com- 
paratively rapid  chemical  change,  but  the  reaction  velocity  is 
always  far  below  that  required  for  a  technical  process.  Heating, 
as  usual,  increases  the  reaction  velocity  verj'  much,  and  above 
ioo°  it  becomes  difiicult  to  keep  the  solution  saturated  with  CO 
by  stirring.  At  i6o°  to  170°  we  cannot  arrive  at  a  point  where 
stronger  stirring  would  not  materially  increase  the  progress  of 
the  reaction.  In  this  region  of  temperature  the  velocity  of  re- 
action meets  the  technical  requirements,  provided  the  absorbing 
liquid  is  brought  into  extremely  close  contact  with  the  current  of 
generator  gas.  Concerning  the  influence  of  the  concentration 
of  the  alkali  upon  the  speed  of  reaction,  we  find  that  from  ioo° 
upwards  solutions  containing  about  10  per  cent  of  alkali  become 
more  and  more  marked  by  a  high  rate  compared  with  stronger 
as  well  as  weaker  solutions  under  the  same  conditions  of  tem- 
perature and  stirring.  At  160°,  for  instance,  the  10  per  cent 
solution  works  15  times  better  than  a  43  per  cent  one.  The 
suggestion  that  the  10  per  cent  solution  becomes  best  intermixed 
with  the  gas  by  the  stirrer  in  virtue  of  an  especially  small  surface 
tension  is  not  supported  by  measurements  of  this  constant  at 
high  temperature,'  and  this  point  remains  unsettled  for  the  pres- 
ent. The  older  form  of  the  process  which  works  with  solid  alkali 
and  the  newer  using  the  solution  are  seen  now  in  very  close  con- 
nection. In  the  older  form  the  gas  used  in  a  wet  state  produces 
by  virtue  of  its  water  vapor  a  thin  coating  of  concentrated 
solution  of  caustic  alkali  on  the  surface  in  which  the  CO  dissolves 
and  reacts  as  it  does  in  the  new  process.  Perhaps  this  industrial 
application  illustrates  very  effectively  the  influence  of  tempera- 
ture and  stirring  upon  reaction  velocity.  Is  it  not  remarkable 
that  the  same  alkali  which  helps  us  so  often  to  separate  COj 
from  CO  by  the  formation  of  carbonate  in  gas  analysis  is  able  un- 
der other  conditions  to  separate  perfectly  the  CO  from  the 
nitrogen  of  the  generator  gas? 

FIXATION   OF   NITROGEN 

Returning  to  the  subject  of  flames  we  find  that  there  is  to-day 
much  interest  connected  with  the  question  of  the  possibilities 
of  developing  their  power  of  fixation  of  nitrogen.  Our  usual 
flames  give  only  ver>'  small  traces  of  nitrous  products  by  burning 
in  air  at  ordinary  pressure.  In  the  case  of  the  acetylene  flame, 
which  is  very  hot,  a  distinct  yield  can  be  obtained  under  ordinary 
pressure  by  the  combustion  with  an  air  enriched  with  oxygen  - 
With  other  gas  flames  the  combined  application  of  air  enriched 
with  oxygen  and  of  high  pressure  in  the  combustion  chamber 
produces  the  same  effect.^  The  interest  in  the  utilization  of 
this  behavior  for  the  production  of  nitric  acid  results  from  the 
fact  that  the  question  of  fixation  of  nitrogen  is  a  ver>-  burning  one. 
It  may  be  interesting  to  look  more  closely  into  this  problem. 
The  more  the  agricultural  conditions  in  the  world  develop  in 
such  a  way  that  the  agricultural  products  are  not  used  in  the 
place  of  their  growth,  the  greater  becomes  the  necessity  for  the 
addition  of  fixed  nitrogen  to  the  soil.  Plants  take  up  fixed 
nitrogen  from  the  soil  and  animals  get  it  from  the  plants,  both 
without  increasing  or  decreasing  its  quantity;  but  if  corn  and 
meat  are  exported  from  the  place  of  production,  the  ground  does 
not  regain  the  nitrogen  which  it  has  given  up. 

It  is  true  that  there  is  a  certain  natural  replacement  of  nitrogen. 
In  the  track  of  lightning,  free  nitrogen  is  fixed  to  a  certain  extent 
and  the  rain  carries  it  down  from  the  atmosphere  into  the  soil. 
Besides  this  there  are,  in  the  soU,  nitrifying  bacteria  which  trans- 
form free  nitrogen  into  the  fixed  state.  But  they  are  very 
sparsely  distributed,  and  there  seems  no  way  of  increasing  their 
number.     The  earlier  rational  agriculturist  made  use  of  the  special 

I  Unpublished  results. 
-  See    Haber   and    Hods 
(1909).  iSi. 

3  See  Haber  and  Coates.  Zeitschrift  fiir  physikatische  Che 
.•iS;;  Wolokitin,  Zeilschrifl  fUr  Eleklrochcmie,  16,  814. 


Zeitschrift  fiir   physikatische   Chemie.    67 
,  69  (1909). 
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property  of  leguminosae  which  grow  nitrifying  bacteria  on  its 
root  nobules.  These  natural  aids  are  now  insufficient.  The 
yearly  deficit  in  fi.xed  nitrogen  is  characterized  by  the  fact  that 
the  world's  demand  for  fixed  nitrogen  amounts  to  three-quarters 
of  a  milhon  tons,  by  far  the  largest  consumer  being  agriculture. 
Nowadays,  this  requirement  is  supplied  mostly  from  two  sources : 
the  main  bulk  from  the  Chilian  fields  in  the  form  of  saltpetre 
and  a  smaller  part  from  coal  in  the  form  of  ammonium  sulfate. 
A  few  years  ago  anxiety  arose  whether  the  Chilian  fields  would 
be  sufficient  to  meet  the  ever- increasing  demands  for  more  than 
a  few  years  to  come.  To-day  we  are  confident  that  they  will 
last  at  least  till  to  the  middle  of  our  century,  even  at  the  present 
rate  of  increase  of  demand.  But  when  we  are  told  that  the 
Chilian  factories  have  replaced  their  old  and  primitive  methods 
by  new  and  very  efficient  ones  and  at  the  same  time  see  that  the 
price  continues  on  its  upward  course,  we  realize  that  the  richest 
and  mo.st  accessible  seams  have  been  exhausted.  Therefore,  the 
economic  future  does  not  look  very  cheerful,  unless  a  powerful 
rival  steps  in. 

In  regard  to  the  natural  store  of  nitrogen  in  coal  which  averages 
a  little  over  i  per  cent,  it  is  obvious  that  it  is  completely  lost  in 
burning  and  only  to  a  small  extent,  say  one-fifth,  regained  in 
coking  when  by-product  ovens  are  used.  In  Germany  these  are 
almost  imiversal.  Here  in  England  the  older  beehive  type, 
which  loses  the  whole  nitrogen,  has  so  far  not  been  completely 
replaced,  and  in  America  up  till  now  the  by-product  ovens  are 
employed  only  to  a  small  extent.  Though  the  beehive  oven 
will,  without  doubt,  be  universally  replaced  owing  to  this  saving 
of  fixed  nitrogen,  the  increase  of  the  supply  of  fixed  nitrogen 
that  is  to  be  expected  from  this  substitution  will  meet  the  in- 
crease in  demand  only  for  a  very  short  time.  These  circum- 
stances afford  a  tremendous  stimulus  to  chemistry  in  its  efforts 
to  fix  nitrogen,  of  which  we  have  a  limitless  supply  in  the  atmos- 
phere. Elementary  nitrogen  is  everywhere  at  our  disposal. 
Its  separation  from  oxygen  is  brought  about  by  various  methods 
which  cost  only  something  like  ','4  cent  per  lb.  Against  that, 
fixed  nitrogen  in  the  form  of  Chile  saltpetre  or  ammonium  sulfate 
from  the  by-product  coke  ovens  has  a  value  of  more  than  i  .6  cents 
per  lb.  This  price  gives  a  very  high  working  margin  and  makes 
possible  and  practicable  quite  a  number  of  chemical  fixation 
processes.  Now,  this  is  not  the  first  time  chemists  have  tackled 
this  question.  When  Solvay's  soda  process  came  with  its  de- 
mand for  ammonia  Ludwig  Mond  attempted  to  solve  the  question. 
He  took  the  lines  suggested  by  Bunsen  and  Playfair  and  followed 
in  the  steps  of  Margueritte  and  Sourdeval,  by  heating  together 
coal,  nitrogen,  and  barium  carbonate  for  the  production  of  cy- 
anide which  can  be  decomposed  into  ammonia.  But  Mond 
gave  up  this  process  after  a  detailed  study.  He  returned  to 
the  supply  of  fixed  nitrogen  in  the  coal,  and  increased  the  yield 
to  70  per  cent  by  the  introduction  of  what  is  known  now  as  the 
Mond  gas  process.  This  process  is  continually  spreading,  as  a 
market  is  found  for  the  gas  of  low  calorific  value  which  is  the  other 
product  of  the  process.  In  view  of  this  development  we  may  ask 
■what  modern  aids  allow  us  to  carry  through  with  success  the  task 
abandoned  by  Mond  and  to  find  saltisfactory  methods  for  the 
fixation  of  atmospheric  nitrogen  on  a  large  scale.  The  answer 
is  obvious  if  we  consider  the  various  processes  which  have  lately 
been  introduced  into  the  technical  world. 

PROCESS   FOR   OXIDATION   OF    NITROGEN 

First  of  all,  we  must  mention  processes  which  make  use  of 
electric  energy  on  a  large  scale.  The  first  process  imitates  the 
example  of  nature  which  produces  nitrous  products  in  the  track 
of  lightning  from  the  nitrogen  and  oxygen  of  the  air,  by  producing 
a  high  tension  arc  in  a  closed  vessel  through  which  air  is  passed. 
The  foundation  of  this  ingenious  method  has  been  laid  here  in 
England.  Cavendish  was  the  first  to  get  nitrous  products  from 
air  by  help  of  the  spark.  Sir  William  Crookes  recommended 
the  use  of  the  high  tension  arc      Lord  Rayleigh  and  later  on 


McDougall  and  Howies  determined  the  yield  under  varying 
conditions.  The  technical  forms  which  have  risen  to  importance 
are  connected  with  the  names  of  Birkeland  and  Eyde.  Pauling, 
and  Schonherr.  They  have  in  common  the  conception  that  the 
technical  process  must  be  based  upon  the  use  of  large  amounts  of 
air  and  electric  energy  in  one  single  arc  flame,  and  that  this 
problem  can  be  successfully  solved  only  if  the  discharge  is 
spread  out.  For  this  enlarging  of  the  arc  Pauling  uses  a  stream 
of  air  moving  at  a  high  velocity  which  is  blown  against  the 
point  where  the  arc  strikes  between  narrow  electrodes.  Birke- 
land and  Eyde  gain  the  same  effect  by  a  strong  magnetic  field. 
Schonherr  ingeniously  uses  a  steady  column  of  discharge  of  many 
meters  length  which  is  produced  and  kept  steady  by  an  ascending 
whirlwind  of  air,  which  surrounds  the  arc.  Factories  have  been 
started  at  different  places,  on  the  largest  scale  in  Norway.  They 
rapidly  captured  the  small  market  for  nitrites,  but  in  the  large 
field  of  nitrates  the  production  has  not  come  up  to  expectations. 
The  obstacle  that  hampers  this  industry  is  the  fact  that  the  pro- 
duction of  fixed  nitrogen  referred  to  the  kilowatt-hour  does  not 
exceed  16  grams,  and  that  this  small  yield  is  obtained  only  in 
the  form  of  gases  containing  no  more  than  2.5  per  cent  of  nitric 
oxide.  These  unfavorable  results  are  due  to  the  fact  that  the 
thermodynamic  equilibrium  between  N2,  Oo  and  NO  has  an 
unfortunate  value  at  all  accessible  temperatures.  The  impor- 
tance of  this  equilibrium  has  been  pointed  out  by  Muthmann  and 
Hofer,  and  exact  figures  for  the  equilibrium  have  since  been 
estimated  in  a  very  ingenious  way  by  Nernst.  The  following 
table  gives  the  percentage  amount  of  nitric  oxide  which  ac- 
cording to  him  characterizes  the  equilibrium: 

T..\BLS  I — PercenT-\ge  of  no  in  Equilibrium  with  Air 

%  NO  °  C. 

0.1 1230 

0.5 1660 

1.0 1930 

15 2140 

2.0 2300 

3.0 2590 

4.0 2840 

5.0 3060 

It  is  obvious  that  even  at  the  temperature  of  the  arc  only  a 
small  fraction  can  combine  with  the  oxygen  unless  we  may 
surpass  the  thermodynamic  equilibrium  by  direct  transformation 
of  electric  energy  into  chemical  energy.  Now  experiments  car- 
ried out  in  my  laboratory  have  proved  that  to  be  possible  with 
small  arcs,'  but  there  is  not  much  hope  of  doing  so  under  technical 
conditions.  The  upshot  of  this  is  that  this  electric  fixation  of 
nitrogen  grows  up  only  at  places  where  exceedingly  cheap  power 
is  available.  This  is  not  the  case  in  the  chief  industrial  countries. 
Conditions  are  more  favorable  in  the  case  of  the  process  of 
Frank  and  Caro.  They  fix  50  grams  of  Nj  by  use  of  i  kilowatt- 
hour,  everything  included.  The  electric  power  is  used  in  this 
case  for  the  purpose  of  making  CaC>  from  CaO  and  coal,  the 
CaCj  being  able,  after  an  initial  heating,  to  form  spontaneously 
the  so-called  calcium  cyanamide.  There  are  36,000  tons  of  N2 
fixed  yearly  by  this  method.  The  calcium  cyanamide  can  either 
be  used  as  a  fertilizer,  or  split  up  by  steam  with  the  production 
of  ammonia. 

A  similar  amount  of  energj'  is  said  to  be  necessary  in  the 
Serpek  process,  which  apparently  is  not  yet  commercially  work- 
ing on  a  large  scale.  It  is  based  upon  the  change  of  aluminium 
oxide  with  carbon  and  nitrogen  into  aluminium  nitride.  Elec- 
trical energy  is  here  required,  as  in  the  processes  mentioned 
before,  for  the  production  of  the  temperature  necessary  for  rapid 
reaction.  Starting  from  bauxite  and  treating  it  according  to  the 
well  known  Bayer  process  to  produce  the  alumina,  the  Serpek 

1  .See  Haber  und  Koenig,  Zeitschrifl  fiir  Eleklrochemie,  13  (1907).  725; 
14  (1908),  689;  16,  (1910),  789.  Holwech  und  Koenig,  Zeilschrift  fur 
Eleklrochemie,  16  (1910),  803. 
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process  may  be  introduced  as  the  first  step  with  the  result  that 
the  valuable  ammonia  is  obtained  as  a  by-product. 

We  see  that  all  these  processes  owe  their  success  to  the  use  of 
electric  energy.  The  high  tension  arc  requires  an  extravagant 
amount  and  the  two  other  processes  require,  though  much  less, 
still  a  considerable  amount.  On  closer  inspection  we  find  that 
this  fact  is  the  reflex  of  the  values,  which  the  underlying  thermo- 
dynamic equilibria  possess.  In  the  reaction  N2  +  Ob  =  2NO, 
the  right  side  of  the  equation  which  contains  the  desired  fixed 
nitrogen  is  thermodynamically  less  favored  than  in  the  reactions 
AI2O3  +  6C  -I-  N2  =  2AIN  +  6CO;  and  CaO  -f  3C  =  CaCj  + 
CO;  CaCz  -f  N2  =  CaCNo  -t-  C.  But  in  all  three  cases  the 
reaction  would,  in  virtue  of  its  thermodynamical  properties, 
never  proceed  spontaneously  at  low  temperature.  High  tem- 
perature produces  the  chemical  forces  required. 

In  consequence  of  that,  electric  energy  can  be  replaced  theo- 
retically by  other  means  of  obtaining  high  temperatures.  That 
is  the  reason  why  the  question  of  application  of  flames  comes  in 
for  the  production  of  nitric  oxide  from  air.  But  it  is  clear  that  the 
values  of  the  equilibrium  between  N;,  O2  and  NO  which  are  so 
unfavorable  even  at  the  temperature  of  the  arc  will  be  a  still 
greater  obstacle  at  the  lower  temperatures  of  flames  and  ex- 
plosions. The  subject  has  been  studied  for  some  time  in  my 
laboratory.  To  give  an  example  we  arrived  at  one  molecule  of 
NO  with  production  of  16  molecules  of  carbonic  acid  from 
carbon  monoxide.  But  such  results  are  obtainable  only  by  a 
large  use  of  the  comparatively  expensive  oxygen  to  enrich  the 
air  and  increase  the  combustion  temperature. 

Certainly  there  are  enough  examples  of  chemical  processes 
which  work  successfully  on  a  large  scale  in  spite  of  the  fact  that 
the  chemical  forces  under  ordinary  conditions  are  striving  to 
produce  the  reverse  change,  from  the  final  products  back  to  the 
raw  materials.  The  ammonia  soda  process  is  an  outstanding 
example.  It  produces  calcium  chloride  and  soda  which  if  simply 
brought  in  contact  would  return  to  the  original  form  of  sodium 
chloride  and  calcium  carbonate.  But  in  general  those  reactions 
are  more  easily  converted  into  technical  processes  which  are 
backed  by  chemical  forces  tending  to  change  the  raw  materials 
into  the  desired  products. 

SYNTHESIS   OF    AMMONIA 

This  consideration  led  our  attention  some  years  ago  to  the 
reaction  of  nitrogen  and  hydrogen  to  form  ammonia.  The  heat 
of  combination  has,  according  to  thermo-chemistry,  a  positive 
value,  which  proves  that  it  is  only  due  to  lack  of  reaction  velocity 
that  the  gases  do  not  unite  at  ordinary  temperature.  It  is  true 
that  these  favorable  values  of  chemical  forces  become  most  un- 
favorable with  increasing  temperature.  It  does  not  need  a  very 
high  temperature  to  make  the  thermodynamical  value  of  the 
equilibrium  a  marked  hindrance  for  any  appreciable  production 
of  ammonia  from  its  elements.  Theory  teaches  us  and  experi- 
ment has  proved  that  the  best  mixture  of  N2  and  H2  for  the 
production  of  NH3  has  the  value  of  i  :  3.  But  with  this  most 
favorable  mixture  the  limit  of  percentage  of  NH3  attainable 
under  ordinary  pressure  is  at  higher  temperatures  very  small,  as 
will  be  seen  from  the  first  column  of  this  table : 

Table  II — Percentage  Amount  of  NH3  in  the  Equilibrium  of  the 
Reaction  N2  +  3H2  =  NHj 


Pressure  in 
tmosphere 

100 
200 

Temperature 

C. 

550 
0.0769 
6.70 
11  .9 

650 
0.032 
3.02 
5.71 

750 
1            0.0159 
1.54 
2.99 

850 
0 . 0089 
0.874 
1.68 

950 
0.0055 
0.542 
1.07 

Especially  as  the  temperature  approaches  the  value  of  1000°, 
for  which  we  easily  found  effective  catalysts,  the  yield  is  minute. 
Some  hundred  degrees  below,  the  much  larger  though  still  small 
amounts  given  in  the  table  were  formerly  inaccessible  because 
of  the  lack  of  catalysts  effective  in  the  neighborhood  of  500°. 


At  first  sight  one  might  think  that  the  thermodynamic  situa- 
tion is  still  worse  for  the  synthesis  of  ammonia  than  for  the 
combination  of  N2  and  O2,  because  the  values  of  the  equilibrium, 
content  of  NH3  are  much  smaller  than  those  for  the  equilibrium 
content  of  NO  in  air  given  before.  But  theory  shows  a  way  out 
bf  this  difiiculty  in  the  case  of  ammonia  which  is  not  open  in 
the  other  case.  The  NO  equilibrium  is  independent  of  pressure- 
because  the  number  of  molecules  is  the  same  on  both  sides  of 
the  equation.  In  the  case  of  ammonia,  however,  the  number  of 
molecules  decreases  from  4  to  2. 

N2  +  3H2       ^  2NH3 

4  molecules  2  molecules 

and  therefore  according  to  thermodynamics  the  attainable- 
percentage  of  NH3  in  equilibrium  is  proportional  to  the  working 
pressure  over  a  wide  range.  Consequently  the  values  of  the- 
equilibrium  percentage  at  100  or  200  atmospheres  pressure  show 
a  very  different  aspect,  as  will  be  seen  from  the  second  and  third 
columns  of  the  table. 

It  is  obvious  that  technical  synthesis  is  possible  if  we  can  suc- 
ceed in  reaching  the  equilibrium  at  such  pressure  and  in  a  short 
enough  time.  The  current  of  N2  and  H2  must  circulate  in  such 
a  way  that  the  ammonia  formed  by  the  passage  over  the  catalyst 
is  removed  by  absorption  or  cooling  before  it  again  passes, 
mixed  with  fresh  supply  of  reacting  gases.  This  is  the  method 
that  was  carried  through  first  on  a  small  scale  and  is  now  being 
applied  on  a  large  scale.  It  was  necessary  to  become  familiar 
with  the  technique  of  reaction  in  flowing  gases  at  high  pressures. 
Then  catalysts  had  to  be  found  and  studied.  The  task  was 
somewhat  troublesome  and  I  cannot  emphasize  enough  the  val- 
uable aid  of  your  countryman  Robert  Le  Rossignol,  who  was 
working  with  me  on  this  question.'  Earlier  experiments  had 
given  us  the  idea  that  the  elements  of  best  catalytic  power  for 
producing  ammonia  from  the  gases  are  akin  to  our  first  catalyzers 
manganese,  iron,  chromium  and  nickel.  Thus  we  tried  the  metals 
of  the  three  last  groups  of  the  periodic  system  till  we  hit  upon 
osmium  and  uranium.  The  osmium  proved  very  effective,  if 
used  in  a  very  finely  divided  state,  which  is  easier  t  obtained  by 
heating  osmyl-diamine  chloride.  The  uranium  is  advantageously 
used  in  the  form  of  carbide  which  in  the  current  of  nitrogen  and 
hydrogen  changes  into  nitride  which  foiiiii  a  very  highly  catalytic- 
powder.  With  these  contact  substances  it  was  found  possible- 
to  work  in  the  temperature  region  of  500°  to  600°  at  high  pres- 
sures, so  that  the  equilibrium  was  nearly  maintained  with  a  high 
rate  of  flow  of  the  gas.  The  very  high  pressure  limits  the  space 
which  may  be  filled  with  the  catalyst,  but  more  than  i  kg.  of 
ammonia  is  easily  produced  per  hour  for  each  liter  of  catalyzer 
space.  The  reaction  itself  produces  the  necessary  heat  because 
13,000  calories  are  set  free  in  this  range  of  temperature  bjr 
the  formation  of  i  gram  equivalent  of  ammonia  from  the  elements. 
The  Badische  Anilin  and  Soda  Company  have  taken  over  and' 
further  developed  our  results.  Starting  from  the  observation 
that  contaminations  in  certain  cases  increase  the  catalytic- 
activity  in  such  heterogeneous  reactions,  they  have  been  able  to 
raise  the  activity  of  poorer  catalysts  to"  that  of  osmium  and 
uranium.  The  result  was  obtained  only  after  a  careful  study  of 
the  influence  of  small  impurities,  some  of  which  are  useful  while 
ottiers,  even  when  present  in  the  smallest  traces,  act  as  poisons. 
They  overcame  certain  difficulties  in  the  construction  of  high- 
pressure  furnaces  which  became  apparent  by  prolonged  working. 
They  developed  the  purification  methods  for  the  hydrogen 
which  became  necessary'  with  the  replacement  of  our  electrolytic 
gas  by  the  impure  hydrogen  from  coal.  It  seems  that  the  task 
of  managing  the  process  on  the  largest  scale  has  now  been  carried 
through  satisfactorily. 

Reviewing  the  whole  question  of  the  fixation  of  nitrogen  from) 
an  economic  standpoint,  stress  must  be  laid  upon  the  fact  that  j 

>  See  Haber  and  Le  Rossignol.  Zeitschrift  filr  Ehklrochemie.   14,    181,. 
513.  688;  19,  53;  Ber.  d.  chem.  Ges.,  40,  2146. 
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there  is  no  reason  why  all  these  processes  mentioned  should  not 
flourish  at  the  same  time.  The  demand  is  so  large  that  all  the 
efforts  in  the  different  directions  will  certainly  not  meet  it  for 
some  time.  Considering  the  subject  from  the  technical  point 
of  view  the  progress  compared  with  Mond's  result  is  obviously 
due  to  the  introduction  of  high  temperatures  and  high  pressures: 
t.  c.  new  physical  aids.  But  looking  into  the  matter  from  the 
general  standpoint  we  recognize  that  the  thermodynamic  equi- 
librium questions  play  the  deciding  part.  Theoretical  con- 
sideration never  replaces  experiments,  but  points  out  and  cir- 
cumscribes the  field  in  which  experiment  will  probably  be  fruitful. 
There  is  still  a  large  field  to  be  covered  by  applied  inorganic 
chemistry',  and  I  trust  that  the  combination  of  experimental 
skill  in  chemical  work  with  physical  thinking  will  lead  technical 
chemists  to  great  results. 


CONSERVATION  OF  NATURAL  RESOURCES  IN  RELATION 
TO  BUSINESS' 

By  JOH.v  J.  Miller 
Received  January  27,  1914 

That  the  utilization  of  our  natural  resources  is  of  vital  im- 
portance to  the  people  and  especially  to  the  chemists  of  this 
country  no  one  will  question;  that  the  continued  prosperity 
of  our  chemical  industries  is  dependent  upon  an  early  and  proper 
settlement  of  this  problem  is  admitted  by  many,  but  when 
the  method  of  simultaneously  conserving  and  using  our  re- 
sources without  upsetting  business  is  under  consideration, 
agreement  upon  any  proposition  seems  difficult.  The  reason 
for  this  state  of  affairs  is,  we  believe,  that  the  logical,  scientific 
or  natural  plan  of  conservation  and  use  has  not  received  due 
attention.  As  chemists  it  is  our  belief  that  problems  of  this 
kind  as  well  as  those  in  natural  science  are  never  solved  unless 
the  theory  of  their  solution  is  in  harmony  with  natural  law, 
and,  therefore,  we  propose  in  this  paper  to  study  the  subject 
from  that  standpoint,  first  to  refer  to  the  law  involved  and 
then  to  build  upon  it. 

In  our  opinion,  the  law  pertinent  to  our  proposition  is: 
there  are  naturally  two  distinct  kinds  of  business,  public  and 
private;  public  business  should  be  owned  by  the  public,  whereas 
private  business  should  be  owned  by  individuals.  This  is 
a  very  simple  and  almost  axiomatic  statement  and  yet  it  signifies 
but  little  unless  we  explain  that  by  public  business  is  meant 
enterprises  which  involve  a  franchise,  a  "right  o£  way"  or  a 
natural  monopoly.  All  other  business  is  private.  Railroads 
involve  rights  of  way;  telephones  or  telegraphs  require  franchises; 
water  power  control  and  timber,  coal,  ore  and  oil  privileges 
are  natural  monopolies. 

In  the  conduct  of  private  business  let  us  say  as  far  as  this 
discussion  is  concerned  that  competition  should  reign.  It 
seems  natural  that  this  should  be  so  and  whatever  is  natural 
is  best.  As  against  the  argument  that  competition  is  extremely 
wasteful,  we  venture  the  suggestion  that  competition  has  not, 
in  oiu-  time,  had  a  fair  trial.  As  we  shall  show  later,  much 
of  our  industrial  wastefulness  is  due  to  too  much  monopoly 
rather  than  to  a  lack  of  it. 

To  decide  what  policy  should  prevail  in  the  execution  of 
public  business  (the  question  in  hand)  let  us  proceed  negatively, 
i.  e.,  by  casting  aside  the  less  desirable  propositions. 

I.  Is  private  ownership  and  operation  of  public  business 
(especially  utilization  of  natural  resources)  desirable?  Ex- 
perience up  to  the  present  time  answers  emphatically  "No." 
The  socialist  movement  and  the  existence  of  the  Conservation 
League  are  evidences  of  dissatisfaction  with  the  system  now 
in  vogue,  which  is  none  other  than  private  ownership  and  opera- 
tion. This  method  means  exploitation  of  the  masses  by  the 
few  and  criminal  waste  of  our  natural  resources. 

'  This  article  is  an  application  of  the  fundamental  principles  set  forth 
J>y  Henry  George  in  his  "Progress  and  Poverty"  and  "Our  Land  and  Land 
-Policy." 


II.  The  failure  of  the  existing  policy  relative  to  public  business 
has  led  to  government  control  of  private  ownership  and  ac- 
cording to  Prof.  Van  Hise,  of  the  University  of  Wisconsin, 
this  plan  (which  he  broadens  by  including  private  cooperation 
under  government  control)  will  eliminate  our  difficulties  [This 
Journal,  5  (1913).  946-7]-  To  test  this  proposition  let  us 
turn  to  the  work  of  the  Interstate  Commerce  Commission, 
which  has  for  some  time  controlled  the  railroads  and  recently 
the  express  companies.  In  some  particulars  the  people  have 
been  satisfied,  but  without  fear  of  being  successfully  accused 
of  pessimism  we  will  state  that  there  has  been  considerable 
trouble.  Little  differences  of  opinion  as  to  wages  have  been 
amicably  settled,  but  the  question  of  freight  rates  is  becoming 
serious.  Thousands  of  men  were  turned  out  of  the  railroad 
repair  shops  this  winter  because  the  roads  could  not  pay  divi- 
dends and  keep  up  repairs  too.  Such  conditions  are  intolerable 
and  inexcusable,  but  we  doubt  if  a  rise  in  freight  rates  is  the 
remedy.  Everyone  knows  that  the  railroads  are  overloaded 
with  watered  stock  on  which  dividends  are  being  paid  and  it 
would  seem  only  fair  that  the  governing  commission  should 
squeeze  the  water  out  of  such  stocks  rather  than  allow  repair 
shops  to  close  and  freight  rates  to  rise.  This  Interstate  Com- 
merce Commission  has  done  wonderful  work,  perhaps  all  that  is 
possible  imder  the  power  delegated  to  it,  but  in  our  opinion  the 
dispensation  of  justice  by  commissions  is  bound  to, be  slow, 
artificial  and  cumbersome. 

Prof.  Van  Hise's  cooperation  feature  of  the  "government 
control  plan"  has  not  been  published  in  detail  as  far  as  we  have 
been  able  to  learn  but  his  article  in  This  Journal,  5,  946-7, 
indicates  that  in  the  case  of  coal  mining  and  selling  he  would 
divide  the  country  into  sections  and  furnish  coal  for  any  given 
section  only  from  the  mines  in  the  same  district.  This  would, 
he  says,  destroy  the  wasteful  competition  in  the  various  sec- 
tions. With  the  government  controlling  coal  prices  and  freight 
rates,  we  may  fairly  conclude  that  this  system  will  furnish  the 
consumer  his  coal  at  moderate  cost  whereas  he  is  now  paying 
abnormally  high  prices,  but  he  will  have  to  use  the  coal  from 
his  section  whether  it  is  the  kind  best  suited  to  his  needs  or  not. 
If  he  really  wants  the  coal  from  his  section  he  would  be  buying 
it  now  and  there  would  be  no  use  of  imposing  the  divisions 
upon  the  country.  If  he  is  not  now  obtaining  the  coal  produced 
in  his  own  section  it  is  because  it  is  more  economical  for  him 
to  use  another  kind  and  any  restrictions  of  his  buying  field 
would  involve  a  greater  loss  than  at  present.  We  venture 
the  idea  that  the  cooperation  which  travels  hand  in  hand  with 
unfettered  competition  is  the  kind  to  be  sought  and  the  type 
that  will  exist  when  privilege  in  business  is  destroyed.  Coopera- 
tion which  is  not  natural  is  not  desirable. 

III.  Some  may  conclude  at  once  that  public  ownership  and 
operation  is  the  best  plan,  but  we  beg  to  dispense  with  this 
idea  briefly  by  saying  that  if  there  is  a  better  plan  of  action, 
government  operation  should  be  avoided  because  of  the  danger 
of  political  control.  It  has  the  advantage,  however,  of  being 
more  in  accord  with  natural  law  than  any  method  yet  discussed. 

IV.  A  resume  of  the  article  at  this  point  will  show  that  we 
would  discard  (i)  private  ownership  and  operation,  (2)  private 
ownership  under  government  control  and  (3)  government 
ownership  and  operation.  One  other  combination  of  these 
two  factors  remains,  namely,  government  ownership  and  private 
operation. 

If  this  can  be  brought  about,  we  are  in  exact  accord  with 
natural  law,  to  wit:  government  ownership  of  all  monopolies 
and  private  ownership  of  business  where  no  monopoly  is  in- 
volved. For  example,  the  common  ownership  of  natural  re- 
sources signifies  the  impossibility  of  private  monopoly.  In 
mining  by  private  enterprise  (and  with  private  tools)  of  the 
natural  resources  (owned  by  the  government)  there  is  no  natural 
monopoly   and,   therefore,   the  operating  feature   may   well   be 
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classed  as  a  private  business.  This  plan  then  is  in  harmony 
with  natural  law,  but  let  us  see  if  it  has  any  other  support. 

The  purpose  of  the  National  Conservation  Association  is 
to  see  that  "the  minerals  should  be  so  used  as  to  prolong  their 

utility Monopoly  of  the  sources  of  national  wealth  should 

not  be  tolerated,  etc."  The  methods  to  be  used  by  this  As- 
sociation are:  (i)  "Protection  of  source  waters  of  navigable 
streams  through  purchase  or  control;  (2)  separation  for  purposes 
of  taxation  of  the  timber  from  the  land  on  which  it  grows;  (3) 
incorporation  in  all  future  water  power  grants  by  State  or  Nation 
of  adequate  provision  for  prompt  development  on  pain  of  for- 
feiture: payment  of  reasonable  compensation  periodically  re- 
adjusted, limitation  of  the  grant  to  50  years  and  recognition 
of  the  rights  of  public  authorities  to  regulate  rates  of  service; 
(4)  legislation  whereby  title  to  the  surface  of  public  lands  and 
to  the  minerals  therein  shall  be  granted  separately  and  reten- 
tion by  the  government  of  title  to  all  public  lands  still  publicly 
owned  which  contain  phosphate  rock,  coal,  oil  or  natural  gas 
and  their  development  by  private  enterprise  under  terms  that 
will  prevent  extortion  or  waste." 

It  is  evident  that  our  scheme  is  in  agreement  with  the  fore- 
going, but  we  should  ask  ourselves  if  it  is  practicable  and  what 
is  the  machinery  of  its  operation.  In  practice  our  plan  is  carried 
into  operation  by: 

(A)  Gmnting  titles  to  the  land  surface  and  the  deposits 
separately.  The  raining  of  the  deposits  would  not  greatly  inter- 
fere with  the  best  use  of  the  surface. 

(B)  Removing  taxes  from  all  products  of  the  mines  or  of 
timber  lands.  This  will  lower  the  price  to  the  individual  con- 
sumer and  to  all  industries  in  which  nature's  products  are 
used.  In  the  case  of  timber,  which  can  be  replaced,  it  wUl 
augment  tree  planting  and  culture.  It  seems  foolish  to  com- 
plain of  the  destruction  of  forests  and  water  sheds  when  we 
penalize  the  growing  of  trees  and  encourage  their  destruction 
by  taxing  all  that  remain  standing.  When  we  tax  oil,  which 
has  been  taken  from  the  ground,  whether  crude  or  refined, 
we  raise  its  price,  discourage  the  manufacture  and  sale  of  oil- 
using  machinery,  and  burden  the  industries  dependent  upon  oil. 

(C)  Taxing  ground  values  or  deposit  values  at  the  rental 
rate  and  equalizing  the  taxes  on  used  and  unused  deposits  are 
the  last  requirements  of  the  proposed  system.  On  first  thought 
this  may  not  seem  to  be  in  entire  agreement  with  our  natural 
plan  of  government  ownership  and  private  operation,  but  we 
contend  that  it  is  in  effect  identical.  The  advantage  in  govern- 
ment ownership  of  natural  resources  lies  in  the  preclusion  of 
their  monopoly  by  individuals  and  this  will  be  attained  by 
taxing  used  and  unused  deposits  at  the  same  rate.  Owners 
who  are  now  holding  out  of  use  these  valuable  deposits,  would 
use  them  or  sell  them  to  some  one  who  would.  This  plan  is 
simplicity  itself,  it  involves  no  coercion  or  disputes  and  requires 
no  machinery  for  its  fulfillment  other  than  the  machinery  of 
taxation  which  is  already  in  existence. 

But  what  will  be  the  effect  of  this  system  upon  our  resources 
and  upon  business?  These  are  the  points  in  which  we  are 
especially  interested.  Starting  with  the  timber,  it  is  easily 
comprehended  that  if  timber  lands  and  barren  timber  lands 
which  are  especially  suited  to  timber  and  are  of  equal  value, 
are  taxed  at  the  same  rate  it  will  not  be  profitable  for  the  owner 
of  the  unused  land  to  leave  it  idle.  He  will  either  grow  timber 
upon  it  or  will  sell  it  to  some  one  who  will.  Can  you  imagine 
a  better  stimulant  for  replenishing  our  forests,  preventing  erosion 
and  loss  of  soil  fertility,  and  furnishing  a  supply  near  at  home  for 
our  saw  and  paper  mills  and  other  wood  product  industries? 
Surely  we  have  no  right  to  complain  about  the  failure  of  the 
Almighty  to  furnish  us  with  necessary  wood  when  we  as  a  people 
are  doing  all  we  can  to  destroy  existing  wood  and  to  prevent  the 
growth  of  hiore.  A  simple  change  in  our  tax  laws  will  produce 
timber  in  exact  accordance  with  the  demand  for  it. 


In  the  investigation  of  our  water  power  possibilities,  which 
are  many  indeed  and  apparently  everlasting  if  we  protect  our 
forests,  taxation  of  the  monopoly  value  of  these  sites  whether 
used  or  unused  would  throw  them  aU  into  use.  This  would 
mean  competition  between  the  men  or  companies  controlling 
these  water  power  privileges  and  consequent  minimum  prices' 
to  the  public  for  the  products  manufactured.  Such  conditions 
are  ideal  and  naturally  follow  when  special  privilege  is  destroyed 
and  freedom  of  opportunity  established. 

The  effect  upon  the  coal  industry  and  coal  resources,  of  this 
taxation  of  title  privilege,  would  be  about  the  reverse  of  the 
tendency  under  the  present  system  of  tenure  and  operation- 
Now,  immense  tracts  of  coal  lands  are  held  out  of  use;  only  a. 
small  fraction  of  our  coal  is  being  mined  and  that  part  is  soldi 
at  exorbitant  prices  to  pay  dividends  on  stock,  the  value  of  which 
depends  not  upon  the  amount  of  product  that  is  mined  or  sold 
but  upon  the  monopoly  value  of  the  total  coal  deposits.  There 
is  practically  no  competition  between  coal  companies  and  what 
little  does  exist  is  between  companies  which  are  all  overloaded 
with  watered  dividend-paying  stock.  Therefore,  the  price  of 
coal  is  high  and  the  chemical  industries  suffer.  Incumbent  upon 
us  also  is  the  fact  that  the  operator  is  hardlj'  ever  the  owner 
and  the  former  pays  so  much  a  ton  royalty  to  the  latter.  The 
operator  is  interested,  therefore,  not  in  taking  out  all  the  useful 
coal  but  in  getting  the  highest-priced  product  in  the  shortest 
possible  time.  Is  it  any  wonder  that  the  Bureau  of  Mines 
complains  about  the  wastefulness  of  the  present  system?  Now, 
this  "ground-value-taxation  method"  of  ownership  and  opera- 
tion would  make  it  useless  for  anyone  to  own  coal  property 
unless  he  was  also  the  user.  Moreover,  since  he  would  be  taxed 
on  his  entire  holdings,  he  would  be  tempted  to  remove  all  coal 
for  which  there  would  be  a  sale. 

But  lest  some  one  too  hastily  conclude  that  all  our  coal  de- 
posits would  be  mined  at  once  and  the  supply  exhausted,  we 
wish  to  call  attention  to  the  handwriting  upon  the  wall,  which 
reads:  "If  you  will  properly  utilize  your  water  power  possi- 
bilities you  will  need  coal  only  where  it  is  especially  adapted 
and  is  of  greater  advantage  than  water  power."  Again  it  is 
likely  that  before  oiiT  coal  has  entirely  disappeared  we  shall 
be  manufacturing  coal  out  of  cellulose  or  using  the  sun  as  a 
source  of  power.  At  any  rate  we  must  not  overlook  the  fact 
that  the  supply  of  coal  will  depend  upon  the  demand.  No 
one  ij  going  to  mine  coal  unless  the  market  price  insures  him 
a  better  profit  than  he  can  obtain  in  some  other  kind  of  business. 
As  long  as  there  is  a  demand  it  will  be  mined  and  in  several 
hundred  years  the  supply  may  be  depleted  but  we  should  not 
worry  either  for  ourselves  or  for  our  descendants  because  if 
we  do  not  waste  our  coal  in  mining  it  and  supply  only  what  the 
public  demands  (ends  which  the  proposed  system  wUl  attain) 
we  are  within  our  moral  rights,  as  stated  so  admirably  by  Thomas 
Jefferson  when  he  said:  "The  world  belongs  in  usufruct  to  the 
living." 

The  ore,  oil  and  other  problems  are  exactly  parallel  with  that 
of  coal.  Perhaps  no  small  part  of  our  waste  of  valuable  raw 
material  is  due  to  lack  of  technical  knowledge,  want  of  methods 
yet  undiscovered  and  the  inadequacy  of  national  protective 
legislation,  but  economic  maladjustments  are  largely  responsible. 
As  long  as  our  resources  are  privately  monopolized  they  will 
be  sublet  at  the  highest  possible  rates  to  operators  who  will 
attempt  to  work  them  (on  a  royalty  basis)  no  matter  how  in- 
adequate their  equipment  may  be.  These  tenants  naturally 
strive  to  recover  the  best,  not  the  most,  product  in  a  certain 
time  and  at  a  given  cost.  Another  unfavorable  feature  of  the 
present  monopoly  and  subletting  system  is  the  tendency  to 
operate  on  too  small  a  scale.  What  are  the  causes  of  tliis  ten- 
dency? They  must  be  either  lack  of  capital  (perhaps  due  to 
too  high  royalties,  taxes  on  equipment  and  investment  of  much 
money  in  monopoly  enterprises)  or  difficulty  of  access  to  more 
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raw  material  (because  of  private  monopolization)  or  both. 
The  proposed  system  of  equalizing  the  tax  on  used  or  unused 
resources  will  make  access  to  larger  tracts  much  easier  and  the 
elimination  of  taxes  on  equipment  and  destruction  of  monopoly 
will  augment  available  capital.  The  first  step  then  toward 
conservation  is  that  of  industrial  freedom. 

Since  this  paper  is  little  more  than  an  outline,  a  summary 
is  hardly  needed.  We  desire  in  closing  merely  to  emphasize 
the  tremendous  importance  of  developing  our  timber  and  water 
power  possibilities  in  order  to  save  our  fuel,  to  ask  acceptance 
of  the  proposed  plan  only  in  so  far  as  it  is  in  harmony  with  eco- 
nomic law,  and  to  suggest  that  legislative  action  relative  to  the 
nation's  resources  should  not  be  artificial,  for  says  the  great 
philosopher  and  slave,  Epictetus,  "except  in  conformity  with 
nature  there  is  no  progress." 

Ohio  ST.\Te  University.  Columbus 


SOCIOLOGICAL  WORK  OF  THE  NEW  JERSEY  ZINC 
COMPANY' 

By  Florence  Hughes- 

There  has  been  no  stage  in  the  growth  of  the  world  that  has 
not  brought  to  mankind  its  problems.  To  those  of  us  who  are 
Irtc  tonight  there  is  probably  no  more  vital  problem  than  the 
one  of  adjustment  between  the  industrial  and  social  worlds. 
Tliis  problem  is  fast  becoming  the  keynote  of  prosperity  or  non- 
prosperity  throughout  the  civilized  nations. 

The  greatest  men  of  every  nation  have  been  those  who  have 
offered  the  best  solution  to  the  problems  of  their  day.  For 
this  reason  it  is  a  most  hopeful  sign  that  the  men  who  lead  in 
the  control  of  the  great  industries  of  the  world  are  now  turning 
their  minds  to  the  solution  of  the  difficulties  presented  by  the 
two  factors — man  as  a  social,  human  being,  and  man  as  a  part 
of  the  great  industrial  machine — two  factors  which  were  a  short 
time  ago  so  widely  separated. 

It  is  through  the  consideration  of  this  new  adjustment  that 
we  now  find  the  terms  "Sociological  Work,"  "Safety  Devices," 
"Experimental  Department,"  and  "Department  of  Sanitation 
and  Accident  Improvement."  These  terms  were  not  to  be  found 
in  the  business  vocabulary  of  a  quarter  of  a  century  ago. 

To  Americans  great  changes  have  come  in  comparatively 
few  years.  The  great  inrush  of  immigrants,  the  overcrowding 
in  the  cities  and  the  development  of  large  industrial  centers 
have  produced  conditions  which  make  the  need  for  inter-de- 
pendence and  cooperation  more  necessary  to  the  prosperity  of 
this  country  than  in  any  other  nation.  If  we  take  the  question 
of  our  industrial  centers,  we  find  much  the  same  conditions 
existing  among  the  laborers  and  their  families,  whether  the 
center  be  in  the  city,  town  or  country.  Almost  without  excep- 
tion we  find  the  immigrant  bearing  the  brunt  of  the  hardest 
labor.  His  lack  of  training,  his  inexperience  regarding  conditions 
of  living,  his  limitation  of  language  and  his  usually  enduring 
physique  relegate  him  to  the  rank  of  the  minimum  wage  earner. 
The  immigrant  laborer  in  our  industries  is  handicapped  not  only 
by  these  limitations,  but  oftentimes  is  up  against  the  race 
prejudice  of  a  boss  who  underrates  his  value  to  labor.  This 
boss  has  long  been  the  only  mediator  between  the  foreigner  and 
the  corporation.  From  this  have  arisen  many  of  the  serious  labor 
problems  of  the  day,  and  at  this  point  the  task  of  adjustment 
begins,  a  task  that  can  be  accomplished  only  through  welfare 
work.  I  shall  not  go  further  into  the  wider  aspects  of  welfare 
work,  but  shall  take  up  the  development  work  that  has  been 
carried  out  by  the  New  Jersey  Zinc  Company  at  their  various 
plants. 

The  first  work  to  be  put  on  a  definitely  organized  basis  was 
begun  at  Palmerton,  Pennsylvania.  When  the  New  Jersey 
Zinc  Company  built  its  first  plant  at  Palmerton,  about  fifteen 
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years  ago,  there  was  only  a  small  group  of  farms.  The  next 
seven  or  eight  years  saw  the  growth  of  the  town  to  two  thousand 
inhabitants,  and  in  1907  it  had  many  attractive  homes,  a  park, 
electric  lights,  a  modern  sewage  system,  bank,  hospital,  and 
several  churches.  These  improvements  were  provided  by  the 
Zinc  Company  in  view  of  the  future,  and  anticipating  the  time 
when  the  town  would  become  a  borough.  With  so  much  that 
was  outwardly  attractive  at  this  time  (1907)  there  was  practically 
nothing  being  done  to  meet  the  needs  of  the  physical,  mental 
and  moral  welfare  of  the  people.  The  population  of  the  town 
was  made  up  of  Pennsylvania  Germans,  Hungarians  and  Slavs, 
three  elements  having  nothing  in  common  with  each  other. 
The  schools  at  that  time  were  scattered  and  poorly  housed. 
The  churches  were  each  doing  a  share  of  Sunday  work,  but  in 
between  times  there  was  nothing  being  done  for  the  general 
welfare  of  the  people.  There  was  nothing  offered  to  bring 
together  the  various  elements  among  the  people  and  provide 
them  with  a  common  interest.  The  ever-present  activities  of 
the  young  people  were  not  being  utilized.  There  was  nothing 
being  done  to  stimulate  mental  activities  along  uplifting  lines 
or  to  establish  any  civic  or  community  spirit  in  this  fast  growing 
town  made  up  almost  entirely  of  strangers  brought  together 
from  many  different  points.  It  was  at  this  time,  when,  con- 
fronted by  the  barrenness  of  possibilities  of  life,  that  the  company 
decided  that  corporation  responsibility  toward  the  human  beings 
in  their  charge  warranted  the  establishment  and  support  of  an 
institution  that  would  offer  fuller  opportunities  to  the  working 
men  and  their  families.  On  the  well  proven  ground  that  a  well- 
trained,  right-thinking,  contented  human  being  makes  a  well- 
trained  and  intelligent  workman,  plans  were  made  for  the  de- 
velopment of  Settlement  House  work. 

Two  small  dwelling  houses  which  were  being  built  in  July, 
1907,  were  connected  and  furnished  for  use  as  a  Neighborhood 
Hou.se.  What  was  a  Neighborhood  House?  What  was  the  house 
to  be  used  for?  These  questions  aroused  much  speculation. 
Only  two  answers  could  be  given  to  start  with. 

Palmerton  was  to  have  a  Kindergarten — the  first  in  Carbon 
County — and  the  teachers  were  to  live  in  the  house  and  to  form 
a  Home  Center,  to  which  all  who  were  willing  to  come  would 
be  welcome  at  any  time  of  the  day  or  evening.  Beyond  that, 
time  must  indicate  the  lines  of  development.  The  school 
children  indicated  the  next  step  and  came  in  increasing  numbers, 
until  it  was  necessary  to  reckon  upon  their  regular  attendance, 
and  thus  afternoon  classes  were  formed.  Games  and  stories 
were  so  new  and  interesting  that  they  filled  all  needs  up  to 
Christmas  time.  After  the  holiday  festivities  were  over,  the 
need  for  organized  work  presented  itself  and  classes  were  formed 
in  various  kinds  of  handwork. 

As  the  summer  season  drew  near,  a  new  and  urgent  need 
presented  itself.  A  public  playground,  where  children  and 
adults  could  gather  for  play.  The  streets  of  the  town  were 
graded  above  the  level  of  the  vacant  lots ,  so  there  was  no  suitable 
spot  to  be  found  where  people  could  gather  for  recreation.  It 
was  evident  that  a  public  playground  would  be  of  good  service 
and  one  was  promptly  and  generously  provided. 

The  steady  growth  of  the  town  and  the  consequent  increase 
of  numbers  in  the  attendance  at  the  Neighborhood  House, 
made  it  necessary,  if  the  settlement  work  was  to  develop,  to 
build  a  new  house,  and  enlarge  both  equipment  and  space. 
This  was  done  and  the  new  house  opened  in  May,  191 1. 

The  kindergarten  is  used  not  only  for  kindergarten  class, 
which  has  enrolled  eighty  children  between  4  and  6  years  of 
age,  but  is  used  in  the  afternoons  for  dancing  and  folk-dancing 
classes  and  club  meetings;  in  the  evenings  for  dancing  classes, 
handwork  classes  and  classes  for  foreigners'  English.  We  have 
this  winter  a  class  of  eighty  adult  foreigners — men  and  women. 
These  foreigners  are  being  taught  practical  English.  First  the 
necessary  human  intercourse;  then  the  language  which  will  help 
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them  in  their  work.  This  includes  technical  terms  which  they 
need  to  know,  and  lessons  in  connection  with  the  safety  and  first 
aid  work  being  carried  on  at  the  plant.  They  are  also  taught, 
through  their  English,  the  advisability  and  possibility  of  owning 
their  own  homes,  and  the  building,  buying  and  selling  of  the 
homes  as  offered  by  the  company  is  made  a  part  of  their  English 
lessons.  The  work  is  carried  on  by  a  trained  worker,  assisted 
by  volunteer  help  of  young  college  men  from  the  plant. 

We  have  in  the  library  about  1600  books  for  free  distribution, 
among  them  a  good  collection  of  Hungarian  and  Slavish  books; 
also  about  twenty  popular  magazines  are  on  the  tables  for 
reading. 

The  gymnasium  is  one  of  the  most  popular  and  the  most 
overworked  rooms  in  the  house.  It  not  only  serves  for  gym- 
nasium classes  and  basketball  games,  but  public  entertainments 
and  public  meetings.  One  of  the  most  valuable  uses  of  the 
gymnasium  and  of  the  Neighborhood  House,  in  fact,  is  the 
Saturday  night  Open  House,  which  was  instituted  in  a  small 
way  in  the  old  Neighborhood  House.  Every  Saturday  night, 
without  fail,  the  house  is  open  to  the  public  for  general  recre- 
ational purposes;  there  is  something  for  all  ages — the  children 
play  in  the  kindergarten  room,  the  girls  use  the  club  rooms, 
those  who  wish  to  read  use  the  library,  the  boys  and  men  use 
the  game  room  and  the  bowling  alleys,  and  the  young  people 
use  the  gymnasium  for  dancing.  All  available  seats  are  crowded 
with  other  members  of  families,  who  have  gathered  to  watch 
the  dancing.  There  is  an  attendance  each  Saturday  night 
ranging  from  three  hundred  to  six  hundred  people  of  all  ages; 
this  means  that  up  to  the  present,  with  a  population  of  six 
thousand  people  of  various  nationalities,  Palmerton  has  thus 
far  escaped  the  evils  of  a  commercial  dance  hall,  and  it  is  not 
probable  that  one,  even  if  opened,  would  prove  a  great  success 
in  the  near  future,  for  the  taste  for  clean,  healthy,  protected 
amusement  has  been  cultivated. 

The  carpenter  shop  is  used  not  only  for  boys'  manual  training 
work,  but  also  for  band  practice.  We  have  two  bands — one 
town  band,  made  up  of  working  men  at  the  plant,  and  the  other 
a  Slavish  band,  made  up  entirely  of  foreigners. 

Our  boys  have  a  cooking  class.  It  has  proven  one  of  the  most 
popular  and  successful  of  our  classes.  We  have  over  one  hundred 
school  girls  enrolled  in  the  different  cooking  classes,  and  classes 
for  working  girls  and  older  \j'omen  are  held  every  evening. 

In  addition  to  these  activities  we  have  carried  on,  under 
the  auspices  of  the  Neighborhood  House,  a  sewing  class 
for  children  with  an  enrollment  of  one  hundred  girls,  dress- 
making, lace-making  and  basketry  classes  for  older  girls  and 
women.  We  have  also  a  banking  system,  known  as  the 
Penny  Provident  Bank,  whose  headquarters  are  here  in  New 
York.  The  deposits  from  the  kindergarten  children  alone  have 
been  over  four  hundred  dollars  a  year.  This  money  is  deposited 
in  a  national  bank  and  kept  for  the  children  until  needed  by  the 
parents,  and  we  find  it  is  generally  withdrawn  for  some  useful 
purpose,  such  as  new  shoes,  clothes,  etc.,  instead  of  being  wasted, 
penny  by  penny,  on  candy  and  the  "movies."  We  have  also  a 
large  organization  for  boys  between  twelve  and  twenty  years  of 
age,  known  as  the  Junior  Cooperative  Association. 

These  boys  are  aiming  to  follow  the  pace  in  civic  work,  which 
is  set  for  them  by  the  Men's  Cooperative  Association — a  town 
organization  which  holds  its  meetings  monthly  at  the  Neighbor- 
hood House.  For  the  girls  we  have  a  numlier  of  Camp  Fire 
Girls'  Circles. 

During  the  past  year  we  entirely  outgrew  the  possibilities  of 
the  present  Neighborhood  House — especially  at  the  kindergarten 
end.  The  schools  were  pot  in  condition  financially  to  assume 
the  burden  of  a  kindergarten,  and  the  company  decided  to  pro- 
vide a  place  for  another  kindergarten.  To  this  end,  a  small 
house  was  taken  in  another  section  of  the  town.  This  house 
has  been  equipped  with  a  kindergarten,  which  is  now  enrolled 


to  its  limit  of  sixty,  fifty-five  of  whom  are  foreign  children. 
On  the  second  floor  of  this  house  there  are  two  rooms  which  have 
been  furnished  as  club  rooms  for  men.  Owing  to  the  location 
of  the  house  in  the  immediate  vicinity  of  the  foreigners'  homes, 
it  has  been  adopted  by  the  foreigners  and  they  meet  there  daily 
in  large  numbers  and  absolute  freedom,  to  smoke,  play  cards 
and  other  games,  and  to  enjoy  the  music  of  a  Victrola.  The 
latest  need  of  the  Palmerton  work  is  for  a  trained  nurse,  who 
will  do  district  visiting  in  co6])eration  with  the  Neighborhood 
House  and  the  Hygiene  Department.  A  room  has  been  provided  I 
for  her  in  the  new  building,  and  as  soon  as  the  right  person  is 
available  for  the  work,  which  w-e  hope  will  be  in  the  near  future, 
we  shall  have  a  district  nurse  visiting  as  a  regular  part  of  the 
Palmerton   work. 

This  covers  briefly  one  phase  of  the  welfare  work  of  Palmerton. 
There  are  two  other  phases  which  are  included  in  the  company's 
policy — the  Safety  and  Hygiene  Departments.  Their  work 
is  too  comprehensive  for  me  to  do  more  than  to  point  the  facts, 
which  will  show  consistent  efforts  towards  welfare  and  efficiency 
throughout  the  organization.  From  the  start,  fifteen  years  ago, 
the  question  of  safety  of  employees  and  the  conditions  under 
which  they  work  were  carefully  considered.  In  191 1,  an  active 
campaign  in  the  interest  of  Safety  First  was  organized.  A  com- 
mittee chosen  chiefly  from  the  heads  of  departments  was  ap- 
pointed; an  inspector,  whose  entire  time  was  devoted  to  this 
work,  were  selected  to  report  to  this  committee.  All  accidents 
were  carefully  investigated  and  suggestions  made  for  prevention. 
After  the  safety  work  was  well  established  and  all  practicable 
safeguards  installed,  the  first  committee  retired  and  another  in 
their  place  was  appointed,  a  Workmen's  Safety  Committee, 
under  the  permanent  chairmanship  of  the  Safety  Inspector. 
Experience  has  proven  that  the  most  important  work  to  be  done 
along  safety  lines  is  not  in  guarding  machinery  alone,  but  rather 
in  educating  employees  to  the  importance  of  "Safety  First"  in 
their  work.  It  is  this  feature  of  the  work  which  makes  the 
Workmen's  Committee  of  so  much  importance.  This  committee 
devotes  one  day  each  week  to  safety  work. 

In  the  hygiene  department  we  have  at  each  plant  of  the  company 
an  official  surgeon,  whose  duty  it  is  to  take  care  of  any  occu- 
pational diseases  or  accidents  occurring  at  the  plant,  all  ex- 
penses of  which  are  defrayed  by  the  company.  At  two  of  the 
plants  (Palmerton  and  Franklin)  hospitals  have  been  established. 

In  addition  to  these  we  have  established  at  all  the  plants  a 
central  emergency  hospital,  with  dressing  stations  in  the  various 
departments.  The  Safety  Committee  at  each  plant  has  been 
instructed  in  the  First  Aid  Work  and  the  committee  being  large 
each  department  has  one  or  more  representatives. 

All  accident  cases  are  referred  from  the  department  dressing 
station  to  the  central  emergency  hospital  and  from  there,  re- 
gardless of  the  severity  of  the  case,  to  the  hospital  or  to  the 
company  surgeon,  should  he  not  be  in  the  plant  at  the  time. 
The  surgeon  at  each  of  the  plants  makes  a  monthly  tour  of  in- 
spection of  the  plant  and  reports  as  to  its  sanitary  condition. 
In  states  requiring  it,  or  wherever  leaded  ore  is  used,  monthly 
inspection  of  men  exposed  to  toxic  substances  is  made,  and  should 
evidences  of  poisoning  be  found  the  men  are  transferred  to  other 
departments,  where  they  will  not  come  in  contact  with  toxic 
material.  Every  accident,  occupational  disease  or  illness  of  any 
sort  is  reported  each  montli  to  the  staff  member  on  hygiene,  who, 
in  his  report  to  the  General  Manager,  compiles  a  percentage  statis- 
tics table  in  the  hope  of  stimulating  competition  between  the 
plants  in  making  the  Sanitary  and  Safety  Committees  more" 
acti\e.  and  thereby  reducing  the  percentage  of  accidents  and 
diseases. 

The  most  direct  outgrowth  of  the  sociological  work  at  the 
Palmerton  plant  has  been  in  the  work  organized  at  Franklin, 
New  Jersey,  the  center  of  the  company's  mining  interests. 
At  Franklin  the  same  advanced  efforts  are  being  made  along 
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hygienic  and  safety  lines  as  at  the  other  plants,  but  the  same 
general  conditions  exist  in  the  life  of  the  working  people  as  were 
found  in  Palmerton  in  1907,  with  the  exception  that  the  public 
schools  of  New  Jersey  are  better  than  those  of  Pennsylvania  and, 
therefore,  the  children  of  the  town  are  better  off  than  they  were 
at  Palmerton.  Last  summer  the  company  sent  the  school 
principal  and  two  members  of  the  school  board  to  Gary,  111., 
with  the  prospect  of  the  possibility  of  cooperating  with  the  school 
board  in  developing  work  in  the  school  along  the  Gary  lines. 
Sociological  work  was  begun  in  a  small  way  last  summer  by  the 
school  principal  who  organized  sixty-three  of  the  boys  into  the 
"Borough  Boys'  Improvement  Association." 

Efforts  were  made  by  and  through  the  boys  toward  keeping 
the  streets  of  the  town  clean.  A  pond  at  Franklin  made  it  pos- 
sible to  have  a  swimming  pool.  It  was  necessary  first  to  have 
it  drained  and  cleaned;  this  was  done  and  two  bath  houses  built. 
As  much  of  this  work  as  possible  was  done  by  the  boys. 

The  company  gave  the  town  an  athletic  field  of  five  acres. 
This  field  has  a  baseball  diamond  and  a  grandstand. 

A  rifle  club  was  also  formed. 

After  investigation  and  consideration  the  company  decided 
to  organize  at  Franklin  a  Neighborhood  House  on  the  same 
general  principles  as  the  one  at  Palmerton. 

An  old  store  building  was  chosen,  renovated  and  remodeled. 
This  house  was  opened  last  month — November  15th.  In  it 
they  have  a  large  kindergarten  room,  reading  room  and  library, 
offices  for  district  visiting  nurse,  game  room  for  men  and  boys 
on  the  first  floor;  a  bowling  alley  in  the  basement;  and  on  the 
second  floor,  living  rooms  for  resident  workers  and  caretaker. 
The  Neighborhood  House  is  working  in  close  connection  with 
the  public  school,  so  that  one  supplements  the  other,  rather 
than  one  overlapping  the  other.  The  public  school  transferred 
its  kindergarten  to  the  Neighborhood  House,  the  Neighborhood 
House  providing  one  teacher  and  the  public  school  providing 
the  other.  The  school  principal  is  on  the  staJf  of  the  Neighbor- 
hood House  workers  and  five  of  the  public  school  teachers  are 
resident  workers  at  the  Neighborhood  House,  giving  part  time 
service.  There  are  now  enrolled  eighty  children  in  the  kinder- 
garten. The  boys  are  organized  into  clubs,  meeting  twice  weekly ; 
the  men  are  making  constant  use  of  the  game  room  and  bowling 
alleys;  camp  fire  circles  for  the  girls  are  being  formed.  As  the 
work  at  Franklin  is  barely  a  month  old  this  is  a  good  beginning 
and  further  developments  will  be  controlled  by  the  needs  of  the 
situation. 

At  the  Nassau  plant  at  Depue,  Illinois,  the  work  has  been 
chiefly,  up  to  the  present,  along  safety  and  hygienic  lines.  A 
regular  physician  spends  a  portion  of  each  day  at  the  plant  and 
is  available  at  all  times.  In  the  spring  of  this  year  a  visiting 
nurse  was  engaged  and  a  small  emergency  hospital  built. 

This  hospital  contains  an  operating  room  and  an  office  for  the 
nurse,  and  a  room  with  one  bed  for  the  use  of  a  badly  injured 
patient  until  he  can  be  removed  to  the  hospital  at  Spring  Valley, 
an  adjoining  town.  In  addition  to  the  work  at  the  plant,  the 
visiting  nurse  visits  the  public  school  weekly  to  examine  all  the 
school  children.  The  nurse  organized  a  mothers'  club  and  sewing 
class  and  was  instrumental  in  starting  the  two  months'  free 
kindergarten.  This  latter  work  was  done  in  view  of  developing 
at  a  later  time  wider  work  along  purely  sociological  lines.  The 
Nassau  plant  has  a  safety  committee,  organized  with  a  master 
mechanic  and  six  workmen  as  members.  A  night  school  has 
been  established  in  cooperation  with  the  University  Extension 
Department  of  the  State  of  Wisconsin.  There  are  eighty-five 
men  enrolled  in  classes  to  study  English,  arithmetic,  algebra, 
mechanical  drawing  and  elementary  chemistry. 

The  company  is  building  simple  bungalow  houses  at  each 
of  their  plants  in  view  of  doing  away  with  overcrowded  con- 
ditions of  living  and  offering  the  laborers  an  inexpensive  home 
which  they  can  buy  on  easy  terms  from  the  company. 


The  work  at  Austinville,  Virginia,  has  also  been  chiefly  along 
the  line  of  ^  sanitation  and  improvement  of  living  conditions. 
It  was  aimed,  in  the  beginning,  at  the  bad  conditions  usually 
existing  in  villages  not  supplied  with  a  sewage  system.  Through 
persistent  effort  and  by  personal  work  done  with  each  employee, 
cooperation  was  won,  until  a  majority  of  the  houses  have  been 
put  in  as  good  hygienic  condition  as  is  possible  under  the  cir- 
cumstances. A  competition  for  the  improvement  of  the  ground 
around  the  houses  was  inaugurated  and  prizes  varying  from 
$5  to  $25  were  offered.     The  rules  for  prizes  were  as  follows: 

1 .  All  employees  who  live  in  company  houses  shall  be  eligible 
to  this  competition  except  salaried  employees. 

2.  Inspections  shall  be  made  by  a  committee  composed  of  the 
superintendent,  doctor,  and  farm  manager  once  a  month  from 
and  including  May  to  October,  and  prizes  shall  be  distributed 
about  November  i,  1913.  The  first  inspection  shall  be  made 
about  May  15,  1913. 

3.  The  award  of  prizes  shall  be  based  upon  the  result  of  all 
the  inspections  and  upon  the  regular  reports  of  the  doctor  and 
the  sanitary  inspections. 

4.  The  inspections  by  the  committee  shall  not  include  the 
interior  of  houses,  but  shall  cover  the  following  points: 

(a)  Sanitary  conditions  of  premises  as  relates  to  condition 
of  out-houses,  pig  pens,  stables,  chicken  runs,  and  disposal 
of  garbage,  [b)  Condition  and  productiveness  of  vegetable 
gardens.  (<")  General  appearance  of  premises  as  to  tidiness, 
improvement  by  means  of  flowers,  vines,  trees,  etc. 

5.  Regularity  of  attendance  at  work  and  relative  freedom  of 
each  family  from  the  usual  summer  diseases  shall  also  be  con- 
sidered in  making  the  awards. 

So  much  interest  was  taken  in  this  improvement  work  that 
it  was  necessary  in  many  cases  to  suggest  moderation;  and  a 
surprising  degree  of  interest,  taste  and  skill  in  gardening  was 
shown  by  a  majority  of  the  people  in  town. 

In  conclusion  I  would  say  that  sociological  or  welfare  work 
in  connection  with  any  corporation  should  not  be  gone  into  as 
a  form  of  philanthropy,  but  rather  as  a  good  business  proposition. 
With  this  in  mind  I  would  say  that  in  beginning  social  work  in 
a  community  I  would  recommend  settlement  work  for  various 
reasons ;  First,  it  can  and  should  be  begun  in  a  small  way,  with 
possibilities  of  developing  along  the  lines  indicated  by  the  needs 
of  the  community.  No  two  communities  have  the  same  needs. 
Second,  work  should  begin  with  the  children  and  this  work  should 
be  educational.  Therefore,  the  kindergarten  makes  the  best 
starting  point,  for  through  it  the  workers  have  the  closest  point 
of  contact  with  the  homes  through  which  the  community  is  to 
be  reached.  Third,  it  should  have  a  flexible  policy  and  should 
be  without  the  limitations  of  race,  creed  or  sex.  This  is  one  of 
the  strongest  pleas  in  favor  of  settlement  work.  And  lastly, 
those  undertaking  it  should  go  into  it  anticipating  its  growth 
and  willing  to  meet  the  demands  of  success,  which  mean,  as  time 
goes  on,  increased  equipment  and  enlarged  space.  Just  to  what 
extent  this  is  to  be  carried  of  course  depends  entirely  upon  the 
special  situation  in  which  the  work  is  found  and  the  conditions 
to  be  met.  Welfare  work  is  not  intended  to  offset  fair  wages. 
To  the  credit  of  those  who  are  doing  welfare  work  it  can  be  said 
that  investigations  have  proven  that  corporations  who  are  doing 
welfare  work  do  not  fall  below  the  scale  in  question  of  wages. 
But  the  wage  that  is  fair  to  the  workman  from  the  point  of  view 
of  value  given  to  his  employer,  does  not  mean  to  the  large  mass 
of  laborers  a  wage  that  is  sufficient  to  keep  his  family  in  more  than 
the  necessities  of  life.  It  does  not  mean  that  he  is  able  to  pro- 
vide anything  in  the  way  of  education,  which  the  public  does 
not  offer  him.  It  does  not  mean  that  he  can  provide  suitable 
recreation  for  his  children  and  it  does  not  mean  that  he  can  pro- 
vide them  with  books.  Therefore,  whatever  the  laborer  and  his 
family  are  to  have  above  and  beyond  the  necessities  of  life  must, 
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under  present  conditions,  come  entirely  from  outside  sources. 
Man  as  a  unit  is  not  worth  sufficient  wage  in  most  cases  to  give 
advantages  to  family  and,  in  far  too  many  cases,  would  not  use 
money  for  such  purposes  when  earned.  The  body  of  workmen, 
representing  composite  labor  of  an  organization,  should  have, 
not  as  chaVity,  but  business  justice,  the  best  the  company  can 
afford  to  give  them. 

If  the  industry  to  which  the  laborer  belongs  is  located  where 
he  has  access  to  good  schools,  public  libraries  and  clean  recreation 
places,  the  corporations'  responsibility  is  lessened;  but  it  is  sel- 
dom that  large  industrial  plants  are  so  located  that  the  work- 
ing men  can  have  these  advantages.  Therefore,  it  would  seem 
that  the  responsibility  of  providing  something  above  the  bare 
necessities  of  life  is  up  to  the  corporation.  For  in  the  end,  it  is 
from  the  laborer  and  to  the  laborer  to  whom  oiu"  great  industries 
have  to  look  for  their  existence  and  their  prosperity. 

Before  leaving  the  question  of  purely  welfare  work  as  separate 
from  any  question  of  safety  and  sanitary  work,  which  is  fast 
becoming  a  part  of  the  law,  I  would  like  to  speak  of  the  question 
of  appreciation.  We  are  often  asked  by  visitors  who  come  to  the 
Neighborhood  House,  "Do  the  people  appreciate  all  this?" 
If  by  appreciation  we  mean,  "Do  they  come  and  present  their 
thanks  for  that  which  is  being  offered  them,"  I  would  say  "very 
seldom."  But  if  we  mean  by  appreciation,  "Do  they  take  ad- 
vantage of  the  opportunities  offered?  Are  they  glad  to  come 
to  all  the  classes  and  gatherings  provided  for  them?  Do  they 
want  their  children  to  profit  by  the  opportunities  offered?" 
I  would  say  "Yes."  But  let  us  stop  and  consider  that  the  last 
human  quality  developed  is  the  one  of  appreciation.  We  ap- 
preciate things  after  they  have  passed.  How  many  of  us  ap- 
preciated what  our  homes  did  for  us  when  we  were  children? 
How  many  of  us  appreciated  what  the  school  and  college  did 
for  us?  How  many  of  us  now  appreciate  what  is  offered  to  us  in 
public  museums,  public  libraries?  How  many  of  us  appreciate 
what  the  State  and  Nation  offer  us?  Therefore,  do  not  let  us 
be  too  quick  to  expect  the  man  who  needs  our  help  to  develop 
as  one  of  the  first  qualities  this  power  of  appreciation. 

Will  the  corporation  get  its  return  for  the  money  invested  in 
welfare  work?  That  is  a  question  which  cannot  be  answered 
in  dollars  and  cents.  It  is  an  output  from  which  the  return 
must  come  in  an  intangible  form,  but  we  believe  that  it  does  come 
in  the  form  of  better  workmen,  better  citizens  and  more  united 
organizations. 

I  would  like  to  state  that  the  foregoing  has  not  been  offered 
as  what  I  once  heard  said  at  the  end  of  a  similar  talk,  "A  very 
pretty  picture  show."  It  stands  for  something  real  and  something 
vital.  If  my  words  have  not  been  convincing  I  can  only  say, 
"Come  and  see  for  yourself  what  is  being  done.  We  have  the 
goods  to  show." 
Palmerton.  Pa. 


WELFARE  AND  SAFETY  PROVISIONS  AT  THE 
WELSBACH  COMPANY'S  PLANTS' 

By     IIOW.VRD    l.VON 

Some  seem  not  to  be  satisfied  with  an  account  of  the  welfare 
work  of  corporations  unless  they  are  assured  that  this  activity 
originates  from  altruistic  motives.  It  may  as  well  be  stated 
at  the  outset  that  welfare  effort  was  partly  prompted  by  statutes 
and  further  by  considerations  of  profitable  business.  However, 
with  the  work  well  under  way,  we  are  convinced  that  humane 
treatment  of  employees  is  as  good  business  for  corporations  as 
for  individuals  employing  labor.  Forgetting  the  cold  term 
"corporation,"  it  is  well  to  bear  in  mind  the  fact  that  the  affairs 
of  corporations  are  conducted  by  real  men,  men  of  large  heart 
and  red  blood,  who  are  keenly  alive  to  sentiments  of  considera- 
tion for  co-laborers. 

■  Presented  at  the  6th  Annual  Meeting  of  the  American  Institute  of 
Chemical  Engineers.  The  Chemists'  Club,  New  York,  December  10-13,  1912. 


Welfare  work  now  in  force  with  the  Welsbach  Company  has 
accomplished  in  large  measure  the  following  results: 

First.       Safe  conditions  of  labor. 

Second.    Fire  protection. 

Third.     Measures  for  the  health  of  employees. 

Fourth.    An  Employees'  Relief  Association. 

Fifth.       Provision  for  aesthetic  and  cultural  betterment. 

It  may  be  seen  at  a  glance  that  these  results,  in  the  order 
named,  are  increasingly  farther  and  farther  removed  from 
justification  by  purely  business  considerations.  However,  the 
world's  experience  has  pro\cd  that  the  human  machine  works 
efficiently  only  under  the  impetus  of  treatment  that  is  just,  kind 
and  considerate. 

The  Welsbach  Company  has  elected  to  assume  the  liability 
imposed  by  the  New  Jersey  and  Ohio  State  laws  relating  to 
injuries  incident  to  service. 

Naturally  the  company  has  sought  to  minimize  its  money 
obligation  by  providing  every  possible  means  of  avoiding  acci- 
dents. 

Guards,  cases,  or  gratings  protect  the  fingers,  arms  and  cloth- 
ing from  being  caught  by  gears,  saws,  belts,  punch  presses, 
knives  and  shears.  All  grinding  wheels  are  encased  except  at 
the  point  of  use  to  safeguard  the  body  or  eyes  from  flying  frag- 
ments. Buffers  in  continuous  use  have  the  dust  exhausted 
by  suction  fans,  and  workers  are  supplied  with  face  hoods 
equipped  with  wet  sponges  for  the  nose.  Punch  presses  are 
provided  with  means  so  that  they  cannot  be  operated  except 
with  the  two  hands  in  positions  of  safety. 

Exhaust  hoods  carry  off  vapors  from  noxious  acids.  Mantles 
are  dried,  after  coUodionizing,  in  closed  chambers  from  which 
the  heavy  vapors  of  wood  alcohol  and  ether  are  carried  down- 
wards. The  eyes  are  shielded  from  the  intense  glare  in  hard- 
ening mantles  by  plates  of  blue  glass.  All  stairways,  elevator 
shafts  and  dangerous  passages  are  guarded  by  rails.  Trenches 
are  guarded  by  rails  and  at  night  by  lanterns.  Everj'where 
the  notices  read  that  safety  appliances  must  be  used,  and  that 
guards  must  not  be  removed. 

When  a  man  prepares  to  go  into  a  boiler,  to  clean  or  inspect 
it,  he  draws  the  fire  and  closes  and  locks,  in  a  portable  iron  case, 
the  outlet  steam  valve,  the  inlet  hot  water  valve,  the  blow-off 
valve  and  the  flue  damper.  He  enters  the  boiler  with  the  lock- 
ing keys  in  his  own  pocket. 

Rubber  gloves,  aprons,  boots  and  coats  are  furnished  to 
operators  or  workmen  who  might  be  injiu-ed  by  chemicals  or 
water.  Caps  are  provided  if  the  hair  is  liable  to  be  caught. 
Places  subject  to  fire  or  explosion  from  combustible  gases  are 
lighted  with  closed  lamps. 

A  Pulmotor  is  owned  by  the  company  and  is  offered  for  use 
to  all  local  physicians  free  of  cost.  Quite  recently  by  its  use 
a  man  outside  of  our  works  was  saved  from  death  by  asphyxia- 
tion. 

As  an  illustration  of  good  business  involved  in  provision  for 
safe  conditions  of  labor,  and  further  by  a  policy  of  self-insurance, 
I  may  state  that  our  liability  under  the  law  last  year  amounted 
to  about  $700.  Witliout  our  present  safety  devices  and  pre- 
cautions, insurance  covering  these  risks  would  have  amounted 
to  $2600.  We  have  gained  amply  by  our  expenditure  and  our 
employees  have  been  able  to  eani  full  pay  for  a  larger  propor- 
tion of  their  time  and  possibly  even  their  lives  have  been  saved. 

Our  company  is  in  sympathy  with  the  liability  law.  By  as- 
suming liability,  fees  and  costs  are  saved  both  by  the  company 
and  the  injured  party.  Both  parties  fare  better  under  the 
policy  of  self-protection  than  through  outside  insurance. 

A  recent  accident  case  will  illustrate  this  point.  Some  weeks 
ago  a  boy  slipped  from  an  elevator  and  was  forced  back  against 
the  walls  of  the  shaft  and  pretty  severely  mangled.  The  com- 
pany had  him  remo\  ed  to  a  hospital  immediately.  As  the  serious- 
ness of  his  injuries  became  apparent,  he  was  taken  out  of  the 
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public  ward  and  put  into  a  private  room.  One  and  at  times 
two  special  nurses  were  employed  to  attend  him.  He  was  cared 
for  and  operated  on  by  a  skilled  surgeon  not  of  the  house  staff. 
Under  this  treatment  the  boy  has  fared  splendidly  and  has  now 
been  discharged  from  the  hospital.  An  insurance  company 
would  undoubtedly  have  left  the  boy  to  the  tender  mercies  of 
the  public  ward  where  his  chances  for  life  would  have  been 
much  smaller.  This  humane  treatment  of  the  case  meant  life 
to  the  boy  and  actual  money  saving  to  the  company. 

In  its  branch  factory  at  Columbus,  Ohio,  the  Welsbach  Com- 
pany insures  with  the  State  Liability  Board  of  Awards,  because 
the  board  is  a  humanitarian  agent  and  may  thus  be  expected 
to  pursue  a  humanitarian  policy. 

All  buildings  occupied  by  our  company  are  equipped  with 
automatic  sprinklers.  A  pressure  of  80  lbs.  is  maintained 
continuously  in  all  mains  and  branches  by  two  fire  pumps. 
There  is  ample  power  to  maintain  this  pressure  with  hose  lines 
in  use.  Our  system  furthermore  is  connected  with  a  similar 
system  of  the  adjacent  Argo  Cotton  Mills  and  with  city  mains. 
Hose  houses  at  all  important  points  outside  the  buildings  are 
supplied  with  hose,  axes,  bars,  wrenches  and  extra  nozzles. 
All  hydrants  are  inspected  weekly  and  fire  drill  is  carried  out 
every  Saturday  afternoon.  In  case  of  fire  every  man  knows  his 
place.  There  are  at  least  two  exits  from  all  factory  rooms. 
Fire  danger  to  operatives  is  small,  as  the  buildings  are  not  of 
over  two  stories.  A  night  force  of  at  least  ten  men  is  ready 
for  action  at  a  moment's  notice.  Protection  from  fire  is  im- 
portant not  only  in  the  working  hours  but  also  at  night,  for  a  de- 
structive fire  would  necessarily  deprive  employees  of  their  em- 
ployment and  income. 

Provision  on  the  part  of  the  company  for  safeguarding  the 
health  of  employees  is  ample  and  somewhat  exceptional  in  its 
scope.  A  limousine  and  open  car  are  on  call  constantly  to  con- 
vey any  injured  or  ill  person  to  the  hospital  or  home.  This  use 
is  the  principal  object  for  maintaining  cars.  We  have  in  our 
own  enclosure  a  hospital  with  an  attendant  trained  nurse  and 
all  the  means  for  first  aid  treatment.  A  salaried  physician  is  in 
daily  attendance  and  is  in  duty  bound  to  respond  to  any  call  at 
any  time. 

Employees  whose  work  subject  them  to  exceptional  danger 
are  examined  to  determine  their  physical  fitness  for  that  work. 
For  instance,  where  there  is  danger  of  injury  to  the  eyes,  only 
those  whose  eyesight  is  perfect  are  engaged  for  the  work.  In 
one  respect  our  provision  for  the  health  of  employees  is  unique. 
Any  employee  either  at  the  works,  at  the  physician's  office  or 
at  his  own  home  may  get  advice,  medicine  or  treatment  free  of 
charge.  A  dispensary  at  the  hospital  supplies  free  of  charge 
medicines  for  temporary  ailments.  All  accidents  are  reported 
at  once  by  the  nurse  to  the  superintendent's  office. 

I  have  already  mentioned  the  use  of  exhaust  fans  for  carry- 
ing off  the  vapors  in  the  drying  process  following  collodion 
dipping.  Similar  fans  are  employed  to  bring  cool  fresh  air  into 
our  hardening  rooms,  as  these  rooms  are  subject  to  excessive 
temperatures,  or  vitiated  air  by  the  burning  off  and  hardening 
processes.  In  these  rooms  there  are  also  conveyors  of  fresh 
and  cool  air  at  the  machines  of  individual  operators. 

Shops  and  other  rooms  where  the  ventilation  conditions  are 
more  nearly  normal  are  provided  with  roof  or  ceiling  ventila- 
tors. 

During  the  past  year  an  Employees'  Relief  Association  has 
been  formed  with  a  membership  of  about  seven  hundred.  The 
treasurer  of  this  organization,  a  man  who  has  reached  mature 
age  in  the  service  of  the  company,  is  paid  a  salary  by  the  com- 
pany to  give  his  extra  attention  to  collections  of  fees  and  dis- 
bursement of  relief  funds.  It  goes  without  saying  that  the 
company  is  in  no  direct  way  remunerated  for  this  expenditure. 

The  following  table  gives  the  classification  of  risks  as  based 
on  earnings  and  possible  benefits  in  case  of  sickness  or  death; 


Benefits  to  individuals  or  their 
Class  Weekly  pay  Weekly  fee  dependents 

A $5.00  or  less  5  c.         S2.50  per  week  for   13   weeks,   or 

$50.00  at  death. 
B $5.00  to  SIO.OO  10  c.         «5.00  per  week  for   13  weeks,  or 

S75.00  at  death. 
C Over  $10.00  15  c.  S7.50  per  week  for   13   weeks,   or 

8100.00  at  death. 

During  the  few  months  that  this  Association  has  been  in  ex- 
istence, it  has  paid  out  in  benefits  about  ^250  and  has  a  balance 
on  hand  of  about  $1500. 

Our  company  has  not  confined  its  welfare  activity  to  watch- 
fulness of  the  material  well-being  of  employees,  but  has  ex- 
pended and  is  constantly  expending  large  sums  of  money  to  make 
the  plant  attractive  to  the  social  and  aesthetic  sense  of  its 
workers.  We  have  large  stretches  of  well  kept  lawns  broken  by 
rare  trees  and  shrubs  and  beds  for  a  succession  of  flowers.  The 
artistic  gateway,  paved  driveways,  concrete  walks,  vistas  of 
beautiful  grounds  and  ivied  walls  give  the  appearance  of  a  pub- 
lic park  rather  than  a  place  where  human  toil  is  turned  to  profit. 
An  experienced  gardener  and  one  or  two  assistants  are  employed 
continuously  in  beautifying  the  grounds. 

One  attractive  building  serves  the  double  purpose  of  hospital 
and  club  house  for  the  women  employees.  It  is  comfortably 
and  attractively  furnished  and  has  a  lunch  room  in  the  base- 
ment where  tea,  coffee  and  milk  are  supplied  at  2K  cents  per 
glass  or  cup.  The  management  of  the  club  house  is  vested  in 
an  organization  of  women  workers.  The  rooms  are  open  for 
use  during  the  day  and  also  in  the  evening  by  permission  condi- 
tioned on  the  presence  of  some  responsible  matron.  In  the 
latter  case  young  women  are  privileged  to  entertain  their  men 
friends.  A  piano  bought  by  the  Welsbach  Company  consti- 
tutes a  part  of  the  furnishing.  For  a  similar  provision  at  Colum- 
bus a  piano  is  rented.  There  is  a  weekly  meeting  of  a  girls' 
sewing  society  in  the  club  house. 

The  nurse  of  the  hospital  adds  the  refining  influence  of  a  rare 
personality  to  the  experience  of  the  young  women.  The  nurse 
states  that  young  women  are  constantly  coming  to  her  for 
counsel. 

Something  is  being  considered  in  the  way  of  providing  a  sim- 
ilar club  house  for  the  male  employees,  with  lunch  room  and 
smoking  room.  A  fine  tennis  court  has  been  laid  out  for  the 
u.se  of  employees  during  the  day  or  in  the  evening,  and  is  largely 
used. 

Considerable  effort  has  been  made  through  volimteer  in- 
structors to  maintain  night  classes  in  various  subjects,  but  it 
is  felt  that  these  classes  cannot  be  in  a  large  sense  successful 
without  the  privilege  of  .attendance  on  company  time  and  the 
services  of  a  regularly  paid  instructor.  Such  a  plan  has  been 
considered. 

A  measure  recently  put  in  force  is  significant  and  instructive 
to  those  who  dwell  upon  problems  of  efficiency  in  industrial 
work.  At  the  middle  of  the  morning  and  afternoon  work 
periods,  400  or  500  girls  and  women  employed  in  mantle  opera- 
tions are  given  a  rest  period  of  5  min.  for  relaxation  and  fresh  air. 
This  measure  means  a  mathematical  loss  of  service  amounting 
in  the  aggregate  to  about  $2000  per  year.  Experience  up  to  the 
present  time,  however,  indicates  a  gain  rather  than  a  loss  by 
reason  of  a  fresher  spirit  for  exacting  tasks. 

Reflecting  upon  the  practical  operation  of  the  various  measures 
in  force  to  make  our  employees  more  comfortable  and  happy, 
we  are  led  irresistibly  to  the  conclusion  that  if  we  treat  our 
workers  considerately  along  the  lines  indicated,  we  get  a  full 
measure  of  human  toil  and  promote  at  the  same  time  the  well- 
being  of  the  men  and  women  that  render  us  service.  Those  who 
plan  and  those  who  toil  experience  a  finer  spirit  of  effort  and  ac- 
compl  shment.  All  other  considerations  aside,  it  is  the  part  of 
wisdom  to  free  the  management  of  a  large  company  from  the 
depression  and   anxiety   fomented    by    discontented   employees 


338 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  4 


that  it  may  give  itself  to  the  larger  problems  of  prosperity  and 
growth.  As  of  old,  so  it  is  true  here  and  now:  "Give  and  it 
shall  be  given  imto  you." 

I  have  narrated  above  the  prosy  details  of  our  provision 
for  the  well-being  of  our  employees.  I  have  shown  that  these 
provisions  have  resulted  in  gain  both  to  the  employees  and  to 
the  company  responsible  for  them. 

I  would  like  to  emphasize  more  fully  the  value  of  beautiful 
and  artistic  surroimdi:igs. 

A  visitor  at  the  Bethlehem  Steel  Works,  noting  the  display  of 
bedded  plants  about  the  buildings,  asked  Mr.  Schwab  whether 
the  establishment  was  making  steel  or  raising  flowers.  Mr. 
Schwab's  answer  was  in  substance,  that  the  works  were  pri- 
marily intended  for  the  production  of  steel,  but  with  beautiful 
surroundings  they  were  able  to  make  better  steel  and  more  of  it. 

Our  observation  confirms  the  correctness  of  Mr.  Schwab's 
opinion  as  applied  to  our  own  products.  Mr.  Schwab  said  further 
that  the  workmen  were  so  impressed  that  they  were  beautify- 
ing their  own  homes  in  the  same  way. 

Back  of  the  leather  apron  or  the  work-a-day  clothing,  there 
is  the  same  fine  heart  and  lively  response  to  every  form  of  ex- 
pression of  beauty  possessed  by  others  whose  fortune  and  taste 
give  a  larger  realization  of  ideals  of  loveliness.  When  the  beauty 
of  well-kept  grounds  greets  the  workman  as  he  walks  toward 
the  machine  which  he  is  to  operate,  there  is  a  little  faster  beat- 
ing of  the  heart  and  the  morning  air  is  breathed  a  little  deeper. 
Then  comes  the  feeling  of  pride  in  work  and  hope  of  better  days 
and  larger  opportunities.  And  to  those  who  experience  this 
feeling  better  days  do  come.  Best  of  all  the  elements  of  better 
days  is  the  deep-seated  sentiment  of  appreciation  of  the  finest 
objects  and  experiences  that  life  can  offer.  Light,  pure  air, 
clean  and  artistic  surroundings,  with  attendant  good  health,  are 
fundamental  to  growth  and  attainment. 
Gloucester,  N.  J. 

COTTONSEED  FLOUR  AS  A  POSSIBLE  FOOD  FOR  MAN' 

By  C.  A.  Wells 
One  of  the  earliest  reported  cases  of  the  use  of  cottonseed 
flour  as  a  food  for  man  was  that  in  which  bread  and  other  articles 
of  food  prepared  from  cottonseed  meal  were  served  certain 
members  of  the  Farmers'  Congress  held  at  College  Station, 
Texas,  about  fifteen  years  ago.  Since  that  time  a  number  of 
reports  have  been  made  of  the  use  of  the  meal  in  human  diets. 

Allison^  states  that  many  of  the  smaller  cottonseed  oil  mills 
of  the  country  are  manufacturing  so-called  "cottonseed  flour" 
and  that  some  of  the  larger  mills  are  producing  and  disposing 
of  it  with  profit.  It  is  not  manufactured  by  any  secret  process, 
but  is  simply  cottonseed  meal  of  choice  color,  taste  and  odor 
which  has  been  finely  ground  and  thoroughly  bolted.  As 
might  be  expected,  therefore,  it  contains  more  protein  and  less 
crude  fiber  than  cottonseed  meal  of  similar  grade  and  origin. 
In  other  respects  the  chemical  composition  of  the  two  is  essentially 
the  same.  The  terms  "cottonseed  flour"  and  "cottonseed 
meal"  are  used  synonymously  throughout  this  paper. 

Cottonseed  flour  contains  little  kneading  principle  and  more 
than  twice  as  much  protein  as  meat.  In  order,  therefore,  to 
facilitate  the  making  of  bread  and  at  the  same  time  reduce  the 
protein  content  of  the  latter,  the  flour  is  usually  mixed  with  some 
other  substance  such  as  wheat  flour.  Most  of  the  cottonseed  flour 
bakery  products  found  on  the  market  are  prepared  in  this  way. 

One  does  not  know  the  degree  of  digestibility  of  cottonseed 
flour  when  eaten  by  man,  but  from  the  known  digestibility  of 
cottonseed  meal  for  cattle,  Fraps''  concludes  that  85  per  cent  of 
the  fat  and  protein  is  digestible  for  man  but  believes  the  nitrogen- 
free  extract  to  be  not  so  completely  digestible.     Mendel  and 

^  Read  at  meeting  of  Section  C  of  the  Association  for  the  Advancement 
of  Science.  Atlanta,  Georgia,  January  2,  1914. 

2  Allison,    Personal  Letter. 

'  Fraps.  Texas  Agric.  Exp.  Sta..  Bull.  128  (l')IO). 


Morris,'  who  recently  experimented  with  dogs,  conclude  that 
cottonseed  meal  is  but  poorly  digested,  only  67-75  P^r  cent  of 
the  nitrogen  in  the  meal  being  absorbed  as  compared  to  94 
per  cent  for  fresh  meat.  In  addition  to  its  general  fitness  as  a 
food  for  man,  Hart^  believes  and  Moore',  Allison*,  and  Thomp- 
son' state  that,  owing  to  its  freedom  from  carbohydrate,  it  has 
a  specific  food  value  for  diabetics. 

FOOD  VALUE  OF  COTTONSEED  FLOUR 

The  total  food  or  energj'  value  of  any  foodstuff  may  be  con- 
veniently expressed  in  calories  per  pound.  It  will  be  interesting 
to  note  in  the  following  table  the  high  caloric  value  and  low 
cost  of  a  pound  of  cottonseed  flour  as  compared  to  that  of  a 
pound  of  steak,  especially  as  regards  protein,  which  is  almost 
always  an  expensive  constituent  of  diets.  Thus  for  six  cents 
one  can  purchase  as  many  protein  calories  in  the  form  of  cotton- 
seed flour  as  for  one  doUar  in  the  form  of  steak. 
Table  I — Comparative  Energy  Value  and  Cost  of  Steak  and  Cotton- 
seed Floxjr 

Comparative  cost 
of  1000  calories 
Cottonseed  flour  at  2c. 
Fuel  value  per  lb.  and  steak  at  20c.  per  lb. 


Fat 

Protein 

Total 

Protein 

Total 

calories 

calories 

calories 

calories 

calories 

Beef-loin 

.      517 

417 

934 

$0.50 

$0,245 

Lean  beef  flank. 

.      458 

399 

857 

0.47 

0.215 

Cottonseed  flour 

.      517 

708 

1619 

0.028 

0.012 

ECONOMIC   IMPORTANCE 

In  19 12  there  were  crushed  in  the  United  States'  4,921,073 
tons  of  cottonseed  equivalent  to  about  2,160,000  tons  of  meal. 
If  we  make  the  reasonable  assumption  that  cottonseed  meal 
has  a  digestibility  of  70,  then  on  the  basis  of  the  food  values 
given  in  the  table  above,  one  ton  of  meal  has  a  protein  calorific 
food  value  of  $495.60  or  a  total  calorific  food  value  of  $555.37.' 
Until  1898  nearly  one-half  of  the  annual  production  was  ex- 
ported, the  remaining  half  was  fed  to  stock  or  used  in  making- 
fertilizers.  The  Interstate  Cottonseed  Crushers  Association 
arbitrarily  classifies  cottonseed  meal  into  three  grades:  choice, 
prime  and  off  grades.  Choice  meal  is  from  choice  cottonseed  finely 
ground.  It  must  be  perfectly  sound,  sweet,  and  of  a  light 
yellow  color,  free  from  excess  of  lint  and  hulls.  It  might  be 
inferred  that  meal  of  this  grade  would  be  suitable  for  human 
consumption.  Unfortunately,  however,  we  have  no  record 
of  the  quantity  of  each  grade  of  meal  manufactured,  so  that 
one  has  no  accurate  data  upon  which  to  base  a  calciJation  of 
the  amount  of  meal  even  presumably  of  a  grade  fit  for  man's 
use  as  a  food.  On  the  percentage  basis,  however,  if  cottonseed 
meal  can  be  used  as  a  food  for  man  and  if  it  has  a  digestibility 
coefficient  of  70  or  greater,  then  10  per  cent  of  the  meal  pro- 
duced annually  in  the  United  States  (10  per  cent  of  2,160,000) 
would  have  a  total  calorific  food  value  of  $119,959,920  and  a 
protein  value  of  $106,920,000  (216,000  multiplied  by  $55537 
and  $495.60,  respectively).  The  same  meal  when  fed  to  stock 
or  used  as  a  fertilizer  would  have  a  value  not  exceeding  $6,480,000 
(216,000  X  S30.00,  a  liberal  commercial  "\'alue  of  one  ton  of 
meal). 

EFFECTS    WHEN    FED   TO    MAN 

Allison,  Thompson,  and  others  state  that  it  is  a  suitable  food- 
stuff for  man  and  that  in  many  cases  its  continued  use  has 
proven  highly  beneficial.  According  to  Fraps'  "we  have  no 
reason  to  believe  that  cottonseed  flour  will  not  be  a  wholesome 
food,  when  used  in  small  amounts  to  replace  meats,  or  to  re- 

'  Mendel  and  Morris,  J.  Biol.  Chcm.,  11,  1-3  and  5-26. 

=.'■*■  and  6  Circular  Letters. 

»  U.  S.  Dcpt.  of  Com.  Bureau  of  Chem.  Rept..  1912. 

'  708  multiplied  by  2000  gives  1,416,000  as  the  number  of  protein 
calorics  in  one  ton  of  meal.  70  per  cent  of  this  equals  991,200,  the  number 
of  digestible  calories.  This  number  divided  by  1000  and  multiplied  by  SO 
(cents)  gives  $499.60  as  the  protein  calorific  value  of  one  ton  of  meal. 

9  Loc.  cit. 
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inforce  a  diet  poor  in  flesh  food,"  yet  he  says  further  "we  are 
indined  to  believe  that  the  maximum  amount  of  cottonseed 
meal' which  should  enter  into  the  diet  is  two  to  three  ounces 
per  day;  that  the  conditions  under  which  such  a  diet  may  prove 
injurious  must  be  established and  that  only  ex- 
perience and  experiments  can  tell  us  the  part  which  cottonseed 
flour  should  play  in  nutrition  and  under  what  conditions  it  may 
prove  unwholesome."  The  writer  has  eaten  for  some  time  in 
his  own  home  cakes  and  bread  of  various  kinds  containing  a 
portion  of  cottonseed  flour  without  experiencing  any  ill  effects 
from  its  use. 


It  should  be  said,  however,  that  while  there  are  no  reported 
cases  of  injury  from  the  use  of  the  meal  as  a  food  for  man,  it  is 
possible  and  indeed  quite  probable  that  this  is  due  to  its  so  far 
limited  use  for  this  purpose.  The  assumption  of  its  unwhole- 
someness  for  man  naturally  grows  out  of  the  well  known  in- 
jurious effects  which  it  produces  when  fed  to  stock.  Investiga 
tions  are  now  under  way  to  ascertain  the  true  nature  of  cotton- 
seed meal  toxicity.  If  this  can  be  done,  cottonseed  meal  or 
flour  may  be  given  to  the  world  as  a  new  and  exceedingly  in- 
expensive food  with  an  almost  unlimited  source. 

Chemistry  Laboratory.  Georgia  Experiment  Station 


WILLIAM  H.  NICHOLS  MLDAL  AWARD 


The  Nichols  Medal  was  conferred  upon  Professor  M.  Gom- 
berg,  of  the  University  of  Michigan,  in  recognition  of  his  dis- 
tinguished researches  on  triphenylmethyl  and  its  analogues. 
The  medal  meeting  was  held  in  Rumford  Hall,  The  Chemists' 
Club  Auditorium,  on  Friday  evening,  March  6,  1914,  with 
Dr.  Allen  Rogers,  Vice-President  of  the  Section,  in  the  chair. 
The  presentation  address  was  made  by  Dr.  Bernhard  C.  Hesse. 
Professor  Gomberg,  in  acknowledgment  of  the  medal,  presented 
an  address  on  "The  Existence  of  Free  Radicals,"  in  which  he 
gave  the  first  complete  review  of  his  eighteen  years'  investigations 
and  drew  his  conclusions  based  upon  the  results  of  his  work.  A 
large  number  of  papers  representing  the  stages  of  these  investiga- 
tions have  been  published  in  the  Journal  of  the  Society,  and  a  com- 
plete review  of  the  work  to  date  is  now  in  course  of  preparation. 

Professor  Gomberg  has  prepared  an  abstract  of  his  address 
which  is  published  below,  together  with  the  presentation  ad- 
dress by  Dr.  Hesse. — [Editor] 


PRESENTATION  ADDRESS 

By  Bernhard  C.  Hesse' 

The  purpose  of  this  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society,  is  to  present  the  William  H.  Nichols 
Medal  to  the  author  of  what  has  been  determined  by  the  Jury 
of  the  William  H.  Nichols  Medal,  to  be  the  best  original  paper 
contained  in  the  publications  of  the  American  Chemical  Society 
during  the  year  19 13. 

The  purpose  of  the  William  H.  Nichols  medal  is  the  stimula- 
tion of  research  in  chemistry. 

Research  has  latterly  become  a  topic  with  which  to  conjure. 
It  is  regarded  by  many  as  a  panacea  for  the  disabilities  of  chem- 
istry, applied  and  pure.  Yet  there  is  no  magic  in  research;  no 
marvels  are  performed  by  it.  You  get  out  of  research  precisely 
what  you  put  into  it.  You  no  more  get  something  for  nothing 
in  research  than  in  any  other  effort. 

There  is,  however,  a  divergence  of  opinion  as  to  what  does 
constitute  research.  As  I  view  it,  research  is  the  orderly, 
systematic  development  of  and  addition  to  science;  science  is 
nothing  more  nor  less  than  the  orderly,  systematic  and  co- 
ordinated record  of  human  experience.  Purely  accidental  or 
random  addition  to  our  knowledge  without  causal  connection 
with  what  precedes  and  with  what  follows,  however  valuable 
or  beneficial  the  addition  may  itself  be,  is  not  research.  Yet, 
research  is  not  wholly  independent  of  accident  nor  of  chance; 
the  systematic,  orderly  and  planned  exploitation  of  that  which 
chance  or  accident  may  have  thrown  into  the  path  of  him  who 
is  engaged  in  research,  together  with  the  carrying  out  of  the 
original  plan  brings  research  to  its  highest  state  of  efficiency 
and  to  its  ample  justification.  Chance,  without  system,  leads 
to  chaos.  System,  even  without  chance,  leads  to  an  orderly 
and  coordinated  statement  of  what  we  know  and  of  what  we 
know  not  to  be.  Negative  information,  if  true,  has  the  same 
value  as  positive  information. 

'  Chairman  New  York  Section  of  the  American  Chemical  Society. 


He  who  engages  in  research  must  have  not  only  a  working 
knowledge  of  what  has  gone  before,  but  also  a  working  knowl- 
edge of  all  the  tools  at  his  disposal;  he  must  have  a  creative 
imagination,  so  that  he  may  set  himself  the  problem  and  fore 
cast  with  greater  or  less  certainty  that  which  may  be  expected ; 
he  must  be  prepared  to  deal  with  and  to  recognize  the  unex 
pected  or  unforeseen;  he  must  have  within  himself  a  sterling 
quality  of  rigid  self-analysis  and  a  stern  judgment  of  that  which 
is  of  his  own  creation.  Without  a  creative  imagination, 
balanced  by  a  knowledge  of  the  uncertainties  of  hypothesis  and 
of  theory  and  without  balance  by  a  knowledge  and  an  apprecia- 
tion of  the  imperfections  of  all  human  effort,  he  who  engages 
in  research  is  led  into  the  highways  and  by-ways  of  confusion. 
Research  information  which  is  incorrect  or  confusing  and  work 
that  leads  to  it  are  worse  than  useless,  and  he  who  knowingly 
produces  such  results  is  false  not  only  to  himself  but  to  the  best 
and  highest  traditions  and  aims  of  research.  Those  who  engage 
in  research  must  have  a  thorough  and  an  abiding  desire  for 
truth  at  all  costs  and  must  be  satisfied  with  nothing  as  true 
which  has  not  been  demonstrated  to  be  true  by  every  test  that 
can  be  reasonably  applied.  The  more  fundamental  the  nature 
of  that  which  is  believed  to  be  new,  the  greater  the  necessity 
and  responsibility  for  rigid  scrutiny  and  inquiry  as  to  its  accuracy. 
Power  of  observation  without  the  ability  or  without  the  quality 
of  character  to  scrutinize  and  test  the  results  of  observation  as 
to  accuracy  and  certainty,  is  useless  in  research.  Successful 
research  requires  a  happy  blending  of  many  of  the  qualities 
of  those  who  have  explored  and  made  our  earth  habitable, 
namely,  daring,  tempered  with  caution,  and  imagination, 
balanced  by  judgment. 

Those  acquainted  with  the  published  work  of  Professor 
Gomberg,  our  guest  of  honor  this  evening,  recognize  that  his 
work  fulfills  and  typifies  the  highest  ideals  of  research.  Start- 
ing out  to  obtain  an  answer  to  a  definite  problem  in  a  carefully 
planned  and  definite  way  he  came  across  something  new,  un- 
expected and  unusual.  His  patient,  laborious  and  ingenious 
examination  of  this  led  to  the  work  which  has  consumed  much 
of  his  time  and  effort  for  the  past  eighteen  years  and  has  given 
to  chemistry  a  new  class  of  substances — triphenylmethyl  and 
its  derivatives. 

Professor  Gomberg,  it  is  my  privilege  as  Chairman  of  the 
New  York  Section  of  the  American  Chemical  Society  now  to 
place  in  your  hands  this,  the  tenth  gold  impression  of  the  Wil- 
liam H.  Nichols  Medal  as  a  token  of  the  appreciation  and  esteem 
in  which  we  hold  your  work  as  a  chemist  and  the  encouraging 
example  you  have  thereby  given  for  all  who  engage  in  research. 


THE  EXISTENCE  OF  FREE  RADICALS 

By  M.  GOHBBRG 

From  the  time  when  Kekule  and  Franchimont  first  prepared 
triphenylmethane,  numerous  attempts  were  made  to  prepare 
the  analogous  compound  tetraphenylmethane,  but  seemingly 
without  success.     The  assumption  was  made  that  this  substance 
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must  be  very  unstable  and  consequently  incapable  of  existence 
under  ordinary  conditions.  In  1897,  a  reaction  was  worked 
out  by  the  writer  by  means  of  which  a  hydrocarbon,  supposedly 
tetraphenylmethane,  was  produced.  The  compound  proved 
quite  stable,  melting  at  280°  C,  and  distilling  undecomposed 
at  430°  C.  In  order  to  obtain  more  evidence  as  to  the  consti- 
tution of  this  hydrocarbon  an  attempt  was  made  to  prepare, 
for  comparative  study,  the  next  higher  completely  phenylated 
analogue,  namely,  hexaphenylethane.  Accordingly  triphenyl- 
chlormethane  was  subjected  to  the  action  of  metals — silver, 
mercury,  zinc,  sodium — with  the  full  expectation  that  the  re- 
action would  proceed  normally  and  give  rise  to  hexaphenylethane ; 

(C6H6)8CiCl 

;      +Ag; 
(C»H6)3CC1 

(C6H6)3C 
(C9H6)3C 

A  hydrocarbon  posses- 
sing the  requisite  composi- 
tion (C  =  93.8  per  cent, 
H  =  6.2  per  cent)  was 
actually  obtained.  But 
the  proneness  of  this  new 
compound  to  enter  into 
the  most  varied  chemical 
reactions,  and  its  strik- 
ingly unsaturated  charac- 
ter, precluded  the  natural 
inference  that  the  com- 
pound at  hand  was 
actually  hexaphenyl- 
ethane. The  opinion  was 
expressed  that  here  was 
an  instance  of  a  com- 
pound with  one  atom  of 
carbon  in  the  trivalent 
state,  i.  e.,  triphenylmethyl, 
(CfiH5)3C,  a  free  radical. 
Subsequently  it  was  found 
that  many  analogues  of 
triphenylmethyl  are 
capable  of  existence.  In 
other  words,  there  is  a 
large  class  of  such  free 
radicals — -a.  class  of  triaryl- 
methyls. 

General  Reaction  and 
Method  of  Preparation — 
When  a  triarylmethyl 
halide,  dissolved  in  ben- 
zene, is  treated  with  some 
metal  in  the  absence  of 
oxygen,    the    halogen    is 

taken  out  by  the  metal  and  the  unsaturated  triarylmethyl 
is  formed. 

R3CCI  +  Ag  >-  R3C  +  AgCl 

The  solution  is  invariably  colored,  the  nature  of  the  color 
depending  upon  the  nature  of  the  three  groups  in  combination 
with  the  central  carbon  atom.  The  colored  compound  is  ex- 
tremely sensitive  to  the  oxidizing  influence  of  the  air,  conse- 
quently when  the  colored  solution  is  exposed  to  the  air,  the  color 
disappears.  In  order  to  prepare  a  triarylmethyl  pure  the  es- 
sential conditions  are:  exclusion  of  moisture — to  prevent  the 
hydrolysis  of  the  triaryknethylchloride  itself ;  absence  of  oxygen — 
to  prevent  the  oxidation  of  the  resulting  imsaturated  hydrocar- 


bon. A  convenient  form  of  an  apparatus  which  assures  the 
above  conditions  was  described  by  the  writer'  some  years  ago. 
It  permits  of  the  preparation,  recrystaUization.  filtration,  wash- 
ing and  drying  the  final  product  without  ever  exposing  it  to  the 
oxidizing  influence  of  the  air. 

Physical  Properties — The  simple  representative,  triphenyl- 
methyl itself,  is  in  the  solid  state  undoubtedly  colorless,  but  goes 
into  solution  with  the  production  of  a  distinct  orange-yellow 
color  in  any  solvent  whatsoever.  We  are  forced  to  conclude 
that  the  compound  in  dissolving  must  undergo  a  change  in 
molecular  structure.  To  Schmidlin  belongs  the  credit  for  the 
proof  that  even  in  solution  the  two  modifications,  colorless  and 

colored,  exist  side  by  side 
in  equilibrium  with  each 
other.  In  the  solid  state 
triphenylmethyl  can  be 
kept  for  years  without 
change.  It  melts  at 
145°  c. 

The  unsaturated  charac- 
ter of  triphenylmethyl  is 
evidenced  by  its  avidity 
to  unite  with  a  variety  of 
solvents,  taking  them  up 
as  solvents  of  crystalliza- 
tion, and  easily  losing 
them  at  slightly  elevated 
temperatures  It  unites 
with  aromatic  and  ali- 
phatic hydrocarbons,  with 
ethers,  aldehydes,  esters, 
ketones,  nitriles,  carbon 
disulfide,  chloroform,  etc. 
The  composition  of  these 
various  additive  products 
is  quite  uniform,  being 
2(C6H6)3C  +  I  molecule 
solvent.  Another  striking 
characteristic  of  triphenyl- 
methyl is  its  capacity  to 
function  as  an  electro- 
lyte. When  dissolved  in 
liquid  sulfur  dioxide,  a 
very  good  ionizing  solvent, 
it  conducts  the  electric 
current  well,  and  its  mo- 
lecular conductivity  in- 
creases with  dilution. 

Cliemical  Properties — 
Foremost  among  the  I 
chemical  reactions  of  tri- 
phenylmethyl and  all  its 
analogues  is  the  readiness 
with  which  they  unite 
with  oxygen.  Triphenyl- 
methyl in  benzene  takes  up  oxygen  from  the  air  at  the  rate  of 
60  cc.  in  one  minute  for  i  grarn  of  the  hydrocarbon.  The  com- 
pound formed  in  this  reaction  is  colorless,  fairly  stable,  and 
has  the  constitution  of  a  peroxide: 

2(CeH6),C    +   O2   >    (C6H6)3C— O— O— C(C6H6)3 

As  these  peroxides  are  but  little  soluble  in  the  usual  organic 
solvents  their  purification  presents  no  difficulties.  Consequently 
the  isolation  of  a  peroxide  in  a  reaction  as  described,  is  sufficient 
proof  that  a  compound  containing  a  trivalent  carbon  atom  is 
present. 

Next  to  the  combination  with  oxygen,  the  behavior  of  tri- 
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phenylmethyl  towards  halogens  is  very  striking.  It  unites 
instantly  with  iodine,  even  in  very  dilute  solutions,  giving 
almost  quantitatively  triphenylmethyl  iodide: 

(C6H5)3C    +   I    >     (C6H5)3CI 

Triphenylmethyl  also  combines  with  hydrogen  in  the  presence 
of  finely  divided  platinum: 

(C6H5)3C    +   H    >     (C6H5)3CH 

It  also  adds  on  nitrogen  oxide  as  well  as  nitrogen  dioxide,  giving 
nitroso  and  nitro-triphenylmethane: 

(C6H5)3C— NO  and  (C6H5).,C— NO2 

In  addition  to  all  the  various  additive  reactions  it  also  reacts 
with  phenols,  amines,  and  hydrocarbons,  giving  tetraphenyl- 
methane  derivatives,  and  is  readily  affected  by  light,  suffering 
auto-oxidation. 

Constilntion,  First  Period,  iqoo-iqo^ — It  is  obvious  that  the 
entire  chemical  behavior  of  triphenylmethyl  finds  its  most  con- 
sistent and  most  plausible  explanation  in  the  hypothesis  that 
this  hydrocarbon  is  a  free  radical  containing  a  trivalent  carbon 
atom.  This  explanation  when  first  advanced  was  received 
without  open  opposition,  but  none  the  less  with  hesitancy. 
The  hesitation  to  acquiesce  in  the  hypothesis  of  the  trivalency 
of  carbon  received  later  its  main  support  from  the  fact  that  the 
molecular  weight  of  triphenylmethyl  was  found  to  be  not  243, 
but  double  that.  Here  then  was  the  dilemma:  The  chemical 
behavior  of  the  unsaturated  hydrocarbon  speaks  forcibly,  almost 
exclusively,  in  favor  of  the  trivalency  of  carbon.  The  only 
argument  against  this  interpretation  is  the  dimolecular  state  of 
the  compound,  one  single  physical  constant.  It  did  not  seem, 
however,  impossible  to  reconcile  this  apparent  contradiction 
between  the  molecular  weight  on  the  one  hand  and  the  entire 
chemical  behavior  of  the  compound  on  the  other  hand.  We  have 
numerous  examples  among  inorganic  as  well  as  organic  compounds 
where  substances  in  solution  possess  abnormally  high  molecular 
weights,  double  and  triple  that  demanded  by  the  composition 
and  constitution  of  the  compounds  in  question.  We  say  under 
such  circumstances  that  the  compound  exists  in  the  associated 
state,  i.  e.,  several  molecules  unite  to  form  a  single  aggregate. 
Is  not  water  itself  polymolecular,  the  size  of  the  aggregate 
varying  with  the  temperature?  Are  not  the  organic  nitriles, 
the  acids,  the  acid-amines,  di-  or  poly-molecular  in  solution? 
To  quote  from  a  paper  of  ten  years  ago:  "The  depressions  in 
the  freezing  point  obtained  with  naphthalene  as  a  solvent  at 
the  elevated  temperature  of  79-80°  C,  suggest  the  probability 
that  at  this  temperature  triphenylmethyl  exists  partially  in  the 
dissociated,  mono-molecular  state,  as  the  molecular  weights 
obtained  in  this  solvent  are  407-420  against  486  calculated. 
On  the  assumption  that  such  dissociation  may  exist,  be  it  to  ever 
so  small  an  extent,  the  behavior  of  the  hydrocarbon  becomes 
intelligible:  through  the  action  of  oxygen  or  of  iodine  the  mono- 
molecular  form  reacts  first,  the  equilibrium  is  thus  disturbed 
and  it  can  only  be  restored  through  further  and  further  dis- 
sociation of  the  dimolecular  triphenylmethyl  until  all  of  the 
compound  has  reacted."' 

The  dimolecular  state  of  the  hydrocarbon  was,  however,  the 
occasion  for  the  suggestion  of  various  structures  for  triphenyl- 
methyl all  intending  to  do  away  with  the  interpretation  involving 
the  existence  of  a  free  radical.  Markownikoff,  Heintschel, 
Vorlander,  Chichibabin,  P.  Jacobson,  Baeyer,  Fliirschheim 
and  others  took  part  in  the  discussion,  each  suggesting  a  some- 
what different  structural  formula  for  triphenylmethyl. 

Thus,  then,  stood  the  question  of  the  constitution  of  triphenyl- 
methyl at  the  end  of   1905:     (ij   The   idea  of  the  associated 
molecule,  associated  but  none  the  less  in  equilibrium  with  the 
monomolecular  free  radical:  (R,r)o'^-^  P.,r ;  (2)  the  hexaphenyl- 
thane  view,  which  assumed  that  hexaphenylethane.  unlike  all 
'  Btr.,  37  (1904),  2049. 


other  saturated  hydrocarbons,  is,  or  rather  ought  to  be,  pre- 
eminently unstable;  (3)  Jacobson's  quinol  formula: 

CR-i.     Each  of   these  three  explanations  had 
R3C  ' 

followers,  but  undoubtedly  the  free  radical  idea  was  most  fav- 
ored, and  was  most  widely  adopted. 

Constitution,  Second  Period,  100^-10 — We  now  enter  upon 
the  second  period  of  our  hypothesis.  These  questions  presented 
themselves:  Is  it  possible  by  experimental  evidence  to  show 
whether  a  hydrocarbon  of  the  type  of  hexaphenylethane  is  or 
is  not  stable?  Is  it  possible  to  test  experimentally  the  validity 
of  Jacobson's  suggestion? 

One  of  the  fundamental  arguments  in  favor  of  the  probable 
instability  of  hexaphenylethane  was  the  well  known  fact  that 
the  unsymmetrical  tetraphenylethane  seemed  impossible  of 
preparation.  Anschiitz  proved  definitely  that  all  methods, 
perfectly  logical  and  reasonable  in  themselves,  that  have  been 
employed  by  the  many  investigators  in  order  to  obtain  the  un- 
symmetrical tetraphenylethane,  invariably  resulted  in  giving  the 
symmetrical  compound: 

(C6H5)-2CH— CHiCeHs)., 
Symmetrical  tetraphenylethane 

(C6H5)3C— CHjfCeHs) 
Unsymmetrical  tetraphenylethane 
The  conclusion  became  prevalent  that  the  unsymmetrical  hydro- 
carbon could  not  exist,  owing  to  its  instability.  From  the  pre- 
sumed instability  of  the  unsymmetrical  tetraphenylethane  it  was 
further  surmised  that  the  more  complex  homologous  hydrocar- 
bons, pentaphenyl-  and  hexaphenylethane,  may  reasonably  be  ex- 
pected to  be  still  more  unstable  and  consequently  less  likely  to 
exist  as  such.  And  yet,  by  the  application  of  the  more  modern 
method,  the  use  of  the  Grignard  reaction,  we  were  able  to  ob- 
tain any  amount  of  the  long  sought-for  hydrocarbon,  i.  e.,  the 
unsymmetrical  tetraphenylethane: 

(C6H6)3CC1  +  ClMgCHjCcHs  >-    (C6H5)3C— CHtCCeHs) 

It  turned  out  to  be  a  very  stable  substance,  beautifully  crystalline, 
and  showed  no  resemblance  to  triphenylmethyl. 

The  next  step  was  to  prepare  pentaphenylethane,  and  here 
a  number  of  difficulties  were  encountered.  Finally,  however, 
this  hydrocarbon  was  also  prepared  by  the  action  of  magnesium 
simultaneously  upon  a  mixture  of  triphenylchlormethane  and 
diphenylbrommethane': 

(CbHsJdCCI  +  Mg  -f  BrCHiCsHs).. >■  (C«H5)3C— CHfCsHs), 

We  encountered  no  difficulties  in  recrystallizing  pentaphenyl- 
ethane from  the  various  solvents;  no  oxidation  on  exposure  to 
air  was  observed,  and  neither  iodine  nor  bromine  added  on. 
The  successful  preparation  of  the  two  higher  phenylated  ethanes 
above  mentioned  made  it  seem  more  probable  than  ever  that 
the  hypothetical  hexaphenylethane  ought  also  to  be  a  stable 
compound  and  that  it  could  be  prepared  if  only  the  conditions 
requisite  for  the  process  could  be  found.  Alas,  neither  we  nor 
anyone  else  of  the  many  who  have  tried  it,  have  found  these 
conditions.  Hexaphenylethane  still  remains  a  figment  of  the 
imagination.  And  so  the  idea  began  to  take  root  more  and  more 
generally  that,  after  all,  there  is  no  difference  between  the  so- 
called  triphenylmethyl  and  the  hexaphenylethane,  that  the  former 
is  in  reality  the  latter.  Add  to  this  the  insistent  emphasis  which 
Chichibabin  laid  upon  his  discovery  (1907)  that  pentaphenyl- 
ethane is  decomposed  by  hydrochloric  acid  at  170°  C,  and  that 
it  absorbs  oxygen  at  its  melting  point,  180°,  and  you  have  at 
least  a  formal  analogy,  if  not  a  real  one,  between  pentaphenyl- 
ethane and  triphenylmethyl.  These  two  factors  taken  together, 
the  failure  to  prepare  a  stable  hexaphenylethane  and  the  apparent 
lesser  stability  of  pentaphenylethane  than  was  attributed  to  it, 
these  two  factors  had  much  to  do  with  shaking  the  confidence  of 
chemists  that  hexaphenylethane  as  such    ought  to  be  a  stable 
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substance,  unlike  triphenylmethyl.  Henceforth  the  hexaphenyl- 
ethane  constitution  for  triphenylmethyl  began  to  appear  in 
the  literature  more  frequently,  at  least  as  one  of  the  more  probable 
constitutions 

Quinol  Formula  of  Jacobson — Competing  with  the  hexaphenyl- 
ethane  structure  for  recognition  as  the  constitution  of  the  di- 
molecular  triphenylmethyl  was  the  quinoid  formula,  suggested 
by  Jacobson  in  1905.  In  subjecting  the  validity  of  this  con- 
stitution to  the  test  of  experiment  the  writer  was  guided  by  the 
well  known  fact  that  the  quinoid  nucleus  means  a  much  less 
stability  than  the  benzoid  ring.  And  it  was  possible  to  prove 
by  an  extensive  series  of  quantitative  experiments  that  "tri- 
phenylmethyl" actually  behaves  as  if  it  contained  a  quinoid 
nucleus. 

Quinocarbonium  Salts — The  probable  quinoid  character  of 
triphenylmethyl  threw  a  flood  of  light  on  many  phenomena  which 
were  at  that  time  the  subjects  of  much  debate.  Baeyer  strenu- 
ously opposed  Kehrmann's  view  that  the  colored  solutions  of 
triphenylcarbinol  in  strong  acids  are  due  to  the  formation  of 
quinoid  salts  of  the  type: 

/H 


(C6H6)jC— SO4H 

Benzoid 


(CeH6)oC  =  <^ y<^ 

Quinoid 


SO4H 


In  the  light  of  the  results  with  triphenylmethyl  our  adherence 
to  Baeyer's  view  began  to  waver.  The  verdict  of  our  experi- 
ments was  positive;  these  salt-like  bodies  were  proved  to  be 
quinoid  in  their  constitution.  While  the  sulfates  were  found  to 
exist  only  as  intensely  colored  and  quinoid,  the  chlorides  were 
proved  to  exist  in  the  two  modifications : 

(C6H5)3C— CI  (C6H5)2C   =  <^  y<^ 

Colorless,  benzoid  Colored,  quinoid 

and  but  recently  it  was  established  that  the  carbinols  themselves 
are  also  capable  of  existing  in  the  two  modifications: 


(C6H6)3C— OH 

Colorless,  benzoid 


Colored,  quinoid 


H 
OH 


The  Equilibrium  Formula — The  significant  conclusions  from  the 
results  just  described  are  these:  (i)  Triphenylmethyl  behaves 
as  if  it  contained  a  quinoid  nucleus,  either  as  a  temporary  phase* 
or  as  one  in  equilibrium  with  some  other  phase;  (2)  Compounds 
of  the  type  R3CX  often  tautomerize  to  the  quinoid  modification, 

RjC  =  <f  y<!'     .       While   these   new  facts    demanded  un- 

doubtedly some  modification  in  the  simple  monomolecular 
constitution  as  originally  assigned  to  triphenylmethyl,  they  did 
not  seem  of  such  a  nature  as  to  set  aside  entirely  the  trivalent- 
carbon  hj'pothesis.  We  need  only  to  assume,  and  this  assump- 
tion is  perfectly  consistent  with  the  facts  outlined  above,  that 
the  tendency  toward  tautomerization  is  not  limited  to  the  tri- 
phenylmethane  compounds  alone,  wherein  C  is  tetravalent, 
but  that  it  is  also  shared  by  the  triphenylmethyl  radical 
itself. 

{c,Ui,),c  -  -  -  -   qi±:    (CeHs)^  =  c  =  /     y/ 

We  then  have  an  explanation  (1907)  which  embraces  all  the 
factors  that  enter  into  the  discussion:  The  unsaturated  char- 
acter of  triphenylmethyl,  the  color,  the  dimolecular  state  in 
solution,  the  probability  of  the  quinol-like  constitution,  and 
lastly  the  possible  existence  of  an  unstable  hexaphenyl- 
ethane. 


(I) 

Associated 
molecule 


^Ra' 


(11) 


Hexaphenyl- 
ethane 

This  explanation  assumes  triphenylmethyl  to  exist  in  solution 
in  various  phases  of  constitution,  all  in  equilibrium  with  each 
other.  It  accounts  satisfactorily  for  all  the  facts.  It  becomes 
a  matter  of  comparatively  little  consequence  whether  the  color- 
less modification  is  associated  triphenylmethyl  or  whether  it  is 
hexaphenyle thane;  either  one  would  tend  to  give  in  solution  the 
dimolecular  triphenylmethyl  of  the  quinol  type,  and  the  latter 
must  be  in  equilibrium  with  its  products  of  dissociation,  that  is, 
with  the  two  tautomeric  free  radicals.  In  other  words,  in  ac- 
cepting the  quinol  formulation  as  an  intermediate  phase,  we 
can  do  so  only  when  at  the  same  time  we  ascribe  to  it  the  capacity 
to  dissociate  spontaneously  into  free  radicals.  It  is  the  actual 
existence  of  these  free  radicals  that  accounts  for  the  strange 
behavior  of  triphenylmethyl.  It  matters  little  whether  the  equi- 
librium be  largely  in  favor  of  (II),  (III)  or  (IV),  for  it  is  a  mobile 
equilibrium. 

We  have  now  reached  the  end  of  the  second  period  of  the 
hypothesis  relative  to  the  existence  of  free  radicals.  During 
this  period  the  trivalency  hypothesis  still  had  its  adherents. 
Werner,  Schmidlin,  Wieland,  HoUeman,  and  many  others  spoke 
in  favor  of  it.  And  yet  as  a  whole,  the  majority  of  chemists, 
I  think,  came  to  look  upon  triphenylmethyl  either  as  unstable 
hexaphenylethane  or  as  a  quinol. 

Constitution,  Third  Period,  igio — We  now  enter  upon  the 
third  period.  As  the  hexaphenylethane  and  the  quinol  con- 
stitution were  gaining  ascendency  over  the  simple  triphenyl- 
methyl idea,  and  all  because  of  the  double  molecular  weight, 
and  as  the  actual  reality  of  free  radicals  was  appearing  to  many 
as  more  and  more  dubious,  a  paper  by  Schlenk,  in  1910,  gave  a 
new  turn  to  the  subject.  In  studying  the  analogues  of  tri- 
phenylmethyl, he  prepared  the  following  compounds: 


(CeHs) 


(C6Hs)s 


He  found  that  these  analogues  resemble  triphenylmethyl 
itself  in  every  characteristic.  They  are  colored,  readily  absorb 
oxygen  from  the  air  and  form  i)eroxides,  etc.  But  when  the 
molecular  weight  of  these  unsaturated  triarylmethyls  was  de- 
termined he  found,  unexpectedly,  that  some  of  these  hydro- 
carbons exist  largely  as  monomolecular.  To  be  more  specific: 
the  tribiphenylmethyl  was  foimd  to  be  entirely  monomolecular; 
the  dibiphenyl,  to  the  extent  of  80  per  cent  monomolecular; 
and  the  monobiphenyl  only  to  the  extent  of  15  per  cent.  There 
can  be  but  one  inference :  these  comijounds  exist  as  free  radicals. 
And  as  the  characteristic  reactions  of  these  bodies  are  entirely 
similar  to  those  of  the  ordinary  triphenylmethyl.  the  reactions 
of  the  latter  must  also  be  due  to  the  presence  of   more  or  less 
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of  the  actual,  free  triphenylmethyl  radical,  whatever  its  im- 
mediate predecessor.  Soon  after  that  many  other  analogues 
of  triphenylmethyl  were  found  to  be  monomolecular.  The 
existence  of  free  radicals,  with  C  as  trivalent,  becomes  therefore 
indisputable. 

Analogues  of  Triphenylmethyl — As  has  been  mentioned  in  the 
introduction,  triphenylmethyl  is  but  an  example,  the  simplest 
example,  of  a  large  class  of  triarylmethyls.  The  three  aromatic 
groups  around  the  central  carbon  atom  may  vary  to  any  extent: 
some  may  be  nitrophenyl  groups,  or  hydroxy-,  methoxy-,  brom-, 
carboxyphenyl,  or  they  may  be  naphthyl  groups.  Also,  as  has 
recently  been  shown  in  our  laboratory,  one  of  the  three  aromatic 
groups  may  be  replaced  by  the  non-aromatic  thienyl  group, 
CHsS  Furthermore,  free  radicals  with  a  trivalent  carbon 
atom  have  been  obtained  from  compounds  which  belong  to  the 
following  well  known  series: 

Xanthone  series  (Gomberg  and  Cone) ;  thioxanthone  series 
(Gomberg  and  Cone);  anthraquinone  series  (Liebermann) ; 
indene  series  (Kohler);  thioindigo  series  (Kalb);  acridine  series 
(Cone) ;  benzophenonsulphone  series  (Gomberg) ;  etc. 

Historical — Gay  Lussac,  in  1815,  prepared  for  the  first  time 
cyanogen,  and  called  it  a  "compound  element,"  or  a  radical, 
because  it  behaved  like  an  element  in  its  reactions.  He  assumed 
the  existence  of  the  free  cyanogen,  CN,  as  a  free  radical.  Wohler 
and  Liebig,  in  their  classic  paper  in  1832,  on  the  benzoyl  radical, 
defined  radicals  very  much  as  we  do  now,  a  group  which  remains 


unchanged  in  a  complex  molecule  through  a  series  of  chemical 
reactions.  He  did  not  claim  the  possible  existence  of  "free" 
radicals,  nor  did  he  oppose  such  a  view.  Bunsen,  in  1839-40, 
prepared  the  various  derivatives  of  cacodyl:  the  chloride, 
oxide,  etc.,  and  the  cacodyl  itself,  which  he  considered  as  a  free 
radical,  AsCsHs.  Then  followed  the  important  work  of  Frank- 
land,  and  of  Kolbe,  1849-50.  The  former  claimed  to  have 
isolated  the  radicals,  methyl,  ethyl,  etc.,  by  the  action  of  zinc  on 
the  corresponding  alkyl  iodides,  while  Kolbe  obtained  the  same 
radicals  by  the  electrolysis  of  the  sodium  salts  of  acetic,  propi- 
onic, etc.,  acids.  In  vain  did  Gerhard  and  Laurent  insist  that 
the  molecular  formulae  of  all  these  so-called  radicals  must  be 
doubled,  in  accordance  with  Avogadro's  hypothesis.  The 
existence  of  free  radicals  was  generally  accepted  as  late  as  1865, 
fifty  years  after  Gay  Lussac's  introduction  of  this  idea  into  chem- 
istry. But  in  1865,  Schorlemraer  showed  by  experimental 
evidence  that  Frankland's  and  Kolbe's  methyl  and  ethyl  were 
nothing  else  than  ethane  and  butane.  From  that  time  on  the 
questiorr  relative  to  the  existence  of  free  radicals  was  never 
seriously  raised  until  the  discovery  of  triphenylmethyl.  What 
the  future  holds  in  regard  to  this  new  revival  of  the  much  dis- 
puted question  is  difficult  to  foretell.  As  a  working  hypothesis 
it  has  fully  justified  its  existence — it  has  opened  a  new  branch  of 
organic  chemistry. 

University  op  Michigan 
Ann  Arbor 


MORRI5  LOLB  MLMORIAL 


The  Morris  Loeb  Memorial  meeting  of  the  Chemists'  Club  was 
held  in  conjunction  with  the  regular  meeting  of  the  New  York 
Section  of  the  American  Chemical  Society  at  The  Chemists' 
Club,  on  Friday,  March  6th. 

A  bronze  bust  of  Dr.  Loeb,  executed  by  Mr.  Karl  Bitter,  was 
presented  by  friends  to  The  Chemists'  Club.  The  presentation 
address  was  given  by  Dr.  L.  H.  Baekeland,  and  the  bust  was 
accepted  for  the  Club  by  President  Charles  F.  McKeuna. 

A  Morris  Loeb  Memorial  volume  prepared  by  a  committee  of 
the  trustees  of  the  Club  was  distributed  to  the  members.  This 
volume  is  a  handsomely  prepared  book  containing : 

A  Reproduction  of  a  Recent  Photograph  of  Dr.  Loeb 
Resolutions  of  The  Trustees  of  The  Chemists'  Club 
Resolutions    of    The    Directors    of    The     Chemists'     Building 

Company 
Morris  Loeb  as  a  Man.  by  L.  H.  Baekeland 
Scientific  Career  of  Morris  Loeb.  by  Charles  Baskerville 
Morris  Loeb  as  a  Philanthropist,  by  Maximilian  Toch 
Morris  Loeb  as  a  Teacher,  by  Arthur  E.  Hill 
Morris  Loeb  and  Harvard.  Letter  from  CliHord  Richardson 
Memories     of      a      Classmate    at    Harvard.    Letter    from    J.    D. 

Pennock 
An  Appreciation,  by  Ellwood  Hendrick 
Berlin  Reminiscences,  by  Walker  Bowman 
A  Personal  Reminiscence,  by  William  J.  Hammer 
Tribute  at  the  Grave,  by  Theodore  W.  Richards 

Resolutions  from  Societies 
New     York.     Chicago    and    Washington    Sections    of    the     American 

Chemical  Society 
New  York  and  Canadian  Sections  of  the  So'ciety  of  Chemical  Industry 
New  York  Section  of  the  Verein  Deutscher  Chemiker 

Expressions  of  Foreign  Scientific  Societies 

Imperial  Academy  of  St.  Petersburg  Universidade  Do  Pdrto 

The  Faraday  Society  R.  University  de  Bologna 

Sociedade  Chimica  Portugueza 

—  [Editor] 

PRESENTATION  ADDRESS 

By  L.  H.  Baekeland 
Mr.  Chairman,  Ladies  and  Gentlemen: 

One  of  the  founders  and  most  devoted  members  of  this  Sec- 
tion of  the  American  Chemical  Society  was  Dr.  Morris  Loeb. 


He  was  also  its  first  secretary,  and  in  1909,  he  was  its  chairman: 
a  more  efficient  secretary  or  chairman  never  existed. 

It  seems  timely  to  quote  here  some  words  from  his  opening 
address  when  he  presided  at  these  meetings.' 

"Eighteen  years  ago,  when  the  men  who  had  carried  the 
American  Chemical  Society  through  so  many  vicissitudes 
organized  this  section,  in  order  that  the  general  society  might 
become  a  truly  national  one,  I  had  the  honor,  rather  than  the 
duty,  of  being  the  first  local  secretary.  The  meetings  were  so 
poorly  attended,  the  original  papers  so  scarce,  and  the  general 
business  so  unimportant,  that  no  hea\'y  work  devolved  upon  its 
officers.  We  met  in  the  chapel  of  the  old  university  building, 
where  Professor  Hall  and  I  had  our  primitive  laboratories, 
out  of  which  we  carved,  with  some  difficulty,  shelf-room  for  the 
fragmentary  society  library.  When  we  felt  in  need  of  a  little 
variety,  we^  sat  in  Professor  Chandler's  lecture-room  in  49th 
Street  and  listened  to  the  passing  trains;  or  in  East  23rd  Street 
peered  at  the  chairman  ensconced  behind  batteries  of 
Professor  Doremus's  bell-jars  and  air-pumps.  An  attendance 
of  forty  members,  I  believe,  was  a  record-breaking  event.  ..." 

The  following  paragraphs  relate  more  particularly  to  his 
plan  of  founding  the  chemical  museum: 

"Every  year  scores  of  New  Yorkers  graduate  in  chemistry 
from  our  local  institutions  and  return  from  years  of  protracted 
study  in  other  American  and  European  institutions.  They 
are  enthusiastic  for  research;  in  completing  their  theses 
they  have  laid  aside  definite  ideas  for  subsequent  experimenta- 
tion; but  they  have  no  laboratory.  While  waiting  to  hear  from 
the  teachers '  agency,  where  they  have  registered,  while  carrying 
on  desultory  correspondence  with  manufacturers  who  may  give 
them  a  chance,  they  do  not  venture  upon  expenditure  of  time 
and  money  to  fit  out  a  private  laboratory,  which  they  may  be 
called  upon  to  quit  any  minute  upon  the  appearance  of  that 
desired  appointment.  Often  necessity  or  tedium  will  cause 
them  to  accept  temporary  work  of  an  entirely  different  char- 
acter and  indefinitely  postpone  the  execution  of  the  experiments 

1  "Scientific  Work  of  Morris  Loeb."  by  Theodore  W.  Richards,  Harvard 
University  Press,  Cambridge,  Mass.,  p.  94. 
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which  they  had  mapped  out.  Who  will  estimate  the  loss  of 
scientific  momentum,  the  economic  and  intellectual  waste, 
which  this  lack  of  laboratory  facilities  for  the  graduate  inflicts 
upon  New  York,  as  compared  with  Berlin,  Vienna,  Paris  and 
London?  Either  our  universities  and  colleges,  or  private 
enterprise,  should  provide  temporary  desk-room  for  the  in- 
dependent research  chemist.  ..." 

"There  is  still  another  point,  however,  in  which  the  American 
chemist  is  at  a  great  disadvantage  as  compared  with  the  Euro- 
pean: the  ease  of  securing  material  for  his  research  and  of  com- 
paring his  results  with  those  of  others.  In  Europe,  especially 
in  Germany,  research  is  never  seriously  delayed  by  lack  of  a 
needed  preparation,  whereas  none  of  our  supply  houses  carry  a 
full  stock  of  chemicals. 
To  obtain  a  single  gram 
of  some  particular  sub- 
stance, needed  for  a  few 
preliminary  tests,  fre- 
quently causes  weeks  of 
delay,  as  well  as  the  dis- 
proportionate custom  house 
and  brokerage  expenses  in- 
volved in  the  importation 
of  small  quantities . 
Besides,  owing  to  the 
better  centralization  of 
scientific  laboratories  in 
Europe,  and  the  existence 
in  each  case  of  a  fairly 
complete  set  of  specimens 
accumulated  in  the  re- 
searches of  large  numbers 
of  academic  investigators, 
it  is  comparatively  easy 
to  obtain  by  correspond- 
ence research  material  or 
typical  specimens  for 
comparison.  In  this 
country,  on  the  other 
hand,  laboratories  are 
scattered  throughout  the 
numerous  colleges  and 
universities,  and  there  are 
no  established  rules  by 
which  specimens  must  be 
deposited  with  the  labora- 
tory. In  smaller  labora- 
tories, especially,  the 
chances  of  preservation 
after  the  departure  of  the 
investigator  are  not  very 
good.  It  would  be,  con- 
sequently, very  much 
more  difficult  to  obtain 
such  specimens  here.  I 
would  suggest,  therefore, 

that  a  chemical  museum  be  established  in  New  York,  to  perform 
for  the  American  chemists  the  functions  that  the  Smithsonian 
Institution  so  admirably  carries  on  for  the  benefit  of  American 
naturalists.  This  museum  would  not  attempt  to  be  a  popular 
show-place,  but  would  embody,  in  the  first  place,  as  complete 
a  collection  as  possible  of  chemically  pure  materials  of  the 
rarer  kinds,  so  as  to  supplement,  but  not  in  any  manner 
compete  with,  the  stock  of  commercial  supply-houses.  Any 
scientific  investigator  would  be  entitled  to  borrow  or  purchase 
material  required  for  immediate  experimentation,  and  all  used 
articles  would  be  replaced  as  quickly  as  possible. 

"In  the  second  place,  it  would  be  a  depository  for  specimens 
of    new    substances    obtained    in    American    research.     Every 


MORRIS   LOEB   BU.ST 


chemist  would  be  invited  to  send  to  the  museum  a  small  quantity 
of  each  substance  newly  prepared  by  him,  not,  indeed,  as  an 
evidence  of  the  good  faith  of  his  investigation,  but,  rather,  to 
enable  future  workers  to  obtain  such  material,  either  for  com- 
parison, or  for  further  experimentation  with  the  least  possible 
delay.  Many  substances  that  are  now  carried  away  from 
universities  by  students  who  subsequently  abandon  chemical 
research,  or  which  belong  to  the  families  of  deceased  chemists 
who  do  not  know  what  to  do  with  them,  would  thereby  be 
rescued  from  oblivion,  and  might  ultimately  become  of  the 
greatest  value  for  a  special  purpose. 

"Thirdly,  this  museum  would  invite  chemical  manufacturers 
to  send  standard  samples  of  their  products,  and  thereby  facili- 
tate the  commercial  rela- 
tions   between    consumer 
and   manufacturer. 

"To  such  a  museum 
there  could  be  attached 
a  competent  staff  of 
workers  for  the  prepara- 
tion of  samples  not  other- 
wise available.  In  the 
analysis  of  samples  sub- 
mitted as  official  stand- 
ards, we  should  have 
the  beginning  of  that 
Chemische  Reichsanstall 
which  is  now  the  chief 
object  to  which  German 
chemists  are  directing 
their  attention." 

Later  on,  when  through 
his  enthusiasm,  untiring 
energy  and  financial  aid, 
the  Chemists'  Building 
had  become  an  accom- 
plished fact,  he  wrote  as 
follows:' 

' '  We  have  detailed  some 
of  the  more  striking  ad- 
vantages which  the  new 
building  is  expected  to 
confer  upon  the  chemical 
profession  as  a  whole,  as 
well  as  upon  its  indi- 
vidual votaries;  is  it  an 
exaggeration  to  charac- 
terize the  constitution  of 
the  Chemists'  Building 
Company  itself  as  a  new 
era  in  the  chemical  in- 
dustry of  our  countr>': 
In  scanning  the  list  of 
shareholders,  we  find  rep- 
resentatives of  nearly 
every  important  concern, 
or  even  the  larger  companies  themselves;  but  that  this  is  not  a 
'trust,'  in  the  sense  so  obnoxious  to  the  yellow  journalist,  is 
demonstrated  by  the  conditions  of  the  partnership.  No  share- 
holder can  receive  more  than  3  per  cent  di\-idends.  and  the 
surplus  cannot,  under  any  circumstances,  accrue  to  his  benefit 
within  the  next  fifty  years.  This  association,  therefore,  is  not 
for  individual  profit,  but  for  the  raising  of  the  standards  of 
chemical  industry  and  research  in  the  United  States.  If  we 
recognize  what  the  \'erein  zur  Hebung  der  chemischen  In- 
dustrie, founded  by  Hofmann  and  Werner  Siemens,  has  done 
for  Germany,  we  may  well  hope  for  further  fruits  of  this  initia- 
tive here.  Perhaps  this  building  will  house  joint  laboratories 
'  Theodore  W.  Richards,  loc.  cit.,  p.  126,  etc. 
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for  the  solution -of  questions  affecting  all  manufactures  alike; 
or  experimental  stations  for  the  study  of  natural  products  not 
yet  utilized;  or  a  cooperative  bureau  of  standardization  for 
analytical  methods;  or  a  national  welfare  bureau  for  employees 
in  chemical  factories.  This  building  does  not  owe  its  erection 
to  some  benevolent  demigod,  extending  his  protecting  wing 
over  people  unable  to  care  for  themselves;  it  is  a  building  by  the 
chemists,  of  the  chemists,  and  for  the  chemists.  May  it  ever 
serve  as  an  exemplar  of  unselfish  patriotic  cooperation ! 

' '  For,  strange  as  it  may  seem  to  the  layman,  who  has  seen  the 
ugliest  blots  on  a  landscape  designated  as  chemical  factories, 
who  has  sniffed  with  disgust  a  chemical  odor,  has  been  urged 
to  believe  that  the  chemist's  shadow  contaminates  pure  foods, 
and  has  been  taught  in  school  that  alchemy  spelled  fraud  and 
sorcery,  our  science  is  one  calculated  to  develop  the  ideal  side  of 
human  nature,  and  the  chemist,  more  perhaps  than  the  votary  of 
natural  science  or  the  devotee  of  the  so-called  humanities,  is  led  to 
an  intense  interest  in  human  development 

' '  Our  science  aspires  not  orJy  to  know,  but  also  to  do.  On 
the  one  hand,  it  leads  us  to  delve  into  the  secrets  of  nature, 
in  the  minute  atom  as  well  as  in  the  far  distant  stars,  in  the 
living  cell  as  well  as  in  the  crystallized  relics  of  the  convulsions 
from  which  this  earth  was  born;  on  the  other,  it  leads  us  to 
apply  this  knowledge  to  the  immediate  needs  of  man,  be  it  in 
safeguarding  his  health,  in  ministering  to  his  material  or  esthetic 
wants,   or  in  regulating  his  commerce   and   in   facilitating  his 

utilization   of  the  earth's   resources There  are  two  ways  of 

aiding  a  man  or  a  cause:  by  addition  to  the  income  or  reduction 
of  the  expense.  The  pecuniary  result  to  the  beneficiary  may 
be  the  same,  but  the  moral  one  is  far  different;  it  is  not  only  the 
beggar  who  is  pauperized  by  the  cash  gift  and  uplifted  by  the 
aid  which  enables  him  to  earn  his  own  livelihood.  Arts  and 
sciences  may  be  stimulated  by  prizes  and  scholarships  beyond 
a  doubt,  but  the  relation  between  donor  and  recipient  is  not 
free  from  restraint,  and  the  probability  of  human  error  in  the 
selection  of  the  right  incumbent  makes  the  method  a  wasteful 
one  at  best ....  To  remove  these  disadvantages  in  time  and  cost, 
to  provide  easy  access  to  books  and  apparatus,  to  make  room  for 
the  independent  scientific  worker,  are  the  ideals  which  hovered 
before  the  eyes  of  those  who  planned  this  present  enterprise. 
Time  will  show  whether  they  can  all  be  realized,  but  whatever 
is  done  in  this  beautiful  building,  which  we  are  about  to  dedi- 
cate, must  open  free  opportunities  to  all  and  show  favoritism 
toward  none,  if  the  trust  imposed  upon  its  management  be 
administered  in  the  spirit  of  those  who  have  contributed  toward 
its  erection " 

After  his  untimely  death,  which  left  so  many  in  sorrow,  it 
was  found  that  by  his  will,  he  had  planned  the  realization  of 
the  ideals  he  had  preached. 

To  his  University,  Harvard,  he  left  a  large  sum  of  money  for 
chemical  research;  to  the  Chemists'  Building,  he  gave  all  his 
shares;  to  the  American  Chemical  Society,  he  left  a  fund  for  the 
creation  of  a  chemical  museum  along  the  lines  conceived  and 
clearly  described  by  him. 

Mr.  Chairman,  none  of  us,  who  have  known  Morris  Loeb, 
who  have  lived,  worked,  or  spoken  with  him,  need  a  bust  nor  a 
portrait  to  remind  us  of  the  man,  or  his  work.  But  as  we  grow 
older  and  death  keeps  thinning  out  our  ranks,  younger  genera- 
tions of  chemists  will  use  these  halls.  Our  duties,  our  responsi- 
bilities, will  become  their  duties,  their  responsibilities. 

I  have  no  doubt  that  their  aims  for  good,  will  be  of  the  highest; 
that  they  will  better  realize  than  the  present  generation,  that 
to  be  a  chemist,  is  to  be  an  apostle  of  Progress  and  Civilization, 
of  Justice  and  Truth.  But  the  chemists  of  the  coming  genera- 
tion will  not  have  known  Morris  Loeb,  and  we  must  remind 
them  of  what  one  of  our  generation  dreamt,  planned  and  did  for 
them.  This  is  the  reason  why  some  friends  of  Dr.  Loeb  ob- 
tained a  bronze  bust  from  Mr.   Karl  Bitter,   an  artist  whose 


reputation  is  no  longer  to  be  made.     It  is  their  desire  that  this 
bust  should  adorn  the  halls  of  The  Chemists'  Club. 

Dr.  McKenna,  upon  you,  as  President  of  The  Chemists'  Club, 
devolves  the  responsibility  of  placing  this  bust  where  it  will 
best  serve  its  purpose. 

ADDRESS  OF  ACCEPTANCE 

By  Charles  F.  McKenna 

Dr.  Baekeland  and  his  generous  friends  have  placed  The 
Chemists'  Club  under  a  lasting  debt  of  gratitude. 

Ever  since  the  death  of  Doctor  Loeb  the  officers  and  members  of 
the  Club  have  repeatedly  wondered  how  we  should  be  able  ad- 
equately to  put  on  record  here  all  that  his  name  implies  in  our 
history. 

Doctor  Loeb  left  his  impress  upon  many  spheres  of  activity 
in  the  world  that  he  was  fated  to  leave  early — on  philanthropy, 
civics  and  education  among  the  most  noteworthy  ones.  But 
chemistry  was  his  deepest  love,  and  that  science  received  most 
from  the  labor  of  his  hands  and  the  genius  of  his  mind.  Particu- 
larly did  this  agency  which  we  find  most  forceful  in  the  pro- 
fession today,  and  which  is  known  as  The  Chemists'  Club,  re- 
ceive much  from  his  generous  impulses  and  constructive,  mental- 
ity. He  gave  to  this  club  his  best,  not  that  it  might  be  merely 
a  social  agency,  but  that  it  should  be  even  more,  a  strong, 
suggestive,  creative  power  in  the  purest  realms  in  the  science. 

As  you  have  heard  from  Dr.  Baekeland's  address,  in  all  of  the 
discussions  which  took  place  during  the  inception  of  this  enter- 
prise. Doctor  Loeb  was  constantly  insisting  that  provision 
should  be  made  for  furnishing  facilities  for  research  to  scholarly 
chemists  who  had  given  proof  of  their  devotion  to  the  science 
and  their  possession  of  a  field  worthy  of  deep  study. 

I  speak  for  the  officers  and  memljers  of  the  Club  when  I  pledge 
its  honor  that  in  loving  memory  of  Morris  Loeb  the  same  generous 
readiness  with  help  shall  always  mark  its  attitude  towards  the 
scholar  in  chemistry. 

The  consequences  of  his  activity  will  thus  be  read  into  the 
pages  of  American  chemical  history,  and  the  glory  of  the  dis- 
coveries to  be  made  here  shall  reflect  back  to  him. 

It  is  pleasing,  when  depositing  this  bust  in  a  place  of  honor 
in  a  chemists''  hall,  for  us  to  know  that  it  is  a  work  of  art,  and 
that  it  is  of  bronze,  the  most  enduring  of  monumental  materials. 
Marble  is  fragile  and  cold;  bronze  is  resistant  but  strangely  attrac- 
tive. To  chisel  in  stone  must  be  a  hazard  of  skill;  to  model  and 
mould  and  affectionately  retouch  the  casting  must  be  a  satisfying 
art.  Therefore  all  the  world  loves  this  metal.  This  beautiful 
specimen  has  been  produced  as  a  labor  of  affection,  and  Mr. 
Karl  Bitter  has  put  his  best  into  it  and  given  freely  and 
gratuitously  to  The  Chemists '  Club  the  benefit  of  his  artistic  spirit. 

It  was  my  good  fortune  last  week  to  listen  to  an  address  by  Mr. 
Bitter  upon  the  methods  of  sculpture  in  ancient  times  compared 
with  those  of  modern  times,  and  I  have  never  been  more  charmed 
and  instructed,  and  there  is  no  one  today  so  well  fitted  to  give 
us  this  eidightenment.  He  is  not  only  a  master  of  his  art,  but 
he  has  that  love  that  lingers  over  the  triumphs  of  its  history. 

Therefore  we  appreciate  the  more  the  value  of  this  bronze  so 
thoughtfully  secured  for  us  by  Dr.  Baekeland  and  his  friends. 

The  hand  of  a  genius  who  is  fit  to  stand  beside  the  immortal 
sculptors  of  the  ages  has  modeled  it;  its  noble  substance  will 
preserve  it,  the  patine  of  time  will  beautify  it.  What  could  be 
more  pleasing  to  us  all  than  thus  to  honor  the  memory  of  Morris 
Loeb,  the  idealist,  the  scholar,  the  lover  of  his  fellow  man? 

Further  to  mark  this  sense  of  obligation  that  we  feel,  the 
Club  has  had  a  Committee  at  work  preparing  a  literary  memorial 
of  our  friend.  It  is  beautiful  in  typography  and  in  form,  and 
contains  the  words  of  affectionate  remembrance  and  regard 
which  poured  forth  so  sincerely  when  his  friends  in  these  circles 
wished  to  express  their  grief  over  his  death.  We  take  pleasure 
in  making  a  distribution  of  this  volume  as  far  as  we  can  make  a 
limited  edition  go. 
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OB1TUARIL5 


ROBERT  KENNEDY  DUNCAN 

By  the  death  of  Dr.  Robert  Kennedy  Duncan  on  February 
the  eighteenth,  American  Industrial  Chemistry  lost  one  of  its 
greatest  members  and,  what  will  be  harder  to  replace,  the 
American  chemist  lost  one  of  his  greatest  friends.  Much  of 
Dr.  Duncan's  activity  had,  as  its  avowed  purpose,  the  better- 
ment of  the  conditions  under  which  the  American  chemist 
works..  He  also  promoted  American  chemistry  in  another  and 
broader  way;  his  literary  interpretations  of  scientific  facts 
aroused  a  world-wide  interest  in  the  subject  of  chemistry — he 
gave  life  to  the  most  abstruse  ideas  of  cold  science  and  made 
them  peculiarly  fascinating  to  the  reader. 

Robert  Kennedy  Dun- 
can was  born  in  Brant- 
ford,  Ontario,  November 
T,  1868.  He  was  of 
Scotch-Irish  descent  and 
in  his  character  he  showed 
many  of  the  best  charac- 
teristics of  both  races. 
His  disposition  was  happy 
and  he  was  a  brilliant 
and  witty  speaker  and 
writer;  his  Scotch  ances- 
try was  shown  in  an 
almost  uncanny  far- 
sightedness. Dr.  Duncan 
received  the  degree  of 
B.A.  from  the  University 
of  Toronto  in  1892  with 
first-class  honors  in 
Physics  and  Chemistry. 
He  was  fellow  in  Chem- 
istry in  Clark  University 
1892-3  and  a  graduate 
student  in  Columbia  Uni- 
versity 1897-8.  He  was 
instructor  in  Physics  and 
Chemistry  in  the  Auburn 
(N.  Y.)  Academic  High 
School  1893-5,  Dr.  Julius 
Sachs'  Collegiate  Institute 
(N.  Y.)  1895-8  and  the 
Hill  School,  Potsdam, 
Pa.,  1898-1901.  Hi- 
studied  abroad  in  thu 
years  1900,  1903,  1904 
and  1907.  His  first  col- 
lege teaching  was  with 
Washington  and  Jeffer- 
son College,  where  he  was 
Professor  of  Chemistry 
from  1 90 1  to  1906. 

In    1906    he    attended  ' 

the  Sixth  International  Congress  of  Applied  Chemistry  in 
Rome  and  it  was  in  this  historical  old  city  of  Rome  that 
he  conceived  the  idea  of  a  practical  method  of  bringing  the 
learning  of  the  University  to  the  service  of  Industry.  He 
once  told  me  that  the  whole  system  of  Industrial  Fellowships 
which  has  since  become  a  living  reality  in  the  Mellon  In- 
stitute flashed  then  into  his  mind — even  to  the  minutest  detail — 
as  he  stood  overlooking  the  eternal  hills  of  Rome.  In  1906 
he  was  called  to  the  University  of  Kansas  as  Professor  of 
Industrial  Chemistry  and  it  was  there  that  he  started  in  a  small 
way  his  unique  system  of  Industrial  Fellowships.     The  work 
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began  modestly  with  a  few  Fellowships  of  $500  a  year  each 
As  industrialists  began  to  see  the  results  obtained  and  began  to 
realize  what  a  privilege  this  system  offered  to  them,  the  Fellow- 
ships grew  by  leaps  and  bounds  until  a  single  one  has  $15,000 
per  year  and  the  Mellon  Institute  is  now  receiving  $103,000  per 
year  from  industrialists  to  be  used  towards  the  solution  of 
difficult  problems  of  vital  and  immediate  interest  to  the  donating 
corporations.  I  can  best  express  in  his  own  words  the  ideas 
which  were  in  Dr.  Duncan's  mind  when  he  proposed  to  make 
the  University  of  direct  service  to  Industry:' 

"It  (the  learning  of  the  University)  could  enter  the  factory 
only  through  the  employment  therein  of  men  of  high  scientific 

and  technical  training, 
working  in  an  atmosphere 
conducive  to  success — 
men  who  were  genuine 
researchers  inspired  to 
solve  practical  problems 
The  universities  of  the 
country  were  not  provid- 
ing the  industries  with 
men  of  such  qualities.  It 
is  true  that  they  were 
sending  out  large  numbers 
of  men — chemical  engi- 
neer's, etc. — on  the  basis 
of  a  four  years'  college 
course,  but  such  men  were 
merely  taught  men;  they 
were  not  researchers,  and 
under  the  conditions  of 
contemporary  factory 
practice  were  deprived  of 
the  possibilities  of  de- 
velopment, and  were,  in 
fact,  for  the  purposes  of 
research  merely  ruined. 
The  genuine  researchers 
turned  out  by  the  uni- 
versities, young  doctors 
of  philosophy  with  a 
record  of  successful  aca- 
demic research  and  with  a 
proved  capacity  for  crea- 
tive work,  were  discour- 
aged by  the  universities 
of  any  ambition  to  entet 
applied  research  and  were 
led  to  consider  the  teach- 
ing profession  as  the  onlji 
logical  goal.  A  man  o| 
splendid  training  and  ol 
brilliant  research  qualifica- 
tions who  entered  applied 
science — among  whom  are  the  few  contemporary  first-class 
research  technologists — did  so  under  the  onus  of  acadeniit 
disapproval.  The  reason  for  tliis  lay  in  the  fact  that  American 
science  had,  through  generations,  been  built  upon  the  basis  bl 
severe  academicism  and  formalism.  It  was  deemed  contrary  to" 
imiversity  ideals  and  traditions  that  research  should  have  in 
view  any  utilitarian  end;  there  was  great  insistence  upon  pure 
science,  the  implications  being  that  applied  science  was  impure 
and  constituted  a  degraded  form  of  research." 

I  wish  to  dwell  particularly  on  another  phase  of  this  system 
^  Journal  0/  the  Franklin  Institute,  JsitiuHTy.  191.^.  1 
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of  Industrial  Fellowships  as  it  throws  light  011  the  predominant  ■ 
trait  of  Dr.  Duncan's  character.  This  scheme  gives  to  young 
men — the  researchers — most  unique  opportunities.  They  have 
a  chance  to  prove  that  they  can  do  things  and  to  prove  it  directly 
to  the  men  who  are  the  executive  heads  of  business.  When 
they  have  thus  proved  that  they  belong  to  the  "can  do"  class, 
industry  at  once  opens  to  them  positions  that  they  could  in  the 
ordinary  course  of  events  hope  to  obtain  only  after  many  years. 
Dr.  Duncan  often  said  to  me  that  while  he  fully  appreciated  the 
value  of  this  system  of  Industrial  Research  to  the  University 
and  to  Industry  and  to  the  Public,  yet  he  felt  his  keenest  pleasure 
of  achievement  when  he  thought  of  the  opportunities  which  he 
was  able  to  offer  to  young  men.  This  was  significant  of  the 
spirit  of  the  man.  He  was  always  thinking  of  others.  He 
sought  nothing  for  himself,  but  did  not  hesitate  to  perform  any 
amount  of  labor  which  might  possibly  advance  one  of  his  "boys." 
While  a  matchless  executive,  he  was  to  his  associates  and  the 
Fellows  of  the  Institute  more  like  a  father  or  an  older  brother 
than  a  director.  It  was  this  spirit  of  unselfish  love  which  he 
tried  to  inculcate  into  his  laboratories  and  he  always  felt  that  the 
phenomenal  success  of  this  work  was  largely  due  to  the  spirit 
which  was  maintained  in  the  laboratories. 

There  will  be  no  question  in  any  one's  mind  as  to  the  place 
Dr.  Duncan  occupied  as  an  interpreter  of  new  scientific  knowl- 
edge. His  books,  "The  New  Knowledge,"  "The  Chemistry 
of  Commerce,"  and  "Some  Chemical  Problems  of  Today,"  as 
well  as  many  shorter  articles  in  the  magazines — notably  Harper's 
— represent  a  class  of  literature  of  the  highest  scientific  accuracy 
and  are  written  with  a  sweeping  charm  that  maintains  the 
reader's  unbroken  interest  from  start  to  finish.  As  an  inter- 
preter of  the  new  knowledge  in  his  chosen  field  of  activity  he 
ranks — and  the  world  will  accord  this  to  him — coordinate  with 
Tyndall. 

His  attitude  towards  matters  of  religion  reflected  the  best 
thought  of  our  time.  Thoroughly  trained  in  the  natural  sciences 
and  possessed  of  a  most  brilliant  raind  capable  of  the  most 
accurate  cold  reasoning,  he  retained  throughout  his  life  a  child- 
like faith  in  the  fundamentals  of  Christianity.  Calmly  and 
courageously  he  met  death.  It  was  to  him — and  he  gave 
utterance  to  this  two  days  before  his  final  departure — but  "a 
step  over  a  little  rill  from  one  life  into  a  greater  life." 

Dr.  Duncan  was  called  to  the  University  of  Pittsburgh  as 
Director  of  the  Department  of  Industrial  Research  in  1910. 
In  March,  1913,  this  Department  became,  through  a  magnifi- 
cent gift  from  Messrs.  Andrew  W.  and  Richard  B.  Mellon, 
the  Mellon  Institute  of  Industrial  Research  and  School  of 
Specific  Industries  of  the  University  of  Pittsburgh.  Dr.  Dun- 
can felt  that  he  was  fortunate  in  that  he  was  permitted  to  live 
to  see  his  life  work  an  established  fact.  He  realized  during 
the  last  two  years  that  he  might  not  live  long  and  with  his 
usual  farsightedness  he  carefully  trained  those  who  were  to  take 
up  the  work  after  he  was  gone.  It  was  his  wish  that  the  greater 
Mellon  Institute  should  be  his  monument  and  those  of  us  on 
whom  the  responsibility  falls  are  trying  to  follow  the  same  line 
of  enthusiastic  and  conscientious  endeavor  which  he  originated, 
that  there  may  thus  be  erected  a  living  memorial  to  a  man  who 
so  richly  deserved  it. 

Raymond  F.  Bacon 


GEORGE  WESTINGHOUSE 

"George  Westinghouse  is  in  character  and  achievement  one 
of  the  great  men  of  our  time." — Lord  Kelvin. 

A  man  who  was  rivalled  only  by  Andrew  Carnegie  in  his  con- 
tribution to  the  industries  of  this  country  and  one  who  walked 
among  the  mighty  in  the  history  of  the  electrical  art  died  in 
New  York  on  March  12th.  George  Westinghouse  had  been  a 
leading  and  honored  figure  in  Pittsburgh  for  the  space  of  an 


average  lifetime;  and  for  the  greater  part  o'f  that  time  he  had 
enjoyed  world-wide  reputation  as  one  of  the  leading  inventors 
of  the  age. 

Mr.  Westinghouse  was  born  in  Central  Bridge,  N.  Y.,  on 
October  6,  1846.  His  father  was  an  inventor,  and  from  him 
undoubtedly  were  inherited  the  qualities  which  made  the  younger 
Westinghouse  great.  After  an  honorable  service  during  the 
Civil  War,  he  returned  home  .and  engaged  in  industrial  work. 
As  a  mere  boy  he  had  devised  a  rotary  engine  with  improved 
features;  but  what  was  probably  his  first  original  invention 
was  a  machine  for  hoisting  derailed  cars  back  on  the  tracks. 
The  idea  of  the  airbrake  was  suggested  to  him  by  delay  in  a  jour- 
ney due  to  a  collision.  He  worked  on  this  plan  for  several 
years;  and  in  1868  made  arrangements  for  the  manufacture  of 
the  first  airbrakes,  which  were  successfully  tested  in  the  latter 
part  of  that  year.  This  was  the  first  of  the  great  Westinghouse 
patents.  It  developed  with  the  growth  of  the  railroad  system 
and  its  adoption  spread  all  over  the  world.  The  Westinghouse 
Airbrake  Company  is  now  one  of  the  established  institutions  of 
Pittsburgh.  Over  forty  years  ago.  Mr.  Westinghouse  intro- 
duced to  this  country  the  Saturday  half-holiday:  the  54-hour 
week  for  employees  was  started  by  his  Airbrake  Company  in 
1869  and  has  since  been  widely  adopted. 

In  1883,  Mr.  Westinghouse  became  interested  in  railway 
signals,  and  invented  the  system  manufactured  by  the  Union 
Switch  and  Signal  Company.  This  was  an  invention  second  in 
importance  only  to  the  airbrake.  In  1883  he  devoted  his  at- 
tention to  electrical  distribution,  and,  by  the  purchase  of  some 
patents  and  the  devices  of  others,  began  the  business  which,  in 
1 891,  was  consolidated  into  the  Westinghouse  Electric  and 
Manufacturing  Company.  This  development  included  the 
manufacture  of  electrical  machinery,  for  which  the  Westinghouse 
Machine  Company  was  organized  under  the  presidency  of  his 
brother.  The  Westinghouse  Company  constructed  the  first 
generators  for  transmitting  the  water-power  from  Niagara 
Falls.  About  1888,  Mr.  Westinghouse,  recognizing  the  industrial 
importance  of  natural  gas,  commenced  drilling  operations  in 
Pittsburgh,  and  struck  a  well  that  produced  a  high  pressure  of 
gas.  This  took  him  into  the  gas  business,  which  was  organized 
under  the  Philadelphia  Company.  In  1892  the  importance 
of  incandescent  lamps  led  to  the  organization  of  the  Westing- 
house Glass  Factory. 

The  last  five  years  were  a  period  of  revirescence — the  most 
active  and  productive  of  George  Westinghouse's  life.  During 
that  time  he  developed  the  geared  turbine  and  the  air  spring 
inventions,  and  he  al.so  succeeded  in  securing  the  adoption 
of  his  plan  for  the  reorganization  of  the  Electric  Company 
which  bears  his  name. 

These  are  but  leading  features  in  a  great  inventive  and  indus- 
trial career.  The  entire  grouji  of  Westinghouse  industries  con- 
sists of  35  companies,  with  a  capitalization  of  $150,000,000, 
with  factories  covering  200  acres  of  floor  space  and  giving  em- 
ployment to  an  average  of  16,000  persons.  In  these  interests 
are  owned  over  3,000  patents.  The  world-wide  benefits  of 
his  genius  compelled  the  establishment  of  great  industrial 
branches  in  England,  France,  Germany  and  Russia,  the  air- 
brake invention  in  particular  demanding  these  extensions. 

Owing  to  his  many  achievements  in  mechanics,  electrical 
engineering  and  applied  industry,  the  name  of  Westinghouse 
was  known  the  world  over,  and  consequently  George  Westing- 
house had  many  honorable  distinctions  conferred  upon  him. 
His  alma  mater,  Union  College,  conferred  upon  him  the  honorar>' 
degree  of  Doctor  of  Philosophy.  He  was  delcorated  with  the 
order  of  the  Legion  of  Honor,  with  the  order  of  the  Royal  Crown 
of  Italy,  with  the  order  of  Leopold  of  Belgium.  He  was  the 
second  recipient  of  the  John  Fritz  medal.  He  received  the  de- 
gree of  Doctor  of  Engineering  from  the  Konigliche  Technische 
HochschiUe    of    Berlin.     He    was    an  honorary  member  of    the 
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American  Society  of  Mechanical  Engineers,  of  which  body  he 
was  also  president  in  1910.  He  was  one  of  the  two  honorary 
members  of  the  American  Association  for  the  Advancement  of 
Science,  and  was  also  an  honorary  member  of  the  National 
Electric  Light  Association  of  America.  He  was  awarded  the 
Scott  premium  and  medal  by  the  Franklin  Institute;  he  re- 
ceived the  Edison  gold  medal  for  meritorious  achievements  in 
the  alternating  current  system  of  electrical  distribution,  and 
was  also  the  recipient  of  the  Grashof  gold  medal  from  the  So- 
ciety of  German  Engineers. 

While  Mr.   Westinghouse's  industrial  affairs   were   vast,   his 


personal  traits  were  admirable.  He  was  cultured  and 
was  charming  in  his  personal  relations.  Physically  cast  in  a 
large  mold,  his  mind  and  heart  were  equally  large;  he  was  an 
unostentatious,  kindly,  helpful  and  hard-working  man,  whose 
sturdy  characteristics  were  admired  in  all  countries.  Naturally 
a  man  of  immense  dynamic  force,  his  energy  was  supplemented 
by  a  boundless  tenacity  of  purpose,  a  splendid  optimism,  and 
an  abiding  faith  in  himself.  There  have  been  few  men  who  ac- 
complished so  much  and  ended  life  with  such  a  record  of  dis- 
tinguished services  in  the  advancement  of  industry. 

W.  A.  Hamor 


CURRLNT  INDUSTRIAL  NLW5 


By   M.   L.    HAMLIN 


NAPHTHALENE  AS  A  FUEL  FOR  MOTOR  VEHICLES 

In  the  Zeitschrift  des  Vereines  deutscher  Ingenieure,  58  (1914), 
22,  appears  an  article  by  A.  Heller  in  which  he  discusses 
the  question  of  fuel  for  motor  vehicles  in  general,  and  describes 
two  attempts  made  in  Prance  to  use  naphthalene — one  in  a 
taxicab  and  the  other  in  an  internal  combustion  yard  locomotive. 

The  great  increase  in  the  use  of  internal  combustion  engines 
for  automobiles  of  all  kinds  has  of  late  brought  up  the  question 
of  fuels,  which  is  all  the  more  pressing  because  the  supply  of 
gasoline  has  not  been  able  to  keep  up  with  the  increasing  de- 
mand. The  increase  in  price  of  gasoline  is  a  result  of  this  and 
is  not  due  to  price  manipulation.  The  comparative  decrease  in  the 
output  of  gasoline  is  due  to  two  conditions :  ( i )  America  has  hither- 
to furnished  about  80%  of  the  world's  supply,  but  lately,  partly 


price  has  in  the  meantime  risen,  so  that  it  can  no  longer  com- 
pete with  gasoline  as  it  once  could,  and  in  any  case  the  available 
German  output  is  small.  Its  present  assured  price  of  7  . 5  cents 
per  kg.  is  far  above  that  which  would  permit  of  its  development 
for  industrial  uses. 

Under  these  circumstances  it  is  strange  that  more  attention 
has  not  been  given  to  naphthalene,  since  its  practicability  as  a 
fuel  has  long  since  been  proved  by  the  Gasmotorenfabrik  Deutz, 
and  it  is  produced  in  very  large  amounts.  Pure  naphthalene 
(CioHs)  has  a  specific  gravity  at  15°  C.  of  i .  15,  and  melts  at 
79.7°,  while  crude  naphthalene  melts  at  about  75  °.  Its  heating 
value  is  9700  calories  per  kg.,  only  slightly  different  from  that 
of  gasoline,  but  its  higher  percentage  of  carbon  (93-7%C.; 
gasoline,  92  .3%  C.)  requires  more  air  for  combustion. 


Engine 

Naphthalene  tank 
Charging  funnel 
Naphthalene  vaporizer 
Exhaust 


Naphthalenb-btjrning  Switching  Locomotivk 
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g      Water  tank 
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i      Compressed  air  trans 
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Benzol  tank 
Pressure  tank 
Naphthalene  bo 


because  of  the  enormous  increase  in  the  number  of  automobiles 
in  America,  her  contribution  has  fallen  off;  (2)  in  the  rest  of  the 
world,  as  well  as  in  the  United  States,  the  gasoline  supply  has 
not  kept  pace  with  the  demand,  because  in  spile  of  the  increased 
output  of  crude  oil,  a  continuously  heavier  product  seems  to 
be  obtained,  and  attempts  to  improve  the  yield  of  gasoline 
artificially,  e.  g.,  by  cracking,  or  to  obtain  suitable  fuels  from 
natural  gas  by  treatment  under  pressure,  have  failed  to  better 
the  situation. 

The  search  for  a  suitable  fuel  led,  after  the  use  of  alcohol  had 
been  proved  imeconomical,  to  l)enzene;  while  it  has  been  proven 
a  success  mechanically   by   the   Daimler   Motor   Company,   its 


The  chief  advantage  of  naphthalene  is  its  cheapness;  with  an 
increased  demand  for  it,  a  price  of  2.5  cents  per  kg.,  one-third 
that  of  benzene,  can  be  coimtcd  on.  The  mechanical  difficul- 
ties of  its  use  are  not  so  great  that  they  cannot  be  overcome 
although  the  radius  of  action  of  vehicles  using  naphthalene  must 
be  somewhat  limited  because  it  has  to  be  carried  in  the  bulky 
form  of  a  solid. 

The  only  reported  experiments  with  naphthalene  as  a  fuel  for 
motor  vehicles  come  from  France.  In  one  case  [Le  Poidi 
Lourd,  9  May,  1913]  a  taxicab  engine  and  in  the  other  [Le  Genu 
Civil.  31  May,  1913;  Mem.  Soc.  Iiig.  Civ.  Je  France,  April,  1912' 
a  yard  locomotive  was  modified  to  burn   it      The  taxicab   (a 
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Renault  machine)  had  a  two-cylinder,  12  H.  P.  engine  of  10.2 
cm.  bore  and  12.0  cm.  stroke.  A  preheater,  heated  by  the  ex- 
haust, and  a  special  vaporizer  were  built  in.  Under  the  super- 
vision of  officers  of  the  Conservatoire  des  Arts  et  Metiers  in 
Paris,  a  round  trip  of  105.4  km.  was  run.  The  average  speed 
was  34.4  km.  per  hoiu,  and  the  maximum  42.3  km.  per  hour, 
14.996  kg.  of  naphthalene  were  used,  or  o.  142 -kg.  per  km., 
which,  at  a  price  of  2 . 5  cents  per  kg.  would  mean  o .  335  cent 
per  km.,  as  against  i  cent  per  km.  for  gasoline.  The  engine 
was  run  13  min.  37  sec.  on  gasoline  before  the  naphthalene  was 
turned  on,  and  could  be  started  without  gasoline  after  a  10  min. 
stop  or  by  priming  the  cylinders  with  gasoline  after  a  16  min. 
stop.  Further  than  this  there  were  no  difficulties;  the  exhaust 
was  almost  smokeless  and  there  was  no  deposit  in  the  cylinders. 

The  second  experiment  was  with  a  yard  locomotive  (shown 
in  the  figure)  built  by  Schneider  &  Co.  of  19  metric  tons  service 
weight  and  2500  kg.  maximum  tractive  power.  It  had  four 
cylinders,  cast  in  pairs,  of  14  cm.  diameter  and  20  cm.  stroke. 
With  benzene  it  developed  72  H.  P.  at  100  r.  p.  m.  and  used 
280  g.  per  H.  P.  per  hour.  The  cooling  water  was  circulated 
by  convection  and  passed  through  a  jacket  around  the  naph- 
thalene container  b,  keeping  the  fuel  molten.  The  liquid  naph- 
thalene was  pumped  from  the  container  to  the  vaporizer  above 
the  cylinder  head.  Raw  naphthalene  at  2-2.5  cents  per  kg. 
was  used. 

The  results  of  the  tests  were  favorable  and  showed  the  machine 
practical,  but  more  exact  data  are  not  yet  at  hand. 


REMOVAL  OF  BLAST  FURNACE    OBSTRUCTIONS  WITH 
EXPLOSIVES 

According  to  H.  Schonweg,  Zeitschr.  ges.  Schiess-  u.  Spreng- 
sloff.,  8  (1913),  445-448,  obstructions  which  completely  prevent 
the  passage  of  the  blast  in  blast  furnaces  may  be  removed  by 
dynamite  without  injuring  the  furnace.  The  charge  is  usually 
about  600  g.  but  may  be  as  large  as  1,250  g.,  provided  it  is  ex- 
ploded 40-50  cm.  from  the  furnace  wall.  The  dynamite  is 
fired  by  a  fuse,  the  charge  being  contained  in  a  tube  enclosed  in 
a  second  tube  (in  which  it  must  have  free  play)  projecting 
through  a  hole  drilled  in  the  furnace  wall. 

TRANSPORTATION  OF   CHEMICALS  BY  WATER 

In  Chcm.-Ztg.,  38  (1914),  146,  J.  Aeby  discusses  the  above 
problem  from  the  point  of  view  of  the  transportation  expert 
in  the  light  of  the  lessons  learned  from  the  Volturno  disaster. 
In  the  English  investigation  of  this  accident  it  appeared  that 
barium  peroxide  was  the  original  cause  of  the  fire;  therefore, 
there  is,  the  author  believes,  danger  that  this  product  will  be 
boycotted  and  its  transportation  by  water  surrounded  with 
difficulties,  as  is  already  the  case  with  sodium  and  potassium 
peroxide.  Admitting  that  barium  peroxide  was  the  primary 
cause,  he  however  points  out  that  the  fire  would  never  have 
occurred  unless  this  substance  had  been  shipped  with  inflammable 
organic  substances.  Since  it  cannot  be  expected  that  trans- 
portation companies  and  steamship  lines  shall  have  expert 
chemical  knowledge  of  the  goods  they  carry,  the  author  con- 
siders it  the  duty  of  shippers,  in  their  own  and  the  public's  in- 
terest, to  advise  the  transportation  companies  as  to  the  nature 
of  goods  shipped,  so  that  for  example,  neither  peroxides  nor 
permanganates  shall  be  shipped  in  the  same  cargoes  as  inflamma- 
ble organic  substances,  strontium  nitrate,  etc. 


great  pains  having  6een  taken  to  make  the  building  and  its  ap- 
proaches artistic.  These  efforts  towards  beauty  are  considered 
to  have  a  direct  advertising  value  and  so  are  economically  justi- 
fied. They  are  helped  by  the  fact  that  the  shed  type  of  factory 
with  its  ugly  saw-tooth  roof  was  abandoned  in  favor  of  one 
with  a  large  central  skylight,  which  assures  each  machine  a  sup- 
ply of  diffused  daylight  without  shadow.  All  the  machines  are 
driven  by  individual  electric  units,  which  receive  current  from 
the  power  plant  in  the  lower  story.  The  piping  and  wiring  pass 
for  the  most  part  through  this  story,  so  that  necessary  repairs 
will  cause  the  least  possible  interruption  of  manufacture.  The 
ventilating,  heating  and  humidifying  systems  are  so  designed 
that  the  air  can  be  changed  in  winter  once,  in  summer  four  times 
per  hour.  The  whole  plant  cost  $170,000,  of  which  $40,000 
was  spent  in  preparing  and  improving  the  grounds. 


WHALE  OIL 

H.  T.  Offerdahl-Larvik  gives  the  following  facts  about 
whale  oil  in  Ber.  d.  deiitsch.  Phann.  Ges.,  23  (1913),  558-559: 
The  world's  output  in  1912  was  1,200,000  bbl.  of  (750  kg.  each), 
more  than  half  of  which  came  from  the  Norwegian  fisheries. 
In  1904-1905  the  cost  of  producing  i  ton  of  oil  was  $67.50; 
in  1912,  owing  to  higher  wages,  $94.50. 

After  the  first  separation  of  the  oil,  the  flesh  and  bones  are 
dried  at  300 "-400°  C,  re-pressed,  and  used  for  fertilizer.  This 
contains  10-12  per  cent  nitrogen,  14-15  per  cent  phosphoric  acid, 
and  not  more  than  3  per  cent  oil  if  it  is  of  good  quality.  Whale 
oil  is  now  hydrogenated  exclusively  for  soapmaking,  but  the 
author  believes  it  has  a  value  as  a  foodstuff,  and  that  the  nickel 
present,  left  after  the  hydrogenation,  is  absolutley  non-toxic. 


ITALUN  AUXILIARY  MARINE  DIESEL  ENGINE 

In  This  Journal,  6,  259,  an  account  was  given  of  a  passenger 
vessel  equipped  with  large  Diesel  engines.  At  the  time  of  the 
adaptation  of  this  type  of  engine  to  marine  service  it  was  freely 
predicted  that  a  new  era  of  prosperity  was  in  store  for  the 
auxiliary  sailing  vessel,  and  this  prediction  has  to  some  extent 
been  fulfilled.  One  of  the  latest  vessels  of  this  type  is  the 
Italian  three-masted  schooner  "Aosta,"  1050  tons,  described 
in  Engineering  (London),  97  (1914),  182.  Her  engine  is  of  the 
two-stroke-cycle  type  with  foru  cylinders  of  350  ram.  (13.75 
in.)  diameter  and  500  mm.  (19.  7  in.)  stroke,  giving  at  200  r.  p.  m. 
about  440  brake  horse  power,  corresponding  to  the  compara- 
tively high  mean  effective  pressure  of  127  lb.  per  sq.  in.,  assuming 
the  engines  to  have  a  mechanical  efficiency  of  about  73  per  cent. 
The  engine  is  a  good  example  of  modern  Italian  engineering 
practice  and  is  unique  in  almost  all  its  principal  features. 


A  NEW  GERMAN  SILK  MILL 

Michels  &  Cie  have  recently  built  a  new  silk  mill  at  Nowawes, 
near  Berlin,  which  is  described  in  the  Zeilschrift  des  Vereines 
deulscher  Ingenieure.  58  (1914),  6,  53.  Aside  from  the  mechanical 
perfection  of  the  plant,  its  appearance  has  not  been  neglected. 


LOCAL  SURFACE  HARDENING  OF  HIGH  TENSION 
STEELS 

According  to  Engineering  (London),  97  (1914),  212,  Messrs. 
Vickers  have  perfected  at  their  River  Don  Works,  at  Sheffield, 
a  system  of  surface-hardening  which  can  be  ai)plied  to  any 
local  part  of  any  casting  or  forging  of  high-tensile  steel,  without 
involving  distortion  and  without  destroying  the  effects  of  the 
usual  heat  treatment  to  which  the  whole  casting  or  forging  may 
have  been  subjected.  The  equipment  includes  merely  the  out- 
fit usually  supplied  for  oxy-acetylcne  welding  purposes;  four 
sizes  of  burners  meet  all  general  requirements.  The  work  to  be 
hardened  locally  is  placed  in  a  tank  of  water  with  adjustable 
overflow,  so  that  the  water-level  can  be  regulated,  as  while  the 
portion  of  the  surface  being  hardened  is  instantly  heated  to  the 
required  temperature,  the  whole  of  the  remainder  of  the  article 
is  kept  as  cool  as  possible  by  being  immersed  in  w^er.  Should 
this  be  impossible,  the  part  not  being  hardened  must  be  kept 
cool  by  water  flowing  over  the  surface.     The  burner  is  held  so 
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that  the  outer  portions  of  the  flame  flow  in  the  direction  along 
which  the  burner  is  traveling,  and  the  portion  of  steel  heated 
should  be  cooled — when  intense  hardness  is  required — by  ar- 
ranging that  cooling  water  shall  follow  as  closely  as  jjossible  the 
traveling  burner,  but  not  so  close  as  to  disturb  the  flame,  because 
that  is  not  only  liable  to  put  it  out,  but  prevents  rapid  heating 
and  causes  irregular  hardening.  The  cost  for  hardening  each 
square  inch  of  surface  is  approximately  only  o .  s  cent. 

The  flame  required  must  be  of  the  highest  possible  tempera- 
ture, and  burn  close  to,  and  even  under,  water.  This  is  ob- 
tained by  adjusting  the  flame  as  for  welding,  and  then  increas- 
ing the  pressure  of  oxygen,  so  that  the  flame  changes  color  and 
appearance  from  a  white  cone  to  a  bluish  streaked  tongue,  when 
observed  through  smoked  glasses. 

The  essential  to  success  in  this  method  is  the  speed  of  heating. 
As  the  flame  passes  along,  the  surface  is  instantly  cooled  by 
the  cold  remainder  of  the  forging  or  casting,  leaving  it  of 
the  maximum  hardness  of  which  the  steel  is  capable  when 
heated  and  quenched  in  cold  water.  To  obtain  a  thin  but  in- 
tensely hard  surface,  the  part  to  be  hardened  should  be  just 
below  the  surface  of  the  water,  the  impinging  flame  blowing  the 
film  of  water  away.  The  normal  depth  of  hardening  is  about 
'/16  in.,  but  a  greater  depth,  up  to  about  '/s  in.  or  '/is  in.,  can  be 
obtained  by  slightly  prolonging  the  heating,  a  slight  wavy  or 
rotary  movement  being  given  to  the  flame  to  avoid  burning  the 
siu'face  of  the  steel. 

Contrary  to  what  might  have  been  expected,  even  with  the 
hardest  steels,  there  is  no  tendency  for  the  hardened  surface  to 
crack  or  flake  away  from  the  unhardened  portion.  In  a  num- 
ber of  cases  made  for  examination,  not  a  single  instance  shows 
any  parting  between  the  hardened  and  unhardened  portions. 

While  Messrs.  Vickers  are  applying  the  process  only  to  high- 
tensile  steels,  and  are  interested  in  no  further  application,  it  is 
of  general  engineering  interest  to  note  that  cast-iron  and  "Black- 
heart"  malleable- iron  castings  can  also  be  given  a  glass  hard 
surface  by  hardening  in  this  manner. 


THE  SPONTANEOUS  COMBUSTION  OF  COAL  IN  MINES 
The  question  of  spontaneous  combustion  of  coal  in  mines  is 
discussed  in  Engineering  (London),  97  (1914),  224,  and  the  re- 
sults of  an  English  government  investigation  are  reported. 
In  August,  1912,  the  Home  Secretary  appointed  a  Depart- 
mental Committee,  consisting  of  Mr.  R.  A.  S.  Redmayne,  Chief 
Inspector  of  Mines,  Sir  Arthur  B.  Markham,  M.  P.,  and  Messrs. 
C.  E.  Rhodes,  Frank  Rigby,  and  Herbert  Smith,  for  the  pur- 
pose of  inquiring  into  the  circumstances  in  which  spontaneous 
combustion  of  coal  occurs  in  mines,  its  causes,  and  the  means 
of  preventing  it  or  dealing  with  it. 

Considering  that  colliery  temperatures  vary  widely  from  col- 
liery to  colliery,  the  committee,  after  taking  much  evidence  from 
the  inspectors,  managers  and  men,  suggest  that  the  Inspector  of 
Mines  should  be  notified:  (i)  when  gob  stink  or  other  signs  of 
combustion  are  observed;  (2)  when  the  air  temperature  in  any 
accessible  part  of  the  mine  is  20°  F.  above  the  normal  tempera- 
ture in  the  main  return  air-way,  or  when  it  rises  to  110°  F. ;  (3) 
when  any  flash  has  been  observed  coming  from  any  pack  or 
waste.  Notification  should  also  be  made  of  the  commencement 
of  work  for  the  purpose  of  discovering  or  combating  a  fire  or 
anticipated  fire. 

The  members  of  the  committee,  recognizing  the  importance 
of  special  conditions,  propose  that  in  all  the  mines,  in  which 
safety  lamps  are  used,  or  in  which  as  much  as  'A  per  cent  of  in- 
flammable gas  has  been  found  in  any  ventilating  district  or  re- 
turn air-way  of  the  mine,  on  any  one  occasion:  (a)  When 
smoke  or  other  signs  of  a  fire  occur,  all  the  workmen 
should  at  once  be  withdrawn  from  the  affected  ventilating  dis- 
trict, and  not  be  re-admitted  before  the  manager  and  two 
representatives  of  the  men  have  made  an  inspection  and  have 


entered  their  opinion,  duly  signed,  that  the  mine  is  safe  again; 
(6)  when  the  actual  fire  has  been  located,  or  is  known  to  exist, 
all  the  men  working  on  the  seam,  and  on  other  seams 
worked  on  the  same  level,  should  be  withdrawn  from  the  mine, 
except  those  engaged  in  fighting  the  fire,  unless  the  seam  be  natur- 
ally wet  throughout,  etc. ;  (c)  in  the  event  of  a  fire  being  dammed 
off,  all  men  should  be  withdrawn  until  the  work  has  been  com- 
pleted. 

As  regards  rule  (6),  four  members  would  be  ready  to  relax 
this  rule  provided  incombustible  dust  be  used  on  the  roads;  but 
they  would  require,  in  parts  contiguous  to  the  fire,  at  least  four 
parts  of  stone-dust  to  one  part  of  coal-dust;  that  is  to  say,  they 
would  insist  on  more  stone-dust  than  the  Explosion  in  Mines 
Committee  deems  necessary.  Four  members  again  recommend 
in  memorandum  5  that  all  timber  should  be  removed  from 
wastes  and  roads  to  be  abandoned,  as  that  timber  is  clearly  a 
very  fruitful  source  of  danger. 

Finally,  Mr.  Herbert  Smith,  who  had  signed  only  the  first 
two  memoranda,  deprecates  the  use  of  stone-dust,  which  must 
be  injurious  to  the  health  of  the  miners.  In  South  Africa,  he 
points  out,  the  working  life  of  a  miner  is  four  or  five  years,  and 
the  mortality  in  the  Yorkshire  ganister-mines  is  also  very  high 
and  medically  ascribed  to  dust  inhalation. 


SOME  STATISTICS  ON  GERMAN  UNIVERSITIES 

Some  interesting  statistics  about  German  universities  are 
given  in  the  Chemiker-Zeitung,  38  (1914),  250.  During  the 
academic  year,  August,  1911-August,  1912,  4455  doctors'  de- 
grees were  given,  83  more  than  in  the  previous  year;  these  were 
divided  among  the  various  faculties  as  follows:  Theology,  55; 
law  and  political  science,  1265;  medicine,  1343;  philosophy  and 
natiu"al  science,  1792.  The  percentage  of  students  who  receive 
degrees  in  the  different  universities  and  faculties  varies  from 
87.6  per  cent  in  law  at  Erlangen  to  0.2  per  cent  in  law  at  Berlin. 

The  salary  of  rector  varies  in  an  astonishing  way  at  different 
universities.  This  position  is  of  course  quite  different  from  that 
of  president  in  an  American  university,  for  the  rector  is  elected 
from  the  faculty  by  his  colleagues  for  a  short  term.  In  Berlin 
the  rector's  salary  is  about  $9,250,  in  Kiel  S800,  while  in  the 
Academy  at  Braunsberg  it  is  slightly  more  than  S20.  The 
average  is  about  $1,500.  The  salary  of  the  deans  of  the  various 
faculties  varies  even  more,  ranging  from  $5,500,  the  salary  of  the 
dean  of  the  faculty  of  philosophy  at  Berlin,  to  S5,  the  compen- 
sation of  the  head  of  the  theological  faculty  at  Halle. 

DUSSELDORF  CENTENNIAL  EXPOSITION 
The  centenary  of  the  aimexatiou  of  the  Rheinland  by  Prussia 
will  be  celebrated  in  19 15  by  an  exposition  at  Diisseldorf.  Ac- 
cording to  the  Chemiker-Zeitung,  38  (1914),  223,  chemical  and 
pharmaceutical  industries  will  be  represented  more  fully  than 
ever  before.  In  the  chemical  section  a  special  effort  will  be 
made  to  show  the  history  and  development  of  pure  chemistry 
during  the  century,  its  connection  with  other  sciences  and  par- 
ticularly with  various  industries. 


THE  RUBBER  SITUATION  IN  JAPAN 

The  rubber  industry  in  Japan  is  in  a  ver>'  depressed  condition. 
It  takes  a  leading  place  among  those  industries  that  have  grown 
up  under  the  protective  tariff  and  tliere  are  now  about  thirty 
firms  with  a  capital  of  $2,300,000.  engaged  in  it,  but  this  very 
condition  has  reacted  with  the  extremely  limited  demands  of 
the  market  to  cause  a  large  drop  in  tlie  price  in  the  last  two  years. 
Although  the  price  of  raw  material  has  also  dropped,  according 
to  the  Chemiker-Zeitung,  38  (1914),  134,  the  Japanese  manu- 
facturers have  not  yet  felt  the  benefit  of  this;  they  are  making 
no  profits  now  and  all  except  the  strongest  companies  face  the 
prospect  of  heavy  losses  in  the  future. 
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ENGLAND'S  CH 

EMICAL  T 

RADE  1912 

AND  1913 

Chffr 

Zls-.  38  (.1914;,  J40 

VALUES  IN  RO 

UND  THOUSANDS 

Imports 

1912 

1913 

Sodium  compounds 

$        802,000 

$        860,000 

Saltpeter 

1,086,000 

1.205,000 

Other  potassium  salts 

3,096,000 

3.151,000 

Fertilizers:  Basic 

446,000 

510.000 

Bone 

1 ,088,000 

1 .098.000 

Guano 

408,000 

746,000 

Chile  saltpeter 

6,374,000 

7.453.000 

Phosphate  and  rock 

phosphate 

4 .  205 ,  000 

4,371.000 

Bleaching  materials 

219,000 

172.000 

Boracite,  borates,  borax. 

etc. 

936,000 

1.015,000 

Sulfur,  crude 

562,000 

464,000 

Calcium  carbide 

950,000 

1,362,000 

Chemicals:  c    g..  Acetone,  calcium  ace 

tate,  sulfuric  acid 

7,770,000 

8,595.000 

China  bark 

245.000 

290.000 

Quinine  and  its  salts 

477,000 

512.000 

Other  drugs 

6.959,000 

6.515.000 

Acetic  acid 

419,000 

429.000 

Tartaric  acid 

1,118,000. 

1.237.000 

Cream  of  tartar 

1.626,000 

1,660.000 

Glycerine:    Crude 

1.515,000 

1.279,000 

Distilled 

457.000 

423.000 

Coal-tar  products,  not  dyes 

789.000 

822 . 000 

Aniline  and  naphthalene 

7,318.000 

7,713,000 

Other  coal-tar  dyestuffs 

2.000 

3.000 

Color  extracts 

693.000 

642 . 000 

Other  dyes 

1,396,000 

1,501,000 

Alizarine  and  anthracene 

dyes 

1,319,000 

1,361,000 

Indigo,  natural 

493,000 

274,000 

synthetic 

454.000 

383,000 

Catechu 

537.000 

358.000 

Tanning  materials:  Bark 

1.120.000 

1.740,000 

Gambier 

684.000 

710,000 

Myrobalanen 

813.000 

834,000 

Sumach 

502,000 

416,000 

Valonea 

761.000 

821,000 

Other  tanning  materials 

39,000 

86.000 

Barium  sulfate 

808,000 

752.000 

Nickel  oxide 

585.000 

451.000 

Red  lead 

344,000 

316,000 

White  lead 

1,762,000 

1.815,000 

Zinc  oxide 

2 .  075 .  000 

2.147,000 

Pigments,  not  specified 

4,143,000 

4,281,000 

Exports 

Sulfuric  acid 

231.000 

313,000 

Salt  (not  table  salt) 

2,269,000 

2.363,000 

Sodium  carbonate 

2.793.000 

2.818.000 

Sodium  bicarbonate 

713.000 

612.000 

Sodium  chromate  and  bichromate 

259.000 

297.000 

Sodium  sulfate 

438.000 

573,000 

Caustic  soda 

3.786.000 

3.618,000 

Soda  crystals 

220.000 

226.000 

Other  sodium  compounds 

764,000 

789,000 

Saltpeter 

261,000 

233,000 

Potassium  chromate  and  bichromate 

462,000 

406,000 

Other  potassium  compou 

nds 

469,000 

655.000 

Ammonium  chloride 

806.000 

637.000 

Fertilizers:  Ammonium  sulfate 

19.956.000 

22.060.000 

Superphosphate 

1.152.000 

831,000 

Basic  slag  (Thomas 

Meal) 

1.172.000 

1,320.000 

Other  fertilizers 

4.166.000 

4.648.000 

Copper  sulfate 

8,597,000 

8.514.000 

Bleaching  powder 

849.000 

844.000 

Tartaric  acid 

366.000 

450.000 

Chemicals,  misc. 

14,083,000 

13,160,000 

Opium 

332.000 

62 , 000 

Quinine  and  its  salts 

338,000 

363 , 000 

Other  drugs 

10.512.000 

11,330,000 

Glycerine,  crude 

1.614.000 

2.213.000 

distilled 

1.654.000 

1.893,000 

Petroleum 

153.000 

1 23 . 000 

Aniline  and  toluidine 

162,000 

145,000 

Anthracene 

39.000 

7,000 

Benzene  and  toluene 

955 , 000 

1.515,000 

Carbolic  acid 

1.046,000 

'>53,O0O 

Tar.  crude 

91 ,000 

89,000 

refined 

233 . 000 

346,000 

Naphthalene 

113,000 

188.000 

Pitch 

5.190.000 

5 , 503 , 000 

Creosote,  etc. 

2.093,000 

2,963,000 

Other  coal-tar  products 

1,174.000 

1,496.000 

Coal-tar  dyes 

1 , 022 , 000 

895,000 

Other  dyes 

544,000 

527.000 

Barium  sulfate 

15,000 

100.000 

White  lead 

2.5^50.000 

2.526.000 

Zinc  oxide 

294.000 

275.000 

Other  pigments 

12.927,000 

13.546.000 

ELECTRIC  CURRENTS  IN  CONCRETE 
The  question  of  the  effect  of  electric  currents  in  concrete  and 
ferro-concrete,  of  so  much  importance  now,  has  been  investi- 
gated experimentally  abroad.  Among  the  more  recent  re- 
searches, according  to  The  Engineer  (London),  97  (1914),  224, 
are  those  undertaken  in  191 2  by  Dr.  MuUer  at  the  Technical 
High  School  of  Darmstadt,  on  behalf  of  the  Deutsche  Aiiss- 
chuss  fiir  Eisenbeton,  and  the  similar  experiments  made  last 
year  by  Dr.  Kurt  Lubowsky  at  the  Technical  High  .School  of 
Danzig,  and  described  in  the  Eleklrotechnische  Zeitschrift  of 
January  i  and  8,  1914. 


Lubowsky  experimented  with  prismatic  blocks,  12  cm.  (4.7  in.) 
square,  25  cm.  (10  in.)  high,  of  various  concrete  mixtures,  some 
inlaid  with  iron,  which  always  remained  within  the  blocks 
covered  by  2.5  cm.  (i  in.)  of  concrete.  The  electrodes  were 
perforated  sheets  of  iron,  7  cm.  by  1 1  cm.  by  i  mm.  thick,  joined 
to  copper  leads.  The  continuous  currents  were  taken  from  the 
220-volt  mains,  the  alternating  currents  from  generators  at 
60  periods  (maximum),  and  a  transformer.  The  concrete 
blocks  were  stored  in  air  or  in  water.  Diu-ing  the  setting  of 
the  concrete  the  resistance  in  the  dry  increased  slowly  at  first, 
then  more  rapidly  to  16,000  ohms  and  more,  the  rate  depending 
upon  the  weather.  Blocks  lying  in  water  increased  in  weight 
by  absorption  of  water,  while  the  resistance  went  quickly  down 
in  eight  hours  from  2200  ohms  to  about  200  ohms,  and  remained 
at  that  value;  the  concrete  had  been  allowed  to  set  properly  for 
many  days  before  being  immersed  in  water.  When  alternating 
currents  were  used  with  wet  cement,  the  drying  effect  (produced 
by  the  heating)  raised  the  resistance. 

The  results  of  the  electrolytic  corrosion  tests  on  the  whole 
agreed  with  previous  tests;  in  some  cases  corrosion  was  observed 
with  continuous  currents  of  lower  intensity  than  is  sometimes 
assumed;  occasionally  efflorescences  of  hydroxides  of  aluminum 
and  iron  were  noticed.  The  usual  effect  is,  of  course,  that  the 
iron  is  oxidized,  swells  and  cracks  the  concrete,  to  which  moisture 
thus  gains  access.  With  alternating  current  wet  concrete 
prisms  lying  in  water  absorbed,  at  first,  currents  up  to  1.5 
amperes,  but  the  temperatiu-e  rose  in  the  course  of  days  to  104°  C. 
within  the  blocks  (as  measured  by  embedded  thermometers), 
while  the  water  temperatiu-e  did  not  exceed  42  °.  After  8 1  days 
these  blocks  were  still  found  in  good  and  strong  condition, 
though  the  bare-iron  electrodes,  treated  with  the  same  alternating 
current,  began  to  corrode. 

Particular  interest  attaches  to  the  high-tension  experiments. 
The  respective  prism  was  placed  on  an  earthed  plate,  and  another 
iron  plate,  joined  to  a  transformer,  was  put  on  top  of  the  prism. 
When  currents  of  11,000  volts  and  0.22  ampere  were  applied, 
jets  of  steam  were  seen  to  issue  from  the  block,  after  two  hours, 
and  the  jets  soon  turned  into  arcs  up  to  6  cm.  in  length;  some  of 
these  arcs  fused  the  concrete,  which  finally  split. 

These  blocks  did  not  contain  any  iron.  When  another 
block  containing  a  spiral  core  of  iron  wire  (this  wire  not  being 
earthed)  was  similarly  exposed  to.  200,000  volts,  the  discharge 
did  not  pass  through  the  concrete,  but  a  spark  or  arc  would 
appear  somewhere  and  strike  through  the  air  to  the  earthed 
plate.  It  is  hence  suggested  that  the  lightning-conductors 
in  ferro-concrete  structures  should  be  arranged  without  regard 
to  the  iron  embedded  in  the  concrete,  which  carmot  well  be 
joined  to  the  conductor  network. 

Some  experiments  were  finally  made  on  the  insulating  power 
of  concrete.  For  this  purpose  blocks  with  wire  spirals  embedded 
in  them  were  again  used.  On  the  block  rested  a  bell  insulator, 
supplied  by  the  Porzellanfabrik  Hermsdorf,  to  which  a  con- 
ductor I  cm.  in  thickness  was  attached,  which  was  comiected 
with  a  60,000-volt  transformer.  The  concrete  prism  stood  on 
an  earthed  plate,  and  a  voltmeter  was  inserted  between  the  upper 
extremity  of  the  wire  spiral  (which  projected  out  of  the  concrete 
in  this  case)  and  the  earth.  The  path  from  the  conductor  to 
the  earth  was  thus:  bell  insulator,  concrete,  iron  spiral,  concrete, 
metal  base,  and  earth.  Under  these  conditions  the  iron  spiral 
would  acquire  a  potential  against  the  earth  which  would  depend 
upon  the  capacity  of  the  bell  insulator  and  the  condition  and 
thickness  of  the  concrete  layer.  The  potential  difference  of 
the  wire  spiral  rose  to  300  volts.  This  potential  might  be  dan- 
gerous to  people  touching  the  concrete,  provided  the  current 
intensity  were  sufficient.  But  assuming  transformer  currents 
of  100,000  volts  at  50  periods,  the  bell  insulators  would  not 
allow  more  than  0.63  milliampere  to  pass,  while  currents  of  less 
than    20   milliamperes    are   not   considered    dangerous.     From 
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this  point  of  view  blocks  or  columns  of  ferro-concrete  might  be 
used  in  insulating  stands  for  high-tension  insulators.  Whether 
it  is  advisable  to  use  the  iron  embedded  in  the  concrete  for  the 
piu-pose  of  earthing  such  stands  is  another  question.  There 
might  be  mechanical  damage  by  perforation  of  the  concrete, 
though  there  would  hardly  be  any  electrolytic  corrosion  with 
high-tension  alternating  currents. 


TEMPERATURE  REGXILATOR 

A  new  tank  temperattire  regulator  is  now  offered  under 
the  trade  name  The  "Sarco"  Regulator.     It  is  easily  installed 

and  can  be  arranged 
to  regulate  the  tem- 
perature of  water 
or  any  other  liquid. 
The  internal  con- 
struction of  the 
apparatus  is  clearly 
shown  in  the  cut. 
The  thermostatic 
element  "A"  is  a 
tubvdar  receptacle 
containing  a  heavy 
hydrocarbon  oil 
into  which  is  in- 
serted a  piece  of 
corrugated  copper 
tubing,  the  length 
of  which  is  ex- 
tended or  reduced 
by  turning  the  regu- 
lator head  "C." 
From  this  thermo- 
static element  a 
piece  of  fine  copper 
tubing  "D"  passes 
to  the  controller 
"G,"  which  also 
contains  a  piece  of 
corrugated  tubing 
capable  of  com- 
pression when  an 
increase  of  temperature  causes  the  surrounding  liquid  in  "A" 
to  expand.  It  will  be  observed,  that  the  thermostatic  element 
"A,"  the  connecting  copper  tube  "D"  and  the  controller  "G" 
form  one  hermetically  closed  chamber.  When  temperature 
increases  in  "A"  the  pressure  increases  and  is  transmitted  to 
"G,"  causing  a  compression  of  the  copper  tube  "F,"  which  forces 
out  the  piston  "I"  and  tends  to  close  the  valve.  Spiral  springs 
"E"  and  "J"  operating  in  the  opposite  direction  tend  to  keep 
the  valve  open. 

Regulators  can  be  furnished  for  the  following  ranges  of  tem- 
perature: 86-212°  F.,  140-212°  F.  and  176-212°  F.,  and  others 
by  special  arrangement. 

The  same  thermostatic  principle  has  been  applied  also  to 
room  temperature  regulator  and  to  a  mixing  valve  which 
makes  possible  a  continuous  discharge  of  water  at  a  constant 
temperature. 

STEAM  RAISING  BY  GAS  COKE 
The  Journal  of  Gas  Lighting  and  Water  Supply,  125  (1914), 
424,  publishes  some  data  on  steam  raising  by  gas  coke,  based 
on  evaporation  tests  ofificially  conducted,  under  the  direction  of 
the  London  Coke  Committee,  on  boilers  at  an  important  munici- 
pal pumping-station  near  London. 

The  boilers  are  the  ordinary  Cornish  type,  and  the'full  normal 
evaporative  capacity  was  maintained  during  the  tests  without 
alteration  of  the  existing  furnaces  or  draught  conditions.     Ordi- 


nary medium-sized  gas  coke  was  fired  exclusively  during  the 
tests,  at  intervals  of  30  to  40  minutes.  The  competing  fuel  was 
smokeless  Welsh  coal,  which  was  usually  stoked  at  intervals  of 
about  20  minutes.  The  results  obtained  demonstrate  the  com- 
paratively high  efficiency  of  gas  coke  as  a  steam-raising  fuel, 
and  its  adaptability  to  existing  conditions.  The  feed-water 
test-meter  had  been  previously  checked,  and  was  correctly 
calibrated  within  fine  limits.  The  coke  fuel  was  weighed  in 
small  lots  immediately  before  firing.  Intervals  of  I'/j  hours 
were  allowed  in  order  to  establish  coke-fires  prior  to  the  com- 
mencement of  the  tests,  which  were  twice  repeated  with  similar 
results.  The  draught  (natural)  available  was  0.12^  inch  at  the 
furnace  doors. 

Duration  of  tests 4         hours 

Steam  pressure — Maximum 103.0      lbs. 

Minimum 101.0 

Mean 101. S 

Feed  temperature,  average 175°  F. 

Total  coke  fired 1 .680.0      lbs. 

Average  per  square  foot  of  grate  per  hour. .  12.7 

Total  water  evaporated 16, 170.0 

Water  evaporated  per  pound  of  coke,  actual .  9.620 

Factor  of  evaporation 1 .  078    " 

Water  evaporated  per  pound  of  coke  as  fired 

from  and  at  212°  F 10.370    " 

Commenting  on  these  figures,  the  Joiu'nal  says:  "Though 
gas  coke  is  now  being  used  extensively  on  all  types  of  boilers 
in  London,  the  Committee's  experience  is  that  the  eflSciency 
of  this  fuel  for  steam-raising  purposes  is  little  understood  by 
engineers  in  charge  of  boiler  plants;  and  it  is  hoped  that  the 
above  authenticated  test  figures  may  prove  useful  in  dissipating 
prejudice  and  in  extending  the  use  of  gas  coke  fuel  for  industrial 
purposes." 

ENGINEERING  REPORT  ON  ARGENTINE  PETROLEUM 
Some  time  ago  the  Argentine  Government  appointed  an 
engineer,  to  supervise  the  borings  on  the  State  reserves  of  Com- 
odoro  Rivadavia.  According  to  the  Buenos  Aires  correspondent 
of  the  Berliner  Tageblatt  the  engineer  has  now  presented  a  first 
report  on  the  subject.  It  characterizes  the  depth  of  an  average 
of  1770  feet  at  which  petroleum  has  been  bored  as  favorable, 
especially  when  it  is  considered  that  many  very  productive  and 
remunerative  deposits  in  other  coimtries  have  to  be  pumped 
up  from  a  depth  of  from  4000-5600  ft.  The  productivity  of 
100  tons  daily  at  first  and  of  from  20  tons  to  25  tons  later  of  the 
individual  bore  holes  at  Comodoro  Rivadavia  leads  to  the  con- 
clusion that  there  is  a  possibility  of  working  for  many  years. 
The  Roumanian  sources  lie  at  a  depth  of  2600  ft.  and  yield  only 
10  to  15  tons  daily.  Nothing  definite  can  yet  be  stated  as  to 
the  extent  of  the  Argentine  deposits.  The  geological  investiga- 
tions which  have  been  undertaken  seem  to  prove  that  the  petro- 
leum layers  are  situated  in  a  stratum  about  5  miles  long  and  a 
few  miles  wide,  which  extends  toward  the  Atlantic  coast.  It  is 
assumed  that  deposits  of  bitumen  exist  in  association  with  the 
oil,  as  certain  gases  and  chemical  substances  have  been  found 
in  the  petroleum  which  would  be  able  to  yield  important  by- 
products on  rational  exploitation. 

The  report  proceeds  to  remark  that  it  can-  not  yet  be  stated 
whether  the  expectations  which  have  been  raised  will  be  fulfilled 
or,  possibly,  surpassed,  until  it  is  seen  whether  the  sources  of 
petroleum  first  bored  in  south  Argentina  only  represent,  as 
usual,  the  first  of  several  superimposed  layers  or  not.  •  *  • 
The  report  suggests  that  the  work  should  not  be  proceeded  with 
too  hastily,  and  that  private  capital  as  far  as  possible  should 
be  kept  at  a  distance  or  be  so  controlled  by  the  Government 
that  the  greatest  profit  is  not  allowed  to  be  extracted  within 
the  shortest  possible  time,  as  this  practice  in  other  places  has 
resulted  in  the  waste  of  up  to  70  per  cent  of  the  possible  produc- 
tion of  oil. 
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NOTL5  AND  CORRLSPONDLNCL 


THE  USE  OF  OZONE  IN  VENTILATION' 

By   LUDWIG    VON    KUPFFER,    of    BERLIN 

It  is  my  purpose  to  present  detailed  reports  on  the  present 
status  of  ozonization  of  air  for  ventilation.  The  statement  of 
some  persons  that  the  engineering  profession  would  never  have 
thought  of  using  ozone  had  it  not  been  for  an  exaggerated  idea 
of  the  physiological  benefits  of  breathing  ozone  is  false,  as  will 
be  proven  on  regarding  the  history  of  the  technical  development 
of  the  ozone  question. 

When  the  ozonization  of  drinking  water  had  become  widespread, 
the  industries  realized  "that  the  direct  breathing  of  ozonized 
air  in  itself  was  an  insignificant  fact,  while  on  the  other  hand  the 
ozone  percentage  in  the  air  was  of  great  importance,  as  it  certified 
to  a  certain  purity  of  the  atmosphere."  It  was  thought  that  the 
ozone  apparatus  used  for  sterilization  of  drinking  water  could 
not  be  used  for  ventilation  purposes,  and  the  manufacturers  set 
to  work  and  constructed  new  types.  Practical  tests  were  then 
made  to  show  that  ozone,  even  in  small  percentages,  was  able  to 
purify  the  air  by  removing,  or  at  least  by  lessening,  bad  odors. 
I  would  call  attention  to  the  experiments  by  Dr.  Liibbert  in 
Hamburg,  made  in  the  hold  of  the  steerage  of  an  ocean-going 
vessel,  which  experiments  marked  an  epoch  in  this  question. 
This  was  in  1907  and  was  reported  in  Gesundheits  Ingenieur. 
Liibbert's  results  were,  of  course,  attacked  by  various  other 
scientists,  but  nevertheless,  the  fact  remains  that  he  succeeded 
in  showing  that  it  was  possible  to  reduce  bad  odors  by  ozone  and 
thus  make  the  air  in  an  enclosed  space  bearable.  The  theoretical 
discussion  in  Liibbert's  reports  is  immaterial;  what  interests  the 
engineer  is  the  practical  fact  that  bad  odbrs  caused  by  human 
respiratory  and  life  processes  can  be  influenced  by  ozone  so  that 
their  disagreeable  consequences  are  eliminated. 

The  Congress  for  Heating  and  Ventilating  in  Frankfurt  (1910) 
was  the  first  one  to  spend  some  time  on  the  question  of  ventila- 
tion with  ozone.  Engineer  Cramer  gave  a  synopsis  of  the  work 
done  to  that  time  on  the  problem.  Cramer  stated  that  an 
ozonization  plant  would  never  be  able  to  take  the  place  of  a 
ventilating  plant,  but  it  would  be  able  to  be  an  efficient  aid  in 
ventilation.  Engineers  acquainted  with  both  branches  of  the 
industry  will  know  that  a  combination  of  ventilating  and  ozoni- 
zation plant  does  not  lead  to  a  curtailing  of  the  ventilating  plant, 
but  it  is  clear  that  such  places  as  the  vaults  of  banks,  public  baths, 
and  industrial  plants  would  be  able  to  eliminate  the  too 
frequent  changes  of  air  if  they  were  to  combine  their  ventilating 
plant  with  an  ozonization  plant. 

Experience  shows  that  ozone  ventilation  has  two  very  im- 
portant points  which  recommend  its  use  everywhere.  These 
are:  first,  the  influence  on  odors;  second,  the  purely  physiological 
effects.  This  report  is  merely  to  cover  actual  experiences  and 
is  not  to  discuss  theoretical  questions.  There  will  be  no  discus- 
sion as  to  whether  ozone  merely  covers  up  odors,  or  oxidizes 
them.  The  personal  ideas  of  the  author  were  laid  down  in  Ges. 
Ing.,  1913,  No.  16,  in  an  article  entitled  "Improving  the  Air  in 
Baths  by  Means  of  Ozone."  The  fact  remains  that  the  intro- 
duction of  ozonized  air  in  a  room  filled  with  stuffy  air  brings  re- 
lief, not  only  to  the  people  in  the  room  but  to  others  when  they 
enter  the  room.  This  is  especially  clear  when  a  person  enters  a 
crowded  room  from  the  outside  before  and  after  the  use  of  the 
ozonized  air.  After  a  few  minutes  there  is  a  marked  difference 
in  the  atmosphere  in  the  room,  which  is  plainly  discernible. 
Years  ago  experiments  were  made  in  a  Berlin  theatre  on  a  Sunday 
afternoon,  when  the  theatre  was  crowded,  and  it  was  possible 
to  create  a  pleasant  atmosphere  in  the  theatre  within  40  minutes, 

'  .Address  by  Ludwig  von  Kupfler.  of  Berlin,  at  the  9th  Congress  for 
Heating  and  Ventilating.  Cologne,  Germany.  June,  1913.  Abstracted  by 
Dr.  M.  W.  Franklin  from  Gesundheits  Ingenieur,  Aug.  16,  1913.  pp.  605-615. 


in  spite  of  the  fact  that  all  windows,  ventilators,  and  exits  were 
closed.  The  management  used  ozone  between  the  acts  and  found, 
to  its  satisfaction,  that  the  cases  of  fainting  that  had  been  regular 
every  Sunday  disappeared  entirely.  The  influence  of  ozonized 
air  is  especially  great  upon  the  respiratory  excretions  and 
odors  coming  from  the  mouth  and  nostrils.  These  odors  are 
prevalent  where  there  is  much  smoking  in  a  closed  room. 
The  stale  tobacco  smell  is  strongly  influenced  by  the  ozone. 
Professor  Rietschel  made  detailed  investigations  in  this  sub- 
ject when  the  Reichstagshaus  (House  of  Commons)  was 
to  be  equipped  with  an  ozone  plant.  He  recommended  the 
introduction  of  ozonized  air  to  the  great  recreation  room  in  the 
building,  as  the  original  ozonators  were  not  able  to  introduce 
enough  ozonized  air  to  do  away  with  the  disagreeable  restaurant 
odors.  The  result  was  satisfactory,  as  is  shown  by  the  quotation 
from  Director  Jungheim,  of  the  Reichstag:  "In  answer  to  your 
letter  of  the  15th  of  May,  1913,  I  would  say  that  the  ozonator 
plant  in  the  Reichstag  works  to  complete  satisfaction,  and  that 
the  smell  from  the  restauramt,  as  also  the  disagreeable  odor  from 
smoking  tobacco,  has  almost  entirely  disappeared." 

The  observation  has  been  made  that  it  takes  time  before  the 
odors  disappear.  That  is  because  inherent  odors  are  very  tena- 
cious in  rooms.  All  materials,  however,  absorb  the  ozone  odor 
quickly  and  readily.  The  obnoxious  odors  disappear  and  give 
place  to  the  fresh  odor  of  ozone,  which  reminds  one  of  freshly 
bleached  wash.  With  a  longer  use  of  ozone  in  moderate  strength 
the  action  takes  longer,  but  lasts  longer,  and  the  ozone  will  con- 
tinuously eliminate  the  bad  odors,  as  in  the  Reichstag,  where  the 
restaurant  ozone  plant  is  used  only  for  one  hour  a  day.  The 
same  influence  was  observed  in  the  vaults  of  banks  where  the 
ozone  offset  the  strong  smell  of  newly  laid  linoleum.  I  cannot 
agree  with  my  colleague  when  he  states  that  the  inherent  odors 
must  be  first  driven  out  of  the  materials,  walls,  etc.,  before  they 
can  be  effectively  eliminated  by  ozone.  I  would  like  to  use  the 
word  "counterabsorption"  for  this  influence  of  ozone,  showing 
that  the  bad  odors  give  way  to  the  odors  of  ozone.  Peculiar  and 
of  great  importance  are  the  disagreeable  mixed  odors  during  the 
first  few  days.  The  belief  that  these  "mixed  odors"  were  ozone 
has  often  led  to  mistakes  which  have  played  an  important  role 
in  judging  the  value  of  ozone  for  ventilation.  Where  there  are 
numerous  odors  found  in  new  buildings  it  is  advisable  to  let  the 
ozone  apparatus  work  a  few  hours  before  and  after  working  hours, 
when  nobody  is  in  the  buildings.  If  this  is  done  it  will  not  be 
necessary  to  use  the  ozone  plant  during  working  horns  until  the 
mixed  odors  have  been  eliminated.  I  have  numerous  opinions 
from  private  people  who  have  been  in  a  position  to  observe  ozone 
plants  for  years  and  who  know  their  working  from  A  to  Z.  In 
these  reports  you  will  hear  from  physicians  who  state  that  the 
influence  of  ozone  has  almost  entirely  eliminated  the  odors  of 
sickrooms;  you  wiU  hear  from  abattoir  managers  and  veteri- 
narians, who  say  that  the  bad  air  in  the  dispensaries  and  abat- 
toirs have  been  improved;  you  will  hear  from  bank  directors, 
who  bear  witness  to  the  excellent  influence  of  ozone  on  the  air 
in  their  safe  deposit   vaults. 

Architect  Bielenberg,  who  has  had  much  occasion  to  notice  the 
influence  of  ozone  on  room  air,  says:  "A  properly  installed 
and  well  regulated  ozone  plant,  according  to  my  opinion,  adds 
much  to  the  improvement  of  the  air;  it  improves  the  general 
state  of  health  of  the  people  in  the  rooms  and  increases  the 
working  capacity  of  the  individual." 

The  question  of  how  much  influence  the  weakly  ozonized  air 
used  for  ventilation  purposes  has  on  the  bacteria  in  the  air  is  of 
little  importance  at  the  present  time.  Nevertheless,  we  cannot 
dismiss  the  question,  for  it  is  here  that  the  contrast  between 
theory  and  practice  seems  to  be  the  strongest,  for  in  regard  to 
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air  purification  or  air  improvement  we  find  the  greatest  difference 
in  opinion  as  regards  the  question  whether  ozone  is  really  able 
to  purify  the  air,  or  whether  it  only  covers  up  the  odors;  whether, 
therefore,  ozone  ventilation  is  effective  or  not.  Scientific  inves- 
tigations have  shown  that  ozone  has  no  influence  on  dry  bacteria 
and  on  the  other  hand  actual  practice  furnishes  us  with  proofs 
that  even  very  weakly  ozonized  air  is  able  to  retard  the  growth 
of  bacteria  of  putrefaction  and  of  fungus  growths.  Here  we 
have  an  antithesis  between  laboratory  results  and  practical 
results.  Ozonized  air  is  very  important  in  the  ventilation  of 
abattoirs  and  cold  storage  plants  and  its  adoption  in  many  of 
these  plants  is  for  the  very  reason  that  it  retards  the  growth  of 
l)acteria,  a  fact  which  sanitary  engineers  grant.  We  have  on  the 
one  side  the  results  of  Ohlmiiller,  showing  that  ozone  cannot  kill 
dry  bacteria,  and  on  the  other  hand,  practical  results  show  that 
ozonized  air  has  a  retarding  influence  on  their  growth.  We  can 
explain  this  contradiction  only  by  some  indirect  influence,  per- 
haps due  to  some  oxidizing  or  chemical  process  acting  upon  the 
soil  on  which  these  bacteria  grow.  This  chemical  change  in  the 
soil  would  be  equivalent  to  a  withdrawal  of  food  supply,  through 
which  both  the  growth  and  the  power  of  reproduction  of  the 
bacteria  are  retarded.  This  problem  has  some  interest,  for  if 
we  are  able  to  prevent  the  growth  of  germs,  or  in  other  words, 
prevent  the  formation  of  soil  for  their  growth  by  means  of 
ozonized  air,  we  should  do  so. 

I  can  speak  briefly  on  the  question  of  the  poisonous  nature 
of  ozone  and  its  supposed  harmful  effect.  Prof.  Czaplewski' 
has  given  detailed  information  on  this  point.  The  practical 
engineer  knows  and  knew  years  ago,  when  there  was  no  question 
as  regards  the  poisonous  nature  of  ozone,  that  too  large  quantities 
of  ozone  are  harmful.  However,  even  heavily  concentrated 
ozonized  air  is  bearable,  though,  with  difficulty,  and  has  no  in- 
fluence on  health.  There  are  men  here  in  this  congress  who  have 
been  in  contact  with  heavily  concentrated  ozonized  air  without 
having  suffered  in  their  health.  Moreover,  Dr.  Erlwein  shows 
that  the  laboratory  tests  showing  the  harmful  nature  of  ozone 
were  made  with  concentrations  which  were  200  to  1000  times  as 
great  as  those  used  for  ventilating  purposes.  The  report  of 
Prof.  Czaplewski  shows  that  we  must  differentiate  carefully 
between  highly  concentrated  and  weakly  concentrated  ozonized 
air.  For  ventilating  purposes  the  weakly  concentrated  ozonized 
air  alone  need  be  considered.  The  limit  of  concentration  in 
practice  is  0.3  mg.  per  cbm.  For  pure  ventilating  plants  we 
rarely  use  concentrations  above  0.09  mg.  That  these  weak  con- 
centrations that  are  hardly  perceptible  to  the  senses  are  still 
l)eneficent  for  ventilating  purposes  is  an  assured  fact  brought 
out  by  practical  tests. 

The  oft-occurring  statement  that  ozone  can  not  have  a  de- 
structive effect  on  impurities  in  the  air,  when  used  in  such  small 
quantities,  does  not  seem  to  have  been  proved  even  by  the  nu- 
merous exact  tests.  We  have  to  deal,  as  Prof.  Czaplewski  says, 
with  very  different  excretions;  some  known,  some  unknown, 
some  complex,  others  easily  volatilized.  The  tests  with  only 
known  odors  seem  in  most  cases  to  show  a  direct  influence  of 
ozone.  These  tests  (hydrogen  sulfide,  skatole,  indole,  merkap- 
tane)  were  made  with  quantities  which  could  be  measured. 
Consequently,  we  have  a  very  important  use  of  ozone.  It  is 
probably  immaterial,  as  far  as  the  effect  is  concerned,  whether 
measurable  quantities,  like  o.  i  g.  ozone  and  o.ooi  g.  skatole; 
or  o.i  mg.  ozone  and  o.ooi  mg.  skatole,  whidi  latter  can  not  be 
accurately  measured,  react  on  each  other.  It  is  well  known  that 
many  odors,  which  quantitatively  can  not  be  found  in  the  air, 
have  an  effect  on  our  senses  and  are  obnoxious.  I  think  it  there- 
fore extremely  probable  that  small  quantities  of  ozone  have  a 
beneficial  effect  on  these  small  quantities  of  obnoxious  odors, 
especially  when  it  is  a  question  of  those  very  volatile  and,  chemic- 
ally, partly  unknown  odors.  Only  in  this  way  can  we  reconcile 
'  See  Met.  Cliem.  Ens-.  12  (lyW).  No.  4. 


the  statement  made  by  Prof.  Bail,  of  Prague,  and  of  Prof.  Goltz, 
of  Berlin,  that  putrefaction  odors  and  fecal  odors  are  reduced 
with  even  small  quantities  of  ozonized  air  acting  upon  them, 
while  others  claim  that  ozone  could  influence  these  odors  only 
in  abnormally  large  quantities.  Ozone  concentrations  above 
I  mg.  per  i  cbm.  do  not  come  into  consideration  in  practice. 
No  matter  how  interesting  may  be  the  tests  made  with  animals, 
they  have  no  importance  for  the  ventilating  engineer.  The 
ozone  industry  agrees  with  Prof.  Czaplewski  that  in  ozone  venti- 
lation ozone  should  be  used  that  is  entirely  free  of  nitrogen. 
Konrich  used  a  so-called  lattice  (grate)  apparatus  which  was 
only  cooled  by  the  air  passing  through  it.  The  electrode  grate 
acts  often  as  a  dust  catcher;  the  very  fine  dust  particles  gradually 
burn,  whereby  nitrogenous  gases  may  form  in  small  quantities. 
How  far  Konrich  took  account  of  these  points  is  not  known. 
It  is  my  opinion  that  my  colleague  overestimates  the  danger  of 
the  nitrogenous  gases  in  the  use  of  ozone;  the  small  quantities 
of  these  gases  which  an  ozone  apparatus  forms  are  in  no  relation 
to  the  quantities  formed  by  a  single  arc  lamp  per  hour  and  are 
of  course  infinitely  small  related  to  the  total  quantities  of  fresh 
air  in  the  rooms.  With  tests  on  such  a  small  scale  as  made  by 
Konrich,  the  relation  between  air,  ozone  and  nitrogen  gases  no 
doubt  might  be  significant. 

In  practice  we  follow  these  points:  Weak  concentration, 
good  regulation  and  minute  distribution  are  fundamental  re- 
quirements for  a  safe  but  also  an  efficient  plant.  In  order  to 
prevent  the  formation  of  nitrous  acid  the  plant  should  be  kept 
clean.  Attention  should  be  paid  to  the  formation  of  mixed  odors, 
especially  in  new  buildings,  as  was  mentioned  before.  The  dura- 
tion of  operation  will  depend  on  the  different  conditions.  There 
should  never  be  use  of  the  ozonator  plant  without  accompanying 
use  of  the  ventilating  plant,  otherwise  the  ratio  of  mixing  will 
be  changed  and  the  effect  changed.  The  usual  concentration 
of  ozone  in  practical  operation  is  not  measurable  with  even  the 
best  measuring  instruments  without  slight  errors.  Neverthe- 
less, the  strength  of  concentration,  which  is  the  product  of  the 
ventilator  capacity  and  the  ozonator  capacity,  is  easily  deter- 
mined. As  it  is  my  intention  to  report  on  the  practical  results 
obtained  in  actual  practice,  I  have  obtained  testimonials  reaching 
over  a  long  period  of  time.  The  ozonators  in  these  different 
plants  are  made  by  various  firms,  whose  names  are  of  course  not 
mentioned.  The  letters  here  given  show  that  the  ozonators  have 
met  with  success  in  operation. 

deodorization  by  means  of  ozone 

Hamburg,   May  3\.    I91j 
Building  Department.  Section   1.  Dept.  of  Street  Cleaning  and  Refuse  Dis- 
posal 

The  employees  sheds  at  the  two  refuse  incineration  plants  at  the  Alte 
Teichweg  and  at  the  BuUerdeich  have  been  equipped  with  ozone  plants. 
These  sheds  consist  of  a  locker  room,  provided  for  the  dirty  and  filthy 
clothes,  and  one  for  the  clean  clothing.  Both  rooms  are  connected  by 
shower  baths  and  tub  baths.  The  clothes  are  hung  up  in  these  rooms  by 
means  of  special  suspended  cords  at  such  a  height  that  they  cannot  be 
reached  from  below.  The  rooms  are  ventilated  from  the  ceiling  and  heated 
by  pipes  running  along  the  roof.  The  room  for  the  dirty  clothes  is  also 
provided  with  pure  ozone  through  pipes  running  parallel  at  the  height  of  the 

clothing The  blower  passes  the  air  into  these  tubes.     The  ozone 

plant  is  started  up  about  one  hour  before  change  of  shifts  and  remains 
in  operation  until  two  hours  after  change.  Measurements  as  regards  the 
quantity  of  ozonized  air  per  time  unit,  the  ozone  percentage  of  the  air,  or 
the  ozone  percentage  of  the  air  between  the  clothes  have  not  been  made  as 
yet.  About  '  i  hour  after  starting  up  the  plant  the  typical  ozone  smell  is 
perceptible.     The   usuai^   odor   of   perspiration    and   decayed   refuse 

COMING  FROM  THESE  CLOTHES  HAS  BEEN  SUCCESSFULLY  ELIMINATED  BY  THE 
OZONATOR  PLANT. 

May  6,  1913 
Municipal  Market  Management,  Hamburg 

The  ozonization  plant  finds  general  approval.  Our  municipal  market 
is  a  veritable  hothouse.  The  walls  are  made  of  glass  and  iron  and  the  roof 
is  zinc  covered.  In  summer  there  is  usually  an  unbearable  heat,  and  with 
large  crowds,  especially  on  Saturdays,  the  air  was  very  bad.  due  chiefly  to 
the  presence  of  so  many  people  and  the  great  quantities  of  perishable  prod- 
ucts,  many  of  them  of  strong  smells.     This  has  been  eliminated  entirely- 
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Of  course.  I  have  the  ozone  apparatus  work  day  aud  night  uninterruptedly 
in  the  summer,  at  least  during  the  hottest  time.  The  ozone  smell  has.  how- 
ever, not  shown  at  all  or  else  only  to  a  very  minute  extent.      With  ceasing 

THE  OPERATION  OF  THE  OZONATOR  PLANT  THERE  OCCURS  VERY  SOON  A  DIS- 
TINCT VITIATION  OF  THE  AIR.  The  public  also  pays  its  compliments  to  the 
plant,  so  that  I  believe  I  am  on  the  right  track  when  I  say  that  the  ozone 
plant  is  a  necessary  adjunct  for  municipal  markets  and  similar  great  public 
halls. 

(Signed)      von   Gladis    (Manager) 

Hamburg,  April  6,  1913 
Carl  Lippmann  &  Co. 

We  have  had  an  ozone  ventilation  installation  for  about  two  years  and 
can  say  that  the  same  works  without  a  hitch  in  our  business,  which  is  con- 
nected with  RATHER  strong  ODORS,  and  has  proved  to  be  an  absolute  neces- 
sity. 

Berlin.  May  24.  1913 
The  Management  of  the  Municipal  Abattoir  and  Shambles 

The  ozonator  plant  installed  in  May,  1911,  for  the  abattoir  has  proved 
to  be  a  success.  Even  though  it  is  not  possible  to  obtain  a  complete  deodori- 
zation  of  the  air  in  the  building  in  which  the  entrails  are  reduced,  due  to  the 
nature  of  the  work  itself,  nevertheless,  the  ozonator  plant  has  resulted  in  a 
CONSIDERABLE  reduction  OF  THESE  NOXIOUS  ODORS.  Harmful  influences 
on  the  health  of  the  employees,  due  to  the  ozone,  have  not  been  noticed  in 
the  plant. 

(Signed)    GoLTz 

Complaints  by  the  neighborhood  to  the  odors  from  this  plant 
have  stopped  since  the  plant  was  installed  in  191 1. 

OZONE   APPARATUS    IN    INDUSTRIAL    PLANTS 

June  6,   1913 
Emil  Gminder,  Reutlingen 

My  firm,  Ulrich  Gminder,  has  had  several  ozone  plants  in  operation 
for  a  number  of  years.  In  the  cotton  spinning  and  weaving  mills  where 
are  always  found  a  large  number  of  people  and  where  some  of  the  materials 
give  forth  a  peculiar  odor,  there  has  always  been  very  poor  air.  The  air  is 
bad  with  ordinary  ventilation,  while  with  ozonization  of  the  air  we  find 
THE  air  to  be  pleasant.  Similar  plants  have  been  installed  with  the  same 
success  in  the  big  dressing  rooms,  the  oftices  and  other  parts  of  the  plants. 
The  effect  of  the  ozone  is  felt  to  be  especially  beneficial  in  that  part  of  the 
mill  where  the  fibres  in  the  web  are  singed  off  by  means  of  the  gas  flame. 
During  the  years  that  I  have  been  able  to  study  our  ozone  plant  I  have 
reached  the  conclusion  that  ozonization  of  air  is  advantageous  for  all  rooms, 
as  long  as  it  is  not  used  to  excess.  /,  f-,.  that  the  ozone  is  either  not  at  all 
noticed  or  only  very  sfightly. 

(Signed)    Emil  Gminder 

June  7,  1913 
Rudolf  Meidinger.  Reichenbach 

The  ozonization  of  the  air  on  the  whole  is  felt  to  be  pleasant.  The 
heavy,  sultry  air  gives  place  to  refreshing  air.  This  I  have  been  able  to 
notice  only  within  the  last  few  weeks,  when  the  ozone  plant  was  not  in  opera- 
tion, due  to  the  breakdown  of  one  of  the  motors.  The  textile  industry 
working  the  cotton  is  forced  to  humidify  the  air,  consequently  the  work 
rooms  are  liable  to  have  a  warm,  heavy,  almost  tropical  atmosphere,  in  spite 
of  good  ventilation.  The  capacity  for  work  suffers  of  course  greatly  under 
this.  I  was  therefore  very  much  gratified  last  week  when  the  ozone  appa- 
ratus resumed  work  again.  Breathing  and  respiring,  as  also  the  life  pro- 
cesses, seem  to  go  on  much  easier  in  ozonized  air,  so  that  one  does  not  feel 
the   disagreeableness   of    the   hot   air.     With   the   introduction    of   the 

OZONIZED    AIR    IT    WAS    MORE    APPARENT    EACH    DAY    HOW    THE    DISAGREEABLE 

ODORS  DISAPPEARED.  Today  there  is  no  trace  of  these  odors.  One  of  the 
sheds  had  always  had  fungi-like  growths  on  the  ceiling.  These  have  dis- 
appeared since  the  use  of  ozonized  air,  after  frequent  unsuccessful  attempts 
had  been  made  previously  to  remove  these  growths  by  means  of  copper 
sulfate  and  calcimining. 

There  always  used  to  be  a  number  of  workmen  who  were  constantly 
troubled  with  diseases  of  the  respiratory  organs.  These  diseases  have  been 
reduced.  While  they  used  to  form  the  majority  of  all  those  on  the  sicklist, 
they  are  now  the  minority  of  causes  given  by  the  sick  people. 

(Signed)  R.  Meidinger 

May  24,  1913 
Municipal.  Gas,  Water,  Electric  Works,  Heidelberg 

In  answer  to  your  question  of  the  16th  inst..  I  would  say  that  the  ozoni- 
zation plant  installed  in  the  local  public  baths  has  proved  successful.  It 
was  a  question  here  to  remove  the  bath  odor  usually  found  in  baths.  The 
ozone  was  to  be  a  deodorizer  in  the  first  place.  Great  care  must  be  taken 
in  regulating  the  percentage  of  ozone.  At  first  too  much  ozone  was  admitted 
and  the  bathers  complained  about  headaches  due  to  the  smell  of  ozone. 
The  ozone  percentage  was  then  reduced  and  worked  satisfactorily.  The 
ozone  odor  should  not  prevail. 

(Signed)  Kukuck    (Director) 


REPORTS    OF    PHYSICIANS    IN    HOSPITALS 

June  6,  1913 
Royal  Sanatorium,  Winnental 

Answering  your  question  of  the  4th  inst.,  I  will  gladly  assert  that  we 
are  well  satisfied  with  success  of  the  ozonator  plant  installed  in  one  of  the 
wards.  There  are  no  scientific  facts  as  to  their  influence  on  the  properties 
of  the  air.  From  practical  observations,  however,  we  can  state  that  there 
have  been  no  disagreeable  influences,  that  the  insane  have  never  noticed 
the  smell  of  ozone,  and  that  in  those  wards  where  there  were  insane 

PATIENTS    given    to    UNCLEAN    HABITS,    THE    AIR    HAS    BECOME    CLEAfJER     AND 

PURER  THAN  BEFORE.  The  effect  was  especially  gratifying  when  the  outside 
temj^atures  were  either  very  high  or  very  low.  as  it  obviated  ventilation 
by  means  of  opening  of  windows  and  exposing  the  patients  to  sudden  draughts. 

(Signed)   Dr.  Kreuser 

Karl-Olga  Hospital,  Stuttgart  June  13,  1913 

The  ozone  ventilation  plant  has  been  in  operation  for  three  years  and 
gives  complete  satisfaction.  It  has  a  strong,  deodorizing  effect  on  the  wards 
in  the  hospital.  This  was  specially  apparent  when  the  plant  had  to 
stop  for  several  weeks  to  make  some  needed  repairs.  During  this 
time  there  was  much  trouble  due  to  bad  odors  in  the  wards.  No  harmful 
effect  from  ozone  was  noticed,  either  in  patients  or  in  attendants. 

(Signed)   Dr.  V.   Hofmeister 

Municipal  Katherine  Hospital.  Stuttgart  June  11,  1913 

Answering  your  question  in  regard  to  our  ozone  apparatus,  I  can  say 
this:  We  use  a  portable  plant  which  we  use  in  places  where  the  natural 
ventilation  is  ineffective,  or  else  in  rooms  where  there  have  been  patients 
with  diseases  that  left  a  bad  odor  behind  them.  For  the  latter  purpose 
especially,  the  ozonator  proved  to  be  excellent.  I  was  unable,  however, 
to  state  that  the  same  had  a  favorable  influence  on  disease  processes,  com- 
bined with  putrefactive  processes,  especially  in  the  lungs,  due  to  the  breathing 
of  air  containing  ozone.     The  patients  who  were  forced  to  lie  near 

PATIENTS  whose  DISEASES  BROUGHT  WITH  THEM  ODOROUS  DISCHARGES  HAVE 
ALWAYS  ADMITTED  THAT  THEY  WERE  VERY  GRATEFUL  FOR  THE  EFFECTS 
PRODUCED    BY    THE    OZONATOR. 

(Signed)   Dr.  Sick 

Stuttgart  Royal  Theatre  June,  1913 

I  have  mentioned  my  ideas  as  to  the  value  of  the  ozonators  some  years 
ago  and  still  adhere  to  the  same  opinions,  which  are  strengthened  by  facts 
found  by  long  operation  of  these  ozone  plants.  With  the  exception  of  the 
vacations,    the   ozonators   in    the    theatre    work   every   day.      TherE   is   no 

DOUBT  THAT  THE  OZONATOR  IS  A  GREAT  BENEFIT  TO  THE  THEATRE  PUBLIC. 

It  also  reduces  the  dust.  I  have  made  experiments  in  dressing  rooms  and 
toilet  rooms,  and  have  found  the  same  to  be  the  case.  As  regards  harmful 
influences  due  to  breathing  the  ozone,  it  seems  to  me  that  only  gross  abuse 
of  the  apparatus  can  have  such  an  effect. 

(Signed)    Dr.  Gussmann 

OZONE    IN   ROOMS   AND    BUILDINGS    UNDER    NORMAL    CONDITIONS 

Deutsche  Bank,  Hamburg  May  30,  1913 

Those  of  our  employees  who  notice  the  presence  of  the  ozone  state  that 
the  air  has  been  improved  and  that  it  is  not  as  close  and  stagnated  as  pre- 
viously. They  say  they  feel  refreshed  and  improved.  The  same  state  also 
that  they  miss  the  ozone  if  it  is  not  distributed  properly  by  the  great  ventilat- 
ing shaft  system  used  there.  They  say  also  that  at  times  they  have  felt 
unpleasant,  when  the  ozone  percentage  was  too  high. 

Dresden  Bank,  Hamburg  May  28.  1913 

The  ozone  plant  installed  here  works  to  complete  satisfaction  and  the 
complaints  made  in  the  past  by  employees  in  regard  to  poor  air  have  stopped 
since  the  operation  of  the  plant. 

There  follow  a  few  reports  from  cold  storage  plants,  which 
bear  on  the  matter  of  meat  and  food  preservation.  Director 
Klapp,  of  the  Potsdam  abattoir,  one  of  the  experts  on  ozone 
apparatus,  writes: 

The  ozone  plant  has  been  in  operation  in  the  abattoir  for  three  years. 
During  this  time  there  has  been  no  interruption  in  service  nor  any  facts  that 
might  lead  to  the  conclusion  that  the  ozone  has  a  bad  influence  on  the  em- 
ployees working  in   the  plant.     On  the  contrary,   the  employees  all 

LAUD    the    BENEFICIAL    EFFECTS    OF    THE    OZONE    PLANT.       The    fact    that    the 

butchers*  union  has  recommended  the  introduction  of  ozone  plants  in  all 
abattoirs  seems  to  be  an  excellent  indicator  of  the  feeling  of  the  employees 
in  this  regard.  Aside  from  the  report  made  at  the  last  congress  on  the  bac- 
teria contents  in  the  air  and  the  excellent  preservation  of  the  beef,  we  have 
the  tests  made  last  year  as  regards  length  of  preservation  of  meats.  (Fol- 
lows a  longer  report  not  quoted.) 

Director  Geiss,  of  the  Straubing  abattoir,  says  as  follows: 
As  far  as  I  am  concerned,  I  may  say  that  the  ozone  plant,  which  has 
been  working  since  1911,  is  in  excellent  condition  and  satisfactory  in  every 
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respect.  With  the  aid  of  the  ozonators  we  were  able,  last  fall,  to  pre- 
serve beef  for  55  days  without  any  decay  in  the  meat.  Any  odors  that  occur 
are  removed  within  five  to  ten  minutes  by  the  ozonator.  Such  odors  appear 
lifter  holidays,  as  the  ozonators  are  used  only  a  very  short  time  on  the  holi- 
days proper. 

Unfortunately,  time  does  not  permit  me  to  exhaust  this  almost 
inexhaustible  field.  You  may  draw  your  conclusions  from  what 
I  said.  One  thing  you  must  admit  and  conclude,  namely; 
lliat  the  ozone  industry  is  not  bringing  a  new  apparatus  on 
lite  market  in  a  thoughtless  way,  bent  only  on  its  own  profits. 
Rather  we  have  found  that  the  ozone  industry,  in  view  of  the 
practical  results  obtained  and  the  many  inquiries,  was  justified 
in  following  up  this  line  of  experiments  and  in  carrying  on  and  ex- 
ploiting, a  process  which  seemed  good  and  useful  to  industry. 
The  ozone  industry,  moreover,  will  be  able  to  adhere  to  this  view- 
point without  fear  and  doubt. 

OPERATIONS  OF  STEEL  MILLS  IN  MARCH 

During  March,  the  steel  mills  throughout  the  country  con- 
tinued to  operate  at  an  average  rate  of  about  75  per  cent  of 
capacity,  although  the  rate  in  the  Pittsburgh  district  was  esti- 
mated at  about  80  per  cent.  Pig  iron  production  was  at  a  rate 
slightly  above  26,000,000  tons  a  year.  New  business  came  in 
at  a  very  low  rate  during  the  first  fortnight  of  the  month;  this 
was  attributed  to  the  weather  conditions,  but  there  was  disap- 
I)ointment  that  the  lull  which  naturally  followed  the  January 
buying  movement,  and  which  was  more  or  less  expected,  had 
not  yielded  to  more  active  market  conditions  by  the  middle 
of  the  month.  The  sheet  mills  are  now  operating  at  an  average 
of  about  85  per  cent  of  capacity,  while  the  tip  plate  mills  are 
operating  substantially  full.  In  wire  products  and  tubular 
goods  the  conditions  are  nearly  as  good. 

W.  A.  Hamor 

A  RAPID  METHOD  FOR  CASEIN  IN  MILK— CORRECTION 
In  This  Journal,  6,     131,  the  following  paragraph  should 
have  been  inserted  at  the  end  of  the  article  under  the  above  title: 

"Since  the  above  work  was  completed  it  has  been  found  that 
beechwood  creosote  serves  as  an  admirable  preservative  for 
milk.  When  added  in  the  proportion  of  5  cc.  to  i  pint  of  milk, 
the  latter  keeps  in  good  condition  for  several  months  if  placed 
in  the  dark.  The  preservative  does  not  interfere  with  the 
casein  test,  nor  with  the  Babcock  fat  test,  provided  only  one- 
half  the  usual  amount  of  sulfuric  acid  is  used." 

GORDON  Hall  of  Chemjstrv  W.   O.   WalkeR 

School  of  Mi.ning.  Kingston.  Ontario 


AMERICAN  ALCOHOL  INSOLUBLE  TEST  FOR  SHELLAC- 
NOTE 

In  the  method  we  have  described  for  the  determination  of 
the  alcohol  insoluble  matter  in  lac,  the  following  statement  occurs: 
"  During  the  extraction  the  alcohol  is  kept  boiling  briskly.  The 
extraction  is  stopped  one  hoiu-  after  the  alcohol  in  the  siphon 
tube  has  become  colorless"  [This  Joitrnal,  5  (1913),  435 )• 

We  believe  it  advisable  to  further  standardize  the  method 
at  this  point  and  recommend  that  the  rate  and  time  of  extraction 
be  kept  under  precise  control.  The  rate  of  extraction  may  be 
controlled  by  the  use  of  an  electric  stove  of  the  Simplex  type, 
4 'A  inches  in  diameter,  and  using  the  full  ciu-rent  of  2.2  amperes 
at  no  volts.  The  volume  of  methyl  alcohol  in  the  flask  should 
be  125  cc.  This  is  in  addition  to  the  alcohol  required  to  fill  the 
siphon.  The  flask  should  be  protected  from  draughts.  Under 
these  conditions  the  tube  will  siphon  over  about  33  times  an 
hour.  The  condenser  should  be  able  to  return  all  the  alcohol 
volatilized  during  the  vigorous  boiling  of  the  flask  contents, 
the  object  being  to  effect  the  maximum  extraction  during  the 
fixed  time. 

The  color  is  removed  by  the  end  of  the  first  hour  in  practically 
every  case  and  in  order  to  eliminate  any  variations  due  to  differ- 
ences of  opinion  as  to  the  exact  time  when  the  color  has  dis- 
appeared we  recommend  that  the  total  extraction  period  be 
limited  to  exactly  two  hours,  time  being  taken  from  the  moment 
when  the  first  siphon  tube  of  alcohol  has  passed  over. 

The  methyl  alcohol  used  in  this  method  should  be  99.5  per  cent, 
by  volume. 

Signed: 

C.  T.  Bragg,   Chairman,   Durector  of  Laboratories,   Berry 
Bros.,  Detroit. 

George  E.  Ashby,  of  John  R.  Anderson  &  Co.,  New  York. 
A.  C.  Langmuir,  Works   Manager,  Marx  &   RawoUe,  New 

York. 
Parker  C.  McIlhiney,   Consulting  Chemist,  New  York. 
John  W.  Paisley,  Chemist,  Rogers  &  Pyatt,  New  York. 

Approved: 

H.  S.  Chatfield.  Secretary.  United  States  Shellac  Importers' 
.\ssociation. 


PLR50NAL  NOTL5 


The  Russian  minister  of  public  instruction  has  made  a  grant 
of  $50,000  to  the  St.  Petersburg  Academy  of  Sciences  to  assist 
a  search  for  radio-active  minerals  throughout  the  Russian  Empire. 

Dr.  M.  G.  Donk,  of  the  Bureau  of  Chemistry,  has  been  de- 
tailed by  the  Department  of  Agriculture  to  cooperate  with  the 
Department  of  Forestry  at  the  Univ.  of  Idaho  in  investigations 
looking  to  better  methods  of  utilizing  mill  waste  and  refining 
by-products  obtained  from  stumps.  The  work  will  be  a  con- 
tinuation and  extension  of  experiments  carried  on  for  the  past 
three  years  by  Dr.  C.  H.  Shattuck,  head  of  the  Department  of 
Forestry  at  Moscow. 

A  Better  Industrial  Relation  Exhibit  will  be  held  April  i8-25lh, 
at  2  West  64th  Street,  New  York  City.  It  will  show  the  devices 
in  modern  business  which  tend  to  make  more  harmonious  the 
relations  between  employer  and  employee,  and  to  better  the 
conditions  of  employment.  The  Business  Men's  Group  of  the 
Society  for  Ethical  Culture  has  charge  of  the  Exhibit,  which  will 
appeal  to  both  employer  and  employee  in  the  manufacturing 
trades.  There  will  be  special  evening  lectures  by  industrial 
leaders  of  the  country. 


The  American  Electrochemical  Society  will  hold  its  Spring 
Meeting  in  New  York  City,  April  i6-i8th.  The  program  consists 
of  a  Symposium  on  "Power  for  Electrochemical  Purposes"  and 
papers  on  "Hydro-electrometaUurgical  Process."  The  American 
Electro-Platers'  Society  will  take  part  in  the  discussion  of  the 
papers  on  the  latter  subject. 

The  Franklin  Institute  of  the  State  of  Pennsylvania  has 
awarded  its  Elliott  Cresson  Gold  Medal  to.  Prof.  Wolfgang 
Gaede  for  his  molecular  air  pump,  in  consideration  of  the  very 
great  value  of  this  invention  for  the  quick  production  of  vacua 
beyond  those  hitherto  obtainable. 

The  Board  of  Regents  of  the  University  of  Wisconsin  has 
created  an  Engineering  lixperiment  Station  to  be  established  in 
the  College  of  Engineering  and  to  have  general  charge  of  the 
testing  and  research  work  of  the  college.  The  staff  will  consist 
of  the  Dean  as  Director,  the  members  of  the  instructional  staff 
in  the  various  departments  of  the  College  of  Engineering  and 
those  fellows,  scholars  and  assistants  engaged  in  experimental 
and  research  wotk.  This  action  transfers  the  appropriation  for 
research  now  nuule  for  the  College  of  Engineering  to  the  En- 
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gineering  Experiment  Station.  The  publication  of  experimental 
results  at  the  station  will  be  in  the  form  of  bulletins. 

The  Bethlehem  Steel  Co.  completed  negotiations  on  March 
13th  whereby  a  fleet  of  ten  vessels  of  15,000  tons  burden  each  will 
be  built  to  convey  iron  ore  from  Cuba  to  the  U.  S.  The  vessels, 
which  will  be  built  by  foreign  firms,  will  cost  $700,000  each  and 
are  to  be  completed  early  in  1917. 

The  Section  of  Western  New  York  of  the  A.  C.  S.  presented 
the  following  program  at  their  March  20th  meeting  at  Buffalo: 
"Accident  Prevention,"  Walter  Wallace;  "Treatment  of  Minor 
Injuries  by  the  Chemist,"  Dr.  Charles  E.  Taylor;  "First  Aid," 
Dr.  W.  Lewis  Wilson. 

The  St.  Louis  Section  of  the  A.  C.  S.  has  issued  a  pamphlet 
containing  its  By-Laws  and  a  Directory.  The  latter  gives  the 
name,  address  and  telephone  number.  Business  Specialty, 
Degree  and  Training  of  each  member  of  the  Section. 

Prof.  Wolfgang  Ostwald,  of  the  University  of  Leipzig,  was 
entertained  at  a  dinner  at  The  Chemists'  Club,  New  York  on 
Thursday,  March  19th.  The  banquet  was  attended  by  a  large 
number  of  prominent  chemists  in  and  about  New  York.  Dr. 
Charles  F.  McKenna,  President  of  the  Club,  presided  and  in- 
troduced Prof.  M.  T.  Bogert  as  toastmaster.  The  speakers  of 
the  evening  were  Jerome  Alexander,  Charles  Baskerville,  Alex- 
ander Smith,  Ellwood  Hendrick  and  C.  F.  Chandler.  The 
speeches  were  followed  by  a  happy  response  on  the  part  of  the 
guest,  who  expressed  his  sincere  approval  of  the  American 
people  and  their  hospitality.  A  notable  contribution  to  the 
entertainment  was  a  poem  by  EUwood  Hendrick,  which  follows : 

THE    colloid's   lament 

I  am  a  simple  colloid,  ' 

The  place  that  I  live  in 
Is  very  much  restricted,  for 

I  can  not  squeeze  through  skin. 

I've  neither  shape  nor  figure, 

I  am  not  crystalline 
And  this  it  is  that  breaks  my  heart; 

Good  Lord,  how  I  repine! 

I  want  to  be  geometric, 

Have  sides  and  angles  true, 
And  yet  I'm  bound  as  hydrosol 

Or  gel  to  be  like  glue. 

Electrolytes  disturb  me. 

They  nearly  drive  me  mad. 
And  usually  they  knock  me  down 

Which  hurts  and  makes  me  sad. 

Dialysis  deludes  me, 

As  I  have  said  before 
I'm  all  shut  in  while  crystalloids 

Find  many  an  open  door. 

I'm  sticky  and  I'm  gummy; 

I  am  the  soul  of  dirt; 
To  be  like  that  and  know  it  too — 

Just  think  how  it  must  hurt ! 

I'm  scorned  and  I  am  hated 

And  gen'rally  despised. 
Professor  Ostwald,  stand  by  me 

And  make  me  civilized! 

I  want  a  def'nite  figure 

Of  any  standard  shape 
So  that  I  can  from  this  blamed  mess 

Eventually  escape. 


Canada  has  established  a  Forest  Products  Laboratory  in  con- 
nection with  McGill  University  at  Montreal,  on  the  lines  of  the 
U.  S.  institution  of  the  same  sort  at  the  University  of  Wisconsin. 

Mr.  Arthur  D.  Little  has  been  absent  recently  from  his  Boston 
offices  on  an  extended  trip  to  the  Middle  West  and  South. 

The  Cameron  Prize  of  the  LTniversity  of  Edinburgh  has  been 
awarded  to  Prof.  Paul  Ehrlich  in  recognition  of  his  discovery 
of  salvarsan  and  other  contributions  to  medical  science. 

A  reception  and  dinner  in  honor  of  Prof.  Ira  O.  Baker,  '74, 
of  the  University  of  Illinois,  were  given  at  the  Hotel  LaSalle, 
in  Chicago,  on  March  17th.  There  were  about  400  guests 
and  the  list  of  speakers  included  some  of  the  most  prominent 
engineers  of  the  west.  Prof.  Baker  completes  in  June, 
1914,  forty  years  of  active,  continuous  service  as  a  member  of 
the  Faculty  of  the  College  of  Engineering  of  the  University  of 
Illinois. 

The  Chemical  Engineering  Society  of  the  University  of  Kansas 
at  Lawrence,  held  their  First  Annual  Chemical  Engineers'  Day, 
Feb.  27,  1914.  The  program  was  as  follows:  "Manufacture  of 
Portland  Cement"  (Illustrated),  H.  A.  Rice,  Prof,  of  Civil 
Engineering;  "Bottled  Gas,"  C.  J.  Myers,  Southwestern  Blaugas 
Co.,  Kansas  City,  Mo.;  "Softening  of  Hard  Water  for  Railroads," 
R.  C.  Bardwell,  Chemist  for  Missouri  Pacific  Railway,  Kansas 
City.  Mo.;  "Opportunities  for  the  Chemist,  Particularly  in  the 
Bureau  of  Chemistry,"  F.  W.  Liepsner,  Chief,  IT.  S.  Food  and 
Drug  Laboratory,  Kansas  City,  Mo.;  "The  Work  of  a  Railroad 
Test  Department,"  H.  S.  Harriman,  Chemist  and  Engineer  of 
Tests,  Union  Pacific  Railroad,  Omaha;  "Raw  Materials  for 
Soap  Making,"  W.  J.  Reese,  Chemist,  Peet  Bros.,  Kansas  City, 
Kan.;  "The  Gypsum  Industry  in  Kansas,"  R.  A.  Henley,  Amer. 
Cement  and  Plaster  Co.,  Lawrence,  Kan.;  "Technical  Uses  of 
Proteins  and  Some  New  Methods  Desired  by  the  Manufacturers," 
E.  L.  Tague,  Prof,  of  Chemistry,  Washburn  College,  Topeka, 
Kan.;  "Contributions  to  Science  by  the  U.  S.  Meat  Inspection 
Laboratories,"  W.  B.  Smith,  Chief  Chemist,  U.  S.  Laboratories, 
Kansas  City,  Kan. 

It  is  reported  that  the  Mosser  tanneries  in  Pennsylvania, 
including  those  at  Mahaffey,  Noxen  and  Newberry  have  been 
purchased  by  the  Armour  Co.  of  Chicago.  The  amount  paid 
for  these  plants  and  one  located  at  Parsons,  W.  Va.,  is  said  to  be 
$1,000,000.  The  capacity  of  the  tanneries  is  from  1,500  to 
1,600  hides  per  day. 

The  Oregon  Section  of  the  A.  C.  S.  was  addressed  at  their 
February  meeting  by  Mr.  H.  N.  Lawrie,  Chairman  of  the  Com- 
missioners of  the  Oregon  Bureau  of  Mines  and  Geology  on'the 
Activities  and  Organization  of  the  Bureau. 

Dr.  Edith  Ethel  Barnard,  Instructor  in  Chemistry  at  the 
University  of  Chicago,  died  on  March  8th. 

The  Highway  Engineering  Department  of  Columbia  Uni- 
versity gave  the  following  illustrated  lectures  during  the  month 
of  March:  "The  Principles  of  Efficiency  Engineering  Applied 
to  Highway  Engineering,"  Frank  B.  Gilbreth,  Consulting 
Engineer,  New  York  City;  "The  Administration  of  Municipal 
Public  Works,"  Nelson  P.  Lewis,  Chief  Engineer,  Board  of 
Estimate  and  Apportionment,  New  York  City;  "The  Essential 
Physical  and  Chemical  Properties  of  Creosoting  Oils  for  Wood 
Blocks,"  C.  N.  Forrest,  Chief  Chemist,  New  York  Testing 
Laboratory,  Maurer,  N.  J.;  "Relative  Cost  of  Transportation 
by  Waterways,  Railways  and  Highways,"  John  A.  Bensel,  New 
York  State  Engineer.  Albany,  N.  Y. 

The  Scientific  Materials  Company  of  Pittsburgh  announce 
the  establishment  of  a  research  department  for  the  special  study 
of  laboratory  apparatus  and  research  equipment.  .  The  labora- 
tory organization  is  to  be  entirely  independent  of  the  manu- 
facturing and  sales  departments  and  is  to  devote  its  attention 
to  research  problems  The  laboratory  staff  is  as  follows:  E.  H. 
Fisher,  Electrical  Engineer,  Director;  T.  W.  Clark,  Chemical 
Engineer;  H.  W.  Gochnauer,  Sanitary  Engineer;   C.  G.  Fisher, 
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Mechanical  Kngineer;  J.  R.  Brucckner,  Pyrometric  Engineer; 
R.  Iv.  Barlow,  Mining  Engineer;  A.  Betzold,  Expert  Glass 
Blower;  A.  Ruckstahl  and  E.  Eiichs,  Precision  Mechanics. 

The  American  Institute  of  Chemical  Engineers  will  hold  its 
6th  .Semi-annual  Meeting  at  Troy,  New  York,  June  17-20,  1914. 
The  Rochester  Section  of  A.  C.  S.  had  as  speaker  for  their 
March  3rd  meeting,  Mr.  W.  R.  Hulburt,  Sales-manager  of  the 
Goldschmidt  Thermit  Co.,  whose  topic  was  "The  Theory  and 
Practical  Application  of  Thermit."  The  lecture  was  elaborately 
illustrated  by  laboratory  experiments,  practical  welding  demon- 
strations, lantern  slides  and  motion  pictures. 

Mr.  E.  F.  Piatt,  formerly  with  the  Piatt  Iron  Works  of  Dayton, 
O.  and  Mr.  C.  A.  Kurz,  Jr.,  of  the  Kurz  Laboratories,  have 
recently  organized  the  Electrolytic  Gas  Company.  This  com- 
pany has  secured  the  Western  selling  agency  of  the  International 
Oxygen  Company  of  New  York  and  it  is  their  intention  to  pro- 
ceed with  the  installation  of  a  number  of  electrolytic  plants  of 
the  I.  O.  C.  System  for  the  production  of  oxygen  and  hydrogen 
in  different  parts  of  the  country. 

The  Connecticut  Valley  Section  of  the  A.  C.  S.  met  at  Spring- 
field on  March  2nd.  The  program  was  as  follows:  "Progress 
in  our  Knowledge  of  the  Atom,"  Dr.  E.  W.  Morley;  discussions 
of  "Use  of  Electrical  Apparatus  in  the  Laboratory,"  and  "Cor- 
rosion of  Metal  by  Water"  (This  Journal,  5,  905). 

The  Regents  of  the  University  of  Wisconsin  have  created  15 
industrial  scholarships  to  aid  in  satisfying  the  demand  for  pro- 
fessionally trained  mechanics  to  teach  in  industrial  schools. 
Each  scholarship  carries  with  it  a  special  honorarium  of  $40, 
and  the  holders  of  these  scholarshii)s  are  to  be  organized  into  a 
mechanics'  institute  to  be  held  from  March  9th  to  April  9th,  for 
intensive  practice  in  special  lines  of  shop  work  and  drawing  and 
a  detailed  consideration  of  organization  and  teaching  problems 
that  confront  industrial  schools. 

The  North  Carolina  Section  of  the  A.  C.  S.  at  their  Mid-winter 
meeting  at  Raleigh  on  Jan.  24th,  presented  the  following  papers 
of  industrial  interest:  Presidential  Address,  "The  Engineering 
Students'  Need  of  Chemistry,"  L.  F.  Williams;  "The  Stability 
of  Resin  Acids  at  Slightly  Elevated  Temperatures,"  C.  H. 
Herty  and  H.  L.  Cox;  "Studies  in  Nitrification,"  W.  A.  Withers 
and  A.  L.  Field;  "Neutral  Solutions  of  Ammonium  Citrate," 
J.  M.  Bell;  "A  Volumetric  Method  for  Arsenates,"  J.  M.  Bell 
and  A.  J.  Flume. 

Mr.  C.  F.  Woods,  of  the  staff  of  Arthur  D.  Little,  Inc.,  on 
Feb.  6th  spoke  before  the  salesmen  of  the  Walter  M.  Lowney 
Co.,  of  Boston,  upon  the  general  topic  of  "Pure  Food"  with  its 
particular  bearing  upon  the  manufacture  of  candy. 

Dr.  Raymond  Foss  Bacon  has  been  appointed  to  .succeed  the 
late  Prof.  Robert  Kennedy  Duncan  as  Director  of  the  Mellon 
Institute  for  Industrial  Research  of  the  University  of  Pittsburgh. 
Dr.  Bacon  was  formerly  Associate  Director  of  the  Institute. 

The  St.  Louis  Section  of  the  A.  C.  S.  discussed  "Fire  Risks  in 
Chemical  Factories"  and  "The  Standardization  of  Weak  Solu- 
tions" at  their  March  meeting  on  the  9th. 

Prof.  Loehnis,  of  the  Laboratory  of  Agricultural  Bacteriology 
in  the  University  of  Leipzig,  has  accepted  the  ofl'er  of  a  position 
in  the  Department  of  Agriculture  at  Washington. 

Mr.  Maximilian  Toch  of  New  York  City  spoke  on  "Paint  as 


an  Engineering  Material  (Illustrated)"  before  the  Philadelphia 
Section  of  the  A.  C.  S.  on  March  19th. 

The  Nashville  Section  of  the  A.  C.  S.  had  the  following  pro- 
gram on  March  20th:  "Synthetic  Rubber,"  Dr.  J.  T.  McGill; 
"The  Enforcement  of  the  National  Food  and  Drugs  Act,"  Dr. 
R.  W.  Balcom. 

The  Calender  of  the  Public  Lectures  in  the  Department  of 
Chemistry  of  the  College  of  the  City  of  New  York  for  the  Spring 
Semester,  is  as  follows;  Feb.  27th — "Fixation  of  Nitrogen," 
Prof.  H.  R.  Moody  of  the  CoUege  staff;  Mar.  13th— "The  Growth 
of  Crystals"  (with  moving  pictures),  Mr.  S.  G.  Warner,  Physicist 
in  Edison  Laboratories;  Mar.  20th — "Colloids"  (Illustrated),  Dr. 
Wolfgang  Ostwald,  Univ.  of  Leipzig;  Apr.  3rd — "Municipal 
Control  in  the  Purchase  of  Supplies,"  Dr.  Otto  H.  Klein,  Director 
Standard  Testing  Laboratories,  Board  of  Estimate  and  Appor- 
tionment, New  York  City;  May  ist — "Some  Economic  Aspects 
of  Industrial  Chemistry,"  Dr.  Bernhard  C.  Hesse,  Chemical 
Expert  and  Patent  Attorney. 

Prof.  Heinrich  Ries  spoke  before  the  Cornell  Section  of  the 
A.  C.  S.  on  "Underground  Water  Supply"  on  March  23rd. 

Prof.  Elton  Fulmer,  Dean  of  Washington  State  College  and 
Head  of  the  Department  of  Chemistry,  and  wife  were  guests  of 
honor  at  a  banquet  given  by  the  members  of  the  Chemistry 
Department  and  their  wives,  upon  their  retiu-n  from  an  extended 
trip  through  the  U.  S.  and  the  Hawaiian  Islands.  Prof,  and 
Mrs.  Fulmer  gave  very  interesting  talks  during  the  evening — 
the  former  on  "The  Historical  Events  of  the  Islands  and  their 
Development"  and  the  latter  on  "The  People  and  their  Customs 
as  observed  in  the  Present  Period." 

The  Rochester  Section  of  the  A.  C.  S.  have  the  following 
lectures  scheduled:  March  i6th,  "The  Application  of  Chemistry 
to  the  Baking  Industry,"  Mr.  David  Coxford;  April  6th,  "Metal- 
lography," Prof.  William  Campbell  of  Columbia  University; 
May  4th,  "Our  Present  Knowledge  of  Crystals,"  Prof.  Frank 
Kenrick  of  the  University  of  Toronto. 

Under  the  new  organization  of  the  Food  and  Drug  Inspection 
work  of  the  Bureau  of  Chemistry,  the  chief  of  each  district  must 
send  full  reports  on  analyses,  hearings  and  all  other  matters  to 
the  Chief  Chemist,  and  his  findings  are  subject  to  review  at 
Washington.  The  district  chief,  however,  caimot  institute  a 
prosecution  or  a  seizure,  as  all  cases  calling  for  prosecution  or 
seizure  must  be  first  passed  upon  in  Washington  by  the  Chief 
Chemist  who  since  Feb.  ist  does  the  work  formerly  done  by  the 
Board  of  Food  and  Drugs  Inspection.  The  new  organization 
brings  about  absolute  correlation  in  work  and  complete  coopera- 
tion between  the  inspectors  and  laboratories  and  will  greatly 
expedite  the  handling  of  samples,  holding  of  hearings  and  the 
preliminary  disposition  of  cases. 

The  International  Oxygen  Co.  entertained  the  members  of 
the  Manufacturing  and  Sales  Departments  at  a  dinner  at  the 
Hotel  McAlpin,  New  York  City  lately.  Among  those  present 
were:  Mr.  Solomon  Hellex,  Mr.  and  Mrs.  Samuel  Heller,  Mr.  and 
Mrs.  A.  A.  Heller,  Mr.  E.  W.  Irwin,  Mr.  I.  H.  Levin.  Mr.  and 
Mrs.  H.  L.  Barnitz,  Mr.  and  Mrs.  C.  Aichberger,  Mr.  and  Mrs. 
D.  J.  Tonkonogy,  Miss  Celie  Weiss,  Miss  Leona  Friedland,  Mr. 
H,  W.  Timm  and  Mr.  Philip  Fried. 

Dr.  Wolfgang  Ostwald  lectured  on  "Colloids"  before  the 
Syracuse  Section  of  the  A.  C.  S.  on  March  iSth. 
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Der  Starkezucker:  Chemische  und  technologisch  behandelt. 
VON  Dr.  H.  Wicheliiaus,  Geh.  Reg.  Rat,  Professor  und 
Direktor  des  Technologischen  Instituts  der  Universitat  Berlin. 
Mit57  Abbildungcn,  Leipsig,  1913,  Akademische Verlagsgesell- 
schaft. 


technologist  has  now,  tor  the  first  time,  a  book  which  covers  all 
the  principal  facts  relating  to  the  chemistry  and  manufacture  of 
dextrose.  In  the  preparation  of  his  work  the  author  has  availed 
himself  of  all  possible  sources;  historical  documents,  archives  of 
scientific  societies,  chemical  journals,  government  reports  and 


The  present  volume  fills  a  long-felt  want,  since  the  student  and       patent  lists  have  all  been  consulted  and  the  reader  has  now,  in 
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otic  book,  information  which  was  hitherto  widely  scattered  and 
in  some  cases  difficultly  available. 

The  starch-sugar  industry,  like  that  of  beet  sugar,  owes  its 
first  developments  to  Napoleon,  who  first  by  prohibiting  com- 
merce with  England  shut  out  colonial  products  from  Europe 
and  then  by  awarding  premiums  gave  encouragement  to  the 
foundation  of  a  continental  sugar  industry.  In  181 1  Kirchhoff, 
member  of  the  Imperial  Academy  at  St.  Petersburg,  discovered 
a  method  for  converting  starch  into  dextrose  by  means  of  acids 
and  the  original  account  of  his  process,  which  the  author  gives 
in  full,  is  of  great  interest. 

Carl  August,  Grand  Duke  of  Weimar  (the  well  known  friend 
of  Goethe  and  Schiller),  founded  the  first  stock  company  for  mak- 
ing starch  sugar  and  a  factory  was  organized  at  Tiefurt  in  18 12 
under  the  direction  of  Dobereiner.  The  overthrow  of  Napoleon 
and  the  abolition  of  his  Continental  System,  however,  reopened 
the  markets  of  Europe  to  cane-sugar  and  put  an  end  to  this  new 
enterprise,  although  the  infant  beet-sugar  industry,  through 
wise  governmental  support  in  France,  was  able  to  weather  the 
storm.   , 

The  next  important  step  in  the  development  of  the  starch- 
sugar  industry  took  place  in  the  United  States  and  for  the  history 
of  what  was  henceforth  to  be  essentially  an  American  enterprise 
the  author  has  drawn  upon  papers  by  Herstein  (This  Joltrnal, 
3,  158),  Wagner  (/.  Soc.  Cliem.  Ind.,  1909,  345)  and  others. 

The  sections  of  the  book  devoted  to  the  chemistry  of  dextrose, 
processes  of  manufacture,  utilization,  analytical  methods,  etc.,  are 
very  complete  and  the  subject  matter  is  brought  well  up  to  date. 
The  researches  of  Behr,  Rolfe,  Duryea,  Noyes,  and  other  Ameri- 
can investigators  are  fully  presented. 

In  addition  to  the  manufacture  of  dextrose  from  starch,  its 
preparation  from  cellulose  and  wood  is  also  considered.  The 
extension  of  the  term  starch-sugar  to  the  product  derived  from 
other  materials  than  starch  is  perhaps  permissible,  when  we 
consider  the  application  of  the  term  cane-sugar  to  the  products 
of  the  beet  and  maple.  Such  license  with  the  literal  meaning  of 
words  has  caused,  however,  much  misunderstanding,  especially 
in  the  minds  of  laymen.  In  the  present  case  this  confusion  is 
increased,  owing  to  the  fact  that  the  term  starch-sugar  is  also 
sometimes  given  to  maltose. 

A  few  slight  errors  have  been  noted.  The  specific  rotation 
of  ;3-glucose  is  given  incorrectly  as  -(-52.5  on  page  39;  it  is  stated 
correctly  as  -|- 20.46  on  page  44.  The  statement  on  page  31 
that  "ripe  sound  sugar  cane  contains  almost  exclusively  glucose, 
which  soon  goes  over  to  saccharose"  requires  modification. 
The  author  probably  means  that  the  reducing  sugar  of  very 
mature  sugar  cane  consists  almost  exclusively  of  glucose. 

The  book  is  well  printed,  and  as  a  whole  free  from  typo- 
graphical errors.  We  note,  however,  a  few  misspelling  of  names, 
as  Beaume  (p.  11)  for  Baume  and  Dulrunhaut  (in  the  Index)  for 
Dubrunfaut. 

The  volume  is  furnished  with  a  good  patent  list.  The  author 
states  that  there  are  about  170  American  patents  on  starch- 
sugar  alone;  of  this  number  he  mentions  70,  those  before  1882 
being  omitted  as  of  only  historical  interest. 

A  most  serious  omission  in  the  volume  is  the  lack  of  a  subject 
index.  An  index  of  names  is  given,  but  this  is  inadequate  in  the 
.search  for  particular  subjects.  The  price  of  the  book  (11  marks 
unbound)  is  somewhat  above  the  average  for  scientific  books  of 
this  kind. 

We  recommend  this  new  work  of  Dr.  Wichelhaus  to  all  who 
are  interested  in  the  chemistry  of  sugar  or  in  the  technology  of 
carbohydrates. 

C.  A.  Browne 

Natronzellstoff.     By  Christian  Christiansen.     i.s4  pp.     Pub- 
lishers, Gebriider  Borntraeger,  Berlin. 
This  monograph,  which  has  received  a  jirize  from  the  Verein  dcr 


Zellstoff  and  Papierchemiker,  gives  a  short,  butexcellent  historical 
summary  of  the  various  processes  used  for  the  manufacture  of 
cellulose,  of  the  more  recent  advances  in  the  technical  processes 
used.  It  discusses  the  Kraft  method.  The  theory  governing 
the  digestion  processes  is  treated  at  length  and  is  followed  by 
the  most  interesting  part  of  the  book,  the  experimental  work  of 
the  author.  This  consists  of  a  series  of  sodium  hydroxide  di- 
gestions, the  object  of  which  was  to  explain  the  course  of  the  re- 
action of  this  process.  The  author  found  certain  critical  points 
in  the  soda  consumption  curve,  which  showed  that  the  course 
of  the  reaction  depended  not  only  on  the  time,  temperature 
and  pressure  but  also  on  the  amount  and  strength  of  the  caustic 
solution. 

An  attempt  has  also  been  made  to  examine  the  substances 
obtained  in  this  process  as  to  their  chemical  constitution.  A 
valuable  feature  of  the  book  is  an  extensive  chronological  table 
of  the  patent  and  journal  literature  with  an  abstract  of  each 
patent  or  article. 

Sidney  Born 

Coast  Erosion  and  Protection.  By  Ernst  R.  M.\tthews, 
Assoc.  M.  Inst.,  C.E.,  F.R.S.  (Ed.),  F.R.G.S.,  F.G.S.  J.  B. 
Lippincott  Company,  Philadelphia,  1913.     Price,  $3.50. 

This  is  a  timely  work,  and  one  that  will  no  doubt  prove  a 
valuable  contribution  to  this  important  branch  of  civil  engineer- 
ing. The  growth  and  depletion  of  sea-beaches  as  a  result  of 
wave  action  is  not  only  a  subject  of  great  interest  but  is  one  of 
those  larger  questions  which  afifect  states  and  nations.  The 
configuration  of  some  coast  lines  is  not  the  same  for  two  consecu- 
tive days.  Low  headlands,  formed  of  easily  eroded  material, 
are  continually  being  set  backwards,  owing  to  the  inroads  of  the 
sea  and  accretion  takes  place  very  rapidly,  so  much  so,  that 
land  is  reclaimed  in  large  areas. 

The  volume  under  review  deals  especially  with  the  erosion 
and  accretion  that  is  taking  place  around  the  coasts  of  Great 
Britain  and  Ireland  but  the  conditions  prevailing  there  apply 
equally  to  the  inroads  of  the  sea  at  many  points  along  the  Ameri- 
can coast  line.  The  enormous  damage  to  property  by  wave 
action  during  a  recent  storm  along  our  own  New  Jersey  shore, 
the  destruction  of  property  valued  at  hundreds  of  thousands 
of  dollars  occurring  during  a  storm  lasting  a  few  hours,  is  but  a 
single  example  of  the  necessity  of  sea-coast  protection. 

In  this  work,  the  author  treats  of  all  forms  of  sea  defences, 
the  merits  and  demerits  of  each  tyjie  being  fully  discussed. 
Many  facts  bearing  on  the  comparative  value  of  the  different 
materials  suitable  for  the  construction  of  sea  walls  are  also  pre- 
sented, without  losing  sight  of  the  important  item  of  economy. 
Special  consideration  is  given  to  methods  of  construction  in 
reinforced  concrete  and  comparisons  of  costs  are  stated.  An 
optimistic,  though  conservative  view  of  the  ascendency  of  con- 
crete in  this  type  of  work  is  taken.  The  fact  is  that  no  material 
is  used  so  extensively  at  the  present  time,  nor  likely  to  be  more 
used  in  the  future  in  the  construction  of  sea  walls  and  break- 
waters. 

A  carefully  written  chapter  on  the  action  of  sea  water  on  con- 
crete summarizes  the  unsatisfactory  state  of  our  knowledge  on 
this  vexing  subject.  The  author  records  in  this  chapter  the 
results  of  a  series  of  experiments  on  a  high  alumina  cement  but 
unfortunately  does  not  give  the  number  of  briquettes  from  which 
the  average  strengths  were  computed,  and  possibly  lays  too  much 
significance  on  the  strength  tests  over  short  periods,  7.  14  and 
28  days. 

The  book  is  well  bound  and  printed  and  admirably  illustrated 
with  drawings  and  photographs.  To  maritime  engineers  or 
those  engaged  in  harbor  construction  tliis  work  will  prove  a 
useful  acquisition. 

Richard  H.  Gaines 
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Green  &  Co..  New  York. 

Calculations,  ChemicO'technological.  By  Ferdinand  Fischkr.  8vo. 
Price,  $0.75.      Otto  Spamer.  Leipzig.      (German.) 

Cement,  Concrete  and  Bricks.  By  A.  B.  Searle  Demy  8vo.  Price, 
$2.75.     Constable  &  Co.,  London. 

Cement:  A  Manual  for  Bricklayers,  Concrete  Workers  and  Plasterers. 
Hy  J.  A.  Van  der  Kloes.  8vo.  Price,  82.25.  J.  &  A.  Churchill, 
London. 

Chemistry  for  Engineers  and  Manufacturers.  By  Bertram  Blount. 
Vol,  II.      2nd  Ed.     L.  8vo.     Price,  $7.50.     Charles  Griffin  &  Co.,  London. 
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Cyanogen  Compounds,  The  Industry  of  the,  their  Development  and 
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C.  L.  Wright.      8vo,  277  p|),      U,  S.  Bureau  of  Mines,  Bulletin  58. 
Fuel,  An  Introduction  to  the  Study  of.     By  F  J.  Brislee      Demy  8vo. 

Price,  $2.25.      Constable  &  Co.,  London. 
Fuel,  Solid,  Liquid  and  Gaseous.     By  J    S.  S    Brame.     8vo.     367  pp 

Price,  $3.25.      Edward  Arnold,  London. 
Gas  Reactions,  The  Physical  Chemistry  of  the  Homogeneous  and 

Heterogeneous.     By  Kari,  Jellinek.     L.  8vo.     844  pp.     Price.  $8.00 

S,  Hirzel,  Leipzig,      (German,) 
Glass  Blowing,  Laboratory  Manual  of.     By  Francis  C.  Frary.     8vo. 

60  pp.      Price,  $1,00,      Hill  Publishing  Co.,  London. 
Industry,    Chemical    and    Color.      By    Carl   C.    Christiansen.     8vo, 

100  pp.      Price.  $0,75,      J,  C,   B,  Mohr.  Tuebingen.      (German.) 
Inorganic   Chemical  Industry,   Pocketbook  for  the.     By  G.   Lunge 

AND     E.      BERL,      5th     Ed.      Sm.  8vo.      305     pp.      Price,     $2.00.      Julius 

Springer,  Berlin.      (German.) 
Inorganic  Chemistry,  Modern,  Introduction  to.     By  J.  W.  Mellor. 

8vo.      684  pp.      Price.  $1.30.      Longmans,  Green  &  Co.,  New  York. 
Inorganic    Chemistry,    Short    Textbook    of.     By    Lothar    Woehler. 

8vo.      203  pp.      Price,  $1.50,      S,   Hirzel,  Leipzig,      (German.) 
Inorganic  Chemistry,  Textbook  of.     By  V.  v.  Richter   (H.  Klinger). 

13th  Ed.     Sm.  8vo.      Price,  $2.75.     F.  Cohen,  Bonn.      (German.) 
Iron  and  Steel.     By  O.  F.  Hudson  and  Guy  D.  Bengough.     Demy  8vo, 

Price,  $1  50,      Constable  &  Co,.  London. 
Metallography :     Vol.  XII  of  Handbuch  der  angewandten  physikal- 

ischen  Chemie.     By  Cecil  H,   Desch.     8vo.     265  pp.     Price,  $4.75, 

J,   A,    Barth,   Leipzig.      1914. 
Mineral  Production  of  Canada  for  1912.     Annual  Report  of  Depart- 
ment of  Mines.      By  John  McLei^h,     339  pp.      Gov't  Printing  Bureau, 

Ottawa- 
Mineral    Production   of   Canada  for   1913.     Preliminary   Report   of 

Department    of    Mines.      By  John  McLeish.     20  pp.     Gov't  Printing 

Bureau.  lUtawa, 
Natural    Gas,    Handbook   of.     By   H.    P.    Westcott.     12mo.     529   pp. 

Price,  $4,00,      Metric  Metal  Works,  Erie,  Pa. 
Organic  Chemistry,  The  Synthetic  Use  of  Metals  in.     By  A.  J.  Hale. 

8vo.      J.  &  A.  Churchill.  London. 

Organic  Chemistry,   A  Textbook  of.     By  .\.   F.   Holleman.     4th  Ed. 

8vo,      621    pp.      Price.   $2.75.      Chapman  &   Hall,   London, 
Petroleum,  Handbook  on.     By  J.  H,  Thomson  and  Boverton  Redwood. 

3rd   Ed      8vo.      360  pp.      Price,  $2.25.     Chas.  Griffin  &  Co.,  London. 
Photochemistry.     By    S.    E.    Sheppard.     8vo.     461    pp.     Price.    $3.25. 

Longmans,  Green  &  Co.,  New  York. 
Physics,    Molecular.     By  J.   A.    Crowtiier.     8vo      J.    S:    A     Churchill, 

London. 
Rubber,  India:     Laboratory  Practice.     By   W    .\    Caspari.     Cr.  8vo. 

Price.  $1.25.      Macmillan  Co  ,  New  York. 
Rubber    Industry,    The    Chemistry    of   the.     By    Harold    E.    Potts. 

Demy  8vo       Price.  $1.25.      Constable  &  Co.,  London. 
Soaps,      Medicated.     By      Walther     Schrauth.     8vo.     Price,     $1.50. 

Julius  Springer.  Berlin.      (German.) 
Steel  Analysis,  Modern.     By  J.  A.  Pickard.     8vo.     J.  &  K.  Churchill. 

London. 


n   The   Chemists"   Club,   New   York 

Sugar    Industry,    Chemistry    of    the.     By    Oskar    Wohkyzce.     8vo. 
160  pp.      Price.  $5.00.     Julius  Springer,  Berlin.      (German.) 

RECENT  JOURNAL  ARTICLES 

Ammonia-Soda  Process,  Another  Form  of  the.     By  P.  P.  Fedotieff 

and  J,  Koltunopf.     y.citschrifl  fuer  anorganische  Chemie,  Vol.  85.   1914, 

No.  3,  pp.  247-260. 
Boiler  Plant  of  the  Blast  Furnace,  The.     By  J.  E.  Johnson,  Jr.     Metal- 

lursical  and  Chemical  Engitieeriiig.  Vol.   12,   1914,  No.  3,  pp.  171-179. 
Boiler   Room,    Practical    Chemistry   in   the.     By   Joseph    W.    Hays. 

Slcam.  Vol.   13,   1914,  No.  3,  pp.  68-72. 
Boiler  Scale,  its  Cause  and  Prevention.     By  Paul  MAaxELL.     Chem- 

liilu-  Apparatur.  \'ul,   1,   1914,  No,  3.  pp.  39-41. 
Carnotite  Industry,  The.     By  S  Fischer.     Transactions  of  the  American 

Electrochemical  Society.  Vol,  24,   1914.  pp,  361-375. 
Casein,   Its  Preparation  and  Testing  for  Coated  Paper  Work.     By 

E.  Sutermeister,      Pttlp  and  Paper  Magazine  of  Canada.  Vol,   12.   1914. 

No.  5,  pp,   126-129. 
Cellulose,  Cotton,  The  Action   of    Strong  Nitric  Acid    on^     By  Ed- 
mund Knecht  and  Adolf  Lipschutz.     Journal  of  the  Society  of  Chemical 

Industry.  Vol,  33,  1914.  No.  3,  pp.   116-122. 
Coal,  Analysis  of,  and  Generation  of  Steam.     By  Chas.  L.  Hubbard. 

Steam.  Vol.   13.  1914,  No,  3,  pp,  63-67. 
Cyanids,    Simple   Alkalin,    The    Electrolysis    of   Aqueous   Solutions 

of  the.      By  G.  H.  Clevencer  and  M,  L,   Hall.      Transactions  of  the 

.Xmerican  Electrochemical  Society.  Vol,  24.   1914.  pp.  271-296. 
Cyanid  Solutions,  The  Electrolysis  of.     By  E    F.  Kern.     Transactions 

I  if  the  .\mericiui  C.eclroc  licmical  Socicly.  Vol,  24.   1914,  pp.  241-270. 
Dyeing :     Public  Report  of  the  Committee  on  Quality  of  Dyestuffs. 

By   Clairmunt.   el   al.     Chemiker   Zeitung.    Vol.   38,    1914,    No.    15.    pp. 

154-158. 
Explosions  in  Mines,  Causes  of.     By  Harold  B.  Dixon.     Coal  and  Coke 

Operator  and  Fuel  Magazine,  Vol.   12.  1914.  No.  10,  pp.   147-148. 
Glasses,    Soda-Lime-Silicate,    Selenium    as    Coloring    Matter    for. 

By  PiERO  Fenaroli,      Chemiker  Zeitung.  Vol,  38.   1914,  No    16.  pp.   177- 

180. 
Industry,    Chemical,    The  Productive  Means   (Apparatus,   etc.)   of. 

By    Franz    Matare.     Chemische    Apparatur.   Vol.    1,    1914,    No.   3,   pp. 

33-38. 
Iron,  Cast,  The  Influence  on  Quality  of.  Exerted  by  Oxygen,  Nitrogen 

and  Some  Other  Elements.     By  J.  E.  Johnson,  Jr.     Bulletin  of  the 

American  Institute  of  Mining  Engineers.  1914.  No.  85,  pp.  1^0. 
Iron  and  Steel,  Electrometallurgy  of.     By  Woolsey  Mc.\.  Johnson. 

Metallurgical  and  Chemical  Engineering,  Vol.  12.  1914,  No.  3,  pp.  165-168. 
Natural  Gas,  Its  Supply  and  Distribution  for  Fuel.     By  Evan  Rine- 

hart.      Monthly  Bulletin  of  the  Engineers'  Club  of  Baltimore.  VoL  3.  1914, 

No.  5.  pp.  2^. 
Oils,    Hardened.     By    G.    Meyerheim.     Seifenfabrikant,    Vol.    34,    1914. 

Nos.  8  and  9,  pp.  177-178,  206-208. 
Oils,  The  Viscosity  of.     By  J.  I.,  Strevens      Journal  of  the  Society  of 

Chemical  Industry.  Vol    3?,   1914.  No,  3.  pp.  109-111. 
Oil:     Scientific  Installations  for  the  Economical  Burning  of  Liquid 

Fuel   of    any   Specific    Gravity.     By    W.    N.    Best.     Bull,    of   Amer. 

Inst,  of  Mining  Engineers.   1914.  No.  86,  pp.  267-277. 
Peat-tar,    Studies    on:     I,    The    Phenol    of    Peat-coke-tar.     By    E. 

Boernstein    and    F.    Bernstein.     Zeilsehrift  fuer   angewandte   Chemie, 

Vol.  27,  1914   I.  No.  12.  pp.  71-72. 
Refractory   Elements,    Melting   Points  of  the.     By   G.   K.    Burgess 

AND  R.  G    W'ALTENBERG.     Bulletin  of  the  Bureau  of  Standards.  Vol.   10, 

1914,  No.  1.  pp    79-90. 
Refrigeration,  Notes  on.     By  S.  R.  Beals.     Journal  of  the  Institute  of 

Brewing.  Vol.  20,  1914,  No.  1,  pp.  38-56. 
Sodium,   The  Production  of.     By   Bernhard  Neumann  and  Sigurd 

Gieetsen.      Zeitschrift  fuer  angewandte  Chemie,  Vol.  27,   1914/1.  No.   12. 

pp.  65-70. 
Steel  Castings,  The  Heat  Treatment  of.     By  C.  D.  Young,  O.  D.  A. 

Pease  and  C.  H.  Straud.      Bulletin  of  the  American  Institute  of  Mining 

Engineers.  1914.  No.  86.  pp.  227-233. 
Tungsten    and    Carbon:     Work    at   High   Temperatures.     By    Otto 

Ruff     and     Rudolf     Winsch       Zeitschrift    .fuer    anorganische    Chemie, 

Vol.  85.  1914,  No.  3,  pp.  292-328. 
Water  and  its  Purification  for  Tanning  Purposes.     By  M.  F.  Corin. 

Journal  of  the  American  Leather  Chemists  Association,  Vol.  9,  1914.  No.  3. 

pp,   143-158 
Wood    Impregnation.     By    Friedrich     Moll,     Chemische     .Apparatur. 

Vol-   1.   1914.  No,  4.  pp,  49-52, 
Wood    Pulp   in   Textile   Manufacturing,    Utilization   of.     By    H.    A 

Carter.      Pulp  and   Paper   .Magazine  of  Canada.   Vol,    12.   1914.    No.   4. 

pp    102-105. 
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3y  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Building,  Washington.  D.  C. 


Catalytic  Production  of  Ammonia.  Bosch  and  Mittasch, 
Jan.  6,  1914.  U.  S.  Pat.  1,083,585.  Ammonia  is  produced 
from  its  elements  by  the  catalytic  action  of  pure  iron,  which  has 
been  prepared  from  its  compounds  by  treatment  with  ammonia 
at  a  temperature  above  600°  C. 

Producing  Ammonia  and  Compounds  of  Ammonia.  F. 
Rothe,  Jan.  6,  1914.  U.  S.  Pat.  1,083,703.  A  gaseous  mixture 
containing  hydrogen  together  with  compounds  of  nitrogen  and 
oxygen  is  passed  at  a  high  temperature  over  a  contact  mass 
containing  from  i  to  10  per  cent  of  a  catalytic  substance. 

Producing  Hydrogen  Peroxid.  Pietzsch  and  Adolph,  Jan. 
6,  1914.  U.  S.  Pat.  1,083,888.  Hydrogen  peroxid  is  produced 
by  subjecting  a  mixture  of  persulfate  and  sulfuric  acid  to  the 
action  of  steam,  the  steam  heating  the  mixture  and  reacting 
directly  with  it  to  form  hydrogen  peroxid  vapor. 

Production  of  Lead  Solutions  from  Lead  Ore.  Anderson  and 
Kaar,  Jan.  13,  1914.  U.  S.  Pat.  1,083,910.  Lead  solutions  are 
produced  directly  from  galena  by  treating  the  pulverized  ore 
with  a  7  per  cent  solution  of  nitric  acid  at  a  temperature  of 
150  to  165°  F.     The  oxids  of  nitrogen  are  recovered  in  the  form 


of  dilute  nitric  acid  which  is  mixed  with  concentrated  acid  to 
produce  the  standard  solution  for  dissolving  the  lead.  The 
impm-e  lead  nitrate  solution  is  purified  from  iron  by  precipitating 
the  iron  in  two  successive  stages. 

Electrolytic  Production  of  Copper.     N.  V.  Hybinette,  Jan.  13, 
H .-  1914-      U-    S.   Pat.    1,084,150.      Copper    is 

produced  direct  from  the  ore  by  leaching 
the  ore  and  plating  from  the  resulting 
solution  containing  both  copper  and  iron 
salts  by  passing  it  into  the  cathode 
compartment  of  an  electrolytic  cell  and 
circulating  the  solution  through  a  filter  in 
the  direction  from  cathode  to  anode. 
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Preparing  Catalyzers  and  Apparatus 
Therefor.  C.  Ellis,  Jan.  13,  1914.  XJ.  S.  Pat.  1,084,202.  A 
charge  of  catalyzer  raw  material  such  as  charcoal,  iron  oxid  or 
the  oxids  of  nickel,  cobalt,  copper,  etc.,  is  placed  in  the  treating 


chamber  i,  and  heated  to  a  temperature   of  from  about   300° 
to  500°  C.     Hydrogen  or  other  reducing  gas   is   introduced  by 


the  line  of  pipe  30  and  a  portion  of  the  gas  passes  over  the  top  of 
the  charge  while  another  portion  enters  beneath  the  charge. 
The  conveyor  7  is  rotated  so  that  the  charge  is  moved  down- 
wardly to  some  extent  on  the  side  where  the  hydrogen  enters 
in  the  lower  part  of  the  conveyer.  The  mixing  conveyer  2, 
by  rotation  in  an  opposite  direction,  moves  the  upper  strata  of 
material  in  a  direction  opposed  to  that  of  the  travel  of  the 
material  in  the  lower  part  of  the  chamber. 
The  reduced  material  is  withdrawn  without 
contact  with  air,  cooled  and  transferred 
without  material  oxidation  to  the  place  of 
use. 

Graphitizing  Carbon.  P.  L.  T.  Heroult, 
Jan.  13,  1914.  U.  S.  Pat.  1,084,274.  In 
this  apparatus  the  carbon,  broken  to  a  suit- 
able size,  is  subjected  to  a  blast  of  air 
under  such  conditions  that  it  is  considerably 
heated.  It  is  then  heated  to  a  graphitizing 
temperature  electrically. 

Mercuric  Chlorid  and  Process  of  Producing  same.  Kaufler 
and  KJages,  Jan.  13,  1914.  U.  , 
S.  Pat.  1,084,346.  Chlorin  and 
mercury  are  separately  intro- 
duced into  a  retort  containing 
boiling  mercury,  the  merciuy 
being  introduced  below  the  level 
of  the  boiling  mercury.  The 
mercury  bichlorid  vapors  escaping 

from  the  retort  are  chilled  by  the  use  of  a  large  quantity  of  cold 
air.  The  mercury  bichlorid  produced  in  this  way  forms  fine 
voluminous  crystallized  needles. 

Making  Solid  Sodium  Bisulfite.  H.  Howard,  Jan.  13,  1914. 
U.  S.  Pat.  1,084,436.  Sodium  sulfite  substantially  free  from 
sodium  carbonate  and 
suspended  in  a  solution 
containing  sodium  sulfite 
is  treated  with  burner 
gas  to  convert  the  sus- 
spended  sodium  sulfite 
into  sodium  bisulfite. 

Zirconium  Lamp-Fila- 
ment. C.  A.  Hansen, 
Jan.  20,  1914.  U.  S. 
Pat.  1,084,629.  Zirconium  oxalate  is  mixed  with  finely  divided 
carbon.  The  mixture  is  shaped  into  threads  and  the  threads 
heated  to  produce  refractory  filaments  consisting  essentially 
of  zirconium. 

Obtaining  Nitrogen  and  making  Compounds  therefrom.  Will- 
son  and  Haff,  Jan.  20,  1914.  U.  S.  Pat.  1,084,774.  Nitrogen  is 
obtained  from  tlie  atmosphere  by  burning  sulfur  in  a  confined 
body  of  air  and  passing  the  resulting  gaseous  mixtiu-e  through 
a  solution  containing  lime  to  form  bisulfite  liquor.  The  re- 
maining gas  is  then  passed  over  heated  sulfur  and  the  nitrogen 
collected. 

Method  of  Carbonizing  and  Superheating  Gas.  A.  Berglof, 
Jan.  20,  1914.  U.  S.  Pat.  1,085,096.  The  gas  to  be  carbonized 
and  superheated  is  first  preheated  and  passed  through  a  body  of 
coke  maintained  incandescent  by  means  of  an  electric  current, 
out  of  contact  with  the  air. 


MARKET  REPORT 

AVERAGE   WHOLESALE    PRICES   OP    STANDARD    CHEMICALS,    ETC.,    FOR   THE    MONTH    OF    MARCH,    1914 


OKGANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drnms) Lb. 

Alcohol,  denatured  (180  proof) Gal. 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P..  1900) Lb. 

Formaldehyde . Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) ^■ 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INOBOANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 

Alum  (lump) C. 

Aluminum  Sulfate  (high-grade) C. 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonia  (drums)  16° Lb. 

Arsenic,  white Lb. 

Barium  Chloride C. 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol Lb. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd) Lb. 

Brimstone  (crude,  domestic) Ton 

Bromine,  bulk Lb. 

Calcium  Chloride,  fused C. 

Chalk  (Ught  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered.  Foreign Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite  "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Phosphoric  Acid  (sp.  gr.  1 .75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  50° Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined),  80  @  85% C. 

Potassium  Chlorate,  crystals Lb. 

Potassium  Cyanide  (bulk).  98-99% Lb. 

Potassium  Hydroxide C. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Permanganate  (bulk) Lb. 

Quicksilver,  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glaM-makers') C. 
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Silver  Nitrate Ol. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) ' Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide,  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur.  Roll C. 

Sulfuric  Acid,  60°  B C. 

Talc  (American) '.  .  .Ton 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate Lb. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  OU  (lighl,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  OU  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude.  120  8:  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

Shellac.  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil.  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Oal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) C. 

Copper  (lake) Lb. 

Lead,  N.  Y Lb. 

Nickel Lb. 

Platinum  (refined) Ol. 
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FERTILIZER  MATERIALS 

1  Sulfate C. 

Blood,  dried Unit 

Bone,  4'A  and  50.  ground 

Calcium  Nitrate  (Norwegian) C. 

Castor  meal Unit 

Fish  Scrap,  domestic,  dried Unit 

Phosphate,  acid,  16  per  cent  bulk Ton 

Phosphate  rock:  f.  o.  b.  mir 
Florida  land  pebble.  68  per 
Tennessee.  70-80  per  cent 


nominal 
Ton    29.09        @  30  00 


7.00 


.75 


Ton 

Ton      5.00 

Potassium,  "muriate."  basis  80  per  cent Ton    39.07 

Pyrites,  furnace  size,  imported Unit  ( 

Tankage,  high-grade Unit      3.50 
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THE  SPRING  MEETING  AT  CINCINNATI 

The  Forty-ninth  Meeting  of  the  American  Chemical 
Society  convened  in  Cincinnati,  April  6th-ioth;  the 
total  registration  was  658.  The  sessions  were  held 
at  the  University  of  Cincinnati,  twenty  minutes'  ride 
from  the  headquarters  at  the  Hotel  Sinton. 

The  business  meeting  of  the  Council  on  Monday 
evening  was  devoted  to  committee  reports.  The 
report  of  the  Supervisory  Committee  on  Standard 
Methods  of  Analysis  was  discussed  at  length.  A 
tentative  report  of  the  special  Committee  on  Business 
Management  was  made  by  Prof.  Baskerville.  After 
some  discussion  it  was  accepted  as  a  report  of  prog- 
ress and  the  committee  was  requested  to  submit 
it,  with  a  statement  of  the  reasons  for  and  against  the 
plan  proposed,  to  the  Council  and  local  sections  before 
May  isth,  in  order  that  final  action  may  be  taken 
at  the  Annual  Meeting  at  Montreal  this  fall. 

The  formal  opening  of  the  convention  was  the 
General  Meeting  in  McMicken  Hall,  where  the  Society 
was  welcomed  by  the  Honorable  F.  S.  Spiegel,  Mayor 
of  Cincinnati,  and  by  President  Charles  W.  Dabney 
of  the  University  of  Cincinnati.  President  T.  W. 
Richards  responded  to  their  cordial  greetings  and 
congratulated  the  Society  on  the  recently  made 
statement  that  the  twentieth  century  is  to  be  a 
chemical  century.  The  scientific  program  is  printed 
in  full  in  this  issue. 

The  Local  Executive  Committee,  consisting  of  F. 
W.  W.eissmann,  Stephen  J.  Hauser  and  Archibald 
Campbell,  deserve  the  unbounded  gratitude  of  the 
Society  for  the  manner  in  which  they  handled  the 
many  details  of  the  meeting.  Arrangements  were 
made  with  the  University  of  Cincinnati  for  serving 
luncheon  each  day  at  the  University,  and  this  was  of 
special  convenience  to  those  taking  part  in  the  many 
excursions.  These  trips  were  in  charge  of  Mr.  G. 
Farnham  and  included  the  inspection  of  twenty-four 
important  industrial  plants  and  points  of  interest 
in  the  vicinity  of  Cincinnati,  and  visits  to  the  National 
Cash  Register  Factory  at  Dayton,  Ohio,  and  the 
American  Rolling  Mills  at  Middletown,  Ohio.  Special 
street  cars  or  automobiles  were  furnished  so  that  the 
minimum  fatigue  might  result  from  the  inspection 
of  large  plants.  Special  trains  took  the  visitors  to  the 
Dayton  and  Middletown  factories.  Further  details 
as  to  these  instructive  and  enjoyable  excursions  will 
be  found  elsewhere  in  this  Journal. 

On  Tuesday  evening,  the  complimentary  smoker 
was  given  at  the  Hotel  Sinton.  Ample  supplies  of 
food  and  favorite  drinks  were  served  along  with 
choice  brands  of  "smokes;"  the  members  were  pro- 
vided with  colored  tissue  paper  caps  which  added  to  the 
gaiety  of  the  occasion.  Mr.  E.  B.  Remelin 
humorously  demonstrated  the  simplicity  of  several 
Modern  Chemical  Developments  including  the  manu- 
facture of  synthetic  rubber,  the  ease  with  which 
radium  may  be  prepared  in  large  quantities  (according 


to  methods  developed  by  Prof.  Parsons)  and  its  use 
in  the  rapid  cure  of  malignant  cancer.  A  cartoonist 
sketched  favorite  poses  and  well-known  charac- 
teristics of  prominent  personalities  in  the  Society, 
and  the  entertainment  was  concluded  by  a  number  of 
deft  and  pleasing  sleight-of-hand  tricks.  Mr.  Broe- 
man  and  his  committee  received  the  thanks  of  all 
present  for  a  most  successful  evening. 

A  notable  entertainment  was  furnished  by  the 
Cincinnati  Symphony  Orchestra  in  a  complimentary 
concert  tendered  to  the  visiting  members  of  the 
Society  by  the  Cincinnati  Section  at  the  Emery 
Auditorium  on  Wednesday  evening  with  Dr.  Ernst 
Kunwald  conducting  and  Mr.  Emil  Heermann  as 
violin  soloist. 

PROGRAM. 

1 .  Overture — "  Der  Freischiitz  " Weber 

2.  "Unfinished"  Symphony Schubert 

3.  Hungarian  Rhapsody  No.  i Liszt 

4  Concerto  Grosso  No.  6 Haendel 

Dr.  Kunwald  at  the  Piano. 

5.  Violin  Concerto Bach 

Emil  Heermann. 

6.  Academische  Fest  Overture Brahms 

The  program  was  rendered  with  a  sympathy  and 
delicacy  of  musical  feeling  that  only  careful  training, 
finished  technique  and  perfect  ensemble  work  can 
make  possible.  The  enjoyment  of  the  audience  was 
attested  by  hearty  applause  and  appreciative  cojnpli- 
ments  from  the  many  music  lovers  in  the  Society. 

Previous  to  the  Symphony  Concert  the  abstractors 
and  editors  of  the  Society's  Journals  were  served  an 
excellent  dinner  in  the  dining  room  of  the  Ohio 
Mechanics  Institute.  Various  suggestions  as  to  the 
improvement  and  more  extended  distribution  of  the 
Society  Journals  were  informally  discussed.  About 
thirty  guests  were  present  and  it  is  hoped  that  such 
meetings  of  our  editorial  force  may  become  an  integral 
part  of  oi:r  general  meetings,  since  they  will  afford  an 
excellent  stimulus  to  the  cooperation  necessary  for  the 
best  success  of  the  Society's  publications. 

The  Banquet  on  Thursday  evening  at  the  Hotel 
Sinton  was  attended  by  over  two  hundred  guests. 
The  large  banquet  hall  was  artistically  decorated  with 
pink  carnations,  ferns  and  smilax,  and  an  exquisite 
musical  program  was  rendered  during  the  evening. 
Prof.  Wilder  D.  Bancroft  acted  as  Toastmaster  and 
addresses  were  made  by  Charles  W.  Dabney,  Theodore 
W.  Richards,  Albert  Bettinger  and  John  Uri  Lloyd. 
The  Society  owes  much  to  the  Banquet  Committee, 
headed  by  Mr.  Lauder  W.  Jones,  for  bringing  the 
Cincinnati  part  of  the  meeting  to  a  close  with  such  a 
delightful  social  function. 

Ladies  to  the  number  of  one  hundred  and  twenty- 
five  attended  the  meeting.  Their  comfort  and  en- 
joyment were  provided  for  by  a  large  committee  under 
the  efficient  leadership  of  Mrs.  J.  W.  Ellms.  About 
seventy    guests    attended    the    complimentary    dinner 
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served  to  the  ladies  at  the  Hotel  Sinton  on  Tuesday 
evening  when  interesting  talks  were  made  by  some 
of  the  members  and  several  of  the  guests  who  had 
been  connected  with  pure  food  campaigns  in  the  large 
cities.  The  dinner  was  followed  by  a  very  enjoyable 
theatre  party  to  which  the  guests  were  conveyed  in 
automobiles.  Wednesday  was  spent  at  Ft.  Thomas 
and  Thursday  at  the  Rookwood  Pottery.  All  of  the 
regular  division  meetings  and  excursions  were  open 
to  the  ladies.  A  large  number  took  the  Dayton- 
Middletown  trip,  the  ride  thence  being  shortened  by 
piano  and  vocal  solos  as  well  as  folk  songs  in  which 
the  entire  party  joined. 

The  industrial  activity  of  the  Queen  City  of  the 
West,  the  use  of  its  University  for  the  meetings,  the 
hospitality  of  the  many  institutions  and  factories  so 
graciously  thrown  open,  the  general  comfort  brought 
about  by  the  skillful  planning  of  the  committees  of  the 
Local  Section,  will  linger  long  in  the  memories  of  those 
who  attended  the  Spring  Meeting  at  Cincinnati. 

JOURNAL  OF  THE  AMERICAN  WATER  WORKS 
ASSOCIATION 

We  have  just  received  the  first  number,  March, 
1Q14,  of  the  Journal  of  the  American  Water  Works 
Association.  This  Journal  is  to  take  the  place  of  the 
annual  proceedings,  and  marks  a  great  step  in  ad- 
vance in  the  affairs  of  the  Association,  which  is  now 
thirty-four  years  old.  At  the  last  convention  of  the 
Association,  a  new  constitution  waS  adopted  giving  it 
an  organization  resembling,  in  several  features,  that  of 
the  American  Chemical  Society.  The  formation 
of  sections  was  authorized,  and  already  a  New  York 
Section  has  been  formed  that  has  had  two  successful 
meetings.  The  expansion  under  the  new  constitution 
requires  a  more  prompt  mediiim  for  the  production 
of  the  proceedings  and  papers  and  therefore,  the 
executive  committee  of  the  Association  has  established  a 
quarterly  journal. 

It  is  planned  to  issue  the  first  number  each  year 
before  the  annual  convention.  It  will  contain  papers, 
which    will    later   be    discussed    at   the    convention.      A 


second  number  will  contain  the  proceedings  of  the 
convention  and  such  papers  and  discussions  as  may  be 
promptly  available  for  publication.  The  third  and 
fourth  numbers  will  contain  the  remaining  papers  and 
discussions  from  the  annual  convention,  publish 
additional  papers  submitted  to  the  sections,  make 
necessary  announcements  of  local  meetings  and  con- 
tain a  revised  list  of  members. 

By  this  procedure  the  Association  will  present  its 
papers  more  promptly,  avoiding  the  delays  attendant 
on  a  single  annual  issue.  The  Journal  will  furnish 
a  repository  for  water  works  literature,  which  will 
bring  it  in  closer  touch  with  the  needs  and  interests  of 
the  membership,  besides  offering  a  greater  incentive 
to  contributors. 

The  first  number  contains  nine  papers.  From  the 
character  of  these  we  see  that  the  new  journal  will 
deal  with  matters  of  interest  to  a  large  variety  of 
readers  including  chemists,  bacteriologists,  engineers, 
administrators,   and   practical   water   works  operators. 

We  hope  that  this  new  departure  will  make  the 
American  Water  Works  Association  a  greater  benefit 
than  ever  before  to  its  members. 


THE  DISTRIBUTION  OF  INDUSTRIES 

In  a  communication  to  the  National  Liberal  Immi- 
gration League,  Dr.  C.  W.  Eliot  presents  his  remedy 
for  municipal  congestion.  In  his  opinion,  the  pre- 
vention of  the  overcrowding  of  our  industrial  centers 
and  the  evils  attending  this  overcrowding  lies  not  in 
restricting  immigration,  but  in  the  distribution  of 
industrial  plants  throughout  the  country. 

This  is  a  matter  which  has  already  received  consider- 
able attention  by  economists,  though  not  as  exhaus- 
tively as  it  might  deserve,  if  the  fundamental  condi- 
tions did  not  require  so  radical  a  change  to  make  it 
practicable.  The  main  factor  which  attracts 
industries  in  American  cities  is  the  concentration  of 
lines  of  transportation  at  those  points.  Were  trans- 
portation rates  always  as  low  at  rural  points  as  at  the 
cities,  the  task  would  be  greatly  simplified.  Doctor 
Eliot  is  of  the  opinion  that  the  project  is  now  easier 
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because  of  the  parcel  post  development,  the  growth 
of  trolley  lines,  and  freight  and  automobile  trucks. 
However,  industrial  growth  will  depend  on  cheap  rail- 
road rates  for  fuel  and  raw  materials  and  for  shipment 
of  finished  products  to  a  degree  which  will  make  the 
other  means  of  transportation  hardly  worthy  of  con- 
sideration. 

On  the  other  hand,  there  are  certain  characteristics 
in  rural  locations  which  are  attractive  for  industrial 
enterprises.  The  cost  of  sites  for  factories  and  resi- 
dences of  employees,  the  ability  of  workingmen  to 
have  their  own  gardens,  the  facility  for  waste  disposal, 
can,  if  the  fundamental  conditions  be  made  right, 
work  a  practical  revolution.  But  transportation  con- 
ditions are  the  vital  point  and  the  scheme  will  be  im- 
practicable until  the  rural  point  can  be  guaranteed  the 
same  transportation  rates  as  the  city. 

W.  A.   Hamor 


NEW  SECTION  ADDED  TO  JOURNAL 

A  new  section  on  Government  Publications 
has  been  added  to  the  Journal,  beginning  in  this 
issue,  under  the  editorship  of  R.  S.  McBride,  Associate 
Chemist   in   the    Bureau   of   Standards.      This   work   is 


planned  to  bring  to  chemists  and  engineers  prompt 
notice  of  all  government  reports  of  interest  to  them, 
and  to  briefly  and  clearly  review  the  scope  and  pur- 
pose of  these  publications.  It  is  not  intended  that 
the  articles  shall  be  fully  abstracted,  since  the  work 
of  Chemical  Abstracts  in  this  line  should  not  be  dupli- 
cated; but  a  prompt  announcement  of  the  publica- 
tions will  do  a  great  deal  to  assist  the  chemical  pro- 
fession in  taking  advantage  of  the  material  now  being 
issued  by  the  Government.  It  will  certainly  be  more 
convenient  for  the  members  of  our  Society  thus  to 
have  condensed  into  one  list  the  announcements  pre- 
viously scattered  through  a  number  of  lists  appear- 
ing at  irregular  intervals  from  the  various  depart- 
ments. All  Government  Printing  Office  publications 
of  value  to  chemists  will  be  reviewed,  including  those 
which  have  appeared  since  January  i,  1914.  The 
items  of  industrial  importance  appearing  in  the  Daily 
Consular  Reports  will  also  be  abstracted,  beginning 
with   March    i,    1914. 

It  is  our  belief  that  this  up-to-date  summary  of  the 
important  investigations  and  publications  of  the 
Government  will  be  of  immense  value  to  our  profes- 
sion. 


ORIGINAL  PAPERS 


STUDY  OF  THE  COMPOSITION  OF  WATER  GAS  TAR 

By  C.  R.   Downs  and  A.  L.   Dean 
Received  February  17,  1914 

Water  gas  tar,  more  properly  carburetted  water 
gas  tar,  is  the  tarry  product  separating  out  in  the  puri- 
fying systems  of  plants  manufacturing  carburetted 
water  gas.  It  is  much  less  viscous  than  ordinary  coal 
tar,  with  a  distinctly  different  odor,  due  in  part  to  the 
absence  of  the  phenols  and  bases  characteristic  of  coal 
tar.  It  is  understood  that  a  portion  of  the  petroleum 
used  in  carburetting,  after  passing  through  various 
molecular  changes,  appears  finally  as  tar,  but  of  the 
exact  nature  of  the  transformations  little  is  definitely 
known.  It  is,  of  course,  the  object  of  the  gas  maker 
to  change  as  large  a  percentage  of  his  gas  oil  into  perma- 
nent gases  as  possible  and  keep  the  production  of  tar 
to  the  lowest  limit. 

A  search  through  the  literature  for  data  concerning 
water  gas  tar  yields  but  fragmentary  and  inadequate 
results.  A.  H.  Elliott,^  Matthews  and  Goulden,^  and 
C.  N.  Forrest'  have  recorded  the  results  of  fractional 
distillations  of  the  tar,  and  Dean  and  Bateman,'*  S.  P. 
Sadtler,^  and  Forrest'  have  furnished  information  re- 
garding the  composition  of  the  creosote  oils  derived 
from  water  gas  tar.  Some  of  the  statements  to  be 
found  in  the  literature  refer  to  material  clearly  quite 
different  from  the  water  gas  tar  produced  in  the  stand- 
ard American  installations  of  the  present  day.  Thus 
Matthews  and  Goulden's  tar  was  lighter  than  water 
and  contained  8.51  per  cent  of  "light  paraffins." 

'  Am.  Chem.  Jour..  6,  248. 

=  Gas  World.  16,  625. 

»  Jour.  Soc.  Chem.  Ind.,  SO,  19.?. 

'  U.  S.  Forest  Service.  Circular  112. 

»  Trans.  Am.  Inst.  Chem.  Eng..  2,  177. 


The  data  presented  in  this  paper  were  obtained  on 
water  gas  tar  from  the  purifying  system  served  by 
several  standard  Lowe  system  water  gas  sets.  The 
carburetting  oil  in  use  at  the  time  was  derived  from 
Oklahoma  crudes.  As  might  be  predicted,  the  tar 
separating   at  differ- 


ent points  along  the 
purifying  system,  as 
the  gas  passes  from 
the  sets  to  the  final 
stages  of  purification, 
becomes  progres- 
sively lighter  and 
richer  in  the  more 
volatile  constitu- 
ents.' Mixed  tar 
from  the  whole 
system  was  used  for 
the  work  described 
in  the  present  paper. 

SYSTEMATIC      frac- 
tional   DISTILLA-  ■ 
TIONS 

A  series  of  detailed 
fractional  distilla- 
tions was  carried 
out  with  a  view  to 
locating  the  boiling 
points  of  any  indi- 
vidual compounds 
which  might  be 
present  in  substantial  amounts.  The  first  distillation  of 
the  tar  up  to  250°  C.  was  carried  out  in  a  five  gallon 

1  Dean  and  Downs.  This  Journai,.  S,  108. 
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copper  still,  the  distillation  being  effected  by  immersing  a 
resistance  coil  in  the  tar.  The  distillates  thus  obtained 
constituted  the  "First   Series"   of  fractions,    and   the 
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centigraoe  temperature 
Fig.  2 — Third  Series  Distillation 

residue  was  saved  for  later  study.  These  first  fractions 
were  then  refractioned  from  an  electrically  heated  glass 
flask  provided  with  a  Hempel  column,  yielding  the 
''Second  Series."  In  refractioning  the  second  and 
subsequent  distillates  a  modified  Young  dephlegmator 
was  employed  up  to  200°  C,  and  above  that  the 
Hempel  column.  This  Young  dephlegmator  consisted 
of  six  chambers,  the  floors  of  which  consisted  of  per- 
forated glass  plates  provided  with  overflow  tubes  as 


/ 

- 

/ 

,/ 

! 

■^ 

^ 

a 

I 

\ 

/ 

J 

/ 

• 

) 

' 

Fig.  3 — Sixth  Sbribs  Distillation 

indicated  in  Fig.  i.  To  avoid  excessive  condensation 
in  the  chambers  the  dephlegmator  was  air-jacketed 
up  to  no''  C,  and  above  that  enclosed  in  an  asbestos 
sheath  heated  by  resistance  wires.  In  this  way  the 
process    of    repeated    fractionation,    according    to    the 


common  practice  of  handling  the  fractions  in  such 
work,  was  continued  to  the  "Third  Series"  of  fractions 
boiling  up  to  250°  C.  and  to  the  "Sixth  Series"  with 
the  lower  boiling  portions.  The  curves  of  the  third 
and  sixth  series  are  shown  in  Figs.  2  and  3. 

From  Fig.  2  it  is  clear  that  the  largest  single  con- 
stituent boils  at  about  220°  C,  approximately  the 
boiling  point  of  naphthalene.  The  abrupt  rises  in 
Fig.  3  at  80°,  110°  and  140°  C.  indicate  the  presence 
of  appreciable  amounts  of  individual  substances  boiling 
near  these  temperatures,  which  were  subsequently 
proven  to  be  benzene,  toluene,  and  the  xylenes.  A 
smaller  irregularity  appears  near  the  boiling  point  of 
mesitylene,  164.5°  C.  It  is  believed  that  a  fairly 
satisfactory  separation  had  been  achieved  in  this  sixth 
series,  and  during  considerable  portions  of  the  dis- 
tillation when  the  distillates  appeared  to  be  nearly  pure 
compounds,  fractions  were  taken  at  each  degree  rise 
in  temperature  and  corrections  made  for  the  emergent 
thermometer  stem. 

GENERAL    CHARACTERISTICS    OF    THE    DISTILLATES 

INDICES  OF  REFRACTION — The  indiccs  of  refraction 
of  the  fractions  of  the  fifth  series  were  determined  at 
30°  C.  with  the  results  shown  in  the  following  table: 


Temp. 

Refractive 

Temp. 

Refractive 

of  fraction 

index 

of  fraction 

index 

°C. 

at  30°    C. 

"C. 

at  30°  C 

79-  83 

1.4938 

125-130 

1.4916 

83-  85 

1.4938 

130-137 

1.4935 

85-  90 

1.4933 

137-145 

1.4967 

90-  95 

1.4923 

145-150 

1.4987 

95-100 

1 .4921 

150-155 

1.4976 

100-109 

1.4910 

155-160 

1.4968 

109-113 

1 .4909 

160-165 

1.4979 

113-115 

1.4910 

165-172 

1.5030 

115-120 

1.4908 

172-179 

1.5180 

120-125 

1.4912 

179-185 

1  . 5269 

BROMINE    ABSORPTION 

The  bromine  absorptions  of  the  fractions  were  used 
as  a  relative  measure  of  the  unsaturated  hydrocarbons. 
The  determinations  were  made  by  allowing  an  excess 
of  a  tenth  normal  solution  of  bromine  in  carbon  tetra- 


series  fractions 

G.  Br  added 

Third  series  fraction 

s      G.  Br  adc 

°  C. 

per  cc. 

°  C. 

per  cc. 

78.9-  79.7 

0.0133 

180-205 

0.4487 

79.7-  80.7 

0.0181 

205-235 

0.2526 

80.7-  85.0 

0.0133 

235-250 

0. 1629 

85.0-  92,0 

0.0182 

92     -101 

0.0192 

Second  scries 

101     -109 

0.0141 

fractions 

109     -110.5 

0.0104 

250-260 

0.0479 

110.5-114 

0.0133 

260-270 

0.0432 

114     -120 

0.0247 

270-280 

0.0610 

120     -130 

0 . 0364 

280-290 

0.0442 

130     -138 

0.0671 

290-300 

0.0963 

138     -142.5 

0.1098 

300-310 

0.0771 

142.5-145 

0.1724 

310-320 

0.0700 

145     -150 

0.2186 

150     -155 

0.1832 

155      -160 

0.1616 

160     -164 

0.1522 

164     -167 

0.4176 

167     -172 

0.4824 

172     -177 

0.4008 

177     -182 

0.5520 

chloride  to  react  on  i  cc.  of  a  sample  for  15  minutes, 
the  vessel  containing  the  mixture  being  immersed  in  a 
bath  of  ice  and  salt  and  kept  in  the  dark.     After  this 
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reaction  period  the  unused  bromine  and  the  hydro- 
bromic  acid  formed  were  both  determined,  and  from 
these  determinations  the  grams  of  bromine  added  per 
cubic  centimeter  of  oil  could  readily  be  calculated. 

"paraffins" 
Since  the  hydrocarbons  of  water  gas  tar  have  their 
origin  in  petroleum  oil  it  might  be  supposed  that  con- 
siderable quantities  of  "paraffins"  would  be  found  in 
the  distillate  therefrom.  To  throw  light  on  this  point 
the  fractions  were  sulfonated  with  concentrated  sul- 
furic acid  and  the  percentage  by  volume  of  the  unsul- 
fonated  residues  determined. 


Per  cent 

Temp,  of  fractior 

1          Per  cent 

nsulfonatec 

1          6th  series 

unsuUonated 

0.06 

138     -142.5 

1.2 

92 

-101 

None 

161 

-166. 

101 

-109 

None 

166. 

5-172 

109 

-110.5 

None 

172 

-177 

110, 

5-114 

None 

3rd; 

series 

114 

-120 

None 

180 

-205 

120 

-130 

0,4 

205 

-235 

1.10 

-138 

0.4 

235 

-250 

The  extraordinarily  high  percentage  in  the  distillate 
from  i8o°— 205°  calls  for  some  comment.  The  residues 
from  all  the  other  fractions  were  washed  to  clear  oils, 
but  the  material  obtained  here  was  of  putty-like  con- 
sistency and  resinous  odor,  and  appeared  to  be  a  polym- 
erization product  of  some  unsaturated  hydrocarbon 
rather  than  a  "paraffin." 

lOW-BOILING    FRACTION 

On  repeated  distillation  of  the  first  fractions  below 
75°  C.  a  small  amount  of  a  very  volatile  liquid  was  ob- 
tained, boiling  between  44°  C.  and  65°  C,  most  of  it 
coming  over  between  60°  and  62°. 

So  small  a  quantity  of  this  material  was  obtained  that 
anything  more  than  a  few  qualitative  tests  was  not 
feasible.  It  charred  and  left  no  residue  of  undissolved 
oil  when  treated  with  concentrated  sulfuric  acid.  It 
reacted  violently  with  strong  nitric  acid,  and  absorbed 
bromine  rapidly  from  bromine  water,  forming  a  bromi- 
nated  product  heavier  than  water.  No  test  for  sulfur 
could  be  obtained.  These  tests  combine  to  indicate 
a  hydrocarbon  mixture  of  markedly  unsaturated 
■  character. 

THIOPHEN 

The  sulfur  containing  compound  thiophen  (C4HJS) 
appears  to  be  always  associated  with  benzol  in  coal  tar 
light  oil.  Because  of  the  closeness  of  its  boiling  point 
(84°  C.)  to  that  of  benzol,  it  cannot  be  removed  by 
fractional  distillation.  The  presence  of  thiophen  in 
water  gas  tar  distillates  was  indicated  by  the  indo- 
phenine  test  with  isatin  and  concentrated  sulfuric 
acid.  The  method  of  Deniges'  was  followed  in  making 
quantitative  estimations  of  this  compound.  The 
average  of  thirteen  analyses  of  the  fractions  between 
79°  C.  and  90°  C.  was  2.1  per  cent. 

Tests  for  the  higher  homologues  of  thiophen  were  ob- 
tained with  the  higher  boiling  fractions,  but  no  quanti- 
tative estimations  were  attempted. 

'  Compl.  rend..  90,  781. 


BENZENE 

An  inspection  of  the  distillation  curve  of  the  sixth 
series  shows  a  decided  rise  at  the  boiling  point  of  ben- 
zene, indicating  the  presence  of  about  0.4  per  cent  of 
that  compound^  The  distillate  between  79°  and  81° 
could  be  readily  nitrated,  giving  a  good  yield  of  nitro- 
benzol  boiling  between  106.5°  ^id  107.5°  ^nd  showing 
no  evidence  of  "paraffins"  by  the  method  given  by 
Lunge.'  Dinitrobenzene,  melting  point  90°,  and  ani- 
line distilling  between  182°  and  185°  were  also  pre- 
pared from  the  purified  benzene  obtained  from  water 
gas  tar.  The  aniline  was  colorless  and  turned  only 
slightly  brown  on  standing  four  months  protected  from 
sunlight. 

A  number  of  samples  were  prepared  conforming  to 
the  requirements  of  the  commercial  grades  of  benzol. 
The  starting  material  was  a  crude  light  oil  obtained  in 
the  initial  distillation  of  water  gas  tar  in  a  large  still. 
This  was  fractioned  up  to  180°  C.  from  a  large  plain 
distilling  bulb  and  the  distillate  refractioned  through 
a   Hempel  column  taking  the  following  fractions: 

1 68°-  79° 

2 79°-100'' 

3 100°-125'' 

4 125"'-155'> 

Pure  benzene  was  prepared  from  the  fraction  Xo.  2 
by  agitating  with  concentrated  sulfuric  acid,  followed  by 
washing  with  dilute  acid  and  water,  and  agitation  with 
caustic  soda  solution  followed  by  thorough  washing. 
Under  laboratory  conditions  a  loss  of  4  per  cent  was 
experienced  by  these  treatments.  The  washed  prod- 
uct was  carefully  redistilled  with  a  Hempel  column 
and  Young  dephlegmator,  yielding  a  product  of  correct 
boiling  point.  This  c.  p.  benzene  gave  no  test  for 
thiophen,  no  discoloration  with  concentrated  sulfuric 
acid,  was  of  sweet  odor  and  has  shown  no  yellowing 
on  standing  for  two  years. 

Preparations  of  90  per  cent  benzol  and  50  per  cent 
benzol  were  also  made  from  water  gas  tar  light  oil 
by  fractional  distillation  and  washing  with  sulfuric  acid 
and  caustic  soda.  With  these  products  much  less 
exact  fractional  distillation  was  required  than  with  the 
c.  p.  benzol.  Both  preparations  were  free  from  thio- 
phen, gave  no  color  with  concentrated  sulfuric  acid, 
and  have  remained  water  white  and  sweet  for  two 
years.     The  loss  in  washing  was  small. 

In  preparing  160°  benzol  or  solvent  naphtha  the  same 
general  process  of  washing  was  followed  but  the  -loss  in 
washing  was  much  greater,  amounting  to  over  15  per 
cent.  The  product  was  of  good  color  and  odor,  and 
gave  buf  a  very  pale  straw  color  with  concentrated 
sulfuric  acid. 

TOLUENE 

An  inspection  of  the  "Sixth  Series"  distillation  curve 
shows  a  rise  of  about  0.8  per  cent  at  the  boiling  point 
of  toluene.  A  portion  of  this  fraction  of  the  sixth 
series  was  nitrated,  giving  85  per  cent  of  the  theoretical 
yield,  and  showing  but  a  trace  of  paraffins. 

The  fraction  No.  3  from  the  Hempel  column  dis- 
tillation mentioned  under  "Benzene"  above  was  washed 
with  sulfuric  acid  and  alkali  (with  a  loss  of  6  per  cent) 

I  "Coal  Tar  and  .\mnionia. "  3rd  Edition,  p.  641. 
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and  the  washed  oil  fractioned  with  a  Hempel  column. 
The  fraction  95°— 120°  was  redistilled  with  the  same 
apparatus  and  the  fraction  109.5°-!  11. 5  °  taken.  This 
product  compared  favorably  with  standard  makes  of 
c.  P.  toluene  and  gave  no  test  for  thiotoluene  and  no 
color  with  concentrated  sulfuric  acid. 


The  next  decided  rise  in  the  distillation  curve  after 
that  at  the  toluene  fraction  appears  around  140°, 
suggesting  the  presence  of  xylenes.  The  curve  indi- 
cated about  1.2  per  cent  of  these  hydrocarbons. 

The  separation  of  the  three  isomeric  xylenes  by  frac- 
tional distillation  is  not  feasible  because  of  the  nearness 
of  their  boiling  points.  By  the  use  of  Levenstein's 
method'  one  sample  of  xylene  fraction  yielded  75  per 
cent  metaxylene,  20  per  cent  para,  and,  by  difference, 
5  per  cent  of  the  ortho.  On  another  sample  of  water 
gas  tar  the  results  were  77  per  cent  meta,  19.5  per  cent 
para,  2.0  per  cent  ortho,  and  1.5  per  cent  "paraffins." 
It  is  doubtful  whether  the  ortho-xylene  is  present  in 
more  than  traces  since  a  qualitative  test^  failed  to 
reveal  its  presence. 

The  sodium  salts  of  the  ortho-  and  meta-xylene  sul- 
furic acids  were  prepared  according  to  Jacobsen.^ 
The  needle-like  crystals  similar  to  those  described  for 
the  ortho  salt  were  only  present  in  very  small  amounts. 
Metaxylene  boiling  i38°-i39°  was  prepared  according 
to  Jacobsen  by  decomposing  the  meta-xylene  sulfuric 
acid. 

MESITYLENE 

A  slight  irregularity  of  the  distillation  curve  around 
165°  suggested  the  presence  of  mesitylene.  The  "Sixth 
Series"  distillate  obtained  at  this  point  was  twice  re- 
distilled with  a  Glinsky  dephlegmator  and  the  distillate 
between  164°  and  167°  nitrated.  A  solid  nitro-com- 
pound  was  obtained  which  after  careful  washing  and 
recrystallization  gave  a  constant  melting  point  of  236°. 
The  nitration  of  another  portion  gave  a  product  melting 
at  235°.  Mulliken  gives  the  melting  point  of  trinitro 
mesitylene  as  235°  C. 

From  the  alcohol  used  to  wash  the  crystals  of  tri- 
nitro mesitylene  a  small  crop  of  barrel-shaped  crystals 
was  obtained  which  on  repeated  recrystallization  gave 
a  melting  point  of  167°,  and  contained  16.31  per  cent 
of  nitrogen.  The  theoretical  nitrogen  content  of  tri- 
nitro-trimethyl  benzenes  is  16.47  per  cent,  but  the 
melting  point  is  far  too  low  for  trinitro  pseudocumene. 
The  amount  of  this  compound  was  too  small  for  further 
experiments,  and  it  remained  unidentified. 

NAPHTHALENE 

Inspection  of  the  distillation  curve  for  the  third  series 
shows  that  the  most  decided  rise  in  the  whole  curve 
appears  between  215°  and  235°,  indicating  a  relatively 
large  proportion  of  naphthalene.  An  attempt  was 
made  to  estimate  the  amount  of  naphthalene  in  water 
gas  tar  as  follows:  500  grams  of  tar  were  distilled  to 
260°  C.  and  the  naphthalene  separating  in  the  distillate 

1  Jour.  Soc.  Chem.  Ind.,  4,  78. 

=  Mulliken.  "Identification  of  Pure  Organic  Compounds,"  Vol.  I,  p.  202. 

=  Ber..  10,  lOOT. 


filtered  off  and  pressed  in  a  screw  press;  the  filtrate  was 
placed  in  a  freezing  mixture  and  the  new  crop  of  naphtha- 
lene crystals  similarly  removed;  this  filtrate  was  dis- 
tilled collecting  a  fraction  from  185°— 265°,  which  was 
cooled,  filtered  and  the  naphthalene  pressed;  the  new 
filtrate  was  refractioned,  taking  a  fraction  i95°-235°, 
which  was  similarly  deprived  of  its  naphthalene  and 
the  new  filtrate  distilled,  collecting  a  fraction  210°— 
225°,  which  yielded  but  a  very  small  separation  of 
naphthalene  when  placed  in  a  freezing  mixture;  the 
total  weight  of  the  solids  thus  recovered  amounted  to 
8.0  per  cent  of  the  tar. 

Naphthalene  was  prepared  from  the  solids  pressed 
from  the  distillate  obtained  from  water  gas  tar  between 
200°  and  250°.  These  solids  were  distilled,  rejecting 
the  first  and  last  10  per  cent,  and  the  distillate  treated 
with  sulfuric  acid  containing  a  little  dichromate.  The 
product,  after  thorough  washing  with  water,  was 
pressed  and  distilled,  giving  a  product  boiling  at  217°  C. 
(uncorrected)  and  melting  at  80°,  which  showed  no 
discoloration  with  concentrated  sulfuric  acid  and  re- 
mained perfectly  white  after  an  exposure  of  four 
months  to  the  light. 

ANTHRACENE 

The  above  described  experimental  work  was  carried 
out  for  the  most  part  on  that  part  of  the  water  gas  tar 
which  distilled  below  250°  C.  in  the  initial  distillation. 
The  residue  above  250°  C.  was  worked  up  in  collabo- 
ration with  Dr.  F.  L.  Haigh  of  this  laboratory. 

Two  methods  of  distilling  this  residue  were  tried; 
in  one  the  distillation  was  carried  out  with  heat  alone, 
in  the  other  steam  was  introduced  into  the  still  in  con- 
siderable volume.  In  both  types  of  distillation  most 
of  the  fractions  showed  a  separation  of  solid  materials 
on  cooling.  These  solids  were  removed,  pressed  and 
weighed  and  the  anthracene  in  them  determined  ac- 
cording to  the  method  proposed  by  Meister,  Lucius 
and  Bruning,'  "with  appendix."  This  method  con- 
sists in  converting  the  anthracene  into  anthraquinone 
by  treatment  with  chromic  acid  in  glacial  acetic  acid 
solution.  The  anthraquinone  was  further  purified  by 
solution  in  fuming  sulfuric  acid  and  recovery  therefrom 
by  dilution. 

The  results  of  the  dry  distillation  were  as  follows: 


Per 

cent  of 

emperature       solids 

°  C.  in  fraction 

-265  None 

265-305  None 

305-315  1,32 

315-325  2,32 

325-335  3.85 


Per  cent         Tempera 
inthracene  ture 

335-345 

345-355 

65.49  355-360 

61.35  360-370 


42.82 


370-400 


Per  cent  Per  cent 

of  solids  anthracene 

n  fractions  in  solids 

4.19  41.73 

4.27  34.85 

3.39  26.41 

4.36  7.41 
None 


These'results  show  the  presence  of  0.392  per  cent  of 
anthracene  in  the  residue  above  250°,  equivalent  to 
0.29  per  cent  of  the  original  tar. 

The  thermometer  readings  in  the  steam  distillation 
were  of  little  value;  the  fractions  were  accordingly 
cut  at  about  each  250  cc.  of  oil  distillate  in  distillations 

'  Allen.  ■■Commercial  Organic  Analysis. '■  3rd  Ed..  Vol.  II,  Pt.  II,  p.  229. 
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of  5000  grams  of  the  "Residue."     The  solids  were  deter-  stantial  amounts.     The  preparation  of  the  pure  hydro- 
mined  and  analyzed  with  the  results  given  below:  carbons  and  of  commercial  products  could  be  effected 

„         .   ,  by  methods  similar  to  those  employed  with  coal  tar. 

Per  cent  of  _                                                                      ^      -^                                             ' 

Volume        wt.  of  solids       anthracene  and  without  encountering  special  difficulties. 

Fraction                           Cc.            in  fractions          in  solids  jt  would  appear  probable  that  Water  gas  tar  may  offer 

' 250               None                  ...  ^  commercial  source  of  supply  for  the  various  grades 

3,,,,,..,.,....,...,    250               None                  ...  °^   benzol   and   solvent   naphtha.      Naphthalene   could 

4 260                 1.2                 58.20  readily  be  produced,  but  there  is  no  adequate  demand, 

^ ^60               110                 46  S3  and  it  is  likely  that  the  present  trade  conditions  would 

7]'.]''^'.' 250                15.2                 40.52  not  warrant  the  production  of  anthracene. 

8 250                    14.4                     43.76  Sheffield  Chemical  Laboratory 

9 250                    12.1                      39.19  Yale  University 

10 250                     5.4                      21.73  NEW  Haven,  Conn. 

11 260  None 

12 250                       None                           ...  

In  the  steam  distillation,  therefore,  0.517  per  cent  of  THE    RADIOACTIVITY  OF  SOME   TYPE  SOILS  OF  THE 

anthracene  was  recovered  from  the  "Residue"  above  UNITED  STATES 

250°,  equivalent  to  0.383  per  cent  of  the  original  tar.  By  Richard  b.  moore 

There  was  clearly  less  decomposition  when  steam  was  Received  March  6,  1914 

used,  since  the  pitch  contained  but  5.6  per  cent  of  free  Strutt'  first  called  attention  to  the  radioactivity   of 

carbon,  whereas  that  from  the  dry  distillation  averaged  igneous  and  sedimentary  rocks.     The  average  of  his 

57  per  cent.     Practically  all  of  the  anthracene  comes  results  on  igneous  rocks  showed  a  radium  content  of 

over  under  360°  in  the  dry  distillation,  and  at  that  tern-  3.3  X  lo"!^  grams  of  radium  per  gram  of  rock.      The 

perature  little  cracking  has  taken  place,  the  pitch  con-  radium   content   of   the   sedimentaries   was   somewhat 

taining  but  6.0  per  cent  free  carbon.     Above  360°  an  less.     Joly''  has  examined  a  large  number  of  rocks  for 

orange-colored,    viscous,    semi-solid    material    appears  radium  and  thorium.      His  radium  values  are  somewhat 

in  the  distillate  and  seems  to  be  indicative  of  marked  larger  than  those  of  Strutt  and  other  workers.     The 

decomposition.  average   of   a  number  of   his   thorium   determinations 

Fairly  pure  anthracene  was  prepared  from  the  ex-  indicates  the  presence  of  1.58  X  lo'^  grams  of  thorium 

pressed  solids  by  washing  with  gasoline,  and  subliming  Per  gram  of  rock.     Fletcher,'  working  primarily  with 

the  residue.     This  anthracene  melted  at  2o7°-2ii°  C.  secondary  rocks,  has  confirmed  Joly's  results  and  at 

and  when  mixed  with  a  sample  of  Kahlbaum's  anthra-  the  same  time  pointed  out  that,   with  the  exception 

cene,  the  mixture  melted  at  2o8°-2ii°.  of  the  calcareous  rocks,  those  of  the  same  types  have 

As  a  further  test  of  the  quality  of  the  solids  pressed  ^^^^f  ^  ^^""y  nearly  the  same  radium  content, 

from  the  high  boiling  distillates  of  water  gas  tar,   50  ,  Although  a  considerable  amount  of  work  has  been 

c    .1              i-j                     J    r           4.1.      J-  J--I1  4-  done  on  the  radioactivity  of  rocks  and  minerals,    very 

grams   of    these    solids    recovered   from    the    distillate  ^                                           '          ■' 

,.              00       J     ^    o                 -j-j-iui-u—t  little   has  been   attempted   along   this  line   with   soils, 

between  289    and  361     were  oxidized  with  bichromate  ^                 *" 

J        ,r     •          -J       T^t.          J.U         ■               ct.              -c  A  knowledge  that  the  atmosphere  was  radioactive  was 

and    sulfuric    acid.      Ihe    anthraqumone    after    purin-  ,      r  ,                           • 

,.                     ui-       J      •    •          o                      c          4.  11-  naturally  followed  by  an  investigation  of  the  activity 

cation  was  sublimed  giving   18.2  grams  of  crystalline  ^    ,        ■'  ,                ,     .        ^                   ^   .         t,               , 

,,           .                A    iu          •                          J   ■     ^-u-  of  the  underground  air.     Elster  and  Geitel,  Bumstead, 

anthraqumone.     Anthraqumone  prepared  in  this  way  ^    ,       .         „..,           „,           .„         r.      ,          ^ 

.,..,,          J.              iu          •           _  Blanc,   Gadounan,  Wilson,  Ebert,  Eve,  Sanders,  Sat- 

was  converted  into  the  sodium  anthraqumone-mono-  '                       '                >              >           >                  > 

sulfonate  which  in  turn  was  converted  into  alizarine.  ^^^^^  ^""^  °*h^"    ^^^^  contributed  to  our  knowledge 

A  beautiful  orange-red  crystalline  preparation  of  aliz-  °^  ^^'^  ^^^ject.     Whereas  a  study  of  the  underground 

V,    ■      J             ur„-       t-u           J     i       TT    J  air  indicates  very  plainly  that  the  soil  is   radioactive, 

arine  was  obtained  on  subliming  the  product.     Under  .                                             ,                   .    .         ' 

,   ,        ,                 J....          4.1.      4.         jr          4-          c        it.  it  does  not  give  any  absolute  values  for  the  activity  of 

laboratory   conditions   the   transformation    of    anthra-  .           ■;            .             .                                 ,     . 

■    ,        ,.       •        •     j-£c     rj-         J   4.U        •  ij       u  the  soil  itself,  as  the  activity  of  the  underground  air 

quinone  into  alizarine  is  difficult,  and  the  yields  ob-  '                             ■'                            ^ 

tained  correspondingly  low.     From  about  20  grams  of  ^^P^^'^^  as   much   upon  the  emanating  power  of  the 

anthraquinone  only  about  7  grams  of  alizarine  were  ob-  radioactive  matter  in  the  soil  as  it  does  upon  the  amount 

,    .      J  of  that  material  actually  present.     Some  rough  mini- 

,.„..,,.„,,  mum    determinations   have    been    attempted.     Wilson' 

SUMMARY  ,                                                            *^ 

,                    ...,...,,.          .  States   that   there   is   probablv   seven   times   as   much 

A  systematic  fractional  distillation  of  water  gas  tar  ,,      .                      •        •     4.1          "jr            -i      4.  ht       1.     4. 

■'  ,        .                                       ,              ,  ,                       ,  thorium  as  uranium  m  the  surface  sous  at  Manchester, 

shows  that  it  possesses  a  general  resemblance  to  coal  t,,                  .,        4.1,       t.      j        4.-       4.    '  4.1.   4.  *■ 

,           ,            '^               ,  ,         ,        ,  Blanc,  on  the  other  hand,  estimates  that  from  5  per 

tar   in   its   hydrocarbon   content   although,    of   course,  ,   ,                         4.     j  4.1          4.-    -4.       t  4.1,     r>    „,       „„-i 

,■'        ,            ,    .              ,           r     ,      ,  cent  to  70  per  cent  of  the  activity  of  the  Roman  soil 

the  bases,  phenols,  and  tree  carbon  of  the  latter  are  •      ,       4.     4.1      ■             t.M      o      j           >  i          1     •    j-     *  _ 

,               r,^,             ,,                       ^              .  ,  is  due  to  thorium;  while    Sanderson  s^  work   indicates 

absent  or  nearly  so.      Ihc  small  amounts  of  .material  .,,    ^             r      -1    4.  m       tt                 j              j- 

,..,,•'         .    .          ,                      ^       ,/    .         .,  that  I  cc.  of  soil  at  New  Haven  produces  radium  emana- 

in  the  distillates  resisting  the  action  of  sultunc  acid  ^.       .            .,.,    .            .^,    „      ^,       _,.                  ,       j-    „ 

.    ,.                   ,                ^           „           ,          ,    ,          ,      ,  tion  m  equilibrium  with  8.9  X  10  '*  grams  0:   radium, 

indicate  an  absence  of  paraffin  and  naphthene  hydro-  j  4.1      •          ^        x-       •           -i-t  •            -4.1.            vx       -« 

,    ,             ,     ,         .     .       .       ,                .       .  and  thorium  erfianation  in  equilibrium  with  1.35  X  10  ° 

carbons,  and  the  marked  variation  in  the  capacity  for  r  xt_     •             t^i  ^  1      s    •        4.1.         j-               4.     * 

,    ,               ,  ,.  .             .                      ...                          /  grams  of  thorium.     Hctcher*  gives  the  radium  content 

halogen   addition   points  to   variable   amounts   of   un- 

_^    ^   ^     ,   ,.     ,  .                  4.    -J      4..        ,                         ■  1 /"ro,;.  2«oy.  5oc.,  (,1)  77  (1906),  472. 

saturated  linkmgs  outside  the  benzene  ring.  :  p^,-;  ^,„g^  17  (,909),  760;  is  (1909).  uo;  2S  (1912),  201. 

Benzene,  toluene,  the  xylenes,  mesitylene,  naphtha-  'itii/.,  as  (1912).  279, 

l,4.u                      .-u  •/!>«.  /our.  iVi,  32  (1911).  169. 

lene,  and  anthracene  were  shown  to  be  present  in  sub-  s  p^,,;  ,^„j   23  (1912)  279 
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of  two  Dublin  soils  passing  a  50-mesli  sieve  as  5.2  X 
io~'-  grams  and  2.8  X  lo"'^  grams  per  gram  of  soil. 

Strutt^  states  that  the  radium  content  of  the  Cam- 
bridge Gault  is  I   X  io"'2  grams  per  gram  of  material. 

Satterly^  measured  the  amount  of  radium  emanation 
in  the  air  of  different  soils  at  different  intervals  extend- 
ing over  a  year.  For  depths  of  from  100-150  cm.  in 
gravelly  soil  the  amount  of  emanation  is  on  the  average 
200  X  io~'^  curies  per  liter.  This  is  about  2,000  times 
as  much  as  is  usually  in  the  atmosphere.  He  found  that 
a  liter  of  soil  air  was  in  association  with  1200  grams  of 
dry  or  1400  grams  of  damp  soil,  and  calculated  from  this 
that  the  apparent  radium  content  of  the  soil  is  1.7  X 
lo"'''  grams  per  gram  of  dry  soil.  As  the  actual  radium 
content  of  the  soil  is  certainly  very  much  larger  than 
this,  it  follows  that  only  a  small  portion  of  the  emana- 
tion generated  in  the  soil  escapes  under  normal  condi- 
tions from  the  soil  particles  into  the  air  surrounding 
them. 

Satterly  also  measured  the  proportion  of  radium 
emanation  to  thorium  emanation  in  soil  air  at  various 
depths.  He  found  that  the  ratio  increased  from  1600 
near  the  surface  to  26,000  at  a  depth  of  400  cm.  At 
150  cm.  it  is  8,600  and  taking  the  radium  content  of 
the  soil  at  I.I  X  10"'^  grams  per  gram  of  soil,  he  calcu- 
lated that  the  thorium  content  would  be  1.4  X  10"^  grams 
per  gram  of  soil. 

Apparently  no  systematic  attempt  has  yet  been  made 
to  correlate  the  radioactivity  of  soils  with  their  other 
properties.  Recently  an  elaborate  study  of  the  chem- 
ical composition  of  a  number  of  type  soils  of  the  United 
States  has  been  undertaken  by  G.  H.  Failyer  and  W. 
0.  Robinson,  of  the  U.  S.  Bureau  of  Soils.  A  mineral- 
ogical  examination  has  been  made  of  the  same  soils 
by  Professor  W.  J.  McCaughey.  The  author  has  these 
unpublished  results  at  his  disposal  and  has  examined 
the  soils  for  their  radium  content.  The  present  paper 
constitutes  a  report  on  the  results  obtained. 

Since  radium  is  found  in  varying  amounts  in  all 
rocks,  spring  waters,  and  even  in  underground  waters, 
it  is  not  surprising  that  botanists  have  tried  the  effects 
of  the  radium  rays  on  the  germination  of  seeds  and 
the  growth  of  plants.  Since  radioactivity  is  a  factor 
of  plant  environment,  it  is  possibly  an  agent  in  plant 
growth.  Not  only  must  the  direct  effect  of  the  rays 
themselves  be  considered,  but  the  chemical  action  in- 
duced by  these  rays,  slight  rises  of  temperature,  etc., 
must  be  taken  into  account.  •  The  emanation,  or  gas, 
given  off  by  radium  salts  diffuses  through  the  soil,  is 
dissolved  by  the  soil  solution,  and  comes  in  intimate 
contact  with  the  plant  roots  even  though  the  radium 
itself  is  in  the  soil  as  an  insoluble  sulfate  or  silicate. 
It  is  therefore  more  probable  that  if  the  presence  of 
radium  in  the  soil  does  affect  the  growth  of  plants 
appreciably,  this  effect  will  be  more  directly  due  to  the 
influence  of  the  emanation  than  to  the  radium.  Some 
experimenters  have  not  taken  this  fact  into  account 
and  the  influence  of  the  /3  and  7  rays  on  plants  has  in 
many  cases  been  tested  rather  than  bringing  the  roots 
in  contact  with  the  diluted  emanation. 

'  Proc.  Roy.  Soc,  (A)  78  (1906-07). 
'■  Proc.  Camb    Phil.  Soc.  16,  p.  6. 


A  far  more  serious  objection  to  the  experimental 
work  with  plants  is  that  much  greater  amounts  of 
radium  have  been  employed  than  are  ever  present  in 
the  soil  naturally,  or  likely  to  be  added  in  actual 
agricultural  or  greenhouse  practice.  The  amount 
normally  present  in  soils  is  sensibly  the  same,  namely, 
about  3  milligrams  per  acre  foot.  To  increase  this 
content  one  milligram  per  acre  foot  in  the  form  of  ground 
ore  would  cost  about  20  dollars,  and  as  pure  radium 
salt  about  120  dollars.  The  experimental  work  so 
far  done  indicates  that  at  least  several  milligrams  per 
acre  would  have  to  be  added  to  produce  an  appreciable 
effect  on  the  crop.  Nevertheless,  it  seems  well  to  call 
specific  attention  to  some  of  the  more  important  inves- 
tigations in  this  direction. 

Danysz'  found  that  the  rays  from  radium  and  the 
emanation  hindered  all  species  of  bacteria  in  their 
development,  some  varieties  being  more  sensitive  than 
others. 

Dixon^  stated  that  the  growth  of  cress  seedlings  was 
retarded  by  the  /3  and  7  rays  from  radium  salts.  Dixon 
and  Wigham  also  found  that  /3  rays  exercised  an  inhibi- 
tory action  on  the  growth  of  certain  bacilli. 

Germination  of  the  spores  of  Aspergillus  niger^  was 
found  by  Koernicke  to  be  inhibited  by  exposure  to 
the  /3  and  7  rays.  Generally  speaking,  he  found  that 
roots  were  more  sensitive  than  shoots. 

Hussakof,''  in  a  review  published  in  1907,  showed 
that  up  to  the  time  of  his  publication  there  was  a 
general  agreement  on  the  following  conclusions: 

(i)  The  rays  from  radium  affect  the  life  processes  of 
plants  as  well  as  animals.  The  Roentgen  rays  have  a 
similar  effect. 

(2)  Different  species  of  plants  are  affected  differ- 
ently in  degree. 

(3)  Younger  tissues  are  more  sensitive  than  older 
ones. 

(4)  The  general  effect  is  to  retard  all  activity.  There 
are  a  few  exceptions. 

(5)  The  growth  and  activity  of  enzymes  are  affected 
by  the  rays  from  radium. 

Gager*  found  that  in  general  the  germination  of 
both  dry  and  wet  seeds  was  retarded  by  the  radium 
rays.  Timothy  grass  seeds  exposed  to  radium  of  weak 
activity  showed  an  initial  slowing  up  and  then  after 
five  days  an  increased  metabolism  over  the  control 
culture.     A  similar  result  was  obtained  with  bean  seeds. 

On  the  other  hand,  when  unsoaked  oat  grains  were 
planted  at  distances  of  7,  22,  and  45  mm.  from  a  sealed 
glass  tube  containing  10  mg.  radium  bromide  of  1,500,- 
000  activity  inserted  in  the  soil,  germination  and  sub- 
sequent growth  were  accelerated.  The  seeds  farthest 
from  the  radium  were  accelerated  most;  those  nearest, 
least.  When  timothy  grass  was  grown  in  an  atmos- 
phere containing  radium  emanation,  the  result  was  de- 
pendent upon  the  amount  of  emanation  used,  the 
height  above  the  soil  at  which  the  emanation  was 
delivered,  etc.      Gager  sums  up  by  stating  that  "the 

■  Compt.  Rend.  Acad.  Set.  Paris,  136  (1903),  461. 

1  Nature,  69  (1903),  5. 

'  Ber.  deut.  Bot.  Ges..  22  (1904),  155. 

•  Med.  Record.  72,  July  20,  1907. 

5  Memoirs  Neur  York  Botanical  Gardens.  4  (1908). 
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rays  of  radium  act  as  a  stimulus  to  protoplasm.  Re- 
tardation of  growth  following  an  exposure  to  the  rays 
is  an  expression  of  overstimulation.  Acceleration 
of  growth  indicates  stimulation  between  a  minimum 
and  an  optimum  point." 

Fabre'  also  studied  the  effect  of  radium  emanation 
in  the  air  on  the  germination  of  seeds  and  the  growth 
of  plants.  The  spores  of  Sterigmatocystis  nigra  on 
gelatin  showed  a  retarded  growth  when  exposed  to 
strong  doses  of  the  emanation,  the  retardation  being 
very  largely  proportionate  to  the  amount  of  emanation. 
With  Linum  catharticum  the  germination  of  the  seeds 
and  the  development  of  the  plants  were  increased  by 
increasing  doses  up  to  1.5  microcurics  per  two  liters 
of  air.  Above  this,  growth  was  retarded.  It  required 
a  larger  amount  of  emanation  to  retard  germination. 
There  seemed  to  be,  however,  an  appreciable  increase 
in  the  number  of  leaves  developed  on  plants  subjected 
to  raditxm  rays. 

Acqua"  gives  the  results  of  the  effect  of  radium  rays 
on  the  germination  of  seeds,  development  of  seedlings, 
growth  of  pollen  tubes  and  movements  of  protoplasm 
in  several  green  plants.  Great  differences  in  reaction 
to  the  rays  existed  between  different  species  and  even 
between  different  organs  of  the  same  species.  The 
root  system  generally  responded  when  a  more  or  less 
complete  arrest  of  development  was  shown,  although 
there  were  many  exceptions.  The  aerial  parts  proved 
highly  resistant,  showing  no  general  response  either 
in  stems  or  foliage.  The  pollen  gave  diverse  results, 
some  not  growing  at  all,  while  others  gave  no  reaction 
to  the  rays.  Protoplasmic  movements  seem  to  be 
totally  unaffected. 

RADIUM    CONTENT    OF    THE    SOILS 

All  samples  of  soil  used  in  this  investigation  were 
obtained  by  putting  through  a  sieve  of  six  meshes  to 
the  linear  inch  and  grinding  to  an  impalpable  powder. 
Strutt's'  method  of  getting  the  material  in  solution  was 
used.  The  soil  was  fused  with  four  times  its  weight 
of  mixed  alkali  carbonates,  treated  with  water,  filtered, 
the  residue  washed  with  sodium  carbonate  solution  to 
prevent  hydrolysis,  and  then  dissolved  in  hydrochloric 
acid.  After  standing  a  month,  the  combined  emanation 
from  the  alkaline  and  acid  solutions  was  introduced 
into  the  electroscope,  which  was  of  the  C.  T.  R.  Wilson 
type,  modified  by  Boltwood.'' 

The  standard  used  is  that  suggested  by  Boltwood.^ 
It  depends  upon  the  fact  that  in  old  uranium  minerals, 
the  radium  present  bears  a  constant  ratio  to  the 
uranium  content  of  the  mineral.  Expressed  in  figures, 
I  gram  of  uranium  is  in  radioactive  equilibrium  with 
T,.Z  X  io~'  grams  of  radium.  Therefore,  if  the  per- 
centage of  uranium  in  such  a  mineral  is  known,  the 
amount  of  radium  present  is  also  known,  and  the 
emanation  obtained  from  this  radium  can  be  used  for 
standardizing  the  electroscope  providing  a  correction 
is  made  for  the  amount  of  emanation  which  naturally 

'  Comtl.  Rend.  Soc.  Biol..  70,  187;  69,  523;  70,  419. 
:  Ann.  Bol.  Rome.  [2]  S  (1910),  223-238. 
»  Proc.  Roy.  Soc,  (.-1)  77  (1906).  472. 
'  .Im.  Jour.  Set..  4th  .Ser.,  18  (1904),  97. 
'/(lirf.,  18  (1904).  381. 


escapes  at  ordinary  temperatures  from  the  particular 
sample  of  mineral  used.  This  must  be  determined  for 
every  sample  of  uranium  mineral  used  for  standardi- 
zation. 

McCoy'  and  Boltwood^  showed  that  the  ratio  of 
radium  to  uranium  in  primary  minerals,  such  as  pitch- 
blende, was  constant.  Their  results  were  confirmed 
by  Marckwald  and  Russell.'  Mile.  Gleditsch,*  how- 
ever, obtained  different  ratios  for  different  samples 
of  pitchblende  and  following  this  there  was  a  tendency 
to  use  dilute  solutions  of  a  pure  radium  salt  as  a  stand- 
ard. From  such  solutions,  however,  a  portion  of  the 
radium  nearly  always  precipitates  sooner  or  later  even 
though  barium  chloride  is  added.  Heimann  and  Marck- 
wald' have  recently  taken  the  matter  up  again  and  ob- 
tained the  same  ratio  of  radium  to  uranium  in  eight 
samples  of  pitchblende  from  different  parts  of  the 
world,  the  average  error  being  less  than  0.5  per  cent. 
It  seems  to  be  preferable,  therefore,  to  use  an  analyzed 
pitchblende  as  a  standard  rather  than  a  solution  con- 
taining a  radium  salt. 

The  apparatus  used  for  boiling  off  the  emanation 
from  the  pitchblende  for  standardizing,  and  from  the 
solutions  obtained  from  the  soils,  was  that  designed 
by  Schlundt  and  Moore."  All  of  the  well  known 
designs  of  apparatus  for  this  purpose  have  been  tested 
and  compared  by  Randall,'  who  finds  that  the  two  forms 
of  apparatus  used  by  Schlundt  and  Moore  give  the 
highest  ionization  currents  and  the  more  uniform 
results. 

Joly*  has  criticized  the  radioactive  results  obtained 
by  the  present  method  of  getting  rocks  and  minerals 
in  solution.  He  claims  that  it  is  almost  impossible 
to  get  solutions  perfectly  limpid  and  the  precipitated 
silica  carries  down  with  it  some  of  the  radium.  Al- 
though this  is  true  to  some  extent,  fairly  concordant 
results  can  be  obtained  in  the  case  of  rocks  and  minerals 
by  its  use.  Much  more  difficulty  is  experienced  with 
soils  than  with  rocks.  Hydrolysis  nearly  always  -takes 
place  and  the  filtering  process  is  both  long  and  tedious. 
On  standing  a  short  time  silica  invariably  separated 
from  the  solutions.  This  was  filtered  off  and  fused 
again  with  alkali  carbonates,  and  the  process  repeated 
until  clear  solutions  were  obtained.  Even  with  the 
greatest  care,  some  of  the  solutions  became  turbid 
before  the  emanation  was  boiled  off.  In  order  to  lessen 
the  difficulty  with  the  silica,  some  of  the  soils  were 
first  treated  with  hydrofluoric  and  a  little  sulfuric  acid. 
After  evaporation  and  ignition,  they  were  fused  with 
fusion  mixture  in  the  ordinary  way.  The  addition  of 
the  sulfuric  acid  at  first  sight  would-seem  to  be  inad- 
visable, but  as  the  solutions  obtained  by  this  method 
remained  more  limpid,  and  as  practically  all  soils  con- 
tain both  sulfates  and  barium,  it  was  thought  that  the 
advantages  would  outweigh  the  disadvantages.     The 

'  Ber.  der  deul.  chem.  Gcsrll..  36  (1903).  3093;  Jour.  Am.   Chem.    Soc, 
27  (I'JO.'i),  391. 

•■  Phil.  Mag..  9  (1905),  599. 

'  Ber.  der  deul.  chem.  Gcsell..  44  (1911),  771. 

•  Le  Radium,  8  (1911),  255. 

<■  Jahrb.  Rad.  u.  Eleklron..  10  (1913).  299;  Phys.  Zeil..  14  (1913),  303. 

5  Jour.  Phyf.  Chem..  9  (1905),  320. 

'  Trans.  Am.  Electrochem.  Soc.  31  (1912). 

»  Phil.  Mag..  23  (1911),  134. 
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results  obtained,  however,  seemed  to  be  low,  so  dupli- 
cate samples  of  the  soils  treated  in  this  manner  were 
fused  in  the  ordinary  way  and  a  comparison  of  the 
results  is  given  in  Table  I.  In  column  B  the  results 
are  given  when  the  soil  was  treated  with  hydrofluoric 
and  sulfuric  acids  previous  to  fusion.  Column  A  gives 
the  results  when  these  acids  were  not  used. 


Table  I 

Radium 

(Gram  X 

lO-i!  per 

DEPTH 

gram 

of  soil) 

A 

B 

Volusa  silt  loam,  Naples,  N.  Y 

0"-8" 

0  93 

3.76 

Volusa  silt  loam,  Naples,  N.  Y 

8"-36" 

1.10 

Cecil  clay,  Charlotte,  N.  C 

0"-6" 

1.94 

0.54 

Cecil  clay,  Charlotte,  N.  C 

6"-36" 

0.78 

Cecil  sandy  loam,  Charlotte,  N.  C 

O'-S" 

1.26 

0.28 

Cecil  sandy  loam,  Charlotte,  N.  C 

s'-se" 

1.95 

1.33 

Durham  sandy  loam,  Ancher,  N.  C 

0"-10" 

1.73 

0.45 

Durham  sandy  loam.  Ancher,  N.  C 

10"- 36" 

1.66 

Norfolk  sandy  loam.  Laurinburg,  N.  C. 

0"-14" 

2.56 

Norfolk  sandy  loam.  Laurinburg.  N.  C. 

14"-36" 

2.80 

Decatur  clay  loam.  Hollywood,  Ala 

0"-4" 

2.78 

Decatur  clay  loam.  Hollywood,  Ala 

4"-36" 

1.52 

1.27 

Hagerstown  loam 

0"-8" 

2.57 

1 .21 

Hagerstown  loam 

8"-36" 

0.83 

1.  13 

When  the  activity  was  determined  both  with  the  use 
of  sulfuric  and  hydrofluoric  acids,  and  without,  the 
results  in  six  of  the  eight  cases  were  uniformly  lower 
when  sulfuric  acid  was  used.  In  the  case  of  the  Volusa 
silt  loam  soil,  which  is  an  exception,  the  results  are 
so  much  at  variance  with  the  others  that  a  suspicion 
as  to  the  reliability  of  the  figure  3.76  X  lo"'^  at  once 
arose.  An  examination  of  the  records  showed  the 
possibility,  though  not  the  certainty,  of  a  contamina- 
tion of  this  solution  owing  to  an  accident.  This  possi- 
bility of  contamination,  however,  should  cause  the 
above  figure  to  be  rejected.  In  the  case  of  the  Hagers- 
town loam  the  two  values  are  close,  but  there  is  no 
explanation  for  the  discrepancy  with  the  other  results. 
A  preliminary  report  on  this  work'  was  made  before 
the  two  methods  were  used  on  the  same  samples. 
This  preliminary  report,  therefore,  does  not  show  the 
variations  in  the  results  obtained. 

In  four  cases,  as  shown  in  Table  II,  the  soil  is  more 
active  than  the  subsoil;  in  three,  the  reverse  is  true. 
The  average  activity  of  the  soils  is  1.97  X  10"'-,  and 
that  of  the  subsoils  is  1.52   X  10"'-. 

There  seems  to  be  a  fairly  definite  relationship  be- 
tween the  activity  and  the  combined  amounts  of  bar- 
ium and  strontium.  In  the  majority  of  cases  the  soil 
or  subsoil  which  has  the  highest  activity  also  has  the 
largest  amount  of  barium  plus  strontium.  The  Hagers-. 
town  loam  and  Decatur  clay  loam  are  exceptions,'  the 
soil  of  the  latter  having  a  considerably  larger  activity 
than  the  subsoil,  but  carries  a  little  less  barium  and 
strontium.  The  same  reaction  holds  fairly  well  with 
the  amount  of  sulfur  present.  In  the  Cecil  clay  and 
Durham  sandy  loam  the  amount  of  sulfur  in  the  soil 
and  subsoil  in  each  case  is  the  same,  although  the  ac- 
tivity of  the  soil  is  greater.  In  only  one  case,  however, 
the  Decatur  clay  loam  again,  are  the  figures  actually 
reversed. 

This   relationship   between   the   activity   of   the   soil 

'  Orig.  Com.  Slh  Intern.  Congr.  Appl.  Chcm. 


and  the  amount  of  barium,  strontium  and  sulfur  present 
is  not  surprising.  Since  radium  has  an  insoluble  sulfate, 
which  precipitates  with  the  sulfates  of  barium  and 
strontium,  the  above  results  seem  to  indicate  that 
radium  in  the  soil  is  very  largely,  if  not  entirely,  in 
the  form  of  sulfate. 

The  number  of  samples  tested  does  not  justify  any 
attempt  to  correlate  the  activities  of  the  different  soils 
with  their  productivity.  Such  figures  would  be  reliable 
only  when  a  much  larger  number  of  results  are  avail- 
able. 

The  amount  of  rare  earths  present  in  the  soils  as 
determined  by  Failyer  and  Robinson'  was  so  small  that 
no  conclusion  can  be  drawn  by  a  comparison  of  the 
rare  earth  content  with  the  amount  of  activity. 

Table  II 
Activity 
Gram  X    IQ-'^  per       BaO(o) 
gram  of  material     and  SrO(a)      SuLFUR(a) 

Soil                                        Soil  Subsoil  Soil  Subsoil    Soil  Subsoil 

Cecil  clay 1.94  0.78  0.10     0.05      0.07  0.07 

Durham  sandy  loam 1.73  1.66  0.16     0.14     0.06  0.06 

Decatur  clay  loam 2.78  1.52  0.06     0.07     0.13  0.19 

Hagerstown  loam 2,57  0.83  0.17     0.17     0.39  0.14 

Volusa  silt  loam 0.93  1.10  0.08     0.10     0.09  0.10 

Cecil  sandy  loam 1.26  1.95  0.05      0.05      0.04  0.09 

Norfolk  sandy  loam 2.56  2.80  0.02      0.03      0.07  0.13 

13.77  10.64  0.64     0.61      0,85  0.78 

Average 1.97  1.52  0.09     0.09      0    12  0.11 

(a)  Unpublished  determinations  by  Failyer  and  Robinson. 

Since  the  activity  of  at  least  secondary  rocks  of  the 
same  type  is  fairly  constant,  it  would  seem  that  there 
ought  to  be  more  connection  between  the  mineralogical 
composition  of  a  soil  and  its  activity.  Unfortunately, 
the  mineralogical  data  at  my  disposal  are  not  suffi- 
ciently complete  to  draw  any  such  connection.  Only 
the  potash  feldspars  and  micas  were  determined  quanti- 
tatively— the  others  qualitatively,  and  as  most  rock- 
forming  minerals  occur  in  all  soils,  the  qualitative  re- 
sults showed  no  significance.  Monazite  occurs  in 
some  soils,  but  was  not  specially  looked  for  in  the 
twelve  samples  examined  and  was  not  listed  among 
the  minerals  in  any  of  them. 

THORIUM    CONTENT    OF    THE    SOILS 

After  experimenting  with  other  methods,''  that  used 
by  Joly  for  determining  the  thorium  of  rocks  and  min- 
erals was  finally  decided  on.  Fig.  I  shows  the  ap- 
paratus. ,4  is  the  flask  containing  the  solution  of  the 
material  to  be  tested.  In  this  case  it  contained  either 
the  acid  or  alkaline  solution  obtained  from  fusion  of 
the  soil  with  fusion  mixture.  J5  is  a  drying  tube  con- 
taining at  one  end  calcium  chloride  and  at  the  other, 
phosphorus  pentoxide,  the  two  separated  by  a  plug 
of  glass  wool.  C  is  a  tube  of  small  diameter,  with  a 
bulb  at  the  top  and  dipping  at  the  bottom  into  a  fairly 
heavy  oil.  D  is  the  electroscope  and  at  E  there  is  a 
needle  valve  (noj;  shown). 

The  flask  A  is  first  disconnected  from  the  apparatus 
and  the  solution  boiled  vigorously  for  ten  minutes. 
This  is  to  get  rid  of  the  radium  emanation.  Thorium 
emanation  is  boiled  off,  of  course,  at  the  same  time, 

1  Private  communication. 

=  I  desire  to  thank  Mr.  W.  O.  Robinson  of  the  Bureau  of  Soils  for  valua- 
ble assistance  in  this  part  of  the  work. 
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but  as  the  half-life  period  of  the  radium  emanation  is 
4.8  days  and  that  of  the  thorium  emanation  54  seconds, 
the  latter  is  very  rapidly  and  the  former  very  slowly 
reformed.  Hence  any  active  gas  which  is  found  in  the 
solution  after  the  ten  minutes'  boiling  and  during  the 
progress  of  the  experiment  can  be  considered  as  thorium 
and  not  radium  emanation. 

The  flask  A  is  now  connected  with  B  and  gently 
boiled  while  a  constant  current  of  air  is  drawn  through 
the  whole  apparatus  in  the  direction  of  the  electroscope. 
This  current  can  be  controlled  by  the  needle  valve. 
C  assists  in  regulating  the  pressure  in  the  apparatus. 
If  the  boiling  is  steady  the  leaf  docs  not  vibrate  and 
readings  are  readily  made. 

If  the  air  is  pulled  too  rapidly  through  the  apparatus, 
the  emanation  is  too  much  diluted;  if  too  slowly,  a 
considerable  portion  of  the  emanation  decays  before  it 
reaches  the  electroscope.  A  maximum  effect  can 
therefore  only  be  obtained  by  trial. 

The  activity  of  any  given  soil  is,  of  course,  the  sum 
of  the  activities  of  the  acid  and  alkaline  solutions 
obtained  from  that  soil. 

The  natural  leak  of  the  electroscope  under  the  ex- 
perimental conditions  is  obtained  by  substituting  for 
A ,  a  similar  flask  containing  distilled  water  and  boiling 
as   already   described.     It   was  noted  that  if   air   was 
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passed  over  calcium  chloride  and  phosphorus  pent- 
oxide  and  then  through  the  electroscope,  the  leak  was 
smaller  than  when  no  air  was  passed.  Also,  if  the  leaf 
was-steady  and  air  was  then  passed,  the  leaf  slowly  rose 
during  a  period  of  ten  minutes  and  usually  over  about 
five  small  scale  divisions.  This  result  is  probably 
clo.sely  connected  with  the  observations  made  by 
Schlundt  and  Moore'  in  a  somewhat  similar  case,  and 
discussed  by  Randall'  in  a  later  paper.  Readings  were 
made  only  after  the  maximum  point  was  reached. 

The  electroscope  was  standardized  by  using  an  acid 
solution  of  a  thorium  mineral  in  which  the  disintegra- 
tion products  are  in  equilibrium.  In  the  present  case 
an  analyzed  specimen  of  thorianite  was  used.  A  flask 
containing  distilled  water,  to  which  a  certain  volume 
of  the  standard  thorianite  solution  was  added,  was 
substituted  for  A  after  first  boiling  to  get  rid  of  the 
radium  emanation.  The  effect  on  the  electroscope 
of  the  emanation  from  a  known  quantity  of  thorium 

'  Trans.  Am.  Eleclrochem.  Soc.  8  (1905),  292. 
^  Ibid,.  21  (1912).  463. 


could  therefore  be  observed  and  compared  with  the 
results  obtained  from  the  soil  solutions  under  similar 
conditions  after  the  leak  was  deducted  in  each  case. 

In  order  to  test  the  accuracy  of  the  method,  different 
thorianite  solutions  of  known  strength  were  used  and 
the  results  compared.  For  example,  lo  cc.  containing 
0.002I  gram  thorium  metal  gave  (leak  deducted)  a 
drop  of  twelve  divisions  per  hour.  40  cc.  of  the  same 
solutions  gave  a  drop  of  47.8  divisions  per  hour. 

The  results  obtained  are  shown  in  Table  III. 

Table  III 

Thorium  gram  X  10^ 

Depth  per  gram  of  soil 

Durham  sandy  loam 10"~36''  5.4 

Norfolk  sandy  loam 0*— 14*  3.3 

Decatur  clay  loam 4"— 36*  5 . 6 

Hagerstown  loam 8'-36'  4.02 

York  silt  loam 0'-8'  4.37 

The  results  are  not  numerous  enough  to  justify  any 
conclusions  as  regards  the  relative  amounts  of  thorium 
in  the  soils  and  subsoils.  Comparing  them  with  Joly"s 
results  on  rocks,  they  seem  to  indicate  that  soils  contain 
more  thorium  than  most  rocks,  the  average  of  the  above 
results  being  much  higher  than  the  average  of  Joly's 
results,  viz.,  1.58  X  io~*  gram  per  gram  of  rock.  The 
figures  are  also  higher  than  those  obtained  by  Blanc 
for  Roman  soils.' 

Strutt'  has  shown  that  the  amount  of  radium  in  the 
earth's  crust  is  more  than  sufficient  to  account  for  its 
internal  heat.  He  did  not  take  into  account  the  tho- 
rium present.  Averaging  the  amount  of  radium  in  the 
soils  and  subsoils  and  reducing  this  back  to  the  uranium 
content,  it  can  readily  be  seen  that  the  amount  of 
uranium  present  is  about  10  per  cent  that  of  tlte 
thorium.  While  it  is  difficult  to  state  just  to  what 
extent  the  thorium  assists  in  maintaining  the  earth's 
internal  heat,  the  effect  must  at  least  be  appreciable. 

The  small  variation  in  the  amount  of  thorium  in  the 
five  samples  tested  is  noteworthy. 

My  thanks  are  due  to  Dr.  Frank  K.  Cameron,  Chief 
of  the  Division  of  Physical  and  Chemical  Investiga- 
tions, Bureau  of  Soils,  for  many  courtesies  extended 
during  the  progress  of  this  investigation. 

Bureau  of  Soils 
Washington,  D.  C. 


PARTIAL  AND  INTERMITTENT  COMBUSTION  OF  GAS 

By    E.    E.    SOMERMEIF.R 

Received  November  21.   191.^ 

COMBUSTIBLE,    INFLAMMABLE    AND    EXPLOSIVE 

MIXTURES 

A  combustible  mixture  is  usually  defined  as  a  mixture 
of  a  composition  such  that  if  any  part  of  it  is  raised 
to  its  ignition  temperature  a  reaction  between  the 
components  will  become  self-sustaining  and  will  ex- 
tend to  all  parts  of  the  mixture;  an  inflammable  mixture 
as  a  mixture  of  a  composition  such  that  if  it  is  ignited 
at  any  point  a  visible  flame  will  spread  throughout 
the  entire  mixture;  an  explosive  mixture  as  a  mixture 
of  a  composition  such  that  if  a  portion  of  it  is  raised 
to  its  ignition  temperature  an  explosive  reaction  will 

1  Phil.  Mag..  IS  (1909),  146-148. 

»  Proc.  Roy.  Soc,  (.A)  11  (1906),  472-485. 
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take  place  throughout  the  entire  mass.  Given  a 
sufficiently  large  volume  of  gas  any  mixture  which  is 
combustible  or  inflammable  is  also  explosive. 

With  the  combustion  once  started  any  one  of  three 
things  is  possible:  The  reaction  may  decrease  in 
rapidity;  it  may  remain  constant;  or  it  may  increase 
in  rapidity.  An  exactly  constant  rate  of  reaction  is  so 
rare  that  it  may  be  disregarded  as  a  possibility  and  the 
reaction  may  be  expected  either  to  accelerate  or  to 
decrease  in  velocity.  If  it  accelerates  an  explosion 
will  occur,  provided  a  sufficiently  large  volume  of  gas 
is  present.  If  it  decreases,  the  combustion  will  die 
out  and  the  gas,  practically  speaking,  will  be  incom- 
bustible or  at  least  only  partially  combustible. 

DATA      ON      THE      COMPOSITION      OF      COMBUSTIBLE      AND 
EXPLOSIVE    MJ^TURES 

The  data  in  the  literature  regarding  the  lower  limits 
of  combustible  and  explosive  mixtures  of  gas  with  air 
or  with  oxygen  differ  greatly.  As  an  illustration, 
HempeU  gives  the  lower  limit  of  combustible  mixtures 
of  hydrogen  with  air  as  from  S  to  6  per  cent.  Most 
other  authorities  give  from  9  to  10  per  cent.  Techlu'' 
gives  the  lower  limits  of  an  explosive  mixture  ofmethane 
with  air  as  3.2  per  cent.  BurrelP  gives  5.5  per  cent. 
Most  other  authorities  give  about  6.0  per  cent.  In 
comparing  such  widely  different  values  one  is  at  a 
loss  as  to  the  real  facts.  That  differences  of  such 
magnitude  are  due  to  errors  of  manipulations  on  the 
part  of  some  of  the_  experimenters  is  hardly  probable 
and  they  are  rather  to  be  ascribed  to  differences  in 
conditions  and  in  methods  of  work. 

Some  of  the  more  probable  factors  contributing  to 
these  differences  in  experimental  results  are:  (i) 
Impurities  in  the  gases  with  which  the  experiments 
were  performed.  (2)  Differences  in  the  initial  tem- 
perature of  the  gas.  (3)  Differences  in  the  initial 
pressure  of  the  gas.  (4)  Differences  in  the  volumes  of 
gas  used.  (5)  Differences  in  method  of  ignition. 
(6)  Differences  in  the  design  or  style  of  the  containers. 

The  recorded  results,  unless  otherwise  noted,  were 
presumably  obtained  by  starting  at  ordinary  laboratory 
temperature  and  at  atmospheric  pressure,  and  it  is 
hardly  possible  that  any  large  a-mounts  of  unknown 
impurities  were  present  in  the  gas  mixtures  used. 
It  would  therefore  appear  that  no  great  discrepancies 
in  results  are  to  be  explained  by  any  or  all  of  the  first 
three  sources  of  error,  and  large  variations  are  more 
probably  to  be  explained  as  due  to  the  latter  three. 
By  varying  these  conditions  the  writer,  as  will  be  shown 
later  in  this  paper,  obtained  results,  which,  while 
they  are  not  entirely  concordant,  do  tend  to  suggest 
reasons  for  the  different  values  given  for  combustible 
and  explosive  mixtures. 

EXPERIMENTS    TO    TEST    THE    INFLUENCE    OF    VOLUME    OF 

GAS,    METHOD    OF    IGNITION    AND    STYLE    OF 

CONTAINER 

In  the  experiments  described  in  this  paper  the 
following  volumes  of  gas  mixtures  were  used: 

•  "Gas  Analysis,"  Hempel. 

!  J.  prakt.  Chem.,  75  (1907),  212. 

'  This  Journal,  6  (1913).  181. 


Container 

Dime 

nsions 

Diam. 

Length 

Condition  of 

Cm. 

Cm. 

Kind 

Vol.  cc. 

experiment 

Glass  flask 

145 

Gas  confined 

8 

26 

Iron  cylinder 

1,300 

Gas  confined 

9.5 

29 

Glass  cylinder 

2,100 

Open  at  end 

20 

38 

Iron  cylinder 

13,000 

Gas  confined 

30 

42 

Iron  cylinder 

30,000 

Gas  confined 

DIMENSIONS  OF  THE  CONTAINERS — For  the  smallest 
container  an  ordinary  short-neck  globular  COo  flask 
was  used.  This  flask  when  stoppered  had  a  capacity 
of  145  cc. 

Each  of  the  iron  cylinders  was  fitted  with  an  opening 
for  the  attachment  of  a  water-sealed  glass  tube,  with 
an  opening  for  the  insertion  of  a  stopper  carrying 
copper  lead  wires  to  which  the  wire  fuses  were  attached 
and  with  \wo  pet  cocks  or  openings  through  which  gas 
could  be  admitted  or  withdrawn  and  also  through 
which  water  could  be  admitted  to  replace  the  gas 
withdrawn  in  sampling. 

The  accompanying  cut  of  the  13,000  cc.  cylinder 
shows  the  general  arrangement  of  the  stirring  apparatus, 
glass    delivery    tube,    paraffined    paper-top,   etc.     The 


projecting  flange  at  the  top  is  of  galvanized  iron  and 
was  used  when  it  was  desired  to  secure  a  water  seal 
around  paraffined  paper.  In  experiments  with  mix- 
tures rich  enough  to  produce  much  of  a  reaction 
several  thicknesses  of  paraffined  paper  were  used  and 
the  necessary  weight  to  hold  the  paper  in  place  secured 
by  using  the  ring  above  the  paper  as  the  fulcrum  of  a 
lever  5  or  6  feet  long,  upon  the  end  of  which  weights 
were  placed.  In  this  way  pressures  equivalent  to  700 
or  800  pounds  upon  the  head  of  the  cylinder  were  readily 
secured. 

The  following  methods  of  ignition  were  used: 
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1  0.5  to  0.75  cm.  No.  34  platinum  wire,  lieated  to  white  heat. 

2  0.5  and  5  cm.   No.  34  platinum  wire,  fused. 

3  0.5  and  5  cm.   No.  34  iron  wire,  fused. 

4  5  cm.  No.  34  tantalum  wire,  fused. 

5  0.25  cm.  spark  from  induction  coil. 

6  Oxygen-natural  gas  flame. 

In  performing  the  experiments  with  closed  con- 
tainers, two  methods  o£  observing  whether  or  not  a 
reaction  took  place  were  used. 

(i)  A  bent  glass  tube  was  attached  to  the  con- 
tainer, the  open  end  of  which  dipped  into  water. 
With  a  vigorous  reaction,  gas  was  forced  through  the 
tube  and  bubbled  up  through  the  water.  With  a  less 
vigorous  reaction,  the  water  in  the  tube  was  depressed 
through  a  noticeable  distance. 

Diameters  of  Deuvery  Tubes  Used 

145  cc.  flask  3  mm.  tube  13,000  cc.  cylinder      12  mm.  tube 

1,300  cc.  cylinder     6  mm.  tube  30,000  cc.  cylinder      12  mm.  tube 

(2)  The  mouth  of  the  container  was  closed  with 
paraffined  paper,  which,  being  flexible,  was  visibly 
moved  by  a  slight  reaction  in  the  gas  mixture,  while 
with  a  vigorous  explosion  or  combustion  it  was  rup- 
tured. This  method  was  employed  in  some  of  the 
experiments  with  the  cylinders  of  capacities  of  1300 
cc.  and  13,000  cc. 

In  the  experiments  in  which  a  delivery  tube  was 
used,  any  gas  which  escaped  was  replaced  by  water, 
and  the  analysis  of  the  residual  gas  did  not  need  to  be 
corrected  for  dilution  with  air.  The  composition  of 
the  residual  gas  from  experiments  in  which  the  cylinders 
were  closed  with  paraffined  paper  was  usually  some- 
what affected  by  dilution  with.  air.  There  was  more 
or  less  leakage  of  gas  outward  around  the  edge  of  the 
cylinder  when  the  gas  was  subject  to  the  pressure 
caused  by  combustion  or  explosion,  and  this  was 
followed  by  a  resultant  leakage  of  air  inward  upon 
the  cooling  and  contraction  of  the  gas.  The  errors 
in  the  results  caused  by  this  leakage  were,  however, 
of  minor  importance  and  had  no  bearing  on  the  general 
conclusions  deduced  from  the  analysis. 

In  using  the  145  cc.  flask  no  effort  was  made  to  mix 
the  gas  and  air,  as  with  this  small  volume  diffusion 
was  deemed  sufficient  to  give  a  uniform  mixture  after 
a  few  minutes.  In  using  cylinders  containing  1300 
cc,  2000  cc,  and  30,000  cc,  mixing  was  secured  by 
inverting  the  cylinder  ten  or  twelve  times  and  allowing 
it  to  stand  each  time  for  a  few  seconds  up  to  several 
minutes  before  reversing.  In  using  a  cylinder  of  13,000 
cc,  mixing  was  accomplished  by  means  of  a  pair  of 
fan  blades  on  a  rotating  shaft  which  was  turned  several 
hundred  times  before  the  ignition  of  the  mixture. 

The  current  used  for  heating  the  0.5  to  0.75  cm.  of 
No.  34  platinum  wire  to  a  white  heat  was  obtained 
by  using  two  32  candle  power  carbon  lamps  in  parallel. 
For  fusing  the  platinum,  iron  and  tantalum  wires, 
three  to  four  32  candle  power  lamps  in  parallel  were 
used.  In  the  fusing  of  the  platinum  wire  less  than  one 
calorie  of  heat  was  developed.  In  the  fusion  of  the 
iron  and  tantalum  wires  slightly  more  heat  may  have 
been  developed  owing  to  some  oxidation.  In  the 
experiments  with  the  13,000  cc.  cylinder  one  calorie 
of  heat  would  be  sufficient  to  raise  the  temperature 
of  the  gas  mixture  only  about  3°  C. 


All  the  experiments  were  performed  at  laboratory 
temperatures  which  varied  for  different  days  from  as 
low  as  18°  C.  to  as  high  as  27°  C.  Some  of  the  results 
obtained  with  the  different  methods  of  ignition  and  the 
different  volumes  of  gas  together  with  analyses  of  the 
resultant  gases  are  as  follows: 

HYDROGEN   AND   AIR 

WITH  THE  145  CC.  FLASK — Method  of  ignition,  0.5  cm.  No.  34 
platinum  wire  heated  to  white  heat  for  2  seconds.  A  blank  on 
air  under  the  same  conditions  gave  a  5  cm.  depression  of  water 
in  the  delivery  tube. 

Results  with  Different  Percentages  of  Hydrogen  in  .\ir 
Per  cent      Depression  Per  cent      Depression 

hydrogen  Cm. 

4.5  10 

5.0  15 

5.5  20 

Turning  on  the  current  for  two  additional  intervals  of  one 
second  each  gave  further  reactions  as  follows- 


hydrogen 

Cm. 

6.0 

7.1 

20 
70 

8.2 

Flask  blow 

'n  off  of  the  stopper. 

Per  cent 

Depressions 

Per  cent 

Depressio 

hydrogen 

Cm. 

hydrogen 

Cm. 

SO 

15  and  10 

6.0 

20  and  1: 

5.5 

20  and  10 

7.  1 

20  and  i; 

After  the  third  ignition  of  the  5.5  per  cent  mixtiu-e,  analysis 
of  residual  gas  for  oxygen  showed  that  only  0.2  per  cent  of  the 
oxygen  had  burned,  equivalent  to  0.4  per  cent  of  hydrogen. 

Results  with  a  0.25  Cm.  Spark  for  O.S  Sec.  from  an  Induction  Coil 
Per  cent  Depression  Per  cent  Depression 

hydrogen  Cm.  hydrogen  Cm. 

4.3  5.6 

1st  spark 20 

2nd  spark 20 

3rd  spark 5 


1st  spark 25 

2nd  spark 25 


1st  spark 75 

2nd  spark 50 

WITH  THE  1300  cc.  CYLINDER — -Method  of  ignition,  fusion  of 
0.75  cm.  of  No.  34  iron  wire.  Extent  of  reaction  noted  by 
movement  of  paraffined  paper  on  the  head  of  the  cylinder.    _    j 


Per  cent 

Per  cent 

hydrogen 

Result 

hydrogen 

Result 

4.5 

No  visible  reaction 

7 

Very  fair  reaction 

4.6 

Very  faint  reaction 

8 

Weak  explosion 

5.0 

Fair  reaction 

9 

Fair  explosion,  not 

violei 

6.0 

Fair  reaction 

10 

Vigorous  explosion 

WITH  THE  C-YLINDER  WATER-SEALED,  glass  tube  to  allow  the 
escape  of  gas,  and  an  iron  wire  fuse,  several  experiments  with 
7.7  per  cent  hydrogen  all  gave  vigorous  reactions,  gas  being 
forced  out  through  the  water-seal.  Analysis  of  the  residual 
gas  for  oxygen  showed  that  from  1.4  to  2  per  cent  of  hy- 
drogen had  burned. 

WITH  THE  13.000  cc.  CYLINDER,  iron  wire  fuse  and  6  per  cent 
hydrogen,  about  500  cc.  of  the  gas  were  forced  out  through 
20  cm.  of  water.  An  analysis  of  the  residual  gas  for  oxygen 
showed  that  about  0.5  per  cent  of  hydrogen  had  burned. 
With  7.7  per  cent  hydrogen  about  2  liters  of  gas  were  forced 
out  of  the  cylinder.  An  analysis  of  the  residual  gas  showed 
that  0.4  per  cent  hydrogen  had  burned.  Ignition  of  the  residual 
gas  by  means  of  additional  fuses  gave  combustion  re-ictions  up 
to  10  fuses.  Up  to  the  fourth  fuse  the  reaction  i)roduccd  forced 
gas  out  of  the  cylinder  through  30  cm.  of  water.  Using  0.5 
cm.  of  No.  34  platinum  wire  heated  to  a  white  heat  for  two  sec- 
onds, a  7,7  per  cent  mixture  of  hydrogen  gave  two  distinct 
reactions,  the  gas  escaping  through  20  cm.  of  water  in  two  closely 
succeeding  but  distinctly  separate  portions.  Analysis  of  the 
residual  gas  showed  that  1.6  jier  cent  of  hydrogen  had  burned 
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Using  a  spark  from  the  induction  coil  for  about  o.  i  second,  a 
7.7  per  cent  mixture  of  hydrogen  gave  a  very  vigorous  reaction, 
several  liters  of  gas  being  forced  out  of  the  cylinders.  Analysis 
of  the  residual  gas  indicated  that  0.8  per  cent  of  hydrogen 
had  burned.  With  7.6  per  cent  hydrogen  and  with  the  spark 
left. running  for  several  seconds,  three  distinct  reactions  were 
obsers'ed. 

WITH  THE  30,000  cc.  CYLINDER  and  iron  wire  fuse,  mixtures 
of  from  7.3  to  7.7  per  cent  hydrogen  gave  fair  reactions  as  was 
indicated  by  the  forcing  of  gas  out  of  the  cylinder  through  water. 
Analysis  of  the  residual  gas  showed  that  only  about  0.4  per  cent 
of  hydrogen  had  burned.  A  7.7  per  cent  mixture  ignited 
with  a  dozen  successive  fuses  gave  reactions  each  time;  up  to 
the  ninth  fuse,  the  reaction  forced  gas  out  of  the  cylinder  through 
18  cm.  of  water;  whereas,  the  burning  of  a  fuse  in  the  cylinder 
filled  with  air  gave  no  visible  depression. 

NATURAL   GAS   AND    AIR 

Natural  gas  from  the  Columbus,  Ohio,  city  mains  was  used. 
This  gas  on  analysis  was  found  to  consist  of  approximately 
85  per  cent  of  methane  and  15  per  cent  of  ethane. 

WITH  THE  145  cc.  FLASK,  a  5  per  cent  mixture  of  natural  gas 
and  air  gave  no  visible  reaction  when  ignited  with  0.75  cm.  of 
No.  34  platinum  wire  heated  to  a  white  heat. 


T 

ime  of 
spark 

Depres- 

Per  cent 
natural  gas 

T 

me  of 
park 

D 

epres 

Spark  Second 

Cm. 

in  air 

Spark  Seconds 

Cm. 

1st 

30 

5.6 

1st 

V2 

75 

2nd 

20 

2nd 

2 

60 

3rd 

20 

3rd 

2 

50 

1st 

30 

4th  ■ 

4 

75 

2nd 

25 

Blank  on  air 

1st 

1 

10 

On  several  other  tests  with  mixtures  containing  from  5.7 
per  cent  to  5.2  per  cent  of  gas  and  using  a  spark  for  0.5  second, 
the  flask  was  blown  from  the  stopper. 

WITH  THE  1300  cc.  CYLINDER — Method  of  ignition,  fusion 
of  from  0.5  to  0.75  cm.  No.  34  platinum  or  iron  wire.  A  4.6 
per  cent  mixture  of  gas  and  air  produced  a  4  cm.  depression. 
A  blank  on  air  produced  a  depression  ol  i  cm. 

A  mixture  of  4.8  per  cent  of  gas  and  air  produced  vigorous 
reactions,  gas  being  forced  out  against  a  pressure  of  5  lbs.  per 
square  inch.  Analysis  showed  the  presence  of  2.6  per  cent  CO2, 
indicating  that  about  one-half  of  the  gas  had  been  burned. 
With  paraflSned  paper  closing  one  end  of  the  cylinder,  and  with 
a  0.75  cm.  platinum  wire  heated  to  fusion,  a  fair  reaction  was 
detected  with  as  low  as  4.6  to  4.7  per  cent  mixtures  of  natural 
gas  and  air.  Mixtures  of  from  4.9  to  5  per  cent  of  gas  and  air 
gave  fair  combustion,  a  distinct  flame  being  visible. 

RESULTS  WITH  5  CM.  NO.  34  IRON  AND  PLATINUM  FUSES Blanks 

on  fuses  in  air  gave  for  the  iron  fuse  a  depression  of  12  cm.  and 
for  the  platinum  fuse  a  depression  of  10  cm.  A  4.3  per  cent 
mixture  of  gas  and  air  gave  a  depression  of  30  cm.  with  an  iron 
fuse  and  a  depression  of  20  cm.  with  a  platinum  fuse.  Using  a 
5  cm.  tantalum  wire  fuse,  blanks  on  fuse  in  air  gave  a  depression 
of  12  cm.  Mixtures  of  4.3  per  cent  and  4.4  per  cent  of  gas  and 
air  gave  depressions  of  40  and  50  cm.,  respectively. 

WITH  THE  13,000  CC.  CYLINDER,  iron  wire  fuse,  paraffined 
paper  head  on  cylinder. 

With  a  4.7  per  cent  mixture  of  natural  gas,  no  visible  reaction 
was  produced. 

With  a  4.8  per  cent  mixture  of  natural  gas,  a  faint  reaction  was 
produced. 

With  a  5  per  cent  mixture  of  natural  gas,  a  fair  reaction  was 
produced. 

With  a  5.2  to  5.3  per  cent  mixture  of  natural  gas,  a  fair  reaction 
was  produced,  the  paper  head  of  the  cylinder  being  scorched 
by  the  heat  of  the  combustion. 


Tests  after  combustion  on  the  residual  gas  from  mixtures 
containing  5.2  and  5.3  per  cent  of  natural  gas  gave  results  for 
CO2  of  from  0.8  to  1.2  per  cent,  indicating  that  approximately 
this  amount  of  the  natural  gas  had  burned.  These  values  are, 
however,  somewhat  too  low,  owing  to  the  leaks  inward  of  air 
after  combustion.  This  is  shown  by  the  more  complete  analysis 
after  combustion  of  the  residual  gas  from  a  5  per  cent  mixture 
of  natural  gas,  upon  which  values  were  obtained  as  follows: 
CO2  1.4,  CH,  2.7,  C2H,o.6  per  cent. 

On  the  basis  of  natural  gas  consisting  of  approximately  85 
per  cent  CH4  and  15  per  cent  CjHr,  the  original  mixture  con- 
tained 4.25  per  cent  of  CH,  and  0.75  per  cent  of  C2H6.  On  the 
residual  gas  after  combustion  the  CjHs  is  0.15  per  cent  lower 
and  the  CHi  1.55  per  cent  lower  than  in  the  original  mixture. 
If  these  amounts  burned  to  CO2  the  CO2  formed  would  equal 
1-55  +  0.30  =  1.85  per  cent  as  against  1.4  per  cent  of  CO2 
actually  found.  This  corresponds  to  a  dilution  of  the  original 
mixture  with  approximately  25  per  cent  of  air. 

EFFECT  ON  IGNITION  BY  A  WHITE  HOT  PLATINUM  WIRE  COMPARED 
WITH    IGNITION    BY   FUSION    OF   THE   WIRE 

A  5.1  per  cent  mixture  with  0.75  cm.  No.  34  platinum  wire 
heated  to  a  white  heat  for  two  seconds  gave  no  visible  reaction, 
but  upon  turning  on  additional  current  and  fusing  the  wire,  a 
fair  reaction  occurred,  about  500  cc.  of  gas  being  forced  out  of 
the  cylinder.  Analysis  of  the  residual  gas  for  carbon  dioxide 
and  oxygen  indicated  that  only  about  0.2  per  cent  of  the  natural 
gas  had  burned. 

The  ignition  of  the  gas  by  fusion  of  the  wire  and  its  failure  to 
ignite  from  the  wire  raised  to  a  white  heat  shows  very  clearly 
the  great  effect  of  a  very  high  temperature  of  ignition  upon  the 
starting  of  the  reaction. 

EXPERIMENTS     WITH     THE     OXYGEN-NATURAL     GAS     FLAME     AS     A 
SOURCE   OF    IGNITION 

Mixtures  of  natural  gas  and  air,  and  hydrogen  and  air  were 
collected  over  water  in  the  2100  cc.  glass  cylinder  which  was 
then  closed  with  a  glass  plate.  The  gases  were  mixed  by  in- 
verting the  cylinder  a  number  of  times,  and  then  with  the 
cylinder  inverted,  it  was  quickly  slipped  off  of  the  glass  plate 
which  closed  it  and  passed  over  the  oxygen  gas  flame,  the  flame 
being  in  the  cylinder  for  about  one-half  second.  This  flame 
was  about  10  cm.  long  and  consumed  about  3  cc.  of  natural  gas 
per  second.  With  natural  gas  no  visible  combustion  was  ob- 
tained with  5  per  cent  of  gas,  but  with  a  5.5  per  cent  mixture  the 
combustion  was  quite  evident,  a  blue  flame  spreading  slowly 
throughout  the  cylinder.  With  hydrogen  no  reaction  was  de- 
tected with  a  6  per  cent  mixture.  With  a  7  per  cent  and  a  7.7 
per  cent  mixture  no  visible  flame  was  noticeable  but  an  ap- 
preciable reaction  was  indicated  by  the  deposit  of  a  film  of 
moisture  upon  the  cold  sides  of  the  cylinder.  That  an  appreci- 
able reaction  is  started  by  the  oxygen-natural  gas  flame  in  mix- 
tures of  natural  gas  and  air  lower  than  5.5  per  cent  is  shown  by 
the  following  experiments  upon  different  mixtures  of  gas  and 
air  in  the  13,000  cc.  cylinder:  In  making  the  experiments  a 
cork  was  removed  from  a  2  cm.  opening  in  the  side  of  the  cylinder 
and  the  tip  of  the  flame  inserted  into  the  cylinder  for  from  i  to  3 
seconds.  Considerable  reaction  occurred  as  was  shown  by  the 
rapid  swelling  of  the  paraffined  paper  top  used  to  close  the  cylin- 
der and  by  the  rapid  escape  of  gas  through  the  opening  in  which 
the  flame  was  inserted.  In  each  case  the  effect  was  greater 
than  that  which  was  produced  in  blank  tests  upon  the  cylinder 
filled  with  air.  But  in  the  mixtures  used  no  violent  reaction 
occurred.  The  extent  of  the  reaction  was  approximately  de- 
termined by  analysis  of  the  residual  mixtures  for  CO2.  The 
flame  used  3  cc.  of  natural  gas,  and  produced  approximately 
3  cc.  of  CO2  per  second;  or  in  the  13,000  cc.  mixture  less  than 
0.03  per  cent  of  CO2  per  second  was  added  from  this  source. 
The  results  obtained  upon  the  residual  mixtures  were  as  follows : 
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These  results  all  show  appreciable  combustion  around  the  flame. 
This  combustion  was  in  all  cases  greater  than  is  shown  by  these 
results  on  account  of  the  expansion  of  the  gas  and  the  dilution 
of  the  remaining  gas  with  air  upon  contraction  before  the  gas 
was  sampled  and  analyzed.  That  partial  combustion  of  such 
mixtures  occurs  is  shown  by  the  well  known  lengthening  of  a 
lamp  flame  in  air  containing  fire  damp. 

ANALYSIS    OF    RESULTS 

The  experiments  here  recorded  show  conclusively 
that  with  a  high  initial  ignition  temperature  a  reaction 
may  start  in  a  gas  mixture,  which,  as  a  whole,  may  be 
incombustible  because  the  heat  of  combustion  is  not 
sufficient  to  maintain  the  temperature  at  the  kindling 
point.  Hence  all  of  the  mixture  will  not  burn  although 
the  reaction  may  be  sufficiently  extensive  as  to  make 
the  mixture  appear  to  be  combustible  or  explosive. 
With  the  source  of  high  temperature  employed  to 
cause  ignition  acting  for  only  a  very  brief  interval  of 
time,  as  during  the  fusion  of  platinum  or  iron  wire,  the 
resultant  reaction  quickly  ceases  but  not  until  a  com- 
bustion of  gas  has  occurred,  the  heat  of  which  is  in  some 
cases  equivalent  to  hundreds  of  time  the  energy  re- 
quired to  heat  the  platinum  or  iron  fuse.  The  heat 
liberated  by  the  fusion  of  0.75  .cm.  of  No.  34  platinum 
or  iron  wire  is  only  a  fraction  of  a  calorie.  In  a  7.7 
per  cent  mixture  of  hydrogen  this  fuse,  as  has  been 
shown,  causes  a  combustion  of  0.4  per  cent  of  hydrogen 
in  a  30,000  cc.  mixture  or  of  120  cc.  of  hydrogen. 
This  liberates  about  300  calories  of  heat.  In  the  smaller 
containers  a  greater  percentage  of  the  hydrogen  was 
burned.  For  example,  in  the  1300  cc.  cylinder  as  high 
as  2  per  cent  of  hydrogen  burned  or  only  26  cc.  From 
this, it  would  appear  that  when  the  combustion  is 
started  from  a  source  of  very  high  temperature,  more 
gas  is  burned  in  a  large  volume  of  mixture  than  in  a 
small  volume,  but  that  the  greater  percentage  of  the 
gas  is  burned  in  the  smaller  mixture.  This  is  at  least 
partially  accounted  for  by  the  cooling  of  the  gas  by 
the  walls  of  the  container,  especially  where  small 
volumes  are  burned;  but  with  large  volumes  of  gas,  as 
in  the  case  of  the  two  large  cylinders  holding  13,000 
and  30,000  cc,  respectively,  this  would  be  of  little 
effect,-  and  in  a  room  full  of  gas  the  effect  would  be 
entirely  negligible.  With  a  continuous  source  of  high 
temperature,  as  with  a  white  hot  wire,  a  lamp  flame  or 
a  running  electric  spark,  the  reaction  produced  may  be 
intermittent.  The  gas  immediately  around  the  point 
of  ignition  burns  and  expands,  and  combustion  around 
that  point  ceases  until  another  portion  of  the  mixture 
of  gas  and  air  has  replaced  the  expanded  gas  and  prod- 
ucts of  combustion,  whereupon  another  reaction  takes 
place  resulting  in  a  series  of  combustions  or  explosions. 

The  limits  of  appreciable  ignition  or  combustion 
of  hydrogen  and  of  natural  gas  in  air  vary  with  the 
volume  of  gas  used,  the  source  of  ignition  and  the  style 


of  the  container.  In  a  2000  cc.  open  cylinder  the  lower 
limit  obtained  for  natural  gas  is  about  5.5  per  cent. 
With  hydrogen  the  lower  limit  for  very  appreciable 
ignition  was  above  7  per  cent.  In  a  closed  container 
the  lower  limit  for  natural  gas  using  0.5  cm.  of  No.  34 
platinum  wire  heated  white  hot,  was  over  5  per  cent. 
With  a  0.5  cm.  platinum  or  iron  wire  fused  the  lower 
limit  obtained  was  4.7  to  4.8  per  cent.  With  a  5  cm. 
No.  34  wire  fused  the  lower  limit  obtained  was  about 
4.3  per  cent.  With  a  s  cm.  No.  36  tantalum  wire 
fused  the  lower  limit  was  about  4.3  per  cent.  With  a 
0.25  cm.  spark  from  an  induction  coil  the  lower  limit 
of  appreciable  reaction  was  about  4.3  per  cent.  With 
closed  containers,  6  to  7  per  cent  mixtures  of  hydrogen 
and  air  gave  vigorous  reactions  with  0.5  cm.  platinum 
or  iron  wire  fuses.  With  the  electric  spark,  mixtures 
as  low  as  5  per  cent  gave  very  noticeable  reactions, 
and  faint  reactions  were  obtained  with  mixtures  as 
low  as  4.3  to  4.6  per  cent. 

For  the  same  percentage  of  gas  and  the  same  method 
of  ignition,  small  volumes  of  gas  gave  more  vigorous 
reactions  than  large  volumes,  but  in  total  amount  of 
gas  burned,  the  combustion  obtained  in  large  volumes 
was  greater  than  that  obtained  in  small  volumes. 

With  smaller  containers,  or  with  a  more  powerful 
spark,  or  a  longer  wire  fuse,  undoubtedly  very  appreci- 
able reactions  can  be  obtained  with  mixtures  of  lower 
percentages  than  those  given,  but  with  ordinary 
sources  of  ignition,  large  volumes  of  gas  will  not  react 
appreciably  unless  the  mixture  is  richer  in  gas  than  the 
lowest  limits  obtained  in  these  experiments.  How- 
ever, the  thermal  calculations'  based  on  850°  and  700° 
as  the  ignition  temperature  required  for  explosive 
mixtures  of  natural  gas  and  of  hydrogen  with  air 
indicate  that  mixtures  of  natural  gas  in  excess  of 
2  per  cent  and  of  hydrogen  in  excess  of  5.9  per  cent 
are  potentially  explosive  if  conditions  favorable  to 
the  reaction  are  present.  Some  of  these  conditions, 
in  addition  to  a  vigorous  source  of  ignition,  are  un- 
usually high  in  initial  temperature  of  the  mixtures 
of  gas  and  air,  presence  of  fine  combustible  dust,  and 
an  increase  in  the  pressure  of  the  mixture. 

The  results  of  these  experiments  indicate  that  a 
comparatively  small  excess  of  hydrogen  above  the 
theoretical  requirement  is  necessary  to  produce  a 
vigorous  reaction.  Natural  gas  or  methane,  on  the 
other  hand,  ignites  with  such  difficulty  that,  with 
ordinary  methods  of  ignition,  an  appreciable  reaction 
does  not  occur  unless  a  very  large  excess  of  gas  is 
present  above  that  required  by  the  thermal  calculation. 

Department  of  Metallurgy 

Omo  State  University 

Columbus 
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A  contribution  to  THE  PROBLEM  OF  UTILIZA- 
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The  rapid  decrease  in  the  supply'  of  long  leaf  pine 
available  for  the  production  of  turpentine  and  the 
immense  waste  of  resinous  wood  in  the  lumber  indus- 

'  Tras  Journal,  6,  191. 
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try  throughout  the  country  has  stimulated  chemists 
in  an  effort  to  devise  some  practical  method  for  the 
extraction  of  wood  turpentine  from  stumps,  lapwood 
and  mill  waste.  According  to  the  Report  of  the  Bureau 
of  Chemistry"  there  are  more  than  five  million  cords 
of  waste  wood  left  annually  in  the  forests  in  the  lum- 
bering of  resinous  woods.  The  amount  of  waste  is 
greatly  increased  when  we  add  to  this  the  dead  and 
fallen  timber  of  the  uncut  forest. 

The  methods  for  extracting  turpentine  from  resi- 
nous wood,  so  far  proposed,  may  be  classed  under  four 
heads:  i.  Destructive  distillation,  with  or  without 
steam.  2.  Steam  distillation.  3.  Distillation  with 
hot  rosin.  4.  Extraction  with  volatile  solvents.  These 
methods  have  all  been  tried  out  with  varying  degrees 
of  success,  but  it  is  somewhat  doubtful  if  any  of  them 
have  developed  beyond  the  experimental  stage.  The 
commercial  success  of  any  method  will  depend  largely 
upon  the  demand  for  the  by-products,  and  the  utiliza- 
tion of  all  parts  of  the  wood.  The  steam  distillation 
process  in  conjunction  with  the  manufacture  of  paper 
pulp  appears  promising^  and  the  destructive  dis- 
tillation method  has  often  been  successful  where 
charcoal,    creosote    and    rosin  oils  are  in  demand. 

The  method  described  in  this  paper  proposes  to 
improve  the  ordinary  destructive  distillation  process 
by  controlling  the  temperature  and  diminishing  the 
pressure  at  which  the  distillation  takes  place,  thereby 
avoiding  superheating  and  at  the  same  time  vaporizing 
the  turpentine  at  a  temperature  below  which  it  will 
not  decompose. 

According  to  Violette,'  when  wood  is  carefully  heated 
to  150°  C.  water  only  is  distilled,  and  decomposition 
begins  at  about  160°  C.  These  results  will  probably 
vary  with  the  kind  of  wood.  In  order  to  determine 
the  effect  of  heat  upon  the  variety  of  wood  to  be  used 
in  later  experiments  a  sample  of  western  yellow  pine, 
Pinus  ponderosa,  was  placed  in  a  fiask  immersed  in  a 
sulfuric  acid  bath  and  heated  very  slowly.  Care  was 
taken  that  the  temperature  of  the  bath  did  not  ex- 
ceed that  of  the  interior  of  the  flask  by  more  than  five 
degrees.  At  94°  (the  barometric  pressure  of  the  labora- 
tory being  645  mm.)  distillation  of  water  and  turpen- 
tine begins.  When  kept  at  160°  C.  for  several  hours 
the  wood  turns  brown,  and  above  this  temperature 
there  is  abundant  evidence  of  decomposition.  Gaseous 
decomposition  begins  when  a  temperature  of  220°  C. 
is  reached. 

Although  pure  turpentine  distils  at  155-6°,  yet 
when  dry  wood  is  heated  only  a  small  percentage  of 
the  turpentine  present  is  driven  off  when  decomposi- 
tion begins.  This  is  explained  by  the  fact  that  ordi- 
nary pitch  as  it  occurs  in  wood  is  a  solution  of  rosin 
and  various  waxes  in  turpentine;  when  a  substance  is 
dissolved  in  a  liquid,  the  vapor  pressure  of  the  sol- 
vent is  lowered  at  all  temperatures,  and  the  solution 
must  therefore  be  heated  to  a  higher  temperature  than 
would  be  required  for  the  pure  solvent,  before  dis- 
tillation begins. 


The  rosin  is  not  volatile;  as  the  turpentine  distils 
and  the  solution  grows  more  concentrated,  the  vapor 
pressure  is  lowered,  and  the  boiling  point  is  corre- 
spondingly raised,  until  the  temperature  of  decomposi- 
tion is  reached,  and  a  large  part  of  the  turpentine  is 
destroyed  before  it  is  vaporized.  The  presence  of 
water  in  the  wood,  however,  adds  a  factor  which  partly 
counterbalances    this,    and    lowers    the    boiling    point 


'  Bull.  169. 

'■  Bur.  of  Chem..  Bull.  189. 

I  Sadtler's  "Industrial  Orga 


Chemistry,"  p.  348. 


/(?  ^o  30  4^  Jii>  (56>  7a  SO  90  /oa 
T^e-mp  era  tare 


of  the  turpentine  in  the  mixture.  According  to  the 
law  of  Regnault'  for  immiscible  liquids,  water  and 
turpentine  will  distil  at  the  temperature  at  which 
the  sum  of  their  vapor  pressures  is  greater  than  atmos- 
pheric pressure,  neither  influencing  the  vapor  pressure 
of  the  other.  The  quantity  of  each  liquid  found  in 
the  distillate  will  be  proportional  to  their  vapor  densi- 

i  Fogg.  Ann..  93,  5.17. 
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22.4  (273  +  93) 
as  being liters,  and  assume  turpentine 


ties   and   can   be   calculated   by   means   of   Avogadro's  If  we  consider  the  gram   molecular  volume   at  93 

law. 

A  mixture  of  water  and  turpentine  (the  barometric  273 

pressure  in   the   laboratory   being   632    mm.)    boils   at  to  consist  of  pinene  with  a  molecular  weight  of    136, 
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93  °  C.  Water  at  this  temperature  has  a  vapor  pressure 
of  588  mm.  The  remaining  64  mm.  pressure  must 
be    due    to    the    turpentine.      The    vapor    pressure    of 
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pure  turpentine'  shows  that  a  mixture  of  it  and  water 
should  boil  at  about  91°  C.  The  slight  solubility  of 
each  in  the  other  doubtless  lowers  the  vapor  tension 
of  both. 

I  ".Smithsonian  Physical  Tables."  p.  126. 


then   the   mixed   vapors    will   be   found   to   consist   of 

i8  X  588  .      f       ^  ,  136  X  64 

=  16.  2  parts  of  water  vapor  and   ~ = 

652  652 

13.3  parts  of  turpentine  vapor.  The  ratio  of  the 
weight  of  water  to  turpentine  in  the  vapor  is  approxi- 
mately 100  to  80,  and  this  is  also  the  ratio  of  their 
weights  in  the  distillate. 

The  density  of  turpentine  is  0.85,  therefore  the  vol- 
ume of  water  and  the  volume  of  turpentine  are  prac- 
tically equal  when  the  distillation  takes  place  at 
atmospheric  pressure,  but  the  proportion  of  turpentine 
in  the  distillate  should  be  considerably  increased 
when  the  distillation  is  carried  on  under  diminished 
pressure,  as  is  shown  by  the  examination  of  the  vapor 
pressure  curves  in  Fig.   i. 

The  vapor  pressure  of  turpentine  at  30°  is  6.9  mm. 
and  that  of  water  at  the  same  temperature  is  31.5 
mm.;  a  total  of  38.4  mm.  By  applying  the  preceding 
method  of  calculation  we  find  that  the  mixed  vapors 
18  X  3I-S 


at  30°  will  consist  of 


.38.4 


14.7  parts  of  water 


,  136  X  6.9  ^  . 

vapor  and  =  24.  4  parts  of  turpentine  vapor. 

38-4 
Thus  the  amount  of  turpentine  vaporized  is  practically 
double  that  of  the  water,   when  the  "distillation  takes 
place  at  38  mm.  pressure.      These  results  are  confirmed 
by  experiment. 

When  we  apply  the  steam  distillation  method  to 
the  extraction  of  turpentine  from  wood,  the  propor- 
tion of  turpentine  is  very  much  diminished,  and  the- 
distillation  temperature  is  considerably  higher,  due 
to  the  presence  of  dissolved  resins,  which  have  greatly 
diminished  the  vapor  pressure  of  the  turpentine. 
Experiments  show  that,  under  the  most  favorable 
conditions,  15  parts  of  water  remove  1  part  of  turpen- 
tine.    The     proportion     of     water,     however,     varies 
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widely,  depending  upon  the  rate  of  distillation  and  the  represent  the  extremes  of  variation.     Time  being  an 

size  of  the  wood  chips.  important  factor  in  determining  the  quantity  of  dis- 
tillate   obtained    from    wood,    the    temperature    was 

„       ,,     ,       ^         ^    ,  raised    20°  in   approximately  30   minutes.     Time   and 

Expt,  No.  1         Expt.  No.  2  •         i_       t_                    ■ 

Press,  normal   Press.  35  mm.  temperature    thus    being    the    same    in    both    experi- 

• ' — ■ — -    ■ ■ •  ments,  the  variation  in  the  amount  of  distillate  secured 

Number                 Temp,  of      Temp,  of      Vol.       Vol.      Vol.       Vol.  .     ^     different  fractions  must  depend  upon  the  pres- 

of                                  oil  bath           dist.  flask       turp.       water      tnrp.       water  ^                  ^                   01. 

fraction                       °c.              °c.          Cc.       Cc.       Cc.        Cc.  surc.      The    distillate    coming    over    below    i6o  ,    the 

A 100-150        40-94       0.0       0.0       7.2       3.1  temperature  at  which  the  decomposition  of  wood  be- 

B 150-190        94-120       5.3       4.2       2.8       2.2  gins  is    20  per  cent  greater  under  diminished  pressure 

C 190-200  120-140  4.3  3.2  2.5  1.9  °  ,  \ "  , .  rrCi       c 

J)                        200-220       140-160       1.4       0.6       i.i        1.5  than  that   distilling   at   ordinary  pressure,      ihe  trac- 

E 220-270       160-180       1.8       1.6       2.1       3.0  tlous  coming  over,  both  above  and  below  i6o°,  under 

I ^0^330       2"       3::       6:?       :::       l\  diminished  pressure    are    much  lighter    in    color  than 

those    distilling    at   atmospheric   pressure.      When   the 
By    decreasing   the    pressure,    according  to  the    pre-  temperature  reaches    220°   gaseous  decomposition  be- 
ceding  theoretical  considerations,  the   amount   of  the  gins  and  diminished  pressure  can  no  longer  be  main- 
turpentine  produced  at  a  given  temperature  should  be  tained. 

Table  II  In  order  to  repeat  the  above  experiments  on  a  larger 

Expt.  No.  3,  press,  normal  Expt.  No.  4,  press.  80cm.  Scale,    a    double-walled    retort,    capable     of     holding 

■ ■    • ' about  25  kilos  of  wood,  and  similar  in  form  to  the  one 

Jude     sp.  gr.    reined   cride     Sp.  gr.   refined  described  by  Pritchard'  was  constructed. 

Dist.  temp.       turp.      crude       turp.     turp.      crude      turp.  'pjjg  plan  of  the  apparatus  is  shown  in  Fig.  2.       Oil 

^'^^-          °^-             ^"^        '""■        '^''-       '""■        '""■"        ^"^  is  passed  through  copper  coils  heated  in    a  gas  flame. 

.\    .  .  .      Up  to  220           570          0.855           501           920          0.887           722  ^/      ,               ■,    ■       7            ,                •          ,     ^       .^i.              i.    .tu              4.    -J 

B          220-250          220       0.884       176       320       0.934       182  The  hot  Oil  IS  forced  to  Circulate  through  the  outside 

jacket  of  the  retort  by  means  of  a  small  centrifugal 

considerably  increased.     Accordingly,  an  ordinary  dis-  pump.      By  this  means  the  temperature  is  under  com- 

tilling  apparatus,  with  a  capacity  of  about  200  grams  plete  control  and  superheating  is  avoided.     The  door, 

of   wood   shavings,   was   fitted   up   and   attached   to   a  through    which   the   retort   is   filled,   is   closed   with    a 

Table  III  ground   joint,    and   made    air-tight    by    means    of   set 

Vol.  screws.     The  vapors  from  the  retort  pass  through  a 

Vol.    of  re-  condenser  into  a  receiver,  which  is  connected  with  a 

of  ref.     fined  .... 

turp.     turp.  Geryk  vacuum  pump,  capable  of  maintaining  the  en- 

obt.    obt.  at  .^irg  apparatus,  when  in  operation,  at  a  pressure  of  80 

„    .        ,                       ?"!T,           T-        ,        "' ""'''■  '*°'""'  cm.     The  oil  used  to  conduct  the  heat  to  the  retort 

Variety  of  of  distil.  Time  of  press.      press. 

wood  used         Frac.           °c.             of  distil.          Cc.       Cc.  has  a  flash  point  of  over  300 °  C.  and  is  Capable  of  with- 

Pinus  Monophyiia   .    A        Up  to  220      1  hr  30  m.         180       250  Standing  a  temperature  of  400°  C.  without  cracking, 

Finns  Monophyiia  . .    B          220-250       1  hr.                 108       150  when  heated  in  a  closed  vcssel  Under  pressure. 

Pinus  Jefryii A  Up  to  200         1  and   'A  hr.  100  150 

Pinusjefryii B          200-220       I  hr.                  95       105  To  test  the  efficiency  of  the  method,   a  sample  of 

Finns  Jefryii c          220-250       1  hr.                  80         75  western  yellow  pine  was  cut  into  pieccs  onc  foot  loug 

pump    capable    of    maintaining    the    apparatus    at    a  and    about    one   inch   in    diameter,    thoroughly    dried, 

pressure  of  35  mm.     To  avoid  superheating,  the  dis-  divided   into   three   equal    portions   of    22    kilos   each, 

tilling  flask  was  placed  in  an  oil  bath.     A  sample  of  and    subjected    to    the    following    treatment:     I.   Dis- 

thoroughly    dry,    western    yellow    pine,    fairly    rich    in  tilled  in  a  retort  by  direct  heat,  without  any  attempt 

pitch,   was  cut  into  chips,   which  would  pass  through  at    temperature    control    or    fractional    separation    of 

Table   IV 

Tempera-                                                     Per  cent      Per  cent  PER  cent  Tar  Distilling           Per  cent 

ture  Vol.  in  Sp.  gr.  wood  acetic  • ^ ■        pitch        Per  cent 

No   of                     of  retort        cc.  of  pyro.     of  pyro.         alcohol          acid  in  Vol.  in  cc.  of  Sp.  gr.             below          between        between       residue          water 

fraction                         °C.           acid  obtained       acid       in  pyro.  acid  pyro.  acid  tar  obtained    of  tar            180°  C.       180°-240''  240°-320''     in  flask         in  tar 

A 160-200               1275                1.002               0.49               0.64  835               0.855               83.5                 3.0                 2.1                  9.6               1.8 

B 200-240                 560               1.013               0.91                1.13  280               0.884               62.5                 4.2                 5.0               27.2               2.1 

C 240-270                 885                1.041                1,43               4.01  590               0.930               39.6               12.8                14.6               31.1                1.9 

D 270-280                 675                1.053                1.65               5.06  420               0.953               25.2                16.9                19   2               35.8               2.9 

E 280-290               1045                1.061                2.15               5.48  925               0.993                13.9                125                16  3               44.7               2.8 

F 290-300                 975                1.070               3   68               4.54  1000               1.025'            10.1                12   2                14.3               61.4               2.0 

G 300-360                 920               1.073               2.67                2.65  960                1.032                  7.4                11,2                13.8               65,3               2.i 

a  half  inch  mesh.     The  sample  was  thoroughly  mixed  the   crude   distillate.      II.   Distilled   in   an   oil-jacketed 

and  175  grams  were  used  in  each  experiment,  the  re-  retort   under   atmospheric   pressure.     III.   Distilled   in 

suits  of  which  are  given  in  Table  I.  an  oil-jacketed  retort  under  a  pressure  of  80  cm. 

On  account  of  the  difficulties  of  heat  control  there  Method   No.   I   yielded   1606  cc.  of  tar  from  which 

was  some   variation   in   the   oil   bath  temperatures   of  was  extracted  424  cc.   of  a  light  brown,  ill  smelling, 

Experiments    i    and    2.      The    numbers    in    Column    2  i  This  Journal,  4,  338. 
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Tablk  V 

Vol.  of         Per  cent       Per  cent  Per  cent 

Variety  of  wood       pyroligneous      wood            acetic  Per  cent            Per  cent           mixed 

used  in  the                  acid          alcohol  in       acid  in              Vol.  of  turpentine         creosote             heavy             Per  cent            Per  cent           Kilos  of 

distillation                in  liters     pyro.  acid     pyro.  acid      tar  in  liters  oil  in  tar          oil  in  tar         oil  in  tar       pitch  in  tar     water  in  tar       charcoal 

Sugar  pine 9.8              0.52                2.6                     1.26  8.5                    9.0                  15.7                  56.1                   10.2                  3.64 

Yellow  pine 12.4              0.55                2.2                     2.09  10.6                    6.2                  20.2                  46.9                    6.5                  4.32 

Stump  wood -pine.  ...         10.9               0.57                 2  4                      3.50  18.1                      9.0                   20.4                    50.4                      2.4                   4.09 

Red  fir M.l               0.48                  1.8                      1.78  16.1                      7.8                    18.4                   47.1                    11.2                    5.03 

Silverfir 10.1              0.51                 2.1                     1.23  11.2                   11.0                  18.4                  53.1                     8.4                  4.77 

Millstates 9.6              0.61                2.7                     1.81  9.2                    8.1                  20.7                  48.8                  11.8                  4.53 

Sagebrush 9.4              3.54              11.53                   1.94  ...                   16.2                   14.7                   15.6                  48.0                  7.8 

wood  turpentine,   distilling   below    170°.     The   results  used   in   the   examination   of   the   distillate   are   those 

obtained  from  Experiments  3  and  4  are  given  in  Table  described  in  Allen's  "Commercial  Organic  Analysis." 

■^"  SUMMARY 

Sample  A  is  almost  colorless  and  easily  purified  by  . 

,.,.,,   ^.         i     J.  o         1-0          i  •       •           -i-           I,-  u  -Ine  above  experiments  show  that: 

distillation,  but  Sample  B  contains  impurities,  which  t    n^,                           t                  ■             ,                •       • 

,                     J        1      u        14.         4.  1             u-           -iu  >-■    1  he  western  conifers  contain  wood  turpentine  in 

can    be    removed    only    by    alternately    washing    with  ....                                                ^ 

J          J       ,r     •         -J        J       J-  4.-11-  commercial  quantities, 

caustic  soda  and  sulfuric  acid  and  redistilhng.  .,.^    ..^    ,       ,           ,  ,             ,.  .                    ,  ,            ,,     , 

11.    Under   favorable    conditions  a  cord  (4,000  lbs.) 

Experiments  3  and  4  were  repeated,  using  samples  ^^  y^^^^  ^.^^  ^.^^  ^.^^^  ^^  ^^jj^^^  ^^  ^^^^  turpentine. 

of  other  kinds  of  wood  with  results  given  m  Table  III.  jjj    ^j^^  ^.^^^  ^^  turpentine  from  a  given  sample  of 

From  the  above  results  it  is  evident  that  the  yield      j_     „ •,  ,      •  j  u      j-  i-n-  j       j-     • 

.            ■'  dry  wood  can  be  increased  by  distilling  under  dimin- 

of   turpentine   under   diminished   pressure   is   from    10  [^^^^  pressure 
to  20  per  cent  higher  than  that  obtained  at  ordinary 

ir                         "                                                                                    ■'  Chemicai,  Laboratory 

pressure,    using    the    same    method    of    heat    control,  university  of  Nevada 

while  it  is  double  that  obtained  by  the  common  de-  Reno 

structive  distillation  method.     In  addition  to  this  the 

quality  of  the   product   is   much   improved.      If,   how-  THE  NATURE  OF  BASIC  LEAD  CAKBONATE 

ever,   as  shown  by  a  number  of  experiments  in  this  ^y  Edwin  Euston 

laboratory,    the    wood    used    is    green,    and    contains  Received  February  24,  i9i4 

water   in   large   excess   of   the   volume    of   turpentine,  In  an  article' "On  the  Composition  of  White  Lead," 

then  the  process  becomes  one  of  steam  distillation  and  reasons   were   presented   for  the   assertion   that   white 

the   diminished  pressure,   while  bringing  the  distillate  lead  consists  of  a  mixture  of  normal  lead  carbonate 

over  at  a  lower  temperature,  produces  no  decided  in-  with    a    basic   carbonate    of   lead    of   the    composition 

crease  in  the  total  yield  of  turpentine.  PbC03.Pb(OH)2. ,    The  purpose  of  the   present   paper 

The  samples  of  purified  wood  turpentine,  obtained  ^^  to   consider  the  nature  of  the  combination  of  the 

from  each  of  these  varieties  of  wood,  is  water  white  components  of  this  basic  carbonate  of  lead.     The  exist- 

and  looks  like  ordinary  spirits  of  turpentine,  but  they  ^^^  assumption  m  text  books  on  pigments  is  that,  m 

diiTer  from  it,  and  from  each  other,  in  odor  and  optical  ^^^"^  carbonate  of  lead,  the  lead  carbonate  and  the  lead 

properties.     They     are     under     examination     in     this  hydroxide  are  firmly  united  in  actual  chemical  combi- 

,   1,       .         •             n:    J.  4.     -J     i-f    J.I,    ,      •         4.  nation,  but  the  results  obtained  in  the  experiments  here 

laboratory  in  an  effort  to  identify  the  various  terpenes  '                                                               ^ 

.  to   be   mentioned  indicate   rather  that  the   basic   car- 
present. 

When  the  temperature  of  the  retort  reaches   250°,  ^"""^^^  °f  ^^^"^  ^^°^^'^  ^^  considered  as  among  those 

the  volume  of  the  gases  given  off  is  so  great  that  the  substances   described    by    Zsigmondy=   as   mixtures   of 

pump  is  no  longer  eflRcient  in  reducing  the  pressure,  '^°"oidal  substances   which   can,   under  certain   condi- 

and  distillation  under  diminished  pressure  becomes  im-  ^ions,  act  as  chemical  compounds.     "  Not  only»  have 

possible.     In  order,   however,   to   determine  the  total  ""^^"'^  compounds  or  colloidal  mixtures,  in  which  two 

amount  and  the  properties  of  the  different  products  ob-  ''°^^'''"^^  ^'^  "'^^t^'^'  ^^^"  erroneously  described  as  chem- 

tained   at   various  temperatures  from   western  yellow  '^^^  compounds,  but  so  also  have  mixtures  or  adsorption 

pine,   22  kilos  of  a  sample  of  dry  "light  wood"  were  compounds  of  crystalloids  with  colloids." 

submitted    to    distillation    in     an     oil-jacketed    retort  ^he  fact  that  the  lead  hydro.xide  portion  of  basic 

with  results  tabulated  in  Table  IV.  ^"^^  carbonate  is  soluble  in  ammomum  chloride  solution 

,,..,;.          ,                   .      ,            ,  .           .  but  not  in  cane  sugar  solution,  indicates  that  the  lead 

After   the    distillation  there  remained    7 . 8   kilos   of,,.,.  ^               ..                       -u-i-.. 

^,        .         ^        ,,..,,.         '          ,    ^  hydroxide  is  not  present  in  mere  mechanical  mixture 

charcoal.      Ihe  time  for  the  distillation  of  each  frac-  ,^.        4.i:,,.ij4.i_                1             -jj 

,    ,.  ,                  ,     ,  and  yet  IS  not  so  firmly  held  as  to  be  properly  considered 

tion  was  one  and  a  halt  hours  and  the  temperature  ....           ,  ■      .^-           t->-      .^        -j            ..u   ..    ..i. 

'  in    chemical   combination.      Direct   evidence    that   the 

was  raised  at  almost  uniform  rate.  ,      .          ,.        4.       r  1      j  •           n    j  "      ,.•                        j  >> 

^,                                   ..,,.,.                      ,  basic  carbonate  of  lead  is  an     adsorption  compound 

there  are  many  varieties  of  wood  indigenous  to  the  .       a-      ,    ,  ,       .,.     r     .   .^,    .^    •                 .,         cr*     4.-;  1 

.„     ._                       ■'         .          ,,..,,.               ,              ^  IS  afforded  by  the  fact  that,  in  more  than  fifty  tnals, 

Pacific  coast,   concerning  the   distillation   products  of  .                   ,         ri.-4..jjrij         U4. 

,  .  ,     ,         .'              ,,-,,,             o         1         <■  various  samples  of  white  lead  and  of  lead  carbonate, 
which  there  is  no  published  data,     samples  of  a  num-  ,        4.       4.   j      •4..    .      ■     1      ,         4.  4.        1   ,.•         4.         „ 
.    ,               .     .              ,                    .       f     ,       ,        ,.  when  treated  with  basic  lead  acetate  solution  at  room 
ber  of  these  varieties,  as  they  occur  m  the  lumber  dis-  ^               4.         1.       4.-    •                  -4.  4.-         •          •  ui         -4.1. 
.     ,       „.,,,,,            .                         ,  temperature  by  stirring  or  agitation,  invariably  with- 
tricts    of    the    Sierra    Nevada    Mountains,    were    sub-  jijuj-jr          ..u        i4-            j                    j 
,.    .,,     .           „,               ,          ,  drew  lead  hydroxide  from  the  solution  and  correspond- 
mitted    to    destructive    distillation.      Ihe    results    ob- 
tained are  set  down  in  Table  V.     The  amount  of  wood  !  T"'f,-'.°"'"'*'-,, *■'""''■ ''^'■'-         .,,,,.    ,„„„      ,, 

■     Colloids  and  the  Ultramicroscope.     N.  V..  1909,  p.  68. 

used  in  each  experiment  was  25  kilos,  and  the  methods  ' /6id..  p.  69. 
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ingly  gained  in  weight.  In  composition  the  samples 
before  treatment  ranged  from  12.0  to  16.3  per  cent 
CO2,  and  after  treatment  contained  as  low  as  10.  i  and 
10.3  per  cent  CO2  in  extreme  cases.  The  extent  of  the 
reaction  under  uniform  temperature  conditions  is 
dependent  on  the  basicity  of  the  lead  acetate  solution, 
on  the  relative  amounts  of  the  sample  to  be  treated  and 
of  the  available  lead  hydroxide  in  the  solution,  and  on 
the  duration  of  the  treatment.  Merely  enough  agita- 
tion is  required  to  ensure  uniform  treatment.  The 
process  proceeds  slowly,  requiring,  for  example,  six 
hours  in  one  instance  to  enable  a  sample  containing 
14.7  per  cent  CO2  to  join  with  enough  lead  hydroxide 
from  the  solution  to  reduce  to  lo.i  per  cent  CO2  in 
the  final  product.  Excess  of  basic  lead  acetate  in 
solution  beyond  the  calculated  amount  is  required  for 
complete  action,  as  the  end  point  of  the  reaction  is  an 
equilibrium  determined  by  the  relative  basicity  of  the 
solution  and  of  the  sample  under  treatment.  With  a 
sample  containing  both  normal  lead  carbonate  and  basic 
lead  carbonate  this  equilibrium  can  be  disturbed  in 
either  direction  at  will  by  the  addition  of  a  further 
quantity  of  basic  lead  acetate  solution  or  by  the  addi- 
tion of  neutral  lead  acetate  solution.  Samples  pre- 
pared from  lead  carbonate  in  the  manner  described 
respond  to  the  tests  for  basic  lead  carbonate  to  the 
extent  that  their  analyses  indicate. 

To  learn  whether  normal  lead  carbonate  is  unique  in 
its  ability  to  withdraw  lead  hydroxide  from  basic  lead 
acetate  solution,  similar  trials,  using  considerable 
excess  of  basic  lead  acetate  solution,  were  then  made 
with  kaolin,  commercial  zinc  oxide,  basic  zinc  carbonate, 
whiting,  precipitated  calcium  carbonate,  precipitated 
barium  sulfate  and  precipitated  barium  carbonate. 
The  kaolin  gained  10.6  per  cent  in  weight  by  addition 
of  lead  hydroxide,  and  two  different  brands  of  zinc 
oxide  gained  only  0.6  per  cent  each.  The  other  sub- 
stances named  formed  compounds  corresponding  ap- 
proximately to  the  following  formulae: 

Basic  zinc  carbonate  became  ZnC03.Zn(OH)2.- 
3Pb(OH)2. 

Whiting  became  zCaCOs.PbCOH),. 

Precipitated  CaCOj  became  2CaC03.Pb(OH).. 

Precipitated  BaSOj  became  3BaS04.Pb(OH)2. 

Precipitated  BaCOs  became  3BaC03.2Pb(OH)2. 

The  calcium  compounds  and  the  barium  sulfate 
compound  were  so  lacking  in  opacity  as  to  be  worthless 
as  pigments.  The  barium  carbonate  compound  and  the 
basic  zinc  carbonate  compound  showed  marked  im- 
provement in  density,  in  opacity,  in  brushing  quality, 
and  in  rapidity  of  drying  with  linseed  oil,  in  these 
respects  closely  resembling  white  lead.  In  tinting  and 
spreading  power  the  basic  zinc  carbonate  compound 
equalled  white  lead,  and  the  barium  carbonate  com- 
pound considerably  exceeded  it.  These  results  show 
that  other  substances  than  normal  lead  carbonate  form 
compounds  with  lead  hydroxide  from  basic  lead  ace- 
tate solution,  and  that  the  lead  hydroxide  so  combined 
tends  to  give  to  such  compounds,  in  varying  degree, 
characteristics  as  pigments  heretofore  ascribed  only 
to  white  lead.  Further  similarity  is  shown  by  the  lead 
hydroxide  portion  of  the  compounds  being  soluble  in 


ammonium    chloride    solution    but   not   in    cane    sugar 
solution. 

The  slow  withdrawal  of  lead  hydroxide  from  basic 
lead  acetate  solution  by  normal  lead  carbonate  to 
form  basic  lead  carbonate,  the  like  action  of  some  other 
substances  in  forming  lead  hydroxide  compounds,  the 
similarity  in  some  properties  conferred  by  the  lead 
hydroxide  on  these  different  compounds,  and  the  fact 
that  the  lead  hydroxide  is  present  neither  in  mechanical 
mixture  nor  in  true  chemical  combination,  indicate  that 
basic  lead  carbonate  is  an  adsorption  compound. 

EusTON  White  Lead  Company,  St.  Louis 


THERMAL  REACTIONS  IN   CARBURETING  WATER  GAS 
PART  I     THEORETICAL 

By  M.   C.   Whitaker  and   W.   F.   Rittman 
Received  April  13,  1914 

Much  careful  scientific  work  has  been  done  on  the 
equilibria  involved  in  the  manufacture  of  uncarbureted 
blue  water  gas.  In  the  combined  processes  of  manu- 
facturing and  carbureting  blue  water  gas  according 
to  present  practice,  few  experiments  have  been  made 
on  the  equilibria  of  the  constituents  to  find  out  the 
effect  of  varying  pressure,  temperature  and  concen- 
tration conditions.  In  the  technical  literature  of  gas 
manufacture,  one  rarely  finds  areference  to  the  rela- 
tionship which  may  exist  between  the  spheres  of  re- 
action in  the  process.  The  natural  conclusion  has 
been  that  the  water  gas  and  oil  gas  reactions  are  sepa- 
rate and  influence  each  other  but  little. 

It  is  proposed  to  consider  some  of  the  factors  in 
which  the  H2,  CO,  CO2  and  H2O  of  the  blue  water  gas 
may  affect  the  proportions  of  CH4,  C2H6,  C2H4,  H2, 
etc.,  resulting  from  the  cracking  of  the  gas  oil  which 
is  added.  Likewise  the  influence  of  the  gases  coming 
from  the  oil  on  the  percentage  composition  of  the  final 
gas  mixture  will  be  considered. 

When  the  blue  water  gas  or  oil  gas  are  manufac- 
tured in  separate  operations,  hydrogen  is  the  only 
gas  which  is  found  in  the  free  state,  in  any  quantity. 
But  if  the  two  gases,  separately  made,  should  be  brought 
together  at  high  temperature  in  a  container  such  as  a 
gas  plant  superheater,  would  there  not  be  new  equi- 
libria to  be  satisfied?  For  example,  might  not  the  CO 
and  Ho  of  one  become  CH4  and  H2O  of  the  other,  or 
vice  versa?.  In  case  of  these  new  equilibria  there  would, 
of  course,  be  vital  reactions  between  the  gases  of  the 
two  processes.  In  actual  manufacturing  practice, 
all  the  gases  produced  are  in  intimate  contact  at  high 
temperature  for  the  greater  part  of  the  manufacturing 
period,  i.  e.,  while  passing  through  the  carbureter  and 
superheater.  Is  it  then  correct  to  regard  carbureted 
water  gas  as  the  result  of  two  distinct  reactions? 

Equilibrium  conditions  tend  to  establish  them- 
selves both  during  the  periods  of  initial  cracking  of 
the  oil  and  the  subsequent  passage  of  the  mixture 
through  the  carbureter  and  superheater.  Gas  oil 
itself  can  be  "cracked"  in  a  short  distance,  as  has 
been  shown  in  practically  all  laboratory  experiments; 
in  the  laboratory  the  length  of  the  cracking  tube  is 
usually  a  question  of  inches.  It  would  seem  on 
a  priori  grounds  that  the  only  important  reason  for 
the  existence  of  the  superheater  is  to  enable  the  various 
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gases  present  to  interact  ("fix")  and  reach  a  favora- 
ble equilibrium. 

This  laboratory  has  begun  a  comprehensive  study 
of  the  reactions  and  equilibria  involved  in  water  gas 
manufacture.  While  unable  to  cover  the  field  in  two 
years,  it  has  come  to'  a  full  realization  of  the  impor- 
tance of  the  investigation.  The  present  paper  will 
be  confined  to  a  theoretical  consideration  of  the  prob- 
lem.    Further  papers  will  take  up  experimental  data. 

The  problem  has  been  attacked  entirely  from  the 
point  of  view  of  physical  chemistry,  and  from  the 
standpoint  of  mass  action  and  thermodynamics. 
In  so  doing,  the  mechanism  of  the  reactions  involved 
has  not  been  seriously  considered.  The  materials 
at  the  start,  the  final  products  desired,  the  energy 
transformations  essential  to  bring  the  latter  from  the 
former,  the  temperature,  the  pressure  and  the  concen- 
tration conditions  favorable  to  the  changes  have  had 
primary   consideration. 

Basing  an  experimental  investigation  upon  the 
theoretical  considerations  evolved,  we  have  been  able, 
among  other  things,  to  establish  the  following  results: 

(i)  Increase  the  yield  of  illuminants  over  the  best 
results  recorded  in  the  literature  by  more  than  100 
per  cent. 

(2)  Decrease  the  carbon  deposited  to  less  than 
I  per  cent,  by  weight,  of  the  oil  used. 

(3)  Make  an  oil  gas  in  which  56  per  cent  of  the  fixed 
gases  are  illuminants. 

These  figures  result  from  the  application  of  condi- 
tions more  favorable  "to  the  theoretical  deductions 
than  at  present  used  in  water  gas  manufacture.  Con- 
versely by  applying  conditions  more  unfavorable 
to  the  theory  involved,  and  comparing  the  maximum 
yield  under  these  conditions  with  a  maximum  yield 
obtained  under  ordinary  conditions,  it  has  been  found 
possible  to: 

(4)  Decrease  the  yield  of  illuminants  by  25  per  cent, 
(s)   Increase  the  carbon  deposited  to  51.  5  per  cent, 

by  weight,  of  the  oil  used. 

(6).  Make  an  oil  gas  containing  only  5  per  cent 
total  illuminants. 

Further,  it  has  been  found  possible  to  produce: 

(7)  A  viscous  tar  of  relatively  high  specific  gravity 
containing   naphthalene   and   anthracene;   or 

(8)  A  liquid  "tar"  of  relatively  low  specific  gravity 
resembling  petroleum  oil,  and  containing  no  naphtha- 
lene and  anthracene. 

In  dealing  with  the  probleni,  no  single  reaction  can 
be  considered  exclusively  by  itself.  All  the  reactions 
are  vitally  interrelated,  though  any  single  reaction, 
or  set  of  reactions,  may  be  extremely  important  as 
indicating  a  tendency.  The  experiments  are  designed 
to  obtain  the  largest  yield  of  hydrocarbons,  and  to 
eliminate,  as  much  as  possible,  CO2,  water  vapor, 
deposited  carbon,  and  tar  vapors.  The  goal  is  to  in- 
crease the  yield  of  illuminants. 

MANUFACTURE     OF     UNCARBURETED     BLUE     WATER     GAS 

The  manufacture  of  blue  water  gas  may  be  repre- 
sented by  the  equations: 

C  +  H2O      =   CO    -I-     Ho  —  29,300  cal.  (1) 

C  +  2H20   =   CO2  -I-  2H«—  iq,ooo  cal.  (2) 


The    two    equations    are    combined    by    subtracting 
(2)  from  (i)  in  order  to  eliminate  the  carbon: 
CO2  -f  Hn  =  CO  +  H2O  —  10,300  cal. 
Equilibrium     is    established    between    these     gases 

when 

,.        Pco  Ph,o 
A   = 

PcOi   PH, 

where  A'  represents  the  usual  equilibrium  constant; 
i.  e.,  the  value  of  the  product  of  the  partial  pressures 
of  CO  and  H2O  divided  by  the  product  of  the  partial 
pressures  of  CO2  and  H2.  A  has  a  definite  value  for 
each  definite  absolute  temperature. 

For  a  practical  illustration  of  the  significance  of  equilibrium 
conditions  in  the  manufacture  of  blue  water  gas,  assume  a  theo- 
retically ideal  mixture  consisting  of  50  per  cent  H2  and  50  per 
cent  CO.  Pass  the  two  gases  through  a  chamber  heated  to  700° 
C.  (1290°  F.)  until  they  reach  the  equilibrium  of  this  tempera- 
ture; what  are  the  resulting  gases'  K  at  this  temperature  is 
in  the  neighborhood  of  0.32. 

3CO   +  H2   =   CO:  +  H2O   +  2C   +  67750  cal. 

Under  equilibrium  conditions 

Let  X  -  volume  CO- 
then  X  =  volume  H2O 
0.5  —    X  =  volume  H« 
0.5— 3X  =  volume  CO 


.'.   1       — 2X  = 

=  partial  pressure  COa 


partial  pressure  H2O 


total  final  volume 

0^— X 
1— 2X 
0.5  —  3: 


partial  pressure  H; 


2X 


partial  pressure  CO 


fcOj  PH20 

p'co  Pni 


(      ^       )(      ^       ) 
^1  —  2X''  '^l  —  2X'' 

/0.5  — 3X\'/0.5—  X>, 

^    1  —  2X  '^   M  —  2X  ^ 


2XH1  —  2X) 
(0.5  —  3X)= 


0   069 


1  reaction 

0.069 

0.862 
^  0.069 
~  0.862 
_  0^293 
~  0.862 
^  0.431 
"   0.862 


6 . 9  per  cent 
=   13.8  per  cent 
=   8  per  cent  CO2 


=  8  per  cent  HiO 
=  34  per  cent  CO 
=  50  per  cent  Hi 


Applying  the  above  calculations  to  a  mixture  of 
1,000  cu.  ft.  each  of  carbon  monoxide  and  hydrogen, 
and  assuming  that  no  hydrocarbons  are  formed, 
there  would  be  a  net  loss  of  13.8  per  cent  (276  cu.  ft.) 
due  to  the  reaction,  leaving  1,724  cu.  ft.  of  mixed  gases, 
as    follows: 

1724  X  0.08  =  138  cu.  ft.  CO- 

1724  X  0.08  =  138  cu.  ft.  HjO 

1724  X  0.34  =  586  cu.  ft.  CO 

1724  X  0  50  =  862  cu.  ft.  Hi 
The  water  in  condensing  leaves  a  net  volume  of  permanent 
gases  equal  to  1724—138  =  1586  cu.  ft.  This  permanent  gas 
is  composed  of  8.7  per  cent  CO2,  37  per  cent  CO  and  54  3  per 
cent  H2.  There  would  be  also  a  deposit  of  9  25  pounds  of  car- 
bon. In  other  words,  there  arc  only  1586  —  138  =  144S  cu. 
ft.  of  the  original  H»  and  CO  remaining. 

Different  temperature  conditions  would  obviously 
give  different  results.  A  numerical  problem  of  this 
nature  shows  how  vitally  equilibria  conditions  influ- 
ence gas  manufacture,  and  indicates  the  commercial 
importance    of    an    understanding    of    such    equilibria 
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conditions.  Just  as  the  equilibria  conditions  here 
are  of  importance,  it  can  be  shown  that  they  are  no 
less  important  when  the  reactions  are  between  CO, 
H2,  CO2,  and  H2O  coming  from  the  blue  water  gas 
on  one  hand,  and  H2,  CH4,  C2H6,  C2H4,  and  tar  vapors, 
etc.,  coming  from  the  gas  oil  on  the  other  hand. 

The  blue  water  gas  reactions  and  equilibria  have  been 
investigated'  and  are  well  understood,  so  that  we  know 
what  conditions  are  favorable  and  what  are  unfavora- 
ble; i.  e.,  degree  of  temperature,  quantity  of  steam, 
depth  of  fuel  bed,  etc. 

MANUFACTURE    OF    STRAIGHT    OIL    GAS 

The  manufacture  of  an  oil  gas  as  carried  out  by 
the  Pintsch  or  Blau  Gas  companies  is  an  old  process, 
but  is  not  as  well  understood  as  the  blue  water  gas 
equilibrium.  Few  experimental  equilibria  of  the 
various  components  of  oil.  gas  have  been  worked  out, 
as  have  been  the  CO2,  CO,  H2O  and  H2  relations  of 
blue  water  gas.  Here,  one  at  once  faces  the  fact 
that  in  the  oil  cracking  process,  instead  of  the  four 
gases  of  the  blue  water  gas  reaction,  there  are  all 
the  members  of  the  methane,  ethylene  and  acetylene 
series,  as  well  as  those  hydrocarbons  which  consti- 
tute the  tars  produced  in  pyrogenetic  decomposition. 

Synthetic  methane  has  been  made  from  carbon 
and  hydrogen,^  where  equilibrium  exists  when 


K 


Pen, 


K 


Similarly,  we  may  conclude  that  equilibrium  exists 
between  H2  and  all  of  the  other  hydrocarbons. 

By  combining  the  ethane  and  ethylene  equations 
through  the  elimination  of  carbon,  one  gets  C2H6  = 
C2H4  +  H2,  where  equilibrium  conditions  prevail 
when 

Pcu,  Pm 
Pcim 

For  a  practical  illustration  of  the  meaning  of  this  ex- 
pression, assume  a  volume  of  C2H6  and  heat  it,  Elim- 
inating other  reactions  than  the  one  between  ethane 
and  ethylene,  .consider  the  resultant  relative  quanti- 
ties of  H2,  C2H6  and  C2H4  at  a  temperature  of  900°  C, 
taking  the  value  of  K  equal  to  i.  26 

C2H6  =  C2H4  -{-  H2 


Let  X  =  volun 
hen  X  =  volui 
1  —  X  =  volui 


th> 


^  C2H. 
:  CjH, 


.'.   1  -f  X  =  total  final  volui 

=  partial  pressure  CsHj 

1   -(-X 
=  partial  pressure  Ha 

M    -I-  X''^l    +  X.* 


partial  pressure  CsHo 


K   =  1   26  = 


M  -I-  X'' 


'Bureau  of  Mines.  Bulletin  7,  101 1:  Jiiptner,  Chcm.  Zig.,  1904, 
p.  902;  K.  Neuman,  Stahl  und  Eisen,  1913,  p.  394;  O.  Hahn.  Z.  physik. 
Chem.,  44,  513-547;  C.  LeChatelier  and  K.  Neuman,  Slahl  tiud  Eisen, 
191S,   p.    1485;      E.   A.   AUcut.   Engineerins.   1911,   p.  601. 

'  Pring  and  Fairlie.  Report  of  Eighth  International  Congress;  Ipatiew, 
Jour,  prakl.  Chem..  1913,  pp.  479-487;  Pring  and  Fairlie,  Jour.  Chem.  Soc. 
1906  p.  1591;  Ibid..  1911,  p.  1796;  Ibid.,  1912,  pp.  91-103;  Bone  and 
Coward,  J.  Chem.  Soe..  1908,  p.   1975.     Proc.  Chem.  Soc..  1910,  p.   146. 


Solving,  X    =   0.74 

°~*  =  4^'    6 
1.74  "       ''"' 


mtCzH., 

0.26 
lT74 


777-4  =   «   6P"' 
=  14.8  per  cent  CiHe. 


In  dealing  with  any  of  these  equilibria  expressions, 
one  must  be  careful  to  remember  that  no  single  equi- 
librium can  be  considered  by  itself.  In  the  ethane— 
hydrogen-ethylene  equilibrium  at  900°  C,  for  instance, 
there  is  a  pronounced  tendency  for  the  ethane  to  go 
to  ethylene;  and  in  practice  one  should,  therefore, 
expect  a  high  ethylene  yield,  but  by  referring  to  the 
ethylene— benzene  system  one  finds  that  at  900°  C. 
there  is  an  even  greater  tendency  for  the  ethylene  to. 
be  removed  by  polymerization  to  benzene.  Assuming  a. 
volume  of  C2H4  and  bringing  it  to  equilibrium  at  900°  C.,. 
observe  the  resultant  relative  quantities  of  C2H4  and' 
CeHe:  ' 

3C2H4   =   CeHe  +  3H2  +  32500  cal. 

Under  equilibrium  conditions 

X   =   volume  CeHs 
3X  =  volume  Ha 
1  — 3X  =  volume  CjHi 
.'.  1  -|-    X  =  total  final  volume 


—  3X 

=  partial  pressure  CiHr 


-  =   partial  pressure  of  CeHb 

— — .   =  partial  pressure  of  H2 

_  Pc.u,Plm  _    ._  ^   ,.,  _    '-I   +  X^i  +x^  ^ 27X. 

*SoH4  /I  —  3Xy  (1  -1-  X)(l  —  3X)» 

M   -1-  X'' 

Solving.  X  =  0.33 

0  ii  0.99 

=  34.8  percent  CsHs,         —    =   74  .  4  per  cent  H; 

and  =   0.8  per  cent  CiHi. 


Thus  an  experimental  test,  using  the  first  equi- 
librium without  a  consideration  of  the  second,  would 
result  in  disappointment.  Further,  not  only  must 
the  ethane-hydrogen-ethylene-benzene  equilibrium  be 
satisfied,  but  each  of  these  constituents  must,  in  turn, 
be  in  equilibrium  with  methane,  acetylene,  propane, 
naphthalene,  etc.  In  short,  there  will  be  a  grand 
symphony  of  equilibria  between  all  components  of 
the   system. 

Equilibria  expressions,  such  as  the  ones  just  given, 
are  therefore  of  value  when  properly  understood  and 
used  as  a  basis  for  experimental  proof.  First  of  all, 
the  time  element  is  very  important  to  insure  final  equi- 
librium; and  secondly,  their  mathematical  derivations 
involve  integration  factors  based  on  physical  proper- 
ties such  as  specific  heat,  vapor  pressure,  heat  of  reac- 
tion, etc.,  under  conditions  which  have  not  been 
experimentally  determined.  Experimental  demonstra- 
tion based  upon  a  few  selected  and  isolated  equilibria 
is  almost  certain  to  result  in  failure,  due  to  overlooking 
other  equally  important  equilibria  which  might  modify 
or  even  reverse  the  direction  of  final  reactions. 

Sufficient  experimental  and  commercial  work  has 
been  done  on  the  making  of  all  oil  gas  under  atmospheric 
conditions'  to  give  empirical   data  indicating  that  as 

'  Haber  and  co-workers.  Jour.   Cash..   1896,   pp.  377,  395,   435,   452; 
Hempel,  Dissertation,  Jour.  Gasb.,  1910,  pp.  53,  77,  101,  137,  155. 
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the  temperature  goes  above  800°  C.  the  yield  of 
hydrocarbons  rapidly  decreases;  on  the  other  hand, 
the  hydrogen  and  carbon  rapidly  increase. 

CARBURETED    WATER    GAS    PROCESS 

In  the  carbureted  water  gas  practice  as  carried  out 
to-day,  there  is  a  combination  of  the  blue  water  gas 
and  the  oil  gas  process.  Much  is  known  about  the 
blue  gas;  it  is  also  known  that  this  blue  gas  is  carbureted 
by  spraying  in  and  cracking  oil  which  furnishes  the 
hydrocarbons  and  illuminants.  There  is  little  scien- 
tific information,  however,  regarding  the  interactions 
and  equilibria  which  are  reached  when  the  two  processes 
are  combined.  The  formation  of  hydrocarbons  and 
water  from  CO  and  Ho  or  from  CO2  and  H2  is  not  theo- 
retical speculation;'  likewise  the  destruction  of  hydro- 
carbons with  water  to  form  CO  and  Ho  or  COo  and 
Hj,  as  carried  out  in  the  all  oil  gas  process,  is  not  theo- 
retical speculation.  Whichever  course  prevails  de- 
pends entirely  upon  conditions.  Consequently,  one 
is  justified  in  concluding  that  the  present  composi- 
tion of  carbureted  water  gas  is  not  the  result  of  addi- 
tive processes.  Instead  there  is  a  mixture  of  blue 
water   gas   and   cracked   oil   gas   passing   through   the 


tendency  of  the  American  manufacturer  to  combine 
processes;  it  may  appear  that  the  attempt  to  do  every- 
thing in  a  single  vat  rather  than  carry  it  out  in  stages 
is  not  the  most  economical  method  in  the  end. 

EQUATIONS    AND    THEORETICAL    EQUILIBRIA    INVOLVED 

The  formation  of  methane  from  carbon  monoxide 
and  hydrogen,  or  from  carbon  dioxide  and  hydrogen 
is  an  exothermic  reaction  and  consequently  is 
favored  by  low  temperatures,  although  at  these  low 
temperatures  a  greater  amount  of  time  is  required 
for  complete  reaction.  The  reaction  may  be  greatly 
stimulated  by  catalytic  agents  such  as  nickel  and  cobalt. 
In  view  of  the  fact  that  there  is  a  decrease  in  volume, 
one  should  expect  pressure  to  be  favorable  to  hydro- 
carbon formation.  Equilibrium  exists  between  CO 
and  H2  or  COo  and  Ho  on  the  one  side  and  CHj  and 
HoO  on  the  other. 

CO    +  3H0  =  CH,  -f     H2O  +  48,200  cal. 

COo  +  4H2  =  CHi  -I-  2H2O  +  37,900  cal. 
with  equilibrium  established  when 

A'  =  ^™  ^'"=  and  K'   =  ^^'^^"^ 

PcmpHiO  PcatP  Hio 


Table  I — Qualitative  Study  of  Equilibr 

B 
CHi  +  2H2O  ";7^*"  CO:  +  4H2 
CO2  X   (H:)< 
CH4  X   (HiO)' 
C2H4  -I-  4H2O    ^    '*     2CO2  +  6H2 

K   =    ^'^P'}1  ^   (H2)° 
C2H4  X   (H20)« 
C2H2  -I-  4H2O  '7-*'  2CO2  +  5H2 

^    (C02)2^X     CH2)' 

C1H2  X    (HjO")< 
Favorable  when  CO2  and  H2  are  Large 
AND  HaO  IS  Small 


CHj   +  HiO     ,^     '     CO  -H  3H2 

CH.  X   H20^ 
C2H4  +  7H,07~^   2CO  -I-  4H2 
K  =    (CO)'  X  (H2)4 
C2H4  X  (H.O)' 
C2H2  +  2H2O  "^7"^  2CO  +  3H2 
^    (CO)'  X  (H2)» 
C2H2  X  (Hjb)! 
Favorable  when  CO  and  H2  are  Large 
AND  H2O  IS  Small 

carbureter  and  superheater  which  constitute  a  sin- 
gle unbalanced  system  of  gases;  naturally,  there  is  a 
tendency  to  establish  equilibrium  between  the  con- 
stituents just  as  surely  as  there  is  a  tendency  to  estab- 
lish an  equilibrium  between  the  constituents  of  either 
the  blue  gas  or  the  all  oil  gas  when  made  individually. 
This  equilibrium  at  the  usual  temperature  of  the  super- 
heater has  fortunately  favored  the  formation,  or  at 
least  the  preservation,  of  hydrocarbons.  This  fact, 
however,  does  not  prove  that  the  process  is  working 
under  conditions  of,  or  approaching,  maximum  effi- 
ciency. Nor  does  it  prove  that  the  present  method 
of  carbureting  water  gas  is  the  most  economical  from 
the  side  of  the  quantity  of  gas  oil  consumed. 

Many  questions  arise  at  this  point.  It  might  be 
possible  to  alter  conditions  in  such  a  way  as  to  solve 
or  assist  in  solving  the  naphthalene  and  carbon  prob- 
lems of  the  gas  manufacturer.  It  might  still  further 
be  worth  while  to  question  the  soundness  of  the  natural 

'  Mayer,  Henseling  and  Altmayer,  J.  f.  Gasb.,  1909,  pp.  166,  1<J4,  23S, 
,126;  P.  .Sabatier,  Chem.  Ztg..  1913,  p.  148;  P.  Sabatier,  Fr.  Patent  35,5,.125, 
1906;  Ibid-,  .155.000,  1906;  Ibid.,  361,616;  Ibid.,  400,656;  Eng.  Patent 
14,971,  1908;  Ibid.,  27.045;  L.  Vignon,  Fr,  Patent  416,699,  1909;  Compt 
)-fH(i.,  1913,  pp.  131  134;  Gautier. /tiVi,  1910,  p.  1565;  IClsworllly  and  Wil- 
liamson, Eng.  Patent  12,461,  1902;  Bedford  and  Williams.  Eng.  Patents 
17,017,  22,219,  1909;  H.  J.  Coleman,  Jour.  Gas  Lighting,  1908,  p.  683;  E. 
Erdman.  Joitr.f.  Gasb.,  1911,  pp.  737-743;  E.  Orlow.  Joitr.  Russ.  Phys.  Chem., 
1908,  p.  1588;  P.  Jockum,  your./.  Cast.,  1914,  pp.  73,  103.  124,  149;  T.  Hol- 
gate.  Gas  WorW,  1914,  p.  90;  Oerman  Patents  183.412,  190.201,  191,026, 
237,499,  226,942,   177,703,   174,343  and  250.909. 


CH4  -I-  CO!  ^  2CO  -I-  2Hj 

^  (CO)'  X  (H2)' 
CO.  X  CH4 
C2H4  +  2CO2    ^    "^    4CO  +  2H! 
^    (CO)<  X  (H2)' 
CjH.  X  (C02)« 
CH!  -I-  2CO2  ";7^^  4CO  -I-  Hi 

^     (CO)'  X  H2 

CiHi  X  CCOj)' 
Favorable  when  CO 
AND  CO2  IS  Small 


iND  H2  are   Large 


Combining  the  two  equations  with  elimination  of  HoO, 
2CO  +  2H2  =  CH4  +  CO2  +  58,500  cal. 

t' "     _     P'coP^Bt 

PcutPcot 
In  like  manner  the  equilibria  between  CO,  COo,  and 
HoO,  on  the  one  side,  and  CoHi,  CoHo  and  H2O  on  the 
other,  are  considered  below: 

C0H4  -f  2H2O   =   2CO    +  4H2  —  44,000  cal. 

C2H4  +  4H0O  =  2CO0  +  6H2—  23,400  cal. 

C0H2  +  2H0O  =  2CO    +  3H2—  500  cal. 

C2H0  -I-  4H2O  =   2CO0  -I-  5H2—  20,100  cal. 

C0H4  +  2CO2   =  4CO    +  2H2—  64,600  cal. 

CoHo  +  2CO2   =  4CO    +     H2—  21,100  cal. 
With  these  there  is  sufficient  data  to  determine  in  a 
qualitative  way  the  concentration  conditions  favorable 
to  the  methane,  ethylene  and  acetylene  desired  in   the 
resultant  gas  (see  Table  I). 

The  original  complex  state  of  affairs  is  thus  partially 
clarified.  One  sees  that  conditions  favorable  to  the 
formation  of  hydrocarbons,  or  at  least  unfavorable 
to  the  decomposition  of  hydrocarbons,  exist  when  in 

A,  B  and  C  there  is  an  excess  of  H2, 
A  and  C,  there  is  an  excess  of  CO, 

A  and  B,  there  is  a  minimum  of  water  vapor, 

B,  there  is  an  excess  of  CO2, 

C,  there  is  a  minimum  of  CO2. 
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An  excess  of  hydrogen  is  favorable  under  any  condi- 
tions; a  minimum  of  water  vapor  is  favorable  under 
any  conditions;  an  excess  of  CO  appears  to  be  favora- 
ble under  any  conditions;  in  the  case  of  CO2,  however, 
one  condition  indicates  an  excess  as  favorable  whereas 
another  indicates  an  excess  as  unfavorable. 

INFLUENCE    OF    TEMPERATURE    ON    EQUILIBRIUM    CONDI- 
TIONS 

While  these  qualitative  relations  are  extremely 
valuable  in  the  consideration  of  favorable  conditions, 
they  do  not  give  a  sufficiently  concrete  idea  of  the 
conditions  which  prevail  at  dififerent  temperatures. 
Each  equilibrium  constant  has  a  definite  value  for  a 
definite  temperature.  If  this  value  of  K  is  considered 
for  500°  C.  the  reaction  may  proceed  in  one  direction; 
whereas  on  considering  the  value  of  K'  for  the  same 
reacting  agents  at  900°  C,  the  reaction  may  proceed 
in  the  opposite  direction.  Qualitative  expressions 
point  merely  in  general  directions  and  give  no  ideas 
as  to  maxima  or  minima  in  the  curve  of  favorable 
conditions.  As  a  matter  of  fact,  taking  the  equilib- 
rium 

Pco     P  Hi 


K 


^cm  jThzo 


where  A'  equals  approximately  o.ooi  for  500°  C;  at 
900°  C.  the  equilibrium  constant  for  the  same  re- 
lationship has  the  approximate  value  K'  346  or  346,000 
times  as  great.  This  illustrates  the  importance  of 
getting  numerical  figures  for  the  constants  expressing 
equilibrium  conditions  for  the  various  gases,  even 
though  they  be  approximate. 

Taking  the  CO,  H2,  CH4,  and  H2O  equilibrium  under 
consideration,  it  appears  that  excesses  of  H2  and  CO 
would  be  favorable  to  the  formation  or  preservation  of 
hydrocarbons  both  at  500°  C.  and  900°  C.  It  will 
further  appear,  however,  that  at  900°  C.  the  excess  of 
Hj  and  CO  to  stimulate  the  reaction  towards  hydro- 
carbons will  have  to  be  enormous,  while  at  500°  C. 
it  need  be  only  moderate.  This  can  be  seen  from  a 
mathematical  observation  of  the  equilibrium  purely 
aside  from  the  chemistry  involved.  At  500°  C.  the 
denominator  is  obviously  the  predominant  factor. 
At  900°  C.  the  numerator  has  become  the  predominant 
factor.  In  fact  the  situation  is  so  different  that  it 
would  take  many  times  as  much  H2  and  CO  at  900°  C. 
as  it  would  at  5°°°  C.  Taking  the  two  equilibrium 
constants  and  calculating  theoretical  mixtures  the 
following  contrasting  results  are  obtained: 

CH4  +  H2O  :;:!:  co  -f  3H2 


X  =  final  volume  CO 
3X  =  final  volume  H2 


'A  (1  — ■4X)   =  final  volume  CH, 
'A  (1  — 4X)   =  final  volume  H2O 


16  X'—  8  X  +  1 


500. 
900. 


**-calc. 
0.001 
346 


The  water  vapor  of  these  equilibria  is  usually  not 
considered  in  practice  because  it  never  appears  in 
•  either  the  gas  of  the  tank  holder  or  in  the  gas  sampling 


tube  and  resulting  analysis.  This  does  not  prove  its 
absence  in  the  machine.  Also  equal  pressures  of  hy- 
drogen and  CO  in  a  given  system  are  not  necessarily 
of  the  same  influence.  This  is  shown  in  equilibrium 
conditions  for  the  CH4,  H2O,  CO  and  H2  system, 
where  for  instance  H2  is  raised  to  the  third  power, 
while  the  CO  is  of  the  first  power.  In  view  of  the  fact 
that  in  manufacturing  practice  the  total  pressure  is 
approximately  one  atmosphere,  the  partial  pressures 
are  expressed  by  such  decimals  as  0.5.  The  third  power 
of  0.5,  or  0.125,  is  much  less  than  the  first  power,  0.5. 
In  other  words,  that  constituent  whose  partial  pressure 
is  raised  to  the  smaller  power  is  of  greater  positive 
influence  in  determining  the  direction  of  the  reaction, 
so  long  as  the  partial  pressures  are  expressed  by  decimals. 

Examples  to  show  the  effect  of  temperature  on  the 
state  of  equilibrium  can  be  found  in  straight  hydro- 
carbon reactions.  The  equilibrium  between  acetylene 
and  benzene  shows  the  following  results: 


CeHs 
(C2H2; 


600°  C 

9  X  10^' 


900°  C 
1.2     X    10' 


2000°  C 

6   X   10- 


It  appears  that  the  value  of  K'  at  2000°  C.  is  1.5  X 
10^'  times  as  great  as  the  value  of  K  at  6o"o°  C.  This 
leads  to  the  expectation  that  while  at  600°  C.  the 
tendency  is  for  all  the  acetylene  to  polymerize  to- 
benzene,  at  2000°  C,  under  proper  conditions  of 
pressure,  the  tendency  is  for  the  benzene  to  depolym- 
erize  to  acetylene. 

In  the  equilibrium  existing  between  ethane  and 
ethylene,  CoHe  =  C2H4  +  H2 —  379oo  cal. 
the  value  of  K'  at  900°  is  approximately  1.28,  whereas  the 
value  of  K  at  150°  is  approximately  0.00000000000007. 
Ethane  at  900°  C.  has  a  pronounced  tendency 
to  go  to  ethylene;  the  tendency  for  the  ethylene  to 
combine  with  hydrogen  at  150°  C.  to  form  ethane  is 
even  more  pronounced.  The  relatively  small  amount 
of  ethane  in  oil  gas  made  at  900°  C.  would  seem  to 
verify  the  first  equilibrium  constant;  the  large  yield 
of  ethane  through  the  reduction  of  ethylene  with 
hydrogen  in  the  presence  of  palladium  at  150°  C.  in- 
dicates the  second  constant. 

EFFECT  OF  PRESSURE  ON  GASEOUS  REACTIONS 

In  passing  from  ethane  to  acetylene,  C2H6  =  C2H2  -)- 
2H2,  there  is  an  increase  in  the  number  of  volumes; 
on  the  other  hand,  when  acetylene  polymerizes  to 
benzene,  3C2H2  — >"  CsHe,  there  is  a  decrease  in  the 
number  of  volumes.  According  to  the  principle  of 
LeChatelier  one  would  not  expect  the  same  pressure 
conditions  to  be  favorable  to  both.  Again,  the  in- 
formation is  qualitative  and  gives  no  concrete  idea  of 
the  relative  influence  of  one-third  atmosphere  when 
added  to  one  atmosphere  pressure  absolute  as  com- 
pared to  adding  the  same  one-third  atmosphere  to  ten 
atmospheres  pressure  absolute.  As  a  type  reaction 
consider 


A 


2B  where  K  = 
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For  numerical  illustration,  assume  the  value  of  K  to 
be  equal  to  i  (any  other  value  serving  equally  well). 
From  this,  one  finds  for  partial  pressures, 
when  A  =  loo,  B  =  lo  or  when  A  =  o.oi,  B  =  o.i. 
In  the  first  case  the  partial  pressure  of  A  is  ten  times 
as  great  as  that  of  B;  in  the  second  case  the  partial 


A-2B,   •^=K=.l,.-.B=->/lA 


100%A,07.B„  .    .^ 

O  .I.2.J    .5  ,    u  2  3 

Total  Pressure 

Curve  I — Reaction  Isotherm 

pressure  of  A  is  only  one-tenth  as  large  as  the 
partial  pressure  of  B.  In  other  words,  by  simply 
changing  the  total  pressure  on  the  system  and  keeping 
all  other  conditions  constant,  the  ratio  of  A  to  B  for 
the  pressures  shown  has  been  divided  by  loo.  By 
taking  the  first  differential  of  the  relationship,  and 
equating  it  to  o. 


The  general   relationship   of   B   to   A   changes  only  in 

degree  the  greater  the  change  in  the  number  of  volumes, 

as  can  be  seen  by  considering  the  curve  for 

B' 
A  — >  3B       K   =  -         B'  -  KK 

From  the  curves  shown,  one  can  readily  see  that  the 
effect  of  reducing  pressure 
from  one  atmosphere  to  two- 
thirds  of  an  atmosphere  gives 
an  advantage  which  is  of  little 
practical  consequence  when 
compared  with  the  advantage 
gained  by  the  same  reduc- 
tions when  nearer  the  absolute 
zero  of  pressure.  One-thirtieth 
of  an  atmosphere  added  to 
one-thirtieth  atmosphere  pres- 
sure doubles  the  total  pressure 
on  a  system  just  as  effectually 
as  an  increase  from  loo  to  200 
atmospheres. 

EFFECT        OF       CONCENTRATION' 
IN      G.\SEOUS     REACTIONS 

The      addition     of      an      end 
product    in     any    decomposi- 
tion   or    dissociation    process, 
such  as 
->  PCh  +  ci 

-^   NHj  -I-  HCl 
->    2SO2   +  O; 

->-       N2  -1-  3H: 

checks  the  decomposition  or  dissociation.  In  other 
words,  less  PCI5  will  dissociate  in  an  atmosphere  of 
chlorine  than  in  an  atmosphere  of  nitrogen  or  air. 
Ammonium  chloride  when  heated  in  an  atmosphere  of 


in  Atmospheres 


PCU 
NH.Cl 
2SO3  • 
2NHj  ■ 


K 


A 


K 
B   = 


B!_„_ 


dA        2B 

rfB   =  T   =  ° 

one  sees  there  is  a  maximum 
or  minimum  in  the  ratio  of  A 
to  B  as  zero  pressure  is 
approached.  By  taking  the 
second  differential 

d-A   ^  2 

iB2  ~  +  A' 
one  finds  the  sign  to  be  posi- 
tive, indicating  that  the  partial 
pressure  of  A  as  compared 
with  the  partial  pressure  of 
B  approaches  a  minimum  as  JOO%A  0%B 
the  pressure  approaches  the 
absolute  zero;  or  conversely 
there  would  be  a  maximum 
relative   yield   of  B  the  closer 

one  approached  zero  pressure  absolute.  The  rate  of 
change  can  best  be  seen  by  determining  points  for  the 
parabola,  B^  =  A'A,  and  plotting  the  resulting  curve.' 

'  Since  most  of  the  values  of  K  encountered  in  the  practical  study  of 
the  problem  were  represented  by  decimals,  Curves  I  and  II  were  plotted 
on  the  basis  of  K  =  0.1. 


A-3B.   ■f-=K=.l,. -.8=^/171 


Total  Pressure  in  Atmosphepes 

CiiKvic  II— Reaction  Isotherm 

ammonia  will  not  dissociate  to  the  same  extent  as  in  a 
vacuum  or  in  an  atmosphere  containing  neither 
ammonia  nor  hydrochloric  acid  gas.  Likewise  it  would 
be  expected  that  ethylene  would  not  decompose  to  the 
same  degree  when  subjected  to  a  high  temperature  in 
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the  presence  of  hydrogen  as  when  subjected  to  the 
same  temperature  in  an  atmosphere  of  nitrogen. 
Further,  if  the  ethylene  were  subjected  to  the  same 
high  temperature  in  the  presence  of  both  hydrogen 
and  methane,  these  two  constituents  in  the  ethyleng— 
methane-hydrogen  equilibrium  could  be  in  excess; 
as  a  result,  less  of  the  ethylene  should  be  decomposed 
in  the  formation  of  methane  and  hydrogen.  Broadly 
speaking,  to  crack  petroleum  in  an  atmosphere  con- 
taining all  the  hydrocarbon  gases  with  the  exception 
of  ethylene,  one  would  expect  all  the  fixed  gas  coming 
from  the  petroleum  to  be  ethylene,  at  least  until  the 
ethylene  content  of  the  system  is  sufficient  to  conform 
to  the  equilibrium  conditions.  The  consideration  of 
these  principles  seems  to  question  the  necessity  of  using 
valuable  gas  oil  in  continually  generating  new  end 
products,  such  as  tar  and  hydrogen;  if  they  could  be 
artificially  supplied  the  equilibrium  conditions  would 
be  satisfied  without  producing  new  decomposition  and 
polymerization  end  products. 

COMBINED    INFLUENCE     OF    PRESSURE    AND    CONCENTRA- 
TION   ON    GASEOUS    REACTIONS 

Theoretical  consideration  of  the  effect  of  pressure 
on  gaseous  reactions  indicates  that  an  increased  yield 
of  gaseous  hydrocarbons  will  be  obtained  as  the  total 
pressure  on  the  system  approaches  zero;  also  an  in- 
creased yield  of  illuminants  will  be  obtained  by  crack- 
ing the  oil  in  an  atmosphere  of  end  products  such  as 
hydrogen  and  methane.  On  combination  the  logical 
conclusion  is  that  one  should  obtain  the  maximum 
yield  of  illuminants  by  cracking  the  petroleum  at  low 
pressures  and  in  ■  an  atmosphere  of  end  products. 
Upon  first  consideration  one  might  reasonably  ques- 
tion the  idea  of  adding  hydrogen  or  methane  to  a 
vacuum,  but  this  investigation  deals  with  relative 
partial  pressures,  regardless  of  whether  the  total 
pressure  equals  fifty  atmospheres  or  one-fiftieth  of  one 
atmosphere    absolute. 

INFLUENCE    OF    CATALYSTS    ON    GASEOUS    REACTIONS 

Catalytic  agents  such  as  platinum,  palladium, 
cobalt  and  nickel  do  not,  in  any  way,  influence  final 
conditions  of  equilibrium;  they  merely  hasten  the  rate 
at  which  the  system  reaches  its  final  equilibrium. 
Whereas  ethylene  and  hydrogen  do  not  combine  to  an 
.appreciable  degree  when  heated  to  100°  C.  in  the 
absence  of  a  catalyzer,  the  same  mixture  passed  over 
•colloidal  palladium  heated  to  100°  C.  unites  to  form  a 
■considerable  percentage  of  ethane.  Likewise  CO  and 
H2  or  CO2  and  H2  can  be  in  intimate  contact  at  200° 
to  300°  without  appreciable  reaction  in  the  formation 
of  methane,  but  when  the  same  proportions  are  brought 
together  in  the  presence  of  a  catalytic  agent  such  as 
nickel  or  cobalt  there  is  a  very  large  yield  of  methane 
and  water.'  Vignon^  finds  that  lime  has  much  the  same 
■effect  on  the  combination  of  CO  and  Hi. 

THE     VAn't     HOFF     DIFFERENTIAL     EQUATION      SHOWING 
THE    RELATION    OF    K    TO    k' 

To   all   students   of   physical   chemistry   the   proposi- 

'  Mayer,  Henseling  and  Altmayer.  Jour.  f.  Cash.,  1909,  pp.  166.  194; 
lockum.  Ibid.,  1914,  pp.  73,  103,  124,  149;  Orlow,  Jour.  Kuss.  I'hys.  Chem., 
1908,  p.  1588. 

!  Vignon,  L.,  Compt.  rend.,  1913,  pp.  131-134. 


tion  of  Berthelot  and  Thomson  that  "every  chemical 
change  gives  rise  to  the  production  of  those  substances 
which  occasion  the  greatest  development  of  heat" 
is  familiar.  Were  this  true,  it  would  be  easy  to  pre- 
dict which  of  two  given  reactions  would  take  place 
at  a  given  temperature.  Chemists  today  recognize 
the  fallacy  of  the  statement  because  in  all  chemical 
reactions  one  deals  with  the  additional  so-called 
"latent  energy."  Berthelot's  principle  disregards  this 
molecular  energy,  and  assumes  the  free  energy,  termed 
maximum  work,  to  be  equal  to  the  total  energy  change. 
Nernst  maintains  that  this  is  true  only  at  the  absolute 
zero,  i.  e.,  the  entropy  of  liquids  and  solids  at  absolute 
zero  temperature  equals  zero. 

The   van't   Hoff  equation  showing  the   relation   be- 
tween A'  and  A''  is  expressed  by 


/^dogcA,)   =    ^^lor  d  (log  cK,)    =      ^'  f^ 


Upon  integration  this  becomes 

log  e  Kp   =  .^^  +  constant 

Were  it  a  simple  matter  to  determine  the  value  of 
this  constant  of  integration,  as  well  as  the  value  of 
q  at  the  different  temperatures  (in  other  words  integrate 
the  expression  to  absolute  tinits)  this  would  consti- 
tute a  mathematical  expression  for  what  some  consider 
a  third  law  of  thermodynamics.  As  yet  there  is  no 
such  accepted  integration,  and  the  best  solution  is 
to  use  approximate  expressions,  remembering  at  all 
times  that  the  expressions  are  approximate,  and  making 
intelligent  use  of  them  as  such.  It  is  possible  to 
avoid  the  constant  of  integration,  however,  by  inte- 
grating between  limits  p'  and  p  to 


log  e  Kp log  e  Kp 


\T'        T/ 


This  integrated  expression  is  extremely  important 
in  determining  the  value  of  K'  for  any  desired  tempera- 
ture after  the  value  of  K  for  any  other  temperature 
has  been  experimentally  determined.  It  is  also  of 
value  in  showing  relationships  between  K  and  A'' 
for  two  different  temperatures,  where  neither  has 
been  determined,  but  in  this  case  it  expresses  relation- 
ships and  not  direct  values.  For  instance,  assume 
that  one  wished  to  find  the  relationship  between  A' 
and  K'  for  the  reaction 

2C  +  Hj  =  CjHs  —  58100  cal. 

at  the  temperatures  600°  and  900°  C. 


log  e  Kp'  —  log  e  Kp 
K 


-58100   /^_     I    N^ 
2  Vii7.^         87.^/ 


K 


'■73        873; 
P' 


log  «  '^''-   =  8.49    or.  logio  --    =  3-69 


whence 


Ks 


K900 
4900 

THE   NERNST   APPROXIMATION   FORMULA   FOR    K 

Even  though  correct.  A'  is  a  value  based  on  the  as- 
sumption that  sufficient  time  elapses  to  allow  the  sys- 
tem   to    reach    complete    equilibrium.      When    dealing 
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with  hydrocarbons  at  different  temperature.s,  this 
must  not  be  overlooked.  In  fact  the  time  element 
is  of  such  primary  moment  that  numerically  correct 
values  for  K  would  be  of  little  more  practical  use  in 
gas  manufacture  than  approximate  values.  In  the 
case  of  reacting  gases  one  does  not  have  the  speed 
conditions  that  ordinarily  exist  in  solutions.  On 
the  other  hand,  gases  brought  together  at  sufficiently 
high  temperatures  do  reach  equilibrium  practically 
instantly.  It  is  important  to  bring  out  these  limita- 
tions despite  the  value  of  approximate  quantitative 
expressions  such  as  the  Nernst  formula;  they  are  of 
immense  value  in  predicting  the  tendency  of  a  reaction. 
In  this  paper  the  expression  is  merely  used;  its  deriva- 
tion with  comments  can  be  found  in  the  seventh 
German  edition  of  Nernst's  "Theoretical  Chemistry," 
Jellinek's  "Physikalische  Chemie  der  Gasreaktionen," 
or    Sackur's    "  Thermochemie    und    Thermodynamik." 


A-  =  "       +^v  1. 75 

4-S7iT 


T  +  Sz-C 


where  q  is  the  heat  developed  at  ordinary  tempera- 
tures and  under  constant  pressure,  as  taken  from 
thermochemical  tables;  Sj;  represents  the  volume 
changes,  and  SdC  represents  a  summation  of  constants. 
These  constants  are  given  as  follows: 


1.6 

2.5 


C2H6     2 . 6 
C;H4     2.8 


C2H.     3.2 
CeHt     i.O 


CO      3.5 
COi    3.2 


H2O      3.6 
O2  2.8 


To  use   Nernst's  words,  the  equation  gives  a  "fairly 
accurate"  idea  of  the  state  of  equilibrium  in  a  system. 
The  approximation  is  applied  in  this  fashion: 

C  -|-  2H2  =  CH4  +  18900  cal. 

+  18900  - 


"'SKe.o  =  ^„,   -3„     -1.75  log  873     - 

■0.7   =  —1.11   =  2.89C<J) 

+  18900 
'°«  ''"»=  4.571   X  1023-'"""^  'O-'-^- 

-  0.7  =  —1.93  =  2.07 

+  18900 

-0.7   =  —2.55   =  3.45 

whence. 

•     Ksoo  =  0.077                K7S0  =  0.012 

K»oo  =  0.003 

(a)  Negative  logarithms  must  be  converted  i 
lantissa. 

nto  logarithms  with  positive 

In  similar  manner,  the  values  of  A',  A',  and  A"  for 
Equations  i,  2,  3,  4,  5,  6,  7,  13,  16,  17,  18,  and 
22  in  Table  II  have  been  calculated.  In  those 
reactions  involving  CO  and  COj,  as  19,  23,  and  26, 
use  has  been  made  of  the  approximation  formulas 
for  the  same  as  worked  out  by  Mayer  and  co-workers,' 
but  substituting  the   values  of  (/  shown  in  the    table. 

CALCULATION    OF    HEATS    OF    REACTIONS    FOR    DIFFERENT 
EQUILIBRIA 

The  heat  absorbed  or  emitted  in  a  given  reaction 
was  determined  by  means  of  the  ordinary  thermochem- 
ical methods  of  addition  and  subtraction,  as  in  the 
following  typical  examples: 

(o)     2C  +  8H   =  2CH4  +  37800  cal. 

2C  +  4H   =   C;H<  —  14600  cal. 

2CHi  =  CiHi  +  2H2  —  52400  cal. 
(6)      6C  +  6H  =  3C!Hj  —  174300  cal. 

60  +  6H  =     CtH6  —     1 1 300  cal . 

SCiH!  =     CeHe  +  163000  cal. 
'  Mayer.  Henseling  and  Altmaycr.  your,  (.asi,  1909,  pp.   166.  194.  238. 


(c)      C  +  2H2  =  CHi  +  18900  cal. 
2H_+  O  =  HaO  +  58300  cal. 
CH»  +  HiO  =  3H!  +  C  +  O  —  77200  cal. 
C  +  O  =  CO  +  29000  cal. 
CH,  +  HjO  =  3Hj  +  CO  —  48200  cal. 

It  is  likewise  possible  to  combine  the  values  of  K  for 
one  reaction  with  K'  for  a  second  reaction  in  order 
to  determine  A"  for  the  resultant  reaction. 


C   +  2H2   =   CH4 


2C  +  Ho   =  CjH:. 


A   = 


PcBI 


Pni 


Dividing  the  square  of  the  methane  equilibrium  by 
the  acetylene  equilibrium,  one  gets 

jr"     —      ^ZSlJ      PciUiP  Hg     _      PciH2p   H2 

(A) 2    ~    p„,p\u,     ~        fen. 

This   operation   can   be   represented   by   the   equation 

2CH4  =  C2H,  +  3H2 

In  this  work  the  values  of  A  and  K'  have  been  com- 
bined in  the  manner  just  shown  in  order  to  determine 
values  for  equations  8,  9,  10,  11,  12,  and  14.  The 
Nernst  approximation  formula  could  be  applied  di- 
rectly to  each  of  these  equations  with  the  same  results. 
All  reactions  indicated  in  Table  II  may  go  in  either 
direction.  Attention  is  again  called  to  the  fact  that 
the  reactions  given  must  be  used  with  a  consideration 
of  all  factors  involved;  no  equation  by  itself  repre- 
sents a  complete  system.  All  the  gases  mentioned,, 
together  with  many  others,  are  tending  to  reach 
equilibrium  with  one  another.  Tar  compounds  were 
not  listed.  Benzene,  CeHe,  has  been  used  as  typical 
of  all  tar  formations.  In  technical  practice  one  gets- 
benzene  and  other  tar  compounds  from  methane 
hydrocarbons;  from  experimental  evidence,  it  is. 
known  that  from  ethylene'  or  acetylene^  the  same  re- 
sults are  reached.  Throughout  the  literature  one 
finds  questions  as  to  whether  methane  goes  to  acetylene, 
or  acetylene  to  methane,  ethane  to  ethylene,  ethylene 
to  ethane,  etc.  Considered  in  the  light  of  this  study 
it  appears  that  regardless  of  which  hydrocarbon  is. 
used  initially  there  is  a  pronounced  tendency  for  the 
system  to  reach  a  common  equilibrium  dependent  upon 
the  existing  temperature.  With  hydrocarbons  the 
result  seems  to  depend  more  upon  conditions  of  temper- 
ature, pressure  and  concentration  than  upon  the  initial 
hydrocarbons.  In  other  words,  with  proper  condi- 
tions of  temperature,  pressure  and  concentration,  and 
with  sufficient  time  for  complete  reaction,  the  final 
equilibrium  will  be  that  of  the  mentioned  hydrocarbons- 
and  their  reaction  products,  regardless  of  whether 
decane,  hexane,  ethane,  methane,  ethylene  or  acetylene,' 
singly  or  in  mixtures,  are  used  in  the  beginning. 

Table  II  furnishes  the  basis  for  the  experimental 
work  of  this  research.  Its  interpretation  serves  as. 
a  guide  in  determining  the  direction  of  experiments. 

1  Ipatiew.  B(T.,  1911,  p.  2978;  Ipatiew  and  Rontala. /fciii..  1913,  p.  1748 
'  R.  Meyer./6id..l9ia,p  1609;  Meyer  and  Tanzen, /diU,  1913,  p.  3183. 
'W.  A.  Bone,  Jour.  f.  Cash  .    1908,    p.   803;    D.   T.    Day.    .4m.    Chrm. 

Jour.,  1886,    p     153;  V.   Lewes,   /'rof.    Roy.   Soc.    1894,     p     90;    Worstall 

and  Burwcl!.   .4m.    Chem.   Jour..   1897,   p.   815;    Bone  and   Coward,  Jour. 

Chem.   Soi..   1908,    p.    1197;  Sabatier    and    Senderens,    Compl.    rend..    130,. 

1559;  C.  Paal.  Chem.  7.1s  .  1912,  p   60;  Ipatiew,   Ber..  44,    2987. 
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Taking  Equation  9  aS  typical,  where  Kma  =  0.000000 1  Kmo        Kvso        Ksoo 

and    JTgoo    =   0.0004,    it    seems    advisable    to    exceed  '^     c  +  H20  :^^co  +  Hi 0.2         3.1         25.0 

900°     C.     in     temperature.      However,     referring     to  '^     ch,  +  h=o  ^ — CO  +  3H2..    0.06       8.7       346.0 

Kf,an    =    0.077  and  K^oo    =    0.003  for  Equation  3,  it  is  and  that  a  temperature  of  900°  C.  is  favorable  to  the  CO 

evident   that   the   rate   at   which   methane   would   de-  and  H2  formation  of  16,  but  unfavorable  to  the  methane 

compose  to  carbon  and  hydrogen,  in  accordance  with  preservation    in  Equation     19.      On    the    other  hand. 

Equation    3,  might    easily    be    sufficient    to    offset    all  a  temperature  of  600°  C.  is  unfavorable  to  preserva- 

C2H4  formation,  in  accordance  with  Equation  9.  tion  of  CO  and  Hjin  Equation  16  but  is  more  favorable 

Considering  Equations  16  and   19,  two  of  the  most  than   900°  to  hydrocarbon  formation   or   preservation, 

vital  in  present  carbureted  water  gas  manufacture,  one  Also  it  is  more  favorable  to  formation  of  CO2  as  shown 

finds  by    Equation    17.      These    temperature   effects  can   be 

Table  II — Quantitative  Study  of  Equilibria 

Approximate 

Heats  of         Volume  (Formulas  refer  to * . 

No.  Reactions  Reaction        Chances  partial  pressures)  Kboo  Kt&o  Ksoo 

:w  CO! 

1.  C  +  02       COi +97650  1  to  1    ,  K    =    6.9  X    10='  1.9  X    10"  4  X    lO'S 

O2 
i_  (CO)  2 

2.  COj  +  C 2CO —39650  I  to  2  K=  0.1  3.9  59.0 

CO3 

3.  C  +  2H2  ^^Z^  CH) +18900  2  to  I  K   =  ^  0.077  0.012  0.003 

(H2)2 
i^  C2H6 

4.  2C  +  3H:  „: C:H6 +23300  3  to  1  K=  -  2.2X10"'  1.7X10-S  2.5X10» 

5.  2C  +  2H2  ^^Z^  C2H1 —14600  2  tu  1  X  =  -^  6.0X10-'"  I.6X10-»  3.2X10-' 

».  CjHi 

6.  2C  +  H2  ^ C2H2 ^58100  1  to  1  K  =    1.1X10""  1.5  XIO""  5.7X10-1" 

^  H! 

».  CsHs 

7.  6C  +  3H2  ^^Z_    CeHt —11300  3  to  1  K   = 1.2X10""  1.7X10-"  ■2.2X10-" 

(Hz)' 
4.  C2H.  X  Hj 

8.  CzHs C:Hi  +  H2 — 37900  1  to  2  K   =   0.0027  0.094  1.28 

^  C2H6 

^  C2H,  X   (H2)' 

9.  2CH4    ^ C2H1  +  2H2 —52400  2  to  3  K=  0.0000001  0.00001  0.0004 

(CH*)2 
».  CsHj  X  (Hz)" 

10.  2CH4 C2H2  +  3H!  — 95900  2  to  4  K    =   1  .  86  X   lO""  0.0000001  0.00006 

(CH4)2 

i-  CsHj  X  H2 

11.  CzH)  _,^ C2H!  +  H2 — 43500  1  to  2  A= 0.00018  0.0093  0.178 

b-  „  C2H2   X    (H2)2 

12.  C2H6   ,, C2H!  +  2H2 —81400  1  to  3  K=    0.0000005  0.00089  0.228 

a^  (C2H.)! 

13.  CiHs  ,5^ 2C!H< — 31800  1  to  2  A'  = 1..J1  31.6  258.0 

i_  CsHs 

14.  3C2H2  ,,^ CeHt +163000  3  to  1  K  = 9X10"  5X10"  1.2X10"» 

(C2H2)^ 

a_  CsHe  X  (Hj)" 

15.  3C2H. CeHt  +  3H2 +32500  3  to  4  K=  ; 5.5X10>s  4.1X10"  6.7X1010 

(C2H4)* 

i.  CO  X  Hj 

16.  C  +  H2O  ,^ CO  +  Hz — 29300  1  to  2  K=  0.2  3.1  25 

=^  CO:  X   (H2)> 

17.  C  +  2H2O  .,^ CO2  +  2H2 —19000  2  to  3  K  =  ; 0.4  2.5  11 

(HzO)2 

1.  COz  X  Hz 

18.  H2O  +  CO   .^ COz  +  Hz +10350  2  to  2  ^  =  ;T7- ^T;:;  1-95  0.81  0.42 

H2O  X  CO 

i^  ,.        CO  X  (Hz)' 

19.  CH,  +  H2O    ,.^ CO  +  3H2 — 48200  2  to  4  K=    0.06  8.7  346.0 

^  CH4  X   HzO 
^                                                                                                ,.         (CO)z  X   (Hz)< 

20.  C2H4  +  2H2O  _^^ 2CO  +  4H2.  .  .      — 44000  3  to  6  A.   = 

CzH4  X   (HzO)* 

^  ,.        (CO)2  X  (Hz)' 

21.  CzHz  +  2H2O  „; 2CO  +  3HZ...      —500  3  to  5  A    =   — — 

C2H2  X  (HzO)' 

a^  .        (CO)«  X  (Hz)« 

22.  CeHe  +  6H2O   ..^ 6CO  +  9Hz.  .  .      —164500  7  to  15  A   = 1.2  X    10"'  0.49  48000 

CoHe  X   (HzO)* 
s..  CO:  X   (Hz)' 

23.  CH4  +  2HzO COz  +  4Hz —37900  3  to  5  A=        0.3  16  280 

^  CH4  X   (HzO)  = 

=1.  ,.        (COz)'-  X  (Hz)' 

24.  C2H4  +  4H2O   „^ 2CO2  +  6H2...       +23400  5  to  8  A   = 

CzH4  X   (H2O)* 

>^  „        (COz)'i  X  (Hz)' 

25.  CzHz  +  4H20   ,,:^ 2C02  +  5Hz...       +20100  5  to  /  ^  =   i:. ;     —  T 

CzHz  X  (HzO)* 
^  „        (CO)'  X  (Hz)' 

26.  CH4  +  COz  ,5 2CO  +  2H! —58500  2  to  4  K   = — —  0.017  5  354 

CH4  X  CO2 
^  ,  „        (CO)«  X  (Hz)' 

27.  CzH4  +  2COz  ..,, 4CO  +  2Hz....      — 64600  3  to  6  K   = ^ 

CzH4  X  (COz)' 
i>  (CO)<  X  Hz 

28.  CzHz  +  2CO2 4CO  +  H2 — 31100  3  to  5  K=  

^  C2Hz  X  (COz)' 
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more  clearly  understood  by  reference  to  the  first 
numerical  problem  cited,  and  to  the  theoretical  mix- 
tures given  for  Equation  ig  at  temperatures  of  600° 
and  900°  C.  It  appears  impossible  to  find  a  tempera- 
ture favorable  to  both  when  the  two  reactions  are 
simultaneously  carried  out.  In  order  to  preserve 
the  hydrocarbons  it  becomes  necessary  to  form  H2O, 
CO2  and  deposit  carbon;  or  in  order  to  avoid  forming 
water  vapor,  CO2  and  deposit  carbon,  it  becomes 
necessary  to  destroy  hydrocarbons.  The  two  cannot 
be  reconciled. 

SUMMARY 

On  theoretical  grounds,  therefore,  it  appears: 

I — Possible  to  so  create  conditions  that  the  oil 
cracking  process  can  be  carried  out  at  a  higher  tempera- 
ture than  is  now  used  in  oil  gas  processes,  and  thereby 
greatly  increase  the  yield   of  valuable   hydrocarbons. 

II — Possible  to  "crack"  oil  without  depositing  carbon, 
and  without  the  formation  of  water  vapor  and  CO2. 

Ill — Possible  to  partially  control  the  quantity  and 
composition   of   "tar"   produced  in   gas   manufacture. 

IV — Impossible  to  preserve  hydrocarbons  and  at 
the  same  time  avoid  CO2,  water  vapor,  and  deposited 
carbon,  when  oil  is  "cracked"  as  in  the  present  car- 
bureted water  gas  process. 

Interpretation  of  Table  II  and  the  results  which 
could  be  expected  in  gas  reactions,  involving  the 
constituents  shown,  could  be  expanded  indefinitely. 
That  these  theoretical  considerations  are  of  more 
than  academic  interest  will  be  brought  out  in  subsequent 
papers. 

Chemical  Engineering  Laboratory 

Columbia  University 

New  York 

A  METHOD  FOR  THE  DETERMINATION  OF  MAGNESIUM 
IN  CALCIUM  SALTS  ' 

By    J.    C.    HOSTETTER 

In  the  course  of  the  preparation  of  some  calcium 
silicates  for  thermal  study,  certain  samples  of  calcium 
carbonate  were  tested  to  determine  their  suitability 
as  sources  of  lime.  Analyses  of  these  samples  showed 
that,  of  the  non-volatile  impurities  determined  by  the 
makers,  the  amounts  reported  by  them  were  substan- 
tially correct  for  all  elements^  except  magnesium.  •  This 
element  was  found  to  be  present  to  the  extent  of  sev- 
eral tenths  of  a  per  cent  as  oxide,  even  though  the 
salts  analyzed  were  of  the  very  highest  grades  obtain- 
able, and  the  makers'  analyses  had  shown  but  a 
"trace,"  or,  at  most,  0.005  per  cent  MgO.  A  dis- 
crepancy of  this  large  order  could  hardly  be  passed 
over  without  investigation,  even  though  the  problem 
thus  presented  was  but  a  mere  side  issue.  The  writer's 
results  on  these  samples  had  been  obtained  by  the 
calcium  sulfate  separation,  but,  since  the  laboratory 
manipulation  of  this  method  was  too  involved  for 
routine  testing  when  large  samples  were  taken,  a  method 
was  developed  by  means  of  which  very  small  amounts 

'  Read  at  the  Rochester  Meeting  of  the  American  Chemical  Society. 
September  U,  1913. 

'  With  the  possible  exception  of  sodium,  for  which  the  makers'  "trace" 
was  found  to  be  0.02  per  cent  NajO. 


of  magnesium  could  be  determined  in  the  presence  of 
much  calcium,  and  which  involved  only  the  simplest 
laboratory  manipulation.  After  this  method  had 
been  developed,  a  number  of  calcium  salts,  from  both 
domestic  and  foreign  makers,  were  tested  to  determine 
their  suitability  for  the  particular  problem  in  hand, 
but  the  surprisingly  large  quantities  of  magnesium 
found  to  be  present  were  the  source  of  much  disap- 
pointment. In  a  few  cases,  the  makers'  results  were 
of  the  same  order  of  magnitude  as  those  obtained  by 
the  new  method,  but  usually  the  magnesia  actually 
present  was  from  fifty  to  even  several  hundred  times 
greater  than  that  reported  by  the  maker.  The  proba- 
ble source  of  the  observed  differences  will  appear  in 
what  follows. 

Most  of  the  methods  employed  for  the  determina- 
tion of  magnesium  in  the  presence  of  calcium  involve 
a  removal  of  the  latter  by  precipitation  and  a  subse- 
quent estimation  of  the  former  in  the  filtrate.  In 
general,  when  testing  for  minute  amounts  of  impurity, 
the  procedure  of  first  removing  the  main  element  by 
precipitation  should  never  be  followed.  In  some  cases 
it  can  be  justified,  but  these  are  rare  and  they  can  be 
determined  only  by  direct  test;  in  the  greater  number  of 
cases  the  precipitating  salt  carries  with  it  a  large  por- 
tion, if  riot  all,  of  the  impurity,  and  hence  the  amount 
of  the  latter  subsequently  found  is  much  less  than  that 
actually  present.  Many  methods  of  separation  which 
are  excellent  when  applied  to  tests  in  which  the  elements 
to  be  separated  are  present  in  nearly  equal  amounts 
fail  utterly  when  the  one  element  is  present  to  the 
extent  of  a  thousand  times  that  of  the  other.  This 
latter  condition  is  the  main  one  involved  in  the  prob- 
lem here  studied,  and  failure  to  recognize  this  is  the 
general  reason  why  chemical  manufacturers  have  often 
failed  to  find  all  of  the  magnesium  present  in  their 
calcium  salts.  The  specific  manner  in  which  loss  of 
magnesium  may  occur  in  the  ordinary  methods  of 
separating  calcium  and  magnesium  will  appear  in 
the  discussion  which  follows. 

REMOVAL  or  CALCIUM  AS  OXALATE — The  extensive 
investigation  of  Richards,  McClaffrey  and  Bisbee' 
on  the  occlusion  of  magnesium  by  calcium  oxalate  has 
shown  that  when  the  latter  is  precipitated  in  the  pres- 
ence of  magnesium  under  certain  conditions,  the 
resulting  calcium  oxide  may  carry  as  much  as  16.4 
per  cent  MgO;  under  the  usual  conditions  for  this 
precipitation,  the  occlusion  may  still  amount  to  about 
1  per  cent.  Only  with  careful  attention  to  the  details 
of  the  method  proposed  by  them  can  a  satisfactory 
separation  of  calcium  from  magnesium  be  made  with 
one  precipitation  of  the  calcium  oxalate. 

Ordinarily,  in  exact  analysis,  two  precipitations  of 
the  oxalate  are  deemed  necessary  for  a  good  separation, 
and  when  the  elements  are  present  in  nearly  the  same 
amount,  this  is  justified.  When  large  amounts  of 
calcium  and  mere  traces  of  magnesium  are  present, 
however,  two  precipitations,  or  even  more,  will  not 
separate  these  two  elements  quantitatively. 

In    view   of   the   convincing   character   of   the   work 

'  Z.  anorg.  Chemie.  28  (1901),  71;  Proc.  Am.  Acad.  Arts  Set..  36  (1901). 

375. 
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cited  above,  it  is  indeed  surprising  that  texts  on  the 
subject  of  reagent  testing  should  continue  to  prescribe 
the  determination  of  magnesium  in  a  solution  from 
which  calcium  has  been  removed  as  oxalate,  when 
calcium  salts  are  to  be  tested  for  this  impurity.  As 
carried  out  by  Krauch,'  and  by  Krauch-Merck,^ 
the  calcium  of  i  gram  of  the  salt  is  precipitated  as 
oxalate  and  the  salt  is  considered  satisfactory  if  sodium 
phosphate  solution  gives  no  precipitate  in  the  filtrate 
on  standing  twelve  hours. 

REMOVAL  OF  CALCIUM  AS  SULFATE — This  Separation, 
as  outlined  by  Classen,^  is  comparatively  free  from 
the  errors  inherent  in  the  oxalate  and  carbonate 
precipitations.  That  calcium  sulfate  precipitated  in 
the  presence  of  magnesium  carries  a  negligible  amount 
of  magnesia  (occluded  or  otherwise)  is  shown  by  the 
following  experiment:  The  calcium  of  5  grams  of  a 
pure  calcium  chloride  in  alcoholic  solution  was  pre- 
cipitated with  sulfuric  acid  in  the  presence  of  250  mg. 
MgO  (added  as  chloride).  The  calcium  sulfate  was 
filtered  off  and  washed  with  50  per  cent  alcohol  in  the 
prescribed  manner.  After  drying,  the  magnesia  was 
determined  in  this  calcium  sulfate  by  the  new  method 
to  be  described  shortly,  and  found  to  be  but  0.005 
per  cent.^  In  many  cases  the  magnesia  thus  lost 
would  be  insignificant,  but  this  loss  could  not  be  toler- 
ated in  the  analysis  of  the  purest  calcium  salts. 

Though  this  method  of  removing  calcium  is  fairly 
satisfactory  in  regard  to  the  amount  of  magnesia 
occluded,  it  has  the  disadvantage  that  when  large 
amounts  of  calcium  are  to  be  removed,  the  laboratory 
manipulation  becomes  difficult.  This  is  due  to  the 
bulky  nature  of  the  precipitated  calcium  sulfate,  the 
many  tedious  washings  of  the  precipitate  which  are 
required,  and  the  evaporation  to  dryness  of  several 
liters  of  alcoholic  solution.  Accordingly,  we  have 
discontinued  the  use  of  this  method  except  as  an  oc- 
casional check. 

The  discrepancy  observed  between  the  makers' 
magnesia  determinations  and  the  writer's  results  by 
the  calcium  sulfate  separation  can  be  completely 
accounted  for  on  the  reasonable  assumption  that  the 
makers  follow  the  oxalate  separation  as  given  in  the 
standard  texts  on  reagent  testing.  Direct  evidence 
on  this  point  is  generally  lacking,  but  in  the  case  of 
one  maker  at  least,  the  labels  specify  that  the  salt 
has  been  tested  according  to  Krauch.^  In  the  absence 
of  specific  information  on  this  subject  from  the  other 
makers,^  we  can  only  assume  that  their  results  were  also 
secured  with  the  calcium  oxalate  separation  on  a  com- 
paratively small  sample. 

REMOVAL     OF     CALCIUM     AS     CARBONATE It     is     well 

known  that  the  separation  of  calcium  as  carbonate 
involves  the  same  source  of  error  as  the  oxalate  separa- 

'  "Testing  of  Chemical  Reagents,"  3  ed.,  p.  60. 

'  "Chemical  Reagents,  Their  Purity  and  Tests,"  p.  80. 

'  "Ausgewahlte  Methoden  d.  Anal.  Chem,"  Erster  Band.  p.  8?.5. 

*  In  this  connection,  it  is  interesting  to  note  that  magnesium  is  oc- 
cluded less  by  precipitating  barium  sulfate  than  any  other  metal  which  has 
been  studied.  Allen  and  Johnston,  J.  Am.  Chtm.  Soc,  32  (1910),  612; 
Johnston  and  Adams,  Ibid.,  33  (1911),  832. 

'  Merck  and  Company,  "Blue  Label  Reagents." 

^  Requests  for  information  on  this  point  were  ignored  by  a 
maker. 


tion — some  magnesium  is  occluded  by  the  calcium 
carbonate.  The  extent  of  this  occlusion  is  indicated 
by  the  amount  of  MgO  remaining  in  calcium  carbonates 
of  the  highest  grade — about  0.08  per  cent.' 

THE  METHOD  OF  HILDEBRAND  AND  HARNED This  ex- 
cellent method  for  the  determination  of  magnesium 
in  the  presence  of  calcium  (and  other  metals)  is  a 
precipitation  of  the  magnesium  as  hydroxide,  the 
precipitant  being  sodium  hydroxide  and  the  changes 
in  hydrogen  ion  concentration  being  followed  by  means 
of  the  hydrogen  electrode.^  Since  the  uncertainty  in 
the  end  point,  as  given  by  them,  may  amount  to  as 
much  as  4  mg.  MgO,  it  is  evident  that  this  method 
could  be  used  in  connection  with  the  present  problem 
only  in  the  case  of  highly  impure  calcium  salts. 

THE    PROPOSED    METHOD 

The  essential  feature  of  the  method  that  follows  is 
the  concentrating  of  the  magnesium  from  a  large 
sample  of  the  salt  being  tested  into  a  precipitate  con- 
taining but  a  small  proportion  of  the  calcium.  After 
this  has  been  accomplished  the  ordinary  methods  may 
be  used  to  separate  these  elements  with  satisfactory 
results,  since  the  ratio  CaO  :  MgO  is  no  longer  1,000 
or  10,000  :  I,  but  has  been  reduced  to  10  or  100  :  i. 
This  concentrating  is  effected  by  precipitating  the 
magnesium  as  hydroxide  by  adding  either  calcium 
oxide  (made,  in  many  cases,  by  ignition  of  the  salt 
itself)  or  a  solution  of  sodium  hydroxide  in  slight 
excess  over  that  necessary  to  precipitate  the  mag- 
nesium.'    The  details  of  the  method  follow. 

Ten  grams  of  the  calcium  salt  are  brought  into  solu- 
tion in  water,  and  the  volume  made  up  to  100  cc.  If 
acid  is  used  to  bring  the  salt  into  solution,  the  excess 
is  neutralized  with  sodium  hydroxide,  after  the  ex- 
pulsion of  CO2,  SO2,  etc.,  by  boiling.  The  calcium 
oxide  made  from  0.3  to  0.5  gram''  calcium  carbonate 
by  ignition  is  now  added  and  the  solution  heated  to 
boiling;  the  precipitate  is  filtered  off  but  not  washed. 
The  precipitate  is  dissolved  in  dilute  hydrochloric 
acid  and  the  calcium  removed  by  two  precipitations 
with  ammonium  oxalate.  The  filtrates  from  these 
two  precipitates  are  combined  and  the  magnesium 
in  this  combined  filtrate  is  determined  by  precipitation 
as  ammonium  magnesium  phosphate  with  microcosmic 
salt.  This  precipitation  is  easily  brought  about  by 
shaking  in  a  stoppered  flask.  After  standing  several 
hours,  the  precipitate  is  filtered  off,  washed  free  from 
phosphoric  acid  with  10  per  cent  ammonia,  and  finally 
ignited  to  magnesium  pyrophosphate  which  is  weighed. 

FACTORS    AFFECTING    THIS    METHOD 
I.    SOLUBILITY   OF  CALCIUM   HYDROXIDE   IN    SOLUTIONS 

OF  CALCIUM  CHLORIDE — A  knowledge  of  the  solubility 
of  calcium  hydroxide  in  10  per  cent  calcium  chloride 
solution  is  necessary  in  order  to  determine  the  amount 

1  The  average  of  the  MgO  contents  of  the  calcium  carbonates  given  in 
Table  II. 

'  Orig.  Com.  SIh  Intern.  Congr.  Appl.  Chem.,  1,  217;  J.  Am.  Chem.  Sac, 
36  (1913),  867. 

•''  Compare  the  method  of  analysis  of  high-grade  zinc  by  F.  Mylius 
and  O.  Fromm,  in  which  they  concentrate  the  impurities  into  a  sulfide 
precipitate  containing  very  little  zinc.     Z.  anorg.  Chem.,  9  (1895).  149 

'  This  need  be  weighed  only  to  5  per  cent.  The  amount  to  be  used 
depends  on  the  MgO  content  of  the  salt.     Cf.  postea. 
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of  calcium  oxide  to  be  added  to  the  chloride  solution. 
The  calcium  oxide  must  be  added  in  amount  somewhat 
more  than  sufficient  to  saturate  the  solution  with  re- 
spect to  calcium  hydroxide,  and  to  precipitate  the 
magnesium  as  hydroxide.  From  the  data  of  Zahorsky' 
and  of  Lunge,'  we  find  that  loo  cc.  of  a  lo  per  cent 
calcium  chloride  solution  will  dissolve  0.13-0. 14  gram 
calcium  oxide  at  80°  to  100°.  One  gram  of  calcium 
carbonate  yields  0.560  gram  calcium  oxide,  and  for 
the  precipitation  of  i  gram  magnesia  there  is  required 
1.392  grams  calcium  oxide.  These  figures,  together 
with  the  solubility,  show  that  the  calcium  oxide  made 
from  0.5  gram  calcium  carbonate  will  saturate  the 
solution  and  is  in  slight  excess  over  that  required  to 
precipitate  o.ioo  gram  MgO — equal  to  i  per  cent  on  a 
10  gram  sample.  Similarly,  calculation  shows  that 
0.4  gram  calcium  carbonate  will  precipitate  0.6  per 
cent  MgO  in  a  10  gram  sample,  and  0.3  gram  calcium 
carbonate  will  precipitate  0.2  per  cent  MgO.  It  is 
obviously  of  great  advantage  to  use  the  smallest 
possible  amount  of  calcium  oxide  in  this  precipitation, 
and,  for  most  salts,  the  oxide  from  0.3  gram  calcium 
carbonate  suffices. 

II.  SOLUBILITY  or  MAGNESIUM  HYDROXIDE  IN  CAL- 
CIUM   CHLORIDE    SOLUTIONS    SATURATED    WITH    CALCIUM 

HYDROXIDE — No  information  on  this  subject  has 
been  found  in  the  literature.  We  have  qualitatively 
estimated  the  effect  of  this  solubility  on  the  method, 
and  have  concluded  that  it  is  nearly  negligible.  The 
tests  were  made  by  determining  the  magnesia  in  10 
gram  portions  of  a  certain  sample  of  calcium  chloride, 
keeping  all  conditions  constant  except  the  volume  of 
the  solution  in  which  the  magnesium  hydroxide  was 
precipitated.  This  volume  was  varied  from  25  cc. 
to  200  cc.  The  results  showed  that  the  change  of 
solubility  with  increasing  dilution  is,  fortunately,  small. 
We  have  accordingly  chosen  the  10  per  cent  dilution 
as  a  convenient  volume  in  which  to  work  and  one  in 
which  the  error  due  to  solubility  is  probably  not  over 
0.2  mg.  MgO  for  100  cc. 

This  crude  method  of  investigating  the  solubility 
of  magnesium  hydroxide  in  solutions  of  calcium  chloride 
saturated  with  calcium  hydroxide  was  made  necessary 
on  account  of  the  difficulty  of  obtaining  calcium  salts 
free  from  magnesium  and  magnesium  salts  free  from 
calcium.  It  was  thought  to  be  beyond  the  scope  of 
this  paper  to  prepare  suitable  materials  and  actually 
determine  this  solubility.  One  experiment  on  the 
solubility  of  magnesium  hydroxide  in  calcium  hydrox- 
ide solution  saturated  at  90°  was  made  by  determining 
the  magnesium  in  the  liquid  phase  after  having  removed 
the  calcium  as  sulfate.  The  magnesia  in  100  cc.  of 
this  solution  is  probably  less  than  o.i  mg.,  since  the 
precipitate  of  ammonium  magnesium  phosphate  was 
too  small  to  be  filtered  off  and  weighed. 

III.    USE   OF  SODIUM    HYDROXIDE    AS  THE  PRECIPITANT 

— It  is  obvious  that  a  known  amount  of  sodium  hy- 
droxide may  be  used  to  precipitate  the  magnesium 
and  a  slight  excess  of  calcium  hydroxide.  Where  acid 
has  been  used  to  bring  a  calcium  salt  into  solution, 

1  As  given  by  Seidell,  "Solubilities  of  Inorganic  and  Organic  Sub- 
stances." p   91,  1st  ed. 


the  excess  acid  is  carefully  neutralized,  using  methyl 
orange  as  indicator,  and  then  an  amount  of  sodium 
hydroxide  solution  is  added,  sufficient  to  precipitate 
the  magnesium  and  a  slight  amount  of  calcium  hy- 
droxide. From  this  point  on,  the  procedure  is  exactly 
as  outlined  under  the  calcium  oxide  precipitation. 

In  the  work  of  Hildebrand  and  Earned  quoted  above, 
it  is  mentioned  that  the  change  in  hydrogen  ion  con- 
centration when  the  magnesium  hydroxide  has  all 
been  precipitated  and  the  calcium  hydroxide  is  be- 
ginning to  precipitate,  is  too  gradual  to  be  shown  by 
an  indicator.  Nevertheless,  it  was  hoped  that  an 
indicator  could  be  found  by  the  change  of  which  an 
indication  would  be  given,  when  sodium  hydroxide 
was  used,  that  the  hydrogen  ion  concentration  cor- 
responding to  a  precipitation  of  some  small  amount  of 
calcium  hydroxide  had  been  reached.  Several  indi- 
cators of  appropriate  turning  point  (lo"'^  to  io~'') 
were  tested,  but  the  results  obtained  were  erratic. 
This  was  partly  due  to  the  fact  that  there  are  compara- 
tively few  indicators  giving  sharp  color  changes  in 
this  region  of  hydrogen  ion  concentration,  and  very 
probably  also  that  there  was  a  large  "salt  effect" 
due  to  the  highly  concentrated  calcium  chloride 
solution. 

THE  PRECISION  OBTAINABLE   by  the  hydroxide  con- 


centration   method,    and    the    agreement    between 
and    the    sulfate    separation,    are    shown    in    Table 
Table  I — Percentages  of  Magnesia 


By  hydroxide 

By  sulfate 

iple 

concentration 

separation 

r  0.091 

0.074 

1  0.091 

0.090 

1  0.089 

I  0.090 

0.25 

0.25 

These  analyses  on  carefully  mixed  samples  of  calcium 
carbonate  were  run  side  by  side.  On  still  another 
sample  of  calcium  carbonate,  the  writer  obtained 
0.09  per  cent  MgO,  using  the  new  method  with  but 
one  precipitation  of  the  oxalate,  while  Dr.  H.  S. 
Washington,  of  this  laboratory,  found  0.12  per  cent 
MgO,  using  the  same  method  but  making  two  careful 
precipitations  of  the  calcium  oxalate.  The  difference 
is  about  what  would  be  occluded  by  the  first  precipitate 
of  calcium  oxalate. 

NOTES  ON  THE  METHOD — Since  the  effect  of  the  salts 
of  other  acids  on  the  solubility  of  magnesium  hydroxide 
in  calcium  chloride  solutions  saturated  with  calcium 
hydroxide  has  not  been  determined,  it  is  advisable 
to  ignite  such  calcium  salts  as  the  nitrate,  acetate, 
formate,  and  oxalate  to  oxide,  and  then  dissolve  all 
but  a  portion  equivalent  to  the  0.3-0.5  gram  of 
CaCOa,  in  dilute  hydrochloric  acid,  using  methyl 
orange  as  indicator.  The  reserved  portion  of  oxide 
is  added  as  the  precipitant,  thus  removing  the  possibility 
of  introducing  magnesium  as  an  impurity  in  the  cal- 
cium oxide  made  from  calcium  carbonate,  or  in  the 
sodium  hydroxide.  The  carbonate,  hydroxide,  oxide, 
sulfite,  and  sulfate  should  be  dissolved  directly  in 
hydrochloric  acid. 

Traces  of  calcium  as  tricalcium  phosphate  are  fre- 
quently present  to    the  extent  of  some  0.3-0.5  mg.  in 
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the  magnesium  pyrophosphate,  and  may  be  corrected 
for  by  dissolving  the  ignited  (and  weighed)  precipitate 
in  a  little  dilute  sulfuric  acid,  adding  alcohol,  and 
allowing  to  stand  over  night.  The  calcium  sulfate  is 
filtered'  off  and  weighed  as  such;  or  it  may  be  con- 
verted into  oxalate  and  weighed  as  oxide. 

It  is  obvious  that  there  is  practically  no  limit  to  the 
size  of  the  sample  from  which  the  magnesium  can  be 
concentrated  by  this  method,  thus  allowing  almost  any 
desired  precision  in  the  amount  of  magnesium  weighed. 
A  10  gram,  sample  will  permit  of  o.ooi  percent  MgO  being 


on  the  magnesia  content  of  all  the  samples  tested  by 
the  new  method.  As  will  be  seen  by  an  inspection  of 
the  table,  these  samples  are  from  all  of  the  more  widely 
known  makers  of  analyzed  chemicals.  In  presenting 
these  results  there  is  absolutely  no  discrimination,  and 
we  think  that  a  comparison  of  the  makers'  determina- 
tions as  given  in  the  table  will  support  our  statement 
that  all  the  makers  are  equally  at  fault  in  this  par- 
ticular. We  publish  these  data  not  as  a  criticism  of 
the  makers,  but  solely  to  present  the  facts  in  the  case 
as  we  find  them,  with  the  hope  that  their  publication 


Table  II — Ma 


IN   High-grade   Calcium  Salts  from  Different  Makers 

Magnesium  Oxide 


Hydroxide 

MgO  calc. 

Maker's 

concentration 

as  per  cent 

Description 

Lot  No. 

analysis 

method 

of  CaO 

"C.P." 

No  anal. 

0.027% 

0.076% 

"Tested  Purity" 

B  83 

— 0.001% 

0.041 

0.  11 

"C.P."  Analyzed 

51313 

—0.001 

0.001 

0.002 

"C.P."  Analyzed 

"Trace" 

0.090 

0.16 

"C.P."  Analyzed 

No  anal. 

0.25 

0.44 

"Special" 

No  anal. 

—O.OOI 

0.00 

"C.P."  Analyzed 

8212 

0.001 

0.039 

0.068 

"C.P."  Special 

—0.001 

0.048 

0.085 

"C.P."  Analyzed 

101212 

0.001 

0.056 

0.10 

"C.P."  Analyzed 

5513 

0.005 

0.027 

0.048 

"C.P."  Analyzed 

101613 

0.005 

0.10 

0.17 

"Tested  Purity" 

B  33 

0.005 

0.27 

0.48 

"Zur  Anal.  m.  Garantieschein' 

4782 

0.000 

0.062 

O.U 

"Blue  Label  Reagent" 

10853 

Free 

—0.001 

0.00 

"Blue  Label  Reagent" 

12303 

Free 

0.000 

0.000 

Iceland  Spar 

0.047 

0.084 

"C.P."  Fused  Granular 

"Trace" 

0.058 

0.11 

"C.P."  Analyzed  Cryst 

103012 

0.001 

0.009 

0.023 

"C.P."  Analyzed  Cryst.  (Diff. 

Bottle) 

103012 

0.001 

0.006 

0.015 

"C.P."  Analyzed  Anhyd. 

10912 

0.001 

0.042 

0.083 

"C.P."  Analyzed  Anhyd. 

11612 

0.001 

0.15 

0.29 

"C.P  "  Analyzed  Anhyd.  (12-i 

mesh) 

121812 

0.005 

1.44 

2.85 

"C.P."  Analyzed  Anhyd. 

112112 

0.01 

0.23 

0.45 

"C.P."  Analyzed  Cryst. 

122211 

0.002 

0.065 

0.17 

"Blue  Label  Reagent"  Fused 

10353 

Not  det. 

0.023 

0.045 

"C.P."  Analyzed 

61812 

None 

0.005 

0.038 

"Technically  Pure" 

32213 

0.05 

0.87 

1.14 

'Blue  Label  Reageat" 

1472 

Not  det. 

0.68 

0.89 

"C.P."  Analyzed  Cryst. 

101712 

0.001 

0.14 

0.59 

"Tested  Purity" 

B  13 

None 

0.31 

1.31 

White  Label 

L  2801 

No  anal- 

0.041 

0.084 

From  Marble 

32413 

0.51 

I. 18 

1.18 

"Zur  Anal.  m.  Garantieschein' 

Not  det. 

0.77 

0.77 

"Blue  Label  Reagent  " 

11513 

Free 

0.007 

0.021 

"Tested  Purity"  Cryst. 

B  83 

0,05 

0.36 

1.00 

Abbreviations 

Salt  Maker 

Acetate B  &  A 

Acetate E  &  'A 

.\cetate J  T  B 

Carbonate B  &  A 

Carbonate B&A 

Carbonate B  8:  A 

Carbonate J  T  B 

Carbonate JTB 

Carbonate JTB 

Carbonate JTB 

Carbonate JTB 

Carbonate E  &  A 

Carbonate Kb 

Carbonate M 

Carbonate M 

Carbonate 

Chloride B  &  .\ 

Chloride JTB 

Chloride JTB 

Chloride JTB 

Chloride .  .  JTB 

Chloride JTB 

Chloride JTB 

Chloride JTB 

Chloride M 

Formate JTB 

Hydroxide...  JTB 

Hydroxide.  ...  M 

Nitrate JTB 

Nitrate E  &  .\ 

Oxalate Kb 

Oxide JTB 

Oxide Kb 

Sulfate M 

Sulfite E  8:  A 


B&A:    Baker  &  Adamson  Chemical  Company,  Easton,  Pa. 

JTB:  J.  T.  Baker  Chemical  Company,  Phillipsburg.  N.  J. 

E  &  A:   Eimer  &  Amend,  New  York,  N.  Y. 

Kb:  C,  A.  F.  Kahlbaum,  Berlin. 

M:  Merck  &  Company.  New  York.  N,  Y. 

approximately  determined.       We  have   used   at  times 
samples  of  20  and  even  100  grams  with  this  method. 

The  oxalate  separation  has  been  used  after  the  hy- 
droxide concentration  in  order  to  combine  in  one  pre- 
cipitation the  removal  of  calcium  and  also  the  slight 
amounts  of  iron  and  aluminum  which  may  be  present. 
While  the  sulfate  separation  is  undoubtedly  the  better, 
it  requires  an  evaporation  and  a  separate  precipitation 
for  the  other  impurities. 

RESULTS  OBTAINED  BY  THE  HYDROXIDE  CONCEN- 
TRATION  METHOD — In   Table    II   are   given   the   results 


No  anal. :   No  analysis  on  label. 

Not  det.:  Analysis  on  label  but  MgO  not  determined. 
Free:  Free  from  MgO  as  tested  by  Krauch's  method. 
—0.001:   Less  than  0.001%  MgO. 


may  help  to  bring  about  the  more  complete  elimination 
of  magnesia  from  calcium  salts,  and  hence  to  help 
raise  the  standard  of  analyzed  chemicals.  We  think 
that  in  presenting  the  matter  in  this  way,  it  is  fairest 
both  to  the  maker  and  to  the  user.  With  this  presenta- 
tion of  the  subject,  our  direct  interest  must  end,  since, 
as  stated  at  the  beginning,  the  problem  was  but  a 
mere  side  issue,  and  further  testing  of  calcium  salts 
on  our  part  has  been  rendered  unnecessary,  as  we 
have  secured  by  purchase  enough  of  the  purest  of  the 
lots  tested  to  last  us  several  years. 
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For  many  purposes  where  the  highest  grade  cal- 
cium salts  are  used,  the  presence  of  much  magnesia 
may  be  regarded  as  a  matter  of  indiffereince.  The  two 
elements  are  chemically  very  similar;  the  reactions 
of  one  may  not  interfere  with  those  of  the  other. 
Whether  the  presence  of  magnesium  in  calcium  salts 
is  objectionable  for  certain  purposes  or  not  is,  however, 
aside  from  the  main  issue.  The  point  to  be  emphasized 
is  that  the  makers'  analyses  should  represent  exactly 
the  amounts  of  impurities  present.  Only  in  this 
manner  can  the  makers'  analyses  be  of  any  real  service 
to  the  user  of  analyzed  chemicals. 

Geophysical  Laboratory 

Carnegie  Institution  of  Washington 
Washington 


PARAFFIN  BODIES  IN  COAL  TAR  CREOSOTE  AND  THEIR 
BEARING  ON  SPECIFICATIONS' 

By  a.   R.   Church  and  John   Morris  Weiss 

In  specifications  for  coal  tar  creosote,  there  is  usually 
a  paragraph  stating  that  the  oil  shall.be  a  pure  product 
of  coal  tar,  and  free  from  adulteration  with  any  oil 
or  products  from  any  other  tar.  The  purpose  of  this 
clause  is  usually  to  provide  against  admixture  with 
petroleum  products,  such  as  water  gas  tar  or  oil  tar 
derivatives.  In  the  present  paper,  the  writers  wish  to 
consider  one  requirement  which  is  sometimes  intro- 
duced with  the  object  of  enforcing  this  provision. 

Coal  tar  is  made  up  mainly  of  aromatic  compounds, 
and  the  presence  of  bodies  beloiiging  to  the  saturated 
paraffin  series  has  been  regarded  by  some  as  direct  and 
unmistakable  evidence  of  contamination  of  coal  tar 
creosote  by  distillates  from,  other  tars. 

Dean  and  Bateman''  proposed  a  sulfonation  test  for 
creosote  oils,  based  on  the  principle  that  aromatic  hy- 
drocarbons dissolve  in  concentrated  sulfuric  acid  to 
sulfonic  acids,  while  bodies  of  the  parafiEin  series 
remain  unattacked.  They  applied  this  test  to  numer- 
ous creosote  oils,  and  concluded  that  any  oil  yielding 
a  sulfonation  residue  was  contaminated  with  products 
of  other  source  than  coal  tar. 

A  modification  of  this  test,  devised  by  J.  M.  Weiss, 
was  proposed  in  an  article  by  S.  R.  Church,'  which  did 
not  in  any  way  change  the  results  of  the  test,  but  merely 
made  it  easier  of  operation,  so  far  as  the  detection  of 
traces  was  concerned.  Later  Bateman''  made  further 
modifications  in  the  test,  which  made  it  a  still  more 
convenient  laboratory  operation.  This  modification 
was  endorsed  by  Church*  after  trial,  as  more  convenient 
and  practical  than  the  earlier  proposals. 

Chapin''  proposed  the  substitution  of  a  dimethyl 
sulfate  test  to  be  used  to  determine  paraffin  hydro- 
carbons in  creosote  oil,  as  well  as  in  creosote  oil  dips. 

'  Presented  before  the  American  Association  for  the  Advancement  of 
Science,  Engineering  Section,  Atlanta,  December  31,  1913. 

"■  Dean  and  Bateman,  "The  .'Analysis  and  Grading  of  Creosotes," 
Forest  .Service.  Circular  112. 

'  Church,  This  Journal,  S  (1911),  J27. 

*  Bateman,  "Modification  of  the  Sulphonation  Test  for  Creosote," 
Forest  Service,  Circular  191. 

5  Church.  This  Journal,  6  (1913),  195. 

•  Chapin,  "Dimethyl  Sulfate  Test  lor  Creosote  Oils  and  Creosote  Dips," 
Bureau  of  ..\ninial  Industry,  rircular  167. 


Reeve  and  Lewis'  have  used  this  test,  and  have  given 
a  number  of  results  obtained  by  it. 

A  brief  description  of  the  tests  in  question  may  be 
useful  in  this  connection. 

SULFONATION    TEST 

"Ten  cubic  centimeters  of  the  fraction  of  creosote 
to  be  tested  are  measured  into  a  Babcock  milk  bottle. 
To  this  is  added  40  cc.  of  37  N  sulfuric  acid,  10  cc.  at 
a  time.  The  bottle  with  its  contents  is  shaken  for 
two  minutes  after  each  addition  of  10  cc.  of  acid. 
After  all  the  acid  has  been  added,  the  bottle  is  kept 
at  a  constant  temperature  of  from  98°  to  100°  C.  for 
I  hour,  during  which  time  it  is  shaken  vigorously 
every  ten  minutes.  At  the  end  of  an  hour,  the  bottle 
is  removed,  cooled  and  filled  to  the  top  of  the  graduation 
with  ordinary  sulfuric  acid,  and  then  whirled  for  5 
minutes  in  a  Babcock  separator.  The  unsulfonated 
residue  is  then  read  off  from  the  graduations." 

DIMETHYL    SULFATE    TEST 

"Five  cubic  centimeters  of  the  fraction  are  pipetted 
into  a  narrow  25  cc.  burette,  and  shaken  with  8  cc.  of 
dimethyl  sulfate  after  closing  the  burette  with  a  smooth, 
close-fitting  cork.  Separation  of  the  residual  oil  oc- 
curs in  a  short  time  in  the  form  of  a  clear,  almost 
colorless,  supernatant  liquid  layer." 

We  shall  first  briefly  discuss  the  relative  merits  and 
demerits  of  the  sulfonation  test  and  the  dimethyl  sul- 
fate test,  and  then  consider  in  what  manner  the  results 
of  such  a  test  should  be  interpreted,  particularly  as 
regards  creosote  oil  specifications. 

We  have  made  some  experiments  using  the  dimethyl 
sulfate  test,  as  recommended  by  Chapin,  and  the 
modified  sulfonation  test  with  fuming  sulfuric  acid 
and  the  Babcock  bottle,  as  proposed  by  Bateman. 
Average  samples  of  coal  tar  oil  and  water  gas  tar  oil 
were  distilled,  and  fractions  taken  from  240°  to  270°  C, 
and  from  270°  to  300°  C.  These  fractions  were  then 
subjected  to  the  dimethyl  sulfate  test  and  the  sul- 
fonation test,  with  the  following  results: 

Sulfonation 

test  Dimethyl 

residue  sulfate  test 

Per  cent  residue 

Coal  tar  distillate  240-270°  C 1.2  0      ' 

Coal  tar  distillate  270-300°  C 2.0  0 

Water  gas  tar  distillate  240-270°  C 4.0  0 

Water  gas  tar  distillate  270-300°  C 6.8  0 

Further  tests  on  other  oils  were  also  made,  with  the 
following  results: 

Sulfonation 

test    .       Dimethyl  sulfate 

residue  test  residue 

Per  cent  Per  cent 

Water  gas  tar  distillate  240-270°  C 2.4  0.0 

Water  gas  tar  distillate  270-330°  C 1.2  0.0 

Mixed  tar  distillate  240-270°  C 2.0  0,0 

Mixed  tar  distillate  270-330°  C 3  0  0.0 

Blast  furnace  tar  distillate  240-270°  C 17.6  23 .0 

Blast  furnace  tar  distillate  270  330°  C                    23.2  38.0 

Oil  tar  distillate  240-270°  C.                                      14.4  22.0 

Oil  tar  distillate  270-330°  C,                                      18.8  28  0 

It  can  be  seen  from  these  results  that  the  dimethyl 
sulfate  method  showed  no  residue  in  many  oils  that 

1  Reeve  and  Lewis,  This  Journal.  5  09131,  293. 
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gave  measurable  residues  by  the  sulfonation  method, 
and  we  feel  that  the  former  test  is  of  no  value  so  far 
as  the  detection  of  small  amounts  of  saturated  hydro- 
carbons in  the  presence  of  aromatic  hydrocarbons  is 
concerned.  Undoubtedly,  if  there  were  considerable 
amounts  of  petroleum  or  blast  furnace  tar  distillates 
present,  where  there  might  be  a  sulfonation  residue  of 
from  10  to  20  per  cent,  the  dimethyl  sulfate  test  would 
detect  it,  but  where  there  is  only  a  question  of  com- 
paratively small  admixtures  of  material,  itself  low  in 
sulfonation  residue,  this  test  would  not  seem  to  be  of 
any  value. 

We  have  experienced  great  difficulty  in  obtaining 
dimethyl  sulfate;  moreover,  we  find  that  it  changes 
rapidly  on  standing,  so  that  fresh  supplies  must  fre- 
quently be  had.  Another  objection  to  this  reagent 
is  the  danger  attendant  upon  handling  it. 

In  a  great  deal  of  our  laboratory  work  on  oils  dis- 
tilled from  various  kinds  of  tar,  the  results  have  been 
clouded  by  uncertainty  as  to  the  authenticity  of  the 
sample.  Some  time  ago,  therefore,  we  procured  sam- 
ples of  tars  from  typical   coke  ovens  and  gas  plants 

Sulfonation  Residues  of  O11.S  Fi 

Up  to  210-  225-  235- 

OiLS  Derived  From                                      210°  225°  235°  245° 

Semet-Solvay  coke  oven  tar 0  0  0  0 

Koppers  coke  oven  tar 0  0  0  0 

United  Otto  coke  oven  tar 0  0  0  0 

Horizontal  gas  retort  tar 0.2  0.2  0.4  0.6 

Inclined  gas  retort  tar 2.0  2.0  2.0  4.0 

Vertical  gas  retorttar 5.8  3.6  3.6  4.6 

Water  gas  tar,  1 0.4  0.4  0.4  0.4 

Water  gas  tar,  2 3.2  5.2  6.0  6.4 

Oil  tar 9.2  22.8  26.4  26.4 

Blast  furnace  tar 11.6  14.4  16.4 

Lignite  tar 7.0  .7.0  9.8  11.6 

under  such  conditions  as  to  make  accidental  contami- 
nation or  admixture  practically  impossible.  These 
tars  were  distilled  to  pitch,  and  the  distillate  oils  re- 
covered. The  oils  were  subjected  to  a  number  of  tests, 
partially  along  the  lines  of  Dean  and  Bateman's  work 
{loc.  cit.).  It  is  not  our  intention  to  give  the  details  of 
this  work  at  present,  except  in  so  far  as  they  affect  the 
question  of  the  sulfonation  test. 

Coal  tars  may  be  divided  into  two  classes: 

I — Coke  oven  tars,  which  may  be  further  sub- 
divided according  to  the  type  of  oven  in  which  the  coal 
is  carbonized, 

2 — Gas  works  tars,  which  may  be  divided  similarly 
into  horizontal,  inclined  and  vertical  gas  works  tars. 

In  this  investigation,  we  had  one  or  more  samples 
from  each  of  the  different  types  of  installation,  both 
coke  oven  and  gas  works,  and  have,  we  believe,  exam- 
ined a  sufficient  number  of  samples  to  draw  correct 
conclusions. 

The  examination  of  the  oils,  which  is  of  interest  in 
this  connection,  was  a  Hempel  distillation  (made  in 
accordance  with  the  Forest  Service  method  for  analysis 
of  creosote  oil),  taking  fractions  at  the  following  tem- 
peratures. Centigrade: 

210  235-245  265-275         295-305 

210-225  245-255  275-285         305-320 

225-235  255-265  285-295         320-330 

These  fractions  were  then  subjected  to  the  sulfonation 
test,   using   Bateman's  modified  method,  as  described 


above.  In  the  appended  table  are  given  the  results  of 
these  tests  of  the  various  oils  examined,  representative 
tests  of  each  type  of  installation  being  selected.  Where 
there  were  any  great  variations  between  oils  of  the 
same  origin,  the  tests  of  the  two  most  widely  divergent 
materials  examined  are  given. 

A  consideration  of  the  creosote  oil  specifications  in 
active  use  indicates  a  tendency  toward  the  use  of  the 
sulfonation  test.  The  requirements  of  the  test  vary 
widely;  in  one  case,  the  sulfonation  residue  is  limited 
to  10  per  cent,  in  others  to  i  per  cent,  while  still  others 
specify  that  in  the  fraction  300°  to  360°  C.  it  shall  not 
exceed  0.25  cc. 

In  a  Forest  Service  circular,  C.  P.  Winslow'  gives 
the  requirement  for  Class  i  and  Class  2  coal  tar  creo- 
sotes (the  only  ones  considered  by  him  as  pure  coal 
tar  creosotes)  that  there  shall  be  no  sulfonation  residue. 
In  "mixed  coal  tar  creosotes,"  he  allows,  in  Class  i, 
10  per  cent  of  the  305-320°  C.  fraction  as  a  sulfonation 
residue,  and  in  Class  2,  20  per  cent  of  the  fraction  305- 
320°  C,  expressing  it  in  the  form  that  "the  volume  of 
the    sulfonation    residue    in    cubic    centimeters    should 


I  Authentic  Samples  of 

•  Tar 

!45- 

255- 

265- 

275- 

285- 

295- 

305- 

320- 

!55° 

265° 
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285° 

295° 

305° 

320° 

330° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  8 

0.8 

0.8 

0.8 

0. 

8 

0,4 

0.4 

0.4 

5.6 

6.4 

5.2 

6.4 

6, 

0 

5.6 

5.2 

4.0 

5.6 

5.6 

6.2 

4.8 

6. 

0 

4.0 

4.4 

2.2 

0.4 

0.8 

0.8 

0.8 

0. 

8 

0.8 

0.4 

0.4 

7.2  9.2  10.4  10.0  14.2  13.6  13.6  12.4 

26.0  33.2  31.6  35.6  42.4  36.0  32.0  32.0 

17.2  20.4  21.2  22.0  20.8  20.4  18.0  16.4 

13,4  14.8  17.0  20.4  20.4  19.6  19.0  12,0 

not  be  greater  than  one-tenth  or  one-fifth,  respectively, 
of  the  weight  of  the  fraction  in  grams." 

In  the  opinion  of  the  writers,  the  requirement  of  no 
sulfonation  residue  is  unfair  as  a  basis  of  classification 
of  pure  coal  tar  creosotes,  and  a  very  high  limit  for 
mixed  creosotes,  such  as  10  to  20  per  cent,  is  useless, 
in  view  of  the  fact  that  a  great  majority  of  the  water 
gas  tar  distillates  have  considerably  less  than  this 
amount  of  sulfonation  residue  in  any  fraction,  and  this 
makes  it  unnecessary,  per  se,  to  have  any  coal  tar 
creosote  at  all  present.  If  a  requirement  for  no  sul- 
fonation residue  should  be  enforced,  only  straight  coke 
oven  tars  could  be  used  to  produce  such  creosote  oils, 
and  in  most  cases  this  is  certainly  a  commercial  im- 
possibility. If  a  limit  of  1  per  cent  is  set,  the  coke 
oven  tar  oils  and  some  of  the  horizontal  gas  works  tar 
oils  would  meet  the  requirement,  but  some  of  the  latter 
would  require  the  admixture  of  coke  oven  tar  oils  to 
bring  the  residue  below  this  limit.  A  requirement  that 
the  sulfonation  residue  shall  not  exceed  2  per  cent 
would  not  be  unfair,  and  would  not  ordinarily  bar  any 
normal  coal  tar  creosote  oils.  It  would  prevent  the 
addition  to  coal  tar  creosotes  of  large  proportions  of 
blast  furnace  oils  and  petroleum  products  other  than 
those  from  water  gas  tar.  The  admixture  of  water 
gas  tar  distillates  with  coal  tar  creosote  oil  would,  of 
necessity,  have  to  be  taken  care  of  in  some  other  way 
than  by  the  sulfonation  test,  as  it  is  very  plain  that  cer- 

'  Winslow,  "Commercial  Creosotes."  Forest  Service,  Circular  206. 
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tain  mixtures  of  coke  oven  tar  oil  and  water  gas  tar 
oil  would  show  a  lesser  residue  than  certain  other  oils 
obtained  wholly  from  gas  works  coal  tars. 

In  conclusion,  the  authors  believe  that  the  sulfon- 
ation  test  in  itself  has  been  shown  to  be  of  comparatively 
little  value  in  detecting  the  admixture  of  oils  of  petro- 
leum origin,  particularly  those  derived  from  water 
gas  tar,  with  creosote  oil. 

In  a  later  paper,  we  hope  to  publish  additional  data 
from  our  analyses  of  authentic  tars,  indicating  the 
value  of  certain  other  tests  as  means  for  determining 
the  origin  of  oils  used  for  creosoting. 

Rkskarch  Department  Laboratory 

Barrett  Manufacturing  Company 

New  York  City 

A  VOLUMETRIC  METHOD  FOR  THE  DETERMINATION 
OF  LEAD 

By  Alfred  Ai.der  and  M.  F.  CooLBAuqH 
Received  February  16,  1914 

The  principles  of  the  determination  are  based  upon 
the  precipitation  and  separation  of  the  lead  as  sulfate, 
the  solution  of  this  precipitate  in  sodium  hydroxide 
and  the  precipitation  of  the  lead  from  the  solution, 
after  slightly  acidifying  it  with  nitric  acid,  by  a  solu- 
tion of  potassium  iodate.  The  precipitate  of  lead 
iodate  is  dissolved  in  dilute  hydrochloric  acid.  It 
is  then  titrated  in  the  presence  of  a  few  cubic  centi- 
meters of  chloroform,  with  a  standard  solution  of  am- 
monium sulfocyanate  to  the  first  appearance  of  a 
violet  color  in  the  chloroform. 

The  outline  scheme  for  the  analysis  of  an  ore  is  as 
follows:  Treat  0.5  to  i  gram  with  nitric  acid,  and,  if 
necessary,  with  a  small  quantity  of  hydrochloric  acid. 
Then  add  a  few  cc.  of  sulfuric  acid  and  evaporate  to 
dense  fumes  of  sulfuric  anhydride,  leaving  not  more 
than  2  to  3  per  cent  of  free  sulfuric  acid  present  when 
the  solution  is  diluted  to  100  cc.  Coolthe  thoroughly 
decomposed  material  and  add  about  100  cc.  of  water, 
bring  to  a  vigorous  boil  and  add  10  to  15  cc.  of  alcohol. 
Cool  and  allow  to  stand  until  the  precipitate  has  com- 
pletely settled,  and  then  decant  upon  a  filter  paper 
and  wash  the  residue  with  a  mixture  of  i  per  cent 
sulfuric  acid  and  10  per  cent  alcohol,  and  finally  with 
the  alcohol  alone.  Dissolve  the  lead  sulfate  in  a  small 
quantity  of  hot  sodium  hydroxide  (10  to  15  cc.  of  a 
10  per  cent  solution  will  usually  be  sufficient).  Wash 
the  residue  and  filter  paper  thoroughly  with  hot  water, 
followed  by  hot  water  slightly  acidified  with  nitric  acid 
and  finally  by  water  slightly  alkaline  with  sodium 
hydroxide.  Add  a  few  drops  of  phenolphthalein  to 
the  solution  and  a  quantity  of  potassium  iodate  so- 
lution sufficient  to  precipitate  all  of  the  lead  and  have 
a  small  amount  in  excess.  Heat  the  solution,  and  while 
hot  add  nitric  acid  (1.2  sp.  gr.),  drop  by  drop,  until 
the  pink  of  the  phenolphthalein  is  discharged,  and  then 
IS  to  29  drops  in  excess.  Bring  the  whole  to  a  boil, 
cool  slightly,  add  15  to  20  cc.  of  alcohol  and  then  cool 
to  room  or  tap  water  temperature.  Decant  the  so- 
lution through  a  filter  paper  and  wash  by  decantation 
with  one  part  of  alcohol  to  three  parts  of  water  until 
the  wash  solution  gives  no  test  for  iodate  when  treated 
with    hydrochloric    acid,    chloroform    and    ammonium 


sulfocyanate.  Transfer  the  filter  paper  and  precipi- 
tate to  a  250  cc.  stoppered  flask.  Wash  out  the  pre- 
cipitation vessel  with  40  to  50  cc.  of  a  cold  solution 
of  hydrochloric  acid  (i  vol.  cone.  HCl  to  2.5  vols,  water) 
and  transfer  to  the  flask  with  the  main  portion  of  the 
precipitate.  Add  3  to  5  cc.  of  chloroform  to  the  above 
solution  and  titrate  at  once  with  the  standard  ammo- 
nium sulfocyanate  to  the  first  violet  which  remains 
in  the  chloroform  after  vigorous  shaking.  For  ores 
high  in  lead  it  is  advisable  to  add  to  the  flask  before 
the  end  point  is  reached  10  to  15  cc.  of  cold  HCl  (i.i 
sp.  gr.). 

NOTES    ON    THE    DETERMINATION 

The  above  method  was  tested  out  with  purified  lead 
sulfate  and  gave  the  following  results.' 

G   PbS04  G.  Pb  in  G.  Pb  G.  PbSOi  G.  Pb  in  G.  Pb 

taken  PbS04  found  taken  PbSOi  found 

0.3  0.2049  0.2047  0.3  0.2049  0.2046 

0.3  0.2049  0.2038  0.3  0.2049  0.2044 

0.3  0.2049  0.2056  0.3  0.2049  0.2045 

0.3  0.2049  0.2052  0.4  0.2732  0.2728 

0.3  0.2049  0.2049  0.2  0.1366  0.1369 

0.3  0.2049  0.2051  0.1  0.0683  0.0684 

0.3  0.2049  0.2049 

A  number  of  ores  were  run  by  this  method  using 
0.5  gram  samples  for  the  determinations.  The  lead 
in  these  ores  had  been  previously  determined  by  a 
careful  analysis,  weighing  up  the  lead  as  the  sulfate. 
The  following  are  some  of  the  results  obtained: 

Lead  by  Lead  by 

'  PbSO*  method  iodate  method 

No.  ore                                          Per  cent  Per  cent 

1 3.18  3.26 

2 4.20  4.  18 

3 4.42  4.37 

4 50.51  50.6 

5 64.39  64.27 

Ammonium  acetate,  sodium  acetate  and  potassium 
hydroxide,  as  well  as  the  sodium  hydroxide  were  used 
in  the  solution  of  the  lead  sulfate  obtained  from  the 
decomposition  of  the  ore,  or  that  which  was  used  as 
the  standard.  From  the  ammonium  acetate  or  sodium 
acetate  solutions,  either  neutral  or  acid  with  acetic 
acid,  the  lead  iodate  precipitated  slowly  and  incom- 
pletely. Boiling,  long  standing  and  a  decided  excess 
of  potassium  iodate  tended  to  make  the  precipitation 
complete,  but  under  most  careful  conditions  gave  quite 
decidedly  low  results.  The  potassium  hydroxide  gave 
equally  as  good  results  as  the  sodium  hydroxide.  It 
is  difficult  to  wash  the  filter  paper  free  from  the  solu- 
tion obtained  by  the  treatment  of  the  lead  sulfate  with 
the  sodium  hydroxide.  Experiments  gave  results  as 
much  as  lo  per  cent  low.  This  difficulty  is  corrected 
by  washing  with  dilute  nitric  acid  followed  by  washing 
with  a  dilute  solution  of  sodium  hydroxide. 

The  solubility  of  lead  iodate  is  given  as  0.012  gram 
in  a  liter  of  water  at  2°  C.  and  0.019  gram  in  a  liter 
of  water  at  18°  C.  (Kohlrausch  and  Bottger).  It 
is  stated  that  its  solubility  in  nitric  acid  is  only  slight, 
some  authorities  going  so  far  as  to  say  that  it  is  in- 
soluble in  hot  dilute  nitric  acid.  Experiments  were  made 
to  test  this  point.  The  precipitates  of  lead  iodate 
were  washed  with  hot  dilute  nitric  acid  and  the  lead 
content    determined.     The    same    was   repeated    using 
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the  cold  dilute  acid, 
results  obtained: 


The  following  are  a  few  of  the 


Lead  taken:  0.2049  gram 

Lead  found:  0.1969,  0.1995,  0.1957 


nd  0.1971  gra 


When  water  was  used  to  wash  the  precipitate,  low 
results  which  would  not  agree  with  each  other  were 
obtained.  In  washing  with  nitric  acid  or  water,  the 
wash  water  could  not  be  freed  from  iodate  as  given 
by  the  test  with  hydrochloric  acid,  chloroform  and  am- 
monium sulfocyanate.  The  solubility  of  the  lead 
iodate  in  dilute  HNO3  with  a  slight  excess  of  potassium 
iodate  and  alcohol  present  was  shown  by  evaporating 
the  filtrates  from  seven  solutions  out  of  which  the  lead 
had  been  precipitated  as  iodate  according  to  the  out- 
line scheme.  The  original  solutions  contained  1.7 
grams  of  lead.  The  solutions  which  were  evaporated 
were  fumed  with  H2SO4  and  the  lead  determined  as 
sulfate  according  to  the  regular  method.  The  amount 
of  lead  sulfate  found  was  0.6  mg. 

If  lead  iodate  is  precipitated  in  the  cold  it  comes 
down  in  a  flocculent  form  and  is  not  readily  purified. 
Unless  an  extra  amount  of  time  is  taken  in  the  washing 
the  results  will  be  high,  due  to  the  retention  by  the  pre- 
cipitate of  some  of  the  excess  of  potassium  iodate. 
When  the  lead  is  precipitated  hot,  or  boiled  after  pre- 
cipitation it  comes  down  with  a  coarsely  crystalline 
structure.  The  precipitate  settles  rapidly  and  is 
readily  purified  from  the  excess  iodate.  Forty  to  fifty 
cc.  of  the  alcoholic  solution  have  proved  ample  for 
washing,  even  when  0.25  gram  of  lead  in  the  form 
of  iodate  was  being  treated.  Too  much  alcohol  added 
to  the  solution  at  the  precipitation  of  the  lead  iodate, 
or  too  strong  an  alcoholic  solution  used  for  washing 
purposes  will  make  the  removal  of  the  excess  of  potas- 
sium iodate  difficult,  since  this  substance  is  much  less 
soluble  in  alcohol  than  in  water.  Too  much  potassium 
iodate  should  not  be  added  in  excess  because  of  the 
expense  of  the  reagent,  and  the  added  difficulty  of 
washing  it  out.  It  is  important  that  the  solution  from 
which  the  lead  is  precipitated  as  iodate  should  be  made 
distinctly  acid  with  HNO3,  otherwise  some  lead  will 
be  present  as  the  hydroxide  and  the  results  will  be  low. 
Lead  iodate  is  decidedly  soluble  in  an  excess  of  a  fixed 
alkali  hydroxide. 

The  lead  iodate  is  soluble  in  dilute  cold  hydrochloric 
acid  without  the  decomposition  of  the  iodate  radical. 
If  the  hydrochloric  acid  is  concentrated  or  the  dilute 
solution  hot,  chlorine  will  be  liberated  and  the  iodate 
radical  decomposed.  This  reaction  can  possibly  be 
represented  by  the  following  equation: 

12HCI  +  Pb(I03)2  =  8C1  +  2ICI  +  PbCls  +  6H0O 

Whenever  chlorine  is  liberated,  the  determination  is 
ruined  since  the  results  will  be  decidedly  low.  The 
strength  of  hydrochloric  acid  used  in  the  outline  scheme 
will  not  liberate  chlorine  unless  the  solution  is  hot. 
The  reaction  between  the  lead  iodate  and  the  NH4CNS 
is  most  rapid  when  the  iodate  is  completely  in  solution. 
If,  after  the  titration  has  been  started,  it  is  noticed 
that  some  of  the  iodate  is  not  in  solution,  it  is  best  to 
add  more  of  the  hydrochloric  acid.  The  reaction  of 
titration  is: 


3Pb(I03)2  +  4NH4CNS  -f-  12HCI  =  6IC1  +  aPbClo 

-I-  4NH4CI  +  4H2SO4  +  4HCN  +  2H,0 

The  end  point  is  caused  by  the  liberation  of  the  I  from 
the  ICl  and  its  absorption  in  the  chloroform.  The 
equation  for  the  end  point  is  probably  the  following: 


6IC1  +  NH4CNS  -I-  4H2O 


61  +  NHiCl  +  H2SO4 
+  5HCI  -f  HCN 


When  sufficient  hydrochloric  acid  is  present  the  re- 
action of  titration  is  a  very  rapid  one,  and  the  end  point 
very  sharp  and  distinct,  leaving  nothing  to  be  desired 
in  that  direction.  The  approach  to  the  end  point  is 
indicated  by  the  rapidity  of  the  discharge  of  a  yel- 
lowish red  color  throughout  the  solution.  The  end 
point  can,  in  fact,  be  determined  quite  closely  even 
without  the  use  of  chloroform,  by  the  permanent  for- 
mation of  this  yellowish  red  color.  The  chloroform 
can  be  used  over  again  by  decanting  off  the  larger  por- 
tion of  the  filter  paper  pulp  and  solution  and  then 
adding  the  precipitate  from  another  determination. 

The  ammonium  sulfocyanate  is  made  by  dissolving 
about  2.5  grams  of  the  pure  salt  in  a  liter  of  water  and 
then  standardizing  it  according  to  the  well  known 
Volhard  method  for  silver  by  titrating  a  known  silver 
nitrate  solution  which  has  been  made  by  dissolving 
pure  silver  in  nitric  acid  and  boiling  off  the  nitrous 
fumes.  The  silver  standard  of  the  ammonium  sul- 
focyanate multiplied  by  1.4398  gives  the  lead  standard. 
The  NH4CNS  may  also  be  standardized  by  titration 
against  c.  p.  lead  sulfate  or  metallic  lead.  The  above 
strength  of  solution  will  equal  about  i  per  cent  of  lead 
for  each  cubic  centimeter  when  0.5  gram  sample  is 
taken  for  analysis. 

The  elements  encountered  in  the  ordinary  ore  analysis 
which  might  interfere  with  the  determination  of  the 
lead  by  giving  insoluble  iodates  are  barium,  calcium, 
copper,  silver,  bismuth,  mercury  and  ferric  iron.  Of 
these  only  the  barium,  calcium,  silver  and  bismuth 
are  likely  to  interfere  since  the  copper  and  mercury 
can  be  completely  removed  and  the  ferric  iron  nearly 
removed  from  the  lead  by  filtering  them  off  from  the 
insoluble  lead  sulfate  formed  in  the  decomposition  of 
the  ore.  The  solutions  must  contain  calcium  in  rather 
large  concentration  before  this  element  will  precipitate 
as  iodate  under  the  conditions  given  for  the  lead  de- 
termination. In  no  experiment  tried  was  it  found  to 
interfere  with  the  accuracy  of  the  method  for  lead. 
Barium  forms  an  insoluble  iodate  which  is  slightly 
soluble  in  dilute  nitric  acid,  but  barium  sulfate  is  not 
affected  by  sodium  hydroxide  and  only  very  slightly  by 
dilute  nitric  acid,  so  that  not  enough  of  it  is  carried  into 
solution  to  be  precipitated  as  the  iodate.  Experiments 
with  these  two  elements  show  their  influences  upon 
the  determination. 


.  PbSOi 

G.  BaS04 

G 

.  CaSO. 

G.  Pb  in 

G.  Pb 

taken 

taken 

taken 

PbSO. 

found 

0.3 

0.1 

0.2049 

0.2052 

0.3 

0.2 

0.2049 

0.2046 

0.3 

0.2 

0.1 

0 . 2049 

0.2042 

It  is  difficult  by  the  ordinary  methods  of  treatment 
to  remove  all  the  silver  and  bismuth  from  the  insoluble 
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lead  sulfate  precipitate.  These  elements  form,  when 
treated  with  sodium  hydroxide  solution,  insoluble 
silver  oxide  and  bismuth  hydroxide  which  are  readily 
soluble  in  dilute  nitric  acid.  To  keep  these  from  going 
in  with  the  lead  solution,  and  at  'the  same  time  to  purify 
the  filter  paper  from  the  lead,  it  was  found  necessary, 
after  the  filtration  of  the  solution  obtained  by  the 
treatment  of  the  lead  sulfate  with  the  sodium  hydroxide, 
to  remove  the  filtrate  and  treat  the  residue  and  filter 
paper  with  hot  water  slightly  acidified  with  nitric  acid. 
The  filtrate  obtained  by  this  treatment' is  made  quite 
strongly  alkaline  with  sodium  hydroxide  and  filtered 
through  the  same  filter  paper.  From  the  combined 
filtrates  the  lead  iodate  is  precipitated.  The  following 
experiments  show  that  these  elements,  when  the  treat- 
ment is  made  according  to  the  above  modifications  of 
the  outline  scheme,  have  no  effect  upon  the  accuracy  of 
the  results.  Ferric  iron  is  not  readily  precipitated 
as  the  iodate  in  presence  of  nitric  acid  also  has  no 
eflect  upon  the  results. 

•   G.  PbS04  G.  Ag2SO«   G.  Fe!(SO.,)3   G.  Bi2(S04)j  G.  Pb  in  G.  Pb 

taken  taken  taken  taken  PbSO<  found 

0,.^  0.1  ...  0.1  0.:?049  0.2047 

0.3  0.1  ...  0.1  0.2049  0.2043 

0.3  ...  0.015  ...  0.2049  0.2051 

The  determination  of  lead  in  an  ore  by  this  method 
can  be  made  in  45  minutes  to  one  hour's  time.  The 
cost  of  the  reagents  in  the  determination  is  not  ex- 
cessive, and  should  not  exceed  a  few  cents  per  deter- 
mination when  0.5  to  i  gram  samples  are  used.  For 
low-grade  lead  ores  the  cost  is  materially  reduced  be- 
cause of  the  smaller  quantity  of  potassium  iodate  re- 
quired. Some  of  the  advantages  of  the  determinations 
are  rapidity  of  manipulation,  definiteness  of  the  re- 
actions of  titration,  non-interference  of  the  elements 
usually  associated  with  lead  minerals  and  exactness  of 
the  end  point. 

South  Dakota  State  Schooi,  of  Mines 
Rapid  City 


THE  DETERMINATION  OF  ARSENIC  IN  HYDROCHLORIC 
AND  SULFURIC  ACIDS 

By  R    F.  Tarbeli. 
Received  January  22,  191  + 

It  is  always  necessary  in  the  manufacture  and 
purchase  of  hydrochloric  and  sulfuric  acids  that  are 
to  be  used  in  the  preparation  of  food  products  to  make 
some  sort  of  test  to  determine  the  percentage  of 
arsenic  present. 

The  writer  has  worked  out  a  method  which  he  has 
found  very  satisfactory  and  accurate.  Once  the  ap- 
paratus is  set  up  and  the  standard  solutions  and  reagents 
prepared,  a  determination  requires  very  little  atten- 
tion. 

PRINCIPLES    INVOLVKD 

It  is  well  known  that  arsine  and  iodine  react  to- 
gether under  certain  conditions  forming  arsenious 
iodide.  This  reaction  seems  to  hold  when  the  iodine 
is  dissolved  in  specially  prepared  gasoline.  In  the 
following  method  arsine  is  generated  in  the  usual  way, 
passed  through  a  solution  of  lead  acetate  to  remove 
any  hydrogen  sulfide  formed  and  then  passed  through  a 


known  volume  of  an  iodine-in-gasoline  solution  of 
known  strength.  The  excess  of  iodine  is  reduced  by 
adding  a  known  amount  of  a  sodium  arsenite  solution 
and  then  titrated  back  with  an  iodine  solution  using 
starch  as  indicator.  The  writer  has  found  that  by 
this  method  one  atom  of  arsenic  is  equivalent  to  eight 
atoms  of  iodine.  This  would  correspond  to  the  fol- 
lowing equations: 

AsHa  +  3I2   =  Asia  +  3HI 
2ASI3  +  3H2O   =  AS2O3  4-  6HI 
AS2O3  +  2I2  +  2H2O  =  AssOs  +  4HI 

APPARATUS 

A  train  is  connected  as  follows:  A  500  cc.  flask 
is  fitted  with  a  two-hole  rubber  stopper.  Through 
one  hole  in  the  stopper  is  fitted  a  125  cc.  globe-shaped 
separatory  funnel  turned  up  at  its  lower  end  to  prevent 
the  escape  of  gas.  Through  the  other  hole  is  fitted  a 
Kjeldahl  connecting  bulb.  This  is  in  turn  connected 
with  a  Koeninck's  potash  bulb.  The  potash  bulb  is 
next  connected  to  a  single  bulb  such  as  always  comes 
with  and  precedes  a  Meyer's  bulb  tube.  To  this  is 
connected  a  Meyer's  bulb  tube.  There  should  be  at 
hand  a  500  cc.  Squibb's  pear-shaped  separatory  funnel. 

REAGENTS  AND  STANDARD  SOLUTIONS 

Gasoline — A  quantity  of  gasoline  is  prepared  from 
ordinary  60°  gasoline  in  the  following  way:  Fill 
a  gallon  bottle  three-fourths  full  of  the  gasoline  and 
add  200  cc.  c.  P.  sulfuric  acid.  Stir  this  eight  or 
ten  hours  with  air,  let  settle,  pour  oS  the  gasoline  into 
a  similar  bottle,  add  200  cc.  c.  p.  sulfuric  acid  as 
before  and  let  stand  several  days  with  occasional 
shaking.  Pour  the  gasoline  from  the  acid,  add  a 
dilute  solution  of  sodium  hydroxide  and  agitate  ten  or 
fifteen  minutes  to  neutralize  all  acid.  Wash  gasoline 
with  water,  let  settle,  and.  when  clear  it  is  ready  for 
use. 

Stannous  Chloride  Solution — Dissolve  25  grams 
c.  P.  tin  in  arsenic-free  hydrochloric  acid  and  evaporate 
almost  to  dryness.  Take  up  with  water  and  make  up 
to  500  cc. 

Arsenic-free  Hydrochloric  Acid — Dilute  c.  P.  hy- 
drochloric acid  to  sp.  gr.  i.io,  add  a  small  amount  of 
either  copper  sulfate  or  mercuric  chloride  and  pre- 
cipitate with  hydrogen  sulfide.  Let  stand  four  or 
five  days,  filter  and  distil. 

Alkaline  Sodium  Arsenite  Solution — Dissolve  0.2640 
gram  pure  arsenious  oxide  and  i  gram  sodium  car- 
bonate in  100  cc.  hot  water.  After  cooling,  add  i 
gram  sodium  bicarbonate  and  make  total  volume  i 
liter  with  water. 

Iodine  Solution — Dissolve  0.6773  gram  pure  iodine 
and  1.2  grams  potassium  iodide  in  water  and  make 
the  volume  up  to  i  liter. 

lodine-in-Gasoline  Solution — Dissolve  0.6773  gram 
pure  iodine  in  the  prepared  gasoline  and  make  the 
volume  up  to  i  liter  with  gasoline. 

Zinc — Use  c.  p.  arsenic-free  stick  zinc. 

METHOD    OF    ANALYSIS 

Fill  the  potash  bulb  with  lead  acetate  solution  to  the 
top   of   the    first   bulb.      Put    20   cc.   iodine-in-gasoline 


i^Iay,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


solution,  80  cc.  gasoline  and  20  cc.  water  into  the 
bulb  tubes.  Place  a  stick  of  zinc  weighing  about  35 
grams  in  the  flask  and  connect  the  apparatus,  seeing 
that  all  joints  are  tight.  Weigh  out  about  25  grams 
of  the  acid  to  be  tested.  The  weight  of  sample  and  the 
quantity  of  iodine-in-gasoline  solution  used  will  of 
course  vary  with  the  arsenic  content  of  the  acid,  but  a 
little  experience  will  enable  the  operator  to  adjust 
these  quantities.  If  hydrochloric  acid,  its  specific 
gravity  should  be  made  about  i.io  by  adding  either 
water  or  arsenic-free  hydrochloric  acid  as  may  be 
necessary.  If  sulfuric  acid,  its  specific  gravity  should 
be  made  about  1.40  by  adding  either  water  or  c.  p. 
sulfuric  acid  as  may  be  necessary.  Pour  the  sample 
through  the  separatory  funnel  into  the  flask.  Then 
pour  I  cc.  stannous  chloride  solution  through  the 
funnel.  Pour  through  enough  water  to  wash  the 
funnel.  Close  the  stopcock  and  let  the  reactions 
proceed  with  all  connections  tight  for  about  2  hours, 
heating  the  flask  on  a  water  bath  if  the  action  be- 
comes too  slow.  Then  add  20  cc.  c.  P.  sulfuric  acid 
(sp.  gr.  1.40)  through  the  separatory  funnel  and  allow 
the  test  to  proceed  for  i  hour  more.  Enipty  the  con- 
tents of  the  bulb  tube  into  the  500  cc.  separatory 
funnel.  Wash  the  bulb  tube  with  water  into  the 
same  funnel.  Run  out  the  water  from  below  and  add 
20  cc.  sodium  arsenite  solution  to  the  contents  of  the 
funnel.  Shake  till  the  solution  is  colorless,  allow  to 
settle  into  two  layers  and  draw  off  the  lower  layer 
into  a  white  dish.  Afid  starch  indicator  and  titrate 
with  the  iodine  solution  in  the  regular  way:  i  cc. 
iodine  solution  =  i  cc.  sodium  arsenite  solution  = 
I  cc.  iodine-in-gasoline  solution  =  0.00005  gram 
arsenic. 


Mg.  As  Mg.  I          Mg.    A 

taken  taken  by  As     found 

0.02  O.H 

0.02  0.27 

0.05  0.61 

0.05  0.74 

0.10  1.15 

0.10  1 .42 

0.25  2.98 

0.37  4.86 


Results  Obt.\ined 

Mg.    As  Mg.  I  Mg.  Ai 

taken     taken  by  As  found 

0  02  0.50  6.73  0.50 

0.02  0.50  6.42  0.47    . 

0.04  1.00  13.45  0.99 

0,05  1.00  12.90  0.95 

0 .  08  1  .  88  25  . 1 2  1  .  85 

0,10  2.50  34.07  2.51 

0.22  3.75  50.58  3,73 

0.36  


A  number  of  analyses  were  made  using  different 
volumes  of  solutions  of  sodium  arsenite  of  known 
strength.  Kahlbaum's  arsenious  oxide  was  used  in 
making  these  solutions.  The  numbers  in  the  last 
column  are  obtained  by  multiplying  the  figures  in  the 
second  column  by  0.07382. 

National  Zinc  Company 
Kansas  CiTy.  Kansas 

ONE  CAUSE  OF  LOW   RESULTS  IN  THE  ASSAY  OF 
PEPPERMINT  OIL 

By  Harry  W.   Redpield 
Received  April  26,  1913 

Articles  in  Hygienic  Laboratory  Bulletin,  No.  49i 
"Digest  of  Comments  on  the  Pharmacopoeia  of  the 
United  States  of  America"  (Eighth  Decennial  Re- 
vision), pages  22  2  and  223,  and  in  Hygienic  Laboratory 
Bulletin  No.  75>  "  Digest  of  Comments  on  the  Pharma- 
copoeia   of    the    United   States  of   America"    (Eighth 


Decennial  Revision),  pages  395  to  396,  point  out  the 
fact  that  low  results  are  often  obtained  in  the  assay 
of  peppermint  oil. 

One  possible  source  of  error  that  seems  to  have  re- 
ceived no  attention  is  the  low  efficiency  of  the  reflux 
condenser  that  is  employed  when  the  oil  is  boiled  for 
one  hour  with  a  N/2  alcoholic  solution  of  potassium 
hydroxide,  in  the  determination  of  menthol  as  ester; 
and  later  in  the  method  when  the  oil  is  boiled  for  one 
hour  with  acetic  acid  anhydride,  and  also  when  the 
acetylized  oil  is  boiled  for  one  hour  with  a  N/2  alcoholic 
solution  of  potassium  hydroxide,  in  the  determination 
of  total  menthol.  Any  oil  lost  through  incomplete 
condensation  would,  obviously,  cause  low  results. 

Therefore,  a  number  of  determinations  of  menthol 
as  ester  and  of  total  menthol  were  made  on  six  different 
samples  of  peppermint  oil  obtained  from  as  many 
sources.  The  three  forms  of  condenser  illustrated 
were  used. 

In  Fig.  I  is  shown  the  Allihn  condenser. 


-f;^3- 


In  Fig.  2  is  "shown  the  Chamot-Soxhlet  glass  ball 
condenser.  The  device  at  F  is  worthy  of  mention  as 
it  enables  the  experimenter  to  see  at  a  glance  how  much 
water  is  flowing  through  the  condenser. 

In  Fig.  3  is  shown  the  Fritz  Friedrichs  condenser, 
which  may  be  used  as  a  reflux  condenser  by  allowing 
the  vapor  to  enter  at  C,  or  which  may  be  used  in  dis- 
tillations by  allowing  the  vapor  to  enter  at  D.  The 
water  for  cooling  enters  through  AE  and  escapes 
through  B. 

EXPERIMENT  I — A  peppermint  oil  was  used  that 
had  a  specific  gravity  of  0.9056  at  25°  and  showed  a 
polarization  of — 19.87  at  25°.  Equal  volumes  of  the 
oil  were  weighed  in  three  125  cc.  flasks  and  the  required 
amounts  of  N/2  alcoholic  potassium  hydroxide  added. 
Into  the  neck  of  cme  of  the  flasks  was  .inserted  an 
Allihn  condenser,  into  the  neck  of  another  was  inserted 
a  Chamot-Soxhlet  condenser,  and  into  the  neck  of  the 
third  was  inserted  a  Fritz  Friedrichs  condenser.  The 
outlet  D  of  each  condenser  was  loosely  plugged  with 
cotton  wool.      The  condensers  were  connected  in  series. 
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the  cooling  water  first  flowing  through  the  Fritz 
Friedrichs  condenser,  then  through  the  Chamot- 
Soxhlet  condenser  and  finally  through  the  Allihn  con- 
denser. Heat  was  supplied  under  the  flasks  by  small 
ring  burners  and  the  assay  followed  out  according  to 
the  Pharmacopoeia  method. 

EXPERIMENT  2  was  made  on  the  same  oil  that  was 
used  in  experiment  i;  the  direction  of  the  cooling 
water  was  reversed  and  it  was  made  to  flow  first  through 
the  Allihn  condenser  and  finally  through  the  Fritz 
Friedrichs  condenser.  The  purpose  of  this  was  to 
ascertain  whether  any  advantage  had  been  given  to 
the  Fritz  Friedrichs  condenser  in  the  previous  experi- 
ment, by  reason  of  the  fact  that  the  temperature  of  the 
water  flowing  through  the  condensers  was  found  to  be 
2.1°  higher  when  it  entered  the  Allihn  condenser  than 
it  was  when  it  entered  the  Fritz  Friedrichs  condenser, 
in  the  first  experiment. 

EXPERIMENT  3 — A  peppermint  oil  was  used  that  had 
a  specific  gravity  of  0.9002  at  25°  and  showed  a  polari- 
zation of — 24.73  at'  25°.  The  condensers  were  connected 
in  the  same  manner  as  in  the  first  experiment. 

EXPERIMENT  4 — The  Same  oil  that  was  used  in  the 
third  experiment  was  used  again,  and  the  condensers 
were  connected  in  the  same  manner  as  in  the  second 
experiment,  for  the  same  reason. 

EXPERIMENT  5 — A  peppermint  oil  was  used  that  had 
a  specific  gravity  of  0.9021  at  25°  and  showed  a  polari- 
zation of  — 20.37  S't  25°.  The  condensers  were  con- 
nected in  the  same  manner  as  in  the  second  experiment. 

EXPERIMENT  6 — A  peppermint  oil  was  used  that 
had  a  specific  gravity  of  0.9045  at  25°  and  showed  a 
polarization  of  — 20.03  at  25°.  The  condensers  were 
connected  in  the  same  manner  as  in  the  second  experi- 
ment. 

EXPERIMENT  7 — A  peppermint  oil  was  used  that  had 
a  specific  gravity  of  0.8987  at  25°  and  showed  a  polari- 
zation of  — 24.88  at  25°.  The  condensers  were  con- 
nected in  the  same  manner  as  in  the  second  experiment. 

EXPERIMENT  8 — A  peppermint  oil  was  used  that 
had  a  specific  gravity  of  0.9010  at  25°  and  showed  a 
polarization  of  — 26.34  at  25°.  The  condeusers  were 
connected  in  the  same  manner  as  in  the  second  experi- 
ment. 

The  analytical  results  obtained  in  these  eight  experi- 
ments are  given  in  the  following  table: 


FRiiin 

RICHS 

Su.XH 

.ET 

AUHHN 

Condenser 

CONDBNSER 

CONDE 

NSER 

%  menthol 

%  menthol 

%mer 

thol 

Exp.  No. 

As  ester 

Total 

^%  ester 

Total 

As  ester 

Total 

1 

7.97 

64.98 

7.98 

64.49 

7.76 
7.74 

58.06 
58.10 

2 

7.94 

64.39 

7.89 

64.34 

3... 

6.61 

70.30 

6.71 

70.09 

6.26 

65.58 

4.  , 

6.59 

69.23 

6.57 

69.20 

6.23 

64.97 

5. 

9 .  3i 

63 .  74 

9,28 

63.59 

9.02 

60.20 

6 

8.23 

60.19 

8.17 

60.07 

7.84 

55.72 

7, 

8.97 

69.42 

9.07 

69.26 

8.59 

64.57 

8.  . 

.         8.43 

.S8.36 

8.40 

58.40 

8.03 

54.07 

Average 

8.01 

65.08 

8.01 

64.93 

7.68 

60   21 

Variation  from  i 


0 . 00        0   00      0 . 00 


-0,33      —4,87 


SUMMARY 

While    the    results    obtained    when    using   either   the 
Fritz     Friedrichs    condenser    or    the     Chamot-Soxhlet 


condenser  were  almost  the  same,  the  results  were  0.33 
per  cent  low  for  menthol  as  ester  and  4.87  per  cent  low 
for  total  menthol  when  the  Allihn  condenser  was  used. 

Cornell  University 


OBSERVATIONS  UPON  THE  ASSAY  OF  DIGESTIVE 
FERMENTS' 

»y  How.iKD  T,   Grabkr 

In  a  previous  paper,  ''Some  Observations  upon  the 
Assay  of  Digestive  Ferments, "appearinginTHisJouRNAL 
I  gave  a  r^sum^  of  tests  applied  in  standardizing  Di- 
gestive Ferments,  with  special  reference  to  their 
peculiarities.  A  second  paper,  ''Influence  of  Size  and 
Shape  of  Bottles  upon  the  Assay  of  Pepsin,"  appearing 
in  the  Journal  of  the  American  Pharmaceutical  Associa- 
tion (Vol.  II,  No.  12,  December,  1913),  deals  with  the 
assay  of  pepsin.  Further  observations  with  these 
sensitive  enzymes  have  shown  the  following  peculiari- 
ties with: 

PANCREATIN 

In  the  first  mentioned  paper  I  called  attention  to 
the  fact  that  in  assaying  diastasic  ferments  for  starch 
hydrolyzing  power,  the  kind  of  starch  used  is  very 
important,  and  that  the  use  of  potato  starch  gives  an 
activity  Vs  greater  than  that  given  when  corn  starch 
is  used.  I  now  want  to  carry  this  statement  further 
and  show  that  one  can  use  two  different  samples  of  the 
same  kind  of  starch;  for  instance,  two  samples  of  corn 
starch,  and  unless  the  physical  properties  of  the  two  sam- 
ples are  identical,  the  results  will  be  of  wide  variation.  Of 
these  physical  properties  reaction  is  the  most  important. 
The  U.  S.  P.  says  the  starch  should  be  neutral  to  litmus 
paper,  but  as  a  matter  of  fact,  litmus  paper  is  not  suffi- 
ciently sensitive.  I  have  found  that  if  the  corn  starch 
is  slightly  acid  to  cochineal  indicator,  this  acidity 
slightly  accelerates  the  activity  of  the  enzyme,  although 
litmus  paper  would  show  the  starch  to  be  neutral,  and 
further,  a  strength  of  acid  in  the  starch  which  would 
show  acid  to  litmus  paper,  would  inhibit  the  activity 
of  the  diastase. 

On  the  other  hand,  a  slight  alkalinity  in  the  starch, 
shown  by  cochineal  solution,  would  inhibit  the  diastasic 
activity,  although  here  again  the  alkalinity  would  be 
so  slight  as  to  cause  the  starch  to  appear  neutral  to 
litmus  paper.  The  following  experiment  will  illustrate 
these  points: 


.?  K 


OS 


6,66     0,1         Neutral    Slightly  0,0023 
acid 

4,66     0,18     Neutral    Alkaline  

6,66     0,1         Neutral    Neutral  ..., 


0.031      1  :  25  i 
1  :  25 


The  table  shows  that  starch  No.  i,  in  which  the  pan- 
creatin  tests  1:25  in  4  mins.,  has  an  acidity  by  cochineal 
of  0.0023  per  cent  HCl    absolute  by  weight,  although  it 

'  Presented  at  the  47th  Meeting  of  the  A.   C,  S,,    Milwaukee,   March 
25-28,  1913, 
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seems  neutral  to  litmus  paper,  and  if  this  acidity  be 
carefully  neutralized,  the  diastase  requires  15  seconds 
more  to  hydrolyze  the  starch  and  if  now  the  starch  be 
made  to  have  an  alkalinity  equivalent  to  0.031  per  cent 
KOH,  the  activity  of  the  pancreatin  changes  from  I  :  25 
in  4  mins.  to  i  :  25  in  7V2  mins.,  although  the  starch 
still  meets  the  U.  S.  P.  requirements  and  is  neutral  to 
litmus  paper. 

It  would  therefore  appear  to  one  unaccustomed  to 
working  with  these  enzymes  that  the  pancreatin  had 
lost  some  of  its  diastasic  activity,  when  the  real  truth 
of  the  matter  is  that  the  presence  of  the  slight  alkalinity 
in  the  starch  inhibited  the  starch  hydrolyzing  power 
of  the  diastase. 

The  percentage  moisture  in  the  corn  starch  on  the 
market  varies,  but  a  difference  of  2  per  cent  more  or 
less  is  not  an  important  factor,  as  the  following  figures 
show. 

If  the  diastase  tests  i  :  25  in  5  minutes  on  starch  of 
4.66  per  cent  moisture,  it  tests  i  :  25.5  in  5  minutes  on 
starch  of  6.66  per  cent  moisture,  or  i  :  25  in  4  minutes 
54  seconds:  i.  e.,  2  per  cent  more  moisture  in  the 
starch,  or  what  is  the  same  thing,  2  per  cent  less  starch, 
showed  the  disatase  to  have  an  acceleration  of  but  6 
seconds.  However,  a  difference  in  moisture  content 
as  great  as  10  per  cent  would  show  a  decided  effect 
upon  the  final  strength  of  the  diastase,  but  the  average 
samples  of  starch  would  not  vary  to  such  an  extent. 

It  is  my  custom,  before  adopting  a  sample  of  starch 
for  diastasic  assay,  to  wash  it  thoroughly  with  10  times 
its  volume  of  distilled  water  and  after  drying  to  de- 
termine its  moisture  and  ash  content,  then  to  shake  it 
up  with  neutral,  recently  boiled  and  cooled,  distilled 
water,  and  after  filtering  to  test  the  filtrate  with 
cochineal  indicator,  and  to  make  use  of  the  starch  only 
when  it  shows  neutral  to  this  indicator.  As  a  further 
check,  I  test  a  known  sample  of  pancreatin  with  it. 

A  third  precaution  to  eliminate  variations  in  assay, 
is  to  use  always  a  diluted  iodine  solution  of  the  same 
temperature.  A  warm  iodine  solution  does  not  show 
the  starch  iodide  reaction  so  readily  as  a  cold  one. 

These  three  precautions  then  should  always  be  ob- 
served if  uniform  results  are  to  be  obtained: 

I — The    starch  should  be  neutral  or  at  most  but 
very  weakly  acid. 

II — It   should  be  chosen  of  average  moisture  content 
with  a  preference  toward  the  use  of  anhydrous  starch. 

Ill — The  temperature  of  the  diluted  iodine  solution 
should  be  constant. 

Digestive  Ferments  Company 
Detroit 


LABORATORY  STUDIES  ON  MALT  EXTRACT' 

By  Howard  T.  Graber 

Some  years  ago  I  started  an  investigation  upon  the 
concentrated  glycerine  extracts  of  malt  to  determine 
the  nature  of  the  changes  which  take  place  in  malt 
extract  upon  aging  and  the  causes  of  said  changes. 
I  was  not  successful  in  assigning  any  specific  composi- 
tion change  and  therefore  did  not  submit  my  results 

'  Presented  at  the  47th   meeting  of  the   A.   C.   S..   Milwaukee.   March 
25-28,  191.1. 


for  publication.  However,  as  there  may  be  some 
points  of  interest  in  the  work  done,  the  results  are  pub- 
lished herewith. 

For  many  years  it  has  been  known  that  malt  ex- 
tracts, of  the  concentrated  glycerin  variety,  assume  a 
dark  color  very  soon  after  manufacture,  and  upon 
aging  a  year  or  more  acquire  an  acid  taste  and  an  odor 
of  decomposition. 

The  questions  have  been:  (i)  Does  this  change 
affect  the  diastasic  power  of  the  extract?  (2)  Is  this 
change  brought  about  by  any  characteristic  change  in 
the  composition  of  the  extract? 

To  answer  the  first  question,  samples  of  malt  ex- 
tract, the  diastasic  power  of  which  had  been  deter- 
mined at  the  date  of  manufacture,  were  carefully 
selected  from  a  series  extending  back  twelve  months 
and  their  starch  hydrolyzing  power  again  determined. 

Five  grams  of  the  extract  were  diluted  to  100  cc. 
with  distilled  water  and  thoroughly  mixed:  10  cc. 
of  this  dilution  were  then  added  to  100  cc.  of  a  2  per 
cent  starch  paste  of  40°  G.  and  the  mixture  maintained 
at  40°  C.  until  hydrolysis  was  complete,  noting  the 
time  required  to  completely  digest  the  starch;  the 
point  of  complete  hydrolysis  being  taken  at  that  time 
when  one  drop  of  the  digested  starch  liquor  failed  to 
produce  the  slightest  trace  of  color  when  added  to  50 
cc.  of  a  solution  containing  0.0006  g.  of  iodine  and 
0.0012  g.  of  potassium  iodide.     The  results  follow: 


12  months 

12  months 

10  months. 

15  days 

10  months 

10  months 

9  months 

7  months, 

20  days 

7  months. 

13  days 

7  months. 

5  days 

6  months,  2 1  days 
6  months.  14  days 
6  months.  7  days 
6  months.  3  days 
6  months 
5  months,  20  days 
5  months,  14  days 


All  of  the  above  extracts  were  very  dark  in  color 
and  most  of  them  had  developed  a  disagreeable  odor. 
It  is  evident  that  the  change  which  had  taken  place 
had  not  affected  the  diastasic,  and  therefore,  the 
medicinal  properties  of  the  extracts. 

The  second  question  is  not  such  a  simple  one.  The 
extractive  matter  dissolved  from  malted  barley  by 
means  of  water  and  glycerin,  consists  of  albumenoids, 
phosphates,  maltose  and  dextrose,  dextrin,  and  a 
peculiar  principle  termed  diastase,  as  well  as  asparagine 
and  carbohydrates  of  a  higher  rotary  power  failed 
'"malto-dextrine."  To  form  any  conclusions  as  to  the 
nature  of  the  changes  taking  place,  most,  if  not  all, 
of  these  ingredients  should  be  determined.  For  this 
work  I  selected  samples  ranging  in  age  from  several 
weeks  to  three  years. 

The  theory  of  the  method  used  was:  (i)  To  ex- 
haust the  malt  extract  with  absolute  alcohol.  From 
this  alcoholic  extract  the  percentage  of  maltose  and 
dextrose  as  well  as  other  data  were  obtained.     (2)  The" 
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residue  from  the  alcoholic  extract  after  careful  drying 
was  exhausted  with  distilled  water  and  from  this  water 
extract  the  percentage  of  dextrins  and  albumenoids 
was  obtained. 

The  apparatus  used  consisted  of  the  usual  Soxhlet 
extractor,  with  bulb  condenser,  cellulose  filter  about  4 
inches  long,  sand  which  had  been  previously  washed 
with  hydrochloric  acid  and  subsequently  freed  of  acid, 
and  absolute  alcohol  which  had  stood  over  unslaked 
lime  while  boiling  24  hours  in  a  reflux  condenser  and 
distilled  immediately  before  use. 

Into  the  cellulose  filter  introduce  about  30  grams  of 
the  dried  sand:  filter  and  sand  were  carefully  tared  upon 
an  analytical  balance  and  upon  the  sand  10  grams  of 
the  malt  extract  were  accurately  weighed.  The  filter 
with  its  contents  was  then  placed  in  the  extractor  and 
this  was  in  turn  connected  at  its  upper  end  with  a  bulb 
condenser  and  at  its  lower  end  with  a  16  ounce  distilling 
flask  by  tightly  fitting  rubber  stoppers  covered  with 
tinfoil.  The  16  ounce  distilling  flask  contained  about 
10  ounces  of  recently  redistilled  absolute  alcohol,  and 
was  shielded  from  the  direct  flame  of  a  Bunsen  burner 
by  a  sand  bath. 

The  extraction  of  the  malt  extract  by  the  absolute 
alcohol  was  continued  for  about  48  hours  at  inter- 
mittent intervals  of  8  hours  at  a  time,  or  until  a  por- 
tion of  the  alcohol  siphoning  from  the  malt  extract 
failed  to  reduce  Fehling's  solution,  showing  that  all 
the  sugars  had  been  extracted,  and  also  left  no  weighable 
residue  upon  evaporation. 


means  of  DeFrens'  table  given  in  Leach's  "Food  and 
Drug  Inspection,"  pages  595  to  597.  This  finished  the 
work  on  the  alcoholic  extract. 

The  apparatus  consisting  of  the  cellulose  filter,  sand, 
balance  of  the  malt  extract,  together  with  the  distilling 
flask  were  carefully  dried;  and,  after  drying  were  con- 
nected up  as  before,  using  the  same  quantity  of  dis- 
tilled water  as  of  absolute  alcohol  in  the  previous 
extraction. 

The  distillation  was  continued  for  another  48  hours 
at  8-hour  intervals  or  until  a  portion  of  the  water 
siphoning  from  the  filter  did  not  leave  a  weighable 
residue  upon  evaporation. 

This  constituted  the  second  or  aqueous  extract.  It 
was  made  up  to  500  cc,  thoroughly  mixed  and  from  it 
the  following  determinations  were  made: 

I — Total  solids  and 

2 — The  percentage  of  dextrin  and  albumenoids. 

The  total  solids  were  obtained  as  in  the  alcoholic 
extract.  The  percentage  of  dextrins  and  albumenoids 
was  calculated  as  the  difference  between  the  total 
solids  and  the  per  cent  of  ash.  The  other  determina- 
tions made  were  moisture,  acidity  and  diastasic 
strength. 

The  acidity  was  determined  by  diluting  2  grams  of 
the  original  extract  to  250  cc.  with  distilled  water  and 
titrating  with  iV/io  sodium  hydroxide  using  phenol- 
phthalein  as  indicator  direct,  or  if  the  solution  was  too 
dark  the  dropping  plate  was  used,  and  the  acid  calcu- 
lated to  lactic  acid.     The  results  follow. 


Alcoholic  Extract 


Aqueous  E.^tract 


.2  2 


1%% 


1.82 

60,51 

58.85 

9,3 

8.42 

29   26 

0.88 

101 .77 

99 .  23 

0.77 

0,57 

53 .  66 

52.01 

13.3 

12.7 

31.04 

2.04 

100.61 

98.36 

1    64 

1.84 

55.68 

50.27 

8.86 

7.19 

32.34 

1  .67 

100.39 

93.25 

6   75 

0.65 

52.53 

49.64 

15.34 

13.50 

33.37 

1.84 

103.73 

99.00 

1.00 

1.16 

57.50 

53.36 

12.37 

10.87 

29.16 

1.5 

101.69 

96.05 

3.95 

0.71 

55.82 

53.54 

6.25 

4.52 

36.00 

1.73 

100.51 

96.50 

3.50 

0.65 

59.96 

52,62 

11.11 

9.06 

30.47 

2.05 

104.24 

94,85 

5,15 

4.5 
4.26 


This  alcoholic  extract  contains  all  of  the  sugars, 
some  coloring  matters  with  resins  from  the  hops  and 
some  glycerin.  It  was  evaporated  to  dryness  at  80°  C, 
the  residue  dissolved  in  distilled  water  and  the  solution 
made  up  to  500  cc.  with  distilled  water  and  filtered 
upon  counterpoised  filter  papers. 

Prom  this  solution  the  following  determinations  were 
made: 

I — The  percentage  of  extract  soluble  in  alcohol  but 
insoluble  in  water.  This  was  determined  by  drying 
and  weighing  the  contents  of  the  filter  paper  above. 

2 — The  percentage  of  total  solids  in  the  portion 
soluble  in  alcohol  and  soluble  in  water.  This  was 
determined  by  weighing  20  cc.  of  the  solution  in  a  tared 
dish,  evaporating  to  dryness  and  weighing  again. 

3 — The  percentage  of  reducing  sugars  was  deter- 
mined gravimetrically  by  means  of  Fehling's  solution, 
calculating  the  weight  of    reduced  CuO  to  maltose  bv 


CONCLUSIONS 

I — -Malt  extract  even  after  having  changed  to  an 
almost  black  color  and  having  a  disagreeable  taste  is 
not  necessarily  inactive,  and  when  properly  made  it  is 
potent  for  at  least  one  year. 

II — Although  the  analysis  of  the  extracts  of  differ- 
ent age  did  not  show  any  definite  series  of  changes 
in  sugar  or  dextrin  content,  no  defirtite  conclusions 
could  be  drawn  as  to  just  what  the  nature  of  change 
was  which  took  place.  The  results  do  indicate  what 
the  cause  might  be  and  further  experiments  have  con- 
vinced me  that  the  cause  of  the  deterioration  of  the 
diastasic  power  of  malt  extract  is  due  to  the  develop- 
ment of  lactic  acid  and  when  the  amount  reaches  a 
strength  of  i  per  cent  or  more  it  greatly  impedes  starch 
hydrolysis.  This  developed  acidity  also  undoubtedly 
causes  the  above  mentioned  blackening  of  the  extract. 

Digestive  Ferments  Company 
Detroit 
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LABORATORY  AND  PLANT 


THE  PYROMETER  IN  THE  ASSAY  MUFFLE' 
By  Frederic  P.  Dewey^ 

Standing  alone,  by  itself,  a  pyrometer  reading  has 
absolutely  no  value  as  a  control  of  assay  operations  in 
a  muffle  or  as  a  guide  to  the  assayer  in  carrying  on  such 
operations.  The  reasons  for  this  are  varied  and  com- 
plex, (i)  The  temperature  that  controls  the  success  of 
the  operation  is  that  of  the  lead  button  undergoing 
oxidation.  At  present  we  have  no  means  of  learning 
this  temperature  under  practical  working  conditions, 
so  that  some  suitable  place  must  be  selected  within 
the  muffle  for  the  location  of  a  pyrometer.  (2)  Unfor- 
tunately, however,  there  is  absolutely  no  approach 
even  to  a  fixed  relation  between  the  pyrometer  reading 
at  any  given  point  available  and  the  temperature  of 
the  oxidizing  button.  The  oxidation  of  the  lead  sup- 
plies much  heat  to  the  button,  but  its  effect  upon  the 
pyrometer  is  negligible.  One  factor  governing  the 
amount  of  heat  utilized  by  the  button  is  the  rate  of 
oxidation  of  the  lead,  and  this  in  turn  is,  within  wide 
limits,  largely  influenced  by  the  passage  of  the  air  over 
the  button,  so  that  to  fully  utilize  and  apply  the  py- 
rometer reading  we  must  also  know  the  height  of  the 
barometer  and  the  effect  of  variations  in  the  barometer 
readings  upon  the  draft  of  the  particular  muffle  under 
consideration.  Further  and  most  important,  from  a 
practical  standpoint,  is  the  freedom  of  entrance  for  the 
air  to  the  muffle.  In  other  words,  by  manipulating 
the  door  or  the  stopper  of  the  muffle,  widely  varying 
differences  between  the  button  temperature  and  the 
pyrometer  reading  may  be  produced.  The  effect  of 
the  door  conditions  is  twofold.  It  affects  the  supply  of 
air  to  the  button  and  also  the  actual  temperature  of 
the  bottoms  of  the  muffle  on  account  of  the  varying 
amounts  of  air  that  have  to  be  heated  there  in  passing 
through  the  furnace.  Finally  the  relation  of  the  posi- 
tion of  the  button  within  the  muffle  to  that  of  the  py- 
rometer is  vital.  Therefore,  to  intelligently  utilize 
any  stated  pyrometer  reading  it  is  essential  to  have 
exact  information  upon  a  variety  of  other  conditions 
surrounding  the  operation. 

Bradford'  pointed  out  the  inconsistencies  of  various 
statements  regarding  pyrometer  readings  in  assaying 
and  well  established  facts,  such  for  instance  as  ad- 
vising a  temperature  of  700°  to  750°  for  cupellation 
when  it  requires  at  least  906°  to  fuse  litharge.  In  a 
series  of  tests  he  demonstrated  the  large  amount  of 
heat  supplied  by  the  o.xidation  of  the  lead  and  the 
higher  temperature  thereby  attained  by  the  button. 
His  arrangement  of  apparatus  was  ingenious,  bvit 
risky  to  the  pyrometer  couple  and  not  applicable  to 
routine  work.  He  gives  an  excellent  description  of 
the  conditions  immediately  surrounding  a  cupellation. 

Fulton,    Anderson,    Goodner   and   Ossa^   determined 
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the  difference  in  temperature  between  an  empty  cupel 
and  the  cupelling  lead  in  an  adjoining  cupel  as  145°, 
and  also  give  various  other  temperature  determinations, 
under  the  conditions  employed  by  them. 

For  a  long  time  I  have  been  engaged  upon  an  inves- 
tigation into  the  conditions  surrounding  the  assay  of 
gold  bullion  as  affecting  the  accuracy  of  the  results 
obtained.  Naturally  the  question  of  the  temperature 
of  cupellation  early  attracted  attention,  but  there  were 
so  many  other  conditions  to  be  investigated  where  our 
information  was  meagre,  while  the  temperature  ques- 
tion seemed  to  be  under  fairly  good  control  by  the  eye 
of  experienced  cupellers,  that  the  use  of  the  pyrometer 
was  not  actively  taken  up  until  recently. 

In  the  early  days  of  the  investigation  various  points 
regarding  temperature  were  carefully  considered  and 
some  of  the  problems  were  worked  out.  Some  of  the 
problems  presented  themselves  with  emphasis.  In 
this  connection  a  careful  distinction  should  be  drawn 
between  the  problem  of  ascertaining  the  effect  of  the 
various  conditions  of  the  cupellation  upon  the  tem- 
perature of  the  cupelling  bead  and  the  problem  of  the 
regulation  and  adjustment  of  these  conditions  so  as 
to  produce  the  best  possible  conditions  for  cupelling, 
and  the  final  problem  of  establishing  a  suitable  indi- 
cator or  guide  to  show  that  the  proper  conditions  are 
being  maintained,  and  especially  an  indicator  which 
may  be  applied  in  different  muffles  and  under  varying 
conditions. 

In  a  broad  and  general  way  the  time  required  to 
work  off  a  given  weight  of  lead  is  a  crude  indication  of 
the  temperature  of  the  cupellation.  When  carrying 
on  uniform  work  in  quantity  the  decreasing  size  of  the 
button  is  a  general  guide  for  the  temperature  and  a 
rough  notation  of  the  time  will  often  be  useful  in  ex- 
plaining irregularities  of  the  results.  If  the  general 
conditions  remain  uniform,  a  prolonged  cupellation 
indicates  lack  of  heat,  and  a  rapid  one  an  excess  of  heat. 
In  making  time  observations  it  is  essential  to  adopt 
some  fixed  point  in  the  operations  to  begin  taking  the 
time  and  another  to  stop.  If  all  the  other  conditions 
could  be  rigidly  controlled  and  the  time  be  very 
carefully  observed,  it  would  furnish  a  good  guide 
to  the  temperature,  but  it  would  be  available  only  at 
the  finish  of  the  run  and  could  not  be  used  to  change 
conditions  during  the  run.  Also,  it  could  not  be  ap- 
plied at  other  times  or  places  or  under  different  condi- 
tions. Again  it  furnishes  no  preliminary  evidence  that 
the  furnace  is  in  good  condition  before  starting  the  work. 

It  is,  however,  hardly  ever  possible  to  control  the  other 
conditions  and  sometimes  accidental  variations  creep 
in.  On  one  occasion,  when  the  conditions,  including 
the  temperature,  appeared  to  be  normal.,  it  became 
evident  that  the  lead  was  not  oxidizing  fast  enough. 
An  examination  showed  that  in  setting  a  new  muffle 
the  workman  had  not  put  the  slit  in  the  back  of  the 
muffle  exactly  opposite  the  chimney  outlet.  This 
choked  off  the  draft  and  retarded  the  oxidation.  The 
retardation  of  the  work  was,  of  course,  excessive,  but 
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this  experience  emphasizes  the  natural  effect  of  changes 
in  the  barometer  upon  cupellation.  A  resetting  of  the 
muffle  corrected  the  difficulty. 

Another  post  facto  temperature  indicator  is  the 
amount  of  gold  absorbed  by  the  cupel  in  gold  bullion 
assaying,  high  absorption  under  similar  conditions, 
indicating  high  temperature.  Here  again  controlling 
the  other  conditions  is  difficult  and  I  have  found  this 
indicator  to  be  of  value  largely  in  emphasizing  the  fact 
that  variations  in  the  other  conditions  may  falsify 
the  pyrometer  reading.  It  makes  a  difference  whether 
the  pyrometer  is  rising  or  falling.  If  we  could  hold  the 
pyrometer  at.  the  same  point  for  a  long  time  before 
making  the  cupellation  this  cause  of  difference  would  be 
minimized,  but  this  is  impracticable  in  every-day  work. 
It  makes  a  difference  if  the  muffle  be  new  and  in  good 
condition  or  old  and  nearly  worn  out,  and  it  must  not  be 
forgotten  that  a  new  muffle  may  be  poor  and  leak  more 
than  an  old  one,  which  was  of  good  quality  when  new. 

The  only  feasible  place  to  put  a  pyrometer  in  an 
assay  muffle  is  close  to  the  top  of  the  arch  of  the  muffle 
and  for  convenience  it  rnust  be  inserted  from  the  back. 
We  all  know,  of  course,  that  closing  the  muffle  increases 
the  temperature  and  that  on  moving  toward  the  back 
of  the  muffle  the  temperature  rises,  as  practical  every- 
day working  facts.  In  order  to  get  a  more  exact  idea 
as  to  the  difference  in  the  temperature  in  different  parts 
of  the  muffle  and  the  relations  between  these  tempera- 
tures and  the  fixed  pyrometer  readings,  a  second  por- 
table pyrometer  was  placed  on  the  bottom  of  the 
muffle  in  varying  relations  to  the  fixed  pyrometer  as 
follows:  directly  under  the  fixed  pyrometer,  at  the  right 
side  and  at  the  left  side  in  the  same  cross-section  as  the 
fixed  pyrometer,  close  to  the  front  in  the  middle  and  on 
each  side  of  the  muffle.  In  some  of  the  arrangements 
empty  cupels  were  placed  beside  the  bottom  pyrometer. 

There  are  three  principal  causes  for  differences  in 
the  two  pyrometer  readings:  position  within  the  muffle, 
freedom  of  entrance  of  air  to  the  muffle,  and  condition 
of  the  burners  on  either  side  of  the  muffle.  In  general, 
the  door,  conditions,  governing  the  entrance  of  air  to 
the  furnace,  exert  a  powerful  influence  upon  the  tem- 
perature within  the  muffle,  and  often  cause  wide  dif- 
ferences in  temperature  in  different  parts  of  the  muffle. 
Under  the  conditions  of  these  tests,  on  opening  the 
closed  muffle,  either  pyrometer  may  fall  100°  or  more 
in  ten  minutes,  and  a  further  10°  or  20°  before  becoming 
steady.  In  the  closed  muffle  the  two  pyrometers 
registered  alike  in  only  one  instance,  and  differed  40° 
in  one.  In  every  instance  the  movable  pyrometer, 
on  the  bottom  of  the  muffle,  fell  more  than  the  fixed 
pyrometer,  at  the  top  of  the  arch,  on  opening  the  closed 
muffle,  and  in  one  instance  40°  more. 

A  point  of  grave  concern  is  the  stability  of  the  py- 
rometer. In  the  above  tests  both  of  the  pyrometers 
were  practically  new  and  may  be  depended  upon,  but 
the  effect  of  long  use,  for  continuous  periods,  in  the 
litharge-laden  atmosphere  of  the  muffle  upon  the 
instrument  is  unknown.  It  is  known  that  the  hot 
litharge  fume  is  destructive  to  the  tube,  and  it  is  only 
a  question  of  time  when  it  will  affect  the  enclosed  couple. 
At  present  there  are  no  ready  means  for  testing  the 
accuracy   of    the    pyrometer   from   time  to   time,   and 


it  is  difficult  for  an  assayer  to  judge  when  it  is  beginning 
to  fail. 

In  conclusion,  I  would  say  that,  notwithstanding  the 
objections  I  have  described,  the  pyrometer  occupies 
a  useful  field  as  a  general  guide  to  the  heat  conditions 
in  the  assay  muffle.  In  the  old  and  established  prac- 
tice of  assaying  in  the  Mint  service,  in  the  large  labora- 
tories, one  or  two  men  do  practically  all  of  the  cupelling 
and  they  grow  to  be  very  expert  in  judging  the  heat  of 
the  muffle  and  the  condition  of  the  cupelling  bead  by 
the  eye,  but  the  careful  and  proper  use  of  a  pyrometer 
would  often  help  them,  while  the  man  who  cupels 
only  intermittently  will  find  it  a  good  general  aid. 
But  too  much  dependence  must  not  be  placed  upon  the 
pyrometer,  and  the  man  who  depends  upon  it  entirely 
will  never  be  a  good  cupeller. 

Bureau  of  the  Mint 
Treasury  Department.  Washington 


APPROVED  BUREAU  OF  MINES  EXPERIMENT  STATION 
AT  PITTSBURGH 

Plans  for  the  proposed  $500,000  Experiment  Station 
of  the  United  States  Bureau  of  Mines  to  be  located  in 
Pittsburgh,  have  been  approved  by  the  commission 
appointed  by  Congress  for  that  purpose. 

Congress,  a  year  ago,  in  the  Public  Buildings  Bill, 
authorized  a  new  home  for  the  Bureau  of  Mines  to 
cost  $500,000.  It  is  now  expected  that  Congress,  in 
its  present  session,  will  make  a  specific  appropriation 
so  that  construction  work  may  begin.  It  is  hoped  that 
contracts  may  be  let  by  July  ist  and  the  buildings  com- 
pleted in  the  fall  of  1915. 

The  State  of  Pennsylvania  has  appropriated  $25,000 
for  cooperation  in  establishing  this  Experiment  Station. 

The  group  consists  of  three  main  buildings  facing 
Forbes  Street.  The  central  building  of  the  group,  the 
Mining  Building,  will  be  three  stories  in  height,  flanked 
by  two  main  buildings,  one  the  Mechanical  and  the 
other  the  Chemical  Building.  In  the  rear  of  these  and 
enclosing  a  court  will  be  the  Service  Building.  Beyond 
the  Service  Building  and  spanning  what  is  known  as 
Panther  Hollow  and  thus  connecting  the  Bureau  of 
Mines  Buildings  with  the  Carnegie  Schools,  will  be 
two  buildings  over  the  roofs  of  which  will  pass  the 
roadway  from  Forbes  Street  to  the  Carnegie  School 
Buildings  and  Schenley  Park. 

Between  the  main  group  and  the  power  and  fuel 
group  will  be  the  entrance  to  a  series  of  mine  shafts. 
One  of  these  will  be  used  as  an  elevator  to  carry  heavy 
material  and  passengers  from  the  lower  level  to  the 
upper;  another  will  be  for  tests  of  hoisting  ropes  and 
similar  mining  appliances;  another  will  "be  an  entrance 
to  tunnels  extending  under  the  buildings  and  in  which 
mining  experiments,  such  as  fighting  mine  fires,  will 
be  conducted. 

The  portion  of  Panther  Hollow  above  the  Power 
Buildings  will  be  arranged  as  a  Miners'  Field,  the  slopes 
of  the  ravine  being  utilized  as  an  amphitheatre  which 
will  accommodate  20,000  spectators  who  may  assemble 
here  to  witness  demonstrations  and  tests  in  mine  rescue 
and  first-aid. 

The  Mining  Building  will  contain  the  administrative 
offices,  and  those  of  the  mining  force.     In  it  will  be 
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an  assembly  and  lecture  hall,  a  library  and  smoke  and 
other  rooms  for  demonstrations  and  training  in  mine 
rescue  and  first-aid.  The  Mechanical  Building  will 
be  for  experiments  and  tests  of  mining  machinery  and 
appliances  and  the  Chemical  building  for  investigation 
and  analyses  of  fuels,  explosives  and  various  mineral 
substances. 


THE  CHEMIST'S  DUPLEX  SLIDE  RULE 

By  H.  H.   Hanson 
Received  February  12.  1914 

In  these  days  of  efficiency  and  specialization,  any 
contrivance  or  device  which  tends  to  save  time  without 
sacrifice  of  accuracy  is  eagerly  seized  upon.  The  slide 
rule  has  long  been  used  by  engineers.     It  is  only  within 


recent  years,  however,  that  its  use  has  been  applied 
to  chemical  problems.  There  have  been  placed  upon 
the  market  several  so-called  "Chemist's  Slide  Rules," 
but  the  "Duplex,"  invented  by  Dr.  R.  Harmon  Ash- 
ley, of  the  University  of  Maine,  and  manufactured  by 
the  Keuffel  &  Esser  Co.,  of  New  York,  seems  to  be  a 
material    advance    over    previous    rules    of    this    kind. 

This  rule  has  both  the  regular  and  the       ^^^ 

inverted   scales,    with   the    graduation       il      .^  amj:  -j- 
incident   to   instruments  of   this   kind, 
so   that   in   itself   it   is   complete,   and 

upon    it    may    be    carried    out    all    of  ' 

the  arithmetical  computations  which  are  usually 
required  of  a  chemist  or  chemical  engineer.  In 
addition  to  this  it  carries  one  hundred  and  thirty- 
five  chemical  symbols,  the  acids,  bases  and  salts 
being  on  the  regular    side,    and    oxides  and    elements 


being  on  the  inverted  side.  The  left  index  of  the  rule 
is  marked  "Sought,"  the  left  index  of  the  slide  is 
marked  "Given,"  so  that  no  mistake  can  be  made  in 
the  setting  it  be  used.  With  the  large  number  of 
chemical  symbols  given  almost  any  stoichiometric 
problem  may  be  solved,  as  hundreds  of  combinations 
are  possible  with  the  instrument.  Conversion  factors 
are  very  easily  and  quickly  obtained  with  one  setting 
of  the  rule.  The  percentage  composition  of  various 
compounds  may  be  found,  and  problems  in  both 
gravimetric  and  volumetric  analysis  may  be  easily 
solved  as  described  in  the  manual  which  accompanies 
the  rule.  The  molecular  weights  of  substances  not 
inscribed  on  the  rule  are  easily  obtained,  even  though 
the  compounds  may  not  be  given,  as  forty-two  different 
elements  are  inscribed  upon  the  invert 
side.  The  illustrations  show  the 
general  appearance  and  plan  of  the 
instrument,  which  is  very  finely  made 
and  accurately  marked.  The  gradua- 
tions and  symbols  are  inserted  mechanically,  thus 
eliminating  the  errors  necessarily  accompanying  hand 
markings  of  this  kind.  This  rule  is  accurate  to  three 
significant  figures  within  a  limit  of  error  which  does  not 
exceed  that  of  the  average  operation  of  the  analytical 
chemist,  and  will  be  found  useful  for  shortening  opera- 
tions    and    calculations    in    all    branches    of    chemical 
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work.  In  the  manual  accompanying  the  instrument 
the  theory  of  the  slide  rule  is  briefly  and  carefully  ex- 
plained, and  the  manner  of  operation  is  described  in 
detail. 


Maine  Agrii 
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THE  CHEMISTS'  CLUB' 

By  William  L.  Dudley 
Almost  all  the  professions  in  the  United  States  have,  in  addi- 
tion to  their  scientific  associations  and  societies,  an  organiza- 
tion whose  purpose  is  to  foster  and  develop  personal  and  pro- 
fessional acquaintance  among  the  membership  of  that  profes- 
sion in  a  direction  and  to  an  extent  not  possible  in  strictly 
scientific     associations.     The     scientific     associations     are     not 

'  Presented    at    the    Cincinnati    Meeting    of    the 
Society.  April  6-10.  1914 


adapted  to  bring  about  this  result  to  the  greatest  degree,  pri- 
marily for  the  reason  that  between  their  meetings  there  is  no 
opportunity  for  individuals  to  meet;  the  opportunities  afforded 
by  such  scientific  associations  for  personal  intercourse  are  there- 
fore intermittent  and  discontinuous.  Continuous  opportunity 
for  such  acquaintance  and  intercourse  is  offered  only  by  those 
professional  associations  known,  for  short,  as  "clubs,"  which 
have  club  features  as  a  basis,  associated  or  combined  with  pro- 
fessional facilities  and  opportunities  peculiar  to  each  profes- 
sion.    These  two  classes  of  organizations  are  therefore  mutually 
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complementary  and  helpful  and  are  not  in  any  conflict  with  each 
other. 

Up  to  three  years  ago,  the  chemical  profession  in  the  United 
States  was  not  equipped  with  any  association  or  organization 
having  the  continuous  club  feature  as  an  element.     It  is  true 
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that  prior  to  that  tipie  The  Chemists'  Club,  founded  in  1898, 
witli  its  quarters  at  108  West  55th  St.,  New  York  City,  dis- 
charged to  a  greater  or  less  extent  the  functions  of  a  club,  but  in 
a  manner  not  sufficiently  continuous  to  meet  in  any  satisfactory 
degree  the  needs  of  the  chemical  profession  of  the  United  States. 

It  was  through  the  energy,  devotion  and  self-sacrificf  of  a 
number  of  far-sighted,  broad-minded  and  public- 
spirited  chemists  that  the  chemical  profession,  about 
three  years  ago,  became  possessed  of  quarters  which 
contain  all  the  elements  necessary  for  continuous 
opportunity  of  social  and  professional  intercourse 
among  chemists  under  conditions  of  the  usual  club 
accommodations  connected  with  unique  and  com- 
plete facilities  for  the  conduct  of  professional 
business  of  all  kinds  under  one  and  the  same 
roof.  To  those  who  are  engaged  in  the  practioe  of 
industrial  chemistry,  such  an  opportunity  means 
much.  A  chemist  with  his  laboratory  is  not  wel- 
come as  a  tenant  in  modern  high  class,  centrally 
located  and  well  equipped  buildings,  and,  as  a 
result,  in  most  of  the  cities,  and  particularly  in 
New  York,  the  chemist  arid  his  laboratory  are 
crowded  into  the  less  desirable  sections  of  the 
city,  and  then  only  in  the  less  desirable  buildings. 

When  the  chemists  desire  to  hold  a  meeting,  they 
generally  do  so  in  rented  quarters,  poorly  equipped 
for  demonstration  and  experimental  purposes.  If  a 
chemist  desires  access  to  chemical  literature,  he 
will  find  in  only  isolated  cases  a  suitable  library, 
and  in  still  rarer  instances  will  he  find  such  library 
in  charge  of  one  who  has  an  understanding  of  what 
chemical  literature  is,  and  what  a  chemist's  literary 
needs  are.  If  a  manufacturer  desires  to  engage  a  chemist  for  a 
piece  of  work  requiring  particular  experience,  he  has,  apart  from 
The  Chemists'  Club,  practically  only  the  colleges  and  universi- 
ties as  a  source  of  supply.  If  a  chemist  desires  a  position,  he 
is  in  most  cases  limited  to  the  same  source  of  information. 


The  new  quarters  of  The  Chemists'  Club  constitute  the  only 
place  in  the  world  where  chemists,  above  all  others,  are  wel- 
come, are  sought  as  tenants  and  have  laboratory  and  library 
facilities,  under  one  and  the  same  roof;  where  competent  at- 
tendants provide  them  with  literature,  keep  them  informed  of 
current  events  in  their  individual  specialties,  pro- 
vide them  with  temporary  laboratories,  with 
apparatus  and  with  chemicals,  and  enable  them  to 
engage  help  such  as  they  may  need.  At  the  same 
time,  they  have,  under  the  same  roof,  all  the  accom- 
modations of  a  hotel,  with  the  particular  homelike 
features  of  a  club,  where  they  can  always  meet 
men  of  their  own  training  and  of  their  own  line  of 
thought;  in  short,  once  installed  at  The  Chemists' 
Club,  there  is  hardly  any  need  of  their  leaving  the 
building  for  anything  that  they  might  want  in  the 
way  of  professional  or  laboratory  facilities,  for  social 
intercourse,  for  shelter  or  for  food. 

The  Chemists'  Club,  although  it  is  a  New  York 
corporation,  and  although  it  is  located  in  New  York 
City,  aims  to  serve  all  the  chemists  and  chemical 
industries  of  the  entire  United  States,  and  for  that 
purpose  it  has  divided  its  membership  into  resident 
and  non-resident.  It  is  perfectly  obvious  what  the 
resident  members  can  get  out  of  The  Chemists'  Club, 
and  that  what  they  can  get  is  greater  than  what 
non-residents  ordinarily  would  get,  and  that  is 
why  the  resident  member  must  pay  larger  annual 
lines  than  the  non-resident. 

It  is  clear,  however,  that  an  organization  based 
upon  national  lines  and  doing  work  of  a  national 
scope  must  have  more  than  local  support,  and  in 
order  to  accomplish  the  greatest  good  must  receive  the  widest 
possible  support  from  those  living  outside  of  the  resident 
membership  area.  When  a  non-resident  member  goes  to 
New  York,  he  can  have,  during  his  stay,  all  the  advantages 
that  a  resident  member  can  enjoy,  and  it  is  perfectly 
clear     that    those    chemists    resident   outside    of    New    York 


City,  and  who  make  even  only  occasional  trips  to  New  York, 
would  be  greatly  benefited  by  acquiring  non-resident  member- 
ship and  availing  themselves  of  the  Club  facilities  and  opportuni- 
ties when  in  New  York  City.  Such  members  may  ver>'  well 
want  to  have  a  temporary  laboratory  about  which  they  can 
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throw  all  the  privacy  of  their  own  laboratory.  The  Chemists' 
Club  is  prepared  to  supply  this  need,  a  service  not  offered  by 
any  other  professional  organization  in  the  world. 

As   to   non-resident   members  who   never   reach   New   York, 
the  advantages  and  hent-rits  of  The  Chemists'  Club  arc-  perhaps 


Those  members  of  the  chemical  profession,  and  all  engaged 
in  industrial  pursuits  dependent  upon  chemists  or  in  which  the 
chemist  plays  a  part,  owe  it  to  themselves  and  to  the  future 
of  their  own  profession  or  business  to  see  to  it  that  opportunity 
for  growth  and  development  is  as  great  as  possible.  The  Chem- 
ists' Club  offers  the  best  opportunity  for  such 
growth  and  development,  and  it  caimot  reach  its 
highest  state  of  efficiency  until  every  public- 
spirited  and  high-minded  member  of  the  chemical 
profession  or  industry  has  contributed  his  share  to 
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Cii.\NDLER    Library 

not  quite  so  obvious,  but  nevertheless  valuable  and  certain; 
some  day  these  non-resident  members  will  want  to  have  litera- 
ture compiled  or  translated  for  them  in  a  hurry,  and  at  no  place 
can  it  be  done  as  well  as  at  The  Chemists'  Club;  or  they  may 
wish  to  have  information  as  to  the  literature  of  a  certain  art, 
and  that  can  be  done  no  better  anywhere  than  at  The  Chemists' 
Club;  they  may  want  to  have  in  their  hands  a 
book  not  accessible  at  their  local  libraries;  if  such 
book  is  in  duplicate  in  The  Chemists'  Club  library, 
it  is  loaned  to  them,  and  if  not  in  duplicate,  a 
copy,  photographic  or  otherwise,  will  be  made  and 
forwarded  at  a  substantial  cost;  or  they  may 
want  to  obtain  the  services  of  a  man  skilled  in  a 
particular  branch — the  only  place  that  they  can 
turn  to  and  get  satisfactory  information  is  The 
Chemists'  Club.  It  may  very  well  be  that  a 
particular  non-resident  member  might  want  such 
service  only  once  in  two  years,  but  if  he  does, 
whatever  he  has  expended  in  the  way  of  member- 
ship fees  is  undoubtedly  amply  repaid  by  the  very 
fact  that  such  opportunities  exist  and  are  always 
at  his  command.  Preparedness  and  ability  to  do, 
or  have  done,  such  things  is  something  of  such  great 
value,  that  beside  it  the  annual  contribution  to 
wards  the  realization  and  maintenance  of  such  a  statr 
of  affairs  is  wholly  insignificant;  each  chemist  must 
make  his  contribution  so  that  these  opportunities 
may  exist  when  he  needs  them.  It  is  merely  another 
variation  of  "In  time  of  peace  prepare  for  war." 
Cooperation  is  the  only  way  in  which  a  pro- 
fession can  advance,  and  the  opportunity  of  co- 
operation necessary  to  the  advancement  of  the 
chemical  profession  is  offered  by  The  Chemists' 
Club.  Without  personal  contact  with  men  of  the  same  profession 
and  without  opportunity  for  such  professional  contact,  the  growth 
of  the  profession  must  necessarily  be  slow,  if  it  does  not  diminish 
to  an  extent  properly  to  be  described  as   a   standstill. 


356 
381 
399 
411 
677 
983 
1092 
1134- 
1185 


the  extent,  at  least,  of  becoming  a  non-resident 
member,  and  making  full  use  of  the  opportuni- 
ties offered. 

An  organization  like  The  Chemists'  Club  grows 
with  the  service  required  of  it,  and  with  the 
support  given  it;  it  is  to  be  hoped  that  every 
chemist  wherever  he  may  reside  in  the  United  States, 
and  every  person  engaged  in  business  involving  chemistry,  will  feel 
that  he  has  not  done  his  full  duty  by  the  profession  and  business 
of  chemistry  until  he  has  actively  identified  himself  in  some  way 
or  other  with  The  Chemists'  Club. 

It  is  now  three  years  since  the  new  quarters  at  50-52  East 
41st  Street,  New  York  City,  were  opened,  and  those  who  have 


Dining    Room 
sacrificed  much  time  and   effort   in   developing  The  Chemists' 
Club   to  its  present  state  feel  encouraged  by  the  growth  in  the 
interest  in  the  Club  which  is  manifested  throughout  the  United 
States. 
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In  order  that  a  mental  picture  of  the  growth  of  The  Chemists' 
Club  and  its  influence  may  be  obtained,  information  has  been 
collected  as  per  tabic  on  preceding  page. 

LABORATORIES 

Of  these  there  are  five  flpors  and  all  of  them  rented  to  perma- 
nent tenants.  The  three  "transient"  or  so-called  "Club" 
laboratories,  which  are  maintained  by  The  Chemists'  Club, 
have  all  been  taken  and  usually  there  is  a  waiting  list  of  satis- 
factory size. 

LIBRARY,  CLERICAL,  LINGUISTIC  AND  LITERARY  SERVICES 

The  library  now  contains  36,000  volumes,  including  400 
journal  sets.  Many  of  the  volumes  (18,000)  are  duplicates 
or  triplicates  and  are  available  to  members  for  loan  purposes 
for  which  no  charge  is  made  except  that  necessary  (25  cents) 
to  cover  cost  of  packing  and  insurance,  the  member  paying  trans- 
portation charges  both  ways. 

The  range  of  service  rendered  by  the  library  staff  includes 


The  clerical,  linguistic  and  literary  service  was  begun  in 
March,  1913,  and  the  following  statistics  show  a  satisfactory 
and  wholesome  growth  in  the  work: 

Subscribers  Searches, 
literary 

patent 


Translations 

to  the 
clipping 

4 
6 
8 

1913 

March 

April 

May 

No 
2 
3 
3 

No.  of  words 

2.850 

8,010 

.•57.500 
9.540 

15,030 
1,325 

25,300 

25,525 

90,800 

36,940 

26,525 
62.675 

July 

August 

September 

October 

November 

9 

.S 
...       17 
...       14 

9 

22 
24 
28 
30 
48 

1914 
January 

...       14 

55 

...    121 

Total 

342.020 

The  translations  average  2,826  words  each  and  26,300  words 
per  month,  or  10  average  translations  per  month.     These  ser- 
vices, i.  e.,  translations,  clippings,  searches  and  copies  or  photo- 
graphs as  well  as  the  use  of  the  library  are  available 
to  the  public  and  are  not  restricted  to  the  member- 
ship of  The  Chemists'  Club. 

EMPLOYMENT   BintEAU 

This  was  begun  in  1905.  Its  activities  are  re- 
tkcted  below;  its  use  is  open  to  all,  whether  mem- 
lurs  of  The  Chemists'  Club  or  not: 


Applicants 

Positions 

Enrolled 
60 

Placed 
21 
20 
86 
39 
72 
92 

126 
119 

15 

Enrolled 

28 

51 
108 

64 
120 
217 

216 
294 

66 

Filled 
21 

1 906 

80 
351 

20 
86 

582 

39 

...      220 

72 

1910 

245 

92 

1912 

. . .      464 

120 

...      647 

119 

1914 — January 
February. .  - . 

and 

....       112 

15 

Entrance    to    Auditorium 

not  only  copies  or  photographs  of  publications  or  of  pages 
thereof  and  translations  into  English  from  other  languages, 
but  also  the  collection  of  the  literature  in  not  only  the  library 
of  The  Chemists'  Club  but  other  libraries  in  New  York  City  or 
elsewhere,  if  necessary;  further,  systematic  recording  of  current 
literature  in  which  members  may  be  professionally  and  other- 
wise interested  and  for  which  they  pay  a  nominal  fee;  searches 
Users  ok  The  Chemists'  Club  Library 

1911  1912  1913  1914 

January 124  148  346 

February 137  190  348 

March 127  196 

April 129  224 

May 133  252 

June 82  151  257 

July 77  150  227 

August 75  131  260 

September 98  134  256 

October 109  125  261 

November 106  105  250 

December 115  100  330 

Average 95  129  238  347 

of  literature,  patent  and  otherwise,  on  intricate  and  complex 
chemical  questions  as  well  as  statistical  and  similar  searches 
and  compilations  are  undertaken. 

The  number  of  users  of  the  library  is  increasing  as  shown  in 
the  preceding  table. 


A  total  of  584  positions  was  filled  in  8  years 
lomitting  191 1  for  which  figures  are  not  available), 
or  an  average  of  73  positions  per  year;  the  dis- 
parity between  positions  available  and  positions 
wanted,  namely  2  to  5,  or  in  numbers  1597, 
clearly  shows  the  desirability  of  encouraging 
employers  of  chemists  and  of  chemical  assistants 
to  make  more  extended  use  of  this  branch  of  The 
Chemists'  Club. 

RESTAURANT 

In  January,  1912,  The  Chemists'  Club  took  over  the  manage- 
ment of  the  restaurant  from  the  caterer,  who  had  theretofore 
conducted  it.  The  number  of  meals  served  for  each  month 
since  is  as  follows: 


March 

April 

May 

June 

July 

August. ... 
September. 
October. . . . 
November- 
December.  . 


1912 

1913 

1914 

901 

1,482 

1,898 

.162 

1.522 

2,245 

.577 

2,051 

.643 

1.924 

,483 

1.631 

,392 

1.488- 

,352 

1,540 

,599 

1,320 

.930 

1.328 

.392 

1.503 

,409 

1.46> 

,495 

1  .600 

,335 

18,851 

.611 

1.571 

2.070 

Total 19,335 

Monthly  average 1.611 


Many  times  the  patronage  that  has  so  far  been  bestowed 
upon  the  restaurant  could  be  satisfactorily  ser\'ed,  without  in 
the  slightest  crowding  or  overworking  the  mechanical  equip- 
ment of  the  restaurant  (which  is  the  smallest  unit  that  could  be 
installed). 
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SLEEPING   ROOMS 

The  information  regarding  these  shows  clearly  how  our  non- 
resident membership  is  increasing  its  use  of  the  quarters  pro- 
vided; the  tenancy  of  these  18  rooms  is  divided  into  resident 
members  and  non-resident  members  and  guests;  the  number  of 
times  per  month  that  the  quarters  were  all  taken,  i.  e.,  "sold 
out"  and  that  members  had  to  be  sent  to  the  "Annex"  (The 
Murray  Hill  Hotel)  for  the  night  is  shown  in  the  following: 


Resident 


Guests 


Total 


January 9  22  45  53  12  11  66  86  0       3 

February 13  15  55  41  10  3  78  59  I        1 

March 14  14  49  47  9  4  72  65  0        2 

April 15  16  37  48  11  5  63  69  4       5 

May 17  17  47  47  2  12  76  76  14 

June 21  14  37  47  8  10  66  71  11        5 

July 21  17  37  46  8  13  66  76  8       8 

August 21  19  28  32  2  9  5 1  60  3        8 

September 14  17  37  45  4  5  55  67  7        3 

October...  t 17  19  40  49  10  4  67  72  17 

November 18  18  36  45  7  6  61  69  12 

December 15  21  40  60  9  7  64  88  0        4 

1914 

January 16        62  15        93  8 

February 16       53  8        77  4 

However,  even  with  this  encouraging  showing,  it  is  never- 
theless true  that  The  Chemists'  Club  itself  can  provide  hotel  ac- 
commodations to  very  many  more  than  are  now  making  use  of 
it. 

SOCIAL    GATHERINGS 

From  January  ii,  1912,  to  March  i,  1914.  iii  private 
dinners  or  public  banquets  and  all  connected  with  meetings 
of  a  chemical  nature  were  given  in  the  quarters  of  The  Chemists' 
Club;  these  were  attended  by  6539  persons. 

RUMFORD   HALL 

This  is  an  auditorium  seating  300;  is  equipped  with  ample 
demonstration  and  experimental  facilities.  It  is  the  regular 
meeting  place  of  the  New  York  Sections  of  The  American  Chem- 
ical Society,  The  Society  of  Chemical  Industry  and  The  Amer- 
ican Electrochemical  Society. 

A  number  of  social,  musical  and  literary  organizations  not 
connected  with  The  Chemists'  Club  also  use  Rumford  Hall  for 
their  several  functions. 

This  showing  demonstrates  a  healthy  growth  in  the  memljer- 
ship  of  and  in  the  interest  in  The  Chemists'  Club  since  it  left 
its  modest  quarters  at  Fifty-fifth  Street,  where  it  provided 
merely  a  meeting  place  for  the  New  York  Sections  of  The 
American  Chemical  Society.  The  Society  of  Chemical  Industry, 
The  American  Electrochemical  Society  and  The  Verein  Deutscher 
Chemiker;  there  it  had  its  own  modest  library,  combined  with 
the  libraries  of  the  American  Chemical  Society  and  the  Society 
•of  Chemical  Industry. 

The  new  quarters  and  the  new  facilities  are  due  to  the  initia- 
tive, the  foresight,  the  loyal  enthusiasm  and  abiding  faith  in 
the  ultimate  outcome  of  an  enlarged  Chemists'  Club,  on  the 
part  of  its  former  president,  the  late  Professor  Morris  Loeb.  By 
founding  The  Chemists'  Building  Company,  whose  sole  aim 
and  object  was  to  finance,  build  and  develop  a  structure  suit- 
able for  what  was  then  considered  as  the  true  and  full  purpose 
of  The  Chemists'  Club,  the  start  was  made  toward  an  actual 
realization  of  what  had  long  been  in  the  mind's  eye  of  many  of 
the  thoughtful  and  far-seeing  chemists  of  the  country,  as  a  true 
and  real  and  serviceable  Chemists'  Club. 

The  Chemists'  Building,  which  is  the  home  of  The  Chemists' 
Club,  is  an  eleven  story  fire-proof  structure,  centrally  located 
in  New  York  City  and  having  a  56-foot  frontage.  The  struc- 
ture put  up  and  the  facilities  provided  are  on  the  smallest  scale 
that  could  reasonably  be  regarded  as  being  efficient.  Never- 
theless, the  total  investment  of  The  Chemists'  Building  Company 
in  the  building  occupied  to  the  extent  of  50  per  cent  of  its  avail- 


able renting  space  by  The  Chemists'  Club  is  appraised  at  $440,- 
000  for  taxation  purposes.  Practically  all  the  stock  of  The 
Chemists'  Building  Company  is  sold,  and  fully  paid  up,  and  is 
held  wholly  by  members  of  the  chemical  profession  and  busi- 
ness. The  capital  stock  was  taken  by  171  subscribers;  139 
subscribers  domiciled  in  the  resident  membership  area  took 
seven-eighths  of  the  capital  stock  and  32  subscribers  domiciled 
in  the  non-resident  membership  took  the  remaining  one-eighth. 

Some  of  the  stockholders,  following  the  example  of  the  late 
Professor  Loeb,  have  cancelled  their  stock,  or  transferred  it  to 
The  Chemists'  Club.  The  issued  stock  calls  for  a  cumulative 
3  per  cent  dividend;  no  dividend  has  yet  been  paid  nor  are  the 
stockholders  insisting  upon  such  payment.  This  magnanimous 
and  generous  action  on  the  part  of  the  stockholders  is  bringing 
nearer  and  nearer  the  day  of  a  complete  realization  of  what  was 
planned  by  the  Founders  of  The  Chemists'  Building  Company 
and  it  is  confidently  expected  that  these  dividend  obligations, 
for  which  The  Chemists'  Club  is  in  the  final  analysis  wholly  re- 
sponsible, will  be  ultimately  fully  discharged. 

The  Club  itself  represents  an  investment  over  j6o,ooo  in  library 
and  equipment,  thus  bringing  the  total  financial  investment 
in  this  enterprise  up  to  more  than  $500,000. 

However  gratifying  the  growth  shown  in  the  foregoing  may 
be  to  those  who  have  given  the  best  of  their  efforts,  time  and 
thought  to  the  realization  of  The  Chemists'  Club,  yet  it  is  per- 
fectly clear  that  the  members  of  the  chemical  profession  gen- 
erally have  not  made  a  contribution  toward  the  continuance  and 
maintenance  of  The  Chemists'  Club  commensurate  with  the 
benefits  derived  or  to  be  derived  from  it,  nor  can  it  be  truthfully 
said  to  be  even  proportional  to  the  effort  and  energy  contributed 
towards  it  by  the  Founders  of  The  Chemists'  Building  Company. 


CHEMICAL  ABSTRACTING 

By  John  J.  Miller 
Received  March  19,  1914 

At  various  times  and  places  during  the  last  few  years  the 
question  of  international  cooperation  in  chemical  abstracting 
has  been  promulgated  and  has  brought  forth  some  comment. 
So  far  as  we  know,  however,  no  comprehensive  data  concerning 
this  subject  have  been  gathered  other  than  those  recently  pub- 
lished in  Scienca  Gazelo,  the  official  organ  of  the  International 
Esperanto  Scientific  Association.  The  appearance  therein  of 
an  article  giving  the  membership  of  the  German,  French,  Lon- 
don and  American  societies,  the  costs  of  the  abstract  journals  per 
member,  pages  of  abstracts,  etc.,  prompted  an  investigation 
of  the  figures  given  and  finally  the  writing  of  this  article. 

Table  I  gives  the  data  (for  1911)  printed  in  the  above  men- 
tioned periodical  and  Table  II  the  results  of  our  calculations: 
Table  I 


21  p      2  i; 


Chemical 

Abstracts..  5  ,603  $3  1  ,557  ,  00  S5  .65  4,741  20,916  0.17  1,542  5,179 
J.     Chem. 

Soc 3.132      13,031.00     4.15      2,586     5,159  0.41         169        161 

Chem.  Zentr.     3,352      14,706.00     4.40     4,422     9,231   0.39  17    1,097 

Bull.  soc. 

chim.Fr..      1,024       7,159.50     7.00     2,291     4,073  0.43 


Total 13,111     66,453.50 


14.040  39.379 


1,728  6,437 


The  great  discrepancies  are  due  to  various  errors  in  Table  I. 
For  example,  for  the  Journal  of  the  Chemical  Society  no  edi- 
torial expense  seems  to  have  been  considered.  For  Chemisches 
Zenlratblatt   the   total   membership   of   the   German   Society   is 
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used  instead  of  the  number  of  subscribers  to  Chemisches  Zen- 
tralblatt.  In  our  calculations  three-fourths  of  the  salaries  of 
the  editors  of  the  Journal  of  the  Chemical  Society  have  been 
counted  as  abstract  expense  and  the  same  is  true  of  the  Journal 
of  the  Society  of  Chemical  Industry.  Less  than  one-half  of  the 
pages  of  the  Journal  of  the  Chemical  Society  is  taken  up  with 
original  communications,  so  we  figure  that  because  of  their 
complete  index  and  the  attention  of  the  editors  naturally  re- 
quired for  abstract  work  as  comjjared  with  journal  work,  three- 
fourths  of  the  editors'  energy  and  time  is  given  to  the  abstract 
part  of  the  periodical.  Only  one-fourth  of  the  Journal  of  Die 
Society  of  Chemical  Industry  is  original  material,  wherefore  it 
seems  proper  to  consider  three-fourths  of  the  editorial  expense 
as  due  to  work  on  the  abstract  section. 

Table  II  portrays  a  number  of  interesting  facts,  among  which 
may  be  mentioned:  (i)  Chemical  Abstracts  is  the  largest  (in 
number  of  abstracts)  chemical  abstract  journal  in  the  world; 


Chem.  Zentr  ,  1909  II.  1910  l(o). 


evident  that  no  foreign  abstract  journal  can  lay  claim  to  com- 
pleteness even  if  the  field  of  patents  be  excluded.  The  questioa 
arises,  however,  as  to  whether  Chemical  Abstracts  in  its  effort 
to  abstract  all  chemical  material  is  including  too  much  material 
that  is  only  of  indirect  chemical  interest.  This  is  a  subject  which 
has  often  been  discussed  by  the  editors  and  abstractors  of  Chem- 
ical Abstracts  but  invariably  the  verdict  has  been  that  our 
journal  is  not  too  comprehensive.  The  editors  realize  the  dan- 
ger of  including  too  much  material  and  are  persistently  struggling 
against  error  in  this  regard.  Even  a  hasty  examination  of  the 
other  abstract  journals  will  show  that  some  of  them  print  ab- 
stracts which  we  would  exclude  on  non-chemical  grounds  or 
because  of  their  news-item  nature.  The  Journal  of  the  Society 
of  Chemical  Industry  prints  industrial  reports  which  we  would 
like  to  include  but  cannot  because  of  lack  of  funds.  Such  a 
study  might  sug.i»est  that  if  these  other  abstract  publications 
were  to  follow  their  present  rules  as  to  desirability  for  abstracting 


J.  S.  C.  I.,  1912.... 

J.  C.  Soc,  1912... 

Chem.  Ab..  1912... 

Chem.  Ab.,  1913... 

(o)  No  later  figun 


Table  II 

Cost 

Cost  per 

Cost 

Number 

Cost 

Sub- 

Total 

per 

Total 

page  per 

per 

of 

per 

scribers 

cost 

member 

pages 

member 

page 

abstracts 

abstract 

1  ,542 

$21,027.67 

S13.64 

4,364 

$0,003 

S  4.82 

10,542 

$1.99 

'4,198 

23,593.80 

5.62 

971 

f  0.0057 -i- 2  = 
\  0,0028 

24.30-f 
12.  15 

'"  1  7,200 

3.28 

3,248 

16,338.20 

5.03 

2,648 

0.00189 

6.17 

5,833 

2.80 

6.219 

32,596.00 

5.24 

3,544 

0.00147 

9.197 

22.659 

1.438 

6,673 

37,258.00 

5.58 

4,096 

0.00136 

9.09 

25,971 

1    434 

lilable. 


(2)  it  costs  less  either  on  a  basis  of  per  page  per  member 
or  per  abstract  than  any  other  journal.  Credit  has  been  given 
for  the  fact  that  the  pages  of  the  Journal  of  the  Society  of  Chem- 
ical Industry  contain  a  little  over  twice  as  much  material  as 
those  of  Chemical  Abstracts.  In  the  Scienca  Gazeto  article  the 
basis  of  comparison  is  the  cost  per  member  and  in  Table  II 
this  same  comparison  is  made,  but  obviously  such  a  basis  is 
not  the  fairest  possible  because  of  the  great  difference  in  amounts 
of  material  furnished  the  subscribers  of  the  various  journals. 
Neither  do  we  think  the  cost  per  abstract  to  be  the  best  test 
of  efficiency,  because  the  shortest  abstracts  will  be  the  cheapest 
and  probably  not  the  most  satisfactory.  The  only  comparison 
that  seems  worth  while  is  the  one  based  on  the  cost  per  page 
per  memlier  and  therefore  we  wish  to  lay  emphasis  on  the 
figures  given  in  Column  5  of  Table  II. 

Column  6  indicates  that  increase  in  membership  means 
nearly  a  proportional  increase  in  cost  per  page  if  the  number  of 

Table  III 

No.  of  No    of 

No.  of  abstracts,  abstracts, 

journals  including  excluding 

abstracted  patents  patents 

Chem.  Zentr 161(1913)  10,862(1913)         9,948 

J.  Chem.  Soc 140(1911)  5,833(1912)  Very  few  patents 

J.  S.  Chem.  Ind 151(1913)  7.200(1912)         2,400 

Z.  angew.  Chem 110(1913)  5,200(1913)          3,412 

Chem.  Ztg 13,792(1913)          9,607 

Chemical  Abstracts 633(1913)  25,971(1913)  19.025 

pages  printed  is  kept  constant,  and  this  is  true  because  of  the 
printing  factor;  e.  g.,  if  we  should  print  3,000  pages  and  had 
3,500  members  our  printing  and  distribution  (not  counting 
postage)  cost  would  be  S3. 12  per  page.  On  keeping  the  pages 
constant  and  increasing  the  subscribers  to  4,000,  5,000,  6,000, 
10,000  our  per  page  costs,  according  to  our  recent  printing  con- 
tract, would  be  respectively,  $3.32,  $3.72,  $4.09,  $5.71. 

Table  III  reveals  perhaps  more  than  anything  else  the  com- 
pleteness with  which  the  field  of  chemistry  is  covered  by  the 
various  abstract  journals. 

The  number  of  journals  in  each  case  is  taken  from  the  printed 
list  attached  to  the  index  of  the  year  indicated.     It  is  perhaps 


of  articles   in  all  of  our  633  journals,  the  articles  abstracted  by 
all  of  them  would  exceed  ours  in  number. 

In  another  way  a  most  interesting  comparison  can  be  made 
between  four  of  the  abstract  joiu'nals,  namely.  Journal  of  the 
Society  of  Chemical  Industry,  Chemisches  Zentralblatt,  Journal  of 
the  Chemical  Society  and  Chemical  Abstracts.  For  example,  it 
may  be  of  importance  to  know  what  class  of  chemical 
articles  is  abstracted  by  Cliemical  Abstracts  and  omitted  by  the 
others. 

We  regret  that  it  has  been  impossible  to  obtain  the  same  data 
for  Zeitschrift  fiir  angewandte  Chemie  and  Chemiker  Zeilung, 
but  it  would  be  considerable  trouble  so  to  do  and  perhaps  is 
hardly  necessary.  Through  constant  reference  to  these  three 
journals  it  has  been  observed  that  their  abstracts  are  mainly 
of  articles  of  an  industrial  nature.  Chemisches  Zentralblatt 
and  the  Journal  of  tlie  Chemical  Society  confine  their  work  largely 
to  pure  science,  whereas  Chemical  Abstracts  covers  both  branches 
of  chemistry.  But  in  order  to  determine  whether  Chemisches 
Zentralblatt  and  Journal  of  the  Chemical  Society  are  complete 
even  in  abstracts  of  pure  chemistrj'  we  need  only  to  note  the  fig- 
ures in  the  third  and  fourth  columns  of  Table  IV,  in  the  depart- 
ments of  General  and  Physical  Chemistrj',  Electrochemistry, 
Analytical  Chemistry,  Mineralogical  and  Geological  and  Bio- 
logical Chemistr>'.  As  to  the  reverse  of  this  query,  that  is  to 
say,  is  Chemical  Abstracts  missing  articles  abstracted  in  these 
other  journals,  we  would  say  tliat  such  an  interrogation  is  proper 
and  important.  The  answer  is  that  the  abstract  part  of  every 
issue  of  the  following  joiu^nals  is  checked  shortly  after  arrival 
at  this  office  and  that  any  article  (of  a  chemical  nature)  which 
has  been  overlooked  is  assigned  for  abstracting  (from  the  orig- 
inal if  possible):  Chemisches  Zentralblatt,  Journal  of  the 
Chemical  Society,  Journal  of  the  Society  of  Chemical  Industry, 
Chemiker  Zeitung,  Experiment  Station  Record,  Bulletin  of  Agri- 
cultural Intelligence  and  Plant  Diseases,  Neues  Jahrbuch  and 
Stahl  und  Eisen.  Other  abstract  joiunals  are  watched  by  various 
abstractors  so  there  is  little  danger  of  missing  an  article  of  value. 

The  facts  so  far  given  are  likely  to  suggest  even  to  the  casual 
observer  that  much  of  this  abstracting  work  is  a  matter  of  dupli- 
cation and  that  some  step  should  be  taken  to  bring  about  a 
more    economical    abstracting    system.     With    this    we    agree.. 
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Table  IV 

No.  of  No.  not  found  anywhere  in 

abstracts  . * % 

in  one  issue  Chem. 

of  C.  A.  J.  S.  C.  I.       Zentr.  J.  C.  Soc. 

Apparatus 20  18  9  13 

Gen.  and  Phys 61  56  12  24 

Radioactivity 20  20  8  14 

Electrochem 32  30  27  32 

Inorg.  Chem 19  14  2  4 

Analyt.  Chem 33  20  14  14 

Min.  and  Geol 6  5  5  2 

Met.  and  Metallog....  85  61  60  70 

Organic 84  73  5      Have  neatly  all 

Biological 232  Missed  almost  all    166 

BiologicalC)  209  ..  145 

Biological^)  315  ..  240 

Foods 20  19  8  16 

Water 23  22  16  18 

Soils  and  Fertilizers  .  21  19  8  14 

Ferm.  and  Dist.  Liq...  28  23  6  22 

Pharmaceutical 26  25  9  23 

Acids 4  4  3  4 

Glass  and  Ceramics....  17  16  16  16 

Cement 20  20  18  20 

Fuels 31  28  25  27 

Petroleum 20  18  14  18 

Cellulose 3  1  12 

Explosives 7  5  3  7 

Explosives^) 19  ..  14 

Dyes  and  Textiles. ..  .  15  10  10  14 

Pigments,  Rubber,  etc.  11  11 

Fats 8  ..  2  6 

Fats(O) 17  13 

Sugar 2  ..  2  2 

SugarC) 21  10  16 

Leather 2  1  2 

Leather(o) 8  3 

LeatherC) 18  14 

(<>)  In  order  to  obtain  representative  figures  these  departments  were 
checked  in  more  than  one  number  of  Chemical  Abstracts. 

but   before   fttrther  discussion  desire  to  submit  the  facts  given 
in   Table   V. 

That  there  is  duplication  in  abstracting  in  all  of  these  coun- 
tries is  immediately  evident  and  that  this  condition  is  most 
serious  in  Germany  is  also  clear.  The  size,  scope  and  value 
of  the  above-mentioned  German  journals  are  such  as  to  make 

Table  V — Chemical  Abstract  Journals  of  the  World 

Germany 
Chemisches  Zentralblatt. 
Chemiker-Zeitung. 
Zeitschrift  fuer  angewandte  Chemie. 
Zentralblatt  fuer  Biochemie  und  Biophysik. 
Biedermanns  Zentralblatt  fuer  Agrikultur-chemie. 
Neues  Jahrbuch  fuer  Mineralogie. 
Zeitschrift  fuer  Untersuchung  der  Nahrungs-  und  Genussmittel. 

France 
Bulletin  de  la  soci^t^  chimique  de  France. 
Le  Mols  scientifique  et  industriel. 
Revue  de  metallurgie. 

England 
Journal  of  the  Chemical  Society. 
Journal  of  the  Society  of  Chemical  Industry. 


United  States 


Chemical  Abstracts 


cooperation  between  Chemisches  Zentralblatt  and  foreign  ab- 
stract journals  only  an  initial  step.  Efi'ective  combination  would 
necessarily  include  most  of  these  other  German  journals.  In 
France  the  Bulletin  de  la  societe  chimique  has  fairly  important 
industrial  competitors  in  the  Le  mois  scietitifique  et  industriel 
and  Revue  de  metallurgie.  In  England  the  field  is  about  evenly 
divided.     In   the  United  States  the  Experiment  Station  Record 


and  Science  Abstracts  are  so  limited  in  scope  as  not  to  encroach 
upon  the  province  of  Chemical  Abstracts. 

The  two  propositions  relative  to  abstracting  recently  sug- 
gested by  an  International  Commission  are  (i)  the  publication 
of  an  International  Journal  of  Abstracts  in  three  languages; 
(2)  the  publication  of  three  editions  of  an  International  Journal 
of  Abstracts,  viz.,  in  English,  French  and  German. 

No.  I  doubtless  means  that  the  abstracts  should  appear  in  the 
language  of  the  original  article  when  that  language  is  English, 
French  or  German.  Probably  all  other  languages  would  be 
translated  into  German  because  the  majority  of  chemical  arti- 
cles are  printed  in  German.  (According  to  statistics  in  Scienca 
Gazeto  50  per  cent  of  all  chemical  articles  are  in  German,  13 
per  cent  in  French,  27  per  cent  in  English,  and  the  remainder 
or  10  per  cent  in  Italian,  Russian,  etc.)  This  is  the  method 
of  the  Botanisches  Centralblatt,  which  is  a  rather  small  journal 
and  has  comparatively  few  readers  in  this  country.  It  has  been 
estimated  by  one  of  the  professors  of  botany  at  Ohio  State  Uni- 
versity that  not  more  than  300  men  in  this  country  make  con- 
sistent use  of  this  journal  and  that  those  who  do  are  research 
men  who  can  probably  read  French  and  German  rerdily.  When 
we  consider  that  there  are  now  about  6700  American  subscribers 
to  Chemical  A  hstracts  and  that  perhaps  the  same  number  of  English 
chemists  are  taking  an  abstract  journal  (in  1912  the  member- 
ship of  the  Chemical  Society  of  London  was  3,248  and  of  the 
Society  of  Chemical  Industry  4,198)  there  is  some  objection 
to  their  being  required  to  read  60  per  cent  of  their  abstracts 
in  German  and  13  per  cent  in  French.  The  cost  of  Chemical 
Abstracts  to  each  member  of  the  American  Chemical  Society 
was,  in  1912,  $5.24.  Assuming  that  there  was  an  international 
abstract  journal  (taking  the  place  of  Chemical  Abstracts)  pub- 
lished in  accordance  with  plan  No.  i,  it  would  need  to  contain 
about  25,000  abstracts,  of  which  15,000  would  be  in  German 
and  3.250  in  French.  Almost  any  of  us  would  rather  pay 
our  $5.24  and  have  our  abstracts  in  English.  The  time  lost 
in  translating  on  the  part  of  Americans  and  Englishmen  might 
involve  such  an  economic  loss  as  to  eliminate  any  possibility 
of  saving  due  to  cooperation  in  an  abstract  journal  of  this  kind. 
But  our  international  journal  would  approach  so  nearly  in  cost 
per  member  our  $5.24  that  we  would  be  required  to  do  all 
this  reading  of  foreign  languages  for  almost  nothing.  The 
Scienca  Gazeto  figures  that  an  international  journal  would  cost 
one-third  less  per  subscriber  than  Chemical  Abstracts  is  now  cost- 
ing the  members  of  the  American  Chemical  Society,  which 
would  be  equivalent  to  receiving  $1  .78  per  year  for  this  extra 
work.  We  cannot  but  conclude  that  Dr.  W.  A.  Noyes  satisfied 
a  great  need  and  performed  a  valuable  service  to  Amerifcan  chem- 
istry when  he  established  an  American  abstract  journal. 

But  whether  a  saving  of  $1 .  78  per  member  is  possible  is  still 
a  question.  It  is  more  in  the  nature  of  a  good  guess,  we  believe, 
than  of  a  calculation.  In  going  over  our  printing  bills  for 
1 913  and  refiguring  them  on  the  basis  of  an  abstract  journal 
of  the  same  size  as  Chemical  Abstracts  to  be  sent  in  lieu  of  the 
Journal  of  the  Chemical  Society,  Journal  of  the  Society  of  Chemical 
Industry,  Chemical  Abstracts,  Bulletin  de  la  societe  chimique  de 
France,  and  Chemiches  Zentralblatt  we  obtain  as  the  total  cost 
of  printing  and  wrapping  $45,247.  The  number  of  copies 
needed  would  be  18,600  (see  Table  VI). 

Since  Table  VI  shows  that  the  printing  cost  of  an  abstract 
journal  is  about  60  per  cent  of  the  total  cost,  this  would  give 
as  the  total  cost  of  an  international  journal  about  $75,000 
and  we  have  not  considered  the  fact  that  the  sending  of  the 
copies  from  Germany  (it  would  probably  be  printed  in  Ger- 
many) to  other  countries  would  cost  in  postage  about  $2,800 
per  year  more  than  at  present.  This  would  make  the  total 
$77,800  per  year.  The  abstract  journal  would  then  cost  each 
member  $4.18  per  year  instead  of  $5.24,  and  still  two-thirds 
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of  it  would  be  in  a  foreign  language.     If  the  printing  cost  is 
66  per  cent  of  the  total  cost,  the  cost  per  member  would  be  $3  .  83. 

**  Table  VI 

Printing 

and  distribu-  Per  cent  of 

Total  cost  tion  cost  total  cost. 

Chemical  Abstracts J32,596  $19,562  60 

J.  Chem.  Soc 16.338  10,613  65 

J.  Soc.  Chem.  Ind $23,593  15,606  66 

Chem.  Zentr 21,02"  11,784  52 

Average,     61 

But  there  remain  several  factors  which  have  not  been  taken 
into  consideration:  (i)  A  movement  of  this  sort  would  surely 
reduce  the  memberships  of  the  various  societies  and  thus  raise 
the  cost  above  the  figures  given.  There  are  hundreds  of  mem- 
bers in  the  American  Chemical  Society  alone  who  would  not 
subscribe  for  a  "mixed  language"  journal.  (2)  The  discon- 
tinuance of  Chemical  Abstracts  would  necessarily  mean  an  in- 
crease in  cost  of  the  Journal  of  the  American  Chemical  Society 
and  Journal  of  Industrial  and  Engineering  Chemistry  and  other 
journals  of  which  the  abstracts  are  a  part.  (3)  A  part  of  the 
benefit  of  having  an  American  abstract  journal  is  that  it  helps 
financially  almost  300  abstractors,  makes  them  more  familiar 
with  the  literature  than  they  would  otherwise  be  and  keeps  up 
interest  in  the  Society.  (4)  American  chemists  (especially 
industrial  chemists)  seem  to  require  abstracts  from  an  Amer- 
ican point  of  view  and  because  of  the  different  character  of  the 
chemical  industries  in  the  various  countries  doubtless  the  same 
requirement  arises  on  the  part  of  foreign  chemists.  This,  Charles 
Baskerville  has  aptly  stated:  "I  realize  that  it  may  be  more  de- 
sirable for  us  to  write  our  own  abstracts  absolutely  independ- 
ently, inasmuch  as  we  have  our  national  way  of  looking  at  things. ' ' 
For  this  reason  alone  independent  national  abstract  journals 
might  spring  up  and  compete  successfully  with  an  international 
periodical.  (5)  The  above  estimate  of  $77,800  is  made  on  the 
basis  of  0.17  page  as  the  average  length  of  an  abstract.  The 
average  length  of  an  abstract  for  Chemisches  Zentralblatt  is  0.39 
page,  for  the  Journal  of  the  Chemical  Society  0.41,  and  the 
Bulletin  de  la  societe  chimique  de  France  0.43.  Using  0.35 
page  as  the  proper  length  of  an  abstract  (for  the  other  socie- 
ties would  doubtless  not  be  satisfied  with  less;  they  would  proba- 
bly object  to  the  conciseness  of 'style  and  the  abbreviations 
necessary  in  C.  A.  and  would  desire  more  detail),  this  would 
mean  an  increase  in  size  of  the  abstract  journal  of  100  per  cent 
over  that  which  would  cost  $77,800.  If  it  is  argued  that  the 
Journal  of  the  Chemical  Society  and  Bulletin  de  la  societe  chimique 
de  France'ha.\e  less  material  on  a  page  than  Chemical  Abstracts, 
it  should  be  remembered  that  Chemical  Abstracts  is  printed  in  a 
style  and  size  of  type  which  makes  the  cost  lower  and  that  the 
$77,800  estimate  is  based  on  the  Chemical  Abstracts  type.  An 
increase  of  100  per  cent  in  space  would  raise  the  printing  bill 
to  $76,343  instead  of  $45,247.  To  this  must  be  added  another 
$2,800  postage  to  foreign  countries,  making  $79,143.  But 
this  is  only  printing  and  distribution  expense.  The  addition 
of  $29,753  which  we  previously  figured  as  abstracting,  salaries 
and  other  expense  (and  which  would  be  considerably  too  small 
for  the  proposed  international  journal)  would  bring  the  total 
cost  of  an  International  Abstract  Journal  similar  to  Chemical 
Abstracts  to  $108,896..  If  it  were  only  $100,000,  the  cost  per 
member,  provided  there  was  no  falling  off  in  members,  would 
be  $5  37-     The  cost  to  American  chemists  was  in   1912  $5.24. 

It  is  evident  from  the  foregoing  that,  disregarding  the  ques- 
tion of  the  desirability  of  an  international  abstract  journal 
and  confining  ourselves  to  the  economic  phase  only,  the  proposi- 
tion in  accordance  with  plan  No.  i  is  not  attractive.  May  we 
suggest  to  its  advocates  that  they  should  begin  their  discussions 
concerning  it  with  a  consideration  of  the  scope  of  the  proposed 
journal  and  the  average  length  of  its  abstracts? 


Plan  No.  2  contemplates  the  publication  of  English,  German 
and  French  editions  of  an  international  abstract  journal.  In 
discussing  plan  No.  i  we  gave  all  possible  advantage  to  the  co- 
operation idea  by  assuming  that  the  subscription  list  would  be 
the  combined  subscription  lists  of  the  present  journals,  or 
18,600.  It  will  be  best  to  note,  however,  that  there  are  per- 
haps 1200  subscribers  to  the  Journal  of  the  Society  of  Chemical 
Industry  in  this  country  who  also  take  Chemical  Abstracts,  and 
the  duplication  of  purchasers  of  the  Journal  of  the  Chemical 
Society  and  Journal  of  the  Society  of  Chemical  Industry  will 
probably  amount  to  2,000.  Therefore  we  believe  it  fair  to 
say  that  the  subscribers  to  the  international  jom-nal  would  num- 
ber in  the  United  States  5,000  and  in  England  5,000  (instead 
of  more  than  7,000).  Such  a  comprehensive  abstract  journal 
in  the  German  language  ought  to  raise  the  German  subscrip- 
tion to  3,000  and  the  French  to  1,100,  making  a  total  of  14,100 
subscribers  or  members  of  the  international  association.  But 
again  the  question  of  scope  of  the  journal  and  length  of  abstract 
is  of  paramount  importance.  If  the  average  journal  is  to  be 
as  complete  as  Chemical  Abstracts,  it  will  cost:  for  printing  the 
English  edition  about  $42,202;  for  the  German  edition  about 
$21,379;  and  for  the  French  $15,687;  on  the  basis  of  0.35  page 
per  abstract.  Using  the  same  low  figures  as  before  for  editing, 
etc.,  and  adding  to  abstracting  cost  $4,000  for  translating  ab- 
stracts into  three  languages,  the  cost  of  the  entire  journal  per 
member  per  year  for  the  members  of  the  international  associa- 
tion would  be  $8.26.  If  American  chemists  are  to  profit  finan- 
cially from  any  such  cooperation  it  will  have  to  be  through  ret- 
rogression in  regard  to  completeness  of  the  abstract  journal, 
which  is  surely  not  desirable.  In  order  to  hold  the  cost  to  the 
figures  given,  however,  the  other  societies  would  have  to  per- 
mit the  extensive  use  of  formulas  and  abbreviations  such  as 
are  now  used  in  Chemical  Abstracts.  This  is  a  question  which 
must  be  settled  before  accurate  costs  under  either  of  these  plans 
can  be  ascertained. 

But  there  are  other  objections  to  plans  Nos.  i  and  2,  in  that  both 
require  the  collecting  of  the  copy  at  one  office  and  redistribu- 
tion of  the  printed  material  from  that  point.  Aside  from  the 
excess  postage  cost  there  is  the  disadvantage  of  delay  involved. 
For  example,  now  we  can  abstract  American  journals  within  a 
few  days  of  publication  and  have  the  abstracts  to  our  members 
in  a  few  weeks.  The  Germans  can  do  likewise  with  their  period- 
icals, and  so  can  the  French.  Under  the  proposed  scheme 
Americans  or  Englishmen  could  not  receive  abstracts  from  their 
respective  journals  until  the  trip  to  Europe  and  back  had  been 
made  and  under  plan  No.  2  these  American  and  English  abstracts 
would  necessarily  remain  in  the  central  office  until  translated. 
All  abstracts  would  under  plan  No.  2  have  to  be  held  up  until 
translations  were  made  and  then  printed  simultaneously  with 
the  translations. 

There  seems  to  be  a  point  at  which  centralization  becomes  a 
nuisance  and  we  believe  this  point  is  reached  when  we  try  to 
cross  the  language  line  or  span  the  ocean. 

The  Esperanto  idea  will  not  be  discussed  in  detail  for  two 
reasons:  (i)  We  are  told  that  Esperanto  is  not  flexible  enough 
to  meet  the  demands  of  chemistry.  (2)  If  there  is  to  be  a  uni- 
fication of  languages  for  chemists  throughout  the  world,  the 
place  to  start  the  same  would  best  be  in  the  college  or  univer- 
sity, then  print  all  chemical  journals  in  the  one  language  and 
finally  use  this  language  in  the  abstract  journals.  Unless 
all  the  chemical  periodicals  arc  printed  in  the  one  language, 
it  means  simply  the  learning  of  a  new  language  for  the  sake 
of  reading  the  abstract  journal.  And  for  what  end?  There 
might  be  a  saving  of  $1  or  $2  per  year  per  chemist  by  issuing 
only  one  journal,  but  economy  is  not  the  goal  of  life. 

In  our  opinion  the  solution  of  this  problem  lies  in  letting 
each  society  do  as  it  sees  fit  about  the  abstracting  question.  It 
would  not  be  right  to  force  a  member  of  the  London  Chemical 
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Society  to  subscribe  more  to  an  international  journal  than  he  is 
now  paying  for  the  Journal  of  the  Chemical  Society  abstracts 
just  because  the  American  chemists  will  not  be  satisfied  with 
an  incomplete  abstract  journal  or  because  the  Germans  want 
longer  abstracts.  Each  of  the  leading  abstract  journals  is  supe- 
rior in  some  respects  to  the  others  and  is  subscribed  to  by  those 
to  whom  this  superiority  appeals.  Each  phase  of  the  abstract- 
ing is  emphasized  in  some  one  of  these  journals  so  a  chemist 
has  his  choice  and  gets  what  he  wants  at  a  less  cost  than  if  all 
aTjstracts  were  reduced  to  a  dead  level  and  he  had  to  buy  every- 
thing that  anyone  else  might  desire. 

The  proposition  that  appeals  to  us  more  than  anything  is 
suggested  by  an  announcement  in  the  Proceedings  of  the  Lon- 
don Chemical  Society  to  the  effect  that  representatives  of  the 
Journal  of  the  Chemical  Society  and  the  Journal  of  the  Society 
of  Chemical  Industry  were  to  meet  to  discuss  cooperation 
in  England  alone.  This  is  feasible  because  of  the  unity  of  lan- 
guage and  land.  And  for  the  same  reason,  if  Chemisches  Zentral- 
blatt,  Chetniker  Zeilung,  Zeitschrift  ftir  angewandte  Chemie  and 
other  German  abstract  joiu-nals  should  combine  there  would  be 
greater  economy  and  greater  satisfaction  than  in  any  possible 
kind  of  international  journal.  In  France  the  Bulletin  de  la 
societe  chimique  de  France  might  combine  with  Le  mois  scientifique 
et  industriel. 

In  closing  we  would  suggest  that  there  is  a  possibility  of  sav- 
ing a  little  abstracting  expense  for  each  abstract  journal  and 
that  broader  cooperation  to  that  extent  may  be  practicable. 
It  could  best  be  attained  by  having  the  abstract  journals  ex- 
change, without  charge,  their  corrected  page  proofs.  Then  if 
there  is  any  advantage  in  copying  or  translating  abstracts  in- 
stead of  taking  the  abstracts  from  the  originals,  the  practice 
could  be  followed  to  that  extent.  There  would  be  nothing 
compulsory  about  it,  and  any  practice  which  proved  unprofita- 
ble could  be  discontinued  summarily  and  without  confusion. 
It  would  mean  cooperation  whenever  cooperation  is  beneficial; 
at  no  other  time  is  it  desirable. 
Ohio  State  University 
Columbus 


THE  PRESENT  STATE  OF  THE  CYANAMID  INDUSTRY' 

By   E.   J.   Pranke 

Cyanamid  is  a  dry,  grayish  black  pulverized  material,  which 
is  made  by  combining  pure  atmospheric  nitrogen  with  calcium 
carbide  at  a  temperature  of  hoc  to  1200°  C.  Its  principal  u.sc 
in  this  country  is  as  a  source  of  nitrogen  in  mixed  fertilizers. 

Fertilizers  have  an  intimate  relation  to  the  cost  of  living  that 
should  be  more  generally  recognized.  It  is  a  well  known  fact 
that  the  cost  of  living  has  increased  in  this  country  at  a  much 
more  rapid  rate  than  it  has  abroad.  When  we  consider  the  facts 
closely,  we  find  that  the  extraordinary  increase  in  this  country 
has  been  in  the  cost  of  food  products,  while  other  than  foods 
have  increased  at  only  the  general  rate  prevailing  throughout 
the  world.  From  1900  to  1910,  for  instance,  all  commodities 
in  this  country  increased  in  cost  about  26  per  cent,  as  compared 
with  9  per  cent  in  England,  and  12  per  cent  in  France,  or  15 
per  cent  in  the  world,  including  the  United  States.  But  other 
than  foods  in  this  country  increased  only  17  per  cent,  while  foods 
increased  35  per  cent,  or  more  than  twice  as  much.  While 
population  increased  2 1  per  cent  in  the  ten  years,  crop  production 
increased  only  10  per  cent. 

The  rapid  increase  in  the  cost  of  foods  in  this  countrs-  must 
be  checked  by  increased  crop  production,  just  as  food  prices  are 
held  down  in  the  more  densely  populated  European  countries; 
the  yields  per  acre  must  be  increased.  In  Europe  the  yields  of 
the  staple  crops  average  from  50  to  100  per  cent  larger  per  acre 
than  in  this  country.     Crop  rotation,  seed  selection,  and  thor- 
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ough  cultivation  are  estimated  to  be  responsible  for  one-half 
the  increased  yields,  while  the  use  of  fertilizers  is  considered,  by 
competent  authorities,  to  cause  as  much  increase  as  all  other 
factors  put  together.  The  countries  of  highest  agricultural 
development  are  the  largest  consumers  of  fertilizers.  Germany, 
for  instance,  spends  as  much  money  per  annum  for  fertilizers 
as  we  do,  although  she  has  only  '/13  of  the  acreage  under  cultiva- 
tion that  we  have.  This,  moreover,  is  in  a  country  of  abundant 
cheap  farm  labor,  which  would  indicate  that  mere  muscle  cannot 
take  the  place  of  plant  food  in  the  growing  of  crops. 

The  development  of  an  increased  use  of  fertilizers  in  this 
country  is  mostly  a  matter  of  education  of  the  farmer,  and  to 
some  extent  a  matter  of  fertilizer  prices.  The  farmer  must  be 
taught  that  there  is  a  right  way  and  a  wrong  way  to  buy  and  use 
fertilizers,  and  that  the  right  way  is  profitable;  the  wrong  way 
may  or  may  not  be.  A  lower  price,  however,  will  always  make 
it  easier  to  earn  a  profit,  and  the  lower  the  price  the  larger  the 
profit,  the  greater  the  incentive  to  use  fertilizers,  and  the  larger 
the  crops  produced.  Hence,  any  improvement  in  the  art  of 
manufacturing  fertilizers  or  fertilizer  materials  that  will  make 
them  cheaper,  will  ultimately  lower  the  cost  of  foods,  and  hence, 
the  cost  of  living. 

Any  considerable  reduction  in  the  cost  of  fertilizers  is  hardly 
to  be  expected,  however,  unless  it  takes  place  through  a  reduction 
in  the  cost  of  the  most  expensive  ingredient,  nitrogen.  The 
price  of  phosphoric  acid  is  now  probably  about  as  low  as  it  will 
ever  be.  The  main  source  of  this  ingredient,  namely,  phosphate 
rock,  is  found  in  enormous  deposits  that  will  last  a  great  many 
years.  The  present  method  of  treatment  would  seem  to  be  about 
as  economical  as  any  that  is  likely  to  be  devised.  So  with  potash. 
Practically  all  of  our  potash  is  imported  from  Germany,  where 
it  occurs  in  great  natural  beds  that  will  last  for  many  thousands 
of  years  at  the  present  rate  of  development.  It  is  true  that  lately 
there  has  been  considerable  talk  of  obtaining  potash  by  the 
incineration  of  a  sea-weed,  known  as  kelp,  found  in  abundance 
on  the  Pacific  coast.  Whether  potash  from  this  source  can  be 
produced  and  shipped  to  the  Eastern  part  of  the  United  States 
at  a  much  lower  cost  than  the  German  potash  can  be  delivered 
remains  to  be  seen.  A  pound  of  nitrogen  costs  about  four  times 
as  much  as  a  pound  of  phosphoric  acid  or  a  pound  of  potash. 
The  cost  of  the  nitrogen  in  the  average  fertilizer  makes  up  about 
45  per  cent  of  the  total  cost.  The  higher  price  paid  for  nitrogen, 
however,  is  justified  by  the  fact  that  this  is  the  element  usually 
most  needed  to  increase  the  productivity  of  the  average  soil,  and 
moreover,  its  application  seems  to  be  in  most  cases  a  prerequisrte 
for  the  effective  utilization  of  the  other  ingredients,  phosphoric 
acid  and  potash.  A  typical  instance  is  found  in  the  results  of 
55  years  of  continuous  experiments  on  wheat  in  England,  at  the 
Rothamsted  Experiment  Station.     These  are  as  follows: 

Per  Acre 

Fertilizer  Yield  Increase 

None 12.9  bu.                        

Phosphate  and  potash  only 14.8  bu.                          1  .9  bu. 

Nitrogen  only 20.5bu.                          7.6bu. 

Nitrogen,  phosphate  and  potash 31.6  bu.  18.7  bu. 

Fertilizer  nitrogen  may  be  classified  according  to  its  sources, 
into  organic,  derived  from  animal  or  vegetable  matter, 
and  inorganic,  derived  from  mineral  sources.  The  price  of  the 
organic  ammoniates,  chief  of  which  are  cottonseed  meal,  tankage, 
dried  blood  and  dried  fish,  is  steadily  tending  upward.  This  is 
due  principally  to  the  decreased  per  capita  production  of  animal 
and  vegetable  products  in  recent  years,  and  to  the  increased 
uses  to  which  by-products  are  applied.  Recently,  the  above 
by-products  were  used  mostly  in  fertilizers,  now  they  are  used 
to  a  considerable  extent  in  stock  foods.  The  inorganic  am- 
moniates, chief  of  which  are  sodium  nitrate,  ammonium  sulfate 
and  cyanamid,  have  lately  been  suffering  a  general  decline  in 
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prices.  The  general  price  level  of  this  class  of  nitrogen  is  about 
the  same  as  it  was  ten  years  ago,  in  spite  of  the  increase  of  about 
26  per  cent  in  the  cost  of  all  commodities  in  that  time.  The 
lower  prices  now  prevailing  are  undoubtedly  due  to  the  rapidly 
increasing  production  of  inorganic  ammoniates.  Probably  the 
most  important  single  factor  in  this  movement  is  the  production 
of  cyanamid. 

In  this  country  the  demand  for  cyanamid  has  Icept  pace  with 
the  supply  at  the  current  prices  for  inorganic  ammoniates,  and 
sometimes  at  higher  prices.  Yet,  this  fact  has  led  some  of  those 
who  stand  in  the  position  of  advisors  to  the  farmer  to  assert 
that  they  cannot  recommend  a  new  material  until  its  advantages 
have  been  proved  superior,  and  in  addition  its  prices  made  lower 
than  that  of  the  older  ammoniates.  They  overlook  the  fact 
that  no  industry  in  the  early  stages  of  its  development  has  turned 
out  as  perfect  a  product  at  as  low  prices  as  was  later  found 
possible.  Pioneering  is  always  costly,  and  a  pioneer  industry 
must  have  the  support  of  the  public  from  the  start  in  order  to 
develop  at  all.  It  is  the  history  of  great  manufacturing  enter- 
prises that  where  the  support  of  the  public  has  been  accorded, 
the  final  benefits  to  the  public  are  out  of  all  proportion  to  what 
could  have  been  expected  in  the  beginning.  The  only  question 
that  broadminded  men  should  ask,  is:  Has  the  process  inherent 
merit?  Will  it  prove  to  be  a  great  public  good?  With  regard 
to  the  cyanamid  process  the  answer  must  be:  Yes.  The  cyan- 
amid process  is  probably  the  cheapest  known  process  for  producing 
a  commercial  nitrogen  compound  on  a  large  scale.  It  is  oiJy  a 
question  of  time  until  an  ideal  product  is  developed,  and  sold 
at  the  lowest  prices.  In  the  meantime,  however,  the  industry 
must  have  the  support  of  the  public.  Fortunately,  it  has  this 
support  now,  as  is  evident  from  a  glance  at  the  statistics. 

In  1904  the  world's  production  of  cyanamid  was  5,000  tons. 
In  1909  it  was  50,000  tons.  In  1914  it  will  be  275,000  tons. 
The  American  Cyanamid  Company  began  operations  at  Niagara 
Falls  in  January,  1910,  with  a  capacity  of  12,000  tons  per  annum. 
This  was  increased  in  1913  to  32,000  tons  per  annum.  Further 
extensions,  which  will  reach  completion  in  April,  1914,  will  make 
the  yearly  capacity  of  the  American  plant  64,000  tons.  The 
world's  output  of  cyanamid  brings  at  wholesale  prices  about 
$14,000,000  per  annum,  the  European  product  being  of  somewhat 
higher  nitrogen  content  than  the  American. 

Now  if  one  were  to  turn  to  the  literature  on  cyanamid,  and 
on  the  basis  of  what  he  reads  there,  hazard  an  opinion  as  to  the 
rate  of  growth  of  the  industry  in  the  past  ten  years,  he  would 
probably  fall  far  short  of  the  truth  in  his  estimate.  If  the  litera- 
ture were  taken  by  the  public  as  the  sole  basis  of  judgment  of 
the  value  of  cyanamid  as  a  fertilizer,  it  is  doubtful  whether  there 
would  be  enough  cyanamid  sold  to  keep  one  small  factory  busy 
furnishing  the  world's  supply,  instead  of  the  fourteen  large  fac- 
tories with  their  output  of  fourteen  million  dollars  worth  of  prod- 
uct per  annum.  It  is  conceivable  that  a  small  amount  of  an 
inferior  material  might  be  disposed  of  by  clever  salesmen  for 
one  or  two  seasons,  but  the  fact  of  such  steady  rapid  growth 
as  the  cyanamid  industry  has  made  is  inconsistent  with  essential 
inferiority.  The  fact  is,  that  the  great  majority  of  limitations 
that  have  been  attributed  to  cyanamid  simply  have  no  bearing 
upon  the  practical  use  of  the  material.  Some  of  the  limitations 
mentioned  in  the  literature  do  not  exist  at  all,  while  the  practical 
significance  of  others  is  found,  on  examination,  to  approach 
zero  in  value. 

Advancement  in  the  knowledge  of  a  substance  begins  when 
its  properties  are  expressed  quantitatively.  Practically  all  of 
the  problems  of  the  early  days  of  the  cyanamid  industry  have 
been  solved  by  paying  attention  to  the  quantities  involved. 
Let  us  now  consider  some  of  the  characteristics  of  cyanamid 
that  have  been  claimed  in  the  literature  to  be  disadvantageous, 
and  let  us  note  in  each  instance  how  the  supposed  difficulty  was 
solved. 


CALCIUM    CARBroE 

This  substance  was  occasionally  found  to  the  extent  of  several 
l)er  cent  in  the  material  produced  in  the  earlier  days  of  the  in- 
dustry abroad.  It  is  now  entirely  removed  in  the  course  of 
manufacture  by  the  addition  of  sufficient  water  to  entirely  de- 
compose it.  The  American  practice  of  hydration  makes  the 
presence  of  undecomposed  carbide  impossible.  In  Europe,  the 
last  step  before  shipping  the  material  is  to  test  for  carbide. 

CHANGE  IN  WEIGHT  AND  SUPPOSED  LOSS  OF  NITROGEN  IN  STORAGE 

On  exposure  to  the  air,  cyanamid  absorbs  moisture  and  carbon 
dioxide,  which  makes  it  weigh  more.  As  the  total  weight 
increases,  the  percentage  of  nitrogen  will  of  cour.se  decrease. 
The  new  weight,  however,  multiplied  by  the  new  percentage  of 
nitrogen  will  show  the  same  number  of  pounds  of  nitrogen  present 
after  storage  as  there  was  at  the  beginning.  Early  observers 
noted  the  decrease  in  nitrogen  analysis,  but  failed  to  take  ac- 
count of  the  increase  in  weight;  hence  they  reported  large  losses 
of  nitrogen.  All  attempts,  however,  to  show  a  loss  of  nitrogen 
in  goods  stored  in  factories  have  failed,  when  the  final  weight 
of  the  pile  was  determined,  as  well  as  the  analysis  of  a  sample 
drawn  in  a  uniform  manner  from  all  parts  of  the  pile.  When 
storage  is  desirable  and  necessary,  it  is  a  relatively  simple  opera- 
tion to  draw  a  practical  average  sample  for  analysis  at  the 
conclusion  of  the  period  of  storage.  It  should  be  mentioned 
here  too  that  other  fertilizer  materials  are  by  no  means  perfect 
in  respect  to  their  storing  qualities.  The  practical  man,  however, 
does  not  ask  for  perfection;  it  is  usually  too  difficult  of  attain- 
ment, and  too  costly  and  often  quite  useless.  All  that  is  re- 
quired is  that  a  thing  be  good  enough  for  the  purpose. 

It  is  true  that  laboratory  experiments  have  shown  that  when 
a  few  grams  of  cyanamid  are  exposed  in  a  thin  layer  to  a  con- 
stantly saturated  atmosphere  of  moisture  for  a  long  time  an  odor 
of  ammonia  is  given  oiT,  and  a  loss  amounting  to  about  0.02  per 
cent  of  the  total  nitrogen  for  each  i  per  cent  gain  in  weight  of 
the  exposed  sample  can  be  detected  after  allowing  for  the  in- 
crease in  weight.  It  is  doubtful,  however,  whether  this  has  any 
practical  significance.  The  fact  that  iron  filings  will  rust  over 
night  in  a  damp  atmosphere  does  not  prevent  the  use  of  iron  for 
building  bridges  or  other  structures  exposed  to  damp  weather. 
The  fact  that  iron  filings  are  readily  burned  by  dropping  them 
through  the  flame  of  a  match  has  not  prevented  the  use  of  iron 
as  a  non-combustible  building  material.  Even  assuming  that 
the  severe  conditions  of  the  laboratory  experiment  with  cyan- 
amid could  be  applied  to  conditions  of  factory  storage,  the  loss 
of  nitrogen  would  be  insignificant.  In  factor>'  storage  cyanamid 
gains  in  weight  on  an  average  only  about  i  per  cent  a  month. 
Hence  a  material  containing  16  units  of  nitrogen  would  contain, 
after  one  month,  somewhere  between  15.997  and  16.000  units. 
To  the  practical  fertilizer  man  such  differences  are  inappreciable. 
Even  in  one  year,  at  this  rate,  the  loss  would  be  only  0.036  unit 
of  nitrogen.  The  best  fertilizer  analyses  for  nitrogen,  however, 
have  no  meaning  within  o.ioo  per  cent,  and  sometimes  0.200 
per  cent.  As  a  matter  of  fact  the  immaterial  loss  of  actual 
nitrogen  from  cyanamid  is  probably  much  less  than  the  actual 
losses  known  to  occur  in  the  decomposition  of  organic  fertilizer 
materials  in  storage.  All  these  are  so  insignificant  that  nobody 
pays  any  attention  to  them. 

DUST 

Attention  has  often  been  called  to  the  dustiness  of  the  pow- 
dered cyanamid,  and  to  its  caustic  action  on  the  skin  and  mucous 
membranes.  In  some  fertilizer  factories  loosely  constructed 
elevators  and  mixing  machines,  and  open  screens  permit  the 
escape  of  the  fine  material,  which  settles  on  the  exposed  parts 
of  the  laborer's  body.  If  then  tlie  laborer  fails  to  wash  the  dust 
off  at  the  conclusion  of  the  day's  work,  the  lime  compounds  will 
absorb  moisture  and  probably  some  of  the  natund  oUs  from  the 
skin,  and  cause  some  irritation.     If,  however,  the  laborer  will 
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rub  any  kind  of  oil  or  grease  on  the  exposed  parts  of  his  body 
before  he  commences  work,  and  will  use  oil  or  grease  again  at  the 
conclusion  of  the  day's  work,  he  will  find  that  the  dust  will  not 
burn  during  the  day,  and  is  very  easily  wiped  off  when  he  is 
through  with  his  work.  Of  course  the  dust  must  be  removed 
from  the  skin  at  least  once  a  day.  Laborers  who  work  in  the 
factories  where  cyanamid  is  made  never  have  skin  irritation. 
They  take  the  simple  precautions  that  have  just  been  described . 

It  is  a  peculiar  fact  that  when  alcohol  is  taken  the  into  body 
after  one  has  breathed  cyanamid  dust,  there  foUows  within  a 
few  minutes  a  reaction  colloquially  known  as  a  "flush."  This 
is  characterized  by  an  increased  flow  of  blood  to  the  skin  of  the 
upper  part  of  the  body,  deepening  its  color,  and  giving  a  sug- 
gestion of  swelling.  The  subject  also  has  a  feeling  of  oppression 
in  his  breathing.  In  no  case  has  anyone  ever  been  known  to 
suffer  harm  from  a  "flush,"  but  only  temporary  discomfort, 
the  degree  depending  upon  the  amount  of  alcohol  imbibed. 
The  effects  usually  pass  away  within  an  hour  after  taking  the 
alcohol.  Moreover,  alcohol  is  the  only  known  cause  of  this 
effect  of  breathing  the  dust.  Total  abstainers  never  experience 
the  "flush." 

In  the  better  equipped  fertilizer  factories,  the  machinery  is 
enclosed  in  such  a  way  that  practically  no  dust  escapes.  As 
soon  as  the  cyanamid  becomes  a  part  of  the  mixture  the  dust 
is  effectively  laid  by  the  large  excess  of  other  materials,  many  of 
which  are  naturally  damp. 

GRANULATED    CYANAMID 

During  the  past  year  there  was  placed  on  the  market  in  this 
country  a  granulated  cyanamid,  which  is  practically  free  from 
dust.  This  material  is  made  by  pressing  damp  cyanamid  into 
briquets,  which  after  hardening  are  ground,  and  the  product 
screened  to  sizes  between  15-  and  60- mesh  sieves.  On  the 
basis  of  the  original  estimated  cost  of  granulating,  this  improved 
product  was  sold  at  a  premium  of  seven  to  eight  per  cent  over 
the  price  of  the  powdered  material.  Actual  operation  records 
show,  however,  that  the  cost  of  granulating  is  more  than  double 
this  amount.  When  the  price  of  granulated  cyanamid  was  ad- 
vanced sufficient  to  cover  the  manufacturing  expense  of  pro- 
ducing it,  the  demand  practically  ceased.  Consumers  apparently 
will  not  pay  a  premium  of  fifteen  per  cent  for  dustless  material. 

AGRICULTtTRAL   USE    AND    VALUE 

Perhaps  the  most  important  question  that  can  be  asked  about 
cyanamid  is:  What  is  its  fertilizing  value?  Does  it  give  to  the 
farmer  year  after  year  a  consistent  profit  on  his  investment,  that 
compares  favorably  with  the  profit  on  an  equal  expenditure 
for  some  other  material? 

One  way  to  answer  the  question  is  to  fertilize  one-third  of  a 
field  in  the  ordinary  way  with  a  properly  compounded  commercial 
cyanamid  mixture,  fertilize  another  one-third  with  some  other 
standard  mixture  of  equivalent  analysis,  and  omit  fertilizers 
from  the  remaining  one-third.  The  answer  given  by  such  an 
experiment  usually  is  that  cyanamid  may  be  profitably  sub- 
stituted for  an  equivalent  amount  of  nitrogen  in  other  standard 
forms. 

Unfortunately,  a  commercial  fertilizer  mixture  is  usually 
regarded  by  the  orthodox  scientific  investigator  as  too  complex  to 
fit  into  the  logical  scheme  of  his  fertilizer  test  plats.  He  wants 
to  test  the  unmixed  cyanamid,  and  he  usually  wants  to  use  it 
in  quantities  far  more  generous  than  any  that  the  farmer  would 
ever  think  of  applying.  The  results  of  his  small  plat  or  pot 
experiments  often  do  not  agree  with  the  farmer's  field  experience. 
There  are  four  principal  reasons  for  the  difference :  ( i )  Excessive 
applications  of  any  of  the  common  inorganic  ammoniates  may 
cause  injury  to  the  plants,  and  cyanamid  is  somewhat  more  active 
in  this  respect  than  the  others,  (2)  cyanamid  behaves  agricxJtur- 


ally  like  an  organic  ammoniate  and  is  not  strictly  comparable 
with  the  other  inorganic  ammoniates,  (3)  certain  mixtures  of 
two  or  more  different  kinds  of  nitrogen  usually  give  a  larger 
yield  than  the  same  quantity  of  nitrogen  in  one  form  alone,  and 
(4)  the  cyanamid  in  commercial  mixtures  is  transformed  by  inter- 
action with  phosphates,  and  loses  its  identity. 

The  farmer's  use  of  fertilizers  in  general  is  guided  solely  by 
the  profits  derived  therefrom.  He  is  continually  seeking  to 
learn  in  what  way  and  in  what  amounts  he  shall  apply  his  fertil- 
izers so  as  to  derive  a  maximum  profit.  The  broad  result  of 
this  general  searching  for  the  best  ways  is  the  formation  of 
certain  standards  of  fertilizer  practice.  These  standards  are  in 
actual  operation  on  the  farms  where  the  most  money  is  being 
made.  For  the  great  staple  crops,  wheat,  oats,  corn,  hay,  and 
cotton,  the  application  of  nitrogen  gives  increasing  profits  up 
to  the  point  where  about  200  lbs.  of  cyanamid  or  the  equivalent 
thereof  in  other  forms  is  applied  per  acre.  Above  this  amount  of 
nitrogen,  additional  applications  will  produce  additional  yields 
but  the  value  of  the  extra  yield  will  not,  except  in  the  case  of 
very  good  soils,  exceed  the  extra  cost  that  it  took  to  produce  it. 
Now  if  cyanamid  produces  satisfactory  results  with  this  maximum 
economical  application,  what  reasonable  objection  can  there 
be  if  it  does  not  produce  satisfactory  results  when  used  in  quan- 
tities from  two  to  four  times  as  large?  Yet  objections  have 
been  made  against  it,  based  upon  such  excessive  applications 
in  small  plat  or  pot  experiments. 

The  effect  of  excessive  applications  of  uimiixed  cyanamid 
is  more  evident  on  acid  light  sandy  soils  than  on  any  others. 
This  is  probably  due  to  two  causes:  first,  the  absorbing  power 
of  such  soils  is  low,  since  the  coarse  soil  particles  do  not  present 
the  large  amount  of  surface  that  is  offered  by  the  much  finer 
particles  in  the  loam  and  clay  soils;  and  second,  bacteria  are 
notably  deficient  in  such  soils.  The  remedies  for  this  situation, 
if  it  is  necessary  to  use  the  unmixed  cyanamid,  are  two:  first, 
not  more  than  250  lbs.  of  cyanamid  per  acre  should  be  applied, 
either  spread  broadcast  and  worked  well  into  the  soil,  or  if  applied 
in  rows,  put  down  in  two  applications;  second,  the  acid  soil 
conditions  should  be  removed  and  the  bacterial  condition 
improved  by  the  use  of  sufficient  lime,  before  fertilizing  or  as  a 
part  of  the  fertilizer.  In  other  words,  the  object  is  to  avoid  too 
high  a  concentration  of  cyanamid  in  any  one  portion  of  soil, 
and  to  favor  the  conversion  of  the  cyanamid  to  other  forms  of 
nitrogen. 

Practically,  there  is  no  more  necessity  for  applying  excessive 
quantities  of  one  kind  of  ammoniate,  than  there  is  for  feeding 
an  animal  an  excessive  amount  of  one  kind  of  food.  There 
are  stock-foods,  green  clover,  for  instance,  that  may  kill  an 
animal  if  fed  to  excess  at  one  time,  and  there  are  many  articles 
of  human  food  that  will  cause  serious  illness  if  eaten  to  excess, 
but  that  is  no  objection  to  their  use  in  normal  economical  quan- 
tities. When  it  is  necessary  to  apply  large  quantities  of  nitrogen 
to  certain  crops,  such  as  truck  crops,  potatoes,  fancy  tobacco, 
etc.,  it  is  customary  and  desirable  to  derive  the  nitrogen  from 
several  sources,  and  not  from  one  only.  The  use  of  200  lbs. 
of  cyanamid  per  acre  in  rows,  or  300  lbs.  broadcast  would  be 
economical  and  satisfactory  on  such  crops,  but  additional  ni- 
trogen should  be  derived  from  other  sources. 

Experience  has  taught  the  practical  fertilizer  manufacturer 
that  a  mixture  of  different  forms  of  nitrogen,  properly  chosen, 
almost  invariably  gives  better  results  than  an  equivalent  amount 
of  nitrogen  in  a  single  form.  It  is  well  known  that  different 
ammoniates  yield  their  nitrogen  to  the  plant  in  an  available  form 
at  much  different  rates,  depending  upon  the  nature  of  the 
fertilizer,  soil  conditions,  climate,  etc.  Thus,  with  respect  to 
the  rapidity  with  which  they  yield  available  nitrogen  the  common 
ammoniates  may  be  arranged  in  about  the  following  order, 
beginning  with  the  most  rapid; 
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, —Sodium  Nitrate.  4— Dried    Blood,    Dried    Fish, 

2 — Ammonium  Sulfate.  Tankage. 

3 — Cyanamid,      Cottonseed     5— Steamed  Bone,  Ground  Raw 
Meal,  Castor  Pomace.  Bone. 

When  applied  at  the  usual  rate  the  quick-acting  ammoniates 
supply  an  abundance  of  nitrogen  in  the  early  stages  of  growth, 
but  little  or  none  in  the  last  stages.  The  slow-acting  ammoni- 
ates do  not  supply  an  adequate  amount  of  nitrogen  in  the  early 
stages,  while  those  of  medium  activity  are  ineffective  both  in 
the  beginning  and  in  the  final  stages  of  growth.  It  is  obvious 
that  a  mixture  of  ammoniates  that  will  furnish  a  uniform  stream 
of  available  nitrogen  from  the  beginning  of  growth  to  matiu-ity 
will  produce  better  results  than  a  single  ammoniate  of  equal 
nitrogen  content  that  furnishes  an  over-supply  of  available 
nitrogen  at  one  time  and  is  deficient  at  other  times. 

The  above  applies  only  to  the  economical  fertilizing  of  plants, 
where  just  enough  nitrogen  is  added  to  supply  the  plants'  re- 
quirements. Where  there  is  a  great  excess  of  nitrogen  applied, 
there  is  almost  certain  to  be  a  sufficient  supply  to  meet  the 
plants'  requirements  at  all  stages  of  growth.  Even  the  most 
active  form  of  nitrogen  would  last  longer  than  the  period  of 
growth  of  the  plant  if  enough  were  applied  at  the  start,  but  such 
applications  would  not  be  economical  on  account  of  unavoidable 
losses. 

The  common  practice,  therefore,  of  estimating  the  relative 
value  of  different  ammoniates  by  measuring  their  results  when 
applied  to  a  common  task  is  not  strictly  accurate.  Fertilizer 
materials  have  as  much  individuality  and  are  as  different  in 
their  functions  as  are  different  kinds  of  building  material,  or 
different  breeds  of  horses,  or  different  kinds  of  clothing.  Some 
excel  in  one  respect,  and  others  in  another  respect.  Cyanamid, 
for  instance,  may  take  the  place  of  the  organic  ammoniates  of 
intermediate  activity,  because  the  nitrogen  in  these  materials 
becomes  available  at  about  the  same  rate,  and  under  the  same 
conditions  as  cyanamid  nitrogen.  It  cannot,  however,  act  as 
successfully  as  sodium  nitrate,  when  the  object  is  to  produce 
forced  growth,  because  cyanamid  is  not  in  the  class  of  forcing 
ammoniates.  The  fact  that  a  draft  horse  cannot  travel  a  mile 
in  three  minutes  argues  very  little  as  to  his  ability  as  a  draft 
horse. 

The  great  majority  of  the  reports  on  the  fertilizing  value  of 
cyanamid  as  found  in  the  literature,  therefore,  have  little  sig- 
nificance for  the  American  manufacturer  of  fertilizers.  The 
question  to  which  he  wants  an  answer  has  been  very  little  touched 
upon.  This  is:  "What  is  the  effect  of  putting  cyanamid  in  place 
of  one  or  more  of  the  other  ammoniates,  especially  the  expensive 
organic  ammoniates,  in  fertilizer  mixtures?"  From  observation 
of  practical  mixtures,  however,  the  answer  is,  that  cyanamid  is  a 
successful  substitute  for  the  medium  to  slow-acting  organic 
ammoniates. 

Another  reason  why  results  with  the  pure  cyanamid  may  not 
hold  for  the  actual  cyanamid  mixtures  sold  in  America  is  found 
in  the  fact  that  practically  all  the  cyanamid  used  in  this  country 
is  sold  to  fertilizer  manufacturers,  and  practically  all  of  it  is  used 
in  acid  phosphate  mixtures.  A  very  little  is  used  in  basic  slag 
mixtures,  and  a  small  amount  in  other  ways. 

When  cyanamid  is  mixed  with  acid  phosphate  there  is  an 
immediate  reaction,  resulting  in  the  complete  breaking  down 
•  of  the  calcium  cyanamid.  The  calcium  is  fixed  as  mono-  and 
di-calcium  phosphates — the  nitrogen  is  hydrolyzed  to  urea. 
Urea,  from  the  fertilizer  standpoint,  seems  to  be  the  ideal  form 
of  organic  nitrogen.  It  is  extremely  soluble,  can  be  directly 
assimilated  by  plants,  but  if  not  immediately  absorbed,  reacts 
with  the  soil  particles,  and  becomes  fixed  as  rather  insoluble 
double  ammonium  salts,  that  do  not  easily  wash  out  of  the  soil. 
By  this  chemical  reaction  therefore,  the  identity  of  the  original 
cyanamid  is  destroyed,  and  a  new  set  of  properties  is  established, 
namely,  the  properties  of  a  mixture  of  urea  nitrogen  with  mono- 


and  di-calcium  phosphates.  This  is  what  the  American  farmer 
gets  when  he  buys  a  commercial  cyanamid  mixture  made  with 
acid  phosphate  as  the  source  of  phosphoric  acid.  The  practical 
results  from  such  mixtures  are,  as  one  would  expect,  entirely 
satisfactory. 

Basic  slag  mixtures  are  used  to  some  extent  in  the  states 
along  the  Atlantic  Coast.  On  acid  sandy  soils  basic  slag  is 
probably  somewhat  more  effective  than  acid  phosphate,  probably 
owing,  in  a  large  measure,  to  the  action  of  the  lime  in  neutralizing 
soil  acids,  and  permitting  the  restoration  of  bacteria  in  proper 
numbers.  Slag  contains  from  15  to  18  per  cent  iron,  and  about 
5  per  cent  manganese,  both  of  which  are  powerful  catalyzers 
of  cyanamid  to  the  urea  form.  The  practical  experience  with 
these  mixtures  seems  to  be  entirely  satisfactory. 

We  see,  therefore,  that  practically  there  is  no  need  of  applying 
more  than  200  lbs.  of  unmixed  cyanamid  per  acre  at  one  time 
on  the  staple  crops,  or  300  lbs.  per  acre  on  truck  crops.  If  more 
nitrogen  than  this  is  needed,  it  should  be  derived  from  additional 
sources.  The  great  majority  of  the  reports  found  in  the  litera- 
ture on  cyanamid  are  practically  worthless  because  the  experi- 
ments were  made  with  excessive  quantities.  The  only  thoroughly 
satisfactory  and  valuable  test  from  the  farmer's  point  of  view, 
is  one  that  conforms  to  the  economic  requirements  that  govern 
the  use  of  any  fertilizer,  and  is  made  under  practical  farm  con- 
ditions. Since  practically  all  the  cyanamid  sold  in  this  country 
reaches  the  farmer  as  a  mixture  of  urea  nitrogen  and  mono-  and 
di-calcium  phosphates,  it  is  only  necessary  to  know  what  results 
are  being  obtained  with  such  mixtures.  The  reports  are  almost 
unanimously  favorable. 

MIXING    WITH    ACID    PHOSPHATE 

The  statement  can  be  found  in  many  places  in  the  literature 
that  "Cyanamid  must  not  be  mixed  with  acid  phosphate,  since 
thereby  the  available  phosphoric  acid  is  converted  to  the  in- 
soluble form."  On  charts  showing  incompatible  mixtures  of 
fertilizer  materials,  the  mixtures  of  cyanamid  and  acid  phosphate 
are  always  indicated  as  not  practical.  Nevertheless,  as  was 
said  above,  practically  all  of  the  cyanamid  sold  in  this  country 
is  used  in  mixtures  containing  acid  phosphate. 

In  the  average  phosphate  most  of  the  phosphoric  acid  is  in 
the  water-soluble  condition  (as  free  phosphoric  acid  and  mono- 
calcium  phosphate),  a  small  amount  is  present  as  di-calcium 
phosphate,  not  soluble  in  water  but  soluble  in  ammonium  citrate 
solution,  and  a  small  amount  is  present  as  phosphates  insoluble 
in  ammonium  citrate  solution.  When  a  small  amount  of  cyan- 
amid or  other  active  lime  compound  is  added  to  acid  phosphate, 
there  is  an  immediate  reaction  between  the  lime  and  the  water- 
soluble  phosphoric  acid,  resulting  in  a  change  of  the  latter  to 
the  citrate-soluble  form.  Both  of  these  forms  have  about  the 
same  agricultural  value,  and  both  have  the  same  commercial 
value.  When  a  large  amount  of  cyanamid  is  added  to  acid 
phosphate,  however,  there  is  a  more  complete  neutralization, 
resulting  in  the  formation  of  forms  containing  more  lime  than 
di-calcium  phosphate  contains,  and  these  forms  are  not  soluble 
in  citrate  solution;  hence,  they  have  no  commercial  value. 

Now  it  happens  that  the  experiments  reported  in  the  literature 
were  mostly  made  with  large  quantities  of  cy<inamid,  hence  the 
results  were  unfavorable  to  such  mixtures.  On  closer  investiga- 
tion of  this  problem,  however,  paying  attention  to  the  quantita- 
tive factors  involved,  it  was  found  that  as  the  quantity  of  cyan- 
amid used  with  respect  to  the  acid  phosphate  decreased,  the  loss  of 
available  phosphoric  acid  decreased.  When  the  quantity  of  cyan- 
amid is  as  small  as  60  to  80  lbs.  of  cyanamid  to  a  ton  of  average 
complete  mixture  containing  approximately  1000  lbs.  of  acid 
phosphate,  the  loss  of  available  phosphoric  acid  is  not  appreciable. 
It  is  at  this  rate  that  most  of  the  cyanamid  sold  in  this  country  is 
used  in  commercial  fertilizers.  In  some  cases  as  much  as  150 
lbs.  is  successfully  used.  The  acid  phosphate  must  be  dry  in 
this  case,  and  as  much  bulky  organic  matter  as  possible  used. 
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MIXTURES   WITH   AMMONIUM   SULFATE 

It  has  also  been  said  that  cyanamid  must  not  by  any  means 
be  mixed  with  ammonium  sulfate,  since  the  lime  in  the  former 
will  drive  out  free  ammonia  from  the  ammonium  sulfate.  This  is 
true  if  we  consider  a  simple  mixture  of  only  the  two  substances. 
It  is  also  true  for  mixtures  of  cyanamid,  ammonium  sulfate  and 
acid  phosphate,  if  large  quantities  of  cyanamid  are  used.  If, 
however,  we  pay  attention  to  the  quantitative  factors  again, 
we  find  that  when  there  are  not  more  than  150  lbs.  of  cyanamid 
present  along  with  ammonium  sulfate  and  looo  lbs.  of  acid 
phosphate,  there  will  be  no  escape  of  ammonia  from  the  mixture. 
The  ammonia  set  free  by  the  lime  is  caught  by  the  acid  phosphate, 
and  fixed  as  ammonium  phosphates.  Since  the  use  of  acid 
phosphate  with  cyanamid  imposes  a  limit  of  less  than  150  lbs. 
of  cyanamid  per  ton  of  mixture  it  is  not  possible  to  reach  a  large 
enough  quantity  of  cyanamid  in  such  mixtures  to  cause  a  loss 
of  ammonia.  Hence,  in  all  commercial  acid  phosphate  mixtures, 
made  with  due  regard  to  the  necessity  of  keeping  the  phosphoric 
acid  available,  there  is  no  possibility  of  liberation  of  free  am- 
monia. 

SPECIAL   ADVANTAGES 

It  may  not  be  amiss  here  to  name  the  special  advantages  that 
commend  the  use  of  cyanamid  to  the  fertilizer  manufacturer: 
(1)  It  is  a  low-priced  material;  (2)  It  has  a  powerful  drying- 
out  action  on  damp  materials  used  in  mixtures;  (3)  It  removes 
free  acids  from  the  acid  phosphate,  thus  preventing  rotting  of 
bags,  and  loss  of  nitric  acid  from  sodium  nitrate  in  the  mixture; 

(4)  It  adds  agriculturally  available  lime  to  the  mixture;  and, 

(5)  It  can  successfully  replace  part  or  all  of  the  more  expensive 
organic  materials  in  a  fertilizer. 

SUMMARY 

I — The  cost  of  food  products  in  the  United  States  has  in- 
creased about  twice  as  fast  as  the  cost  of  other  commodities, 
and  about  twice  as  fast  as  the  general  cost  of  living  throughout 
the  world.  This  tendency  can  be  offset  by  an  increased  crop 
production,  which  will  lower  the  price  of  food  products,  and 
hence  the  cost  of  living.  Fertilizers  are  the  most  important 
single  factor  in  increasing  the  crop  production. 

II — Nitrogen  is  the  most  expensive  and  agriculturally  most 
necessary  element  in  commercial  fertilizers.  A  general  reduction 
in  the  cost  of  the  latter  must  come  through  increased  production 
of  nitrogen  at  lower  cost.  The  cyanamid  process  is  probably 
the  cheapest  known  source  of  fertilizer  nitrogen. 

Ill — The  rapid  successful  development  of  the  economically 
important  cyanamid  industry  has  been  full  of  difficulties,  prac- 
tically all  of  which  have  been  overcome  or  minimized  by  paying 
attention  to  the  quantitative  factors  involved. 

IV — The  greatest  common  error  in  the  experimental  testing 
of  cyanamid  has  been  in  the  use  of  excessive  quantities.  When 
used  in  normal  agricultiu-al  quantities,  the  results  are  entirely 
satisfactory. 

V — All  difficulties  from  the  farmer's  standpoint  are  removed 
by  the  complete  reaction  of  the  cyanamid  with  acid  phosphate 
in  commercial  mixtures.  Such  mixtures  consume  practically 
all  of  the  American  output  of  cyanamid. 

VI — Cyanamid  has  several  special  advantages  as  an  ingredient 
in  mixed  fertilizers. 
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It   is   common  knowledge   that  literature   records  numerous 

instances  of  checks   or  lapses   in   the   development   of  various 

industries  or  arts.     In  the  field  of  starch  products,  the  maltose 

industry  is  an  example  of  this  sort.     Its  existence  has  become  so 


obscure,  as  to  have  practically  disappeared  from  the  public  eye. 
An  examination  into  this  decadence,  and  as  to  whether  or  not 
it  has  been  a  simple  case  resulting  from  a  survival  of  the  fittest, 
seems  very  timely,  especially  because  of  its  direct  bearing  on 
the  justifiabUity  of  glucose,  which,  as  a  product  and  as  a  com- 
mercial term,  is  still  in  active  controversy.  Sufficient  references 
will  be  found  appended  to  supply  an  introduction  to  the  existing 
literature. 

With  the  possible  exception  of  Japan,  where  malt-converted 
or  maltose  products  have  been  highly  esteemed  since  remote 
antiquity,  cane  sugar  has  generally  served  as  the  standard  of 
artificial  sweetening,  from  a  very  early  time.  About  the  be- 
ginning of  the  nineteenth  century,  owing  to  the  high  cost  of  the 
established  industrial  sugar  and  the  persistence  of  the  sweetening 
habit,  attention  became  effectively  awakened  with  regard  to 
possible  substitutes. 

This  condition  became  greatly  intensified  in  Europe.  About 
the  year  1809,  France  felt  the  vital  need  of  some  new  commercial 
product  that  would  more  or  less  replace  or  "piece  out"  cane  sugar. 
This  particular  situation  was  a  result  from  the  bearing  of  the 
Empire's  prolonged  conflicts  with  England  upon  its  supply  of 
Colonial  sugar.  Ingenuity  and  invention  were  stimulated  by 
means  of  national  premiums  offered  for  cane  sugar  substitutes, 
and  the  grape  was  very  hopefully  regarded  as  a  source  from 
which  an  easy  and  abundant  supply  of  "saccharine  matter" 
could  be  had.  In  fact,  the  first  prizes  were  directed  toward 
competition  in  respect  to  syrups  and  sugar  from  grapes.  A 
little  later,  as  this  source  was  found  to  be  impracticable,  special 
inducements  were  extended  to  cover  any  one  who  might  dis- 
cover "the  easiest  and  cheapest  process  for  making  syrups, 
which  shall  be  most  like  those  from  cane."  Thus  it  was  a  general 
but  more  particularly  a  National  necessity  which  demanded  a 
cheap  and  easily  obtainable  substitute  for  cane  sugar.  Without 
a  doubt  these  were  the  stimulating  incentives  that  led  to  the 
discovery  of  the  availability  of  starch  as  an  economical  source 
of  syrups  and  solids  which  were  more  or  less  sweet. 

The  acid  process  for  the  "saccharification"  of  starch,  or 
rather  of  starch  pastes,  was  the  first  in  the  field.  Credit  for 
this  discovery  and  the  consequent  facilitation  of  an  industry 
dealing  with  the  commodity  now  so  long  known  as  glucose,  is 
generally  conceded  to  Kirschhoff,  in  the  year  181 1.  The  prin- 
ciple of  action  upon  which  this  process  depends  is  a  non-selective 
or  general  one — that  is,  as  opposed  to  specificity — and  essentially 
for  this  reason  it  was  relatively  simple  to  develop  its  practice 
to  a  point  where  the  products  were  easy  and  cheap  to  produce 
as  compared  with  cane  sugar. 

When  the  Continental  Blockade  was  raised,  the  pressure  of 
necessity  for  sugar  substitutions  was  very  materially  reduced. 
The  impetus,  however,  already  given  to  the  glucose  industry, 
sufficed  to  establish  a  stronghold  for  it  upon  the  imagination 
and  life  of  the  people.  The  idea  was  especially  attractive,  be- 
cause of  the  great  novelty  of  a  ready  supply  of  cheap,  sweet 
products  of  great  apparent  prospects.  The  development  of 
the  beet  sugar  industry  likewise  exerted  a  sharp  influence  in 
minimizing  the  popular  demand  for  sucrose  substitutes.  At 
this  period  it  should  be  remembered  that  the  science  of  carbo- 
hydrates and  proteins  was  in  its  infancy,  as  was  also  true  of 
dietetics  and  physiological  chemistry. 

It  was  not  until  very  considerably  later  that  the  European 
maltose  industry  began  to  spontaneously  develop;  that  is 
to  say,  its  inception  quite  lacked  the  special  features  of  forced 
opportunity  and  the  support  of  an  ovation  accompanying  an 
apparently  unique  realization,  under  which  the  glucose  process 
was  conceived  and  fostered. 

The  characteristic  sugar  of  malt -converted  products,  more 
difficult  to  study  than  the  sugar  glucose,  was  not  discovered 
by  De  Saussure  until  the  year  1819.  It  remained  until  1847  but 
imperfectly    discerned,    when    Dubrunfaut    carried    recognition 
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very  much  further  and  gave  to  this  carbohydrate  individual 
the  name  maltose  which  it  now  bears.  Although  this  well 
defined  work  upon  the  part  of  Dubrunfaut  became  obscured 
and  the  facts  were  not  rediscovered  by  O'SuIlivan  until  later 
years,  nevertheless,  Dubrunfaut  himself  seems  at  the  time  to 
have  had  some  very  clear  impressions  in  regard  to  the  natiu-e 
and  significance  of  the  syrups  and  sugars  which  starch  was 
capable  of  yielding. 

However,  this  may  have  been,  industrially  speaking,  except 
with  regard  to  Japan,  it  is  to  Dubrunfaut  that  credit  appears 
to  be  due  as  having  been  the  pioneer  in  the  development  of  malt- 
converted  syrups  and  sugars.  Cuisenier  became  associated  with 
him,  and  it  was  mainly  owing  to  these  two  workers  that  the 
application  of  the  commercially  designated  maltose  products 
reached  the  stage  attained  about  the  year  1883. 

The  establishment  of  glucose  had  introduced  a  new  factor 
into  a  situation  theretofore  dominated  by  the  products  of  the 
cane.  The  new  physical  properties  of  the  starch  syrup,  that 
had  become  commercially  entrenched,  had  led  to  a  number  of 
attractive  developments  in  candies,  confections,  etc.,  not  practic- 
able before.  Hence  it  was  that  maltose  found  itself  competing 
in  two  totally  different  directions:  with  glucose  against  sucrose 
on  the  one  hand,  and  on  the  other  by  itself  against  its  starch 
derived  predecessor. 

Great  difiiculties  were  encountered.  Although  recognition 
of  various  merits  of  the  new  commodities  was  readily  secured, 
the  processes  in  use  stubbornly  resisted  every  attempt  to  equalize 
the  manufacturing  expense  with  glucose  costs. 

ANALYSIS   OF   PIONEER   MALTOSE   PROCESSES 

The  methods  that  have  been  and  to  a  limited  extent  still  are 
employed  in  the  manufactvu-e  of  industrial  maltose  may  be  di- 
vided, in  a  general  way,  into  two  classes. 

One  depended  upon  the  use  of  very  crude  starchy  materials 
such  as  ground  maize,  corn  grits,  etc.,  while  the  other,  by  far 
the  less  successful,  apparently  began  operations  with  a  more  or 
less  impure  starch-flour.  In  either  event  large  proportions  of 
malt  were  required  to  effect  amylolysis.  From  fifteen  to  twenty- 
five  per  cent  of  barley-malt  (dry  basis)  reckoned  on  the  starchy 
base  may  be  taken  as  representing  that  industrial  factor. 

The  general  nature  of  the  established  processes  is  well  known, 
and  need  not  be  particularized  here.  Details  vary,  but  all 
include  four  essential  manufacturing  stages,  namely.  Aqueous 
Cooking,  Sacdiarification,  Refining,  and  Concentration;  and 
these  remain  to  be  dealt  with  by  any  specific  starch  saccharifica- 
tion  process  yielding  edible  syrups  and  solids,  except  perhaps 
some  future  electro-magnetic  method  which  may  act  effectively 
upon  ungelatinized  starch  granules,  in  the  presence  of  neutral 
or  conducting  water. 

The  basic  materials  were  all  thick-boUing.  By  this  is  meant 
that  constituent  starch  granules  were  not  modified :  they  remained 
in  their  original  state  as  regards  well  known  paste-forming 
properties.  This  was  a  fundamental  impediment.  It  was  not 
surmounted  and  from  its  very  nature,  as  will  be  shown,  its  dis- 
advantages could  not  be  overcome. 

The  chemical  and  physical  properties  connotated  by  the 
thick-boiling  type  of  the  liiaterials  operated  on,  imposed  a  num- 
ber of  grave  peculiarities  upon  the  established  processes.  Owing 
to  this,  aside  from  the  bearing  of  any  other  condition,  it  was 
mechanically  impracticable  to  reach  cooking  concentrations 
which  were  at  all  comparable  with  the  densities  of  first  "light 
liquors"  of  the  glucose  industry.  Especially  was  this  the  case 
when  using  more  or  less  impure  thick-boiling  or  unmodified 
starch  itself,  freed  from  the  protecting  influence  of  enclosing 
cellular  tissue,  thus  allowing  viscosity  effects  to  fully  develop. 
Such  a  factor  of  a  greatly  depressed  limit  to  initial  concentration, 
is  fatal  to  any  process  wherein  low  cost  of  evaporations,  and 
plant  and  labor  minimums,  are  elements  in  economic  practice. 
Low  as  the  mechanical  limit  was,  it  could  not  be  utilized  be- 


cause of  the  restrictive  influence  of  various  chemical  and  physical 
properties  associated  with  the  thick-boiling  character  of  the 
crude  unmodified  bases.  Working  concentrations,  in  terms  of 
starch  represented  in  the  pastes,  as  established  by  cooking 
operations,  needed  to  be  held  to  a  minimum,  in  order  to  insure 
good  carbohydrate  yields,  even  though  more  than  liberal  use  of 
malt  in  subsequent  treatments  was  resorted  to.  Higher  initial 
concentrations  lead  inevitably  and  progressively  to  restriction 
of  diastatic  reactivity,  and  the  presence  of  amylaceous  end 
products  or  residues  of  a  very  slimy  and  refractory  nature. 
These  remainders  (the  old  so-called  insoluble  starch-cellulose, 
etc.),  in  addition  to  entailing  very  material  direct  economic  loss, 
adversely  affected  filtrations  to  a  hopeless  extent. 

At  this  point  it  should  be  recalled  that  in  dealing  with  aqueous 
starch  pastes,  in  conjunction  with  characteristic  barley-malt 
amylase  (homogenous  or  composite  as  it  may  be)  the  early  stages 
of  amylolysis,  comprising  extension  of  simplification,  hydration, 
and  solution,  are  the  most  difficult  for  the  enzyme  to  effect. 
It  should  also  be  remembered  that  restrictive  limits  or  tendencies 
are  encountered  depending  upon  the  conditions  of  existence 
of  the  starchy  colloids,  and  more  or  less  hydrated  granule  residues, 
that  may  contribute  to  the  composition  of  any  given  paste. 

It  may  be  here  generally  stated,  that  the  controlling  con- 
ditions involved  contain  two  factors  which  are  to  an  extent 
independent  and  of  different  significance:  one  being  the  quali- 
tative and  quantitative  extent  of  hydration  of  the  complex 
starchy  basis  of  the  pastes,  and  the  other  the  freedom,  relative 
or  actual,  of  the  water  present,  a  condition  orJy  in  part  associated 
with  the  total  water. 

Extensive  hydration  and  great  freedom  of  suflicient  water 
are,  of  course,  favorable  to  enzymic  amylolysis,  and  these  de- 
siderata are  facilitated  by  low  cooking  densities,  as  is  well  known. 

Thus  it  was  owing  mainly  to  the  above  outlined  circumstances, 
among  them  some  not  obvious  or  apparent  in  work  conducted 
at  ordinary  laboratory  concentrations,  that  in  the  best  practice 
the  use  of  thick-boiling  bases  continued  to  require  large  pro- 
portions of  malt  and  low  cooking  densities  for  even  adequate 
completion  of  solution  of  the  cooked  pastes. 

Use  of  large  proportions  of  malt,  as  demanded  by  the  irrational 
base,  was  an  incurable  disadvantage  in  itself.  It  was  expensive 
in  first  cost.  It  contributed  large  percentages  of  objectionable 
nitrogenous  and  some  other  extractives  to  the  sweet  liquors 
in  process,  and  this  contamination  alone  sufficed  to  fix  a  quality 
of  crudeness  and  carbohydrate  inconsistency  upon  the  finished 
products,  despite  elaborate  and  expensive  refining.  The  business, 
moreover,  was  encumbered  and  handicapped  in  a  number  of 
ways,  through  the  necessity  of  dealing  with  the  excessive  malt 
factor  in  a  manner  compatible  with  the  conservation  of  a  general 
enzymic  agent  and  the  recovery  of  an  equivalent  of  its  own  as- 
sociated starch. 

Crudeness  in  the  raw  starchy  materials,  in  lacking  purity 
for  the  purpose,  was  an  additional  basic  obstacle.  The  supei"- 
fluous  constituents  tended  to  impede  operations  and  promotfe 
losses  in  devious  ways.  In  addition  to  the  fact  that  they  seriously 
increased  the  difficulty  and  cost  of  refining,  in  the  end  various 
contaminating  effects  could  not  be  eliminated  from  the  finished 
products.  The  large  percentages  and  easily  decomposable 
character  of  the  major  impurities  present  contraindicated  any 
advantages  that  might  have  been  apparent  through  acidic  cook- 
ing, as  a  means  of  starch  liquefaction  in  the  manufacture  of  high- 
grade  maltose  products  of  great  purity,  for  reasons  that  may  be 
readily  understood,  though  such  considerations  may  ver>' 
limitedly  apply  in  alcohol  and  other  manufacture. 

It  follows  then  that  the  practice  of  ordinary  aqueous  cooking, 
commonly  under  steam  pressure,  was  a  limit  largely  imposed 
by  the  impurity  of  the  raw  materials.  It  was,  however,  a  defect 
of  primary  magnitude,  owing  to  its  leaving  the  starch  paste 
and  granule  debris  in  such  physical  and  chemical  shape  that 
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work  of  great  difficulty  still  remained  for  the  malt  to  do,  re- 
quiring impracticably  large  percentages  of  that  commodity. 

An  additional  word  may  not  be  superfluous  as  regards  the 
mechanical  limits  set  to  cooking  as  controlling  initial  concen- 
tration. Some  exception  might  seem  to  exist  in  the  case  of 
comparatively  pure  starch  or  starch-flour  in  the  unmodified 
condition.  It  might  reasonably  appear  that  acidic  cooking 
should  be  advantageous  in  that  instance,  at  least,  as  it  might 
enable  the  starch  equivalent  content  to  be  adequately  increased 
by  addition  of  the  raw  material  during  cooking,  without  ex- 
ceeding mechanical  practicability,  because  a  free  acidity  would 
tend  to  maintain  a  thinning  down  effect  upon  the  charge.  The 
answer  is  that  irrespective  of  the  accentuation  of  evils  already 
indicated  that  would  follow  from  the  application  of  a  method  of 
general  hydrolysis  to  the  crude  impurities  still  associated  with 
the  starch,  it  is  not  advantageous  to  so  influence  the  density 
of  the  cooking  charge,  inasmuch  as  to  avoid  incomplete  cooking 
on  the  one  hand,  or  overcooking  on  the  other,  hydrolytic  action 
upon  all  of  the  cooking  starch  should  begin  and  cease  at  sub- 
stantially the  same  time.  This  requirement  may  be  clearly 
recognized  as  imperative  in  connection  with  the  enzymic  manu- 
facture of  typical  maltose  products,  as  compared  with  the  rel- 
atively unimportant  influences  of  abnormal  conversions  carried 
out  in  glucose  practice. 

To  sum  up,  it  may  be  stated  that  the  pioneer  maltose  pro- 
cesses, without  exception,  developed  and  declined  while  shackled 
by  some  or  all  of  the  limiting  conditions  which  may  now  be 
outlined  as  follows: 

1.  The  basic  materials  were  all  thick-boiling. 

2.  They  were  impure. 

3.  Cooking  treatments  were  necessarily  restricted  essentially 
to  disintegrating  effects,  and  ordinary  paste  formation. 

4.  Prohibitive  proportions  of  malt  were  required. 

5.  Soluble  imptuities,  or  rather  undesirable  organic  and 
inorganic  constituents,  were  introduced  and  developed  during 
process  to  a  ruinous  extent. 

6.  Evaporations,  size  of  plant  for  a  given  output,  the  labor 
involved,  etc.,  were  all  excessive  owing  to  unavoidably  low  initial 
concentration. 

7.  Refining  was  expensive  and  incomplete. 

8.  The  products  were  crude  and  relatively  costly,  and  hence 
of  limited  utility. 

PARTIAL   FAILURE   OF    GLUCOSE    PROCESSES 

As  already  mentioned  the  non-specificity  of  the  principle 
employed  in  glucose  manufacture  made  it  comparatively  easy  to 
develop  the  resulting  type  of  products  so  that  they  were  cheap. 
This  absence  of  specificity,  however,  results  in  the  development 
of  secondary  and  even  more  profoundly  decomposing  actions 
during  the  course  of  transformation  of  the  starch  and  its  as- 
sociated impurities.  Hence  it  is  that  notwithstanding  the  elab- 
orate and  disproportionately  costly  refining  methods  resorted 
to,  as  following  easy  first  steps,  advanced  decomposition  products 
remain  in  the  finished  glucose  to  a  detrimental  extent,  along 
with  the  peculiar  contamination  contributed  by  the  refining 
methods  themselves.  Moreover,  the  non-self-limiting  action 
of  acid  hydrolysis  as  employed,  engenders  special  losses  in  yield 
not  shared  in  common  with  specific  methods.  These  draw- 
backs, which  are  in  excess  of  numerous  other  objections  which 
are  held  by  many  to  attach  to  the  use  of  the  glucosic  type  of 
starch  products  (whether  acid  hydrolyzed  or  not)  as  common 
foods,  and  certain  technical  defects  to  be  mentioned  later,  have 
not  been  mastered  after  a  century's  continuous  experience. 
The  nature  of  the  fundamental  reasons  and  the  inherent  actions 
involved  justify  the  statement,  at  this  late  day,  that  they  are 
not  likely  ever  to  be  mastered. 

Efforts  have  been  made  to  found  methods  and  develop  sac- 
charine commodities  free  from  the  defects  of  acid  saccharification 
processes  and  products,  which  should  be  independent  of  barley- 


malt.  The  commercial  exploitation  of  maize  maltase,  so  as  to 
enzymically  manufacture  glucose,  is  a  case  in  point.  None  of 
these  procedures  have  succeeded  so  well  as  those  utilizing  com- 
mon diastase,  nor  have  any  held  out  the  encouragements  of 
that  ancient  agent  in  effectiveness,  or  in  general  dietetic  de- 
sirability and  type  of  results. 

GENERAL   PRINCIPLES   BEARING    ON    RELATIVE   ECONOMICS 

Apparent  simplification  in  procedure  or  detail  is  properly 
held  to  be  a  criterion  of  industrial  advance.  This  principle, 
however,  is  not  universal,  because  a  real  simplification  in  a 
process  as  a  whole  and  a  reduction  in  costs  may  be  brought 
about  by  radical  changes  which,  superficially  considered,  may 
seem  not  to  bring  the  advance  within  the  general  rule.  More- 
over, as  regards  the  manufacture  of  food  products  there  are 
other  criteria,  and  inherent  standards,  which  in  the  last  resort 
are  quite  extrinsic  to  adventitious  business  policies  and  artificial 
markets.  It  seems  certain,  however,  that  industrial  maltose 
does  not  require  that  exceptions  be  invoked  upon  this  score. 
Apart  from  other  considerations,  glucose  manufacture,  at  least 
as  it  deals  with  maize,  still  retains  an  incubus  in  the  way  of 
secondary  steps  which  are  out  of  all  proportion  to  the  results 
secured,  whereas,  abolishment  of  the  primary  difficulties  of 
pioneer  maltose  processes  will  automatically  reduce  refining 
to  relatively  simple  and  inexpensive  means. 

Although  obvious,  it  may  not  be  superfluous  to  point  out 
that  in  earlier  times,  ordinary  "green  starch"  (notably  from 
maize)  had  not  become  an  easy  fact  of  industry,  and  that  by- 
product economics  had  not  taken  on  the  remarkable  importance 
of  the  present  day.  Certain  limitations  impressed  upon  the 
point  of  view  of  the  older  workers  have  disappeared.  At  the 
early  time  referred  to,  the  idea  of  profitable  carbohydrate  yield 
seemed  to  be  restrictively  associated  with  the  factors  of  extraction 
and  saccharification  in  a  direct  attack  upon  the  starch.  Pre- 
liminary separations,  or  refinements,  were  considered  to  involve 
unjustifiable  economic  waste. 

It  seems  important  to  remark  the  significance  of  the  fact  that 
this  notion  was  also  associated  with  glucose  manufacture,  re- 
maining a  formidable  and  unnecessary  handicap  until  a  very 
recent  date,  and  to  emphasize  the  circumstance  that  despite 
the  late  amelioration  of  this  defect,  so  far  as  practicable,  glucose 
manufacture  remains  heavily  weighted  by  the  requirement  of 
excessive  refining. 

COMPARATIVE    VALtrE    OF    MALTOSES    AND    GLUCOSES 

The  author's  activity  in  the  subject  being  examined  has 
covered  a  considerable  period  of  time,  and  includes  somewhat 
extensive  experimental  and  small  scale  manufacturing  work  of 
an  original  nature,  which  will  be  discussed  in  a  later  paper. 
With  the  exception  of  the  years  1896-7  and  1902,  during  which 
the  preliminary  experimental  steps  were  taken  in  coimection 
with  the  firm  of  Duryea  &  Co.,  in  New  York  and  in  Sioux  City, 
all  the  practical  work  referred  to  has  been  executed  privately 
in  the  author's  personal  laboratories  in  New  York,  during  1904-5, 
and  at  Cardinal,  Out.,  during  the  years  1906-8,  both  inclusive. 
It  seems  ill-advised  to  omit  to  publicly  record  and  submit  what 
appear  to  be  the  more  important  results,  conclusions,  and  views 
attained. 

During  the  year  1896,  the  author  became  convinced  that 
physiological  or  enzymically  manufactured  starch  products  of 
the  maltose  type  were  particularly  adapted  to  direct  dietetic 
uses,  because  of  their  natural  constitutional  suitability.  The 
characteristic  sugar  and  true  physiological  dextrins  of  such 
products  seemed  exceptionally  well  qualified  to  withstand  bac- 
teria as  encountered  in  the  stomach.  In  addition,  they  pos- 
sessed a  blandness  and  non-irritating  quality  with  respect  to 
the  stomach  lining  by  no  means  universally  shared  by  common 
sugars.  Moreover,  while  readily  subject  to  normal  enzymic 
completion  of  availability  at  the  assimilative  portions  of  the 
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alimentary  tract,  nevertheless  they  present  conditions  which 
require  gradual  actions;  there  can  be  no  excessive  rate  and  total 
of  translation  and  delivery  into  the  field  of  active  metabolism 
at  any  point. 

It  would  appear  that  these  ideas,  in  agreement  with  much 
recorded  at  that  time  (1896),  have  been  confirmed  by  the  great 
preponderance  of  subsequent  work  in  physiological  chemistry 
and  in  dietetics.     Enlightened  science  approves  the  normal. 

About  the  year  1907,  the  author  discovered  that  suitable 
maltose  products  possessed  commanding  technical  advantages 
in  the  difficult  and  commercially  important  art  of  hard  candy 
manufacture.  In  order  of  interest,  at  this  juncture  it  may  not 
be  illogical  to  dwell  briefly  on  this  factor,  as  it  may  bear  upon 
the  future  of  industrial  maltose. 

Certain  persisting  difficulties  associated  with  the  manufacture 
and  use  of  the  glucose  type  of  starch  products — particularly 
acid-converted  glucose — are  tolerably  well  known.  These  are 
real  defects,  i.  e..  are  inherent  in  both  manufacture  and  prod- 
ucts. The  extreme  sensitiveness  of  d-glucose  to  merest  traces 
of  alkalies  on  the  one  hand,  and  the  delicacy  of  sucrose  in  relation 
to  acidity  on  the  other,  place  glucose  manufacturers  in  a  quan- 
dary. The  process  employed  makes  it  practically  impossible 
to  regularly  produce  products  which  are  neutral  from  the  points 
of  view  of  both  the  d-glucose  and  sucrose,  regarded  as  raw 
materials  for  hard  candy-making,  unless  sophisticating  sub- 
stances are  added.  The  familiar  sulfurous  friend  of  the  glucose 
industry,  colloquially  known  as  "good  old  dope" — that  is,  sulfites 
in  one  form  or  another  that  are  so  used — thoroughly  exemplifies 
the  desperate  character  of  the  requirement  in  question. 

While  in  principle  maltoses  resemble  glucoses  in  relation  to 
alkalies,  as  compared  with  sucrose,  nevertheless  in  practice, 
according  to  the  author's  experience,  the  greater  inherent 
technical  suitability  of  maltoses  for  use  in  hard  candy-making 
tends,  in  material  measure,  to  protect  these  particular  products 
from  the  mutability  of  typical  physiological  sugars.  Moreover, 
as  perhaps  a  matter  of  minor  importance,  maltose  products, 
during  manufacture,  are  not  necessarily  subject  to  heavy  con- 
tamination by  electrolytes — such  as  sodium  chloride,  thus  in 
this  case  also  being  free  from  a  well  known  misfortune  of  modern 
glucose.  This  particular  defect  of  glucose  results,  of  course, 
from  neutralization  of  the  hydrolyzing  agent  employed.  In 
addition  to  the  influence  of  NaCI  on  the  palatability  of  sac- 
charine products,  it  is  generally  recognized  to  have  an  inverting 
effect  upon  sucrose,  under  conditions  of  candy  manufacture. 

Aside  from  consideration  of  limitations  in  the  manufacture  of 
the  ingredients  used,  hard  candies  must  not  only  be  dry  and  non- 
caramelized  when  made,  but  they  must  remain  dry — that  is, 
must  not  become  sticky.  Assuming  everything  else  to  be  equal, 
typical  maltose  products  of  suitable  type  do  not  need  sophistica- 
tion, and  tend  to  yield  permanently  dry  candies,  as  contrasted 
with  the  divergent  properties  of  glucose.  That  this  is  a  basic 
condition  is  subject  to  proof  by  experimental  candy  manufacture 
using  chemically  pure  d-glucose  and  maltose,  as  the  author  has 
done.  Pure  maltose-sucrose  and  pure  rf-glucose-sucrose  candies 
stand  customary  cooking  conditions  equally  well,  and  are  very 
white  and  dry  when  made.  Subjected  to  a  test  of  artificial 
moistening,  the  author  has  found  that  such  maltose  candies 
dried  out  perfectly  under  usual  room  conditions  and  did  not  show- 
any  signs  of  "running."  On  the  other  hand  the  li-glucose  candies, 
submitted  to  the  same  tests  at  the  same  time,  exhibited  a  strong 
disposition  to,  dissolve  and  spread,  did  not  completely  dr>'  out, 
and  remained  sticky — until  finally  the  free  water  was  taken  up 
by  crystallization,  quite  ruining  salable  appearance.  Glucose 
products  tend  towards  deliquescence;  maltose  products  exhibit 
a  drying  nature.  It  may  be  that  in  the  presence  of  suitable  other 
carbohydrates,  and  under  appropriate  conditions,  the  very 
Sjpong  bond  for  water  which  characterizes  the  sugar  maltose 


may  lend  itself  to  thorough  non-aqueous  saturation  by  means 
of  carbohydrate  compounding. 

In  brief,  numerous  practical  candy-cooking  experiments 
conducted  in  the  author's  laboratories  and  elsewhere  have  shown 
that  good  industrial  maltose  products  stand  cooking  heats  as 
well  or  better  than  the  best  glucoses;  a  given  degree  of  hardness 
is  reached  at  lower  temperatures  in  the  case  of  maltose;  maltose 
candies  present  a  more  attractive  appearance  in  the  matter  of 
surface  glaze  or  luster;  are  blander  and  more  luscious  upon  the 
palate — entirely  lacking  the  somewhat  acrid  after-taste  of 
glucose;  and  finally,  as  contrasted  with  glucose,  maltose  candies 
remain  dry  under  all  ordinary  atmospheric  conditions. 

It  may  be  correctly  said  that  the  chemical  individual  maltose 
is  not  so  sweet  as  <i- glucose,  which  in  turn  is  inferior  to  sucrose 
in  this  respect.  Dealing  with  industrial  maltoses  and  glucoses 
this  seeming  deficiency  of  maltose  does  not  appear.  Numerous 
comparisons  on  this  score  between  products  of  approximately 
corresponding  "conversions,"  for  instance,  maltoses  of  (crlo  = 
155°  and  R  =  0.70  on  the  one  hand,  and  glucoses  showing 
about  [ajo  =  138°  and  k  =  0.45  for  organic  solids  on  the  other, 
have  demonstrated  that  the  sweetness  of  the  momentary-  first 
taste  may  be  about  the  same,  but  substantially  from  that  point 
on,  in  the  act  of  tasting  and  consuming,  the  maltoses  are  in- 
dubitably sweeter.  As  thus  compared  without  flavoring  or 
admixture,  high-grade  industrial  maltose  syrups  produce  a 
profound  impression  of  superiority  upon  the  palate.  The  author 
believes  the  greater  sweetness  of  the  maltoses  to  be  due  to  the 
true  physiological  type  of  the  dextrin  components  and  their 
ready  reaction  with  salivary  ptyalin,  thus  rapidly  developing  a 
large  excess  of  total  free  sugar,  as  compared  with  the  glucoses, 
upon  the  surfaces  controlling  the  act  of  taste. 

In  addition  to  the  factors  determining  the  intrinsic  value  of 
the  products,  touched  upon  in  the  foregoing  without  exhaustion 
of  the  list,  another  and  very  general  consideration  remains  which 
cannot  be  neglected.  Whatever  the  reason  or  reasons  may  be. 
glucoses  are  universally  recognized  to  be  imattractive  or  un- 
suitable for  use  alone;  improvement  or  disguise  is  a  pre-requisite 
to  sale  and  consumption,  even  in  such  a  simple  and  direct  ap- 
plication as  involved  in  the  case  of  table  syrups.  It  is  certainly 
a  circumstance  of  extraordinary  significance  that  commercial 
glucose,  after  a  centiu^y  of  continuous  effort  and  applied  ex- 
perience, should  today  occupy  a  surreptitious  or  submerged 
position  among  carbohydrate  foodstuffs. 

Finally,  it  is  perhaps  imnecessary  to  state  that  high-grade 
maltose  syrups  possess  every  physical  advantage  and  keeping 
quality  of  the  best  industrial  glucoses. 

CONCLUSION 

The  examination  embodied  in  this  paper  would  seem  to  show 
that  a  modern  revival  of  industrial  maltose,  if  practicable,  would 
present  many  advantages,  and  furthermore,  that  such  a  develop- 
ment is  by  no  means  fanciful,  provided  only  that  radical  and 
correct  solutions  be  found  for  pioneer  problems.  The  glucose 
industry,  by  nature,  does  not  appear  fitted  to  sur\4ve. 

The  foregoing  review  and  discussion,  and  the  references 
appended  have  seemed  desirable  in  order  to  coordinate  the  sub- 
ject in  outline  in  an  accessible  manner.  The  presentation  is 
intended  further,  in  avoidance  of  excessive  complexity  and  length, 
to  serve  as  an  introduction  for  a  paper  shortly  to  follow,  which 
will  submit  the  ways  and  means  of  the  new  industrial  maltose 
process  which  has  resulted  from  the  author's  study  of  this  special 
aspect  of  an,  to  him.  exceedingly  interesting  field  of  industrial 
chemistry. 

The  subjoined  list  of  references  is  suflicienl  for  an  introduction 
to  the  subject,  in  view  of  the  excellent  bibliographies,  etc.,  con- 
tained in  several  of  the  volumes  noted.  For  first  attention,  the 
author    would    venture    to    particularly    recommend    Effront's 
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(Prescott)  "Enzymes  and  Their  Applications,"  and  Sadtler's 
"Industrial  Organic  Chemistry"  in  so  far  as  it  covers  "Manu- 
facture of  Maltose." 
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MILLING  OF  WHEAT  AND  TESTING  OF  FLOUR' 

By  Harry  McCormack 

There  is  one  great  industry  which  thus  far  has  depended  very 
little  on  the  service  of  the  chemist  and  chemical  engineer  in  the 
preparation  and  marketing  of  its  products.  I  refer  to  the  wheat 
and  floiu"  milling  industry. 

During  the  year  1912,  approximately  400,000,000  bushesis  of 
winter  wheat  valued  at  $323,000,000  and  330,000,000  bushels  of 
spring  wheat  valued  at  $231,000,000  were  produced  in  this  coun- 
try. Practically  all  of  this  wheat  is  marketed  as  such  or  made 
into  floiu-  and  marketed  with  no  particular  reference  to  its  chem- 
ical composition.  No  particular  attention  is  paid  to  the  com- 
position of  wheat  which  is  used  for  seed,  as  the  product  obtained 
from  it  is  sold  on  optical  inspection  rather  than  on  chemical 
analysis. 

The  principal  markets  for  wheat  in  this  country  are:  Chicago, 
Minneapolis,  Duluth,  St.  Louis,  Milwaukee,  Kansas  City  and 
Omaha.  The  rules  of  the  Boards  of  Trade  governing  the  in- 
spection and  grading  of  wheat  received  in  these  markets  are  not 
uniform  so  that  a  dealer  in  Minneapolis  selling  wheat  to  Chicago 
parties  may  have  wheat  of  one  grade  in  Minneapolis  and  find 
that  it  is  wheat  of  another  grade  when  it  reaches  Chicago.  This 
fact  has  accounted  for  much  of  the  difficulty  encountered  by 
grain  dealers  under  inspection  of  Federal  Officials  seeking  to 
enforce  the  Pvu-e  Food  Laws. 

The  grading  of  wheat  on  the  Chicago  market  may  be  taken  as 
typical  of  the  grading  at  all  of  the  principal  markets  mentioned, 
as  the  differences  are  not  very  marked  and  all  of  them  recognize 
the  same  varieties  and  grades  of  wheat,  viz: 

Winter  Wheat,  Spring  Wheat,  Pacific  Coast  Wheat  and  Mixed 
Wheat.  The  Winter  Wheat  is  classified  as:  White  Winter 
Wheat,  under  which  there  are  four  grades  depending  upon  the 
weight  per  bushel  and  the  percentage  of  other  varieties  of  wheat 
present  in  the  mixture;  and  the  same  number  of  grades  of  Red 
Winter  Wheat  and  Hard  Winter  Wheat,  depending  upon  the 
same  conditions.  Under  the  division  of  Spring  Wheat,  we  have 
the  sub-divisions:  Hard  Spring  Wheat,  Nortliern  Spring  Wheat 
of  which  there  are  four  grades:  White  Spring  Wheat  with  four 
grades  corresponding  to  those  under  Spring  Wheat,  Dtu-um 
Wheat  of  which  there  are  foiu'  grades  and  Velvet  ChafT  Wheat 
of  which  there  are  fom-  grades.  The  Pacific  Coast  Wheat  is 
Red  or  White;  each  of  these  have  three  grades,  depending  as 
do  the  other  wheats  on  the  weight  per  bushel  and  the  percentage 
of  dirt  and  mixed  varieties  present  with  it. 

The  grading  of  this  wheat,  as  it  comes  on  the  market,  is  pri- 
marily a  matter  of  the  exercise  of  judgment  on  the  part  of  the 
buyer  and  seller.  Many  times  their  decision  is  at  variance  with 
that  of  the  grain  inspector  or  his  judgment  may  conflict  with 
that  of  either  the  buyer  or  the  seller.  In  such  a  case  there  is 
no  definite  recourse  for  any  of  the  parties  concerned.  The  ques- 
tion can  be  decided  only  by  the  judgment  of  parties  not  interested 
'  Presented  at  the  48th  Meeting  of  the  A.  C.  S..  Rochester,  September 
8-12.  1913. 


in  the  transaction,  but  who  have  no  more  definite  basis  for  their 
opinion  than  have  the  first  parties  concerned. 

This  condition  of  affairs  has  led  some  of  the  large  millers  and 
also  some  of  the  large  grain  companies  to  seek  the  services  of 
the  chemist,  to  see  if  a  more  satisfactory  basis  for  trading  in  wheat 
cannot  be  reached.  The  present  paper  aims  to  present  some  of 
the  problems  encountered  in  the  attack  on  this  problem  and  will 
attempt  to  point  out  some  of  the  conditions  which  it  will  be  nec- 
essary to  meet  before  the  handlin,;  of  wheat  on  a  scientific 
basis  is  possible. 

Grain  dealers  primarily  interested  in  the  establishment  of  a 
scientific  basis  for  buying  and  selling  of  wheat  are  those  who 
really  buy  and  sell  wheat,  not  mere  traders  on  the  Board  of  Trade 
and,  in  addition  to  this,  they  are  the  dealers  whose  trade  is 
largely  with  the  milling  interests.  The  miller,  of  course,  is 
interested  primarily  in  securing  a  wheat  which  will  give  him  a 
satisfactory  flour  with  as  large  a  yield  of  the  better  grades  of 
flour  as  is  possible.  By  the  term  satisfactory  flour,  we  mean  a 
flour  which  corresponds  in  grade  to  the  customary  product  of 
his  mills  and  which  meets  the  demands  of  his  customers.  It 
may  be  a  so-called  Hard  Winter  Wheat  flour,  a  Soft  Winter 
Wheat  flour,  a  Hard  Spring  Wheat  or  a  Soft  Spring  Wheat. 
These  names  are  supposed  to  refer  to  the  wheat  from  which  the 
flour  is  milled,  but  do  not  always.  We  have  many  instances 
in  which  Winter  Wheat  flours  contain  no  Winter  Wheat  and  other 
instances  in  which  Spring  Wheat  flours  contain  no  Spring  Wheat. 
At  the  same  time  these  flotus  must  meet  in  a  general  way  the 
prevailing  demands  for  color  and  texture,  which  are  supposed 
to  be  characteristic  of  flours  milled  from  these  varieties  of  wheat. 

A  person  not  familiar  with  the  variations  in  wheat  composition 
may  be  of  the  opinion  that  wheat  of  the  same  variety,  from  the 
same  locality,  will  not  vary  much  in  composition  from  season 
to  season.  This,  however,  is  incorrect  as  has  been  shown  by  the 
work  of  Le  Clerc  and  others  who  have  studied  the  effect  of  vary- 
ing climatic  conditions  on  the  same  variety  of  wheat.  Further 
than  this  it  has  been  shown  by  the  same  investigators  that  the 
same  variety  of  wheat  grown  in  different  localities  will  change 
very  materially  in  composition.  Taken  in  connection  with  this, 
it  is  necessary  to  state  that  a  grain  dealer  in  the  largest  market 
rarely  has  accurate  information  as  to  the  precise  origin  of  the 
sample  of  wheat  he  is  purchasing.  These  statements  indicate 
the  necessity  for  a  constant  examination  of  the  samples  of  wheat 
being  purchased. 

We  must  realize,  at  once,  that  the  laboratory  milling  of  a 
wheat  cannot  be  done  in  the  same  manner  as  in  the  mills  of  the 
large  floiu"  manufacturers.  We  must  then,  at  the  outset,  take 
into  account  the  fact  that  it  is  impossible  for  us  to  mill  experi- 
mentally a  flour  which  can  be  compared  directly  to  the  flotu" 
produced  in  the  large  mill  and  at  this  point,  it  may  be  well  to 
say  that  the  grading  and  testing  of  flour  is  very  largely  a  matter 
of  comparison.  The  miller  desires  a  wheat  as  has  been  said, 
which  will  give  him  his  customary  flour.  The  wheat  which  will 
do  this  is  determined  by  milling  it  experimentally  and  com- 
paring the  flour  produced  with  the  flour  he  is  producing  in  his 
mill.  This  will  mean  that  if  the  comparison  is  to  give  any  indi- 
cation as  to  the  value  of  the  wheat  in  producing  the  desired  flour, 
the  methods  of  milling  the  wheat  must  be  the  same  at  all  times 
for  the  same  variety  of  wheat.  Any  variation  in  the  milling  will 
produce  a  variation  in  the  flour  and  thus  an  incorrect  opinion 
as  to  the  value  of  the  wheat  may  be  deduced.  This  is  shown 
very  clearly  in  Tables  A  and  Ai  which  give  the  results 
obtained  on  the  same  sample  of  wheat  sent  to  several  laboratories, 
these  being  the  ones  best  known  to  the  milling  trade  and  with 
the  highest  reputation  for  the  character  of  their  work.  These 
tables  show,  very  clearly,  that  each  laboratory  has  its  own 
method  of  milling  and  to  some  extent  its  own  method  of  testing 
a  flour  obtained  by  this  milling.  The  majority  of  laboratories 
milling  wheat  and  testing  flour  have  approximately  the  same 
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laboratory  milling  equipment,  yet  the  way  they  conduct  the  crease  dirt,  a  considerable  portion  of  the  outer  bran  coat  and 
milling  differs  and  leads  in  most  instances  to  quite  different  the  beard  from  the  end  of  the  kernel.  The  scourer  is  capable 
results.  1  at,  e  A  shows  the  comparison  of  the  flours  produced,  of  wide  adjustment  to  suit  various  sizes  of  stock,  and  this  par- 
using  a  soft  Winter  Patent  as  standard.  Table  Ax  gives  the  ticular  machine  was  built  to  scour  as  closely  as  possible  and  also 
com  "uted  "^  comparisons  on  Table  A  were  to  deliver  all  the  product  at  the  exit  openings  of  the  scourer, 
compu  e  leaving  no  residual  material  to  contaminate  the  succeeding  sam- 
The  milling  apparatus  employed  in  preparing  the  flours,  the  pie.  A  sufficient  quantity  of  wheat,  usually  1200  grams  is 
data  upon  which  are  presented  in  this  paper,  is  a  Standard  Type  weighed  out  for  scouring.  The  loss  in  scouring  is  determined 
desc^irdTtThi'stime           ^''""^'"'^'''    """^   ^"''    ^'^"^f°^'^-    ""^  =^°^ -°°  ^^^^  "^  this  cleaned  wheat  is  weighed  out  for  the 

Tab,.«  A-CoMP.HAT.VEFi.onR  Test  Repokts  on  the  Same  Wheat  bv  Dipperent  Laboratories.     Two  Samp.es  op  the  Same  Lot  op  Kansas  No   2 
HD  Furnished  to  Each.     Ai.l  Figures  Reperred  to  Sopt  Winter  Patent  as  100  Per  Cent  Perpect 

Armour  Grain  Co.                             Lab.   C                                       Lab.  D  Lab.   B 

Gluten,  per  cent 9.15                  9.15              Tl                    ^               T^^         '           '^^  '~^^        '           ^7 

^f,'"'P"."°' "•*«                   0.47                    0.44                    0.45                    0.483                   0.466  0  43                   l» 

Absorption,  per  cent 56.0                  56.0                  54.7                  53.8                  54.2                    53.3  57  0                  570 

?°'°^ -■, 'OO"                '00.0                100.0                 100.0                  94.0                    93.0  9     0                  920 

Loaves  per  barrel 102.6                102.6                100.0                  99.7     •           100.0                  100.6    •  1000                100  0 

S'"°f'<«'f 106.0                106.6                  97.9                 101.5                105.2                  100  5  00  0                  ono 

2"^'""°"-' '02.0                ,02.0                                                                    ,00.0                    00:0  985                  98  5 

Averagevalue 102.7                102.7                   ....                    ...                   997                    „g   .  l°l                  '°  ' 

Ferment  period ,00.0                100.0                                                                    ,„0                  ,??o  ,VA 

Quality  of  gluten 103.0                ,03.0                                                                            °                    ^'^  Z.                Z\ 

Per  cent  straight  flour  miUed 65.0                  65.5                  74.5                   75.0                  66:49                  6K02  670                  675 

It  will  be  noted  that  each  laboratory  except  D  nulled  on  the  two  samples  approximatelv  the  same  amount  nf  fl^„r  Th,  „.  u      k.         ..  ■     .     .■ 

the  flour  are  fairly  concordant,  too.  where  the  same  amount  of  flour  is  milled      LaboratoTv  D    with  tonsidTrM            T  "'"It^  obtained  in  testing 
able  variation  on  the  values  reported  for  certain  tests.                                               Laboratory  D,  with   considerable  variation  ,n  milling,  also  shows  consider- 

The  milling  equipment  consists  of  a  special  AUis-Chalmers  Any  successful  milling  of  a  wheat  requires  the  very  gradual 

Experimental  Mill  comprising  three  sets  of  six-inch  roUs  and  a       reduction  of  the  wheat  to  flour  and  it  is  in  this  graduarrefuction 
Jig  bolting  machine.     Two  sets  of  the  rolls  are  corrugated:  one       that  the  experimental  mill  faUs  short  of  what  may  be  accom- 

Thel  rni?  ''  ^Vh'iw     T""  '"'  T^l  't  ""'^  "  '"  "'^  ^°''^-  P"'^'^^   ^'^  ^  commercial   mUling   equipment.     At  the  same 

These  rolls  grind  duU  to  sharp  and  the  fast  roU  runs  a  little  time,  the  experimental  milling  must  foUow  along  the  same  lines 

more  than  twice  as  fast  as  the  slow  one.     The  smooth  rolls  have  as  the  commercial  milling  if  the  flour  obtained  is  to  accurately 

5',     T   f       ^       '°'  "^""^  "'  "^^  ^^^  '°"  "^^^^^  '°  revolutions  represent  the  flour- producing  value  of  the  wheat 
il  or'ovid'ed  hv  To  r"'"  '•     ^"""^T  ^^r'r'''  °f  ''^'^  ^"^  A  somewhat  extended  line  of  experiments  convinced  us  that 

allow  irol^th     7^  rr\T     :  '    '  "^  '"''  '■°"'  "''''^'^       ''  '^  ''''''''''^  *°  ^^'^^'^^  f°^  ^^^"^  ^'^i-ty  "f  ^'h-^^t  approximately 
allow  the  rolls  to  be  adjusted  so  that  they  are  in  the  same  plane,       the  quantity  of  straight  flour  we  desire  to  produce  from  it  and 

T*B«     Al-REPORTS  ON   M.I.L.NG   AND   BAKING  TESTS  ON   THE  SamE  WhEAT  BV  DiPPERENT  LABORATORIES.       EacH   SENT    Two  SaMP.ES    OP    THE  LoT  OP 

Kansas  No.  2  HD 
Armour  Grain  Co.  Lab.   D  Lab.   B  Lab.  C 

Wheatprotein 10.9  10.7    "     '     10.6  ,1.0    ~  iTJl  '         ^  1^^  '         ITT 

Zl        "^     , '•'"  '-'2  I'O  1.60  1.55  1.575  ,73  ^73 

Wheat  moisture ,2.5  ,2.7  „.o  10.3  8.68  9.18  122  12'" 

MlI,LING    TbsT 

Wt.  wheat  milled,  grams 1000.0  1000.0         2000.0  2000.0            985.0  975.0  800  0  800  0 

I  3  Coarse 

Passes  on  rolls <  2  Medium  Same  6  Coarse  6  Coarse  3  Coarse 

(  7  Smooth  9  Smooth  10  Smooth  12  Smooth  ^^"^ 

Wt.  of  bran    grams 297.0  283.0               78.0  85.0             250.0  250.0  200  0  200  0 

Wt.o    shorts,  grams 53.0  62.0            258.0  258.0              80.0  ,30.0  650  MO 

Wt.  of  flour,  grams 600.0  622.0          1490.0  ,502.0            655.0  595.0  535  0  5«0 

^""^P™'"" 9. ,5  9,5              9.5  9.0                9.33  9.57  93  gl 

^r  ; "*"  "■*'  °«  0.44  0.483  0.466  0«  olj 

Flour  moisture ,2.48  ,2,8  ,2.80  ,2.50  12.25  12.50  ,3  2  ill 

Baking  Test 

r-LTj"" ■ '^■°  ''°  '*■'  "■«  5*2  53.3  57  0  57  0 

Noorrisr""-™" '%l  '':°  '''■"  "«°  '^'O  .50.0  ,80:o  .,80.0 

^"'"""t^'" •    «*:■     «:■'     .86:0     ,93:0     9o;o        86:0        .o'l        ,020 

F^our  per  oaf.  grams 340.0  .MO.O  340.0  .MOO  340.0  340  0  3500  '  Iso'o 

Wt.  of  loaf,  grams 490.0  492.0  489  0  487.0  4,0.0  416.0  llso  510:0 

and  by  two  smaller  screws  to  set  them  parallel.     The  rolls  are  then  mill  in  such  u  manner  as  to  produce  the  very  best  flour 

hrown     in"  and  "out '  by  rrieans  of  a  lever.     A  mechanical  jig  possible  from  the  wheat  and  of  the  percentage  pTevious  y  de 

bolting  machine  completes  the  equipment  of  the  mill.     Frames  termined.     Different  varieties  of  wheat  are  capable  of  producfng 

o^  s  andard  bolting-cloths  are  made  to  fit  this  jig ;  and  as  many  as  different  quantities  of  first-class  straight  flour  and  any  attempt 

four  frames  may  be  inserted  at  one  time.  to  p,„duce  more  than  this  percentage  of  flour  from  these  wh"t 

Before  gomg    o  the  mill  the  wheat  must  be  clean,  as  that  will  at  once  lower  the  quality  of  the  flour  secured 

term   ,s  ordinarily   understood.     This   is   usually   accomplished  Our    experimental    work    convinced    us    that    the    Northern 

by  the  use  of  some  sort  of  f..nn,ng  mill,  which  does  not,  however.  Spring  wheats  gave  the  best  straight  flour   when  milled  to  pro 

ZZ   SortoniS   a'"   'i"   "'^""-     '"^   *r^-•'"--^^^   '-^  duce  about  66  per  cent  of  producl     Hard  Winter  w^eat:  Zo- 

Kureka   Horizontal   Close  Scourer  was   used.     It   removes   die  duced  the  best  flour  when  milled  to  about  6.,  per  cent  of  straight 
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flour.  Soft  Winter  wheats  should  not  be  milled  to  produce 
an  excess  of  about  58  per  cent  of  straight  flour.  A  more  intensive 
milling  of  any  of  these  wheats  leads  at  once  to  a  marked  re- 
duction in  color  and  also  to  an  increase  in  the  percentage  of  ash, 
both  showing  that  bran  particles  are  finding  their  way  into  the 
flour.  This  is  most  marked  on  the  Soft  Winter  wheats  and  the 
result  of  a  too  intense  milling  of  a  No.  2  Red  Soft  Winter  Wheat 
is  shown  in  Table  B. 

The  adjustment  of  the  rolls  in  the  experimental  mill  will  be 
determined  by  the  size  of  the  wheat  kernels  being  milled.  The 
wheat  should  pass  through  the  rolls  set  first  so  that  the  wheat 
kernels  will  be  cracked  and  this  as  lightly  as  possible.     They 

Table  B — Milling  Tests  on  Sample  of  No.  2  Red  Wheat 
Showing  the  Effect  of  Too  Intense  MiUing 

Milled  to 65.5       58.5  Color 94.0      101.0 

Gluten 9.6         9.5  Average  value. .  .      95 .  .1       98.5 

Ash 0.43        0.37  Qual.  of  loaf 96.5      100,5 

should  then  be  brought  closer  and  closer  together  until  they 
finally  run  almost  touching  as  the  wheat  receives  its  final  milling 
on  this  set  of  rolls.  After  each  passage  through  the  roUs,  the 
product  goes  to  the  sieves.  Our  customary  arrangement  of 
the  sieve  is  to  place  at  the  bottom  of  the  jig  a  No.  ii 
flour  sieve,  on  top  of  this  a  No.  34  bran  sieve  and  on  top  of  this 
a  No.  16  or  No.  i8  coarse  bran  sieve.  In  the  first  set  of  rolls 
only  the  product  remaining  on  the  upper  sieve  is  remilled. 
When  the  milling  has  been  completed  on  the  first  set  of  rolls, 
which  will  be  accomplished  in  about  three  passes,  the  material 
remaining  on  both  of  the  bran  sieves  is  passed  to  the  second  set  of 
rolls.  About  three  passes  on  these  wiU  be  suflicient.  The  ma- 
terial from  both  the  first  and  second  bran  sieves  is  then  weighed  up 
and  discarded  from  further  milling  operations.  Up  to  this 
time,  only  a  very  small  percentage  of  flour  has  been  produced 
and  has  f  oimd  its  way  from  the  floiu"  sieve  to  the  receptacle  provided 
for  it.  The  material  remaining  on  the  floiU"  sieve  then  passes 
to  the  smooth  rolls  for  final  milling.  In  our  laboratory,  it  is 
customary  to  pass  the  material  through  the  smooth  rolls  eight 
times,  with  sieving  between  each  passage  and  with  the  space 
between  the  smooth  rolls  being  made  smaller  and  smaller. 
Practically  all  of  the  flour  is  produced  in  this  milling  on  the  smooth 
rolls.  The  material  remaining  on  the  flour  sieve  after  this  mUling 
is  weighed  up  and  discarded.  The  material  which  has  passed 
through  the  flour  sieve  is  resifted  through  a  No.  13  flour  sieve 
to  remove  some  of  the  bran  particles  and  dirt  which  may  have 
escaped  the  No.  1 1  sieve  and  is  weighed  to  give  the  percentage 
of  flour  produced.  The  flour  produced  in  this  way  should  be 
very  uniform  in  texture  and  color,  and  should  be  entirely  free 
from  any  specks  of  bran  or  dirt. 

The  flour  thus  produced  will  compare  very  favorably  with 
the  straight  flour  produced  in  any  commercial  mill.  It  will, 
of  course,  not  be  equal  to  the  patent  flour  marketed  from  a 
commercial  mill,  as  this  patent  floiu:  is  made  by  taking  the 
straight  flour  milled  and  by  subjecting  it  to  a  system  of  air  sep- 
aration and  seiving  to  remove  much  of  the  bran  particles  and  some 
of  the  germ,  which  otherwise  find  their  way  into  the  straight 
flour.  The  patent  flour  will  vary  with  different  mills  and 
brands  all  the  way  from  45  per  cent  to  90  per  cent  of  the  straight 
flour  milled. 

The  milling  description,  which  has  been  given,  applies  to 
wheats  which  have  recently  been  harvested  and  which  contain 
their  normal  moisture  content.  In  case  the  wheat  has  been 
harvested  for  some  months  and  has  lost  a  considerable  per- 
centage of  its  normal  moisture,  it  is  necessary  to  add  water  to 
the  wheat  and  allow  this  water  to  be  taken  up  by  the  wheat 
before  milling.  This  process  is  known  as  tempering  and  is  for 
the  purpose  of  softening  the  bran  layers  so  that  they  will  flatten 
out  in  the  rolls  instead  of  cutting  up. 

The  methods  of  milling  are  stated  because  they  are  the  ones 


we  found  best  and  not  because  we  believe  it  is  impossible  to  im- 
prove on  them.  These  methods  are  suggested  for  use  until 
better  ones  are  devised  and  until  the  various  laboratories  can 
agree  on  a  common  method  of  milling. 

At  present  each  laboratory  is  a  law  unto  itself  in  its  methods 
of  milling.  They  are  like  us,  they  know  their  methods  are  best 
and  have  no  use  for  the  methods  used  in  any  other  place .  Many 
of  them  seem  to  think  the  milling  of  wheat  is  a  secret  process 
and  thus  instead  of  disclosing  in  their  reports  the  methods  of 
milling  employed  in  producing  a  flour,  the  testing  of  which  is 
covered  in  report,  the  report  is  formulated  in  such  a  way  as  to 
conceal  as  much  of  the  process  as  is  possible. 

This  led  us  to  send  out  some  samples  of  wheat  to  certain  lab- 
oratories, these  samples  being  accompanied  by  a  data  sheet  such 
as  we  desired  fiUed  out.  Most  of  the  laboratories  supplied  the 
data  requested,  but  from  some  of  them  we  were  never  able  to 
secure  statements  covering  their  methods  of  operation  which 
were  complete  enough  to  enable  us  to  make  an  intelligent  com- 
parison between  their  methods  and  results  and  the  methods  and 
results  as  obtained  by  ourselves  and  others.  The  data  we  were 
able  to  seciure  is  shown  on  Tables  A2  to  A5  inclusive. 


Table  A2 — Comparison  of  Reports  on  the  Same  Lot 
Different  Laboratories 


Wheat 


No.  2  Spring  Wheat  Milling,  Baking  and  Chemical  Data 


Lab.  A  Lab.  C    Lab.  B 

13. 1        13.8 

1.8          1 . 88 

11.2        12.2 

2000 .0     800 . 0 

3  Coarse 
12  Smooth 

93.0     200.0 

298.0       65.0 

1487.0     535.0 

12.6        12.3 

0.50       0.45 

12.7        13.2 


Grain  Co. 

Wheat  protein 14.3 

Wheat  ash 1.87 

Wheat  moisture 12.1 

Milling  Test 
Wt.  wheat  milled,  grams 1000.0 

I  3  Coarse 
Passes  on  rolls <   2  Medium 

V  7  Smooth 

Wt.  of  bran,  grams 297.0 

Wt.  of  shorts,  grams 53  . 0 

Wt.  of  flour,  grams 632.0 

Flour  protein 1 2 .  75 

Flour  ash 0.49 

Flour  moisture 1 1 .  56 

Baking  Tests 

Absorption 56.0 

Time  of  max.  exp..  min 181.0 

No.  of  rises 2.0 

Vol.  of  loaf,  cu.  in 88 . 2 

Flour  per  loaf,  grams 340 . 0 

Wt.  of  loaf 494.0 


67.0 
125.0 


38.0 
100.0 


56.8 
310.0 


203.0 
340.0 
494.0 


61.0 
205.0 
3.0 
109.0 
350.0 
515.0 


It  is  our  opinion  that  most  of  the  variations  shown  throughout 
this  data  sheet  are  due  to  variations  in  miUing,  as  when  we  sent 
out  floiu-  samples  for  comparative  tests  the  results  were  more 
concordant. 

The  determinations  made  in  the  chemical  analysis  of  the 
flour  are:  ash,  moisture,  total  nitrogen,  and  on  some  samples 
gliadin  nitrogen. 

These  determinations  were  made  in  the  customary  way.  It 
is,  therefore,  unnecessary  to  describe  them  further  than  the 
following  comments: 

Ash  can  best  be  determined  in  an  electrically  heated  muffle 
furnace,  first  at  a  low  temperature,  then  increasing  to  a  full  red 
heat. 

Moisture  can  best  be  determined  using  a  glass  tube  to  contain 
the  sample:  a  tube  about  '/j  X  3  inches  is  used  and  placed 
in  the  oven  horizontally.  After  drj'ing  it  must  be  weighed  in 
a  telescopic  weighing  tube  as  it  is  highly  hygroscopic. 

Some  trouble  was  experienced  in  the  distillation  for  the  nitrogen 
determination  when  a  certain  type  of  safety  bulb  tube  was  used. 
Some  of  the  alkaline  liquor  was  invariably  carried  over;  it  is 
recommended,  therefore,  that  only  the  form  known  as  the  Hop- 
kins safety  bulb  tube  be  used. 

These  determinations  are  made  use  of  in  the  valuation  of  a 
flour  about  as   follows:   the  ash  tells  us  in  a  rough  way  about 
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how  much  of  the  bran  has  found  its  way  into  the  straight  flour 
milled,  as  the  patent  flours  have  the  lowest  ash  of  any  on  the 
market.  The  patent  flours  made  from  the  different  varieties 
of  wheat  have  somewhat  nearly  a  constant  ash  and  by  comparing 
the  ash  of  our  straight  flours  with  those  of  the  patent  flours 
obtained  from  corresponding  varieties  of  wheat,  we  have  a  mea- 
sure of  the  value  of  a  wheat  which  is  being  tested  for  its  production 
of  patent  flour. 

The  moisture  determination  is  used  in  calculating  all  of  the 


Table  A3 — Comparison 

OF  Reports 

ON    THE 

Same    Lot 

OF  Wheat    b 

Different  Laboratories 

No.  2  Red  Wheat 

Milling,  Baking 

:ar 

id  Chemical  Data 

Armour 

Grain  Co 

Lab, 

,  A 

Lab.  D 

Lab.  B 

\\   i 

11    33 

11.30 

i.g.'i 

10.7 

1.55 
8.45 

1.82 

11.8 

Milling  Test 

Wt.  wheat  milled,  grams. 

. ..    1000.0 

975.0 

800,0 

Passes  on  rolls 

i  3  Coarse 

. .  <  2  Medium 

V  6  Smooth 

6  Coarse 
10  Smooth 

3  Coarse 
1 1  Smooth 

.  .  .      303».0 

290.0 

195.0 

Wt.  of  shorts,  grams 

47.0 
.  ..      606.0 

80.0 
605.0 

70.0 

535.0 

9.58 

9.41 

9.6 

Flour  ash 

0  47 

0.45 
12.25 

0.39 

11.32 

12.65 

Baking  Test 

Time  of  max.  exp..  min .  . 

...       174.0 

113, 

0 

14.0 

150.0 

No   of  rises     

1.0 

34. 

5 

4.0 
96.0 

3   0 

Vol.  of  loaf,  cu.  in 

. ..        78.5 

102,2 

Flour  per  loaf,  grams.  .  .  . 

. ..      340.0 

100. 

0 

340.0 

350.0 

Wt.  of  loaf 

. ..      492.0 

415.0 

510.0 

Table  A4 — Comparison  of  Reports  on  the  Same  Lot 
Different  Laboratories 


No.  2  Spring  Wheat 


Spring  Patent  as  Standard 


Armour 

Grain  Co. 

12.75 

0.45 

56.0 

100.0 


Lab.  A    Lab.  C 


Gluten,  per  cent 

Ash,  per  cent 

Absorption,  per  cent 

Color 

Loaves  per  bbl 

Size  of  loaf '.  . 

Quality  of  loaf 100.0 

Average  value 98 . 7 

Fermenting  period 100.0 

Quality  of  gluten 100.0 

Per  cent  straight  flour  milled 65.0 


67.0 
87.0 
101.8 


0,50 
56.8 
98.0 


100.0 


Lab.  B 

12.3 
0.45 
61.0 
98.0 
99.4 

100.0 
98.5 
97.7 

103.6 
96,6 
67.0 


Table  A5 — Comparison  of  Reports  on  the  Same  Lot  c 
Different  Laboratories 
No.  2  Red  Wheat 

Armour 

Grain  Co.     Lab.  A  Lab.  D 

Gluten,  per  cent 9.58            ...  9.68 

Ash,  per  cent 0.47            ...  0.45 

Absorption,  per  cent 54.5              62.0  51.6 

Color 102.0             95.0  95.5 

Loaves  per  barrel 100.0             98.3  99.6 

Size  of  loaf 99.0             90.7  112.4 

Quality  of  loaf 101.2               97.0  100.0 

Average  value 100.5              95.4  101.6 

Fermenting  period 100.0            132,8  111.0 

Quality  of  gluten 98,5               89.3  109.8 

Per  cent  straight  flour  milled.        65.0              45.0  62.05 

samples  tested  to  a  constant  basis  of  moisture  content.  It  is 
also  used  in  calculating  the  quantity  of  water  absorbed  by  the 
flour  in  the  preparation  of  a  dough  of  standard  consistency. 

The  nitrogen  determination  is  on  the  same  basis  as  the  ash 
determination.  It  is  a  comparison  between  the  nitrogen  of  the 
straight  flour  and  that  of  the  patent  flour  prepared  from  the 
same  varieties  of  wheat.  As  the  nitrogen  on  the  whole  wheat 
is  higher  than  in  either  the  straight  flour  or  the  patent  flour 


Lab.  B 
9.60 
0,39 

57.0 

94.0 
100.0 
100.0 

99.0 

98.2 
102.7 

97.4 

67.0 


prepared  from  it,  the  value  of  the  wheat  as  a  source  of  patent 
flour  varies  inversely  as  the  ratio  between  nitrogen  in  straight 
flour  and  nitrogen  in  patent  flour. 

The  determination  of  gliadin  nitrogen  is  made  in  order  to 
compute  the  ratio  between  total  nitrogen  and  gliadin  nitrogen. 
In  general,  the  higher  this  ratio  the  higher  is  the  quantity  of 
the  flour.  Whole  wheat  flours  have  the  lowest  gliadin  number 
and  there  is  a  constantly  increasing  ratio  from  the  whole  wheat 
up  to  the  patent  flour.  Some  determinations  of  total  nitrogen, 
gliadin  nitrogen  and  the  gliadin  numbers  are  shown  in  Table  C. 

The  testing  of  the  flour  for  its  bread- producing  qualities  is 
carried  out  in  all  of  the  laboratories  in  about  the  same  way  and, 
as  previously  stated,  there  is  not  much  difiiculty  in  getting 
concordant  results  from  diff'erent  laboratories  working  on  the 
same  sample  of  flour. 

The  determinations  made  in  the  baking  test  are  absorption, 
color,  the  size  of  the  loaf,  the  texture  of  the  loaf  and  fermenting 
period,  and  from  these  determinations  are  calculated  the  loaves 
per  barrel,  the  average  value  of  the  flour  and  the  quality  of  the 
gluten.  The  absorption  is  expressed  as  the  quantity  of  water 
necessary  to  add  to  a  hundred  parts  of  flour  to  make  a  dough  of 
standard  stiffness.  The  other  figures  are  comparative  using 
the  standard  floiu"  as  loo  per  cent  on  each  of  the  items  mentioned. 

There  are  two  general  types  of  dough-handling  adapted  to 
the  baking  of  tinned  bread.  These  are  generally  known  as  the 
"sponge"  method  and  the  "straight  dough"  method. 

In  the  sponge  method  somewhat  less  than  one-half  of  the 
flour  is  mixed  with  an  equal  weight  of  water  and  all  other  in- 
gredients. It  is  then  allowed  to  ferment  for  I'/i  to  2  hours, 
depending  on  the  type  of  flour,  and  is  then  mixed  with  the  re- 
mainder of  the  flour  and  water  to  make  a  dough  of  the  proper 
consistency.  It  is  then  allowed  to  rise  twice  and  is  formed  into 
loaves,  placed  in  the  pan  in  which  it  is  to  be  baked,  and  allowed 
to  rise  a  definite  amount.  It  is  then  baked.  The  complete 
operation  takes  about  4'/2  horn's. 

The  straight  dough  method  is  in  general  the  same  as  the  sponge 
method  with  the  omission  of  the  sponging  stage.     In  other  words 

Tabl^    C — Protein    and    Gliadin    Determinations  with    Calculated 


Gliadin  Nr 


Description  of  wheat  from 

which  flour  is  made       1 
No.  I  Hard  Spring 

1102 

1108 
No.   1  VELVET  Chaff 

1103 

1109 
No.   1   Blue  Stem 

1104 

1111 
Duluth  No.    1   North 

1105 

1107 
No.   1   Hard  Spring 

1106 

1110 
Spring  Pat.  (purchased) 


11.8 
11.9 


6.62 
6.70 


6.97 
6.90 


6.92 
6.92 


6.92 
6.87 


61.1 
59.5 


58.6 
58.1 


60.0 
60.0 
68.5 


the  dough  is  mixed  to  the  proper  consistency  for  baking  at  the 
very  start  of  operations  instead  of  after  a  sponging  stage.  This 
naturally  subtracts  the  time  of  sponging  from  the  operation 
and  enables  a  far  larger  number  of  samples  to  be  handled. 

In  fact,  with  the  same  equipment,  it  has  been  found  that  just 
double  the  number  of  samples  can  be  handled  in  one  8-hour  day 
if  the  straight  dough  method  is  used  instead  of  the  sponge 
method.  The  quality  of  the  loaves  will  be  uniformly  slightly 
lower,  but  the  results  being  comparative  with  each  other,  this 
cannot  affect  the  test. 

For  the  above  very  potent  reasons,  the  straight  dough  method 
is  used  in  our  laboratorv. 
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THE   BAKING    TEST 

METHOD — A  modification  of  the  baking  tests  as  outlined  in 
Bulletin  117  of  the  Kansas  State  Agricultural  College  was  used, 
because  several  things  were  thought  necessary  to  bring  the  test 
into  such  form  that  its  results  would  more  closely  give  the  actual 
commercial  value  of  the  flour. 

For  instance  it  was  found  that  some  flours  from  the  red  wheats 
of  the  southern  states  could  not  be  baked  satisfactorily  by  the 
above  original  method,  whereas  they  are  used  to  good  results  in 
practice.     The  modification  that  follows  gives  very  good  loaves. 

In  making  baking  tests  on  different  flours  it  is  above  all  de- 
sirable that  the  test  should  be  so  conducted  that  the  differences 
in  the  results  should  be  caused  by  the  inherent  qualities  of  the 
flour  and  not  by  variations  due  to  the  method  employed.  How- 
ever, in  practice  the  skilled  baker  adapts  his  method  to  suit  the 
different  flours  he  uses,  and  he  remedies  the  defects  in  the  flour 
so  some  extent  by  the  method  of  baking  he  uses.  Therefore  it 
has  been  the  writer's  aim  to  conduct  these  tests  in  such  a  way  as 
to  get  as  good  bread  as  possible  from  the  different  flours,  and  if 
necessary  to  vary  the  method  of  baking  in  some  slight  details 
to  be  able  to  do  this.  That  such  a  method  will  yield  results 
that  more  closely  approximate  the  results  the  flour  is  going  to 
give  in  actual  use  is  apparent. 

The  actual  baking  and  its  associated  tests  were  made  as  follows ; 

THE  STRAIGHT  DOUGH  TEST — In  these  tests  "dough"  means  a 
flour  mixture  that  has  been  subjected  to  a  short  period  of  fer- 
mentation and  baked  as  soon  as  the  dough  has  risen  a  standard 
amount.  This  amount  is  fixed  by  preliminary  trial  and  is  uni- 
form in  all  these  tests.  The  short  period  of  fermentation  varies 
from  I  to  3  hours  and  is  secured  by  using  fresh  yeast  in  large 
quantities. 

Before  making  the  dough  we  must  know  the  percentage  of 
water  that  the  flour  will  absorb  to  be  of  correct  stiffness.  This 
is  found  by  weighing  out  30  grams  of  the  flour  into  a  strong 
teacup  and  running  in  distilled  water  from  a  burette  until  the 
resultant  dough  is  "right."  The  best  test  that  the  dough  is 
"right"  is  to  put  it  on  the  bottom  of  the  cup  in  the  form  of  a 
round  ball  and  watch  it  for  about  3  minutes.  If  it  gradually 
settles  down  until  it  touches  the  rim  of  the  circle  on  the  bottom 
of  the  cup  it  is  satisfactory.  If  it  stays  in  the  original  shape 
it  is  too  stiff,  whereas  if  it  quickly  subsides  and  overlaps  the 
edge  of  the  cup  it  is  too  thin.  This  test  will  be  found  to  be 
sensitive  in  careful  hands  to  within  V4  cc.  on  30  grams  of  flour. 
The  water  that  the  flour  absorbs  is  figured  in  percentage. 

Now  the  dough  can  be  made:  340  grams  of  flour,  10  grams 
of  sugar,  and  5  grams  of  salt  are  weighed  out.  The  amount  of 
water  as  determined  by  the  absorption  test,  less  50  cc,  is  also 
measured  out.  The  flour  is  placed  in  the  pan  in  which  it  is  to  be 
baked  and  placed  in  the  constant  temperature  oven  until  it  reaches 
35°  C.  As  many  grams  of  yeast  as  are  necessary  for  the  whole 
batch  of  loaves  are  weighed  out  and  dissolved  in  enough  cold 
water  to  just  be  able  to  draw  out  50  cc.  of  the  resultant  solution 
for  each  batch  of  dough:  10  grams  of  yeast  should  in  this  way 
get  into  each  batch  of  dough. 

When  the  flour  is  warmed  to  the  right  temperature  it  is  re- 
moved from  the  oven  and  two-thirds  of  it  is  placed  in  a  dish. 
The  water  as  measured  out  is  heated  to  42  °  C.  and  the  sugar  and 
salt  dissolved  in  it.  Then  exactly  50  cc.  of  the  yeast  solution 
are  withdrawn  in  a  pipette  and  added  to  the  sugar  and  salt  solu- 
tion. The  temperature  of  the  resulting  mixture  should  be  very 
close  to  35°  C.  This  liquid  mixture  is  then  added  to  the  flour. 
The  resultant  batter  is  beaten  up  with  a  large  spoon  or  spatula 
until  there  are  no  more  lumps,  which  usually  takes  about  2  min- 
utes. The  remainder  of  the  flour  is  then  added  and  the  dough 
mixed,  first  by  means  of  spatulas  and  then  the  hands,  to  a  ball 
of  well  kneaded  consistency.  After  this  operation,  which  usually 
takes  but  two  or  three  minutes,  the  dough  is  placed  back  in  its 
pan,  which  has  been  buttered  in  the  meantime,  and  put  back 


in  the  rising  oven  where  it  is  kept  at  35°  C.  The  dough  is 
weighed  at  this  time  to  ascertain  the  loss  during  the  kneading. 
This  loss  is  unavoidable,  and  usually  is  about  15  grams.  It  is 
due  mostly  to  evaporation  of  moisture  and  sticking  of  some  dough 
to  the  hands. 

The  dough  is  now  allowed  to  rise  the  standard  amount  and 
if  it  is  a  very  weak  flour  from  a  soft  wheat,  it  is  immediately 
baked,  but  if  the  flour  has  any  reasonable  strength  it  is  knocked 
down,  rekneaded,  and  allowed  to  rise  a  second  time,  and  at  the 
termination  of  this  rise  if  the  dough  of  one  of  the  loaves  shows 
signs  of  collapsing  that  loaf  is  then  baked,  otherwise  a  third  rise 
is  used.  Most  flours  coming  from  sound  wheats  will  stand  three 
rises;  they  will  even  need  them.  The  times  of  rising  are  carefully 
noted,  and  all  loaves  are  baked  exactly  30  minutes  at  238°  C. 
About  V2  to  '/t  of  an  hour  after  the  loaf  has  been  standing  in 
the  open  air,  it  is  weighed,  and  this  weight  is  recorded  as  the 
weight  of  the  hot  loaf.  This  must,  of  course,  be  corrected  for 
the  small  amount  of  dough  lost  in  the  kneading.  • 

In  measuring  the  volume  of  the  loaf  it  is  put  in  an  oblong 
box  that  already  contains  some  turnip  seed.  Then  the  box  is 
filled  with  the  seed,  gently  rapped,  and  the  seed  leveled  off  at 
the  top.  The  seed  is  poured  out  and  weighed,  and  from  the 
weight  of  seed  that  the  box  will  contain  when  there  is  nothing 
but  seed  in  it,  the  volume  of  the  loaf  can  be  obtained,  since 
the  volvune  of  the  box  is  known.  This  method  has  been  found 
to  be  accurate  to  within  5  grams  of  seed,  which  correspond  to 
about  2-5  cu.  in.  in  volume. 

The  volume  should  be  measured  approximately  one  hour  after 
removing  the  loaf  from  the  oven  as  it  will  shrink  more  and 
more  the  longer  it  stands. 

GLUTEN  EXPANSION  DOUGH  TEST 

This  is  for  the  purpose  of  testing  the  quality  of  the  gluten 
and  checking  the  relative  fermentation  period  of  the  flour. 
The  procedure  is  identical  with  that  for  the  straight  dough 
except  that  100  grams  of  flour  are  used  instead  of  340  grams,  and 
the  other  ingredients  in  proportionate  amounts.  At  the  point 
where  the  regular  dough  would  be  panned,  this  dough  is  placed 
in  the  bottom  of  a  well  greased  glass  cylinder  which  is  at  a  tem- 
perature of  35°  C.  and  placed  in  the  rising  oven  at  35°  C. 

For  the  first  hour  no  attention  is  required,  but  after  that  the 
height  of  the  dough  and  the  time  should  be  recorded  every  15 
minutes ;  and  later  when  it  is  evident  that  the  dough  is  near  its  maxi- 
mum volume,  every  five  minutes.  When  the  dough  just  begins 
to  fall  the  volume  and  time  are  noted.  From  the  difference  in 
initial  and  final  volumes  the  relative  qualities  of  the  glutens  are 
calculated.  Since  we  start  with  the  same  amount  of  flour,  the 
quality  of  the  gluten  itself  will  be  equal  to  the  net  rise  divided 
by  the  per  cent  gluten  in  the  sample.  This  figure  is  then  re- 
ferred to  the  similar  figure  of  the  standard  flour  on  a  percentage 
basis. 

Another  method  of  performing  this  test  which  seems  to  yield 
more  definite  results  uses  the  gluten  itself  instead  of  the  dough. 
For  this  purpose  the  gluten  is  washed  out  of  the  flour  in  the  usual 
way,  and  then  10  grams  of  each  gluten  are  placed,  wet,  in  a  tin 
cylinder  i  inch  in  diameter  and  placed  in  the  bake  oven  at  200°  C. 
It  will  be  found  that  the  gluten  will  expand  and  after  twenty- 
five  minutes  will  have  formed  a  porous  column  within  the  tin. 
The  height  of  this  column  will  be  directly  proportional  to  the 
quality  of  the  gluten. 

In  making  all  these  tests,  there  is  selected  and  tested  at  the 
same  time  a  flour,  the  baking  qualities  of  which  are  known. 
The  results  are  compared  on  a  percentage  basis  and  in  this  way 
the  unknown  flour  is  judged. 

We  are  led  from  our  laboratory  experience  to  make  the  sug- 
gestion that  some  form  of  mechanical  kneading  apparatus 
which  can  be  kept  at  constant  temperature  should  be  used  in 
all  of  the  kneading  operations.  If  this  is  not  done,  there  is 
considerable  chance   for  variation   in  the  results  obtained   for 
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fermenting  period,  texture  and  size  of  loaf.  We  also  suggest 
that  the  color  be  determined  on  the  sami^les  of  flour  rather  than 
on  the  bread  and  that  this  color  be  determined  with  an  instrument 
such  as  the  Lovibond  tintometer  and  that  it  be  expressed  in  the 
number  of  standard  color  used  rather  than  by  any  percentage 
system  which  may  be  based  on  the  standard  flour.  At  present 
there  seems  to  be  a  difTerent  method  of  expressing  color  in  use 
l)y  each  laboratory  engaged  in  flour  testing. 

We  may  sum  up  the  results  we  have  been  able  to  obtain  in 
our  exijerimental  work  on  the  milling  of  wheat  and  testing  of 
flour  by  saying  that  we  are  able  to  secure  results  which  are 
satisfactory  to  us  in  showing  the  flour-producing  quahties  of 
any  wheat.  We  shall  qualify  this  statement  by  saying  that, 
at  the  present  time,  it  is  very  difficult  to  express  our  results  in 
such  a  way  that  they  will  convey  an  adequate  understanding 
of  these  results  to  other  parties  such  as  millers  or  flour 
jobbers. 

The  primary  object  of  this  paper  is  to  present  the  need  for 
uniform  methods  to  be  employed  in  the  milling  and  testing 
operations  and  a  uniform  method  of  expressing  the  results  ob- 
tained so  that  any  party  receiving  a  report  from  any  laboratory 
on  any  particular  wheat  or  flour,  will  be  able  to  read  this  report 
intelligently  and  to  compare  it  with  any  other  report  which  he 
may  receive  from  this  or  any  other  laboratory  on  the  same  sample 
of  wheat.  It  is  impossible  to  interest  the  millers,  or  to  any 
considerable  extent  the  grain  dealers,  in  the  testing  of  wheat 
and  flour,  until  they  are  able  to  obtain  concordant  and  satis- 
factory reports  on  any  sample  which  they  may  submit. 

The  first  move  in  the  satisfactory  solution  of  this  question 
must  be  made  by  the  chemist  and  the  chemical  laboratories  who 


are  seeking  the  trade  of  the  grain  dealer  and  the  miller.  The 
importance  of  this  work  may  be  inferred  to  some  extent  by  stating 
that  on  single  days  in  the  past  year  one  firm  of  grain  dealers 
disposed  of,   to  millers,   more  than  200,000  bushels  of  wheat. 

Another  factor  which  enters  into  the  importance  of  such  work 
is  that  in  many  years  the  wheat  crops  of  certain  localities  are 
short,  while  an  abundance  of  wheat  of  a  different  variety  may  be 
obtainable  from  other  sections.  This  is  very  well  illustrated 
by  the  conditions  of  the  past  year,  when  the  winter  wheat  crop 
throughout  the  country  was  unusually  low.  Millers  using 
quantities  of  Winter  Wheat  in  their  milling  mixture  had  to  pay  a 
considerable  premium  above  the  normal  price  of  wheat  to  secure 
varieties  of  wheat  they  desired.  In  some  instances  this  premium 
amounted  to  16  cents  per  bushel  or  S160.00  per  car.  Substitutes 
for  the  desired  varieties  of  wheat  were  consequently  in  demand 
and  these  substitutes  also  brought  a  considerable  premium  in 
price,  ranging  from  8  to  16  cents  per  bushel. 

You  will  note,  therefore,  that  any  grain  company,  which  by 
the  service  of  its  chemist  may  be  able  to  pick  up  any  quantity 
of  these  wheats  so  much  desired  by  the  millers  will  thus  make 
a  handsome  profit  above  the  expense  cormected  with  the  opera- 
tion of  a  laboratory. 

The  extension  of  the  wheat  and  flour  testing  will  undoubtedly 
be  determined  by:  (i)  The  ability  of  the  chemists  to  agree 
upon  a  uniform  method  for  conducting  the  testing  and  in  ex- 
pressing their  results;  (2)  The  ability  of  the  chemists  to  convince 
the  grain  dealer  and  the  miller  of  the  profit  which  may  be  derived 
from  a  satisfactory  knowledge  of  the  wheat  being  purchased. 

Armour  Institute  of  Technology  Laboratories 
Chicago 
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FULLER'S  EARTH 

According  to  official  figures  as  given  in  the  Oil,  Paint  and 
Drug  annual  report,  the  value  of  Fuller's  earth  produced  in  the 
United  States  in  igi2  was  $305,522,  and  Florida  was  the  leading 
producing  State.  The  principal  use  of  Fuller's  earth  in  this 
country  is  in  the  bleaching,  clarifying  or  filtering  of  fats,  grease 
and  oils.  The  market  for  Fuller's  earth  was  quiet,  but  steady 
through  the  year,  and  prices  varied  according  to  quality.  Im- 
Iiorts  of  Fuller's  earth  for  the  fiscal  year  with  comparisons  were : 


1913 16,866 

1912 16,17,5 

1911 15,81.1 

1910 13.192 

1909 11 ,489 


Values 
SI45.588 
138,111 
125,899 
118,956 
100.269 


FINANCIAL  AND  LABOR  CONDITIONS  ON  ENGLISH 
RAILROADS 

In  an  editorial  comment  on  the  railway  situation,  during  the 
past  year  in  England,  Engineering  (London),  97  (1914),  322, 
publishes  the  following: 

"The  past  year  has,  on  the  whole,  been  a  very  prosperous 
one  for  the  railways,  but  the  gross  increases  have,  to  a  very 
large  extent,  been  swallowed  in  additional  charges.  The  Lon- 
don and  North-Western  Railway  Company,  for  example,  have 
had  a  record  year:  the  net  receipts  amounted  to  830,722,786, 
which  is  an  increase  of  $4,525,000.  Expenses,  however, 
increased  by  $3,472,600,  of  which  a  very  large  fraction  is 
attributable  to  increased  wages.  The  Great  Western  Rail- 
way Company's  receipts  again  showed  an  increase  of  $5,194,350 
on  the  year.  At  the  same  time  charged  increases  by  $3,482,300. 
These  figures  may  be  taken  as  fairly  typical.     The  increased 


wages  cost  is,  of  course,  not  wholly  due  to  increased  rates  of 
pay  or  shorter  hours,  but  in  part  to  the  necessity  of  employing 
additional  hands  to  meet  the  necessities  of  the  exceptional  trafiic. 
Such  additional  labor  is  necessarily  somewhat  inefficient,  and 
a  feeling  of  good  comradeship  also  has  its  effect  in  inducing  the 
old  hands  to  slack  off  a  little,  so  as  to  avoid  the  risk  of  "working 
the  new  men  out  of  a  job."  In  the  case  of  the  London  and  North- 
Western  Company,  for  example,  of  the  two  and  one-half  million 
dollars  total  increase  in  the  pay  bill,  only  one  and  one-half 
million  was  due  to  the  extra  rates  of  pay.  The  companies  have, 
of  course,  to  pay,  in  addition,  insurance  charges,  which  in  the 
case  of  the  London  and  North- Western  line  were  equivalent  to 
nearly  i  per  cent  on  the  net  receipts.  The  total  wages  bill 
is  equivalent  to  about  one-fourtli  the  gross  receipts.  The  4 
per  cent  increase  in  rates  demanded  by  the  railway  companies 
is  claimed  to  be  very  far  from  meeting  the  increased  wages  cost. 

"The  very  large  amount  of  capital  which  must  be  ventured 
to  provide  employment  for  one  railwayman  is  truly  remark- 
able— averaging  about  $10,000  per  head.  This  is,  of  course, 
out  of  all  proportion  greater  than  in  other  large  industries,  and 
the  tendency  is  for  it  to  increase.  In  the  shipbuilding  industx)' 
the  capital  risked  per  workman  amounts  to  no  more  than  S900, 
according  to  an  estimate  made  by  Dr.  J.  Inglis. 

"One  of  the  great  problems  of  the  day  is  the  arrangement  of 
some  reasonable  modus  vivendi  with  labor.  Notices  for  the 
termination  of  the  existing  agreement  as  to  conciliation  boards 
have  been  handed  in  pretty  generally.  To  no  small  extent  the 
difticulty  with  labor  resides  in  the  circumstance  that  while  the 
men  demand  more  wages,  the  capital  for  necessary  extensions 
and  developments  can  only  be  obtained  if  these  wages  are  actually 
earned.  The  men,  however,  in  many  cases  object  to  the  adop- 
tion of  the  only  means  by  which  this  desideratum  can  be  attained, 
since  every  improvement  in  operating  methods  devised  by  the 
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administration  of  a  railway  line,  by  enabling  more  work  to  be 
done  per  head,  checks  temporarily  rates  of  promotion.  Hitherto, 
undoubtedly,  there  has  been  somewhat  too  great  a  tendency  to 
substitute  regulations  for  explanations,  and  to  adopt  generally 
the  attitude  of  the  Roman  centuriop.  Direct  access  to  officers 
or  directors  with  powers  of  initiative  may  do  much  to  make 
matters  work  more  smoothly,  and  many  of  the  companies  are 
proceeding  on  these  lines.  On  the  Great  Eastern  Railway, 
for  example,  the  company  is  represented  on  the  Conciliation 
Board  by  a  special  director,  and  a  somewhat  similar  policy  is 
being  pursued  by  other  lines.  Much  of  the  trouble  experienced 
in  the  past  has  been  due  to  a  feeling  on  the  part  of  the  men  that 
the  companies  were  evading  the  terms  of  various  awards.  It 
will  be  the  business  of  these  special  diplomatists  to  remove  such 
apprehensions  before  matters  come  to  a  crisis." 


IMPORTS  OF  SPERM  OIL  DURING  1913 

According   to   the   Oil,    Paint   and    Drug   annual   report   the 
importations  of  sperm  oil  during  19 13  were  as  follows: 

Date  Vessel  Barrels 

April  28  Hyanthes 150 

May  25  Richard  W.  Clark 4,150 

June  1  Bark  Alice  Knowles 650 

June  29  Brig  Daisy 375 

July  14  Schr.  Ellen  A.  Swift 450 

August  8  Schr.  A.  W.  Nicholson 550 

August  9  Bark  Chas.  W.  Morgan 1.200 

August  15  Schr.  John  R.  Manta 200 

September  4  Bark  Gay  Head 900 

October  25  Schr.  E.  R.  Smith 4.555 

November  15  Schr.  Richard  W.  Clark 4.425 

November  13  Str.  Berlin 1 .485 

Total 19.090 

Note — On  December  31st,  the  stocks  of  unsold  sperm  oil  in 
New  Bedford  amounted  to  1,100  barrels. 


POTASH  SHIPMENTS  DURING  1914 
Consul-General  R.  P.  Skinner,  Berlin,  Germany,  states  that 
the  executive  authorities  of  the  German  Potash  Syndicate  have 
resolved  to  authorize  the  following  deliveries  for  domestic  and 
foreign  consumption  during  the  year  1914  in  accordance  with 
the  provisions  of  the  potash-syndicate  law  (the  amounts  being 
in  metric  tons  of  pure  potash,  K2O) : 

For  domes-      For  foreign 

tic  con-  consump- 

sumption  tion 

Metric  tons 

Camallite  with  at  least  9  per  cent  and  less  than 

12  per  cent  K20 7.100  100 

Raw  salts  with  12  to  15  per  cent  K2O 339,000  141,100 

Fertilizer  salts  with  20  to  22  per  cent  KiO 2.300  48.300 

Fertilizer  salts  with  30  to  32  per  cent  K2O 4 .  000  16 .  000 

Fertilizer  salts  with  40  to  42  per  cent  K2O.  in- 
cluding potash  fertilizer  with  38  per  cent 

K2O 211.300  67.000 

Chloride  of  potash 69.700  187,500 

Sulfate  of  potash  with  more  than  42  per  cent 

KiO 1.700  55,000 

Sulfate  of  potash-magnesia 200  15  .000 

Total .635.300  531.300 

Grand  total 1  .  1 66 .  600 


highly  successful  results  for  three  years  at  the  works  of  the  Zell- 
stoff-fabrik  Waldhof,  Mannhein  (a  Company  having  a  capital 
of  from  $15,000,000  to  $20,000,000)  and  another  plant  on  Mr. 
Lymn's  system  has  been  buUt  by  his  German  licensees,  Messrs. 
Ehrhardt  and  Sehmer,  for  the  Badische  Anilin-  und  Soda-Fabrik 
of  Ludwigshafen-Rhein — probably  the  largest  chemical  works 
in  the  world.  It  is  interesting  for  us  to  be  able  to  add  that  Mr. 
Lymn's  new  and  improved  system  has  now  been  adopted  by 
the  German  Government  for  their  central  power  station  at 
Heinitz.  This  plant  is  at  first  being  constructed  for  3000  K.W., 
but  it  is  intended  to  double  it  later  on.  It  will  supply  gas  to 
large  engines  built  by  Messrs.  Ehrhardt  and  Sehner." 


BY-PRODUCT  PRODUCERS  IN  GERMANY 

Several  German  companies  have  had  in  operation  for  some 
time  by-product  producer-gas  power  plants  built  according  to 
a  system  invented  by  an  Englishman,  A.  H.  Lymn.  The  Journal 
of  Gas  Lighting  and  Water  Supply,  97  (1914),  715,  says: 

"A  large  plant  on  this  principle  has  been  in  operation  with 


GERMAN  FOREIGN  TRADE  IN  LRON 

In  the  year  1913  Germany's  foreign  trade  in  iron,  like  her 
foreign  trade  as  a  whole,  showed  a  considerable  increase.  Technik 
und  Wirthschaft,  7  (1914),  213,  gives  the  following  data: 

Exports 

1912  1913 

Iron  and  iron  products $296,450,000  $334,800,000 

Machinery 157.575.000  169,600,000 

Totals $454,025,000  $504,400,000 

Imports 

1912  1913 

Iron  and  iron  products $27,550,000  $26,025,000 

Machinery 19,250.000  20.225.000 

Totals $46,800,000  $46,250,000 

In  weight,  the  iron  exports,  exclusive  of  machinery,  reached  the 
figure  of  6,500,000  tons,  while  the  total  output  of  iron  in  Ger- 
many and  Luxemburg  was  19, 100,000  tons  (metric).  The  amount 
exported  was  7.5  per  cent  more  than  in  19 12,  but  the  value  of 
the  exports  showed  an  increase  of  13  per  cent.  The  reason  for 
this  is  that  the  exportation  of  the  cheaper  forms  of  iron  fell  off 

Exports  of  Iron  and  Iron  Products 
Year  Metric  tons 

1911 5,380,000 

1912 6,042,000 

1913 6,497,000 

in  1913,  while  that  of  finished  products  increased  15  to  17  per 
cent.  The  proportion  of  raw  iron  to  the  total  iron  export  was 
13.2  per  cent  and  shows  a  condition  similar  to  that  in  Great 
Britain,  where  the  proportion  of  raw  iron  to  the  total  iron  ex- 
ported sank  from  25.7  per  cent  in  1912  to  22.2  per  cent  in  1913. 
In  the  following  table  Germany's  iron  imports  and  exports  for 
the  last  two  years  are  classified  in  four  groups;  it  will  be  seen  here 
that  the  amount  of  machinery  exported  is  seven  times  as  great 
as  that  imported,  a  great  increase  over  1900,  when  the  exports 
were  only  two  and  a  half  times  the  imports. 

Imports  Exports 

1912  1913             1912  1913 

Raw  iron,  scrap,  etc.  (metric  tons)    493,000  451.000  1,911.000  1.754.000 

Rolling  miUs' products 118,000  125,000  3,304,000  3,801,000 

Machinery 78,000  88,000        537,000  594.000 

Other  products ,       ^3.000  42,000        806,000  943.000 

It  is  noteworthy  that  the  exports  to  Great  Britain,  British 
East  Indies,  East  Asia  and  South  America  have  more  than  made 
up  for  the  falling  off  of  the  exports  to  other  European  countries; 
even  the  small  amount  exported  to  the  United  States  was  doubled. 
The  following  table  shows  the  destinations  and  amounts  of  the 
greater  part  of  the  iron  exported; 

1910  1912                    1913 

Great  Britain 910,000  1,024.000  1,208,000 

Belgium 753.000  798,000             648.000 

Netherlands 386,000  555,000            595.000 

Brazil  and  Argentine  Republic 395,000  381,000             471,000 

Switzerland 262.000  356,000            333,000 
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NATURAL  GAS  IN  CANADA 

Remarkable  progress  is  reported  for  1913  by  the  Canadian 
Western  Natural  Gas,  Light,  Heat  and  Power  Co.  According 
to  the  Journal  of  Gas  Lighting  and  Water  Supply,  97  (1914), 
639,  the  daily  consumption  amounts  to  some  26,000,000  cu.  ft., 
which  is  paid  for  at  the  rate  of  15  cents  per  1000.  The  distri- 
bution has  a  capacity  of  33,000,000  cu.  ft.  daily,  but  enlarge- 
ments are  in  contemplation,  since  500  consumers  are  being  added 
monthly.  The  pressure  in  the  borings  is  over  600  lbs.  per  sq. 
in.,  and  this  is  practically  as  great  as  when  the  well  was  first 
started.  It  may,  therefore,  be  assumed  that  the  supply  will 
last  for  some  years.  The  total  capital  of  the  company  at  the 
end  of  1913  amounted  to  more  than  $9,747,000. 


TAR  AND  BENZOL  PRICES 

The  Journal  of  Gas  Lighting  and  Water  Supply,  97  (1914), 
640,  quotes  an  article  in  the  Journal  filr  Gasbeleuchtung,  in  which 
appears  a  diagram  (drawn  up  by  Professor  Dr.  Ost)  showing 
the  remarkable  fluctuations  in  the  prices  of  tar  and  benzol  be- 
tween the  years  1880  and  1905.  The  price  of  a  ton  of  tar  in 
1880  was  about  30  marks;  in  1883  it  had  risen  to  55;  in  1887 
it  was  down  to  about  16;  in  1892  it  was  up  to  40  again;  from  1889 
to  1905  it  was  round  about  20  marks.  The  variations  in  the 
benzol  curve  are  even  more  remarkable.  Between  1885  and  1886 
the  price  of  100  kg.  dropped  from  400  marks  to  40,  owing  to  the 
advent  of  benzol  washing  in  coke-oven  practice.  In  1890  it 
again  rose  to  1 10  marks;  in  1895  it  was  below  27 ;  and  in  the  next 
year  it  shot  up  to  75  again.  From  1899  to  1905  it  was  fairly 
steady  round  about  20  marks.  The  prices  in  the  London  market 
last  week  were  about  32  marks  per  ton  of  tar,  and  27  to  28  marks 
per  100  kg.  for  benzol. 

DOMESTIC  LIGHTING  FIFTY  YEARS  AGO 

The  Journal  of  Gas  Lighting  and  Water  Supply,  97  (1914), 
516,  quotes  the  following  paragraph  from  The  Builder  for  Feb. 
20,  1864: 

"Of  late,  in  provincial  towns,  and  even  in  some  villages,  gas- 
lights have  been  introduced  into  the  dwellings  of  the  working 
classes — a  practice  which  adds  to  the  cheerfulness  of  homes  and 
is  not  more  expensive  than  candles.  In  Manchester  most  new 
houses,  of  even  the  third  class,  have  gas-pipes  laid  on  at  the  time 
of  building.  In  London  this  is  not  so  generally  done,  even  in 
new  houses  of  this  class;  and  to  lay  the  pipes  to  old  ones,  by  re- 
opening the  pavements,  is  a  seldom  recurring  art.  Of  late, 
however,  lamps  constructed  for  the  use  of  paraffin  or  petroleum 
and  colza  oils  are  coming  much  into  use  in  the  houses  of  the  work- 
ing classes;  and  it  is  stated  that  in  the  longest  days  of  winter, 
when  light  is  needed  from  between  four  and  five  o'clock  p.  M. 
till  between  ten  and  eleven,  and  also  in  the  morning,  the  cost 
is  only  about  8d.  a  week.  Common  candles  would  come  to  about 
a  shilling,  while  the  paraffin  gives  three  or  four  times  the  volume 
of  light  that  could  be  obtained  from  candles  for  that  money." 

GASES  IN  IRON  AND  STEEL 
An  investigation  by  W.  Herwig,  Stahl  und  Risen,  33,  1721, 
on  the  gas  contained  in  blisters  formed  on  steel  plates  during 
rolling  and  annealing  is  quoted  in  the  Journal  of  Gas  Lighting 
and  Water  Supply,  97  (1914),  502.  This  gas  consists  chiefly 
of  nitrogen.  The  gases  evolved  during  the  solidification  of  iron 
immediately  after  tapping  from  the  blast-furnace  include  large 
quantities  of  hydrogen  and  carbon  monoxide;  white  iron  contains 
more  hydrogen,  and  hot-blast  gray  iron  more  carbon  monoxide. 
By  heating  in  a  current  of  hydrogen,  the  nitrogen  in  steel  turn- 
ings was  reduced  from  0.022  to  0.006  per  cent;  and,  though 
it  was  not  increased  by  heating  in  a  current  of  nitrogen,  yet 
from  a  mixture  of  nitrogen  and  hydrogen  in  equal  proportions 
a  steel  was  obtained,  in  one  case  with  as  much  as  0.052  per  cent 
of  nitrogen.     The  autlior  considered  that  similar  action  takes 


place  in  the  converter.  A  steel  containing  0.04  per  cent  of  nitro- 
gen, when  tested,  broke  without  elongation,  but  was  improved 
by  prolonged  annealing. 

THE  CINEMATOGRAPH  IN  RESEARCH 

In  an  extremely  interesting  lecture  before  the  Frankisch-Ober- 
pfalzischer  Section  of  the  Verein  deutscher  Ingenieure  [Zeit- 
schrift  des  Ver.  deut.  Ing.,  58  (1914),  268],  Dr.-Ing.  Hanz  Goetz 
outlined  the  part  cinematography  had  played  in  scientific  and 
technical  research  and  suggested  some  of  the  things  that  may  be 
expected  of  it  in  the  future.  After  an  introduction  giving  sta- 
tistics, describing  apparatus  and  outlining  the  history  of  the 
invention,  the  lecture  takes  up  the  position  of  moving  picture 
photography  among  the  means  of  reproducing  phenomena  to 
the  census.  It  differs  from  other  means  in  that  it  correlates 
two  of  the  basic  quantities  that  physics  deals  with,  time  and 
extension  in  space. 

The  most  obvious  way  in  which  the  cinematograph  may  act 
as  an  aid  to  science  is  in  recording  rare  phenomena  such  as  scenes 
in  the  life  of  seldom  seen  or  difficultly  accessible  animals,  unusual 
surgical  operations,  etc. — fields  in  which  considerable  success 
has  been  attained.  Its  usefulness  only  begins  here,  how- 
ever. Just  as  the  scale  of  objects  may  be  varied  when  they  are 
represented  graphically,  so  the  time  scale  of  actions  may  be 
changed  when  they  are  represented  by  the  cinematograph. 
By  an  increase  in  speed.  Professor  Pfeffer,  of  Leipzig,  has  been 
able  to  reproduce  in  three  minutes  a  ten-day  period  of  growth 
of  a  horse-chestnut  twig;  pictures  for  this  reproduction  were 
taken  at  five  minute  intervals.  A  large  field  for  the  study  of 
the  growth  of  both  plants  and  animals  is  thus  opened  up.  Just 
as  slow  motions  can  be  hastened  so  that  it  is  possible  to  see  the 
total  effect  in  a  truer  perspective,  so  it  is  possible  to  retard  and 
analyze  quick  movements,  and  the  limits  are  only  those  of  the 
speed  with  which  the  pictures  can  be  taken.  With  the  most  re- 
fined mechanical  devices  it  is  not  possible  to  take  more  than  250 
pictures  per  second,  but  by  illuminating  the  moving  object  with 
regularly  succeeding  electric  sparks  and  photographing  on  a  film 
moving  continuously  rather  than  intermittently,  it  was  found 
possible  to  increase  the  number  of  exposures  to  2000  per  second. 
BuU  has  studied  the  flight  of  insects  in  this  manner. 

From  an  engineering  point  of  view  the  cinematograph  has  been 
most  useful  in  studying  projectiles  and  their  effect  on  armor 
plate.  Much  higher  frequencies  bad  to  be  used  than  Bull  ob- 
tained, and  the  apparatus  employed  differed  from  his  in  not 
using  a  mechanical  interrupter;  in  series  with  the  illuminating 
spark-gap  was  a  large  condenser,  and  in  parallel  with  it  a  small 
one;  the  large  condenser  is  charged  by  an  induction  machine, 
and  when  it  is  discharged  the  small  condenser  is  alternately 
charged  and  discharged  across  the  gap.  The  period  of  the 
alternations  can  be  judged  with  fair  accuracy  by  the  tone. 
Since  an  explosion  can  take  place  in  the  five-thousandth  part 
of  a  second,  the  speed  of  nine  to  fifty  thousand  exposures  per 
second,  obtained  by  this  method,  is  sufficient  to  furnish  inter- 
esting results.  Since  it  is  obviously  impossible  to  have  the 
camera  near  the  object  photographed,  a  special  arrangement  is 
used. 

The  cinematograph  can  also  be  used  for  making  quantitative 
measurements  of  movements.  The  fall  of  a  body  has  been 
studied  by  photographing  on  the  same  film  the  falling  object 
and  the  hand  of  a  chronograph,  and  in  the  same  way  the  action 
of  a  steam  hammer  has  been  timed. 

In  these  lines  the  cinematograph  has  just  begun  to  be  de- 
veloped, and  offers  great  possibilities  in  solving  problems  deal- 
ing with  time  and  space  in  fields  as  wide  apart  as  engineering 
and  biology,  and  makes  possible  the  study  of  motions  so  slow 
that  it  has  hitherto  been  impossible  to  form  conception  of  their 
whole  meaning,  or  so  fast  that  it  has  been  almost  impossible  to 
form  any  conception  of  them  at  all. 
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CHEMICAL  INDUSTRIES  IN  JAPAN  SINCE  1911 

Japan's  foreign  trade  has  increased  considerably  in  the  last 
year.  Imports  in  1912  amounted  to  $318,000,000,  in  1913  to 
$372,000,000;  exports  in  191 2  amounted  to  $269,000,000,  and  in 
1913  to  $321,000,000.  Chemical  trade  has  in  general  shared 
in  this  increase,  though  the  establishment  of  several  factories 
in  Japan,  financed  chiefly  by  foreign  capital,  has  greatly  cut 
down  the  importation  of  some  substances  such  as  formalin  and 
acetic  and  salicylic  acids.  On  January  i,  191 1,  there  were,  in 
Japan,  470  factories  producing  chemicals  or  related  products; 
of  these  159  manufactured  explosives,  83  oils  and  waxes,  77 
pharmaceutical  products,  21  rubber,  13  toilet  preparations, 
30  soaps.  5  dyes,  49  fertilizers,  and  33  were  unclassified  in  the 
official  statistics.  Germany  and  England  have  furnished  the 
larger  part  of  the  imports,  but  in  the  last  three  years  American 
competition  has  made  itself  keenly  felt. 

The  Chemiker-Zeitung,  in  which  appear  the  above  data, 
publishes  also,  38  (1914).  395.  the  following  table  of  chemical 
imports  for  ign  and  1912: 


Acids:  Boric 

Citric 

Acetic 

Carbolic 

Salicylic 

Tartaric 

Alum 

Ammonium  carbonate 

Ammonium  chloride 

Anilin  salts 

Antifebrin 

Antipyrine 

Bismuth  nitrate 

Calcium  acetate 

Camphor,  borneol,  etc 

Cocaine  salts 

Explosives:  Dynamite 

Detonators 

Other  explosives. 

Formalin 

Gelatin 

Glycerine 


1911 

1912 

66 , 400 

156,450 

191 ,100 

8,750 

9,150 

28.450 

34.050 

49.550 

73,850 

97,800 

132,500 

185,350 

187.600 

620,100 

650.100 

49,450 

125.700 

8.800 

25.650 

46.450 

42,300 

47.850 

8,700 

10.300 

31,750 

76.450 

42.450 

29.250 

38,500 

70.600 

134,100 

135.450 

630,450 

584,200 

564,550 

694.250 

14,950 

689,000 

1 ,633,900 

131,250 

66,800 

1911 

1912 

49,150 

61 ,000 

15.550 

20,000 

5,400 

3,450 

69,500 

135,000 

101.400 

53.850 

24.150 

42.700 

5,650 

400 

34,250 

45,900 

45.950 

25,100 

71,550 

20,450 

19,450 

84,550 

86,100 

177,150 

83,300 

146,000 

41.750 

16,350 

39.750 

82,250 

328,750 

380,050 

71,900 

42,650 

20,150 

50,450 

112,550 

59,550 

32,950 

37,350 

408,100 

393,300 

Guaiacol  carbonate 

Glue 

Magnesium  carbonate 

Milk  sugar 

Morphine  salts 

Phosphorus,  yellow 

Phosphorus,  red 

Potassium  chlorate 

Potassium  bichromate 

Potassium  bromide 

Preparations,  medical,  alcoholic 

Quinine  salts 

Rhubarb 

Santonin 

Senega  root 

Sodium  borate 

Sodium  bicarbonate 

Soda,  caustic,  raw 

Soda  ash 

Chemicals,  aromatic 

Other  chemicals 

Drugs,  etc 


THE  PAPER  INDUSTRY  IN  INDIA 

The  chief  difficulty  the  paper  industry  in  India  has  to  over- 
come is  lack  of  raw  material,  since  no  wood  pulp  is  to  be  had  in 
the  country.  This  lack  is  supplied  partly  by  importation,  partly 
by  the  use  of  native  grasses,  and  largely  by  the  use  of  cotton  rags, 
the  supply  of  which  may  be  judged  from  the  fact  that  in  India 
over  400,000  tons  of  cotton  goods  are  used  armually.  Other 
raw  materials  are  jute  and  hemp,  and  experiments  are  now  being 
made  with  bamboo  and  bagasse,  so  far  without  practical  results. 
The  Chemiker-Zeitung,  38  (1914),  109,  gives  the  following  figures 
for  the  year  191 1:  India  imported  13,500  tons  of  raw  paper 
materials  worth  $530,000,  of  which  5,500  tons  came  from  Sweden, 
5,000  from  England  and  1,600  from  Germany.  The  paper 
consumption  amounts  to  70,000  tons  annually  with  a  value  of 
over  $6,000,000;  of  this  $2,500,000  worth  is  of  domestic  manu- 
facture and  $3,500,000  worth  or  more  is  imported.  In  191 1 
there  were  seven  paper  factories  in  operation  with  a  combined 
capital  of  about  $2,000,000. 


SCIENTIFIC  50CILTILS 


AMERICAN  CHEMICAL  SOCIETY 

FORTY-NINTH  MEETING,  CINCINNATI,  APRIL  6-10, 1914 

PROGRAM  OF  PAPERS 

GENERAL  MEETING 

Addresses  of  Welcome.  Hon.  F.  S.  Spiegel.  Mayor  of  Cincinnati. 
AND  President  Charles  W.  Dabnev.  University  of  Cincinnati. 

Response.  Theodore  W.  Richards,  President  of  the  American 
Chemical  Societ.v- 

The  Chemical  Problems  of  an  Active  Volcano.  (Illustrated.) 
Arthur  L.   Day. 

The  Chemical  Fitness  of  the  World  for  Life.     I,    J    Henderson. 

Flame  Reactions.     W.  D    Bancroft, 

Chemical  Reactions  at  Low  Pressures.     Irving  Langmuir 

AGRICtJLTURAL  AND  FOOD  CHEMISTRY  DIVISION 

Floyd  W.   Robinson.   Chairmayi  Glen   F,    Mason.  Secretary 

1.  Address.      Floyd  W.  Robinson.  Chairman 

2.  Standards  of  Food  and  Drug  Chemists.     Edward  Gudeman. 

3  The  Determination  of  Mixed  Carbohydrates  in  Infant  Foods. 
T.  M.  Rector  and  F,.  B.  Wettenoel. 

4  The  Determination  of  Tannin  in  Tea.     H.  C.  Fullbr. 

5  A  Rapid  Method  for  the  Determination  of  Sodium  Chloride 
in  Butter  and  its  Substitutes.     T.  M.  Rector. 

6  A  Rapid  Method  for  the  Determination  of  Unsaponifiable 
Matter  in  Fats  and  Oils.     T    M    Rector 

7.  The  Determination  of  Caffein  in  Coffee  and  Tea.  II  C 
Fuller. 


8.  The  Official  Method  for  Determining  Crude-Fiber  as  Applied 
to  Cottonseed  Meal.     Chas.  K.  Francis. 

9    The  Arsenates  of  Lead.     H.  V.  Tartar  and  R.  H.  Robinson. 
10.  The  Changes  Produced  by  the  Wrapping  of  Bread.     H.   E. 
Bishop. 

U.  The  Determination  of  Lecithin-Phosphorus  in  Macaroni 
and  Farinaceous  Articles.     H   C.  Fuller 

12.  On  the  Composition  of  Lobster.     H.  S.  Bailey 
1 'v   Tomato  Seed  Oil.     H    S    Bailey. 

14  The  Digestibility  of  Corn  Consumed  by  Swine.  S  C. 
Guernsey. 

15  Chemical  Changes  Occurring  during  the  Period  of  Silage 
Formation.     Ray  E    Neidig. 

16.  Preliminary  Notes  on  the  Curing  of  Cucumber  Pickles. 
H.   N.  Riley. 

17  A  Graphic  Method  of  Calculating  Dietaries  and  Rations. 
D.   L.   Randall 

18.  The  Hydrolysis,  under  Pressure,  of  Sugar  Solutions.  W. 
S.  Hubbard  and  W.  L.  Mitchell. 

19.  Notes  on  the  Determination  of  Total  Sulfur.  Philip  L. 
Blumenthal- 

20.  Barium  in  Various  Plants.     Nicholas  Knight. 

21.  The  Non-Uniformity  of  Drying  Oven  Temperatures.  Lorin 
H.   Bailey. 

22.  The  Analysis  of  Alkali  Soils.     C    N    Catlin. 

23  Dates:  Comparative  Cost  of,  in  Akron,  Ohio.  Chas.  P. 
Fox. 

24.  The  Composition  of  Gooseberries  with  Special  Reference 
to  Their  Pectin  Content.     E   H.  S    Bailey 
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25  A  Rapid  Method  for  Commercial  Analysis  for  Marls  and 
Limestones,     o   B,  Winthr, 

26  A  Method  for  the  Estimation  of  Calcium,  Strontium,  and 
Magnesium  in  the  Presence  of  Phosphoric  Acid  and  Iron.  (>.  B 
Winter 

27.  The   Chemistry  of  the  Decomposition  of  Peat  and  Muck. 

C      .S.     ROBINSUN. 

28  Some  Pot  Experiments  with  Mixtures  with  Peat  and  Manure 
in  Connection  with  Various  Fertilizers.     C    S    Robinson 

BIOLOGICAL  CHEMISTRY  DIVISION 

Carl   L.    Alsberg,   Chairman  I.    K.    Phelps.   Secretary 

1 .  Coagulation   of  Albumen  by  Electrolytes.     Wilder    D.    Ban- 

2    Colloidal  Swelling  and  Hydrogen  Ion  Concentration.     L  J. 

Henderson.  W.  W,   Palmer  and  I,.   H.  Newbuk<;h. 

^  The  Functions  of  Ammonia  and  Phosphoric  Acid  in  the  Regu- 
latory Excretion  of  Acid,     h-  J.  Henderson  and  \V.  \V    Palmer. 

4  Partition  of  the  Nitrogen  of  Plant,  Yeast  and  Meat  Extracts. 
F.  C.   Cook. 

.S  Comparison  of  the  Various  Methods  for  the  Quantitative 
Determination  of  Sugar  in  Blood.     JNIa.x  Kaiin. 

('    Clinical  Studies  of  the  Russo  Test.     Max  Kahn. 

7  Urinary  Catalase  in  Health  and  Disease.  Max  Kahn  anb 
C.   J,    Brim, 

8  On  the  Presence  of  Oleic  Acid  in  Gastric  Contents  of  Patients 
Suffering  with  Gastric  Carcinoma.      Max  Kahn  and  J.  Subkis. 

''    The  Lipins  of  Diseased  Human  Livers.     J.  Rosenbloom. 
I"    The  Potassium  Content  of  Cerebrospinal  Fluid  in  Various 
Diseases.     J,  Rosenbloom  and  V    I,    .\ndkews 

1 1  The  Nitrogen  Distribution  in  Feces.     .\    R   Rose 

1 2  A  Standard  in  the  Determination  of  Ammonia  by  Nesslerizing 
with  the  Dubosc  Colorimeter.     .\    K    Rose  and  Katherine  R.  Cole- 

11    Nephelometry  in  the  Study  of  Nucleases.     P.  A.  Kober. 

14.  A  Soluble  Polysaccharide  in  Lower  Fungi.     A    W    Dox 

15.  The  Chemical  Dynamics  of  Living  Protoplasm.  W  J  V 
Osterhout. 

16.  The  Physiological  Water  Requirement  and  the  Growth  of 
Plants  in  GlycocoU  Solutions.     Alfred  Dachnowski  and  A   Gormley. 

17  The  Estimation  of  Amino  Acids  as  Such  in  the  Soil.  R.  S. 
Potter  and  R    S.  Snyder 

18.  Methods  Adapted  for  the  Determination  of  Decomposition 
in  Eggs  and  in  Other  Protein  Food  Products.  H.  W.  Houghton  and 
F.   C.   Weber 

19  Factors    Influencing    the    Quality    of    American    Sardines. 

F.  C.  Weber  and  H    W    Houghton. 

20  The  Composition  and  Nutritive  Value  of  the  Proprietary 
Infant  Foods.     F   C    Cook  and  F   C.  Weber 

1  21  The  Electrical  Stimulation  of  Tissue,  i  )liver  E.  Closson. 
I  22.  A  New  Apparatus  for  Determining  Crude  Fiber  in  Foods, 
Feeding-stuffs,  and  Feces.     (Demonstration.)     A    D.  Emmett 

2V  The  Carbon  Dioxide  Excretion  as  Modified  by  Body  Weight. 

G.  O.    Higlev 

,24  Enzymes  of  the  Central  Nervous  System.  H  M  English 
and  C.  G.   MacArthur, 

25.  Proteins  of  the  Central  Nervous  System.  H  H  McGregor 
AND   C.    G,    MacArthur. 

26.  Specificity  in  the  Action  of  Drugs  on  Brain  and  Heart  Phos- 
phatids.      C.  G.  MacArthur  and  G.  H.  Caldwell. 

27.  Reduction  Processes  in  Plant  and  Soil.     M.  X.  Sullivan. 

28.  The  Passage  of  Nucleic  Acid  from  Plant  to  Medium.  M.  X. 
Sullivan. 

29.  Chemical  Studies  upon  the  Genus  Zygadenus.  C.  L. 
Alsberg 

FERTILIZER  CHEMISTRY   DIVISION 


J.   E. 


Chan 


v.    11    Carpenter.  Se 


1.  Chairman's  Address.  Chemistry  an  Important  Factor  in 
the  Fertilizer  Industry.     J    E    Bheckenridge 

2.  The  Preparation  of  Neutral  Ammonium  Citrate.  Ermon 
D.    Eastman  and  Joel   H.   Hildebrand. 

.1  A  Comparison  of  Neutral  Ammonium  Citrate  with  Sodium 
Citrate    and   N  10   Citric   Acid.     Paul    Rudnick.    W.    B.    Derby   and 

W.     I.,     I.ATSHAW. 

4.  The  Separation  of  Organic  Nitrogen  from  Mixed  Fertilizers. 
C.  H.  Jones. 

5    Separation  of  Phosphoric  Acid  from  Lime.     F    K    Cameron 

6.  Separation  of  Potash  from  Kelp.  (I.anurni  F  K  Cameron. 
Committee   Reports 

Nitrogen.  Progress  on  the  Analysis  of  Commercial  Nitrate 
of  Soda.      Paul  Rudnick.  Chairman. 

Phosphoric  Acid.     G.  Farnham.  Chairman 

Potash.      J    E    Breckenridge.  Chairman. 

Phosphate  Rock.     F   B.  Carpenter,  Chairman. 

Fertilizer  Legislation.     F.  B.  Carpknter.  Chairman. 


INDIA  RUBBER   CHEMISTRY  SECTION 

D.   A,   Cutler.   Chairman  Dokris  Whipple,  Secretary 

1.  The   Influence   of  Temperature  In  the   Physical   Testing  of 
Rubber  Goods.     T    I,    Wormlev  and  J.  B.  Tuttle. 

2.  Review  of  Report  of  Joint  Rubber  Insulating  Committee. 
DoRRis  Whipple. 

The  main  time  of  the  meeting  was  taken  up  with   a  report  of  the    Ana- 
lytical Committee  and  a  Reneral  di! 


INDUSTRIAL  CHEMISTS  AND  CHEMICAL  ENGINEERS  DIVISION 

Geo.   P.  Adamson,   Chairman         S.   H.   Salisbury.  Jr..  Secretary 

1.  New    Volumetric    Determination    of    Sulfur    in  Iron  Ores. 

L.  Seline. 

2  Pitot  Tubes  for  the  Measurement  of  Gas  Velocities.  .-Andrew 
M.   Fairlie 

.3.  A  Comparison  of  Various  Modifications  of  the  Kjeldahl 
and  Dumas  Methods  for  the  Determination  of  Nitrogen  in  Coal 
and  Lignite.      A    C    Imeld.ner  and  C.  A,  Taylor 

4.  The  Mechanism  of  the  Reaction  between  Phenolic  Bodies 
and  Active  Methylenes.     I.,  V    Redman,  A.  J.  Weith  and  F.  P.  Brock. 

5  Fluorescence  of  Petroleum  Distillates.  (Lantern.)  B.  T. 
Brooks  AND  R.  F.  Bacon, 

6.  The  Manufacture  of  Gasoline  from  Heavy  Petroleum  Oils. 
(Lantern.)      H.   T,    Brooks,   R     F    Bacon  and  C     W.   Clark 

7.  Some  Economic  Phases  of  the  Gasoline  Supply.  Benjamin 
T.   Brooks 

8  Absorption  of  Caustic  Soda  by  Cellulose.     W.  D    Bancroft. 

9  The  Stability  of  Rosin  at  Slightly  Elevated  Temperatures. 
A  Correction.     Chas    H.  Herty  and  H.  L.  Cox. 

10    The  Chemists'  Club.     (Lantern.)     William  L   Dudley. 

11.  The  Chemist,  a  Growing  Factor  in  Merchandizing.  A.  V 
H.    Mory 

12.  The  Method  of  Analysis  of  Gasoline.     G    W   Gray. 

13  The  Method  of  Testing  Illuminating  Oils.     G.  W.  Gray. 

14  Coal  Ash  in  Some  Unusual  Phases.     S    W    Parr 

15  A  Thermoelectric  Method  of  Determining  the  Piu"ity  of 
Platinum  Ware.     G    K.  Burgess  and  P.  D.  Sale. 

16.     A  Nevada  Oil  Shale.      Chas,  Baskerville. 

17    The  Metallography  of  Malleable  Iron.     J.  Culver  Hartzell. 

18.  The  Pyrometer  in  the  Assay  Muffle.     F.  P.  Dewey. 

19.  Note  on  a  Cause  of  Spontaneous  Combustion  in  Coal  Mines. 


Ho 


20.  Graphical  Studies  of  the  Ultimate  Analyses  of  Coals.  Oliver 
C.  Ralston. 

21.  A  Graphic  Method  of  Classification  of  Coals.  Oliver  C. 
Ralston. 

22.  Osage  Orange:  Its  Value  as  a  Commercial  Dyestufl.  F,  W. 
Kressmann 

23.  Some  Preliminary  Experiments  on  the  Hydrolysis  of  White 
Spruce   with    Sugar    and    Ethyl   Alcohol    Yields.     (Lantern)     F.    W 

24  A  Method  for  the  Rapid  Quantitative  Analysis  of  Brass 
and  Bronze.     tPb,   Cu,   Sn.  Sb,  Re,  Zn.)     R.  E.  Lee.  J.  P.  Trickey 

AND    W.     H.     FEGELV 

25.  A  Method  for  the  Rapid  Quantitative  Analysis  of  Babbitt 
Metals.  (Pb,  Cu,  Sn,  Sb.i  R  E  Lee.  J.  P.  Trickey  and  W.  H. 
Fegely. 

26.  The  Composition  and  Testing  of  Printing  Inks.  J.  B. 
Tuttle  and  W,   II.  .Smith 

27.  The  Determination  of  Carbon  in  Iron  and  Steel  by  the 
Barium-Carbonate  Titration  Method.     J.  R    Cain, 

28.  Determination    of    Ammonia   in   Illuminating    Gas.     J.    D. 


29.  The  Iodine  Number  of  Linseed  and  Petroleum  Oils.  W. 
H.  Smith  and  J     B    Ti  ttli: 

50.  Chemical  Jurisprudence.     Louis  Hogrefe. 

.31.  Report  of  the  Committee  on  Alum  Specifications.  Wm. 
M.   Booth. 

32,  Report  of  the  Committee  on  Platinum.     W.  F.  Hillebrand. 

ORGANIC   CHEMISTRY  DIVISION 

F    B    Allan.  Chairman  C    G.  Derick.  \  ice-Chairman  and  Secretary 

1     The  Chemistry  of  Enzymic  Action.     (One  hour)     J.  V.  Nep 

2.  The    Constitution   of   Acetylacetone-Thiourea.     W,    J,    Hale. 

.3.  A  Contribution  to  the  Study  of  the  Constitution  of  Hydroxy- 
azo  Compounds.     \\'ili.i.\m   McPherson   and    George    W     Stratton. 

4  A  General  Method  for  the  Preparation  of  Orthoquinones. 
Cecil  Boord  and  William  McPhekson 

5.  The  Oxidation  of  Propylene  Glycol.  Wm  Lloyd  Evans. 
E.  J.  Titzemann  and  P    R,  Cottringer, 

6  A  Study  of  the  Mechanism  of  the  Qrignard  Reaction.  L. 
Thorp  and  O,   Kamm. 

7  The  Structure  of  the  Three  Dihydro-S-naphthoic  Acids. 
C.  G.  Derick  and  O.  Kamm 
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8    The  Rearrangement  of  Triarylmethyl  Azids.     J    K.  Senior. 
''.  The   Action   of   Trioxy-methylene  on  the   Aromatic   Hydro- 
carbons in  the  Presence  of  Aluminium  Chloride.     Gko.   b.   Frank- 

FORTER  AND  V.    R.    KoKATNlR. 

10  studies  on  Organic  Periodides.  I.  Periodides  of  Methacetin, 
Phenacetin  and  Triphenin.     W.  O.  Emerv. 

11.  Periodides  of  Antipyrin.     W.  O.  Emerv  and  S.  I'ai.kin 

12.  Molecular  Rearrangements  of  Hydrazines.  .J.  Stieglitz 
AND  J.   K,  Senior. 

1.1.  The  Phosphates  of  Destearin.  R.  R.  Renshaw  and  R  R. 
Stevens. 

14.  Electromers  and  Stereomers  with  Positive  and  Negative 
Hydroxyl.     I..  W.  Jones  and  L.  F.  Werner. 

15  Halogen  Substituted  Hydrozamic  Acids.  L.  W.  Jones  and 
L.   F.  Werner. 

16  Formyl-S-benzylhydroxylamine.  L.  W.  Jones  and  M.  C 
Sneed. 

17  The  Addition  Compounds  of  Dimethylpyrone  with  Organic 
Acids.      James  KENnALL. 

18  Errors  in  the  Dumas  Method  for  Determining  Nitrogen 
Due  to  Occluded  Gases  in  Copper  Oxide.     L'.   \.  Taylor  and  A.  C. 

FlEEDNER. 

19.  The  Isomeric  Octacetates  of  Lactose.  C.  S.  Hudson  and 
J.   M.   Johnson. 

20  Substitution  in  the  Benzene  Nucleus  and  in  the  Side  Chain 
from  the  Standpoint  of  the  Electronic  Conception  of  Positive  and 
Negative  Valences.     H    S    Frv 

21.  The  Salts  of  Acridine.     L    U    Cone. 

22.  The  Action  of  Halogen  on  4-Nitro-m-Cresol.     L.  C.  Raiford. 

23.  A  Simple  Method  for  the  Determination  of  the  Accuracy 
of  the  Conductance  Data  of  Organic  Electrolytes.     C.   G.   Derick. 

24.  The  Ionization  Constant  of  Pyroracemic  Acid.  C.  G.  Derick 
and  St.   Elmo   Brady. 

2.S    Symposium     The  Teaching  of  Organic  Chemistry. 

I  Theory  of  Elementary  Organic  Chemistry.  The  Teaching  of 
Elementary  Organic  Chemistry  without  the  Use  of  Atomic  and 
Molecular  Hypotheses.     J    B.  Allan,     Discussion. 

II.  Theory  of  Organic  Chemistry  for  Graduate  Students.  M.  T 
BoGERT.  Discussion.  What  Shall  Be  the  Character  of  the  Ad- 
vanced Instruction  in  Organic  Chemistry?  R.  R.  Renshaw.  Gen- 
eral discussion 

III  Laboratory  Teaching  of  Organic  Chemistry.  The  Teaching 
of  Organic  Chemistry  in  the  Laboratory.     L.  W.  Jones.     Discussion. 

PHARMACEUTICAL   CHEMISTRY  DIVISION 

F.  R.    Eldred.   Chairman  A.    P.   Sv,   Secrelary 

1.  Methods  of  Analysis  of  the  Forthcoming  Pharmacopoeia. 
H.  W.  Wiley. 

2.  Seasonal  Variations  in  the  Iodine  Content  of  the  Thyroid 
Gland.     Atherton  Seidell  and  Frederick  Fencer 

,1.  Some  Peculiarities  of  Present  Food  and  Drug  Laws.     Frank 

0.  Taylor 

4.  Notes  on  the  Determination  of  Antipyrine.  George  D. 
Beal  and  Duane  T.  Englis. 

5.  Further  Notes  on  Lloyd's  Reagent  for  Alkaloids.     S.    Wald- 

BOTT. 

6.  Estimation  of  Phenacetin  and  Acetanilide  in  Admixture. 
W.  O.   Emery 

7.  Estimation  of  Antipyrin.     W,  O.  Emery  and  S.  Palkin, 

8  Estimation  of  Caffeine  and  Antipyrin  in  Admixture.  \V  (J. 
Emery  and  S.   Palkin 

9.  Estimation  of  Phenacetin  and  Salol  in  Admixture.  W.  O. 
Emery.  C.  C.  LeFebvre  and  G.  C.  Spencer. 

10.  A  Method  for  the  Estimation  of  Podophyllum  Resin.  W  M 
Jenkins. 

11.  Commercial  Papain  and  Its  Testing.     H    M    .Adams 

12.  Some  Observations  on  the  Leach  Test  for  Coumarin. 
William  G,   Gaessler 

\i.  Digitalis  Ash.     Charles  T.  P.  Fennel. 

14.  The  Estimation  of  Morphine.     H.  M    Gordin 

15.  The  Estimation  and  Variability  of  Alcohol  in  Galenicals. 
L.   F.  Kebler. 

16.  Results  of  the  Examination  of  Some  Medical  Agents  in  the 
District  of  Columbia.     I,   F   Kebler 

17    Extraction  of  Morphine  from  Aqueous  Solution.      11    Bicii 

BINDER- 
PHYSICAL   AND   INORGANIC    CHEMISTRY   DIVISION 

G.  A.   HuLETT.   Chairman  R.  C.   Wells.  Secrelary 

1.  Rapid  Determination  of  Arsenic  in  Poison  Cases  with  the 
Marsh  Test.     James  R    Withkow. 

J    The  Decomposition  Voltages  of  Salts  in  Liquid  Ammonia. 

1.  The  Ammonium  Salts.     H    P    Cady  and  C.  A    Nash 

^.  Adsorption  and  Stabilization.  J  C.  Blucher  and  E.  F. 
Farnau. 


4  The  Ideal  Diffusion  Coefficient  and  a  New  Fundamental 
Law  of  Diffusion.     G,  McP,  Smith. 

5.  Further  Observations  on  the  Preparation  of  Selenic  Acid 
and  Selenates.     Philip  I.    Bh'menthal. 

6.  Concerning  the  Atomic  Weights  of  Carbon  and  Sulfur. 
T,  W.  Richards  and  C    R.  Hoover. 

7.  The  Critical  Point  and  the  Significance  of  "b"  in  the  Equation 
of  Van  der  Waals.     Tiii.:..di,ki;  w     Richards 

8-  The  Present  Status  of  the  Absolute  Scale  of  Pressure.  Theo- 
dore W.   Richards. 

9.  A  Method  for  Producing  a  Reproducible  Contact  Potential 
between  Liquids.     E.  P   Schoch, 

10  The  Relation  between  the  Concentrations  and  the  Potential 
of  the  Ferrous-Ferric  Salt  Pole,      il.iintcrn.j     E.  P.  Schoch. 

11  New  Electroanalytical  Methods  for  Lead,  Tin,  Copper  and 
Antimony.      (Lantern.)      E.  P.  Schoch  and  D.  J.  Brown. 

12  Contribution  to  the  Knowledge  of  the  Actinium  Series. 
Herbert  N.   McCoy  and  Edwin   D.   Leman. 

l.V  Solutions  of  Some  Formates  and  of  Hydrogen  Chloride  in 
I  Anhydrous)  Formic  Acid.  Cases  of  Agreement  of  Strong  Electro- 
lytes with  the  Equilibrium  Laws.      11    I,  Scmlesinger  and  A.  W.  Mak- 

14.  Vapor  Pressures  in  Alcoholic  Solutions.     O.  F.  Tower. 

15.  Arsenious  Oxide  as  a  Starting  Material  in  Acidimetry. 
Alan  W.   C.   Menzies  and  F.   N.   McCarthy 

16  Equilibria  in  the  Systems:  Water,  Acetone  and  Inorganic 
Salts.     Geo.  B.  Frankforter  and  Lillian  Cohen 

17,  The  Colorimetric  Determination  of  Manganese  by  Means 
of  Periodate.     11.  H.  Willakd  and  I,    H    GHKATHorsE. 

18    Electromotive  Behavior  of   Soluble   Sulfides.     R     C.   Wells. 

19.  The  Phase-Rule  Investigation  of  Addition  Reactions.  (Lan- 
tern.)    James  Kendall, 

20  Peculiar  Action  of  Iodine.     Charles  T.  P,  Fennel. 

21  Distribution  of  Caffeine  and  Antipyrin  between  Chloroform 
and  Aqueous  Solutions,     W    n,  Emeky  and  C.  D.  Wright. 

22-  Reaction  in  Non-Aqueous  Solvents,     n    L,  Barnebey. 

2^.  Separation  of  Potassium  from  Sodium  by  Extraction  of 
their  Chlorplatinates  with  Acetone,     o    I,    Barnebey 

24.  The  Action  of  Potassium  Amide  on  the  Amides  of  Silver, 
Barium,  Strontium,  Calcium,  Lithium  and  Sodium.  Edwarb 
C.   Franklin 

25  The  Action  of  Potassium  Amide  on  Cadmium,  Nickel, 
and  Chromium  Salts  in  Liquid  Ammonia  Solution.  Edward  C 
Franklin. 

26.  Gas  Analysis  by  Liquefactions  and  Fractionations.  (Lan- 
tern.)      G.    A.    BURRELL   and    F.    M-    SEIBERT 

27.  The  Condition  of  Natural  Gas  in  the  Earth's  Strata.  (Lan- 
tern.)     G     A.    BlIRRELL    AND    F     M.    SEIBERT 

28  CoUisional  and  DiSusional  Viscosities.     Eugene  C    Bingham. 

29  The  Chemical  and  Heat  Energy  of  Molecules,  Atoms,  Sub- 
Atoms,  and  Electronic  Energy.     I-*.  P-  .Seibel- 

10.  Electrostenolysis.     Harry  N.   Holmes. 

M-  A  Burette  Calibrating  Pipette.     C.  W-  Faulk- 
i2.  Preparation  of  a  Standard  Magnesium  Salt  Solution.     C.  W. 
Faulk  and  O    R.   Sweeney- 

WATER,   SEWAGE  AND   SANITATION   SECTION 

Edward  Bartow.   Chairman  H.   P.  Corson.  Secrelary 

1.  Sanitary  Survey  of  White  River.     (Illustrated.)     John  C.  Dices. 

2.  Hypothetical  Combinations  in  Reporting  Water  Analyses. 
R.   B.   Dole 

,1  New  Apparatus  for  the  Determination  of  Hydrogen  Sulfide 
in  Water.     George  B,  Frankforter 

4.  Sanitary  Survey  of  the  Ohio  River  by  the  U  S.  Public  Health 
Service.     W.   H,   Frost  and   H    W    Streeter. 

5  The  Use  of  Liquid  Chlorine  in  Treating  the  Water  Supply  of 
Indiana  Harbor,  Ind.      11    IC   Jordan 

6  Adaptation  to  Water  Analysis  of  Potassium  as  Perchlorate. 
Clarence  Scholl 

7.  The  Preparation  of  Standards  for  the  Determination  of  Tur- 
bidity of  Water.     Francis  D.  West 

8  Report  of  the  Committee  on  Standard  Methods  of  Water 
and  Sewage  Analysis. 

9  Chemical  Studies  of  the  Pollution  of  the  Ohio  River.  Earl 
B-    Phelps 

10.  Investigation  Relating  to  the  Use  of  Calcium  Hypochlorite  as 
a  Disinfectant  for  Water  Supplies.     \V  C.  Tice  and  C  H  Blanch.\rd 

11  Some  Further  Results  of  the  Hypochlorite  Disinfection  of 
the  Baltimore  City  Water  Supply:  A  Comparison  of  the  Reduc- 
tion of  the  Different  Members  of  the  />'  oh  Group.  1  Bosley 
Thomas  and  E.   A    Sandman 

12  Filtration   and   Softening   of  the   Cleveland   Water   Supply. 

HIPPOLYTE    GruENER- 

13  The  Relation  between  Aluminium  Sulfate  and  Color  in 
Mechanical  Filtration.     Frank  E.  Hale. 
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EXCURSIONS 

The  Cincinnati  Filtration  Plant  is  the  largest  Mechanical  or 
Rapid  Sand  Filter  Plant  in  the  world.  It  is  a  part  of  the  New 
Water  Works  which  comprise  an  Intake  Pier,  Tunnel  under 
River,  River  Pumping  Station,  two  large  Settling  Reservoirs, 
Filtration  Plant,  three  Coagulation  Basins,  Clear  Water  Reser- 
voir, 4V2  mile  Tunnel  to  Main  Station,  Main  Distribution 
Pumping  Station,  several  Sub-Pumping  stations  and  many  miles 
of  large  distribution  pipes.  The  total  cost  was  over  10  million 
dollars  including  properties,  rights  of  way,  etc. 

The  purification  system,  including  two  settling  reservoirs 
of  about  400  million  gallons  capacity,  three  coagulation  basins 
of  about  22  million  gallons  capacity,  filtration  plant  and  clear 
water  reservoir,  cost  about  2V2  million  dollars. 

The  filtration  plant  consists  of  a  chemical  house,  head  house 
and  filter  house.  There  are  28  filter  units  with  a  total  capacity 
of  112  million  gallons  per  day.  All  valves,  over  200  in  number, 
are  electrically  operated. 

The  bacteriological  and  chemical  laboratories  are  used  for 
controlling  the  operation  of  the  plant.  The  laboratory  force  con- 
sists of  a  chief  chemist  and  bacteriologist,  one  assistant  and  a 
helper. 

Since  the  operation  of  this  plant  the  city  has  had  an  uninter- 
rupted supply  of  pure,  clear  and  sweet  water,  and  typhoid  fever 
has  been  reduced  over  80  per  cent. 

Over  150  members  and  guests  of  the  Society  visited  this  plant; 
this  was  a  large  number  considering  the  fact  that  there  was  a 
steady  downpour  of  rain  during  the  entire  afternoon. 

The  Globe  Soap  Company  Plant  at  St.  Bernard  consists  of 
seven  buildings  connected  by  2  miles  of  private  railroad  track 
in  an  area  of  23  acres.  The  entire  factory  is  steam-heated  and 
electrically  equipped.  About  75,000,000  lbs.  of  soap  products 
are  produced  annually  requiring  approximately  100,000,000 
lbs.  of  raw  materials;  100  cars  per  day  can  be  unloaded  and  loaded; 
about  275  persons  are  employed  and  the  company  maintains  a 
Local  Secretary  who  works  directly  under  the  Local  Y.  M.  C.  A. 
carrying  on  welfare  and  community  work. 

Five  Chemical  Engineers  are  employed  and  the  entire  manu- 
facturing process  from  start  to  finish  is  luider  strict  chemical 
control. 

The  Proctor  and  Gamble  Plant  at  Ivorydale  occupies  58  per- 
manent and  22  somewhat  temporary  buildings  in  85  acres  of 
ground.  Including  the  soap,  glycerine,  stearic  acid,  red  oil, 
refined  oils,  lard  compound  and  Crisco,  the  business  of  last  year 
exceeded  $50,000,000. 

The  power  plant  is  fitted  for  the  most  part  with  Sterling  boilers, 
with  automatic  stokers,  and  has  a  rated  capacity  of  15,000  H.  P. 
All  grades  of  soap  are  made  as  well  as  of  glycerine,  including 
C.  P.  and  that  for  dynamite  manufacture.  The  soap  department 
equipment  includes  64  kettles  of  150  tons  capacity  each. 

One  main  laboratory  and  several  small  special  laboratories 
examine  all  raw  materials  upon  arrival  and  control  products 
and  process.  The  chemical  force  includes  about  twelve  chemists 
in  the  control  and  research  laboratory,  besides  a  number  of 
chemists  who  have  charge  of  various  departments. 

The  factory  employs  a  force  of  1500.  A  committee  looks 
after  all  dangerous  places  and  makes  recommendations  for  al- 
terations or  safeguarding  employees.  For  over  25  years  a 
Profit  Sharing  plan  that  has  proven  highly  satisfactory  to  both 
the  company  and  its  employees,  has  been  in  operation.  There 
are  special  provisions  for  medical  attendance  and  all  employees 
are  insured  in  one  of  the  large  Insurance  Companies,  for  which 
the  employee  pays  a  small  amount  and  the  company  the  balance. 
A  very  large  delegation  visited  the  Globe  Soap  Works  and 
the  Proctor  and  Gamble  Plant  on  the  afternoon  of  April  8th 
leaving  the  University  of  Cincinnati  in  special  cars.  Dainty 
souvenirs  of  products  were  presented  to  the  visitors  and  a  very 
refreshing  tea  was  served  in  the  Proctor  &  Gamble  Plant. 


The  National  Cash  Register  Company  Plant  at  Dayton, 
covers  eight  city  blocks,  has  Lhu-ty-eight  acres  of  floor  space 
and  employed  7600  persons  in  1913.  The  aimual  payroll  is 
over  $6,000,000.  The  number  of  registers  made  in  1912  was 
136,489. 

Raw  Materials  Used  in  1912 
1  1,000.000  lbs.  sheet  steel  183.994  lbs.  tin 

5.500.000  lbs.  foundry  metal  135.602  pieces  register  slabs 


6.500,000  lbs.  gray  i 
6,800,000  ft.  of  lumber 
5,000,000  lbs.  of  paper 
3.129,006  lbs.  copper 


ings         602,190  locks 

610,000  yds.  textile 
236,893  pieces  glass 
38.392  tons  coal 


Of  the  fifteen  men  on  the  laboratory  staff,  there  arc  four 
chemists,  two  chemical  engineers,  two  mechanical  engineers 
and  two  mechanically  trained  men.  Chemical  control  is  ac- 
complished by  means  of  process  specifications  covering  many 
shop  operations  such  as  staining,  enameling,  varnishing;  mixing 
of  alloys,  fluxes,  etc. 

The  laboratory  controls  the  operation  of  the  water  softener, 
purity  of  the  water  supply,  food  and  milk  supply,  purchase  of 
materials  (8o  specifications),  fuel  and  lubrication.  As  an 
unusual  duty  of  the  laboratory,  many  talks  on  simplified  physi- 
ology and  health  subjects  have  been  prepared. 

The  welfare  and  educational  work  of  this  company  among 
its  employees  is  well  known  to  the  industrial  world. 
National  Cash  Register  Company  Itinerary 

Arrived  in  Dayton,  9.15  a.m. 

Assembled  for  photograph. 

Factory  lecture  in  Hall  of  Industrial  Education.      (Illustrated  by  slides 
and  kinemacolor  motion  pictures)    9.40  A.M. 

Trip  through  factory   (Party  divided  into  groups  and  furnished   with 
guides).  10.30  A.M. 

Luncheon  in  Officers'  Club.  11.45  A.M. 

Train  for  Middletown,  12.45  P.M. 

The  American  Rolling  Mills  at  Middletown,  in  1832,  made  the 
first  crucible  steel  produced  in  the  U.  S.     This  mill  is  the  home 
of  Ingot  Iron.     The  plant  known  as  the  East  Works,  finished  in 
1911,  is  the  most  up-to-date  of  its  kind  in  the  country. 
.\merican  Rolling  Mills  Company  Itinerary 
Address  of  Welcome.  George  M.  Verity.  Pres. 

Inspection  of  East  Works.  2.15-3.30  P.M.      (Parties  divided   into  groups 

of  twenty-five  each;  each  group  in  charge  of  a  competent  guide). 

Route  during  inspection    of    East    Works:    Open  Hearth   Department: 

Boiler  and   Power   House;    Soaking  Pit.   Blooming  Mill,  and   Bar 

Mill;  Sheet  Mill;  .'Annealing  Department;  Galvanizing  Department : 

Shipping  Department. 

Entire  party   transferred  by  train   to   Central   Works  for   inspection   of 

Research  Laboratory. 
Inspection  of  Research  Laboratory,  3.45  to  4.30  P.M. 
Refreshments  served  in  Warehouse. 
Train  left  for  Cincinnati,  5.00  P.M. 

In  his  address,  Mr.  Verity  stated  that  his  company  are  spend- 
ing large  sums  on  chemical  control  and  research,  with  the  result 
that  many  fallacies  in  methods  of  procedure  have  been  corrected 
and  their  products  greatly  improved. 

The  New  Cincinnati  City  Hospital  occupies  grounds  covering 
27  acres.  The  power  hou.se  is  a  2000  H.  P.  plant,  equipped  with 
three  dynamos  and  an  ice-making  machine,  and  having  four 
of  its  boilers  equipped  for  burning  natural  gas. 

The  Lloyd  Library  and  Museum  contains  forty  thousand 
volumes  devoted  to  Botany,  Pharmacy,  Materia  Medica  and 
allied  sciences  with  a  section  of  eclectic  medicine.  The  institu- 
tion is  incorporated,  is  free  to  the  public,  will  never  be  sold,  and 
will  always  remain  a  public  institution  for  the  benefit  of  science. 

The  National  Lead  Company  Plant  at  Cincinnati  is  in  five 
acres  of  grounds,  has  75,000  sq.  ft.  of  floor  space  in  its  buildings 
and  60,000  sq.  ft.  in  its  corroding  yard;  10,000 'tons  of  raw  ma- 
terials are  used  annually.  The  employees  number  175  and  the 
annual  payroll  is  $175,000.  No  effort  is  spared  to  insure  the 
best  working  conditions  for  the  employees;  locker  rooms 
shower  baths,  dining  and  rest  rooms  and  a  kitchen  are  fimiished 
and  personal  cleanliness  required.  One  chemical  engineer 
supervises  the  chemical  control  which  is  exercised  throughout 
the  process. 

The  Limkenheimer  Company,  occupying  over  500,000  sq.  ft. 
of  floor  space,  has  the  largest  plant  in  the  world  devoted  ex- 
clusively to  the  manufacture  of  high-grade  engineering  specialties. 
These   include   almost   numberless  articles   used   in  steam   and 
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marine  engineering,  in  motor  engines,  in  automobiles,  and  allied 
branches.  Much  of  the  company's  reputation  is  based  on  its 
valves  and  fittings  for  extra  high  pressure  and  superheated  steam. 
There  are  two  foundries,  one  being  for  the  non-ferrous  metals 
and  the  other  for  the  ferrous  metals  such  as  cast-iron,  semi-steel, 
malleable  cast-iron  and  special  iron  alloys.  All  departments 
are  under  chemical  control,  for  which  purpose  the  plant  is  ex- 
cellently equipped  with  analytical,  research  and  physical  labor- 
atories. These  laboratories  link  together  the  sciences  of  metal- 
lurgy and  steam  engineering.  The  fullest  provisions  are  made 
for  preserving  the  safety  and  welfare  of  the  employees,  and  a 
perfectly  furnished  hospital  is  centrally  located  in  the  plant 
and  under  expert  supervision 

W.  T.  Wagner's  Sons  prepare  artificial  Mineral  and  Table 
Waters  from  pure  distilled  water  and  is  one  of  the  two  firms  in  the 
U.  S.  that  follows  the  chemical  analyses  of  natural  waters  as  a 
standard  for  artificial  waters.  The  factory  covers  16,000  sq.  ft. 
of  ground  with  50,000  sq.  ft.  of  floor  space.  The  factory  equip- 
ment includes  two  100  H.  P.  Tubular  Boilers  and  a  water  still 
having  a  daily  capacity  of  2500-3000  gals.  All  pipe  lines  and  tanks 
for  cold  water  are  of  Block  Tin  and  those  for  steam  and  hot  water 
lines  are  tinned  copper.  Over  600,000  gallons  of  finished  products 
are  made  annually.  The  chief  chemist  who  is  a  recognized  author- 
ity on  mineral  water  manufacture  is  in  charge  of  a  very  complete 
research  laboratory  for  bacteriological  and  chemical  investigation, 
the  equipment  of  which  includes  a  fine  Leitz  Microscope  and  Kruess 
Spectroscope.     Proper  safety  and  welfare  provisions  are  provided. 

The  Eagle  White  Lead  Company  uses  about  2  million  lbs.  of 
raw  materials  annually  and  turns  out  2V2  million  lbs.  of  finished 
products.  About  250  men  are  employed  on  a  $200,000  payroll. 
The  plant  is  under  chemical  control.  The  Old  Dutch  Process 
of  Corrosion  is  used.  In  addition  to  white  lead  in  dry  form  and 
ground  in  oil,  other  lead  pigments  are  produced  as  well  as  Plumb- 
ers' Metal  Supplies  such  as  lead  pipe,  traps,  bends  and  solders 
of  Babbitt  metals.  The  welfare  work  is  chiefly  done  in  cormection 
with  the  habits  of  cleanliness  necessary  for  good  health  and  safety. 

The  Wm.  S.  Merrill  Chemical  Company  manufactures  pharma- 
ceutical products  and  is  one  of  the  three  oldest  concerns  in  the 
city.  The  founder  of  the  business  was  said  to  be  the  first  chemist 
in  the  Ohio  Valley. 

The  Icy-Hot"  Bottle  Company,  only  five  years  old,  now  manu- 
factures 400  models  of  bottles,  jars,  carafes,  pitchers,  luncheon 
outfits,  etc.,  each  embracing  the  original  vacuum  principle. 

The  Fleischmann  Company  are  manufacturers  of  compressed 
yeast  in  the  U.  S.,  Canada,  Mexico  and  Cuba.  The  last  ten 
years  have  brought  about  great  changes  in  the  methods  and 
processes  of  manufacture  and  while  originally  compressed  yeast 
was  a  by-product  of  the  distillery  it  is  today  the  main  product 
of  the  Fleischmann  factories;  distilled  spirits  and  distilled 
vinegar  are  the  by-products  of  their  various  plants. 

The  Frank  Tea  &  Spice  Company  attribute  their  success  and 
reputation  for  pure  products  to  the  closest  chemical  supervision 
of  the  products  of  importation.  The  firm  is  one  of  the  largest 
importers,  grinders  and  manufacturers  in  this  line. 

The  Dolly  Varden  Chocolate  Company  and  Colgate  &  Com- 
pany expressed  their  appreciation  of  what  chemical  science  has 
done  for  them  by  presenting  the  lady  members  and  guests  with 
souvenirs  of  their  productions. 

The  Cincinnati  Health  Department  Laboratory  exercises  the 
most  rigid  control  of  all  food  products  as  well  as  offering  free 
medical  attention  to  all  its  school  children  in  connection  with 
free  clinics. 

The  National  Biscuit  Company — Muth's  Bakery — makes 
bread  only — over  100,000  loaves  daily. 

The  U.  S.  Food  and  Drug  Inspection  Laboratory  is  a  branch 
of  the  Bureau  of  Chemistry,  Department  of  Agricultiu-e.  Its 
purpose  is  to  carry  out  the  provisions  of  the  Food  and  Drug 
Act  of  June  30,  igo6. 


The  Union  DistilUng  Company  Plant  was  entirely  wiped  out 
by  fire  in  1909  but  was  rebuilt  in  1910  and  is  now  a  model  as  to 
construction  and  equipment. 

The  following  plants  and  institutions  were  also  open  to  visitors: 

Andrews  Steel  Co.  The  Zoological  Garden. 

Wiedemann  Brewing  Co.      American  Oak  and  Leather  Co. 

Old  "76"  Distilling  Co.  J.  H.  Day  Co.  (Special  Machinery). 

James  Heekin  Spice  Co.  Laidlaw-Dunn-Gordon  Co.  (Pump- 
ing Machinery). 

American  Diamalt  Co.  U.   S.   Public   Health   Service  Lab- 

oratory. 

INDUSTRIAL    CHEMISTS  AND  CHEMICAL    ENGINEERS 

DIVISION— REPORT  OF  COMMITTEE  ON 

ALUM  SPECIFICATIONS 

[It  was  voted  by  the  Division  that  this  report  be  printed  in 
This  Joijrnai.,  so  as  to  give  time  for  study  and  discussion  of  the 
specifications  included,  preparatory  to  final  action  at  the  Mon- 
treal meeting. — Editor.  ] 

COMMERCIAL  ALUM — Shall  contain  not  less  than  16  per  cent 
alumina  (AI2O3)  and  not  more  than  1.25  per  cent  iron  (FezOs). 

Shall  be  free  from  foreign  matter,  mechanically  mixed  through 
mass. 

STANDARD  GRADE — Shall  be  a  clean  product,  containing  not 
less  than  17  per  cent  alumina  (AI2O3),  nor  more  than  50  per 
cent  iron,  figured  as  FezOs.     Shall  be  slightly  basic. 

NEWSPAPER     ALUM — I.    Must   be    readily    soluble    in   water. 

2.  Practically  free  from  insoluble  matter  other  than  alumina. 
(Insoluble  alumina  in  small  amount  will  not  be  considered 
objectionable.) 

3.  It  shall  contain  not  more  than  i.oo  per  cent  total  iron, 
calculated  as  ferric  oxide  (FezOs),  nor  more  than  0.05  per  cent 
of  iron,  calculated  as  ferric  oxide  and  present  in  the  ferric  condi- 
tion. 

4.  It  must  contain  no  free  acid. 

5.  Must  contain  not  less  than  17  per  cent  alumina  (AI2O3) 
combined  in  the  form  of  sulfate  and  soluble  in  water. 

6.  (Optional.)  It  must,  unless  otherwise  specified,  be  ground 
to  pass  a  10  mesh  sieve. 

IRON  FREE  ALina — I.  It  must   be  readily    soluble   in  water. 

2.  It  must  be  practically  free  from  insoluble  matter  other 
than  alumina  (insoluble  alumina  in  small  amount  will  not  be 
considered  objectionable). 

3.  Must  be  snow-white  in  color. 

4.  Shall  not  contain  more  than  0.05  per  cent  iron,  calculated 
as  FejOs. 

5.  Must  contain  no  free  acid. 

6.  Shall  contain  not  less  than  17  per  cent  alumina  (AI2O3) 
combined  in  the  form  of  sulfate  and  soluble  in  water. 

7.  (Optional.)  It  must,  unless  otherwise  specified,  be  ground 
to  pass  a  10  mesh  sieve. 

FILTER  ALUM — I.  Must  be  readily  soluble  in  water. 

2.  Insoluble  matter  must  not  exceed  0.15  per  cent. 

3.  AI2O3,  at  least  17  per  cent. 

4.  Basicity,  at  least  3  per  cent  of  the  total  alumina  (AI2O3) 
present,  i.  e.,  a  17  per  cent  alum  must  contain  0.51  per  cent 
basic  alumina  (AI2O3). 

5.  Iron  must  be  less  than  0.65  per  cent  reckoned  as  Fe203. 

6.  Payment  made  on  actual  percentage  alumina  (AhOs) 
present. 

COLOR  MAKERS  ALUM — I .  Must  be  readily  soluble  in  water. 

2.  Insoluble  matter  shall  not  exceed  0.15  per  cent. 

3.  Must  be  free  from  dark  and  gritty  matter. 

4.  AI2OS,  at  least  16  per  cent. 

5.  Must  be  basic. 

6.  Iron  must  not  exceed  o.oi  per  cent  reckoned  as  FezOs. 
SAMPLING  AND  WEIGHING—A  Separate  sample  is  to  be  taken 
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from  a  number  of  barrels,  in  good  condition,  representing  at 
least  5  per  cent  of  the  total  shipment,  each  sample  to  be  taken 
from  the  middle  of  the  barrel.  The  individual  samples  are  to  be 
thoroughly  mixed  and  quartered  and  reduced  down  to  sufficient 
size,  into  two  equal  portions  marked  A  and  B.  Each  portion 
is  to  be  immediately  enclosed  in  an  air-tight  bottle  and  each 
bottle  marked  with  initial  A  or  B,  with  date  and  car  number 
identifying  the  shipment. 

Portion  A  is  to  be  considered  available  for  test  by  purchaser 
and  B  is  to  be  considered  available  for  test  by  seller. 

Shipper  and  consumer  are  each  to  sample  in  this  manner  at 
shipping  and  receiving  points,  respectively. 

In  case  of  disagreement  on  tests  between  buyer  and  seller, 
all  portions  of  all  four  samples  remaining  are  to  be  submitted 
to  independent  reference  laboratory  to  be  agreed  upon,  and 
quality,  as  determined  by  said  reference  laboratory  is  to  be 
final,  and  the  cost  of  reference  work  to  be  paid  by  the  party 
most  in  error. 

That  portion  of  a  shipment  of  alum  which  does  not  fulfill 
the  requirements  upon  independent  test  as  herein  provided  for, 
as  proof  thereof  may  be  rejected,  the  shipper  paying  the  freight 
both  ways  on  the  rejected  material;  or  such  shipment  may,  at 
the  option  of  the  consumer,  be  accepted  and  claims  made  com- 
mensurate with  the  degree  of  shortage  or  of  inferiority  as  de- 
termined by  the  herein  provided  independent  investigation. 

Wm.  M.  Booth. 


THE  AMERICAN  ELECTROCHEMICAL  SOCIETY 
TWENTY-FIFTH  GENERAL  MEETING 
NEW  YORK  CITY,  APRIL  l6   l8,  1914 

The  Twenty-fifth  General  Meeting  of  the  American  Electro- 
chemical Society  was  held  in  New  York  City,  April  16-18,  1914, 
the  sessions  being  in  The  Chemists'  Club  and  Earl  Hall,  Columbia 
University. 

Friday,  April  17th  was  given  over  to  an  all-day  excursion  by 
steamboat  around  New  York  Harbor  and  Staten  Island.  The 
plants  of  The  American  Smelting  and  Refining  Company, 
The  United  Lead  Company  and  The  Waclark  Wire  Company 
were  visited.  This  excursion  and  the  Smoker  at  the  Chemists' 
Club  on  Friday  evening  were  complimentary  to  the  guests, 
being  tendered  by  the  New  York  Section  of  the  Society.  A 
Subscription  Dinner  Dance  at  The  Chemists'  Club  closed  the 
meeting. 
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PRESIDENTIAL  ADDRESS 

SOME  ECONOMIC  AND  AESTHETIC  ASPECTS  OF 
ELECTROCHEMISTRY 

By  E.  F,  RoEBER 

There  is  beauty  in  electrochemistry.  The  late  Ludwig 
Boltzmann  once  said  that  of  all  artists  the  mathematical 
physicist  is  nearest  to  the  World's  creator  in  the  simplicity, 
directness,  and  economy  of  his  methods;  Boltzmann  made  this 
remark  in  appreciation  of  the  work  of  KirchhofI  and  Maxwell. 
But  we  can  apply  it  with  equal  truth  to  the  electronic  theory 
of  our  own  time  which  in  the  simplicity  of  its  fundamental 
conceptions  and  in  the  comprehensiveness  of  its  outlook  has  all 
the  elements  of  pure  beauty.  The  intellect  which  builds  the 
structure  of  the  atoms  of  the  different  chemical  elements  out  of  a 
positive  electric  nucleus  in  association  with  varying  numbers  of 
negative  electrons,  and  makes  his  atoms  produce  the  desired 
result,  is  a  true  creator  and  his  model  has  a  beauty  like  that  of 
the  visible  world  around  us. 

But  more  beauty  is  hidden  in  electrochemistry  than  the 
mathematical  beauty  of  electrochemical  theory.  The  research 
electrochemist  who  works  out  a  new  process,  whether  it  is  the 
production  of  aluminum  from  its  oxide  or  the  conversion  of 
amorphous  carbon  into  graphite  or  the  production  of  calcium 
carbide  from  lime  and  coke  or  whatever  else,  proceeds  exactly 
along  the  same  methodical  lines  as  the  artist,  whether  he  be 
sculptor  or  painter  or  poet.  The  artist  must  take  nature  as 
it  is.  But  for  his  work  he  takes  from  nature  only  what  his 
imagination  tells  him  to  be  essential  to  the  idea  he  has  in  mind. 
It  is  this  selective  copying  of  the  essential  from  nature  and  this 
restriction  to  the  essential  that  makes  a  work  of  art  beautiful. 

The  method  is  exactly  the  same  with  the  creative  electro- 
chemist.  He  cannot  improve  on  Nature's  processes  and  methods. 
All  he  can  do  is  to  imitate  or  copy  Nature's  processes  and  com- 
bine them  to  a  certain  end.  But  because  his  goal  is  a  certain 
product  he  can  select  the  starting  materials  which  are  essential 
and  use  nothing  else,  and  he  can  select  those  processes  of  pro- 
duction which  are  essential  and  combine  them  into  the  most 
direct  way  of  production  and  produce  only  what  is  wanted. 
Artificial  graphite  made  in  the  laboratory  is  superior  to  natural 
graphite,  because  nature  does  not  set  out  to  make  pure  graphite 
and  man  does.  This  makes  the  economic  value  of  artificial 
graphite,  but  it  also  makes  the  artificial  graphite  process  in  the 
bold  directness  of  its  execution  a  true  work  of  art.  Wherever 
a  process  is  so  designed  as  to  reach  its  object  in  the  most  direct 


ll 


May,  1914  THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


437 


way  with  greatest  economy,  it  is  beautiful  in  the  eyes  of  those 
who  understand  its  rationale  and  this  is  broadly  true  and  not 
restricted  to  electrochemistry.  But  the  trained  engineer's  or 
scientist's  intellectual  eye  is  needed  to  see  this  type  of  beauty. 

The  thoughts  on  some  particular  aspects  of  electrochemistry 
which  I  want  to  submit  to  you  for  reflection  to-night  are  of  a 
cognate  nature.  They  refer  to  the  part  which  electrochemistry 
plays  in  the  change  now  going  on  in  modern  civilization  in 
economic  and  aesthetic  valuations.  Our  age  is  called  an  age  of 
unrest  and  revolution.  Whether  we  are  really  so  much  more 
restless  than  our  ancestors  is  open  to  discussion  and  hard  to 
decide.  But  that  the  scientific  and  concomitant  engineering 
advances  of  the  last  century  have  brought  an  entirely  new 
phase  (in  the  phase-rule  sense)  into  the  play  of  human  reactions 
which  make  up  the  history  of  mankind,  is  not  open  to  question. 
That  the  effects  of  modern  science  and  engineering  go  far  beyond 
their  spheres  of  immediate  interest  is  undisputed.  What  then 
is  the  effect  of  electrochemistry  on  two  apparently  so  remote 
fields  as  political  economy  and  aesthetics? 

To  express  the  question  concisely  I  borrow  Friedrich 
Nietzsche's  phrase  of  the  revaluation  of  values.  My  subject 
is:  How  does  electrochemistry  bring  about  a  revaluation  of 
economics  and  aesthetic  values?  I  have  brought  Nietzsche's 
name  into  this  discussion  for  still  another  reason.  Nietzsche's 
brilliant  and  at  first  sight  extraordinarily  daring  attempt  of  a 
revaluation  of  ethical  values  for  the  sake  of  creating  the  "Ueber- 
mensch"  is  perhaps  in  the  final  analysis  of  its  positive  aspects 
nothing  more  than  a  robust  reassertion  of  what  was  strong  and 
healthy  in  the  viewpoints  and  valuations  of  classic  Greece  and 
Rome,  but  has  been  lost  in  the  last  nineteen  centuries  to  an 
exaggerated  weak  sentimentality.  Nietzsche  wanted  to  make 
restitution  of  this  lost  strength  and  health  from  classic  Greece 
to  modern  civilization  and  then  create  a  new  ethics.  Now, 
it  would  seem  that  the  effect  of  science  and  engineering  on 
aesthetics  is  acting  at  present  in  the  same  direction  in  emphasiz- 
ing the  necessity  of  a  return  to  the  aesthetic  viewpoint  of  classic 
Greece,  as  embodied  in  Socrates'  view  of  the  kinship  of  beauty 
and  utility.  It  is  for  this  reason  that  before  speaking  of 
aesthetic  aspects  of  electrochemistry  it  is  necessary  to  take  up 
its  economic  aspects. 

How  are  economic  values  being  created  by  industrial  electro- 
chemistry? For  this  discussion  Prof.  Karl  Knies'  old  and  well- 
known  conception  is  very  useful  that  economic  value  is  of  three 
kinds — place  value,  time  value,  and  form  value.  If  I  may  use 
the  text  book  illustration,  ice  in  winter  in  the  Maine  woods  has 
no  economic  value  because  there  is  no  market  for  it  there. 
Brought  to  New  York,  it  gets  place  value,  because  there  is  a  de- 
mand for  it  in  New  York.  Stored  and  sold  in  summer  time, 
it  gets  an  additional  economic  value — time  value.  Nothing 
has  been  done  to  the  ice  itself  by  man.  The  place  value  has 
been  created  by  transportation,  the  time  value  by  storing, 
and  as  we  shall  see  later  these  two  points  are  of  importance 
for  the  production  of  economic  values  by  electrochemistry. 

But  for  the  present  let  us  consider  the  third  kind  of  economic 
value — form  value,  i.  e.,  the  value  created  by  the  work  done  by 
man  on  the  materials  of  nature,  comprising  mechanical  work 
as  well  as  chemical  changes.  Any  chemical  reaction  produces 
or  annihilates  form  values  economically  speaking.  But  what  is 
the  distinguishing  characteristic  feature  of  the  form  values 
produced  by  the  electrochemical  industries?  Let  us  take  a 
few  typical  examples. 

By  the  electrolysis  of  a  solution  of  common  salt  we  get  caustic 
soda  and  chlorine  and  we  work  up  the  latter  perhaps  into  bleach- 
ing powder.  The  excess  of  the  value  of  the  caustic  soda  and 
bleaching  powder  over  that  of  common  salt  is  the  form  value 
produced  by  this  process.  So  it  is  in  the  production  of  calcium 
carbide  from  lime  and  coke,  of  nitric  acid  and  nitrates  from 
atmospheric  nitrogen  and  so  on. 


The  fixation  of  atmospheric  nitrogen  representing  an  extreme 
case  is  most  instructive.  The  raw  material  is  atmospheric  air 
which  as  such  has  no  economic  value  at  all,  so  that  we  might 
say  that  in  the  production  of  nitrate  from  air  the  economic 
efficiency  becomes  infinitely  high.  It  sounds  very  well  to  speak 
of  a  process  with  an  infinitely  high  economic  efficiency,  but 
if  we  take  the  time  to  remember  that  exactly  this  process  which 
is  now  worked  with  fair  financial  results  in  Norway  turned  out  a 
commercial  failure  some  ten  years  ago  in  Niagara  Falls,  it  is 
evident  that  our  consideration  must  have  been  in  some  way  so 
one-sided  as  to  be  misleading. 

Why  was  fixation  of  atmospheric  nitrogen  a  failure  at  Niagara 
Falls  and  why  is  it  a  success  in  Norway?  Not  primarily  on 
account  of  the  process  because  the  Bradley-Lovejoy  process 
worked  with  about  the  same  technical  efficiency  as  the  Birke- 
land-Eyde  process,  though  the  apparatus  was  considerably 
more  complicated.  No,  the  decisive  element  which  caused 
failure  at  Niagara  Falls  and  success  in  Norway,  is  the  cost  of 
electric  power  which  is  three  to  five  times  lower  in  Norway  than 
at  Niagara  Falls.  And  this  brings  us  right  to  the  root  of  the 
whole  matter. 

In  discussing  the  economic  value  of  some  electrochemical 
products  we  have  so  far  in  a  one-sided  way  compared  only  the 
value  of  the  starting  materials  and  of  the  end  products,  but  we 
have  entirely  neglected  the  fact  that  in  these  cases  we  have  not 
only  to  do  with  materials  as  such,  but  rather  with  the  storage 
of  energy  in  materials.  The  form  value  of  many  products  of 
electrochemical  industries  is  essentially  due  to  their  high  energy 
content.  A  large  amount  of  chemical  energy  is  stored  in  electro- 
chemical products;  it  is  latent  under  ordinary  condition,  but 
it  may  be  gotten  out  wherever  and  whenever '  necessity  arises 
and  this  fact  makes  them  useful  and  economically  valuable. 

Let  us  carry  this  consideration  a  little  further  by  making 
use  of  the  conception  that  the  energy  of  a  given  system  may  be 
considered  as  the  product  of  two  factors — the  capacity  factor 
and  the  intensity  factor,  to  use  the  terms  of  Ostwald.  The 
total  amount  of  energy  remains  the  same.  But  for  the  engineer- 
ing applications  it  makes  an  enormous  difference  whether  we 
make  the  capacity  factor  small  and  the  intensity  factor  large 
or  the  former  large  and  the  latter  small. 

In  case  of  a  waterfall  the  amount  of  water  passing  over  the 
fall  in  a  certain  time  is  the  capacity  factor,  the  height  of  the  fall 
is  the  intensity  factor.  The  engineering  requirements  of  the  de- 
velopment of  a  waterfall  with  little  water  and  a  high  fall  are 
very  different  from  the  case  of  a  lot  of  water  with  a  small  fall, 
though  the  energy  may  be  exactly  the  same  in  both  cases. 

In  the  case  of  electrical  energy  the  current  passing  in  a  certain 
time,  measured  in  coulombs,  is  the  capacity  factor,  the  pressure 
in  volts  is  the  intensity  factor.  For  electric  power  transmission 
we  make  the  intensity  factor  the  voltage,  as  large  as  possible, 
in  order  to  decrease  the  transmission  loss. 

In  the  case  of  electrochemical  products,  the  weight  of  the 
materials  is  the  capacity  factor,  the  specific  energy  stored  in 
them  per  unit  of  weight  is  the  intensity  factor.  If  we  make  the 
latter  high,  if  we  store  a  lot  of  energy  in  a  little  matter,  it  will 
again  be  favorable  as  reducing  the  cost  of  transportation. 

Now  the  element  of  transportation  brings  us  to  the  con- 
ception of  the  place  value  of  electrochemical  products.  If  their 
form  value  is  due  to  their  high  energ\'  content,  their  place  value 
is  due  to  the  possibility  of  chemical  power  transmission  by  ma- 
terial transportation  of  electrochemical  products.  These  prod- 
ucts of  the  electrochemical  industries  which  are  characterized 
by  a  high  specific  energy  content  are  the  principal  medium  of 
chemical  power  transmission. 

There  are  two  points  of  chemical  power  transmission  to  be 
specially  emphasized.  One  is  that  it  is  not  bound  to  a  fixed 
route.  It  requires  no  line  wires.  It  makes  use  of  the  ordinary 
transportation    facilities    for    materials — railways,    ships,    etc. 
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This  is  important  as  it  opens  fields  for  chemical  jiowcr  trans- 
mission where  electrical  power  transmission  fails.  For  in- 
stance, there  are  still  very  large  areas  in  this  country,  Canada 
and  elsewhere  which  are  so  little  populated  that  it  would  not 
pay  to  erect  an  electric  transmission  system  to  provide  electric 
lighting.  Here  acetylene  lighting  is  of  supreme  importance. 
Acetylene  lighting  is  a  case  of  chemical  power  transmission. 
At  Niagara  Falls  the  electric  furnace  produces  calcium  carbide 
from  lime  and  carbon  and  chemical  energy  is  thus  stored  in  the 
carbide  which  is  transported  with  its  energy  to  any  place  where 
acetylene  is  required  for  lighting. 

If  transportation  creates  place  value,  storage  creates  time 
value.  The  use  of  chemical  energy  after  it  has  been  trans- 
mitted is  not  limited  to  a  certain  time  and  that  is  the  second 
important  feature  of  chemical  power  transmission.  With 
electrical  energy  which  cannot  be  stored  as  such,  it  is  necessary 
to  use  the  transmitted  energy  at  once  or  to  provide  special 
means  for  storing  it.  In  this  respect  chemical  power  trans- 
mission differs  essentially  from  electric  power  transmission 
and  is  superior  to  it.  Chemical  energy  is  in  itself  essentially 
stored  latent  energy  and  is  used,  therefore,  in  connection  with 
other  systems  of  power  transmission  for  storage  purposes,  as 
in  the  case  of  storage  batteries  for  electric  power  systems.  The 
time  value  of  calcium  carbide  is  due  to  the  fact  that  we  can  store 
it  and  can  produce  the  acetylene  just  at  the  moment  when  it 
is  needed  for  lighting. 

There  is  a  long  list  of  electrochemical  products  which  may 
be  considered  from  the  viewpoint  of  chemical  power  trans- 
mission. In  bleaching  powder  we  transmit  the  possibility  of 
producing  a  bleaching  or  a  disinfecting  liquid  whenever  and 
wherever  it  is  needed.  In  the  series  of  peroxides  we  transmit 
their  avidity  to  give  off  an  atom  of  oxygen  when  and  where  we 
want  it,  or  the  reaction  caused  by  it. 

As  pretty  and  concrete  an  illustration  of  chemical  power 
transmission  as  we  may  wish  we  have  in  Hans  Goldschmidt's 
ingenious  aluminothermic  reaction.  The  heat  of  reaction  of 
aluminum  and  oxygen  in  forming  alumina  is  relatively  very 
high  per  unit  of  weight  of  aluminum.  This  is  just  the  reason 
why  the  economical  production  of  aluminum  from  alumina  did 
not  succeed  until  electrolysis  was  resorted  to.  Now  the  funda- 
mental idea  of  the  aluminothermic  method  is  that  we  have  in 
metallic  aluminum  a  medium  which  gives  us  by  combination 
with  oxygen  a  large  amount  of  energy  wherever  or  whenever 
needed.  In  thermit,  the  mixture  of  aluminum  and  iron  oxide, 
we  transport  essentially  the  capability  of  producing  at  any 
place  and  at  any  time,  highly  superheated  molten  steel  for 
welding  rails,  for  making  repairs,  and  so  on. 

Again  in  the  new  and  important  Norwegian  nitrate  industry 
we  have  an  example  of  what  we  may  call  international  chemical 
power  transmission,  as  the  economical  value  of  Norsk  salt- 
peter depends  on  its  easy  transportation  by  ship  to  other 
countries.  Thus  we  have  at  the  same  time  creation  of  economic 
values  in  Norway  by  building  up  a  new  and  important  industry 
and  creation  of  economic  values  in  other  countries  by  using 
Norsk  saltpeter  to  further  agriculture. 

I  have  dwelt  on  the  relation  of  electrochemistry  to  chemical 
power  transmission  at  such  length  because  so  many  electro- 
chemical products  can  be  considered  from  this  viewpoint.  But 
it  would  be  wrong  to  tliink  that  the  whole  of  electrochemistry 
can  thus  be  viewed.  There  are  quite  a  number  of  very  im- 
portant electrochemical  products  in  which  with  no  stretch  of 
imagination  I  am  able  to  detect  time  value.  But  in  all  cases 
the  form  value  is  high. 

In  the  case  of  aluminum  we  have  the  aspect  of  chemical 
power  transmission  only  in  the  aluminothermic  reaction,  which 
though  big  in  itself  uses  only  a  small  amount  of  the  total  output 
of  aluminum.  In  cooking  utensils,  in  line-wire  construction 
and  other  applications  it  is  simply  the  mechanical  and  electrical 


l)roperlies  of  aluminum  which  count  and  which  give  it  a  high 
form  value. 

In  electrolytic  copper  refining,  the  oldest  and  certainly  one 
of  the  biggest  electrochemical  industries,  the  increase  of  form 
value  is  remarkable.  It  is  a  double  one:  (i)  The  gold  and 
silver  are  recovered;  (2)  the  copper  itself  is  considerably  in- 
creased in  form  value,  due  to  its  greater  purity  and  resulting 
higher  electric  conductivity. 

All  those  products  of  electrochemical  industries  which  have 
nothing  to  do  with  chemical  power  transmission  have  a  high 
-form  value  and  must  have  it  because  otherwise  it  would  not  pay 
to  use  an  electrochemical  process  in  view  of  the  high  cost  of 
electrical  power  Hence,  the  well-known  axiom  that  in  all 
such  applications  the  use  of  electrochemical  processes  should  be 
restricted  as  much  as  possible  to  the  finishing  touches,  that  is, 
to  the  refining  of  a  comparatively  advanced  product. 

In  addressing  the  American  Electrochemical  Society  I  need 
hardly  show  at  length  how  this  creation  of  economic  values  by 
the  electrochemical  industries  has  affected  and  is  affecting  modem 
civilization  in  its  various  phases.  What  was  waste  before,  and 
what  was  considered  a  nuisance,  becomes  valuable.  When  the 
early  Colorado  gold  seekers  discovered  the  tungsten  ores  in 
Boulder  Canyon,  they  cursed  them  as  they  were  not  what  they 
wanted.  But  "heavy  black  sand"  electrochemistr\'  has  given 
to  civilization  ferro-tungsten  and  the  tungsten  lamp.  From 
culm,  the  waste  material  of  the  anthracite  coal  mines,  Acheson 
has  given  to  the  world  artificial  graphite  with  its  numerous 
applications.  Then  there  are  the  enormous  electric-furnace 
industries  of  artificial  abrasives  in  use  in  so  many  walks  of  life. 
And  so  I  could  go  on  through  the  list  of  electrochemical  prod- 
ucts down  to  Cottrell's  electrostatic  process  of  recovering  values 
from  obnoxious  smelter  fumes.  I  should  add,  however,  that 
electrolytic  copper  refining,  itself  made  possible  by  the  dynamo, 
has  paid  its  debt  to  electrical  engineering  and  by  furnish- 
ing firm  high-conductivity  copper  has  made  modem  electric 
power  transmission  possible.  And  as  we  have  seen,  in  chemical 
power  transmission  electrochemistry  has  brought  into  modem 
civilization  an  absolutely  new  element  by  which  what  is  now 
waste  power  is  being  scattered  all  over  the  world  to  build  up 
industries,  to  further  agriculture  with  fertilizers,  to  light  cities 
with  acetylene,  to  aid  public  health  with  bleaching  powder  and 
to  affect  civilization  in  general  in  its  most  heterogeneous  aspects. 
That  electrochemists  as  true  creators  are  bringing  about  a  re- 
valuation of  economic  values  there  can  be  no  doubt.  But 
what  has  electrochemistry  to  do  with  aesthetics? 

If  beauty  is  perceived  through  oiu'  senses,  the  first  question 
is:  How  has  modem  engineering  affected  our  senses?  The 
answer  is  simply  that  modern  engineering  has  given  us  artificial 
senses  in  addition  to  our  natural  senses.  In  the  old  days  when 
the  apparatus  in  physical  and  chemical  laboratories  were  home- 
made affairs,  it  was  said  that  experimental  physicists  and 
chemists  should  be  able  to  see  with  their  ears  and  hear  by  touch, 
smell  with  their  tongues  and  measure  temperatures  with  their 
eyes.  Now  modem  engineering  has  given  us  instruments  and 
apparatus  which  really  represent  new  senses  and  which  are 
available  to  a  much  more  general  public.  And  what  is  more, 
our  artificial  senses  can  be  repaired  or  replaced  by  new'  and 
better  ones  and  they  give  us  permanent  records. 

I  am  not  stretching  the  meaning  of  the  term  senses  in  speak- 
ing of  instruments  as  artificial  senses.  To  the  electrical  engineer 
the  readings  of  the  voltameter  and  wattmeter  are  as  real  and  as 
true  indications  of  the  outside  world  as  though  he  put  his  head 
out  the  window  to  feci  whence  the  wind  blows.  Pyrometers 
give  as  real,  though  much  more  exact  indications  of  tempera- 
ture, as  the  touch  of  a  hot  body  by  hand  or  the  trained  eye  of 
the  furnace  man.  The  photographic  camera  is  a  new  artificial 
eye  that  preserves  the  record  of*what  it  sees.  Successive  photo- 
graphs put  together  in  a  moving  picture  show  enable  us  to 
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crowd  into  a  period  of  five  minutes  what  may  have  happened 
in  a  year.  We  can  see  crystals  and  plants  grow.  The  electric 
oscillograph  gives  us  a  record  that  permits  us  to  see  in  leisure 
transient  phenomena  that  happen  in  portions  of  a  second,  and 
study  over  them  for  hours.  The  telephone  stretches  the  ability 
of  the  human  ear  so  that  it  can  hear  in  Denver  what  is  said  in 
New  York.  And  if  we  hear  our  children  of  three  or  four  years 
talk  to  us  over  the  long-distance  telephone  in  such  a  self-evident 
matter-of-fact  way  as  though  they  were  sitting  on  our  knees, 
we  cannot  escape  the  conclusion  that  a  new  generation  is  rising 
to  which  the  perception  of  the  outside  world  comes  through 
new  senses  and  which  consequently  looks  at  the  world  with  new 
eyes.  What  has  electrochemistry  to  offer  to  this  new  generation 
in  aesthetic  ideals? 

It  seems  to  me  that  the  fundamental  contribution  which 
electrochemistry  has  to  make  to  aesthetics  is  to  carry  to  its  last 
consequence  the  principle  that  waste  can  never  be  beautiful. 
Of  course  this  principle  is  as  old  as  art.  Waste  of  words  in  a 
work  of  literature,  waste  of  lines  or  colors  in  pictures,  waste  of 
space  in  architecture  have  always  been  considered  the  opposite 
of  beautiful.  But  the  growing  multiplicity  of  our  sensual 
knowledge  due  to  the  magnified  and  projected  extension  of  our 
senses  forces  us  to  see  waste  where  our  ancestors  saw  beauty  and 
had  a  right  to  see  beauty. 

Permit  me  to  concentrate  my  remarks  on  the  one  subject 
that  is  uppermost  in  this  connection  in  the  minds  of  American 
electrochemists — the  question  of  the  power  development  of 
Niagara  Falls.  I  use  it  as  a  clear  cut  example  of  what  revalua- 
tion of  aesthetic  values  by  electrochemistry  means.  The 
magnificent  group  of  electrochemical  industries  of  Niagara 
Falls  which  are  the  pride  of  every  American  electrochemist  and 
should  be  the  jiride  of  the  whole  American  nation  suffers  seriously 
from  the  power  famine  due  to  the  cessation  of  power  develop- 
ment by  international  agreement  between  the  United  States 
and  Canada.  This  agreement  is  based  on  the  alleged  will  of  the 
people  of  both  countries  to  have  the  falls  preserved  as  a  scenic 
spectacle  on  the  principle  of  conservation  of  natural  beauty. 
The  battle  cry  is  conservation  of  natural  beauty  for  the  people. 
The  counter-argument  has  been  made  that  tlie  natural  beauty 
conservationists  want  to  conserve  something  tliat  no  longer 
exists.  With  this  I  agree,  but  I  cannot  agree  with  the  ex- 
pression usually  given  to  this  argument,  that,  if  Niagara  Falls 
could  be  preserved  in  its  original  magnificence,  it  would  be 
worth  while  but  that  Niagara  as  a  majestic  spectacle  has  never 
belonged  to  the  present  generation  and  that  its  beauty  has 
been  given  up  to  noisy  and  offensive  exploitation  long  before 
the  first  power  station  was  created. 

This  may  be  true,  but  it  seems  to  me  that  this  argument  does 
not  reach  the  root  of  the  matter.  The  beauty  of  Niagara  Falls, 
like  all  beauty,  is  subjective  in  the  onlooker.  The  question  is 
simply :  What  do  we  see  when  we  stand  at  the  brink  of  Niagara 
Falls? 

Our  ancestors  who  knew  nothing  of  the  principle  of  con- 
servation of  energy,  of  transformation  of  different  forms  of 
energy  into  each  other  looked  simply  at  the  material  side  of  the 
Falls  and  saw  beauty  and  had  a  right  to  see  beauty.  And  if  we 
force  ourselves  into  such  a  one-sided  attitude  of  mind,  we  can 
still  see  beauty. 

But  if  we  stand  as  modern  men  at  the  Falls  with  a  free  attitude 
of  mind,  we  don't  see  simply  water,  we  see  power.  We  see  the 
possibilities  of  using  this  power  for  electric  power  transmission 
for  lighting,  traction,  and  industrial  purposes  on  a  wider  area. 
We  see  the  even  greater  possibility  of  storing  this  power  in 
electrochemical  products  and  utilizing  them  all  over  the  land 
in  all  walks  of  life.  If  we  look  at  the  Falls  with  this  attitude  of 
mind  which  is  the  natural  one  for  us,  every  cubic  foot  of  water 
that  goes  thundering  over  the  falls  unutilized  appeals  to  us  as 
waste  and  nothing  but  waste. 


Now  waste  can  never  be  beautiful.  If  the  artist's  selection 
of  the  essential  and  nothing  but  the  essential  makes  a  work  of 
art  beautiful,  anything  that  strikes  our  imagination  as  waste 
must  prevent  aesthetic  enjoyment.  If  we  could  look  at  Niagara 
Falls  with  the  eyes  of  our  ancestors  it  would  be  different,  but  in 
full  possession  of  our  extended  senses  which  an  engineering 
age  has  given  us,  the  Falls  of  Niagara — as  much  of  them  as  is 
not  utilized — must  simply  impress  us  as  a  waste  of  immense 
proportions. 

And  just  the  element  of  bigness  which  was  an  element  of 
beauty  to  our  ancestors,  has  necessarily  become  to  us  the  re- 
verse, emphasizing  only  more  emphatically  the  criminal  negli- 
gence of  letting  waste  on  such  a  tremendous  scale  go  on.  Un- 
developed, Niagara  Falls  remains  spectacular  even  to  the  modern 
man,  but  it  is  no  longer  beautiful. 

The  perverse  mind  of  Nero  could  enjoy  the  spectacle  of  Rome 
burning.  A  savage  tribe  could  naively  enjoy  a  conflagration 
that  would  consume  for  spectacular  purposes  a  million  tons  of 
coal  a  week.  We  let  the  equivalent  waste  go  on  in  water- 
power  and  hear  it  called  saving  beauty  for  the  people. 

But  there  is  little  use  in  arguing  in  aesthetic  matters.  All 
we  can  really  do  is  to  make  people  see  for  themselves,  use  their 
own  senses,  all  of  them,  their  natural  ones  and  their  artificial 
ones.  This  is  what  the  engineering  developments  tend  to  do 
every  day  and  we  can  depend  upon  it  that  as  surely  as  day 
follows  night,  a  new  generation  is  rising  that  will  use  its  senses, 
all  of  them,  and  make  its  own  aesthetics. 

When  that  time  has  come,  the  Falls  of  Niagara  running  dry 
will  reveal  to  the  world  immense  beauty,  health  and  wealth 
scattered  by  electrical  and  chemical  means  all  over  the  country, 
whUe  the  grandeur  of  the  whirlpool  rapids,  unchanged  and  un- 
diminished, will  have  a  higher  aesthetic  value,  a  deeper  meaning 
of  beauty  than  they  can  possibly  have  for  us.  The  world  will 
then  smUe  at  the  aesthetic  scruples  of  so  many  well-meaning 
people  of  our  own  time  and  will  wonder  what  all  that  talk  of 
saving  Nature's  beauty  was  about. 


THE  AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS— 293rd  MEETING 

The  293rd  meeting  of  the  American  Institute  of  Electrical 
Engineers  was  held  in  Pittsburgh,  April  9-1 1,  1914.  About  200 
members  attended. 

Wilfred  Sykes  presided  at  the  first  day's  session,  which  was 
largely  devoted  to  a  discussion  of  the  use  of  electricity  in  mines. 
H.  O.  Swoboda  presented  a  paper  on  "Self-Contained  Portable 
Electric  Lamps,"  in  the  course  of  which  he  demonstrated  an 
incandescent  lamp  which  may  be  used  in  any  position  and  so 
protected  as  to  resist  damage  and  to  prevent  the  emission  of 
sparks  on  rough  handling. 

H.  H.  Clark  discussed  "The  Regulation  of  Electrical  Installa- 
tions in  Mines."  Among  other  matters  dealt  with  were  the 
rules  proposed  by  the  Bureau  of  Standards,  American  Mining 
Congress,  and  the  English  and  German  laws  for  electrical  in- 
stallations in  mines. 

The  banquet  was  held  on  Thursday  evening,  April  9th.  A.  M. 
Dudley,  chairman  of  the  Pittsburgh  Section  of  the  Institute, 
delivered  the  address  of  welcome. 

On  April  loth,  safe  mine  operating  and  the  installation  of 
electric  signal  and  telephonic  systems  were  taken  up  and  dis- 
cussed; and  G.  M.  Eaton  read  a  paper  on  "The  Development 
of  the  Electric  Mine  Locomotive." 

On  April  nth,  the  convention  closed  after  trips  of  inspection 
to  the  Westinghouse  plants  and  to  the  station  of  the  Bureau  of 
Mines.  W.  A.  Hamor. 
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NOTL5  AND  CORRL5PONDLNCL 


THE  INVENTION  OF  CELLULOID 

lidilor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Being  the  author  of  the  article  on  celluloid  in  the  new  edition 
of  Thorpe's  "Dictionary  of  Applied  Chemistry,"  from  which  Prof. 
Chandler  submits  a  mangled  quotation  with  his  emphatic 
disapproval,'  and  looking  back  on  thirty  years'  experience  in 
the  celluloid  industry,  I  feel  constrained  to  reply  to  the  remark- 
able statements  of  the  learned  Professor. 

At  the  risk  of  wearying  the  reader,  I  must  rehearse  that  part 
of  the  history  of  the  nitrocellulose  industry  which  bears  on  the 
pyroxylin-camphor  compound  best  known  as  celluloid.  I  con- 
cede at  the  outset  that  the  word  "celluloid,"  the  registered 
trade  mark,  was  coined  by  one  of  the  Hyatt  brothers  and  that 
several  books  on  the  industry,  all  of  them  written  by  outsiders, 
and  some  of  them  not  fit  for  a  kindergarten  course,  ascribe  the 
invention  to  Hyatt  or  the  Hyatt  brothers.  Even  Beilstein's 
great  handbook  falls  into  this  error.  All  of  this  goes  to  show 
that  a  legend  skilfully  launched  and  brazenly  defended  is 
tenacious  of  life. 

The  first  mention  of  camphor  in  conjunction  with  pyroxylin 
is  contained  in  the  British  Patent  1,638  of  July  26,  1854, 
granted  to  James  A.  Cutting  of  Boston,  U.  S.  A.,  for  photographic 
pictures.  Cutting  dissolves  32  grains  of  camphor  in  a  pint  of 
collodion,  already  containing  80  grains  of  potassium  iodide, 
and  claims  by  this  addition  to  increase  the  vigor  and  distinctive- 
ness of  delineation  of  the  positive  picture  and  particularly  the 
half  tints,  also  the  beauty  of  the  picture,  by  giving  a  fineness 
of  deposit  not  heretofore  attained  by  any  other  means.  The 
very  nature  of  his  solvent  prevented  him  from  observing  any 
solvent  action  on  the  pyroxylin  due  to  the  presence  of  camphor, 
and  nobody  in  his  senses  will  be  rash  enough  to  assert  that 
this  disclosure  of  Cutting  constitutes  the  invention  of  the  pyrox- 
ylin-camphor compound. 

We  find  the  next  mention  of  camphor  in  the  British  Patent 
"manufacture  of  compounds  of  pyroxylin"  No.  13 13,  of 
May  n,  1865,  of  Alexander  Parkes,  Birmingham,  the  one 
which  the  romancers  rely  on  when  they  try  to  rob  Spill  of  the 
credit  due  him.  Parkes  mentions  in  this  specification  four  sol- 
vents of  low  volatility,  anilin,  nitrobenzol,  glacial  acetic  acid, 
and  camphor,  the  latter  oiJy  casually.  The  three  former  are 
specifically  enumerated  in  his  claim,  but  camphor  is  omitted,  a 
point  of  significance  to  any  one  familiar  with  patent  matters, 
especially  in  view  of  the  fact  that  Parkes  and  Spill  were  as- 
sociates. There  is  not  a  word  in  either  this  or  any  other  of 
Parkes'  patents  that  directs  the  joint  use  of  absolute  alcohol  and 
camphor,  as  has  been  deduced  by  some  from  the  famous  decision 
(rendered  August  21,  1884)  which  held  Spill's  U.  S.  Patent  of 
November  30,  1869,  invalid.  In  No.  13 13  Parkes  recommends, 
as  he  does  elsewhere,  absolute  wood  alcohol  or  what  he  con- 
ceives to  be  such;  and  in  his  British  Patent  No.  2675  of  October 
28,  1864,  "preparing  compounds  of  guncotton  and  other 
substances,"  he  states  that  alcohol,  treated  in  an  analogous 
maimer,  may  be  substituted  for  wood  alcohol.  Now  both  of 
these  alcohols  gelatinate  pyroxylin,  so  the  dissolving  power  of 
cam])hor  was  not  disclosed.  Spill,  who  was  a  keen  observer, 
noted  that  it  was  possible  to  use  moist  pyroxylin,  as  may  be 
gathered  from  several  of  his  patents,  and  drew  the  conclusion 
that  in  certain  combinations  the  employment  of  anhydrous 
alcohols  was  not  essential.  In  his  British  Patent  No.  2,666  of 
September  21,  1867,  "treating  xyloidine,"  he  gives  us  the 
important  solvent  commercial  grain  alcohol  mixed  with  benzol. 
Two  years  later,  British  Patent  No.  3,102  of  October  26,  1869 
and  U.  S.  Patent  97,454  of  November  30,  1869,  he  published 
■Tras  Journal,  6  (1914).  156-158. 


his  famous  formula  of  a  solution  of  camphor  in  commercial  grain 
alcohol,  and  this  formula  and  this  disclosure  are  and  have  been 
the  foundation  of  the  celluloid  industry.  Spill's  process  of  gel- 
atinating  pyroxylins  by  means  of  this  solvent  and  masticating 
the  pasty  mass  between  rolls  is  and  has  been  the  process  followed 
by  celluloid  manufacturers  all  over  the  world,  Hyatt  and  his 
backers  included,  and  not  the  visionary,  inoperative  process  of 
U.  S.  Patent  105,338  of  July  12,  1870,  granted  to  John  W. 
Hyatt,  Jr.,  and  Isaiah  S.  Hyatt.  The  patent  covering  this 
alleged  invention  was  several  times  re-issued,  exalted  to  the 
state  of  a  fetich,  and  made  an  instrument  of  the  most  oppressive 
patent  litigation.  Hyatt  disclaims  the  use  of  alcohol,  but  in 
practice  cannot  do  without  it.  What  his  actual  knowledge  was, 
is  best  evidenced  by  this  quotation  from  the  text  of  105,338: 

"The  product  is  a  solid  about  the  consistency  of  sole  leather, 
but  which  subsequently  becomes  as  hard  as  horn  or  bone  by  the 
evaporation  of  the  camphor.  Before  the  camphor  is  evaporated 
the  material  is  easily  softened  by  heat,  and  may  be  molded  into 
any  desirable  form,  which  neither  changes  nor  appreciably 
shrinks  in  hardening. 

"We  are  aware  that  camphor  made  into  a  solution  with  alcohol 
or  other  solvents  of  camphor  has  been  used  in  a  liquid  state  as 
a  solvent  of  xyloidine.  Such  use  of  camphor  as  a  solvent  of 
pyroxylin  we  disclaim." 

In  passing,  I  may  remark  that  the  step  of  the  first  claim 
"Grinding  pyroxylin  into  a  pulp"  was  published  in  British 
Patent  No.  2,249  of  September  15,  i860,  granted  to  Stephen 
Barnwell  and  Alexander  Rollason. 

That  Hyatt  experienced  great  difficulty  in  circumventing 
SpiU's  patents  and  in  fact  did  not  succeed,  does  not  constitute 
him  the  inventor  of  the  pyroxylin-camphor  compound  which 
Spill  first  made,  and  which  is  made  to-day  by  Spill's  original 
method. 

The  decision  that  the  step  taken  by  Spill  was  too  short  to 
entitle  him  to  a  patent  may  have  appeared  very  obvious  in 
1884,  especially  to  his  rivals,  but  I  am  of  the  opinion  that  it  was 
a  tremendous  leap  forward  in  1869.  But  whichever  way  one 
may  view  this  decision,  it  does  not  establish  that  Hyatt  was 
the  inventor  of  celluloid,  the  material,  not  the  trade  mark,  nor 
that  Hyatt's  process  is  the  one  used  in  the  industry.  Rather 
the  reverse,  it  says  that  anybody  may  use  SpiU's  process,  Hyatt's 
backers,  the  defendants  in  this  suit,  included. 

Considering  the  exceptional  opportunities  which  Prof.  Chand- 
ler has  enjoyed  to  acquaint  himself  with  the  real  processes  and 
the  history  of  the  celluloid  industry,  nothing  could  be  less 
defensible  than  the  use  he  tries  to  make  of  Spill's  British  Patent 
1.739.  of  May  11,  1875.  For  the  benefit  of  unbiased  readers, 
I  append  herewith  a  circular  of  the  Xylonite  Company,  Limited, 
bearing  date  of  March  31,  187 1,  which  shows  better  than 
anything  else  what  had  been  accomplished  at  that  early  date : 
THE  XYLONITE  COMPANY  LIMITED 


Manufactory:     Hackney  Wick,  Lonbon.  N.  E. 
Mr.  D.  Spill,  Manager 

Xylonite:  a  substitute  for  Ivory.  Bone.  Horn,  Tortoiseshell,  Hard 
Woods,  Vulcanite.  Papier  Mach^.  Marbles,  Brass,  and  Veneers  for  Cabinet 
Work.  It  is  also  applied  to  Waterproofing  Fabrics.  Leather.  Cloth.  Book 
Binders'  Cloth.  Card  Cloth.  Writing  Tablets.  Bagatelle  Balls  and  Pianoforte 
Keys.  Gear  and  Friction  Wheels,  and  Bearings  for  Machinery.  Spinner's 
Bosses.  Tubing;  and  as  an  Insulator  and  protector  of  Telegraph  Wires. 

It  may  be  embossed,  turned,  polished,  and  worked  in  the  same  manner 
as  the  substances  above  named;  is  not  affected  by  chemicals,  or  atmospheric 
changes,  and  is,  therefore,  valuable  for  shipment  to  hot  climates. 

It  is  also  applicable  to  Photographic  purposes,  ris.,  as  windows  for  the 
Dark  Room,  for  which  the  material  is  chemically  prepared  so  as  to  arrest 
the  actinic  rays  of  light.  It  can  also  be  spread  upon  fabrics  for  the  purpose 
of  Field  Tents,  thus  avoiding  the  use  of  colored  glass  windows;  and  lastly, 
differently  prepared,  is  a  substitute  for  glass  plates  for  Negatives,  it  having 
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the  advantages  of  being  light,  flexible,    and    durable,   and  perfectly   stric- 
tureless. 

INSTRUCTIONS    TO    SURPACB    AND    POLISH    XYLONITE    SHEET 

The  Surface  of  the  sheet  can  be  made  smooth  with  either  a  file,  glass 
paper,  scraper,  or  plane;  or  by  grinding  on  a  stone,  either  with  fine  emery 
powder  and  water,  fine  emery  powder  and  oil,  or  pumice  stock  and  water; 
it  may  also  be  pressed  to  a  smooth  surface  between  polished  plates  of  metal 
heated  to  about  212  degrees  Fahrenheit. 

Polish  with  oil  and  crocus,  oil  and  rotten-stone,  or  oil  and  whiting, 
combined  with  friction;  it  may  also  be  French  polished,  in  the  same  manner 
as  cabinet  work  or  hard  woods. 

The  friction  polish  is  most  durable,  and  may  be  obtained  by  the  use  of 
a  rotary  wheel  or  oscillating  flat  plate,  having  a  leathern  or  woollen  surface 
well  supplied  with  the  above-named  polishing  powders,  combined  with  oil 
or  water.  Finish  with  a  rotating  or  oscillating  brush  or  wheel  made  of  hair, 
cotton  or  wool,  well  supplied  with  whiting  combined  with  oil  or  water. 

INSTRUCTIONS    FOR    WORKING    AND    FASTENING    HANDLES 

To  work  Xylonite  Handles  for  Table  or  Pocket  Cutlery,  the  material 
should  be  first  surfaced  or  shaped,  either  with  a  hardened  steel  file,  or  by 
grinding  upon  "fine  grit"  stones,  supplied  with  water  in  any  convenient 
way;  then  polished  on  a  leather  surfaced  or  buff  wheel,  well  supplied  with 
rotten-stone  and  oil.  or  powdered  pumice  stone,  and  oil;  and  finished  on  a 
rotating  dolly  or  wheel  composed  of  hair,  cotton,  woollen  rays,  or  felt,  well 
supplied  with  whiting  combined  with  oil  or  water.  This  will  give  a  high 
gloss,  similar  to  ivory. 

In  many  instances  the  ordinary  method  of  polishing  ivory  will  suiEce. 

Previous  to  working  Xylonite  into  Table  or  Pocket  Knife  Handles, 
in  large  practice,  it  is  desirable,  in  order  to  avoid  the  possibility  of  the 
warping  or  contortion  of  the  material,  that  the  article  should  be  shaped 
approximately  to  its  finished  form,  either  by  file  or  grinding;  the  hole  drilled 
for  the  tang;  and  the  rough  handle  then  seasoned  and  set.  by  exposing  it 
for  from  14  to  21  days  to  a  warm  and  free  atmosphere  of  about  100  to  130 
degrees  Fahrenheit.     After  this  it  may  be  surfaced  and  polished. 

Xylonite  may  be  moulded  into  form  under  combined  pressure  and  heat. 
The  mould  and  material  should  be  heated  to  about  212  degrees  Fahrenheit, 
pressiu-e  then  a*pplied.  and  the  mould  allowed  to  remain  until  cool,  or  it  may 
be  plunged  instantly  into  cold  water,  in  order  to  set  the  shape  quickly. 

To  permanently  fasten  Xylonite  Handles,  which  will  not  be  affected 
by  climate  or  boiling  water,  and  do  not  require  pinning  or  riveting: 

Heat  the  tang  of  the  blade  in  a  gas  flame  to  about  300  degrees  Fahren- 
heit, or.  say  a  blue  heat. 

Fill  the  drill  hole  of  the  handle  with  flour  of  sulfur  or  powdered  brim- 
stone, then  insert  the  hot  tang;  this  will  melt  the  powder,  the  excess  of 
which  will  escape  while  adjusting  the  handle;  in  a  few  seconds  the  tang 
will  be  sufficiently  cool  for  the  handle  to  become  firmly  set.  Half  a  dozen 
tangs  may  be  heated  at  one  time  by  an  ordinary  gas  flame  at  the  workman's 
bench  in  about  one  minute,  thus  economizing  time,  avoiding  the  incon- 
venience and  risk  of  fires,  and  the  use  of  the  melting  pot. 

If  necessary  to  remove  handles  from  the  tang,  hold  the  blade  firmly 
in  a  vice,  then  with  a  lever  or  spanner  forcibly  twist  the  handle  round, 
at  the  same  time  pulling  it  off;  this  may  be  executed  without  injury  to  the 
article. 

Knives  having  Xylonite  handles  fastened  as  above  described  may  be 
cleaned  with  boiling  water  without  risk  of  becoming  cracked,  discolored, 
loose  on  the  tang,  or  injured  in  any  way.  as  neither  the  material  nor  the 
fastening  will  be  affected  by  heat  considerably  above  the  temperature  of 
boiling  water. 

The  ordinary  fastenings  with  Rosin  will  not  answer  with  Xylonite 
handles. 

7,  Great  Winchester  Street  Buildings,  E.  C. 
London,  31st  March.   1871 
Gentlemen: 

I  beg  to  inform  you  that  this  Company  has  appointed  Messrs.  Beach 
&  Co..  of  Hartford.  Connecticut,  the  sole  Agents  for  the  United  States  of 
America  and  Canada. 

You  will,  therefore,  oblige  by  forwarding  to  them  your  orders  for  the 
future,  which  will  receive  prompt  attention. 

Messrs.  Beach  &  Co.  will  have  the  pleasure  of  affording  you  full  par- 
ticulars of  the  various  uses  of  our  material,  together  with  Price  Lists,  etc. 
I  am.  Gentlemen.  Yours  obedienUy. 

Herbert  J.  Canning.  Secretary 

Tons  of  Spill's  xylonite  were  at  this  time  imported  into  this 
country.  Worden's  description  ("Nitrocellulose  Industry,"  pp. 
571.  572)  of  Spill's  work  is  incomplete.  His  criticism  of  Parkes' 
processes  {Ibid.,  p.  568.  foot-note)  does  not  tally  with  the  facts. 

In  regard  to  the  dehydration  of  pyroxylin  by  means  of  alcohol, 
Mr.  Hyatt  labors  under  a  misapprehension.  This  process  is 
about  as  old  as  collodion  itself,  and  was  first  patented  by 
Cutting  in  1845.  It  was  first  employed  in  an  industrial  way  by 
J.  R.  France,  the  late  President  of  the  Arlington  Company 
(died  in  1895).  and  when  his  company  was  sued  for  infringement 


of  the  Hyatt  alcohol  dehydration  patent,  it  took  only  one  hearing 
to  cause  a  discontinuance  of  the  suit. 

The  invention  of  celluloid  has  been  discussed'  before  in  a 
manner  sufficiently  lucid  to  cause  anybody  not  possessed  of  the 
light-heartedness  of  Prof.  Chandler  and  Dr.  Baekeland  to  make 
a  little  more  sure  of  his  premises.  I  think  I  gave  Mr.  Hyatt 
due  credit  in  the  article  which  Prof.  Chandler  takes  exception 
to,  as  I  also  did  in  1895,  when  I  said: 

"In  the  United  States,  J.  A.  McClelland  and  John  \V.  Hyatt 
were  at  work  to  utilize  the  valuable  properties  of  soluble  jiyroxylin. 
But  an  invention  overshadowing  all  the  others  in  importance 
was  made  by  Daniel  Spill  in  1869,  when  he  first  produced  a 
pyroxylin-camphor  composition,  plastic  at  about  75°  C,  by 
gelatinizing  pyroxylin  by  means  of  a  solution  of  camphor  in 
commercial  grain  alcohol.  As  far  as  the  chemical  side  is  con- 
cerned, Daniel  Spill  must  be  hailed  as  the  father  of  the  celluloid 
industry,  while  to  John  W.  Hyatt,  at  that  time  of  Albany,  N.  Y., 
the  greatest  credit  is  due  for  devising  suitable  machinery  for  the 
intricate  processes  involved,  for  discerning  the  importance  of 
pure  materials,  and  for  the  perseverance  which  he  exhibited 
under  most  adverse  conditions." 

It  would  have  been  much  better  to  have  the  presentation  of  the 
Perkin  medal  to  Mr.  Hyatt  based  on  the  things  which  he  ac- 
complished, of  which  there  are  a  good  many. 

Robert  C.  ScnfjppHAUs 
175   Pearl  STREET.  NEW  York 
March   27.    1914 

LABORATORIES  IN  THE  CHEMISTS'  BUILDING 
The  Chemists'  Building  Company,  organized  primarily  to 
finance  the  construction  and  operation  of  a  building  in  which 
to  house  The  Chemists'  Club  and  various  Chemical  Societies 
in  New  York  City,  starts  on  May  1st  next,  a  new  form  of  leases 
for  its  tenants. 

There  has  been  a  good  demand  for  laboratories  in  the 
Chemists'  Building  and  only  a  few  of  them  are  left.  They 
rent  at  a  uniform  rate  of  $2.00  per  square  foot  per  annum. 
Each  laboratory  has  its  own  gas  supply  and  meter.  Heat, 
electric  light,  water,  compressed  air  and  vacuum  are  supplied 
by  the  building.  Laboratories  have  openings  for  hood  con- 
nections. The  Chemists '  Building  is  most  conveniently  located  at 
50  E.  41st  Street  close  to  the  Grand  Central  and  Subway  Stations. 
The  Chemists'  Club  acts  as  agents  for  the  Building  Company. 
and  all  inquiries  may  be  addressed  to  the  House  Committee 
or  the  Superintendent  of  the  Club. 


AN  INVESTIGATION  OF  THE  PRESENCE  OF  FURFURAL 
IN  CIDER  VINEGAR— A  CORRECTION 

Through  an  oversight  the  final  paragraph  of  the  article  under 
the  above  title  in  This  Journal.  6,  214,  was  omitted.  It  fol- 
lows: "The  vinegars  used  above,  except  the  farmers'  vinegars, 
were  made  under  the  direction  of  Asst.  Prof.  H.  Louis  Jackson 
for  his  study  of  pure  cider  vinegar.  The  test  for  furfural  was 
made  at  his  suggestion."  Agnes  A.  Anderson- 

State  Food  Laboratory 
University  op  Kansas,  Lawrence 
AprU  13.  1914 

CORRECTION 

The  articles  on  "Sociological  Work  of  the  New  Jersey  Zinc 
Company"  by  F.  Hughes,  "Welfare  and  Safety  Provisions  at 
the  Welsbach  Company's  Plants"  by  H.  Lyon,  This  Journal, 
6,  333  and  336,  were  presented  at  the  Joint  Meeting  of  the  New 
York  Sections  of  the  -\merican  Chemical  Society,  The  Society 
of  Chemical  Industry  and  the  American  Electrochemical 
Society,  Dec.  12,  I9i3,and  not  at  the  Ammal  Meeting  of  the 
American  Institute  of  Chemical  Engineers  as  stated  in  the 
foot-notes. 

'Schupphaus.  Jour.   Soc.   Chem.  Ind..   14   (1895).   557  and  26   (1907), 
383;  Joyce.  This  Journal.  S  (1911).  194  and  702. 
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Sir  Krnest  Rutherford,  F.R.S.,  of  the  University  of  Man- 
chester, England,  spoke  before  the  National  Academy  of 
Sciences,  April  21st,  22nd  and  23rd  on  "The  Constitution  of 
Matter  and  the  Evolution  of  the  Elements."  This  is  the  be- 
ginning of  a  series  of  lectures  covering  several  years  and  de- 
signed to  give  a  clear  and  comprehensive  outline  of  the  broad 
features  of  inorganic  and  organic  evolution  in  the  light  of  recent 
research.  The  expenses  of  this  series  are  taken  care  of  by 
the  William  Ellery  Hale  Foundation,  made  in  memory  of  the 
late  William  Ellery  Hale  of  Chicago. 

The  Columbia  University  Commencement  this  year  takes  the 
form  of  a  celebration  of  the  50th  Anniversary  of  the  founding 
of  the  School  of  Mines.  An  especial  feature  will  be  the  Inaugura- 
tion of  the  Chandler  Lectureship  and  the  Award  of  the  Chandler 
Medal  on  May  29th.  The  first  Chandler  Medal  will  be  awarded 
to  Dr.  Leo.  H.  Baekeland. 

A  portrait  of  Sir  William  Ramsay,  painted  by  Mr.  Mark 
Milbanke,  has  been  presented  to  University  College,  London, 
by  former  colleagues  and  past  students.  Prof.  J.  Norman 
Collie  made  the  address.  A  replica  of  the  portrait  has  been 
presented  to  Lady  Ramsay. 

The  Pratt  Institute  Chemical  Alumni  Association  of  Brooklyn 
held  their  i6th  Annual  Reunion  and  Dinner  at  the  Hotel 
Gregorian  on  the  evening  of  April  i6th.  The  dinner  was  well 
attended  and  brought  together  graduates  of  the  three-year 
evening  course  for  the  last  eleven  years.  Reports  from  various 
members  showed  that  many  responsible  positions  are  being 
filled  by  graduates  of  the  Institute.  Arthur  S.  Somers 
acted  as  Toastmaster.  Dr.  W.  R.  Whitney  of  the  Gen- 
eral Electric  Co  talked  interestingly  on  the  research  that  led 
up  to  the  production  of  the  metal  filament  incandescent 
lamp.  Dr.  S.  G.  Rogers,  Medical  Inspector  of  the  N.  Y.  State 
Department  of  Labor,  told  how  they  were  trying  to  render  labor 
more  efficient  by  improving  sanitary  conditions.  Other 
speakers  were:  District  Attorney  James  C.  Cropsey  of  Kings 
County,  Geo.  A.  Hitchcock.  Samuel  S.  Edmonds  of  Pratt  In- 
stitute and  Arthur  F.  Wiehl.  All  the  past  presidents  of  the 
Association  were  seated  at  the  head  table  with  the  guests  of  the 
evening.  The  officers  for  the  coming  year  are:  Arthur  F. 
Wiehl,  President:  Harry  W.  Lange,  Vice-President;  Irving  A. 
Schumaim,  Secretary-Treasurer;  A.  J.  Farry,  Harry  J.  Bloom, 
Wm.  J.  Bedell  and  G.  Clarence  WooUey,  Directors. 

Dr.  Max  A.  Kunkler,  research  chemist  for  The  Joslin-Schmidt 
Co.  of  Cincinnati,  died  March  29th  at  the  age  of  26. 

On  March  28th  the  members  of  the  "Round  Table"  at  the 
Bearon  Cafe,  New  York  City,  gave  a  luncheon  to  their  honored 
member,  Adolf  du  Faur,  commemorating  the  88th  anniversary 
of  his  birth.  Chemists,  Mining  Engineers,  Metallurgists  and 
Chemical  Merchants  meet  daily  for  luncheon  at  the  "Round 
Table"  which  is  known  the  world  over.  The  luncheon  was 
under  the  direction  of  Dr.  Hugo  Schweitzer,  who,  in  the  name 
of  the  "Stammtisch,"  delivered  an  address  of  congratulation  in 
German.  Dr.  Emil  Schill  then  presented  Mr.  du  Faur  with 
an  engrossed  certificate  of  honorary  membership  (the  first 
awarded)  in  the  N.  Y.  Section  of  Verein  Deutscher  Chemiker. 
Mr.  du  Faiu"  responded,  acknowledging  his  pleasure  at  the 
honor  accorded  him.  Among  those  present  were:  F.  A. 
Schiitz  and  F.  F.  Schiitz,  Jr..  son-in-law  and  grandson  of  Mr. 
du  Faur;  Emil  SchUl,  E.  A.  Widmann,  H.  C.  A.  Seebohn,  H. 
Lieber,  T.  J.  Parker,  T.  B.  Wagner,  E.  Bilhuber,  F,  Stobaeus, 
Aston  and  Karl  Filers,  Mr.  Fohr,  Willard  P.  Ward.  Theo. 
Geisenheimer,  Carl  Beckmann,  H.  C.  Schiipphaus.  Bemhard 
C.  Hesse,  L.  Saarbach,  F.  de  Jahn  and  many  others. 

Mr.  Faber  du  Faur  was  bom  March  27,  1826  in  Wasseral- 
finger,  Wurtemberg.     He  attended  the  Polytechnicum  in  Stutt- 


gart and  studied  chemistry  under  Fehling.  His  faithfully  kept 
college  diary  was  presented  by  him  to  the  Library  of  The 
Chemists'  Club.  He  landed  in  the  United  States,  Jan.  i,  1851, 
where  as  a  Mining  Engineer  and  Patent  Attorney  he  has  led 
an  active  and  eventful  life.  Among  his  numerous  inventions, 
for  which  he  was  granted  valuable  patents,  the  Tilting  Furnace, 
invented  in  the  early  sixties  and  still  in  common  use  deserves 
especial  mention.  During  the  Civil  War,  he  served  as  Adjutant 
to  General  Meigs  and  as  Captain  of  Engineers  was  entrusted 
with  the  task  of  fortifying  and  defending  Washington. 

Dr.  N.  Edward  Loomis,  Assistant  Professor  of  Chemistry  at 
Bowdoin  College,  Brunswick,  Maine,  has  recently  been  called 
to  take  charge  of  the  newly  organized  Department  of  Physical 
Chemistry  at  Purdue  University,  Lafayette,  Indiana. 

G.  H.  P.  Lichthardt,  Analyst  of  the  Sacramento  Department  of 
Health,  calls  attention  to  a  new  adulterant  which  he  has  found 
in  Ice  Cream  Cones.  These  yielded  0.50  and  0.45  per  cent  of 
strongly  alkaline  ash  which  had  a  silica  content  of  50  and  47 
per  cent.  Inspection  of  the  manufacturing  plant  showed  that 
water  glass  solution  was  being  used,  acting,  no  doubt,  as  a  pre- 
servative and  allowing  the  use  of  a  thin  batter  in  making  up  the 
cones. 

On  April  15th,  the  reorganizers  purchased  the  property  of 
the  American  Water  Works  &  Guarantee  Co.  at  the  receiver's 
sale.     The  consideration  was  $1,250,000. 

The  Coimellsville,  Pa.,  coke  production,  which  has  been 
around  350,000  tons  weekly,  is  being  materially  curtailed. 
During  the  middle  of  April,  the  Frick  Company  closed  1.300 
ovens,  and  it  was  reported  that  other  interests  had  shut  down 
many  ovens.  The  number  of  ovens  in  operation  for  an  output 
of  350,000  tons  per  week  (9,700  cars)  is  27.000. 

The  Itinerary  of  the  Annual  Chemical  Inspection  Trip  for 
Advanced  Chemistry  and  Chemical  Engineering  Students  of  the 
University  of  Illinois  included  visits  to  the  following  plants  in 
and  near  Chicago:  Universal  Portland  Cement  Co.,  Buffing- 
ton,  Ind. ;  Indiana  Steel  Company;  The  By- Product  Coking 
Plant;  Illinois  Steel  Co.;  Standard  Oil  Refiner>'.  WTiiting,  Ind.; 
Grasselli  Chemical  Co.;  U.  S.  Metals  Refining  Co.;  American 
Smelting  &  Refining  Co. ;  Sherwin-Williams  Co. ;  Armour  & 
Co.  Soap  Works;  Peoples'  Gas,  Light  &  Coke  Co. 

The  American  Manganese  Manufacturing  Co.,  which  is  in 
possession  of  a  large  deposit  of  manganese  ore  in  Minnesota, 
proposes  to  produce  ferro-manganese  at  the  plant  of  the  Dunbar 
Furnace  Co.,  Pittsburgh,  Pa. 

Sir  Ernest  Rutherford  of  Manchester,  England,  lectured  on 
"Recent  Advances  in  Radioactivity"  on  April  i8th  under  the 
auspices  of  the  Columbia  LTniversity  Department  of  Physics. 
In  substance  the  lecture  was  the  announcement  of  the  following 
conclusions  drawn  from  recent  experiments  as  yet  unpublished : 
(i)  Absolute  proof  that  the  a-partides  projected  from  radio- 
active substances  are  helium  atoms.  (2)  Experiments  studying 
the  scattering  of  the  a-rays  by  matter  show  that  positive  elec- 
trons are  excessively  concentrated,  even  more  so  than  the 
negative  ones.  (3)  The  charge  on  the  nucleus  of  an  atom  is 
proportional  to  the  atomic  weight  of  the  element.  (4)  Study 
of  the  "magnetic  spectra"  of  radioactive  elements  indicates 
that  the  escape  of  /3-particles  from  the  nucleus  of  an  atom 
stiirts  a  radiation  that  is  the  7-radiation  and  that  is  the  char- 
acteristic mode  of  vibration  of  that  particular  kind  of  atom. 
(5)  Further  studies  of  the  7-radiation  lead  to  the  conclusion 
that  the  charge  on  the  nucleus  of  an  atom  controls  its  properties; 
i.  c.,  that  elements  of  different  atomic  weights  may  have  identical 
properties,  e.  g..  Radium  B  and  lead  have  the  same  "magnetic 
spectrum"  as  reflected  from  rock  salt  cr\-stals. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Associate  Chemist,  Bureau  of  Standards,  Washingto 


NOTICE. — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Govern- 
ment Printing  Office,  Washington,  D.  C.  Other  publications 
can  usually  be  supplied  from  the  Bureau  or  Department  from 
which  they  originate.  Consular  Reports  are  received  by  all 
large  libraries  and  may  be  consulted  there,  or  single  numbers 
can  be  secured  by  application  to  the  Bureau  of  Foreign  and 
Domestic  Commerce,  Department  of  Commerce,  Washington. 
The  regular  subscription  rate  for  these  consular  reports  mailed 
daily  is  $2.50  per  year,  payable  in  advance,  to  the  Superin- 
tendent of  Documents. 

HOUSE  OF  REPRESENTATIVES 

Radium — Report  from  Committee  on  Mines  and  Mining 
favoring  House  Bill  No.  12741,  which  is  intended  "to  provide 
for  and  encourage  prospecting,  mining,  and  treatment  of  radium- 
bearing  ores  in  lands  belonging  to  United  States,  for  purpose 
of  securing  adequate  supply  of  radium  for  government  and 
other  hospitals  in  United  States,"  dated  February  3,  1914.  (18 
pages;  paper,  5c.)  In  this  cormection  House  Joint  Resolutions 
185  and  186  and  Senate  Bill  4405  and  the  hearing  reports  on 
them,  are  of  interest.  These  latter  are  not  published  for  general 
distribution,  but  can  be  secured  from  members  of  Congress  in 
some  cases 

STATE  DEPARTMENT 

Transactions  of  15th  International  Congress  on  Hygiene  and 
Demography.  Edited  by  the  Secretary  General.  6  Vols.,  9 
parts.  Complete  report,  with  accompanying  papers,  of  the 
sessions  held  in  Washington,  D.  C,  September  23-28,  1912. 
Not  available  for  general  distribution.  Of  value  to  those  in- 
terested in  hygiene,  sanitation  and  allied  subjects. 
PATENT  OFFICE 

Official  Gazette.  Weekly  publication  for  sale  by  Superin- 
tendent of  Documents,  $5  per  year  or  loc.  per  copy,  in  advance. 
Reports  all  patents  granted  and  court  decisions  on  patent 
cases;  lists  trademarks,  designs,  labels  and  prints  at  time  when 
filed  with  office  and  announces  their  subsequent  registration, 
when  listing  and  registration  are  not  simultaneous. 

Classification  Bulletin.  16  pp.  Paper,  loc.  Revised  classi- 
fication of  subjects  of  invention,  prepared  by  Classification 
Division  for  July  i  to  Dec.  31,  1913. 

BUREAU  OF  THE  CENSUS 

Report  of  the  13th  Census.  Volume  X — Manufactures. 
975  pp.  Cloth,  $1.25.  The  statistics  of  manufactures  for  cer- 
tain selected  industries  were  published  as  separate  bulletins  as 
rapidly  as  the  statistics  were  compiled.  These  bulletins  are 
now  collected  in  the  present  volume,  which  is  one  of  the  eleven 
volumes  constituting  the  full  report  of  the  1910  census.  The 
report  for  each  industry  gives  data  from  operations  in  the 
calendar  year  1909  of  all  establishments  operating  under  the 
factory  system,  excluding  "neighborhood,  household,  and  hand 
industries."  Some  of  the  major  classifications  of  the  indus- 
tries of  chemical  interest  are  the  following:  Textiles;  metal- 
lurgical; electrical  machinery  and  supplies;  packing-house; 
dairy;  canning;  milling;  starch  and  glucose;  manufactured-ice ; 
salt;  sugar;  general  chemical  and  allied;  bone,  carbon,  and  lamp- 
black; dyestuffs;  explosives;  fertilizers;  essential  oils;  acids; 
wood  distillation;  coke;  gas;  jsetroleum;  soap;  turpentine  and 
rosin;  leather;  paper  and  pulp;  clay  products;  and  glass. 

The  large  mass  of  data  prevents  review  of  the  material  pre- 
sented; in  general,  there  are  statistics  given  on  the  following 
phases  of  each  subject:  General  statistics,  summary  by  geo- 
graphical location,  character  of  ownership,  size  of  establishments, 
number  of  persons  engaged,  expenses,  character  of  supplies  and 
products,  and  values  of  each. 


Data  are  given  in  detail  for  each  state  in  addition  to  general 
summaries,  and  statistics  for  the  metropolitan  districts  are  also 
separately  reported. 

Separate  bulletins  are  available  in  some  cases,  or  the  full  set 
of  reports  may  be  consulted  at  libraries.  An  "Abstract  of  the 
Census"  has  also  been  prepared  which  is  more  convenient  for 
general  use.  The  section  on  chemicals  and  allied  industries 
(other  than  those  particular  ones  listed  above)  is  obtainable 
as  a  separate  paper  for   15   cents. 

Report  of  the  13th  Census.  Volume  XI — Mines  and  Quar- 
ries. 369  pp.  Cloth  65c.  Statistics  for  mines  and  quarries 
similar  to  those  outlined  above  for  manufactm-es,  being  a  general 
report  and  analysis.  The  most  important  mineral  products 
are  shown  to  be  as  follows,  in  order  of  value  of  product  for  year 
1909:  Bituminous  coal,  natural  gas,  anthracite  coal,  iron,  cop- 
per, precious  metals,  limestone,  lead  and  zinc,  granite  and  trap- 
rock,  sandstone,  phosphate-rock,  marble,  slate,  gypsum,  sulfiu- 
and  pyrite,  clay,  talc  and  soapstone,  and  mercury. 

In  addition  to  general  summaries,  there  are  detailed  figures 
for  each  state;  and  elaborate  reports  on  coal,  iron,  petroleum 
and  natural  gas  are  included. 

INTERNAL  REVENUE  COMMISSIONER 

Alcohol.  Several  reports  and  decisions  on  alcohol  have  ap- 
peared recently  from  this  office,  as  follows: 

Regulations  and  instructions  relating  to  manufacture,  redis- 
tillation and  denaturation  of  domestic  alcohol.  Regulations  30 
revised,  supplement  2.      16  pp.     Paper  5c. 

Denatured  alcohol,  formula  2B,  for  especially  denatured  alcohol 
for  use  in  manufacture  of  pyroxylin  plastics.     Treasury  decision 

1954-     4  PP- 

Use  of  Mash  fit  for  distillalion  in  production  of  artificial 
wines.     Treasury  decision  1949.     2  pp. 

GEOLOGICAL  SURVEY 

List  of  Publications.  Circular  No.  15  of  the  Superintendent 
of  Documents  office  gives  a  recently  revised  list  of  all  publica- 
tions of  the  Survey. 

Contributions  to  General  Geology.  Certain  "professional 
papers"  will  each  be  made  up  of  a  number  of  short  articles, 
and  will  form  a  series  under  the  above  title.  The  first  of  this 
series  of  articles  are  just  out,  published  as  separates  from  Pro- 
fessional Papers  85  and  90;  the  following  two  are  included: 

Resins  in  Paleozoic  Plants  and  in  Coals  of  High  Rank.  By 
D-wiD  White.  Professional  Paper  85-E,  32  pp.  Evidence  is 
presented  that  anthracite  and  bituminous  coals,  as  well  as  those 
of  lower  rank,  originated  as  peats  and  in  certain  cases  from 
resin-bearing  plants.  The  significance  of  the  relative  resin 
content  of  coals  is  pointed  out. 

Geology  of  the  Pitchblende  Ores  of  Colorado.  By  E.  S. 
Bastin.  Professional  Paper  90-A.  5  pp.  A  brief  account 
of  the  occurrence  of  radium-bearing  minerals  in  this  district 
is  given  advance  publication  in  this  paper. 

Mineral  Resources  of  the  U.  S.,  Calendar  Year  1912.  Part 
I,  Metals.  1079  pages;  Part  II,  Nonmetals,  1218  pp.  Sta- 
tistics of  the  production,  importation,  and  exportation  of  min- 
eral substances  in  the  United  States,  including  accounts  of  the 
chief  featm-es  of  mining  progress,  comparisons  of  past  and  pres- 
ent production  and  conditions,  and  the  application  of  the  prod- 
ucts in  the  useful  arts.  A  consolidation  of  63  advance  chapters, 
each  covering  a  single  mining  industry  or  group  of  allied  indus- 
tries. Among  the  chapters  of  chemical  interest  are  those  on: 
Abrasives;  borax;  gypsum;  magnesite;  phosphates;  salt  and 
bromine;  bauxite  and  aluminum;  gas,  coke,  tar  and  ammonia; 
precious  and  semi-precious  metals  (in  several  special  districts). 

Contributions  to  Economic  Geology,  1912.     Part  I,  Metals 
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AND  NoNMETALS  EXCEPT  FuELS.  Bulletin  540.  563  pp.  This 
bulletin  is  made  up  of  30  brief  reports  on  such  investigations 
of  mineral  deposits  as  have  a  direct  economic  bearing;  separate 
copies  of  the  reports  are  available  in  most  cases.  Topics  of 
pure  geological  or  mineralogical  interest  are  not  taken  up.  Each 
report  deals  with  certain  minerals  or  ores  for  one  district  only. 
Among  the  subjects  so  treated  are:  deposits  of  gold,  copper, 
lead-silver,  iron,  titaniferous  magnetite,  alunite,  granite,  mar- 
ble, clay,  phosphates,  potash  and  other  salines,  salt  and  borax, 
sodium  sulfate,  borates,  niter,  sulfur,  magnesite,  celestite,  and 
diamond-bearing  peridotite. 

Part  II,  Fuels.  Bulletin  541.  This  section  is  not  yet 
complete,  although  some  separates  have  appeared. 

BUREAU  OF  MINES 
Fuel  Briquetting  Investigations,  July,  1904  to  July,  1912.     By 

C.  L.  Wright.  Bulletin  No.  58,  277  pp  and  21  plates.  Paper 
45c.  This  bulletin  reports  the  results  of  fuel  briquetting  begun 
under  the  U.  S.  Geological  Survey  in  1904  and  continued  at 
various  places  until  July.  191 2.  Results  previously  reported 
in  government  publications  as  well  as  new  information  are  as- 
sembled in  the  present  bulletin.  The  condition  of  the  bri- 
quetting industry,  costs,  machinery  used,  and  fuels  available 
for  use  in  this  work  are  discussed.  A  large  amount  of  tabular 
data  are  given,  including:  results  of  analyses,  physical  tests  and 
combustion  experiments  on  the  fuels,  binders  and  briquets  of 
different  sorts.  Detailed  data  for  many  coals  and  lignites  are 
reported. 

The  Sampling  and  Examination  of  Mine  Gases  and  Natural 
Gas.  By  G.  A.  BurrEu.  and  F.  M.  Seibert.  Bulletin  No. 
42,  116  pp.  and  2  plates.  Paper  20c.  The  subject  matter  is 
arranged  under  principal  headings  among  which  are  the  follow- 
ing: Collection  of  samples  of  mine  gases;  determination  of 
moisture;  apparatus  and  methods  used  (for  air  analysis,  deter- 
mining CO2,  CO,  H-2,  N..,  and  CH4);  apparatus  used  in  analyzing 
other  gas  mixtures  (such  as  illuminating  gases) ;  detection  of 
carbon  monoxide  (by  mice  and  birds) ;  determination  of  oxides 
of  nitrogen  in  mine  air;  use  of  the  gas  interferometer;  and  ap- 
paratus for  analyzing  natural  gas.  A  large  amount  of  old  ma- 
terial is  included  from  former  reports  of  this  Bureau  and  other 
sources,  but  experimental  results  from  recent  work  and  extended 
discussion  of  the  various  methods  are  also  given.  Much  of  the 
material  would  be  of  value  to  a  person  interested  only  in  arti- 
ficial gas  or  air  analysis,  both  in  regard  to  apparatus  and  methods. 

Petroleum  Technology.  A  new  sub-series  in  the  bulletins  of 
this  Bureau  is  given  this  title;  this  sub-series  is  made  up,  as  is 
the  sub-series  on  "mineral  technology,"  of  bulletins  numbered 
.serially  as  a  part  of  the  full  list  of  the  bulletins. 

Permissible  Explosives.  By  Clarence  Hall.  Technical 
Paper  No.  71.  12  pp.  Paper  5c.  A  list  of  all  explosives  found 
by  tests  previous  to  January  i,  19 14,  to  conform  to  rules  of  the 
Bureau  of  Mines.  (See  earlier  publications  of  this  Bureau  for 
full  reports  on  methods  of  testing  and  proper  storage  and  handling. ) 

Metal-Mine  Accidents.  Compiled  by  A.  H.  Fay.  Tech- 
nical Paper  61.  74  pp.  Paper,  loc.  Classified  statistics  for 
operations  of  19 12,  showing  causes  and  distribution  (both  geo- 
graphic and  by  character  of  mine)  of  accidents. 

Mud-laden  Fluid  Applied  to  Well  Drilling.  By  J.  A.  Pol- 
lard and  A.  G.  Higgin.  Technical  Paper  66.  20  pp.  A  pro- 
posed method  for  gas  and  oil-well  drilling  is  described,  by  which 
wells  may  be  drilled  and  the  oil  recovered  without  waste  of  the 
gas  which  accompanies  it.  This  is  an  important  matter  where 
gas  is  struck  when  there  is  immediate  commercial  demand  only 
for  oil. 

Production  of  Explosives  in  the  U.  S.  Compiled  by  A.  II. 
Fay.  Technical  Paper  69.  7  pp.  The  total  production  of 
explosives  during  191 2  was  reported  as  follows: 


Pounds 
Black  Powder  2.10.233.369 

Permissible  explosives 24.630.270 

"High"  explosives  fdynaraite  nitroglycerine,  dy- 
nalite.  guncotton.  etc.).  other  than  permissible 

explosives 234.469.492 

Total.   489.333.131 
The  locality  and  purpose  of  use  are  shown  by  full  data;  utiliza- 
tion is  accompanied  by  an  average  of  o.  59  fatalities  per  1,000,000 
lbs.  of  explosive  used. 

Relative  Effects  of  Carbon  Monoxide  on  Small  Animals.  By 
G.  A.  BuRRELL,  F.  M.  Seibert  and  I.  W.  Robertso.v.  Tech- 
nical Paper  62.  23  pp  Paper  5c.  Of  value  in  study  of  mine- 
accident  prevention. 

BUREAU  OF  STANDARDS 

Copper  Wire  Tables.  Circular  No.  31,  2nd  Edition.  70  pp. 
This  circular  with  its  tables  was  prepared  at  the  request  and 
with  the  cooperation  of  the  standards  committee  of  the  American 
Institute  of  Electrical  Engineers.  The  data  on  which  the 
tables  are  based  were  formally  adopted  as  international  copper 
standards  by  the  International  Electrotechnical  Commission 
in  September,  1913.  Tables,  accompanied  by  full  discussion, 
give  the  resistivity,  temperature  coefficient  and  density  of  an- 
nealed copper,  comparison  of  wire  gages,  data  for  copper-cable 
and  aluminum-wire  resistivities,  etc. 

Testing  of  Barometers.  Circular  No.  46.  12  pp.  The 
characteristics  of  barometers  suitable  for  various  uses  are  given, 
and  the  limitations  of  each  type  briefly  indicated.  A  descrip- 
tion is  included  of  the  tests  made  by  the  Bureau  of  Standards 
in  the  calibration  of  mercury  or  aneroid  barometers  and  instruc- 
tions are  given  regarding  application  for  tests  and  fees  charged. 
The  fees  vary  from  $10  for  a  determination  of  the  gas  correc- 
tion or  a  calibration  with  high  accuracy,  to  $2  for  test  at  one 
point  on  a  common  barometer  with  ordinary  accuracy.  Fees 
for  tests  on  aneroids  vary  with  character  of  test  and  number  of 
instruments  submitted. 

The  Testing  of  Mechanical  Rubber  Goods.  Supplement  to 
Circular  of  this  name,  which  is  No.  38.  16  pp.  Preliminary 
report  and  recommendations  of  Joint  Rubber  Insulation  Com- 
mittee for  specifications  for  rubber  compounds  and  for  the  pro- 
cedure for  analysis  of  rubber  compound.  These  specifica- 
tions are  adopted  as  tentative  for  one  year's  trial  by  the  Com- 
mittee. A  model  specification  for  30  per  cent  Hevea  rubber 
compound  is  also  proposed  in  preliminary  form.  (The  original 
circular  No.  38  deals  largely  with  the  processes  of  manufacture 
and  mechanical  testing  of  rubber  goods.)  |See  This  Journal. 
6,  75.] 

Testing  of  Hydrometers.  Circular  16,  3rd  edition.  16  pp. 
A  revision  of  the  Bureau's  hydrometer  specifications,  instruc- 
tions for  the  use  of  hydrometers,  description  of  methods  and 
statement  of  fees  for  testing  them. 

Standard  Specifications  for  Incandescent  Electric  Lamps. 
Circular  13,  6th  edition.  20  pp.  Revised  specifications  used 
by  the  U.  S.  Government  in  lamp  contracts  and  proposed  as 
suitable  for  general  use  by  other  pinchasers. 

Bulletin,  Vol.  9,  No.  4,  and  Vol.  10,  Nos.  i  and  2  have  come 
from  press  since  January  ist.  These  include  rhe  following 
scientific  papers,  each  of  which  are  obtainable  as  separates: 

(i)  A  Micropyrometer.  By  G.  K.  Burgess.  Scientific 
Paper  198.  4  pp.  The  microscope  and  pyrometer  used  for 
melting-point  determinations  on  minute  specimens  of  metals, 
etc.,  are  combined  in  one  instrument  to  enable  a  single  observer 
to  watch  the  melting  and  to  make  the  temperature  measure- 
ment. 

(2)  Melting  Points  of  the  Refractory  Elements.  I — Ele- 
ments of  Atomic  Weight  from  48  to  59.  By  G.  K.  Burgess 
and  R.  G.  WaltenbErg.  Scientific  Paper  205.  14  pp.  Micro- 
pyrometric  inoasurcmcnts  of  tlie  melting  points  in  hydrogen 
of   these   elements   gave   the   following   results:     Ni    1452  ±  3; 
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Co  1478  ±  5;  Fe  1530  ±  5;  Mn  1260  ±  20;  Cr  1520  to  greater 
than  Fe;  Va  1720  ±  20;  and  Ti  1794  ±  12. 

(3)  Simplified  Formula  for  the  Change  in  Order  of  Inter- 
ference Due  to  Changes  in  Temperature  and  Pressure  of  Air. 
By  I.  G.  Priest.     Scientific  Paper  199.     4  pp. 

(4)  New  Calorimetric  Resistance  Thermometers.  By  H.  C. 
Dickinson  and  E.  F.  Mueller.  Scientific  Paper  200.  10  pp. 
A  new  form  of  electrical  resistance  thermometer  having  small 
lag  and  numerous  advantages  for  use  in  high  precision  calori- 
metric work. 

(5)  The  Silver  Voltameter.  Part  III.  By  E.  B.  Rosa,  G. 
W.  ViNAL  and  A.  S.  McDaniel.  Scientific  Paper  201.  60 
pp.  Reports  the  second  series  of  quantitative  experiments 
and  the  preparation  and  testing  of  silver  nitrate  for  this  work. 
(Previously  abstracted  in   C.   A.) 

(6)  Note  on  Cold-Junction  Corrections  for  Thermocouples. 
By  P.  D.  FooTE.  Scientific  Paper  202.  A  discussion  of  the  im- 
portance and  method  of  making  this  correction;  omission  of 
the  correction  may  cause  errors  as  great  as  50°  C. 

(7)  Latent  Heat  of  Fusion  of  Ice.  By  H.  C.  Dickinson,  D. 
R.  Harper  3d,  and  N.  S.  Osborne.  Scientific  Paper  209. 
31  pp.  Measurements  by  two  independent  methods  in  a  pre- 
cision calorimeter  on  92  samples  of  100  to  500  grams  of  ice  from 
various  sources  give  results  agreeing  within  i  part  in  1000. 
The  mean  of  the  final  21  determinations  on  samples  of  "plate," 
"can"  and  "natural"  ice  gave  for  the  latent  heat  of  fusion 
79.63  calories  (15°)  per  gram  mass,  equivalent  to  143.3  B.  t.  u. 
per  pound  mass  or  to  143.5  B.  t.  u.  per  pound  weighed  in  air 
against  brass  or  iron  weights. 

(8)  Melting  Points  of  Some  Refractory  Oxides.  By  C.  W. 
Kanolt.  Scientific  Paper  212.  18  pp.  Measurements  in  a 
graphite  resistance  furnace,  using  an  optical  pyrometer;  the  re- 
sults reported  are  as  follows: 


Oxide 

M.P. 

Supporting  material 

CriOj 

1990° 

Tungsten,  graphite 

AhOs 

2050° 

Tungsten,  graphite 

CaO 

2572° 

Tungsten,  CaO 

MgO 

2800° 

Graphite 

Special  Studies  in  Electrolysis  Mitigation.  By  E.  B.  Rosa 
and  B.  McCollum.  Technologic  Paper  27.  55  pp.  A  report 
on  the  preliminary  study  of  conditions  in  Springfield,  Ohio, 
with  recommendations  for  mitigation.  The  results  are  pre- 
sented for  this  one  case,  but  the  principles  laid  down  can  be 
taken  as  of  general  interest  and  value. 

Viscosity  of  Porcelain  Bodies.  By  A.  V.  Bleininger  and 
Paul  Teetor.  Technologic  Paper  30.  11  pp.  As  a  measure 
of  viscosity  the  deformation  under  tensile  strain  was  used  at 
temperatures  from  1060°  to  1310°.  Tabular  results  and  curves 
are  given. 

DEPARTMENT  OF  AGRICULTURE 

Agriculture  Bulletins.  Publications  of  bulk'tins  and  circu- 
lars by  the  bureaus  of  the  Department  of  Agriculture  has  been 
discontinued;  all  such  contributions  (from  bureaus  of  Chemistry, 
Soils,  Animal  Industry,  Plant  Industry,  etc.)  will  hereafter  be 
published  in  the  new  series  of  Bulletins  issued  from  the  office  of 
the  Secretary  of  Agriculture  and  called  "Agricultural  Bulletins." 

Journal  of  Agricultural  Research.  Monthly,  free  only  to 
certain  libraries  and  institutions  generally  on  exchange.  An- 
nual subscription  price  S2.50  per  volume  of  12  tmmbers,  paya- 
ble in  advance  to  the  Superintendent  of  Documents.  The 
numbers  of  this  year  have  thus  far  contained  the  following  arti- 
cles of  chemical   interest : 

(i)  Environmental  Influences  on  the  Physical  and  Chemical 
Characteristics  of  Wheat.      By  J.  A.  LeClErc  and  P.  A.Yoder. 

( 2 )  Presence  of  Some  Benzene  Derivatives  in  Soils.  By  Ed- 
mund C.  Shorev. 

(3)  CrystalUzation  of  Cream  of  Tartar  on  Fruit  of  Grapes.  By 
William  B.  Alwood. 


(4)  Reduction  of  Arsenic  Acid  to  Arsenious  Acid  by  Thiosulfuric 
Acid.     By  Robert  M.  Chapin. 

A  Special  Flask  for  the  Rapid  Determination  of  Water  in 
Flour  and  Meal.  By  John  H.  Cox,  Asst.  in  Grain  Standard- 
ization, Bureau  of  Plant  Industry.  Agricultural  Bulletin  56. 
7  pp.  Paper  5c.  Simple  description  and  directions  for  use  of 
this  flask  in  flour  and  grain  testing. 

Tests  of  the  Waste,  Tensile  Strength,  and  Bleaching  Quali- 
ties of  the  Different  Grades  of  Cotton.  By  N.  A.  Cobb,  Agri- 
cultural Technologist,  Bm-eau  of  Plant  Industry.  Agricultural 
Bulletin  62.  8  pp.  Paper  5c.  A  preliminary  report  on  mill- 
ing tests  of  interest  in  cotton-mill  work. 

Manufacture  of  Flavoring  Extracts.  By  E.  M.  Chace.  Re- 
print (new  edition)  from  yearbook  of  igo8.      10  pp.     Paper  5c. 

Respiration  Calorimeter  and  Results  of  Experiments  with  It. 
By  C.  F.  Langworthy  and  R.  D.  Milner.  Reprint  (new 
edition)  from  Yearbook  of  1 910.     12  pp.     Paper  5c. 

Giant  Kelps  of  the  Pacific  Coast  as  a  Source  of  Potassium 
Salts.  By  F.  K.  Cameron.  Bureau  of  Soils.  An  extended  re- 
port on  this  subject  is  ready  for  press;  it  will  be  accompanied 
by  maps  of  the  kelp  beds  and  includes  recommendations  as  to 
the  utilization  of  the  new  source  of  potassium  for  use  as  a  fer- 
tilizer. 

List  of  Publications.  ■  Circular  40  of  Superintendent  of  Docu- 
ment Office  is  an  alphabetical  subject  list  of  the  bulletins  and 
circulars  of  the  Bureau  of  Chemistry  and  of  the  published 
proceedings  of  the  annual  conventions  of  the  A.  O.  A.  C,  so  far 
as  they  are  now  in  stock. 

Methods  of  Food  Analysis.  This  Bulletin  (No.  107  of  Bureau 
of  Chemistry),  which  gives  the  official  and  provisional  methods 
for  food  analysis  of  the  A.  O.  A.  C,  will  be  revised  within  a 
year;  but  another  reprint  of  the  current  edition  has  been  made 
and  copies  are  to  be  had  from  the  Superintendent  of  Documents 
for  20C. 

CONSULAR  REPORTS,  MARCH 

Ramie  Fiber  and  its  Manufacture.  Description  of  the  cul- 
tivation and  manufacture  of  ramie  fiber  in  China  and  Cuba 
and  of  the  experiments  toward  its  production  in  the  Philippines. 
This  material  is  mostly  used  for  making  "grass  cloth"  and  paper, 
especially  banknote  paper.  On  account  of  its  strength  and  re- 
sistance to  moisture,  ramie  fiber  is  being  used  in  one  English 
factory  as  a  substitute  for  hemp  and  flax.     (Pp.  801-9.) 

Alum  Production  of  Shabin  Kara  Hissar.  From  2000  to  3000 
tons  of  alum  are  produced  annually  from  natural  deposits  near 
this  Turkish  town.      (P.  812.) 

A  new  Cement  Factory,  with  an  annual  production  of  800,000 
barrels  is  about  to  be  erected  in  the  Gori  district  of  the  Caucasus. 
(P.  825.) 

Mineral  Oil  and  Natural  Gas  have  been  reported  from  Mar- 
vaor,  Nyitra  County,  Hungary.     (P.  827.) 

Iron  Ore  shipments  from  Korea  in  1913  amounted  to  135,263 
tons,  an  increase  of  3,000  tons  over  1912.     (P.  846.) 

A  Soap  and  Candle  Factory  started  operations  at  Panama 
on  Feb.   i,   1914.     (P.  846.) 

A  Seed-Oil  Clearing  House  has  been  established  in  Liverpool. 
(P.  875.) 

Tests  of  Para  Rubber-seed  Oil  and  Cake  showed  that  the 
oil  has  drying  properties  inferior  to  those  of  linseed  oil  and  is 
not  suited  to  the  manufacture  of  linoleum,  but  can  be  used  in 
making  soft  soap.  Feeding  experiments  showed  that  the 
seed  cake  is  suitable  for  feeding  cattle,  but  not  sheep.     (P.  854.) 

Colored  Oil  for  Oleomargarine  may  be  made  from  palm  oil, 
which,  when  carefully  prepared,  has  a  high  melting  point  (75  °- 
100°  F.)  and  has  no  disagreeable  taste.   (P.  875.) 

The  Sulphate  of  Ammonia  Industry  in  Germany  produced 
500,000  metric  tons  in  191 2,  and  418,000  metric  tons  in  191 1. 
Owing  to  competition  between  manufacturers  in  Bochum  and 
in  Ludwigshafen,  the  price  is  likely  to  decrease.     (P.  878.) 
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Petroleum  Fields  in  Bolivia  are  likely  to  be  developed  soon 
by  two  syndicates.     (P.  879.) 

Experiments  on  Electric  Sparks  and  Mine  Explosions  in  Wales, 
showed  that  sparks  from  a  line  at  9  volts  (used  in  signaling) 
could  not  ignite  an  explosive  atmosphere.     (P.  879.) 


Cement  is  manufactured  in  Haiphon  (French  Indo-China) 
and  together  with  Coal  and  Zinc  Ore  formed  the  principal  min- 
eral exports.     (P.   902.) 

The  principal  Essential  Oils  exported  from  Hongkong  to  the 
U.  S.  and  Europe  are  aniseed,  cassia,  and  peppermint.     (P.  906.) 


BOOK  RLV1LW5 


Molded  Electrical  Insulation  and  Plastics.  By  Emile  Hem- 
ming. New  York:  Ward  Clausen  Co.  207  pages.  Illus- 
trated.    Price,  $3.00. 

This  a  new  book  in  the  very  meaning  of  the  word  since  no 
treatise  on  that  subject  has  heretofore  appeared.  The  author 
by  saying  in  the  introduction — "a  series  of  new  inventions  in 
the  field  of  electrical  insulation  products  have  been  developed 
and  enormous  progress  has  been  made" — is  fully  justified,  since 
practically  a  new  industry  has  grown  up  in  the  manufacture  of 
plastics  and  insulating  materials,  due  to  the  remarkable  progress 
made  in  the  electrotechnical  art  and  not  the  least  due  to  the  rapid 
development  of  chemistry  also  in  this  field  within  the  last  decade. 
The  reader,  passing  over  in  the  book  the  very  striking  defi- 
nition of  molded  insulation  and  the  history  of  its  development 
within  the  last  ten  years,  finds  himself  transferred  "in  medias 
res,"  the  curtain  is  raised  and  there  is  presented  to  the  spec- 
tators' eyes  a  very  intuitive  and  original  classification  of  molded 
insulation  products  and  plastics.  How  important  a  part  in  the 
manufacture  of  these  compounds  plays  the  proper  selection  of 
the  raw  materials  is  shown  in  the  chapter,  "Raw  Materials," 
which  surely  will  be  of  special  interest  to  the  chemist. 

Articles  like  "Hydraulic  Cement,"  "Shellac,"  "Formalde- 
hyde," "Phenol,"  "Condensation,"  may  be  especially  marked. 

In  the  following  chapters,  dealing  with  the  different  classes 
of  molded  materials  and  describing  the  hot  and  cold  molding 
processes,  there  are  very  instructive- essays,  e.  g.,  "Ceramics," 
"Rubber  Compounds,"  "Organic  Plastics"  (Celluloid  Albu- 
minoids) and  "Synthetic  Resinous  Materials."  The  author 
gives  a  clear  and  full  discussion  of  the  properties '  of  the 
molded  materials  as  to  life,  puncture  tests,  mechanical  strength, 
weather  and  heat-proof  qualities,  resistance  to  chemical  action, 
etc.,  which  shows  the  intimate  knowledge  and  broad  experience 
of  the  worker. 

A  feature  of  the  book  is  the  many  illustrations  of  molded 
articles  from  properly  composed  plastic  materials.  The  author 
shows  how,  by  chemical  synthesis,  plastics  have  recently  been 
produced,  which  have  superseded  a  great  many  of  the  older 
insulating  materials. 

The  chemist,  chemical  student,  engineer  and  manufacturer 
will  find  in  this  book  what  has  been  done  in  the  manufacture  of 
plastics  and  insulating  products  and  what  is  to  be  done  yet  to 
improve  the  qualities  of  these  materials  in  order  to  fulfill  the 
conditions  necessary  to  produce  a  perfect  insulator. 

W.  Sanger 
Die  Chemie  und  Technologie  der  Natiirlichen  und  Kiinstlichen 
Asphalte.  Dr.  Hippolyt  Kohler.  Zweite  Vollstandig  Um- 
gearbeitete  und  Stark  Vermehrte  Aufiagc  Hcrausgegeben  von 
Dr.  Hippolyt  Kohler,  Direktor  der  Rutgerswerke-Aktiengesell- 
schaft,  Berlin,  und  Dr.  Edmund  Graefe,  Direktor  der  Duet- 
schenTrinidad-Asphalt-Gessellschaft  m.b.H.,  Dresden.  504 -|- 
xxi  pages.  Braunschweig,  Verlag  von  Friedr.  Vieweg  &  Sohn, 
1913.     Paper,  $4.50. 

This  publication  forms  the  7th  part  of  the  "Ncues  Handbuch 
der  Chemischen  Technologie"  which  is  being  is.sucd  under  the 
editorship  of  Dr.  C.  Engler.  The  first  edition,  by  Kohler  alone, 
appeared  in  1904  and  was  a  noteworthy  compilation  at  that  time. 
In  associating  with  himself  Dr.  Edmund  Graefe,  Dr.  Kohler 
has  been  enabled  to  bring  the  subject  in  essential  particulars 


up  to  date  in  a  most  satisfactory  manner,  especially  as  regards 
the  uses  of  the  native  bitumens  in  the  United  States  in  the  con- 
struction of  pavements  and  roads,  owing  to  Dr.  Graefe's  con- 
nection with  the  industry  in  this  country  and  his  intimate  ac- 
quaintance with  the  jjrocesses  which  are  being  employed. 

The  contents  of  the  book  are  divided  into  three  parts: 
First,  an  historical  consideration  of  the  materials  under  con- 
sideration, the  occurrence  of  the  natural  asphalts  as  known  at 
the  present  time,  the  origin  of  bitumen  and  of  asphalt,  the  physical 
and  chemical  properties,  composition  and  components  of  as- 
phalts, and  finally,  a  chapter  on  "Artificial  Asphalts"  prepared 
from  coal-gas  tar,  brown  coal  tar  and  from  petroleum,  as  well  as 
reference  to  oil-gas  tar,  water-gas  tar,  montan  pitch,  the  pitches 
obtained  in  the  saponification  of  the  fats  and  resin  pitches. 

The  Second,  or  technical  part,  is  descriptive  of  the  industries 
in  which  asphaltic  materials  are  used,  structurally  for  pave- 
ments, roads  and  water-proofing,  and  industrially  in  the  prepara- 
tion of  roofing  felts  and  water-proofing  papers,  as  well  as  for 
insulating  material.  Attention  is  also  called  to  the  uses  of 
asphalt  in  rubber  substitutes,  in  varnishes  and  cementing  ma- 
terials, in  the  formation  of  tubes,  cork  asphalt,  as  an  insulating 
material  and  in  photographic  processes. 

The  Third,  or  analytical  part,  summarizes  very  thoroughly 
the  physical  and  chemical  methods  in  use  in  the  investigation 
of  the  natural  and  so-called  artificial  asphalts,  and  the  technical 
testing  and  ejcamination  of  asphaltic  materials  of  all  descriptions. 

The  book  is  a  compilation  of  the  results  of  practically  every- 
thing that  has  been  done  in  all  parts  of  the  world,  in  the  study 
of  the  solid  native  bitumens  and  their  surrogates,  both  as  to  their 
occurrence,  natiu-e  and  origin,  and  their  applications  in  all  of 
the  industries.  The  data  have  been  assembled  with  that  thor- 
oughness and  detail  which  is  characteristic  of  books  of  this  type 
which  are  published  in  Germany.  It  can  be  criticized  only 
because  it  is  too  thorough  in  this  respect,  and  includes  much 
material  which  the  exercise  of  good  judgment  might  have  elimi- 
natea  as  being  of  doubtfu'  value.  Looked  at  from  any  point  of 
view,  the  book  is  a  monumental  one,  and  will  be  found  of  the 
greatest  value  in  the  hands  of  any  one  who  can  make  use  of  the 
German  language,  and  it  can  be  highly  recommended  to  all  who 
are  interested  in  the  subject  of  which  it  treats.  The  new  edition 
contains  504  pages  as  compared  with  the  433  of  the  first  edition. 

Clifford  Richardson 
Solvent  Oils,  Gums,  Waxes  and  Allied  Substances.     F.  H.  Hyde. 

D.  Van  Nostrand  Company,  New  York.     S2.00. 

This  book  is  a  very  short  compilation  of  the  chemical  and  phys- 
ical properties  of  the  above  substances.  It  includes  some  of  the 
more  common  methods  of  analysis  and  tests  for  oils  and  fats  and 
concludes  with  chapters  on  alkaloidal  substances,  bitter  prin- 
ciples and  various  miscellaneous  substances. 

Such  a  conglomeration  condensed  to  170  small  pages  must 
necessarily  be  of  very  limited  value. 

The  chapter  on  proteins  which  the  author  labels  "  Albumenoids 
or  Proteids"  is  particularly  antiquated.  Sidney  Born 

Practical  Science  for  Engineering  Students.     Bv  H.  Stanley 
Published  by  Methuen  and  Company,  Ltd.,  36  Essex  Street, 
Strand,  W.  C,  London.     Price,  So.75- 
This  book  was  written,  according  to  the  author,  "primarily 
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to  suit  the  needs  of  evening  students  who  have  passed  the  very 
elementary  stages.  It  should  also  be  useful,  it  is  hoped,  to 
those  entering  on  an  engineering  training  proper,  who  have  not 
gone  through  a  good  course  of  laboratory  work." 

In  the  opinion  of  the  reviewer,  while  the  book  contains  some 


good  information,  the  treatment,  though  clear,  is  so  superficial 
that  it  is  likely  to  mislead  the  beginner  for  whom  it  is  primarily 
written.  The  tables  of  constants  do  not,  in  many  cases,  contain 
the  latest  values. 

G.  V.  Wendell 


NLW  PUBLICATIONS 


By   D.    D.   Berolzheii 


Libr, 


Carbohydrates,   Short  Handbook  of  the.     By   B.   Toluens.     3rd  Ed. 

8vo.      816  pp.      Price.  $5.50.      J.  A,  Earth,  Leipzig.      (German.) 
Catalysts,    The   Biochemical,    in    Life    and    in   Industry.     By    Jean 

Effront.      8vo.      772    pp.        Price,      $5.00.      Dunod      &      Pinat.      Paris. 

(French.) 
Chemistry    and    Its    Borderland.     By    Alfred    W.    Stewart.     8vo. 

Price,  81.25.      Longmans,  Green  S:  Co,  New  York. 
Chemistry,  General,  Physical  and  Theoretical,  Textbook  of.     Vol.  I. 

By   VV.    KuESTER  ANO  A.   TurEL.      2  Vols.      L.  8vo,      Price.   $4.75.      Carl 

Winter,  Heidelberg.      (German.) 
Chemistry,  Scientific,  Progress  of,  in  Our  Own  Times.     By  William 

A.  TiLDEN.     2nd  Ed,    8vo.     366  pp.     Price,  S2.25.     Longmans,  Green  & 

Co.,  New  York. 
Cotton,  Its  Origin,  Use,  History  and  Significance.     By  Karl  Stbuck- 

ART.     8vo.     59  pp.      Price,  $1.00.       Bernhard  F.  Voigt,  Leipzig.       (Ger- 


J. 


Engineering,  Chemical,  Notes  on.     By  J.  W.  HinchlEy.     8 

A.  Churchill.  Luiulon 
Factory     Organization     and     Administration.     By     Hugo     Diemer 

8vo.      370  pp.      Price,   $3.00,      McGraw-Hill  Book  Co..   New  York. 
Fibers,  Spinning  Animal  and  Mineral.     By  D.  de  Prat.     8vo.     482  pp 

Price,  $1.75.      L.  Mulo.  Paris.      (French.) 
Fuel,  Solid,  Liquid  and  Gaseous.     By  J    S.  S.  Brame.     8vo.     372  pp 

Price,  $3.25.      Edward  Arnold,  London. 
Metal    Coloration    and   its    Production.     By    G.    Buchner.     5th    Ed 

Lex.  8vo.     426  pp.      Price,  $2  25.      M.  Krayn,  Berlin.      (German.) 
Metallic,     Inter-,     Compounds.     By    C.     H.     Desch.     8vo.      116    pp 

Price,  $0.75.      Longmans.  Green  &  Co..  New  York. 
Organic  Compounds,  Chemical,  Technology  of.     By  R.  O.  Herzog 

8vo.      732   pp.      Price.   $5.50.     Carl   Winter.    Heidelberg.      (German.) 
Physics,    Molecular.     By   J.    A.    Crowther.     8vo.     J.    &   A.    Churchill 

London. 
Plastics,    Molded    Electrical    Insulation   and.     By    Emile    Hemming. 

8vo.      Price,  $3.00.     Ward  Clausen  Co.,  New  York. 
Refrigeration,     Mechanical.     By    H.    J.     Macintire.     8vo.     346    pp. 

Price.  $4.25,      Chapman  &  Hall.  London. 
Silk,  Raw.      By  L,  Duran.     Cr,  8vo.     Price.  $2.75.     Spon  &  Co.,  London. 
Sugar    Industry,    Chemistry    of    the.     By    Oskar    Wohryzek.     8vo. 

160  pp.      Price.  $5,00,      Jnlius  Springer,  Berlin,      (German,) 
Tanning  Laboratories,  Chemical,  Handbook  for.     By  Georg  Grasser 

L-  8vo,     400  pp.      Price,  $3.75,     Schuke  &  Co.,  Leipzig.      (German.) 
Viscosity   of   Liquids.     By    A.    E     Dunstan   and   F.    B.    Thole.     8vo. 

92  pp.      Price.  $0,90.      Longmans.  Green  &  Co..  New  York. 
Water  Purification,  Modern  Methods  of.     By  J.  Don  and  J.  Chisholm. 

8vo,      398  pp.      Price.  $4.20,      Longmans,  Green  &  Co.,  New  York. 

RECENT  JOURNAL  ARTICLES 

Acids,   Mineral,   Report  on  the.   Industry  in  1913.     By   K.   Reusch 

Chemtker  Zeitung.  Vol.  38.   1914,  No.  36,  pp.  385-386. 
Alloys,      Non-Ferrous,      Nomenclature     of.     Anonymous,     Industrial 

Engineering.  Vol.   14.   1914.  No.  2.  pp.  69-71. 
Ammonia  Condenser,   The.     By  .\.   G.  Solomon.     Practical  Engineer, 

Vol.   18.  1914,  No,  6.  pp.  355-.V59. 
Ammonia,     Electrochemical,     Oxidation     of.     By     G.     Oesterheld. 

Zeitschrift  fuer  anorganis.iie  Chrmic.   Vol.   86,    1914.    No.   2,   pp.    105-142. 
Ammonia,  Synthetic,  by  the  Serpek  Process.     By  Herre      Chemiker 

Zeitung.'Voi.  38.   1914,  No.  29,  jip.  317-318. 
Blast    Furnace,   Use  of    Dry  Air  in.     By   H.   G.   Girvin.     Journal  oj 

the  Society  of  Chemical  Iniluslry.  Vol,  33,   1914,  No.  6,  pp.  283-284. 
Brandy,   Manufacture,    Properties   and  Uses  of.     By   A.   X.    Perold. 

Agricultural  Journal  of  the  Union  of  South  Africa,  Vol.  7,    1914.  No.  2, 

pp.  180-192. 
Cellulose   and  Sulfite,   Copper-figure   and  True-acid-figure  of.     By 

Erich  Richter.     Pulp  and   Paper   Magazine  of  Canada,  Vol.    12.    1914. 

No.  7,  pp,   193-197. 
Coal,  Combustion  of,  and  Smoke  Abatement.     By  Samuel  B.  Flagg. 

Industrial  World,  Vol.  48.   1914,  No.  13,  pp.  368-372. 
Coal  Gas,  Notes  on  Naphthalene  in.     By  James  MacLeod  and  Jas 

H     R,    Henderson,     Journal   of  the  Society  of  Chemical   Industry,   Vol 

33.   1914.  No.  6.  pp.  299-301. 
Coke,   By-product,  The  Manufacture  of.     By  T    V    Salt      Chemical 

Engineer,  Vol,   19,   1914.  No.  3.  pp,  91-103. 


a  The   Chemists'   Club,   New   York 

Condensing    (Cooling)    Apparatus,    Counter-current,    The    History 

of  the.      By  Max  Speter.      Chemische  Apparatus,  Vol.    1,   1914,  No.  5, 

pp.  65-70. 
Copper    Ores,    Hydro-Electrolytic    Treatment    of.     By    Robert    R. 

Goodrich.      Reprint.      Transactions   American   Electrochemical  Society, 

Vol.  25.  1914,  No.  22,  pp,   1-36. 
Copper  Tailings,  Leaching  of.     By  Rudolf  Gahl.       Reprint,     Trans- 
actions American  Electrochemical  Society,  Vol.  25,   1914,  No.   19,  pp.   1-9. 
Cyanamid,  Polymerization  of.     By  George  F.   Morrell  and  Phter 

BuRGEN.     Journal  of  the  Chemical  Society,  Vols.  105-106.  1914,  No.  617. 

pp.  576-589. 
Cyanids,  Speed  of  Hydrolysis  in  Hydrochloric  Acid  Solution.     By 

SULO  KiLPi,      Zeitschrift  fuer  physikalische  Chemie,  Vol,   86,    1914,  No.  6, 

pp.  641-681, 
Denitrification,   The   Mechanism  of.     By   William   Hulme.     Journal 

of  the  Chemical  Society,  Vols,   105-106,  1914,  No.  617,  pp.  623-632. 
Electrochemical  Industries,   The  Present  State  of  the.     By  Henry 

Gall.       Revue  generate  de  chimie  pure  et  appliquee.  Vol.  17,  1914,  No.  2, 

pp,  21-30. 
Heat  Insulators.      By  Jean  Rousset.      Revue  generate  de  chimie  pure  et 

appliquee.  Vol.   17,  1914,  Nos,  2  and  3.  pp.  31-37,  41-52. 
Hydrogenation :     Catalytic  Reduction  of  Unsaturated  Fatty  Acids 

by  Means  of  Nickel  and  Nickel  Oxid.     By  W.  Mergin  and  G  Bartels. 

Journal  fuer   praktischc  Chemie.   Vol.   89.    1914.   Nos,   5   6,/ 7,   pp.   290-301. 
Indigo,  New  Derivatives  of,  and  of  Other  Indigoidal  Dyestufils.     By 

G-    Engl.      Zeitschrift  fuer  angewandte  Chemie,   Vol.   27/1,    1914,   No.   20, 

pp.   144-148. 
Industrial   Processes,    Lenses   for   Protection   of  the   Eyes   in.     By 

M.    LuCKlESH.      Industrial    World,    Vol.    48,    1914.    No.    15.    pp.    431-432. 
Insulating  Materials,  The,  of  Electrotechnics  and  Their  Examina- 
tion,     By  F,   W,   HiNRlCHSEN.       Kunststoffe,  Vol.  4,   1914,  Nos.   3  and  4, 

pp.  41-43  and  64-65. 
Iron,    Electrolytic,    Microscopic   Study   of.     By    Oliver    W.    Storey. 

Reprint.        Transactions     American     Electrochemical     Society,     Vol.     25, 

1914,  No.  15,  pp.   1-39. 
Iron,    Action   of   Concentrated   Sulfuric   Acid  on.     By   Charles   E. 

Fawsitt  AND  Charles  W.  R.  Powell.     Journal  of  the  Society  of  Chemical 

Industry.  Vol.  33,   1914,  No,  5.  pp,  234-237. 
Metal,  Type,  The  Cause  of  the  Oxidation  of  the.     By  Richard  Meyer 

AN-D    Siegfried    Schuster.     Zeitschrift    fuer    angewandte    Chemie.    Vol. 

27/1,   1914.  No    18,  pp.   121-127. 
Metallurgy:     Treatment    of    Cyanid    Precipitate.     By    Herbert    A. 
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EDITORIALS 


RECENT;SYNTHETIC  STUDIES  IN  THE  TANNIN  GROUP' 

There  exist  in  nature  a  considerable  number  of  sub- 
stances whose  aqueous  extracts  have  the  property 
of  turning  hide  into  leather.  Substances  which  show 
this  property  have  also  certain  other  general  charac- 
teristics. Tanning  substances  are  amorphous  and 
have  an  astringent  taste.  They  usually  precipitate 
gelatin  from  its  solutions  and  form  compounds  with 
metals,  those  with  iron,  for  example,  being  frequently 
colored  and  suitable  for  use  as  inks.  Hydrolytic 
agents  split  them  into  a  variety  of  products.  One  of 
these  is  almost  always  a  sugar,  usually  rf-glucose, 
while  the  other  component  is  some  hydroxy  acid  of 
the  aromatic  series.  CafTetannic  acid,  for  example, 
which  is  found  in  coffee  and  Paraquay  tea,  yields  a 
sugar  and  cafleic  acid.  The  tanning  material  of  oak 
bark  yields  ellagic  acid  and  quercite.  Still  others 
yield  phloroglucinol'  instead  of  sugar. 

The  most  thoroughly  studied  of  these  substances 
is  ordinary  tannin,  which  occurs  in  the  nut-galls  of 
the  oak  and  is  also  found  in  sumach,  tea  and  other 
plants.  It  is  a  colorless,  amorphous  substance,  which 
is  readily  soluble  in  water  and  only  slightly  soluble 
in  alcohol  and  ether.  It  can  be  prepared  in  a  state 
of  comparative  purity,  and  its  structure  has  interested 
organic  chemists  for  a  long  time. 

The  most  important  of  the  earlier  investigations 
was  carried  on  by  Strecker  in  1852  [Ann.  der  Chcmie, 
81  (1852),  248;  90  (1854),  328].  He  hydrolyzed  tannin 
and  found  three  molecules  of  gallic  acid  associated 
with  one  of  i-glucose.  Many  chemists  who  studied 
the  problem  later  came  to  the  conclusion  that  sugar 
was  not  an  essential  constituent,  at  least  in  all  kinds 
of  tannin,  and  the  observation  that  gallic  acid,  by  means 
of  phosphorus  oxychloride  and  other  dehydrating 
agents,,  could  be  changed  to  digallic  acid. 


HO 


COOH  = 


COOH  +  H2O 


led  Schiff,  in  1871  [Bcr.,  4  (1871),  232,  967;  12  (1879), 
33;  and  Ann.,  170  (1873),  43],  to  accept  this  synthetic 
digallic  acid  as,  at  least,  the  principal  component  of 
tannin.  Such  a  conclusion  left  the  optical  activity 
of  tannin  unexplained,  since  digallic  acid  contains  no 
asymmetric  carbon  atom.  It  could  not  be  certain, 
however,  that  optically  active  impurities  might  not 
be  present,  inasmuch  as  tannin  is  an  amorphous  sub- 
stance and  the  usual  criteria  of  purity  and  homogeneity 
in  organic  substances  are  lacking. 

Walden,  in  1897   \Ber.,  30  (1897),  3151;   31    (1898), 
3167],  made  an  extensive  comparison  of  the  synthetic 

'  .'Address    before   the    Eastern    New    York    Section    of    the    American 
Chemical  Society.  Schenectady,  March  27,  1914. 


digallic  acid  with  tannin,  and  found  that  their  physical 
properties  were  not  identical.  The  molecular  Weight  of 
tannin  is  far  too  great  for  digallic  acid,  and  neither  the 
electrical  conductivity,  the  absorption  of  light,  nor  the 
behavior  with  arsenic  acid  were  found  sufficiently 
parallel  for  Walden  to  believe  in  the  identity  of  the 
substances  concerned.  Quite  recently,  Nierenstein 
made  the  suggestion  that  tannin  might  be  a  mixture 
of  digallic  acid  with  its  optically  active  reduction 
product,  leuco-tannin.  Such  a  mixture,  however, 
should  be  more  acidic  than  tanniri  and  have  a  smaller 
apparent  molecular  weight.  Still  more  recently  Feist 
[Ber.,  45  (1912),  1493]  has  suggested  a  more  complex 
composition,  but  his  conclusions  have  now  been 
superseded  by  the  work  of  Emil  Fischer  [Gen.  resume, 
Ber.,  46  (1913),  3253;  see  also  41  (1908),  2875;  45 
(1912),  915,  2709,  3773;  46  (1913),  1116],  which  it  is 
the  principal  object  of  this  paper  to  describe. 

Emil  Fischer's  attention  was  first  devoted  to  the 
purification  of  tannin  with  the  idea  of  obtaining  as 
homogeneous  a  material  as  possible.  For  this  purpose, 
the  purest  product  from  Chinese  nut-galls  was  shaken 
from  a  dilute  alkaline  solution  by  ethyl  acetate.  It 
is  obvious  that  a  substance  so  purified  could  contain 
no  free  carboxyl  group,  and  we  can  assume  this  to 
be  the  fact  concerning  the  material  investigated  by 
Fischer.  When  purified  in  this  way,  the  substance  is 
amorphpus,  but  it  is  doubtless  as  pure  a  tannin  as  has 
hitherto  been  prepared.  It  is  optically  active,  the 
specific  rotatory  power  being  about  70°. 

The  next  step  was  the  hydrolysis  of  tannin.  This 
was  carried  out  in  acid  solution,  since  alkali  would 
act  upon  any  sugar  formed.  The  method  was  checked 
by  blank  tests  made  with  mixtures  of  gallic  acid  and 
sugar,  and  after  making  any  necessary  corrections  of 
this  kind,  it  was  found  that  hydrolysis  had  decom- 
posed the  tannin  into  a  mixture  of  one  molecule  of 
rf-glucose  and  ten  of  gallic  acid.  No  other  hydroxy 
acid  was  found.  Since  there  are  five  hydroxyl  groups 
in  i-glucose,  a  simple  interpretation  of  the  results 
would  suggest  that  we  had  to  do  with  an  ester  of  glu- 
cose in  which  each  of  the  five  hydroxyl  groups  was 
esterified  with  a  molecule  of  digallic  acid.  Such  a 
substance  would  not  be  a  gl'ucoside  in  the  ordinary 
acceptation  of  the  term.  Emil  Fischer  is  of  the 
opinion  that  the  latter  name  should  be  reserved  for 
products  analogous  in  their  structure  to  methyl  glu- 
coside, 

CHcOH.CHOH.CH.CHOH.CHOH.CH.OCHs 

' O '      . 

The  best  proof  of  the  structure  suggested  for  tannin 
would  be  its  synthesis,  but  in  view  of  the  difficulty 
of  preparing  synthetic  digallic  acid,  it  seemed  best  to 
begin  with  the  simpler  problem  of  preparing  glucose 
pentagallate.  The  method  which  first  suggests  itself 
for  the  preparation  of  such  a  compound  is  the  treat- 
ment of  the  sugar  by  the  chloride  of  the  acid;  but 
chlorides  of  substances  like  gallic  acid  are  difficult  to 
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prepare.  The  usual  easy  reaction  of  the  chlorides  of 
phosphorus  upon  the  free  acids  is  complicated  in  this 
case  by  the  fact  that  the  hydroxyl  groups  also  present 
are  attacked  by  the  reagent.  Emil  Fischer  was  able  to 
avoid  this  difficulty  by  a  method  which  he  had  pre- 
viously used  in  less  complicated  cases.  This  consisted 
of  treating  a  hydroxy  acid  with  methyl  chlorcarbonate. 
This  forms  a  carbomethoxy  derivative, 

CH3O.CO.CI  +  HO— <(        ^COOH  = 

HC1  +  CH30.C0.0<(       ^— COOH 

which  is  stable  enough  to  tolerate  reactions  upon  the 
carboxyl  group,  but  when  these  reactions  have  been 
carried  out,  gentle  hydrblytic  agents  exchange  the 
carbomethoxy  group  for  hydroxyl  again. 

It  is  obvious  that  undfer  these  circumstances  gallic 
acid  would  yield  a  tricarbomethoxy  derivative, 


CH3O.CO.O 

CH3O.CO.O— 

CH3O.CO.O 


-COOH 


which,  when  treated  with  phosphorus  chloride,  would 
yield  the  corresponding  acid  chloride.  This  chloride 
was  finally  treated  with  (i-glucose  in  dry  chloroform 
solution,  quinoline  being  introduced  for  the  purpose 
of  taking  up  the  hydrochloric  acid  formed.  The 
product  was  a  penta-tricarbomethoxy-gallate  of  glu- 
cose, 

, O , 

CHo.CH.CH.CH.CH.CH.OR 
II  II 

OR    OR         OR  OR 

R  =  CO< 


O.CO.OCH3 
"^O.CO.OCHs 
O.CO.OCH3 


It  was  carefully  saponified  by  means  of  a  small  excess 
of  alkali  dissolved  in  aqueous  acetone.  Under  these 
circumstances  the  carbomethoxy  groups  were  split  off 
at  ordinary  temperature  and  the  pentagallate  of  glu- 
cose was  isolated.  The  similarity  of  this  substance  to 
ordinary  tannin  was  striking.  The  only  difference 
was  in  the  rotatory  power  and  the  quantity  of  gallic 
acid  formed  by  hydrolysis.  Like  tannin,  the  substance 
is  amorphous,  and  it  cannot  be  stated  with  certainty 
that  it  is  perfectly  homogeneous.  Emil  Fischer  be- 
lieves that  there  are  probably  at  least  two  isomers 
present  which  stand  to  each  other  in  the  same  rela- 
tion as  a-  and  /3-glucose.  This  condition  of  things 
is  certain  in  the  case  of  glucose  pentabenzoate. 

The  next  step  was  the  preparation  of  methylotan- 
nin,  which  proved  easier  to  carry  out  than  the  synthesis 
of  tannin  itself.  Herzig  [Ber.,  38  (1905),  989;  Monal- 
shefte,  30  (1909),  543]  had  already  prepared  this  sub- 
.  stance  by  the  action  of  diazomethane  upon  tannin, 
and  had  obtained,  by  hydrolysis,  trimethylgallic  acid 
and   unsymmetrical    w,/>-dimethylgallic    acid. 

CH3O  HO 

CH30<^       ^— COOH     and     CH30<(       ^— COOH 
CH3O  CH3O 

These  facts  suggest  that  tannin  might  be  an  ester 


of  glucose  with  five  molecules  of  wj-digallic  acid.  The 
synthesis  was  carried  on  much  as  before.  Trimethyl- 
galloyl  chloride  was  first  combined  with  w, ^-dimethyl- 
gallic  acid, 

CH30\  H0\ 

CH3O— <^        )>— COCI  +  CH3O— <^        ^^C00H  = 
CH3O/  CH3O/ 


COOH 


and  this,  in  its  turn,  changed  to  its  chloride  and  com- 
bined with  (i-glucose.  The  product  was  strikingly 
similar  to  that  of  Herzig,  but  there  remains,  of  course, 
the  same  doubt  as  to  its  perfect  homogeneity  as  in 
the  other  case. 

The  success  of  these  experiments  seemed  to  warrant 
an  attempt  to  prepare  tannin  itself:  w-digallic  acid, 
which  had  previously  been  synthesized,  was  changed 
to  the  carbomethoxy  compound  as  in  the  simpler  case 
of  ordinary  gallic  acid,  but  the  product  was  found  to 
be  amorphous,  and  the  same  is. true  of  the  chloride 
which  is  prepared  from  it.  Finally,  the  combination 
with  sugar  took  place  only  with  difficulty  and  the  syn- 
thesis cannot  be  regarded  as  successful.  The  essential 
nature  of  the  tannins  seems,  however,  to  have  been 
definitely  settled  by  the  investigation  and  we  can  be 
confident  that  the  structure  of  tannin  is  typified  by 
the  penta-gallate  of  glucose.  It  is  still  possible,  of 
course,  that  tannins  from  different  sources  have  not 
exactly  the  same  composition,  and  that  any  given 
sample  of  tannin  is  not  homogeneous.  It  is  also  pos- 
sible that  the  rf-glucose  is  not  ready  formed  in  the 
molecule,  but  that  there  exists  insteq.d  some  poly- 
saccharide which  gives  rf-glucose  upon  hydrolysis. 

The  investigation  was  continued  by  combining 
gallic  and  other  hydroxy  acids  with  other  sugars  and 
polyatomic  alcohols,  and  a  variety  of  substances  were 
thus  prepared  which  showed  the  chief  tannin  charac- 
teristics. Doubtless  the  study  of  compounds  of  this 
class  will  be  of  considerable  value  to  plant  physiology 
since  it  is  very  likely  that  the  plant  builds  up  such 
substances  as  a  means  of  neutralizing  acids  by  esteri- 
fication.  Some  practical  results  may  also  be  expected, 
since  small  quantities  of  tannin-like  substances  have 
a  marked  influence  upon  the  taste  of  such  articles  of 
food  as  tea,  coffee  and  sweet  fruits.  It  is,  therefore, 
possible  that  synthetic  materials  of  this  type  may  find 
use  as  flavoring  materials. 

An  interesting  result  of  the  investigation  is  to  be 
found  in  the  fact  that  syntheses  of  this  kind  lead 
naturally  to  products  of  extremely  high  molecular 
weight.  In  this  property  they  surpass  even  the  highest 
polypeptides.  Emil  Fischer  expects  to  carry  inves- 
tigations of  this  sort  further,  believing  that  it  is  the 
duty  of  the  Organic  Chemist  to  build  up  as  large 
molecules  as  possible,  while  the  modern  physicist 
is  constantly  dissecting  the  atom  into  smaller  and 
smaller  units. 

By    combining    tribenzoylgalloyl    chloride    with    the 
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/"-iodophenylosazone    of    maltose,    Emil    Fischer    was 
able  to  prepare  a  substance  of  the  formula 

C220H142O68N4I2, 
and  molecular  weight  4021.     This  substance  has  the 
highest    molecular    weight   of   any   organic   compound 
which  has  yet  been  prepared  by  synthesis.     Its  graphic, 
formula  is  givQn  below 


CH  =  N— NH- 


C  =  N— NH 


CH— O— R 


-O- 


CH— CH— CH2— 0— CH— CH— CH— CH— CH— CHo 


0        O 
R        R 


O        O 
R        R 


O        O 
R        R 


and  the  only  explanation  necessary  is  that  the  radical 
R  signifies  tribenzoylgalloyl, 

O.CO.CeHs 

R  =  CO<^       )>O.CO.C6H5 
O.CO.CeHs 


It  is  interesting  to  note  that  this  substance  follows  the 
laws  of  Raoult  very  well.  Determinations  of  the  molec- 
ular weight  by  the  freezing-point  method,  in  bromoform, 
yielded  numerical  results  which  are  surprisingly  good 
when  the  magnitude  of  the  molecule  is  taken  into 
consideration. 

This  investigation  has  not  led  to  the  production  of 
any  substances  which  are  sufficiently  cheap  to  be  of 
use  to  the  tanner  as  a  substitute  for  his  extracts,  but 
there  has  been  brought  upon  the  market  within  the 
last  few  months  a  laboratory  product  which  is  a  promis- 
ing substitute  for  tannin,  and  which  is  said  by  those 
in  the  trade  to  give  good  results  and  shorten  the  time 
required  for  tannage.  This  is  the  so-called  "Neradol" 
of  Stiasny  [Collegium,,  iQ^Si  p.  142].  It  is  prepared  by 
treating  phenol  with  sulfuric  acid  and  adding  for- 
maldehyde in  the  proportion  of  one  molecule  of 
formaldehyde  to  two  of  phenol.  This  method  of 
preparation  suggests  the  well-known  Bakelite,  but 
the  product  differs  from  the  latter  in  being  soluble 
in  water.  It  enters  the  pores  of  the  hide  readily,  and 
when  used  as  a  preliminary  treatment  increases  the 
velocity  of  tannage  by  other  materials.  It  also  pro- 
duces leathers  of  good  quality  and  light  color. 

F.   J.    Moore 
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A  THERMOELECTRIC  METHOD  FOR  THE  DETERMINA- 
TION OF  THE  PURITY  OF  PLATINUM  WARE' 
By  GsoRGE  K.  Burgess  and  P.  D.  Sale 

At  the  request  of  Dr.  W.  F.  Hillebrand,^  Chairman 
of  the  Committee  on  "Quality  of  Platinum  Utensils," 
of  the  American  Chemical  Society,  experiments  on  the 
loss  in  weight  due  to  continued  and  repeated  heating 
of  platinum  crucibles  of  varying  degrees  of  purity 
have  been  undertaken,  in  continuation  of  similar 
experiments  carried  out  under  the  immediate  super- 
vision of  members  of  the  above-mentioned  committee. 

Prom  some  of  these  earlier  experiments,  and  from 
the  work  of  other  experimenters  on  the  evaporation 
of  metals  of  the  platinum  group,  it  appears  to  have 
been  hoped  to  be  able  to  classify  platinum  ware  as  to 
purity  in  terms  of  its  evaporation  at  a  definite  tempera- 
ture, say  1200°  C.  This  seemed  plausible  in  view  of 
the  fact  that  the  usually  predominant  impurity,  irid- 
ium, is  very  much  more  volatile  than  platinum.  Even 
if  this  method,  however,  would  give  an  indication  of 
the  platinum  purity,  which  appears  doubtful  in  the 
light  of  some  of  our  more  recent  experiments,  it  is  at 
best  a  somewhat  tedious  and  delicate  operation  to 
carry  out. 

These  experiments  showed  the  desirability  of  hav- 
ing an  accurate  and  rapid  method  for  determining 
platinum  purity  and  one  that  could  be  applied  to 
crucibles  without  defacing  them. 

The  most  exact  method  for  the  determination  of 
purity  of  platinum  appears  to  be  by  measurement 
of  its  temperature  coefficient  of  electrical  resistance, 

>  Presented  at  the  49th  Meeting  of  the  A   C.  S.,  Cincinnati,  April  6-10, 
1914 

'-  See  report  of  Platinum  Committee  in  this  issue. 


which  quantity  has  a  mean  value  of  about  0.00391 
per  degree  centigrade  for  the  interval  0°  to  100°  C. 
for  the  purest  obtainable  platinum,  and  decreases 
with  the  addition  of  anything  to  the  platinum.  This 
measurement  can  be  made  conveniently  and  exactly 
only  with  wires  and  is  therefore  of  little  interest  for 
the  determination  of  the  purity  of  platinum  ware 
such  as  crucibles. 

The  thermoelectromotive  force  of  platinum  against 
many  of  its  alloys  has  also  been  determined  with 
considerable  exactness.' 

This  property  may  evidently  be  made  use  of,  there- 
fore, in  devising  a  method  for  the  determination  of 
platinum  purity  and  one  that  possesses,  furthermore, 
the  advantages  of  accuracy,  speed,  convenience,  and 
preservation  intact  of  the  objects  tested. 

The  method  as  developed  for  use  with  crucibles  is 
shown  in  Fig.  i.  To  the  rim  of  the  crucible  C  are 
arc-soldered,  at  e  and  /,  two  pure  platinum  wires  of 
small  diameter  (0.1  or  0.2  mm.);  these  wires  are  con- 
nected to  an  ordinary  pyrometer-galvanometer  or 
millivoltmeter,  G;  the  junction  e  is  heated  by  a  small 
oxy-gas  or  other  blast  flame  from  d  and  the  junction 
/  is  kept  cool  by  an  air  blast,  c ;  a  sheet  of  asbestos,  A ,  cut 
as  shown,  serves  to  prevent  radiation  from  the  heated 
portion  of  the  crucible  reaching  the  cold  junction  /. 

Temperatures  are  measured  by  means  of  a  90  Pt- 
10  Rh,  Pt  thermocouple  using  the  cold  junction  as 
above  and  a  Pt-Rh  wire  arc-soldered  to  the  crucible 
near  c,  most  conveniently  adjacent  to  (o.  5  to  i  mm. 
distant)  but  not  touching  the  Pt  wire  at  e. 

'  See  in  particular:  W.  Geibel.  Z.  anorg.  Chem..  69  (1910).  38;  70 
(1911),  240;  Burgess  and  I.eChatelier,  "The  Measurement  of  High 
Temperatures,"  3rd  Ed.,  1913,  p.  171. 
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The  wires  are  attached  at  e  and  /  by  the  well  known 
arc-soldering    method,    which   consists   in    making   the 


M> 


LEGEND   , 

J\-  asbestos  a -.commutator  d-  ^as  tube 
C -crucible     b-"       poles       e-|thermoelectric 
0-^alvanome1erC -air  tube       f-*      junctions 
Fio.  I — Dbtbrmination  or  Purity  of  Platinum  Ware 
crucible  one  terminal  of  an  electric  circuit  of  about  40 
volts  and  a  sharpened  graphite  pencil  the  other,  with  a 


crucible  and  at  the  same  instant  touching  the  wire 
to  the  crucible  at  this  point.  The  end  of  the  wire  is 
thus  fused  to  the  crucible.  With  a  little  practice 
this  operation  may  be  made  so  that  there  is  hardly 
any  noticeable  effect  on  the  appearance  of  the  cruci- 
ble after  the  wire  is  removed. 

Quite  satisfactory  results  may  also  be  obtained  by 
simply  touching  the  Pt  wires  to  the  crucible  ate  and/, 
or  by  clamping  with  platinum  clips,  without  any 
soldering.  With  the  apparatus  once  set  up,  a 
test  may  then  be  made  in  a  few  seconds  and  the 
crucible  remains,  of  course,  absolutely  intact.  The 
homogeneity  of  the  crucible  may  also  be  determined 
by  this  method. 

By  means  of  a  commutator  at  a  b,  measurements 
may  be  made  alternately  of  the  temperature  at  e  and 
of  the  E.  M.  F.  developed  across  the  crucible  when  e 
is  at  this  temperature.  The  commutator  may  also 
be  designed  so  as  to  reverse  e  and  /  if  it  is  desired  to 
make  /  the  hot  junction. 

It  is,  of  course,  essential  that  the  two  platinum 
wires  be  made  of  strictly  pure  platinum.  For  this 
purpose,  use  is  made  of  Heraeus  normal  thermoele- 
ment wire  drawn  down;  this  platinum  has  shown 
itself  to  be  a  standard,  uniform  product,  the  purity  of 
which  is  easily  controlled  by  the  electric  resistance 
method  above  mentioned. 

In  the  table  are  given  the  results  of  a  series  of  meas- 
urements at  about  1050°  C.  of  the  E.  M.  F.  of  pure 
platinum  against  "platinum"  crucibles  of  various 
makes.  In  Fig.  II  are  shown  the  isothermal  curves, 
at  900°,  1000°  and  1100°  C,  for  iridium  content  of 
platinum  in  terms  of  E.  M.  F.  against  pure  platinum. 
There  is  also  shown  here  the  iridium  equivalent  of  the 
impurities  in  the  crucibles  c,  h  and  k  of  the  table,  in 
terras  of  their  stated  and  observed  iridium  contents. 

It  will  be  noted  that  all  impurities  are,    for    conve- 


1 

Source  or^Maker 
Heraeus 

Summary  of  Thermoelectric  Tests  of  Platinum 
2                      3                  4         5           6                  7 
Equiva- 
lent 
E.M.F.:    Ir 

Pt  vs.    con-  E.  M.  F.  from 
Stated            Previously    Temp,    cru-     tent       Pt-Ir  curve 
Ir  content            heated       of  test    cible      Per     (See  2  and  4) 
Per  cent               Hrs.             °  C.       Mv.     cent            Mv. 
0.0                           17              1050     0.00     0.00         0.00 
0.7                  Heated         1050     2.00     0.70         2.00 
0.7                         0              1050     2.60     0.90         2.00 

Crucibles 
8 

E,  M,  F. 

due  to  Ir  or 
impurities 

Mv. 

0.00 

0.00 

0.60 

9 

Ref- 
letter 

b 

Remarks 

Normal  thermoelement  Pt 
Normal  Tiegel  platin 
Normal  Tiegel  platin 

Date 

of 
pur- 
chase 
1911 

1911 
1911 

AmericaniPlatinum  Works. 

<0.2 
<0.2 
0.5  to  1.5 
0.5  to  1.5 

24 
16 

11 

4 
0.5 

1050     0.63     0,19 
1050      1.00      0.35 
1075     6,60     2.55      1 
1085      6.40      2,50 
1100     3.50      1,19 

0,10 
0,10 

,50  to  4, 10 
1.50 

0.53 
0,90 
2,50  to  5. 
4,90 
3.50 

d 
10    / 

g 

h 

"Tiegel  platin"  Heraeus 

"Tiegel  platin"  Heraeus 

Commercial 

Commercial 

Loaned  by  purchaser 

1911 
1911 
1911 
1911 
1913 

Baker  &  Company 

? 
? 

2.37 
0.702 
Refined 
? 
? 

10 

20 

0 
12 

0 

3  yrs. 
0 

1050     6,75     2.72 
1050     6.95      2.78 
1030     6.00      2.37 
1050      1.90      0.66 
1040     0.33      0.10 
1100     3.00      1.01 
1100     1.71      0.55 

6!66 
2,05 

6.75 
6.95 
0.00 
—0,15 
0,33 
3.00 
1.71 

J 
k 

1 

Commercial 
Commercial 
Special  analyzed  make 
Special  analyzed  make 
Specially  refined 
Used  3  yrs,  in  lab. 
Average  of  seven 

commercial  crucibles 

1908 
1908 
1912 
1912 
1911 
1909 

1914 

Johnston  Mathey  &  Company 

? 
? 

? 

67 
0 
20 

1050     0.48     0.15 
1070     0.68     0.23 
1050     0.63     0.22 

0.48 
0.68 
0.63 

P 

Best  crucible  ware 
Best  crucible  ware 
Best  crucible  ware 

1911 
1911 
1913 

J.  Bishop 

( 

? 
'      ? 
V  Refined 

9  mo. 
0.5 
31 

1100     2.10     0.68 
1100     2.20     0.72 
1050     0.60     0.21 

2.10 
2,20 
0,60 

a 

:) 

Loaned  by  purchaser.  Usee 
continuously  9  mo. 
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is  the  comparison  of  columns  2  and  6, 
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the  former  giving  the  stated  iridium  content  (and  often 
accompanied  by  the  statement  that  there  are  no  other 
impurities)  and  the  latter  giving  the  iridium  content 
as  determined  thermoelectrically  by  experiment  and 
use  of  Fig.   II.     In  several  instances,  notably  for  the 


certain  check  on  the  platinum  purity.'  One  of  the  most 
undesirable  impurities  often  found  in  commercial 
platinum  ware  is  iron;  this  is  readily  detected  by  igni- 
tion and  subsequent  washing  with  hot  HCl  and  apply- 
ing the   usual   color  test  for   Fe.     Iron,   if  present  in 


ISOTHERMAL  CURVED 

Thermoelectric-Punty-  Tejt 
On        •' 
Platinum       Ware 


Indium    Content  in  Pe rcent 


a     Id    -^ 


50 


Fig.  II — Iridium  Coktent  vs.  E.  M.  F.  against  Platinum 


crucible  of  normal  thermoelement  platinum  (a),  of 
Heraeus  and  for  Baker's  crucible  {M),oi  2.37  per  cent 
iridium,  the  stated  and  found  iridium  contents  agree 
exactly.  On  the  other  hand  there  is  a  wide  divergence 
from  the  supposed  and  actual  iridium  content  for 
several  of  the  crucibles;  for  example,  /  of  the  American 
Platinum  Works,  supposed  to  contain  not  over  0.50 
to  1 .  s  per  cent  iridium,  actually  contains  an  iridium 
equivalent  of  2.50  per  cent;  and  even  in  the  case  of 
refined,  specially  refined  and  best  crucible  ware,  the 
equivalent  iridium  content  is  not  inconsiderable. 
Among  the  22  crucibles  examined  there  is  but  one, 
(i),  of  Baker  &  Co.,  containing  less  iridium  than 
is  stated. 

In  comparing  the  stated  contents,  column  2  of  the 
table,  it  should  be  borne  in  mind  that  some  of  these 
crucibles,  excepting  perhaps  those  marked  refined  or 
specially  refined,  may  contain  iridium  which  is  put  or 
left  in  the  crucible  material  purposely,  usually  for  the 
purpose  of  stiflfening,  or  in  the  case  of  commercial 
ware,  because  such  Pt  always  carries  Jr.  The  method 
here  described,  however,  provides  a  delicate  means 
of  determining  whether  or  not  the  desired  limitation 
of  impurity,  expressed  in  terms  of  iridium  content, 
and  as  measured  thermoelectrically,  has  been  met  by 
the  manufacturer.  For  the  experimental  arrangement 
here  given,  the  amount  of  impurity  is  readily  deter- 
mined to  0.01  per  cent  and  this  accuracy  could  be  im- 
proved upon  if  necessary. 

The  method  does  not  distinguish  the  various  possi- 
ble impurities  from  each  other  but  is  nevertheless  a 


relatively  considerable  quantity,  will  also  discolor 
the  crucible  on  ignition. 

It  would  probably  be  advantageous  to  substitute 
rhodium  for  iridium  in  platinum  crucibles  when  stiffness 
is  desired  and  when  exact  weighings  have  to  be  taken 
before  and  after  ignition,  for  the  reason  that  rhodium 
is  far  less  volatile  than  iridium,  and  somewhat  less  so 
than  platinum,  although  it  appears  not  yet  to  have 
been  proven  that  the  more  volatile  metals  alloyed  in 
small  amounts  with  platinum  retain  their  volatility 
independently  of  the  presence  of  the  platinum. 

The  above  described  thermoelectric  method  will 
not  alone  distinguish  between  small  amounts  of  rho- 
dium and  iridium,  but  a  combination  of  the  thermo- 
electric and  loss  of  weight  methods  might  be  devised 
that  would  be  satisfactory.  An  electric  discharge 
method  operated  at  high  temperatures  might  possi- 
bly be  made  sufficiently  selective  to  differentiate 
between  platinum  alloys  of  iridium  and  rhodium. 
There  is  evidently  room  for  much  more  work  along 
these  lines. 

Bureau  of  Standards 
Washington 


THE  DETERMINATION  OF  THE  DUST  FALL  IN  THE 
NEIGHBORHOOD  OF  CEMENT  PLANTS 

By    J.    P.    MiTCIlKLL 
Received  March  18.  1914 

The  determination  of  the  dust  fall  in  the  neighbor- 

1  All  the  metals  found  associated  with  platinum,  such  as  palladium, 
iridium,  rhodium,  etc,  when  alloyed  with  platinum  (up  to  90  per  cent  only 
of  palladium)  give,  at  high  temperatures,  an  E-  M.  F.  of  the  same  sign  against 
pure  platinum.  Therefore,  there  is  no  ambiguity  in  balancing  one  impurity 
against  another. 
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hood  of  cement  plants  has  recently  become  a  matter 
of  considerable  importance,  largely  as  a  result  of 
litigation  which  has  arisen  between  certain  com- 
panies engaged  in  the  manufacture  of  cement,  and 
the  residents  of  the  region  in  the  immediate  neighbor- 
hood of  the  plants.  This  litigation  has  taken  the  form 
of  suits  on  the  part  of  the  residents  either  to  secure 
damages,  or  obtain  injunctions  against  the  operation 
of  the  plants,  based  upon  injury  alleged  to  have  been 
inflicted  upon  the  property  of  the  residents.  Two 
entirely  distinct  claims  of  injury  have  been  advanced. 
One  is  based  upon  the  alleged  infliction  of  actual 
damage  to  vegetation,  either  the  actual  destruction 
of  plants  and  actual  destruction,  in  whole  or  in  part, 
of  crops,  or  the  lessening  of  the  market  value  of  plants 
and  crops  by  the  presence  of  cement  dust  on  the  plant 
foliage  and  fruit.  The  other  claim  is  based  upon 
the  less  specific  ground  of  "nuisance."  It  is  alleged 
that  the  cement  dust  enters  the  houses  of  the  com- 
plainants, causes  much  personal  inconvenience,  arid 
in  general  interferes  with  the  right  of  every  land 
holder  to  the  enjoyment  of  normal  and  unpolluted 
atmospheric  conditions.  Whatever  be  the  basis  of 
the  complaint,  it  is  a  matter  of  record  that  such  com- 
plaints are  becoming  more  common  in  all  parts  of 
the  country,  and  in  every  such  case  it  becomes  a  matter 
of  importance  to  both  parties  that  the  true  conditions 
be  determined  as  accurately  as  possible.  Such  a 
determination  involves  a  study  of  the  amount  and 
character  of  the  dust  fall  throughout  the  region  in 
question,  and  a  correlation  of  the  results  of  such  a 
study  with  the  prevailing  meteorological  conditions. 
It  is  the  purpose  of  this  paper  to  deal  with  the  methods 
available  for  the  determination  of  the  dust  fall,  and 
the   proper  interpretations  of  the  results  obtained. 

Another  aspect  of  the  subject  deserves  mention. 
From  the  cerhent  manufacturer's  point  of  view  the 
dust  thrown  from  the  stacks  of  the  plant  represents 
not  only  a  constant  source  of  possible  legal  expense 
and  anxiety,  but  also  a  very  real  economic  waste. 
The  amount  of  dust  lost  from  a  kiln  of  the  ordinary 
rotary  type  may  amount  to  a  number  of  tons  in  one 
day,  and  this  dust  is  not  composed  of  a  useless  waste 
product,  but  is  the  very  substance  for  the  production 
of  which  the  whole  plant  is  operated.  The  recovery 
of  this  dust,  therefore,  should  not  be  regarded  entirely 
as  an  expense,  but  as  a  possible  measure  of  economy. 
The  determination  of  the  amount  of  dust  lost  in  this 
way  from  a  given  plant  cannot  be  carried  out  satis- 
factorily by  the  determination  of  the  dust  fall  in  the 
vicinity,  but  must  be  arrived  at  by  a  study  of  the 
conditions  existing  in  the  stacks  of  the  plant  them- 
selves, and  therefore  lies  outside  the  scope  of  this 
paper. 

The  methods  which  have  been  used  for  the  determina- 
tion of  the  amount  of  dust  in  the  atmosphere  may  be 
divided   into   four   groups.' 

The  most  scientifically  accurate  method  is  without 
doubt  that  of  Aitkin.     This  depends  upon  condensing 

1  For  a  very  complete  discussion  of  the  methods  available,  and  bibliog- 
raphy of  the  subject,  see  U.  S.  Dept.  of  Agriculture.  Bureau  of  Soils,  Bull. 
No.  68,  "The  Movement  of  Soil  Material  by  the  Wind,"  by  E.  E.  Free. 


water  vapor  on  the  dust  particles,  and  counting  the 
resulting  drops  of  water. 

This  method  is  too  refined  for  the  purpose  under 
consideration.  The  present  problem  is  not  concerned 
with  the  ultramicrpscopical  particles  normally  present 
in  air,  or  even  with  the  increase  in  their  number, 
but  rather  with  the  very  much  larger  particles  of 
solid  matter  which  constitute  "dust"  in  the  ordinary 
meaning  of  the  term. 

Efforts  have  been  made  to  catch  the  dust  present 
in  air  in  various  box-like  contrivances  designed  to 
catch  the  dust  by  checking  the  velocity  of  the  air 
currents,  and  create  conditions  under  which  the  dust 
will  settle  out  and  remain  within  the  apparatus. 
Such  methods  may  be  useful  in  a  study  of  the  character 
of  atmospheric  dust,  but  give  rise  to  certain  difficulties 
when  applied  to  the  problem  of  determining  the  amount 
of  dust  fall  in  different  localities.  Since  the  amount 
of  dust  remaining  in  the  box  depends  upon  the  amount 
of  air  passing  into  it,  that  is,  upon  the  wind  velocity, 
the  results  give  what  may  be  termed  the  "dust  burden" 
of  the  air,  as  distinguished  from  the  "dust  fall"  which 
would  have  taken  place  at  the  same  point  had  the 
velocity  of  the  air  not  been  checked. 

The  dust  present  in  the  air  has  been  determined 
by  drawing  known  volumes  of  air  through  water  or 
filters,  and  weighing  or  counting  the  dust  particles 
retained.  This  method  again  gives  the  "dust  burden" 
of  the  air,  rather  than  the  "dust  fall,"  and  while  it 
is  available  for  determining  the  amount  of  dust  in  a 
given  volume  of  air  at  a  given  time,  it  is  not  available 
for  determining  the  relative  dust  fall  at  different 
points  during  a  somewhat  extended  interval  of  time. 

The  fourth  group  of  methods  depends  upon  the  ex- 
posure, in  a  horizontal  position,  of  a  surface  of*  known 
area  coated  with  a  substance  that  will  retain  dust 
falling  upon  it,  and  the  subsequent  removal,  weighing 
and  examination  of  the  dust  deposited  upon  the  sur- 
face. While  no  method  of  this  sort  collects  the  small 
microscopic  particles  present  in  large  numbers  in  all 
air,  it  does  collect  the  larger  particles  ordinarily 
considered  "dust,"  and  does  afford  a  reliable  means 
of  comparing  the  amount  and  composition  of  the  dust 
actually  falling  upon  a  horizontal  surface  at  different 
points  during  a  given  interval  of  time.  It  is  there- 
fore available  for  the  purpose  here  in  view. 

The  method  finally  adopted  as  most  efficient  and 
practical  is  the  exposure  of  glass  plates  coated  with 
vaseline,  and  the  subsequent  cleaning  of  the  plates 
with  gasoline,  and  recovery  of  the  dust  by  filtration. 
The    details   follow. 

The  plates  used  were  of  glass  and  measured  five 
by  seven  inches.  Ordinary  window  glass  was  used, 
and  the  dimensions  of  the  plates  were  carefully  checked, 
and  any  plates  with  variations  greater  than  one- 
sixteenth  of  an  inch  were  discarded.  Old  photo- 
graphic plates  may  be  used,  but  are  thinner  and  more 
subject  to  breakage  than  ordinary  window  glass. 
Their  lighter  weight  also  makes  them  more  difficult 
to  handle  in  the  field  in  a  high  wind.  These  plates 
were  laid  on  horizontal  platforms  placed  at  the  top 
of   high   poles.     The   size   of  the   platforms   was   such 
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that  they  just  held  the  number  of  plates  exposed,  and 
projected  less  than  half  an  inch  beyond  the  outer 
edge  of  the  outside  plates.  A  wide  projection,  which 
could  serve  as  a  resting  place  for  dust  which  might 
subsequently  be  blown  onto  the  plates,  was  avoided. 
The  plates  were  held  in  position  by  small  tacks  driven 
into  the  edge  of  the  platform.  The  plates  must  be 
set  closely  together,  and  the  tacks  adjusted  so  as  to 
hold  the  plates  firmly  in  place,  otherwise  the  shaking 
of  the  pole  in  a  high  wind  will  dislodge  some  of  the 
plates.  At  the  outset  of  the  work  some  plates  were 
lost  from  the  platforms  during  a  high  wind  storm, 
but  with  practice  it  was  found  that  care  in  the  ad- 
justment of  the  tacks  would  prevent  any  loss  from  this 
cause.  After  the  plates  had  been  exposed  for  the 
desired  length  of  time  they  were  taken  up,  placed  in 
tight  wooden  boxes  provided  with  cleats  to  hold  the 
plates  apart,  lowered  to  the  ground,  the  box  placed 
in  a  sack  to  exclude  road  dust,  and  taken  to  the  lab- 
oratory. 

The  laboratory  work  involved  the  preparation  and 
cleaning  of  the  plates,  and  the  weighing  and  analysis 
of  the  dust  collected.  Before  use  the  plates  were 
first  thoroughly  cleaned,  then  warmed,  and  while 
warm  given  a  thin  even  coating  of  the  purest  vaseline 
obtainable  (Kahlbaum).  The  vaseline  while  warm 
and  liquid  was  best  applied  with  a  wide  camel's  hair 
brush.  It  was  free  from  mineral  salts,  and  gave 
no  weighable  residue  when  ignited.  After  exposure 
the  plates  were  first  carefully  wiped  on  the  edges  and 
bottoms,  and  then  placed  in  a  white  enamel  photo- 
graphic tray,  and  covered  with  filtered  gasoline. 
The  dust  deposit  was  then  loosened  by  rubbing  with 
a  camel's  hair  brush,  the  plates  held  on  edge  in  the 
tray,  and  rinsed  on  both  sides  with  a  fine  stream  of 
gasoline  blown  from  a  wash  bottle.  All  of  one  set 
of  plates,  which  had  been  exposed  on  the  same  plat- 
form for  the  same  time,  were  cleaned  in  the  same 
tray  of  gasoline.  Examination  of  the  plates  after 
the  adhering  gasoline  had  evaporated  often  dis- 
closed fine  streaks  which  looked  like  unremoved 
dust  particles,  but  these  streaks  were  found  to  be 
both  volatile  and  soluble  in  alcohol,  showing  that  all 
the  mineral  particles  had  been  removed  from  the 
plates  by  the  cleaning  process. 

The  dust  obtained  in  the  trays  was  separated  from 
the  gasoline  by  filtration  through  paper  filters.  Some 
difficulty  was  experienced  due  to  the  hardening  of 
the  paper  by  the  gasoline  and  consequent  slow  filtra- 
tion. This  difficulty  can  be  overcome  by  first  wetting 
the  filter  paper  with  alcohol,  and  by  the  use  of  moder- 
ately strong  suction.  The  filtrates  are  never  perfectly 
clear,  but  are  slightly  cloudy  as  a  result,  apparently, 
of  the  formation  of  an  emulsion  by  the  gasoline  with 
some  constituent  of  the  vaseline.  The  evaporation 
of  the  filtrates  in  a  number  of  cases,  gave,  after  ignition, 
no  weighable  residue.  The  filter  paper  containing 
the  dust  was  placed  in  a  weighed  platinum  crucible, 
and  heated  cautiously  to  incipient  redness  until  the 
paper  was  reduced  to  ash  and  the  crucible  and  con- 
tents had  attained  constant  weight.  The  result  was 
corrected  for  the  known  weight  of  the  filter  paper  ash. 


The  analysis  of  the  dust  samples  was  carried  out 
according  to  standard  methods.  The  sample  was 
fused  with  sodium  carbonate,  digested  with  concen- 
trated hydrochloric  acid,  and  the  silica  determined 
after  two  evaporations  and  dehydrations,  and  was 
checked  with  hydrofluoric  acid.  The  calcium  was 
precipitated  as  calcium  oxalate,  after  removal  of 
iron  and  aluminum,  from  the  boiling  solution,  and 
was  ignited  to  calcium  oxide  until  constant  weight 
was  obtained. 

The  choice  of  the  locations  for  the  exposure  of  the 
plates,  the  height  of  the  platforms  above  the  ground, 
the  number  of  plates  exposed  in  one  set,  and  the  length 
of  time  of  the  exposure  involves  the  consideration 
of  a  number  of  factors.  These  factors  all  depend 
to  some  extent  on  the  particular  problem  under  in- 
vestigation. Thus  the  topography  of  the  country, 
the  character  of  the  vegetation,  the  climatic  conditions, 
the  season  of  the  year,  and  the  direction  and  regularity 
of  the  wind  currents  must  all  be  considered,  and 
none  are  identical  in  two  specific  problems.  How- 
ever, there  are  certain  general  principles  that  will  apply 
to  all  cases. 

Field  work  of  this  character  is  absolutely  dependent 
upon  fair  weather.  Even  a  light  rain  will  interfere 
with  the  film  of  vaseline  and  adhering  dust  on  the 
plates,  causing  "blisters"  and  bare  spots  to  appear, 
and  a  heavy  rain  will  not  only  wash  the  dust  from  the 
plates,  but  will  also  prevent  the  normal  transporta- 
tion of  the  dust  from  the  plant  by  washing  it  out  of 
the  atmosphere  before  it  has  been  carried  to  any 
distance.  A  period  of  settled  fair  weather  must 
therefore  be  selected.  This  is  vital,  not  only  on  ac- 
count of  the  interference  due  to  rain,  but  also  on 
account  of  the  importance  of  having  normal  wind 
conditions  during  the  time  of  the  investigation.  In 
general,  the  spring  and  summer  months  are  the  most 
satisfactory;  the  winter  months,  when  the  wind  cur- 
rents are  more  variable,  are  far  less  desirable. 

The  locations  selected  for  the  exposure  of  the  plates 
depend  almost  entirely  on  the  objects  of  a  particular 
investigation.  If  a  lawsuit  is  involved,  that  will 
dictate  at  least  some  of  the  locations.  In  general, 
the  positions  selected  should  be  at  some  distance 
from  roads  and  buildings,  and  should  be  on  exposed 
ground  not  sheltered  by  trees  or  hills.  If  a  com- 
prehensive study  of  the  dust  fall  is  under  way  they 
should  be  chosen  in  all  directions  from  the  plant, 
and  at  least  one  should  be  placed  in  a  region  clearly 
outside  of  the  "dust  zone"  to  serve  as  a  control  station. 

The  platforms  are  best  placed  on  the  top  of  poles 
from  twenty-five  to  thirty  feet  above  the  ground. 
This  height  is  important  for  two  reasons:  First, 
to  place  the  plates  above  the  influence  of  minor  dis- 
turbances of  the  soil  whether  caused  by  man  or  wind. 
Second,  to  place  the  plates  at  an  elevation  where 
the  wind  currrents  are  regular  and  approach,  in  velocity, 
those  of  the  upper  air  currents.  While  nothing  defi- 
nite is  known  as  to  the  distance  to  which  a  given 
dust  particle  will  be  carried  by  a  wind  of  known  velocity, 
it  is  known  that  the  velocity  of  the  wind  decreases 
resularlv    downward    until    within    about    fifteen    feet 
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of  the  surface  of  the  ground.  Within  that  distance 
of  the  ground  the  wind  currents  vary  very  irregularly.' 
On  the  other  hand,  the  results  obtained  would  be 
misleading  if  the  platforms  were  placed  at  a  great 
height  above  the  surface,  for  then  dust  might  be  col- 
lected which  would  have  traveled  a  considerable 
distance  before  falling  to  the  ground.  Platforms 
have  been  placed  on  the  gable  ends  of  barns  during 
preliminary  work,  but  this  is  unsatisfactory  on  account 
of  the  unknown  effect  of  the  building  on  the  wind 
currents,  and  the  possibility  that  dust  formerly  lodged 
in  the  roof  may  be  blown  onto  the  plates. 

The  number  of  plates  exposed  in  one  set,  that  is, 
on  one  platform  at  the  same  time,  is  determined  by 
preliminary  experiment,  and  is  so  selected  that  a 
sufficiently  large  sample  of  the  dust  will  be  obtained 
to  admit  of  accurate  weighing  and  analysis.  It 
depends  upon  the  soil  and  vegetation  of  the  area  in 
question,  upon  the  distance  from  the  plant,  and  upon 
the  length  of  time  of  exposure.  The  writer  has  used 
sets  of  ten  and  twenty  plates,  and  has  found  ten 
usually  sufficient. 

The  choice  of  the  time  of  exposure  is  optional  within 
certain  limits.  Sets  of  twenty  plates  each  are  about 
as  large  as  can  be  handled  to  advantage,  and  the  time 
of  exposure  must  be  sufficient  to  allow  the  collection 
of  an  adequate  sample  under  the  existing  conditions. 
On  the  other  hand,  the  shorter  the  interval  of  exposure, 
the  more  accurately  can  the  results  be  correlated  with 
the  corresponding  wind  direction  and  velocity  records. 
The  best  plan  is  to  use  a  short  period  of  exposure, 
three  to  five  days,  repeatedly  for  a  considerable  length 
of  time  such  as  three  to  five  weeks.  In  this  way  the 
results  of  each  exposure  can  be  compared  with  the 
corresponding  wind  conditions  for  detailed  study, 
and  the  sum  of  the  dust  fall  during  the  whole  time  of 
the  investigation  will  show  the  total  effect  of  a  variety 
of  wind  conditions.  The  maximum  time  of  exposure 
possible  is  set  by  the  ability  of  the  vaseline  to  retain 
its  power  of  holding  the  dust  that  falls  upon  it.  An 
experiment  was  carried  out  to  determine  this  limit. 
Twenty  plates  were  exposed  on  a  platform  about 
fifteen  feet  above  the  ground  and  near  a  dusty  road. 
Five  of  these  plates  were  left  undisturbed  for  four  weeks, 
five  for  three  weeks,  five  were  replaced  by  fresh  plates 
at  the  end  of  two  weeks,  and  five  were  replaced  with 
fresh  at  the  end  of  each  week  for  four  weeks.  The 
dust  collected  on  the  fresh  plates  week  by  week  was 
compared  with  that  deposited  upon  those  plates  that 
were  left  untouched  for  two,  three  and  four  weeks. 
The  results  indicated  that  up  to  two  weeks  the  plates 
held  all  the  dust  falling  upon  them,  but  that  during 
the  third  week  only  about  three-fourths  of  the  dust 
falling  was  retained,  and  during  the  fourth  week  only 
about  one-third.  During  the  experiment  the  dust 
fall  was  heavy,  amounting  to  between  three-  and  four- 
tenths  of  a  gram  on  five  plates  in  one  week.  It  is 
possible  that  with  a  lighter  dust  fall  the  holding 
power  of  the  plates  would  be  satisfactory  through  the 
third  week,  but  it  is  probably  unsafe  to  depend  upon 
the  accuracy  of  the  results  after  an  exposure  of  more 
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than  two  weeks,  or  one  week  in  case  of  very  heavy 
dust  fall.  It  will  be  interesting  to  determine  whether 
the  decrease  in  the  holding  power  of  the  vaseline 
surface  is  caused  by  simple  exposure  to  air  and  sun- 
shine, or  whether  it  is  dependent  only  upon  the  amount 
of  dust  which  has  lodged  on  the  plate.  The  determina- 
tion of  this  point  can  be  carried  out  only  by  experi- 
ment, and  since  the  experiment  requires  at  least 
four  weeks  of  continuous  fair  weather  it  will  be  some 
time  before  it  can  be  completed. 

The  results  of  the  field  and  laboratory  work  are 
obtained  in  terms  of  grams  of  dust  deposited  upon 
a  given  number  of  plates  during  a  certain  number 
of  days,  hours  and  minutes.  For  convenience  in 
comparing  the  dust  fall  at  different  points  it  is  neces- 
sary to  express  the  results  in  terms  of  some  selected 
unit.  The  most  convenient  unit  is  that  of  "pounds 
per  acre  per  day."  For  some  purposes  it  is  interesting 
to  calculate  the  results  in  terms  of  "tons  per  acre 
per  year,"  but  this  latter  unit  is  open  to  the  objection 
that,  since  the  experiments  never  exceed  a  few  days 
in  length,  it  presumes  that  the  dust  fall  determined 
is  constant  throughout  a  year. 

The  simple  determination  of  the  total  dust  fall  at 
given  points  does  not  afford  sufficient  information  on 
which  the  distribution  of  the  cement  dust  from  a  plant 
can  be  determined.  It  is  necessary  to  separate  the 
total  dust  fall  into  what  may  be  termed  "field  dust," 
that  is,  the  dust  blown  from  the  surface  of  the  ground 
and  normally  present  in  the  air,  and  "cement  dust" 
proper.  By  "cement  dust"  is  meant  that  solid  material 
which  issues  from  the  stack  of  a  cement  plant.  Since 
cement  proper  is  prepared  by  the  grinding  of  the  clinker, 
it  cannot  be  present  in  the  dust,  but  the  latter  will 
consist  of  "raw  mix,"  partially  calcined  but  not  fused, 
of  a  composition  dependent  upon  the  raw  materials 
used  and  the  construction  of  the  kiln.  The  simplest 
method  for  separating  the  total  dust  fall  into  field 
and  cement  dust,  is  to  subtract  from  the  dust  fall 
found  near  the  plant  that  found  at  control  stations 
located  outside  the  possible  path  of  the  cement  dust, 
and  consider  the  difference  to  be  cement  dust.  While 
simple,  this  method  may  be  very  misleading.  It 
might  be  satisfactory  if  the  topography,  as  well  as  the 
character  of  the  soil  and  its  use  were  uniform  through- 
out the  whole  field  under  consideration.  Such,  how- 
ever, is  not  likely  to  be  the  case.  The  dust  fall  at 
remote  control  stations  is  not  necessarily  that  normal 
to  the  region  near  the  plant,  where  the  soil,  agricultural 
and  wind  conditions  may  be  very  different,  and  some 
more  accurate  means  of  separating  the  dust  fall  into 
its.  components  is  required.  This  separation  may 
be  accomplished  by  the  analysis  of  the  samples,  and 
on  the  basis  of  their  silica  and  calcium  oxide  content. 
Cement  dust  contains  much  calcium,  present  either 
as  oxide,  carbonate  or  silicate,  and  relatively  little 
silica,  while  field  dust  contains  much  silica  and  rela- 
tively little  calcium.  To  carry  out  the  calculation, 
it  is  first  necessary  to  obtain  a  sample  of  the  dust 
as  it  issues  from  the  stacks  of  the  plant,  and  determiae 
the  percentage  of  silica  and  calcium,  usually  expressed 
as  calcium  oxide,  which  is  present.     The  samples  col- 
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lected  in  the  field  have  been  found,  invariably,  to 
contain  more  silica  and  less  calcium  oxide  than  the 
sample  from  the  stacks,  showing  clearly  the  effect 
of  the  admixture  of  field  dust.  The  percentage  of 
silica  increases,  while  that  of  calcium  oxide  decreases, 
with  increasing  distance  from  the  plant.  The  silica 
and  calcium  oxide  contents  of  the  samples  from  the 
control  stations  are  also  determined.  It  is  then  possi- 
ble, on  the  basis  of  the  calcium  oxide  content,  to 
calculate  what  mixture  of  cement  dust  and  field  dust, 
both  of  known  calcium  oxide  content,  will  give  the 
percentage  of  calcium  oxide  found  in  the  sample 
obtained  at  any  point  in  the  field.  The  same  cal- 
culation can  be  repeated  on  the  basis  of  the  silica  con- 
tent, and  the  results  have  been  found  to  agree  very 
closely.  It  is  thus  possible  to  separate  the  total 
dust  fall  at  any  point  into  "field  dust"  and  "cement 
dust,"     with     satisfactory     accuracy.      Two     possible 


dust.  Calculations  made  in  the  same  way  on  the  basis 
of  the  silica  content  gave  results  in  good  agreement 
with  those  given  in  the  table. 

A  number  of  important  points  are  brought  out  very 
clearly  by  the  data  in  Table  I.  It  is  apparent  that 
the  dust  fall  does  not  depend  only  on  the  distance  from 
the  cement  plant.  Thus  D  34  at  2.8  miles  shows  a 
higher  cement  fall  than  D  25  at  1.2  miles.  This  is 
due,  of  course,  to  the  difference  in  the  direction  from 
the  plant.  Sample  D  34  was  taken  in  the  direction 
of  the  prevailing  wind,  while  sample  D  25  was  taken 
to  one  side  of  this  direction.  If  the  wind  conditions 
are  fairly  steady,  the  dust  fall  will  often  be  restricted 
to  a  very  narrow  zone,  but  its  length  will  depend 
upon  the  velocity  of  the  wind.  If  the  wind  be  light 
the  dust  will  not  travel  far,  but  the  dust  fall  will  be 
heavy  near  the  plant,  while  if  the  wind  has  a  high 
velocity   the    dust    will    travel    a    great    distance,    but 


Table  I — Data  Showing  Dust  Fall  in  the  Neighborhood  op  a  Cement  Plant 


Distance  Time 

Ref.  from  plant  Number  of        of  exposure 

No.  Miles  plates  Days 

D  26  1.2  10  3.695 

D  22  1.2  10  8.142 

D  25  1.2  10  3.691 

D  33  1.7  10  3.843 

D  30  2.2  10  3.772 

D  31  2.0  10  3.771 

D  34  2.8  10  3.885 


Weiglit  Pounds 

sample  per  acre 

Grams  per  day 

1.0152  10.9 

2.0789  10,1 

0.5261  5.6 

0.5639  5.8 

0.0611  0.7 

0.1611  1.7 

0.6344  6.5 


SiOi 
Per  cent 
17.92 
17.29 
19.58 
19.59 
34.86 
26.32 
18.52 


CaO 
Per  ceni 
47.95 
47.39 
44.61 
43.19 
31.09 
33.52 
45.  17 


Calculated 
cement  dust 
Per  cent 
95.5 
94.3 
88.3 
85.2 
59.1 
64.3 
89.5 


Calculated  pounds 
per  acre  per  day 


Cement 
dust 
10.4 
9.5 
4.9 
4.9 
0.4 
1.  I 
5.8 


Field 
dust 
0.5 
0.6 

0.7 
0.9 
0.3 
0.6 
0.7 


sources  of  error  in  this  procedure  are  appaient.  It 
may  be  that  the  calcium  oxide  content  of  the  dust 
from  the  control  stations  is  not  identical  with  that 
of  the  field  dust  near  the  plant.  This  possible  error  is 
unavoidable,  but  since  the  amount  of  calcium  present 
in  soil  is  low,  and  fairly  uniform,  it  is  not  serious. 
The  presence  of  cement  dust  from  the  plant  in  the 
soil  near  at  hand,  prevents  the  use  of  soil  analyses 
to  control  this  possible  error.  The  presence  of  this 
cement  dust  in  the  ground  introduces  the  second 
possible  error  referred  to  above.  It  may  be  that 
some  of  the  cement  dust  collected  on  the  plates  was 
previously  deposited  on  the  ground,  and  was  blown 
up  onto  the  plates  by  the  wind  currents.  This  possi- 
bility cannot  be  avoided,  but  can  only  be  minimized 
as  far  as  possible  by  placing  the  plates  well  above  the 
ground,  and  at  points  removed  from  dusty  roads 
or  open  fields  with  cultivated  surfaces. 

Some  of  the  results  actually  obtained  in  the  field, 
the  analytical  data,  and  the  percentage  of  cement 
dust  in  the  sample  calculated  as  explained  above, 
are  given  in  Table  I. 

Table  II — Effect  of  Deposition  of  Sand  on 


the  fall  near  the  plant  will  be  much  lighter.  It  is 
apparent  that  the  wind  conditions  must  be  thoroughly 
known  before  the  results  of  field  work  can  be  properly 
interpreted. 

Examination  of  Table  I  will  disclose  one  very 
important  point,  namely,  the  relatively  constant  value 
for  the  fall  of  field  dust,  expressed  in  pounds  per 
acre  per  day  in  the  last  column  of  the  table.  The 
average  value  for  the  field  dust  fall  was  0.6  pound 
per  acre  per  day,  and  the  highest  and  lowest  values 
differed  from  this  by  only  0.3  pound.  This,  too, 
in  spite  of  large  variations  in  the  fall  of  cement  dust. 
It  is  apparent,  therefore,  that  this  method  permits 
the  estimation  of  the  fall  of  cement  dust  over  and  above 
the  normal  fall  of  field  dust  with  satisfactory  accuracy. 
The  ability  to  eliminate  disturbing  factors  by  this 
method  is  also  illustrated  by  the  following  case: 
The  two  results  given  below  in  Table  II  were  obtained 
at  the  same  place  under  very  nearly  identical  weather 
conditions.  The  location  was  near  an  open  sandy 
region.  During  the  time  of  collection  of  the  second 
sample  there  was  a  short  period  of  high  wind  from 
Collecting  Plates  by  a  Flurry  of  Wind 


Pounds 


Conditions 
Normal 
Wind  flurry 


Time  of  Weight 

exposure  sample  per  acre 

Days  Gram  per  day 

2.948  0.5125  6.8 

2.958  0.5236  11.7 


SiO. 

Per  cent 

29.9 

45.0 


Calculated 

cement  dust 

Per  cent 


Cement  dust         Field  dust 
4.4  2.4 

4.3  7.4 


The  results  given  in  the  last  three  columns  of  Table 
1  are  calculated  from  the  data  given  on  the  basis  that 
cement  dust  contains  50  per  cent  calcium  oxide  and 
that  field  dust  contains  4  per  cent  of  calcium  oxide. 
This  basis  was  determined  by  averaging  analyses  of 
cement  dust,  and  of  field  dust  obtained  on  plates 
exposed  at  such  a  distance  and  direction  from  the  plant 
that   there    was   no   chance   of   its   containing   cement 


such  a  direction  that  a  large  amount  of  sand  from  this 
area  was  blown  up  onto  the  collecting  plates.  In 
spite  of  this  interference,  however,  it  is  clear  that 
the  cement  dust  fall  was  nearly  identical  throughout 
the    two    periods. 

It  is  interesting  to  compare  the  figures  for 
dust  fall  which  have  been  given  with  those  which 
have    been    recorded    in    connection    with    great    dust 
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storms.     Such    a    comparison    is    given  in    Table   III. 

Table  Ill(a) — Comparison  of  Data  on  European  Sirocco  Dust  Falls 
WITH  That  Found  near  Cement  Plants 

Weight 
of  dust 
in  pounds 
per  acre 
Date  Place  per  day 

Oct.  16,  1846  Southeastern  France  5.62 

March  31,  18+7  Tyrol  17.80 

1859  Westphalia  275.0 

Feb..  1862  Salzburg,  Austria  0.75 

March  24.  1869  Carniola,  Austria  44.7 

March  19.  1901  Taormina,  Sicily  24.1 

March  9-12,  1901  Europe  Maximum  32.4 

Minimum  3.02 

1913  (by  author)  California.     Maximum  in  Table  I  10.9 

1912  (by  author)  California.      Maximum  found  near  a 

cement  plant  22.9 

1913  (by  author)  California.      Lowest  dust  fall  far  from 

a  cement  plant  0.42 

(*^)  The  data  used  for  comparison  in  this  table  were  obtained  from  Bull. 
681  Bureau  of  Soils,  United  States  Department  of  Agriculture,  and  have  been 
recalculated  into  terras  of  pounds  per  acre  per  day.  Where  only  the  date 
of  the  dust  fall  was  given  the  time  was  assumed  to  be  one  day. 

The  question  of  the  elimination  of  the  loss  of  cement 
dust  by  the  installation  of  proper  devices  at  the  plant 
does  not  come  within  the  scope  of  this  paper.  It  is 
sufficient  to  state  that  it  can  be  accomplished,  and 
that  it  is  a  matter  of  record  that  amounts  in  excess 
of  fifty  tons  per  day  of  cement  dust  have  been  re- 
covered from  a  five-kiln  plant  in  such  a  form  as  to 
permit  its  use  in  the  manufacture  of  cement,  and 
that  the  result  has  been  advantageous  to  both  the 
cement  company  and  its  neighbors. 

CONCLUSION 

In  this  paper  the  problem  arising  from  the  loss  of 
large  amounts  of  dust  through  the  stacks  of  cement 
plants  has  been  outlined.  The  methods  available 
for  the  determination  of  the  dust  fall  in  the  field  have 
been  stated  and  discussed.  A  practical  method  has 
been  given  in  detail,  and  a  method  of  calculation  by 
which  the  cement  dust  can  be  distinguished  from  the 
field  dust  has  been  explained.  The  importance  of 
a  study  of  the  wind  and  weather  conditions  as  a 
preliminary  to  proper  interpretation  of  the  results 
of  field  work  has  been  emphasized.  Data  have 
been  presented  which  show  the  results  obtainable  by 
the  methods  given,  and  the  relation  of  the  dust  fall 
near  cement  plants  to  that  of  certain  great  dust  storms. 

The  writer  wishes  to  express  his  indebtedness  to 
Mr.  G.  S.  Bohart,  of  this  University,  for  his  assistance 
in  carrying  out  the  analytical  part  of  the  work  which 
has  been  presented. 
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THE     COMBUSTION     METHOD     FOR     THE     DIRECT 
DETERMINATION    OF    RUBBER' 

By  L.  G.  Wesson 
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The  method  most  in  use  at  the  present  time  for  the 
determination  of  the  caoutchouc  content  of  rubber 
goods  is  an  indirect  one,  in  which  the  sample  is  ana- 
lyzed for  its  moisture,  mineral  matter,  sulfur,  resin 
and  other  contents,  these  values  being  then  added  to- 
gether and  the  sum  subtracted  from  loo  per  cent  to 
arrive  at  the  percentage  of  rubber  present.  As  many 
of  the  best  methods  for  estimating  these  constituents 
are  admittedly  inaccurate,  the  indirect  method  is  not 
a    satisfactory    one.     A    number    of    direct    methods 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 


have  been  proposed  and  thoroughly  tested,  but  as  they 
depend  for  their  accuracy  on  certain  derivatives  of 
rubber,  the  nitrosite,  the  nitrosate,  and  the  tetra- 
bromide,  that  have  not  thus  far  been  obtained  with 
unvarying  composition,  these  methods  have  not  found 
general  acceptance  either  as  technical  or  research 
methods  for  this  extremely  important  estimation. 
It  is  hoped  that  the  method'  about  to  be  described 
will  lend  itself  to  development  not  only  as  a  depend- 
able one  for  rubber  research  work,  but  also  for  the 
commercial  laboratory. 

The  procedure,  in  brief,  consists  first  in  forming 
the  nitrosite  of  rubber  by  the  action  of  nitrogen  tri- 
oxide  gas  upon  a  finely  ground  and  acetone-extracted 
sample  of  the  rubber  suspended  in  chloroform.  After 
the  completion  of  the  action,  the  insoluble  nitrosite, 
fillers,  etc.,  are  filtered  from  the  chloroform,  and  the 
nitrosite  is  dissolved  in  acetone.  The  suspension  of 
finely  divided  mineral  matter-  is  then  allowed  to 
settle  out,  or  is  thrown  down  with  the  centrifuge. 
An  aliquot  portion  of  the  solution  is  transferred  with 
a  pipette  to  a  small  flask,  and  its  volume  reduced  by 
evaporation  to  a  few  cubic  centimeters.  This  small 
volume  of  acetone  solution  of  the  nitrosite  is  now  trans- 
ferred with  the  help  of  ethyl  acetate  to  a  porcelain 
boat  containing  alundum,  and,  after  the  acetone  and 
ethyl  acetate  have  been  expelled  by  warming  the 
boat  for  several  hours  in  a  drying  oven,  the  nitrosite 
is  burned  in  a  current  of  oxygen,  and  the  carbon  di- 
oxide thus  formed  is  absorbed  in  soda-lime  and  weighed. 
If  all  of  the  carbon  originally  in  the  sample  as  rubber, 
and  only  such  carbon,  reaches  the  soda-lime  apparatus 
as  carbon  dioxide  through  the  intermediate  nitrosite, 
the  equation 

C10H16  — >-   10CO2 

enables  one  to  calculate  the  CioHie  or  real  caoutchouc 
content  of  the  sample. 

PROCEDURE  AND  APPARATUS  IN  DETAIL The  proce- 
dure and  apparatus  employed  in  obtaining  the  results 
given  later  are  the  outgrowth  of  many  trials  and  ex- 
periments. Doubtless  deviations  are  allowable  in 
many  points,  but  there  was  not  opportunity  to  study 
the  effect  of  changing  various  factors. 

The  sample  should  be  ground  to  pass  a  20-mesh 
sieve,  if  possible,  or  cut  up  fine  with  the  scissors  if 
very  soft.  A  weighed  amount  of  the  sample,  o.  5  gram 
for  compounds  containing  about  50  per  cent  or  less  of 
rubber,  and  0.25  gram  for  those  containing  a  higher 
percentage,  is  wrapped  into  a  bundle  with  a  9  cm. 
filter  paper  and  extracted  for  3  to  4  hours  with  ace- 
tone in  an  apparatus  of  the  Wiley  or  Cottle  type,  in 
which  the  sample  is  extracted  by  the  solvent  at  the 
boiling  point  of  the  latter.  The  residue,  from  which 
the  excess  of  acetone  has  been  squeezed  with  the  fin- 
gers, is  then  transferred  to  a  50  cc.  calibrated,  glass- 
stoppered  flask  and  allowed  to  dissolve  or  swell  up  in 
about  40  cc.  of  chloroform,^  which  action  may  be  has- 
tened by  warming  the  flask. 

1  A  preliminary  note  on  this  method  was  published  in  This  Journal, 
5  (1913),  398. 

'  The  chloroform  should  not  be  previously  dried,  as  moisture  is  ap- 
parently advantageous  in  giving  a  more  rapid  action  of  the  nitrogen  oxides 
on  the  rubber. 
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The  rubber  is  now  submitted  to  the  action  of  nitro- 
gen trioxide  gas,  evolved  by  running  nitric  acid  of 
sp.  gr.  1.3  dropwise  on  arsenic  trioxide  contained  in  a 
flask  warmed  in  a  boiling  water  bath.  After  the 
gases  have  been  passed  through  an  empty  gas-wash- 
ing bottle  to  condense  most  of  the  moisture  and  nitric 


stoppering,  for  a  half  hour  to  ensure  complete  solution 
of  the  nitrosite  in  the  acetone.  The  volume  is  now 
made  exactly  to  the  mark,  the  flask  stoppered 
and  shaken,  and,  to  obtain  a  clear  solution,  the  insol- 
uble mineral  matter  is  allowed  to  settle,  or  better,  is 
quickly  centrifuged  out:    1500  revolutions  per  minute 


Apparatus  for  thi 
..   Oxygen  enters 
\.    Moist  soda  lime  " 

'..    Bubble    counter     containing     sulfuric     acid 

(Dennstedt) 
).    Closed  tube  of  Jena  combustion  glass,  8  cm. 

long,  to  prevent  backward  diffusion 
;.   Porcelain  boat 
'.    Heating  coil  of  nichrome  ribbon 


Direct  Dbtbrmination  op  Rubber  by  the  Combustion  Mbth 


G.   Platinum  spiral  about  10  cm.  long  (No.  20  \ 
H.    Porcelain  stem 
I.  Platinum  leg  for  supporting  stem 
K.   Platinum  leads  8  cm.  long  (No.  10  wire) 
L.  Short  platinum  wires  sealed  into  tube 
M.    Mercury  contacts 

N,  N.  U-tubes  containing  glass  beads  and  Hs 
KiCriOT 


O.  U-tube  containing  30-mesfa  granula 

P,  P.   Soda  lime 

Q.   Calcium  chloride 

R.   Alumina 

S.   U-tube  containing  palladium   chlori 

tion 
T.   Rheostat 


acid  carried  over  from  the  generator,  they  enter  the 
chloroform  through  a  delivery  tube  joined  by  a  rubber 
connection  to  the  gas  washing  bottle,  and  fitting  closely 
end  for  end  to  the  same.  The  flask  containing  the 
chloroform  should  be  immersed  in  a  beaker  of  cold 
water  during  the  reaction,  since  the  solubility  of  the 
oxides  of  nitrogen  in  chloroform  is  increased  and  the 
danger  of  the  gas  exerting  a  partial  oxidation  of  the 
rubber  to  CO2  is  probably  diminished  thereby.  The 
gas  should  be  passed  into  the  chloroform  until  a  deep 
green  color  is  obtained  which  is  permanent  for  at  least 
IS  to  20  minutes  after  the  delivery  tube  has  been  dis- 
connected from  the  gas  generator. 

The  next  morning  the  chloroform  is  decanted  off, 
using  gentle  suction,  through  a  small  Gooch  crucible 
provided  with  a  mat  of  dry  asbestos.  If  the  filtrate 
is  colored  brown  from  the  dissolved  gases,  one  can  be 
certain  that  a  sufficient  excess  of  the  nitrogen  oxide 
has  been  used.  After  the  flask  has  been  rinsed  out 
several  times  with  small  volumes  (5  cc.)  of  chloro- 
form, each  time  decanting  carefully  through  the  cruci- 
ble, the  excess  of  chloroform  and  acid  vapors  Which 
remain  in  the  flask  should  be  expelled  by  the  passage 
for  a  few  minutes  of  a  gentle  air  current  through  the 
original  delivery  tube.  If  some  nitrosite  from  the 
rubber  connection  is  on  the  upper  end  of  this  tube, 
it  may  be  easily  removed  by  moistening  it  with  acetone 
and  wiping  clean  with  a  piece  of  filter  paper. 

The  nitrosite  in  the  crucible  is  then  dissolved  by 
placing  the  crucible  in  a  75  cc.  beaker,  adding  succes- 
sive small  portions  of  acetone,  and  pouring  each  into 
the  original  flask  until  about  40  cc.  have  been  used. 
No  harm  is  done  if  a  portion  of  the  asbestos  gets  into 
the  flask.  In  the  meantime,  the  delivery  tube  has 
been  freed  from  the  nitrosite  by  sucking  some  of  the 
acetone  up  into  it  from  the  beaker,  and  rinsing  the 
outside  into  the  same.  Let  the  flask  now  remain 
in  a  beaker  of  water  with  occasional  shaking,  without 


are  sufficient  to  give  a  clear  solution  in  from  5  to  lo 
minutes. 

To  regain  the  original  temperature,  the  flask  is  now 
allowed  to  stand  again  in  the  beaker  of  water  until 
the  correct  volume  is  once  more  attained.  An  aliquot 
portion  of  the  solution  (25  cc.)  is  now  pipetted  to  a 
50  cc.  Erlenmeyer  flask.  To  reduce  the  bulk  of  this 
solution  to  a  few  cubic  centimeters,  the  flask  is  warmed 
in  a  dish  of  water  while  a  current  of  air  is  blown  into 
the  flask.  The  acetone  should  not  be  completely  ex- 
pelled. The  nitrosite  is  transferred  from  the  Erlen- 
meyer flask  to  a  porcelain  boat  14  cm.  long  X  i .  i  cm. 
wide,  and  about  two-thirds  full  of  alundum,'  which 
is  used  to  secure  an  even  combustion  of  the  nitrosite. 
The  acetone  solution  of  the  nitrosite  should  not  be 
poured  into  the  boat,  but  should  be  drawn  up  into  a 
small  (2  cc.)  pipette  and  run  out  evenly  over  the 
alundum.  Several  2  to  3  cc.  portions  of  ethyl  acetate* 
are  then  used  to  rinse  out  the  remainder  of  the  nitro- 
site, using  a  small  wash  bottle  and  the  pipette  for  this 
purpose.  Ethyl  acetate  is  used  for  the  expulsion 
from  the  nitrosite  of  acetone  which  is  otherwise  re- 
tained in  small  amounts,  perhaps  mechanically  by 
the  nitrosite  or  by  the  portion  of  the  mineral  matter 
which  passes  in  solution  with  the  nitrosite  into  the 
boat,  or  by  reaction  with  the  nitrosite  during  drying. 
When  enough  wash  liquid  has  been  added  to  the  boat 
to  show  above  the  alundum,  the  most  of  it  should  be 
expelled  by  placing  the  boat  for  a  few  minutes  in  the 
drying  oven.  The  same  procedure  should  be  re- 
peated at  least  once,  using  small  portions  of  ethyl 
acetate  in  the  transfer  as  described  above.  When 
one  is  certain  that  no  nitrosite  remains  in  the  flask  or 
pipette,  the  boat  is  dried  for  2  hours  at  about  85°  C. 

»"RR"  alundum,  90-mesh.  specially  prepared  for  carbon  determina- 
tions. Norton  Company,  Worcester,  Mass.  A  fresh  portion  should  be 
used  for  each  combustion. 

2  The  so-called  "absolute  ethyl  acetate"  containing  about  2  per  cent 
of  alcohol.  It  should  be  redistilfed  before  use  since  it  may  contain  other 
organic  substances  not  easy  to  volatilize. 
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A  circulation  of  air  in  the  oven  to  carry  away  the  ace- 
tone and  ethyl  acetate  vapors  will  assist  the  drying 
greatly.  The  nitrosite  is  now  ready  for  the  combus- 
tion. 

The  combustion  apparatus  as  it  was  finally  devel- 
oped, contains  features  already  used  outside  of  this 
laboratory,'  and  others  original  with  either  my  col- 
leagues or  myself.  The  arrangement  of  the  parts 
is  best  understood  from  the  figure. 

The  tube  is  of  Jena  combustion  glass,  or  better  of 
quartz,  50  cm.  long  and  i .  5  cm.  bore.  The  nitrosite 
is  decomposed  by  the  heat  of  an  external  coil,  made  by 
winding  two  layers  of  nichrome  ribbon,^  leaving  o.i 
cm.  between  the  turns,  on  an  asbestos-covered  copper 
or  brass  tube,  5  cm.  long  and  of  such  a  diameter  as 
to  leave  a  0.3  cm.  space  between  the  metal  and  the 
combustion  tube;  and  then  covering  it  with  asbestos 
paper  to  form  an  insulating  layer  i  cm.  thick.  During 
the  combustion  the  coil  as  it  moves  forward  should 
never  be  moved  so  fast  that  its  forward  end  reaches 
more  than  i  cm.  beyond  the  border  between  the 
black  carbon  of  the  undecomposed  nitrosite  and  the 
white  alundum  of  the  completely  burned  portion. 
The  decomposition  products  are  carried  forward  by 
the  current  of  oxygen  over  a  red-hot  spiral  of  platinum 
wire  which  serves  as  the  catalyzer  for  complete  oxida- 
tion. The  spiral  is  made  from  i .  3  meters  of  No. 
20  wire  wound  into  a  cylinder  0.7  cm.  in  diameter, 
and  is  supported  in  the  middle  of  the  tube  by  an  un- 
glazed  porcelain  or  clay  stem  12  cm.  long  and  0.3  cm. 
in  diameter,  the  return  end  of  the  spiral  passing  back 
through  the  stem.  The  leads  for  the  spiral  are  8  cm. 
long  and  are  made  with  No.  10  platinum  wire.  One 
end  of  the  pipe-stem  is  supported  by  these  leads, 
and  the  other  end  by  a  small  leg  of  platinum  wire. 
The  leads  may  connect  with  the  outside  in  one  of 
several  ways.  There  may  be  a  rubber  stopper  at  the 
forward  end  of  the  tube  through  which  are  pushed 
two  heavy  copper,  nickel,  or  platinum  wires,  the  ends 
of  which  are  bent  into  small  loops  into  which  the 
platinum  leads  are  placed  before  the  insertion  of  the 
stopper.  Nickel  is  the  better  of  the  first  two  metals 
named.  The  platinum  wires  are  good,  as  they  may  be 
sealed  into  small  glass  tubes  which  reach  just  through 
the  stopper.  In  any  case  the  stopper  soon  deteriorates, 
although  this  action  has  no  noticeable  effect  on  the  re- 
sults of  the  combustion.  The  most  satisfactory 
method,  however,  consists  in  drawing  down  the  for- 
ward end  of  the  combustion  tube  as  in  the  diagram, 
joining  on  a  3  cm.  tube  of  o.  5  cm.  bore,  and  sealing  in 
two  3  cm.  lengths  of  heavy  platinum-  wire.  These  are 
bent  up  on  the  inside  and  the  platinum  leads  are  slid 
forward  so  as  to  rest  upon  them. 

The  oxides  of  nitrogen  formed  during  the  com- 
bustion of  the  nitrosite  are  absorbed  by  a  saturated 
solution  of  potassium  bichromate  in  concentrated  sul- 
furic acid.  Acid  vapors  and  sulfur  trioxide  are  held 
back  by  30-mesh  granulated  zinc.     Attention  is  called 

'  The  most  important  of  these  are  the  electrically  heated  platinum  coil 
used  as  a  catalyzer  [Morse  and  Taylor.  Am.  Chem.  J.,  33  (1905).  591); 
and  the  electrically  heated  external  coil  used  for  the  decomposition  of  the 
substance  to  be  burned. 

'Oil    X    1/32",  R    =    1-3  to  15  ohms  per  It..  Driver  Harris  Wire  Co.. 

,N. ;. 


to  the  form  of  apparatus  in  the  figure  for  the  absorp- 
tion of  carbon  dioxide  by  soda-lime.  The  capillary 
tube  makes  a  good  substitute  for  a  stopcock  on  ac- 
count of  its  comparative  lightness,  and  is  effective 
in  separating  the  moist  soda-lime  from  the  calcium 
chloride.  Empty,  the  apparatus  weighs  20  to  25 
grams  and  will  hold  35  grams  of  soda-lime,'  and  7 
grams  of  calcium  chloride.  It  will  absorb  10  grams 
or  more  of  carbon  dioxide  without  renewal.  The 
second  soda-lime  tube  contains  alumina^  in  its  second 
arm,  which,  it  is  thought,  dries  the  gas  to  a  degree 
comparable,  for  the  purposes  of  the  present  work,  to 
the  drying  by  the  concentrated  sulfuric  acid  which 
precedes  the  soda-lime  apparatus.  To  be  certain  that 
complete  combustion  is  obtained,  the  gas  finally  passes 
through  a  faintly  yellow  solution  of  palladium  chloride 
in  water.  While  using  the  apparatus  in  its  present 
form,  it  has  not  been  necessary  to  renew  the  palladium 
chloride  solution,  no  sign  of  reduction  having  appeared 
in  a  number  of  combustions.  The  sulfuric  acid-bi- 
chromate solution  must  be  renewed  in  the  first  U-tube 
after  every  two  or  three  analyses,  while  the  zinc  will 
last  for  a  larger  number  of  determinations. 

CALCULATION — If  0.5  gram  sample,  and  25  cc.  out 
of  so  cc.  of  the  acetone  solution  have  been  taken,  the 
weight  of  CO2  found  rnultiplied  by  136/440  X  4  X 
100  =  123.6  gives  the  percentage  of  CjoHie  on  the 
basis  of   C10H16  — >■   10CO2. 

TIME  REQUIREMENTS — For  a  single  nitration,  about 
1 5  minutes  per  sample  are  necessary,  for  the  combustion, 
30  to  45  minutes.  Analyses  of  samples  ground  up 
in  the  forenoon  of  one  day  are  completed  the  next. 
With  one  combustion  tube,-  two  analyses  may  be  run 
per  day  along  with  other  work,  while  by  using  two 
tubes  it  is  thought  that,  after  some  proficiency 
has  been  acquired,  as  many  as  four  determinations 
can  be  made  per  day. 

FORMA-rlON      OF      COj      FROM       THE       RUBBER      DURING 

NITRATION — It  is  claimed  by  Alexander,^  that  during 
the  formation  of  the  nitrosite  and  nitrosate  of  rubber, 
large  quantities  of  carbon  dioxide  are  evolved  from 
the  oxidation  of  the  rubber  by  the  nitrogen  oxides. 
Gottlob,^  on  the  other  hand,  found  only  very  small 
amounts  of  carbon  dioxide.  The  writer  made  several 
tests  of  this  important  point  by  passing  the  gases 
from  the  rubber  solution  into  a  large  volume  of  clear, 
saturated  baryta  water.  Fine  Para  rubber,  previously 
extracted  with  acetone  and  dried,  was  used  for  the 
experiments.  After  the  chloroform,  cooled  as  in  the 
analytical  procedure,  had  attained  the  deep  green 
color,  the  apparatus  was  allowed  to  stand  three  to 
four  hours,  after  which  a  current  of  carbon  dioxide- 
free  air  was  used  to  sweep  into  the  barium  hydroxide 
solution  any  carbon  dioxide  which  might  have  formed 
during  the  interval.  Only  a  trace  of  barium  carbon- 
ate, a  slight  ring  in  the  delivery  tube,  was  formed, 
although  the  barium  hydroxide  solution  remained 
alkaline  throughout  the  experiment. 

1  The  J.  T.  Baker  Chemical  Co.  furnishes  a  12-mesh  soda-lime  contain- 
ing 15  per  cent  water,  prepared  for  carbon  dioxide  absorption. 
'  P.  M.  C.  Johnson,  J.  Am.  Chem.  Soc.  34  (1912),  911. 
'  Z.  ange-w.  Chem.,  20  (1907),  1358;  24  (1911),  684. 
'  Ibid.,  20  (1907).  2213. 
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DETERMINATION  OF  THE  SULFUR  OF  VULCANIZA- 
TION- If  the  Statement  of  Alexander'  proves  to  be 
true,  that  the  sulfur  of  vulcanization  of  the  rubber 
remains  quantitatively  in  the  nitrosite,  this  method 
could  possibly  admit  of  the  simultaneous  determina- 
tion of  the  sulfur  of'  vulcanization.  An  aliquot  por- 
tion of  the  clear  acetone  solution  of  the  nitrosite 
would  be  evaporated  to  dryness,  and  the  sulfur  de- 
termined in  the  usual  way. 

RESULTS — The  following  results  were  obtained 
by  the  method  above  described.  All  are  given  that 
have  been  obtained  on  good  quality,  soft-vulcanized 
compounds  since  the  date  after  which  no  great  changes 
in  the  procedure  were  made.  Whether  the  method 
is  applicable  to  compounds  of  poor  quality  has  not 
been  determined,  and  as  the  author  is  no  longer  in  a 
position  to  work  on  this  point  the  field  must  be  left 
to  others.  This  Bureau  may  be  able,  however,  to 
work  in  this  field  at  some  later  date. 

A.  A  washed  and  dried  Up-river  Fine  gave  94.0,  95.1,  95.8  and  95.9  per 

cent  CioHie. 
Average  =  95.2  per  cent  plus  3.3  per  cent  acetone  extract  =  98.5  per 
cent. 

B.  A  commercial  compound  containing  45  per  cent  Fine  Para  gave  42.0, 

42.2.  42.7,  43.1,  43.3  and  43.4  per  cent  CioHn. 
,\verage   =   42.8  per  cent  plus  1.3  per  cent  acetone  extract   =  44.1  per 

C.  A  commercial  compound  containing  48  per  cent  Fine  Para  gave  44.8, 

45.1,  45.1  and  45.3  per  cent  CioHh. 
Average   =  45.1  per  cent  plus  2.4  per  .cent  acetone  extract   =  47.5  per 
cent. 

D.  The   same  compound   after  standing   finely  ground  for    a    month  gave 

43.4.  43.5,  43.5  and  45.0  per  cent  CioHis. 
Average   =  43.7  per  cent. 

E.  .\  commercial  compound  containing  25  per  cent  Fine  Para  and  20  per 

cent  Caucho  or  45  per  cent  gum  gave  40.3,  40.4,  40.6  and  41.1  per 
cent  CioHis. 
Average   =   40.6  per  cent  plus  3.2  per  cent  acetone  extract   =   43.8  per 
cent. 

F.  .\  commercial  compound  containing  41.5  per  cent  Coarse  Para  gave 

39.5.  39.6.  39.8  and  40.1  per  cent  CioHio. 

Average   =   39.8  per  cent  plus  2.1  per  cent  acetone  extract   =   41.9  per 

SUMMARY 

A  new  method  for  the  direct  determination  of  rub- 
ber is  described,  which  is  based  upon  the  combustion 
of  the  nitrosite  of  rubber  in  a  current  of  oxygen,  and 
weighing  of  the  carbon  dioxide  thus  formed.  The 
results  indicate  a  fair  degree  of  reliability  -for  both 
raw  rubber  and  high-grade  vulcanized  compounds. 
The  use  of  this  method  for  the  analysis  of  low-grade 
compounds  and  for  the  simultaneous  determination  of 
sulfur  of  vulcanization  may  be  possible  if  its  applica- 
tion to  these  fields  is  further  studied. 

During  this  work  many  valuable  suggestions  were 
made  by  Dr.  W.  F.  Hillebrand,  Mr.  J.  B.  Tuttle, 
and  a  number  of  others  at  this  Bureau,  and  I  take  this 
opportunity  to  express  to  them  my  appreciation  of  the 
same. 

BiJRKAii  OF  Standards 
Washington 


OSAGE  ORANGE— ITS  VALUE  AS  A  COMMERCIAL 
DYESTUFF= 

By   V.    W.    Kressmann 
INTRODUCTION 

This  study  is  the  result  of  an  investigation  on  the 
utilization  of  osage  orange  mill  waste. 

The  trunk  of  the  osage  orange  tree  is  rather  small 
in  size,   misshapen,  and  generally  defective  as  a  saw 

1  Z.  angew.Chcm..20  (1907),  1364;  24(1910.687;  B,;r.,  40  (1907).  1077. 
■-  Presented  at  the  49th  meeting  of  the  A.  C.  S..  Cincinnati.  April  6-10. 
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log;  and,  although  because  of  the  valuable  properties 
of  the  wood  (for  wagon  felloes  especially)  closer  utiliza- 
tion will  scarcely  be  found  in  the  use  of  any  other 
wood,  comparatively  large  amounts  of  waste  are  pro- 
duced annually. 

Osage  orange  has  long  been  used  in  Texas  in  a  small 
way  as  a  dye  wood.  The  roots,  bark,  and  wood  are 
chipped  and  boiled  with  water  and  a  more  or  less  perma- 
nent yellow  is  obtained  from  the  extract.  Sargent' 
mentions  the  root  bark  as  a  source  of  a  yellow  dye 
and  it  has  even  been  suggested  by  some*  that  osage 
orange  is  superior  to  fustic  in  its  dyeing  qualities,  al- 
though no  actual  comparative  experiments  between 
fustic  and  osage  orange  seem  to  have  been  recorded. 

In  view  of  these  facts,  it  seemed  advisable  not  only 
to  determine  the  chemical  nature  of  the  dyestuff  but 
also  its  dyeing  value  as  compared  with  the  commercial 
dyewood  it  resembles  most,  namely,  fustic. 

A  qualitative  study  of  the  aqueous  extract  obtained 
from  the  wood  showed  that  the  dyeing  principles 
present  were,  as  in  fustic,  morin  or  moric  acid,  and 
morintannic  acid  or  maclurin.  From  a  preliminary 
series  of  dyeing  experiments  made  at  this  laboratory, 
it  was  found  that  osage  orange,  like  fustic,  is  a  poly- 
genetic  mordant  dyestuff. 

Since  the  wood  seemed  to  contain  a  sufficient  amount 
of  dye  to  give  it  commercial  value,  a  series  of  compara- 
tive dyeing  experiments  on  fustic  and  osage  orange 
were  arranged  so  as  to  determine  as  accurately  as 
possible  the  value  of  osage  orange  in  terms  of  a  well- 
known  standard  such  as  fustic.  In  order  to  have  these 
experiments  performed  at  institutions  best  equipped 
for  the  purposes  and  also  to  obtain  the  results  of  a 
number  of  different  workers  in  this  field,  the  coopera- 
tion of  a  number  of  the  leading  textile  schools'  of  the 
country  was  sought  and  the  writer  wishes  to  take  this 
opportunity  to  thank  them  for  their  cooperation  and 
assistance. 

COMPARISON  OF  DEPTH  OF  COLORS  PRODUCED 

REPORT  E^ — "It  was  noticed  that  dyeings  produced 
with  osage  orange  were  weaker  than  those  obtained 
with  fustic  under  the  same  conditions.  Since  the 
osage  orange  produced  a  shade  of  color  slightly  differ- 
ent from  the  fustic  in  most  cases,  it  is  difficult  to  de- 
termine the  exact  relative  strength  of  the  two  products. 
It  seems,  however,  that  the  osage  orange  contains 
something  like  20-25  per  cent  less  coloring  matter 
than  the  fustic." 

REPORT  B — "Dyeings  were  made  under  identical 
conditions  on  ch.rome  mordanted  worsted  yarn  with 
the  same  amounts  of  both  the  wood  and  solid  extracts 
of  both  substances  (/.  c,  fustic  and  osage  orange). 

"The  osage  orange  wood  gave  the  heaviest  shades 

1  Sargent.  Chas.  S..  "Manual  of  the  Trees  of  North  America." 

■  U.  S.  Dept.  of  Agr..  For.  Serf.  Cir.  184,  "Fustic  Wood.  Its  Substi- 
tutes and  .•^dtilterants."  by  G.  B.  Sudworth  and  C.   D.  Mell. 

"  Philadelphia  Textile  School.  New  Bedford  Textile  School.  Lowell 
Textile  School.  The  North  Carolina  College  of  .Agriculture  and  Mechanical 
Arts.  Georgia  School  of  Technology.  Osage  orange  sawdust  furnished 
by  Mr.  L.  C.  Bumpus,  Farmersville.  Texas. 

*  Reports  on  the  experiments,  giving  the  results  of  their  test,  were  sub- 
mitted by  the  coopcrators.  and  the  information  given  in  thi*^  article  is  in 
the  form  of  extracts  taken  from  these  reports  The  reports  are  designated 
by  letters,  this  designation  being  used  to  separate  the  extracts. 


June,  1014 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


463 


but,  like  fustic  wood,  the  yellow  obtained  had  a  reddish 
cast. 

"With  the  extracts,  the  yellow  obtained  in  each 
case  was  of  a  greenish  tone;  but  that  of  the  osage  ex- 
tract, while  not  so  heavy  as  that  given  by  the  fustic 
extract,  was  of  a  much  purer  tone,  the  fustic  being 
rather  muddy." 

REPORT  A- — "The  dyeing  properties  of  Old  Fustic 
and  osage  orange  are  very  similar,  as  will  be  seen  by 
comparing  the  shades  given  on  various  mordants 
by  the  two  dye-woods." 

COMPARISON  or  AMOUNT   OF   EXTRACT 

REPORT  c — "Upon  extraction  with  water,  osage 
orange  sawdust  was  found  to  give  a  water-soluble 
extract  in  the  proportion  of  7 .  5  grams  of  extract  for 
every   100  grams  of  sawdust." 

REPORT  B — "A  sample  each  of  the  osage  orange 
and  of  chip  fustic  was  dried  to  constant  weight  and 
the    moisture   was  found   to   be: 


shade  of  yellow,  with  chromium  mordant  a  tan  color, 
and  with  iron  mordant  a  dark  brown." 

REPORT  E — "The  following  table  shows  the  results 
obtained  by  dyeing  osage  orange  and  fustic  wood 
under  the  same  conditions  on  wool  mordanted  with 
the  indicated  metallic  salts: 


Preparation  o 
Wool,  Sample 
Unmordanted 


Alum  morda 
Iron  mordan 


Light  yello 
Light  yelloi 


Table  I 

Dyed  with 

Osage  Orange 

f     Light  yellow 

Light  yello 


Bright  yellow    Bright  yello 
Dark  olive  Dark  olive 


"The  dried  samples  were  then  extracted  with  methyl 
alcohol  and  gave  the  following  amounts  of  matter 
extractable   with   methyl   alcohol: 


Per  cent  of  th 
dry  sample 
...      26 . 63 


'  The  residue  in  each  case  was  then  extracted  with 

Table  II 


Remarks 
Color     produced     of     no 

Color  more  pronounced 
than  above.  More 
reddish  with  fustic 

Yellower  and  brighter 
with   the  osage  orange 

Not  so  deep  and  slightly 
greener  with  the  osage 

Fustic  sample  more  red- 
dish and  deeper  in  tone 
than  orange 


FASTNESS   TO   LIGHT,    WEATHER,    WASHING,.  ETC. 

REPORT  E — "The  colors  produced  by  dyeing  on 
alum  and  tin  mordanted  material  were  fairly  good 
in  appearance  but  were  inferior  in  fastness  to  light, 
especially  as  compared  with  colors  obtained  with  the 
first  two  salts  (iron  and  chromium).  Table  II 
shows  the  result  of  test  made  on  dyed  samples  of 
osage  orange  and  fustic  wood  with  respect  to  fastness 
to  light  and  weather. 

"It  was  noticed  that  the  chrome  mordanted  samples 
showed  a  fastness  in  this  respect  superior  to  that  of 
the  other  samples.     The  length  of  exposure  necessary 


Fusi 
Tim< 

■ic  Wood 
;  exposed 

Osage  O 
Tim 

RANGE  Wood 
e  exposed 

!ct  dyeing 
m  mordant 
mordant 
ome  mordant 

5  days 
Faded 

Slight  fading 
Slight  fading 
No  change 

10  days 
Color  gone 
Faded 
Faded 
Very  little  if  any  cha 

nge 

15  days 
Slight- 

5  days 
Faded 

Slight  fading 
Slight  fading 
No  change 

10  days 
Color  gone 
Faded 
Faded 
Very  little  if 

water.  The  osage  orange  gave  so  little  matter  ex- 
tractable  by  water  that  the  amount  was  not  deter- 
mined. Fustic,  on  the  other  hand,  gave  4.71  per 
cent  of  the  dry  weight.  Therefore,  the  total  extract- 
able  matter  was: 


REPORT  E — "The  results  obtained  from  experi- 
ments made  clearly  show  that  the  osage  orange  prod- 
uct does  contain  a  dyeing  principle  which  is  very  sim- 
ilar in  most  respects  to  that  found  in  fustic  wood,  and 
also  this  principle  is  found  in  a  quantity  sufficient  to 
give  the  orange  wood  some  commercial  value  as  a  dye- 
stuff." 

CHARACTER    OF    DYEINGS 

REPORT  D — "It  would  appear  that  this  substance 
(osage  orange)  could  be  advantageously  used  for 
self  shades  also  in  conjunction  with  logwood,  other 
mordant  dyes  {i.  e.,  other  natural  mordant  dyes),  as 
well  as  with  alizarine.  Its  dyeings  are  mono-chroic. 
If  made  in  the  form  of  a  water  extract  it  could  be 
used  for  printing  for  yellows,  browns,  greens,  and 
chocolates." 

REPORT  c — "It  was  found  that  this  coloring  matter 
was  of  a  polygenetic  character,  giving,  with  a  tin  mor- 
dant, a  comparatively  bright  shade  of  yellow,  with 
aluminum    mordant    a    somewhat    duller    and    greener 


hange    Slight 

to  completely  destroy  the  color  in  each  case  on  the 
chrome  mordant  was  not  determined,  it  being  simply 
noted  that  samples  from  each  product  showed  very 
nearly  the  same  resistance  to  fading  for  time  exposed. 
During  this  time  the  fustic  was  possibly  more  aflected 
than  the  osage  orange  in  that  there  was  a  tendency 
for  the  color  to  lose  some  of  its  reddish  cast. 

"Samples  dyed  with  fustic  and  osage  orange  were 
examined  as  to  their  fastness  to  washing  tests,  the 
samples  in  each  case  showing  a  fairly  good  fastness 
in  this  respect." 

REPORT  D — "This  substance  (osage  orange)  was 
found  to  dye  level  shades  of  good  purity  and  bright- 
ness on  wool  mordanted  with  chromium  in  the  usual 
manner.  These  dyeings  show  good  fastness  to  light, 
water,  and  washing." 

REPORT  c — "These  dyeings  (with  osage  orange) 
were  exposed  to  the  light  for  a  period  of  six  weeks, 
and  to  combined  light  and  weather  for  a  period  of 
8  weeks.  With  both  chromium  and  iron  mordants 
the  dyeings  show  very  little  change  at  the  end  of  5 
weeks'  exposure  to  sunlight.  With  aluminum  and  tin 
mordants  the  dyeings  show  the  effect  of  sunlight  in 
from  one  to  two  weeks,  becoming  much  duller.  The 
exposure  of  the  sample  dyed  with  the  iron  mordant 
to  light  and  weather  for  S  weeks  shows  very  little 
change.     That    with   chromium   mordant  for   S   weeks 
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loses  its  brilliancy  to  a  considerable  extent,  although 
it  does  not  become  much  lighter  in  color.  The  dye- 
ings by  aluminum  and  tin  mordants  are  decidedly 
changed  by  this  exposure  to  light  and  weather.  The 
dyeings  by  chromium  and  iron  mordants  are  suffi- 
ciently fast  to  prove  of  practical  value,  assuming  that 
the  coloring  matter  could  be  prepared  cheap  enough." 

SUMMARY    AND    CONCLUSIONS 

I- — The  quantity  and  quality  of  the  dyestuff  present 
in  osage  orange  is  almost  identical  with  that  of  fustic. 

II — Osage  orange  may  be  employed  as  a  dye  wood 
in  all  cases  where  fustic  wood  is  used  at  present.  The 
yellows  produced  by  direct  dyeing  or  by  aluminum 
and  tin  mordants  are  too  fugitive  to  be  of  commercial 
value.  But  the  orange-yellows,  old  gold,  deep  tan, 
olive  and  chocolate  shades  obtained  with  chromium 
and  iron' mordants  are  equal  to,  if  not  better  than, 
those  obtained  with  fustic  and  are  of  sufficient  fast- 
ness to  be  of  commercial  value. 

Ill — A  domestic  source  of  a  yellow  dyewood  has 
been  found  that  can  advantageously  replace  a  foreign 
material  used  at  present.  The  mill  waste  alone  from 
the  present  manufacture  of  osage  orange  amounts  to 
over  25,000  tons  annually;  and  if  this  waste  could 
be  set  down  in  the  East  for  $10  to  I12  per  ton  it  is  be- 
lieved that  it  could  compete  successfully  with  fustic, 
both  from  cost  of  production  and  quality  of  color  pro- 
duced on  dyeing. 

Forest  Products  Laboratory 

Forest  Service.  U.  S.  Department  of  Agriculture 

(In  Cooperation  with  the  University  of  Wisconsin) 

Madison 


THE  RESERVE  SUPPLY  OF  PHOSPHATE  ROCK  IN  THE 
UNITED  STATES 

By  W.  H.  Waggaman' 
Received  March  20,  1914 

Numerous  estimates  have  been  made  from  time  to 
time  on  the  tonnage  of  phosphate  rock  available  for 
future  use  in  this  country.  These  estimates  vary  so 
widely  that  little  importance  has  been  attached  to 
them,  and  in  many  cases  they  can  hardly  be  considered 
as  anything  more  than  wild  guesses. 

Owing  to  the  pockety  nature  of  many  of  our  deposits 
of  phosphorites  or  amorphous  phosphates,  careful 
surveys  and  thorough  and  systematic  prospecting  are 
necessary  to  gain  anything  like  an  accurate  knowledge 
of  their  value  and  extent.  The  expenses  of  such  ex- 
aminations are  frequently  not  warranted  and  are 
seldom  made  except  immediately  before  actual  mining 
operations  are  begun.  Again,  much  of  the  phosphate 
property  has  been  acquired  so  cheaply  that  only  a 
superficial  examination  was  necessary  to  justify  its 
purchase.  Under  such  circumstances  the  owners  of 
the  land  may  have  but  a  hazy  idea  of  the  amount  of 
phosphate  contained  therein.  On  the  other  hand, 
some  of  the  phosphate  deposits,  such  as  those  in  our 
western  states  and  in  certain  parts  of  Arkansas  and 
Tennessee,  are  of  such  a  character  that  fair  approxima- 
tions of  their  tonnage  might  be  made  by  careful 
surveys. 

'  Scientist  in  Investigations  of  Fertilizer  Resources. 


For  some  time  it  has  been  obviously  desirable  that 
both  producer  and  consumer  should  have  some  idea 
(even  though  a  rough  one)  of  the  amount  of  phosphate 
rock  still  unmined  in  the  United  States.  Again  and 
again  disquieting  reports  have  been  spread  that  our 
supplies  of  this  mineral,  so  important  to  the  American 
farmer,  were  being  rapidly  depleted,  and  that  thereby 
the  agricultural  interests  of  this  country  would  soon 
be  seriously  impaired.  Alarm  has  also  been  caused 
by  the  fact  that  several  phosphate  companies  are 
owned  by  European  capitalists,  and  fears  have  been 
expressed  that  foreign  capital  is  seeking  to  acquire 
control  of  the  American  deposits.  It  has  been  urged 
even  that  some  legislation  be  enacted  preventing  the 
exportation  of  phosphate  rock. 

In  order  to  show  the  actual  basis  for  such  reports 
and  whether  or  not  there  is  any  real  need  for  cur- 
tailing foreign  shipments  of  phosphates,  the  data  herein 
contained  were  collected  and  compiled  with  consider- 
able care.  The  figures  were  obtained  by  correspondence 
and  consultation  with  mine  owners  and  operators, 
and  by  direct  observation  and  field  investigations  of 
the  various  deposits  throughout  the  country.  So 
little  development  work  has  been  done  in  Kentucky 
and  Arkansas  that  the  tonnages  given  for  these  states 
are  thought  not  to  be  close;  thej'  are  regarded,  however, 
as  ultra-conservative. 

The  estimates  given  below  are  for  rock  grading  from 
58  to  78  per  cent  "bone  phosphate  of  lime."  In 
the  case  of  the  low-grade  phosphate  in  the  West  and 
the  wash  heaps  of  Florida,  the  material  is  figured  to 
its  equivalent  in  high-grade  rock. 

Tons 

Utah,  Idaho,  Wyoming  and  Montana: 

High-grade 2,500.000,000 

High-grade  equivalent  of  all  grades 7,500.000,000 

Florida:  1 

High-grade  equivalent  of  all  grades 354,300,000 

High-grade  equivalent  of  wash  heaps 20.000,000 

Tennessee; 

High-grade  equivalent  of  all  grades 1 15.075,000 

South  Carolina; 

High-grade  equivalent  of  all  grades ;.  . .  10.000.000 

High-grade  equivalent  of  all  grades 20.000.000 

Kentucky: 

High-grade  equivalent  of  all  grades *. 500.000 

Total 10,519,875.000 

The  production  of  phosphate  in  1912,  according  to 
the  figures  of  the  United  States  Geological  Survey,  was 

as  follows: 

Tons 

Florida 2,406,899 

Tennessee 423,331  (o) 

South  Carolina 131,490 

Western  states 11,612(6) 

Total 2,973,332 

(a)  Includes  production  of  Arkansas. 

(b)  Includes  Utah,  Idaho  and  Wyoming. 

Even  assuming  that  there  are  to  be  no  new  discoveries 
in  this  country  and  that  the  average  consumption 
during  the  life  of  the  phosphate  fields  will  be  three 
times  its  present  consumption,  there  is  sufficient  to 
last  for  over  i  lOO  years  provided  proper  mining  methods 
are  employed  and  means  for  utilizing  the  lower  grade 
material  are  devised. 

Another  feature  of  the  phosphate  industry  which 
in  recent  years  has  become  of  considerable  interest 
to  the  operator,  the  fertilizer  manufacturer,  and  the 
farmer,  is  the  growing  use  of  raw  ground  rock  phos- 
phate for   direct   application   to  the  field.      While  the 
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value  of  this  material  as  a  fertilizer  still  seems  to  be 
an  open  question,  many  agronomists  and  agricultural 
chemists  strongly  recommend  its  use,  supporting  their 
recommendations  by  considerable  data  obtained  by 
actual  plot  tests.  In  191 2  the  annual  consumption 
of  raw  ground  phosphate  rock,  based  on  the  amount 
marketed,  was  48,365  tons.  While  this  is  less  than 
1.29  per  cent  of  the  total  phosphate  produced  and  only 
4.01  per  cent  of  that  marketed  in  the  United  States, 
the  sale  of  ground  rock  is  becoming  quite  a  factor  in 
the  phosphate  industry. 

Bureau  of  Soius.  Washington 


DETERMINATION  OF  CARBON  IN  STEEL  AND  IRON 

BY  THE  BARIUM  CARBONATE  TITRATION 

METHOD' 

By  J.   R    Cain 

The  disadvantages  attending  the  use  of  weighed 
absorption  tubes  as  means  for  accurately  determining 
carbon  dioxide  obtained  during  the  combustion  of 
steels  and  irons  are  in  part  as  follows: 

I — The  elaborate  precautions  required  to  prevent 
change  of  weight  of  the  tube  due  to  gain  or  loss  of 
moisture,  necessitating  complications  in  the  purifying 
train  before  and  after  the  furnace  and  the  use  through- 
out the  apparatus  of  drying  agents  of  the  same  hygro- 
scopic power. 

2 — Difficulties  in  weighing  large  glass  vessels  caused 
by  electrical  effects  in  wiping,  by  buoyancy  and  by 
changes  in  temperature  between  balance  room  and 
laboratory. 

3 — The  necessity  for  maintaining  constant  condi- 
tions with  respect  to  the  atmosphere  within  the  tube, 
requiring  sometimes  a  long  period  of  aspiration  after 
the  combustion  is  completed. 

4 — The  liability  to  error  from  access  of  gases  con- 
taining sulfur  and  chlorine,  which  may  be  formed 
during  combustion  of  the  metal  or  of  the  carbonaceous 
residue  therefrom. 

5 — The  difficulty  of  determining  whether  the  in- 
crease in  weight  of  the  tube  is  due  solely  to  carbon 
dioxide. 

6 — The  time  lost  in  waiting  for  absorption  tubes 
to  reach   a  condition  of  equilibrium  before   weighing. 

Those  who  have  used  absorption  tubes  for  work 
requiring  a  high  degree  of  accuracy  know  that  neglect 
of  one  or  more  of  the  precautions  indicated  above 
may  easily  occasion  errors  ranging  from  several  tenths 
of  a  milligram  to  one  or  more  milligrams.  It  is  evident, 
too,  that  if  the  complicated  purifying  train  used  with 
an  absorption  tube  gets  out  of  order,  or  if  the  tube 
itself  introduces  error  in  some  of  the  ways  enumerated, 
it  may  often  be  a  difficult  matter  to  locate  and  correct 
the  trouble.  It  is  not  surprising,  therefore,  that 
methods  dispensing  with  the  use  of  weighed  potash 
bulbs,  soda-lime  tubes  and  the  like  are  beginning  to 
be  used  extensively  by  steel  analysis.  Of  such  methods 
the  weighing  of  the  carbon  dioxide  in  the  form  of 
barium  carbonate  precipitate  directly  or  after  conver- 
sion  into   sulfate    have   been    much    used,    the   sulfate 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
Presented  at  the  Cincinnati  Meeting  of  the  American  Chemical  Society 
April  6-10,  1914. 


method  abroad,'  and  the  carbonate  method  in  this 
country.  Thus,  of  62  prominent  American  labora- 
tories (representing  manufacturers,  consumers  and 
testing  laboratories)  32  used  the  potash  bulb,  24 
weighed  the  carbon  as  barium  carbonate,  3  titrated 
the  excess  of  barium  hydroxide,  2  used  soda-lime 
tubes  and  one  weighed  an  absorption  tube  filled  with 
barium  hydroxide.^  It  is  evident,  in  estimating  the 
carbon  dioxide  by  weighing  the  barium  carbonate 
precipitate,  or  the  sulfate  obtained  from  it,  that  the 
difficulties  mentioned  above  as  peculiar  to  weighed 
absorption  tubes,  except  number  four,  are  eliminated 
or  minimized;  access  of  sulfur  trioxide  would  still 
tend  to  cause  high  results.'  If,  however,  the  barium 
carbonate  is  measured  by  filtering  it  off  and  titrating 
it  against  standard  acid,  due  regard  being  had  to  proper 
conditions  for  filtration  and  washing,  there  is  no  likeli- 
hood of  error  from  any  of  the  causes  enumerated. 
The  principle  of  this  method  is  described  in  most 
standard  text-books  on  quantitative  and  volumetric 
analysis,  but  there  seems  to  have  been  but  little 
application  in  steel  analysis.  The  purpose  of  this 
paper  is  to  show  the  special  suitability  of  this  procedure 
for  accurate  and  fairly  rapid  steel  analysis,  taking  up  in 
order  the  sources  of  error  or  difficulty  and  the  means 
of  avoiding  or  minimizing  these,  and  finally  giving 
the  results  obtained  by  a  series  of  analyses  of  pure 
sugar  and  of  Bureau  of  Standards  analyzed  irons  and 
steels.  Without  further  consideration  it  can  be  seen 
that  the  adoption  of  this  method  at  once  simplifies 
the  purifying  train  required  after  the  furnace;  nothing 
at  all  likely  to  be  present  in  the  escaping  gases  can 
affect  the  results  if  we  except  finely  divided  oxides 
carried  over  mechanically  as  the  result  of  a  very  violent 
combustion.  No  such  oxides  were  noticed  during 
this  work  or  during  the  analyses  of  many  other  samples 
by  different  methods;  if  there  is  any  reason  to  suspect 
their  presence,  a  simple  filter  made  by  filling  a  U-tube 
with  20-mesh  quartz,  previously  carefully  washed 
with  hydrochloric  acid  and  water,  will  remove  them. 

The  points  involving  sources  of  error  which  were 
investigated  were:  (i)  completeness  of  absorption  of 
the  carbon  dioxide,  (2)  amount  of  washing  necessary 
to  remove  the  excess  of  barium  hydroxide,  (3)  solu- 
bility of  barium  carbonate  in  the  wash  water,  (4) 
exclusion  of  extraneous  alkaline  substances.  In  addi- 
tion there  were  devised  (5)  means  for  the  rapid  filtra- 
tion and  washing  of  the  barium  carbonate  with  ex- 
clusion of  carbon  dioxide  from  the  air. 

I — COMPLETENESS  OF  ABSORPTION — This  was  es- 
tablished by  burning  sugar  in  amounts  giving  approxi- 
mately the  weights  of  carbon  dioxide  obtained  during 
steel  analysis,  comparing  the  percentages  of  carbon 
obtained  with  the  theoretical.  As  a  further  check 
two   8-bulb  Meyer  tubes  (shown  in  '/lo  size  in  Fig.  I) 

•  Bauer  and  Deiss,  Probenahme  und  Analyse  von  Eisen  und  Staht.  191S, 
p.  121. 

2  Data  communicated  to  the  author  as  member  of  a  technical  committee 
on  steel  analysis. 

'  There  is  but  little  likelihood  of  SO2  being  produced  in  burning  steel 
and  iron.  Any  small  amounts  of  BaSOs  resulting  thereby  would  be  removed 
by  washing  (see  Sec.  5  on  Filtration  and  Washing),  the  solubility  of  BaSOs 
being  approximately  0.02  gram  per  100  cc.  of  water  at  20°  (Seidell.  "Solu- 
bilities of  Inorganic  and  Organic  Substances,"  1907). 
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were  worked  in  series.  So  long  as  a  moderate  rate 
of  bubbling  was  maintained  no  cloudiness  was  ever 
observed  in  the  second  tube.  In  this  connection, 
McCoy  and  Tashiro'  have  shown  that  i.o  X  io~' 
grams  of  C02  can  be  recognized  as  a  turbidity.  If, 
however,  the  oxygen  is  passed  too  rapidly,  particularly 
when  burning  steels  containing  more  than  i  per 
cent  carbon,  some  CO2  may  reach  the  second  tube. 
The  proper  rate  of  gas  current  to  retain  all  the  CO2 
in  the  first  tube  is  easily  established  by  the  operator 
after  a  few  trials. 

2 — AMOUNT  OF  WASHING  NECESSARY — Barium  Car- 
bonate itself  reacts  alkaline  to  phenolphthalein, 
consequently  this  indicator  cannot  be  used  to  show 
when  all  of  the  barium  hydroxide  has  been  removed. 
The  practical  question  as  to  how  much  washing  was 
necessary  was  decided  by  washing  the  barium  car- 
bonate obtained  from  the  combustion  of  accurately 
weighed  amounts  of  sugar  until  results  agreeing  with 
the  theoretical,  within  a  small  experimental  limit, 
were  obtained.  The  amount  of  wash  water  thus  de- 
termined was  increased  by  25  per  cent.  About  150 
cc.  wash  water  were  usually  found  sufficient.  The 
results  are  summarized  in  the  recommendations  later, 
under  the  head  "Filtration  and  Washing  of  the  Barium 
Carbonate." 

3 SOLUBILITY      OF      BARIUM     CARBONATE      IN       WASH 

WATER — The  possible  effect  of  the  slight  hydrolysis 
of  the  barium  carbonate  in  causing  low  results  by  solvent 
action  of  the  wash  water  was  studied  by  comparing 
the  results  obtained  when  determining  the  barium 
carbonate  from  the  combustion  of  the  same  weights 
of  sugar,  first  by  washing  as  above  described,  and 
then  with  twice  and  three  times  the  amount  of  water 
recommended.  The  results  showed  that  the  error 
from  hydrolysis  is  negligible  for  present  purposes.  (See 
table  and  footnotes  c  and  d,  p.  467.) 

Holleman^  found  the  solubility  of  freshly  precipitated 
BaCOa  in  C02-free  water  to  be  i  part  BaCOa  in  64,070 
parts  water  at  8.8°  and  i  part  in  45,566  parts  water 
at  24.2°,  or  approximately  i  part  in  50,000  at  the  tem- 
perature of  the  laboratory  during  this  work,  i.  e., 
20°  to  22°.  On  this  basis  150  cc.  wash  water  (see 
preceding  section)  would  dissolve  about  0.0003  gram 
BaCOs  =  0.000018  gram  carbon.  This  would  be 
negligible  for  present  purposes,  and  the  amount  dis- 
solved would  be  really  less  than  this  because  of  the 
repression  of  solubility  during  the  first  washings  by 
the  barium  hydroxide  still  present;  also  it  is  quite 
possible  that  in  the  rapid  passage  through  the  filter 
there  has  not  been  sufficient  time  for  the  wash  water 
to  become  saturated  with  barium  carbonate.  Holle- 
man's  results  are  in  good  agreement  with  those  of 
Bineau.'  HoUeman  called  attention  to  the  fact, 
also  recorded  by  Bineau,  that  the  presence  of  carbon 
dioxide  in  water  appreciably  raises  the  solubility 
of  barium  carbonate  and  HoUeman  explains  in  this 
way  the  solubility  of  i  part  in  14,137  parts  of  water 
observed  by  Fresenius,  who  left  the  carbonate  in  con- 
tact with  water  exposed  to  the  air  for  several  days. 

'  Oris.  Communication.  SIh  Ini.  Congr.  Aptl.  Chem.,  1  (1912),  361. 
:  Z    physik.  Chem..  12  (1893),  135. 
'  Ann.  Mm.  phys.,  [3]  61,  290. 


4 POSSIBLE      SOURCES      OF      EXTRANEOUS      ALKALINE 

SUBSTANCES — These  are:  (o)  substances  derived  by 
action  of  water  on  the  bottles  containing  the  C02-free 
water  mentioned  later;  such  action  should  be  avoided 
by  choosing  a  good  quality  of  glass  bottle;  Jena  glass 
containers  were  found  satisfactory;  (6)  alkali  carried 
over  mechanically  from  soda-lime  guard-tubes  by  the 
air  used  to  force  out  C02-free  water;  thick  plugs  of 
glass  wool  will  remove  this  source  of  danger;  (c)  action 
of  barium  hydroxide  on  the  walls  of  the  Meyer  tubes; 
these  tubes  should  not  give  up  alkaline  substances 
to  the  standard  acid  after  barium  hydroxide  has  stood 
in  them  for  ^/i  hour  and  the  tubes  have  then  been 
thoroughly  washed  with  alkali-free  water;  {d)  action 
of  barium  hydroxide  on  filtering  material;  glass  wool 
as  a  filling  material  is  absolutely  excluded  on  this 
ground;  quartz  has  been  found  very  satisfactory  (see 
description  of  filtering  apparatus) ;  amphibole  asbestos 
for  the  felt  was  found  suitable  from  this  standpoint 
as  well  as  because  of  its  resistance  to  attack  by  N/io 
hydrochloric  acid. 

5 FILTRATION  AND  WASHING  OF  THE  BARIUM  CAR- 
BONATE— This  is  carried  out  with  the  apparatus  shown 
in  the  figure.     The  cut  is  approximately  one-tenth  size 


APPARATUS  FOR  RLTCRING  BARIUM  CABSOflATE 

Fig.  I 

and  is  self-explanatory.  5  is  a  two-way  stopcock 
connected  to  the  suction  pipe.  The  rubber  tubing 
connected  to  the  Meyer  tube  should  be  of  best  grade 
black  rubber,  and  the  lengths  used  should  be  chosen 
so  as  to  permit  of  easy  manipulation  of  the  tube. 
The  Meyer  tube  is  connected  or  disconnected  by  the 
rubber  stoppers  which  are  eft  always  attached  to  the 
rubber  tubes.  The  carbon  filter  C  is  fitted  with  a 
perforated  porcelain  plate,  sliding  easily.  The  funnel 
is  prepared  for  filtrations  by  making  a  felt  of  asbestos 
on  the  porcelain  disc,  using  asbestos  which  has  been 
digested  for  several  hours  with  strong  hydrochloric 
acid  and  then  washed  free  of  acid.  On  top  of  the 
asbestos  is  placed  a  layer  of  similarly  washed  quartz 
of  the  height  shown  in  the  figure.  A  mixture  of  grains 
of  various  sizes  (approximately  50  per  cent  passing 
a  20-mesh  and  the  remainder  passing  a  lo-mesh  and 
remaining  on  a  20-mesh  sieve)  is  suitable.  A  mixture 
of  quartz  and  asbestos  works  well  and  may  be  simply 
obtained  by  filling  the  funnel  with  a  suspension  of 
asbestos  and  delivering  the  quartz  to  the  funnel  from 
a  beaker  by  means  of  a  strong  jet  of  water  from  the 
wash  bottle,  while  maintaining  a  gentle  suction. 
In  this  way  the  asbestos  is  properly  mixed  with  the 
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quartz.  Proper  attention  to  these  details  will  be  found 
to  greatly  expedite  filtration.  The  stopper  is  now 
inserted  in  the  funnel,  the  Meyer  tube  connected  as 
shown,  and  the  liquid  and  precipitate  sucked  into  the 
funnel.  Only  very  gentle  suction  should  be  used. 
When  necessary,  P2,  is  opened  to  admit  air  back  of 
the  column  of  liquid  in  the  Meyer  tube.  When  the 
contents  of  the  tube  have  all  been  transferred,  the 
large  bulb  nearest  B  is  half-filled  with  water  by  opening 
Pi;  the  stopcock  5  is  operated  during  this  and  subse- 
quent operations  so  as  to  maintain  a  gentle  suction. 
M  is  now  manipulated  so  as  to  bring  the  wash  water 
in  contact  with  all  parts  of  the  interior,  after  which 
the  water  is  sucked  out  through  C;  P2  is  left  open 
during  this  and  subsequent  washings.  After  eight 
washings,  as  directed,  allowing  the  wash  water  to 
drain  off  thoroughly  each  time  before  adding  more, 
M  may  be  detached,  the  stopper  removed  from  the 
funnel  and  the  washing  completed  by  filling  C  to  the 
top  with  C02-free  water,  sucking  off  completely  and 
repeating  the  operation  once.  Air  is  now  admitted 
through  the  side  opening  of  S,  C  is  removed  and  the 
porcelain  disc  carrying  the  quartz  asbestos  and  barium 
carbonate  is  shoved,  by  means  of  a  long  glass  rod, 
into  the  flask  used  for  titrations,  removing  from  the 
sides  of  C  any  adhering  particles  by  a  jet  of  water  from 
the  wash  bottle. 

APPARATUS    FOR    COMBUSTION 

APPARATUS — The  method  requires  no  modification 
of  any  of  the  accepted  appliances  for  the  combustion 
of  iron  and  steel.  In  the  present  work  both  gas  and 
electrically  heated  furnaces  were  used.  As  already 
stated,  there  was  no  purifying  train  after  the  furnace, 
the  Meyer  tube  being  directly  attached.  Before  the 
furnace  was  an  electrically  heated  porcelain  tube 
filled  with  copper  oxide;  then  a  calcium  chloride  tower 
filled  with  stick  potassium  hydroxide.  Steels  and 
irons  were  burned  on  a  bed  of  alkali-  and  carbon-free 
alundum  contained  in  a  platinum  boat.  The  blanks 
obtained  by  carrying  through  a  complete  determina- 
tion, including  filtration,  washing,  etc.,  but  with 
omission  of  any  carbon-containing  substance,  were 
usually  0.0  cc.  and  never  more  than  0.05  cc.  of  N/io 
hydrochloric  acid,  showing  not  only  that  the  oxygen 
was  sufficiently  purified  and  the  apparatus  in  good 
condition,  but  that  the  operations  of  filtration,  wash- 
ing,   etc.,    introduced    no    appreciable    positive    error. 

SOLUTIONS    USED 

TENTH-NORMAL  HYDROCHLORIC  ACID — Standardized 
by  any  of  the  accepted  methods,  or  as  follows:  20  cc. 
of  the  approximately  iV/io  acid  are  measured  out  with 
a  pipette,  s  cc.  of  nitric  acid  (i  to  i  by  volume) 
added,  and  the  silver  chloride  precipitated  by  an  ex- 
cess of  silver  nitrate  solution  in  a  volume  of  50  to  60 
cc.  After  digesting  at  70°  to  80°  until  the  supernatant 
liquid  is  clear,  the  chloride  is  filtered  off  on  a  tared 
Gooch  filter  and  washed  with  water  containing  2  cc. 
of  nitric  acid  per  100  cc.  of  water  until  freed  from 
silver.  After  drying  to  constant  weight  at  130°, 
the  increase  of  weight  over  the  original  tare  is  noted 
and  the  strength  of  the  hydrochloric  acid  calculated 
on  the  basis  of  the  weight  of  silver  chloride  thus  ob- 


tained, afterwards  adjusting  to  the  strength  pre- 
scribed. Several  concordant  determinations  with  vary- 
ing amounts  of  acid  should  be  made,  i  cc.  N/10 
HCl  =  0.0006  gram  carbon. 

TENTH-NORMAL        SODIUM        HYDROXIDE        SOLUTION 

Standardized  against  the  hydrochloric  acid  solution, 
with  methyl  orange  as  indicator.  This  solution  is 
conveniently  stored  in  a  large  glass  bottle  fitted  with 
a  soda-lime  guard  tube  and  arranged  for  delivering 
the  solution  by  air  pressure. 

METHYL  ORANGE — 0.02  gram  dissolved  in  100  cc.  of 
hot  water  and  filtered. 

BARIUM  HYDROXIDE  SOLUTION — A  Saturated  solution 
filtered  and  stored  in  a  large  reservoir  from  which  it 
is  delivered  by  air  pressure,  protecting  frOm  carbon 
dioxide  by  a  soda-lime  tube.  Three  or  four  small 
bulbs  of  the  Meyer  tube  are  filled,  and  C02-free  water 
is  added  until  the  remaining  small  bulbs  are  filled. 
When  burning  products  high  in  carbon  the  stock  solu- 
tion may  be  used  undiluted. 

CARBON  DIOXIDE-FREE  WATERS — This  is  Conveniently 
made  by  passing  air  for  a  sufficient  length  of  time 
through  a  soda-lime  tube  and  into  a  6-  or  8-liter  bottle 
filled  with  pure  distilled  water.  The  water  is  delivered 
by  COs-free  air  under  pressure. 

THE    METHOD 

The  combustion  is  carried  out  in  the  usual  manner, 
care  being  taken  not  to  pass  the  oxygen  too  rapidly. 
After  filtering,  washing  and  transferring  the  contents 
of  the  filter  to  a  flask,  as  described  under  "Filtration 
and  Washing  of  the  Barium  Carbonate,"  a  slight 
excess  of  the  standard  acid  is  added  from  a  burette, 
using  a  portion  to  rinse  out  the  Meyer  tube,  and  the 
excess  of  acid  is  then  titrated  against  the  sodium  hy- 
droxide, using  methyl  orange  as  indicator. 

Results  Obtained  by  Barium  Carbonate  Titration  Method 
Carbon  Carbon 

Weight  present  found  Difference 

Material  Gram  Gram  Gram  Gram 

Sugar(o) 0.0100  0.00421        0.00427(c)   +0.00006 

0.0100  0.00421        0.00420        — 0.00001 

0.0100  0.00421        0.00430        -FO.OOOIO 

0.0200  0.00842        0.00840        — 0.00002 

0.0200  0.00842        0.00860        -(-0.00018 

0.0200  0.00842        0.00860        +0.00018 

0.0300  0.01263        0.01280        +0.00017 

0.0300  0.01263        0.01280        +0.00017 

0.0300  0.01263        0.01275(<f)  +0.00012 

Bessemer  Steel  B.  S.  No.  23. . .    1.000  0.00805(6)0.00805  0.0000 

1.000  0.00805       0.00805  0.0000 

1.000  0.00895       0.00805  0.0000 

0.00800(c)  — 0.00005 

BessemerSteel,  B.  S.,  No.  10b..    1.000  0.00373(6)0.00372        — 0.00001 

1.000  0.00373        0.00372        — 0.00001 

Pig  Iron  C,  B.  S.,  No.  5b 1.000  0.02726(6)0.02710       — 0.00016 

1.000  0.02726       0.02710       — 0.00016 

Mean  error,  sugar +0.000094 

Mean  error,  steels  and  iron — 0.000056 

(a)   B.  S.  Standard  Sample  No.  17.     A  1%  aqueous  solution  was  made 

and  the  required  amounts  were  delivered  into  a  porcelain  boat  from  a  burette. 

After  careful  evaporation  of  the  water  the  sample  was  burned. 
(6)  Certiecate  values. 

(c)  W^ashed  with  double  the  usual  amount  of  wash  water.  The  second 
portion  of  wash  water  was  titrated  against  the  N/\0  hydrochloric  acid;  the 
amounts  used  after  deducting  the  blank  when  titrating  the  same  quantity 
of  the  water  used  for  washing  were  0. 10  cc.  and  0.15  cc. 

(d)  Washed  with  three  times  the  usual  amount  of  wash  water. 

The  results  given  in  the  table  show  that  the  method 
is  as  accurate  as  the  weighing  methods.  It  is  not  so 
subject  to  disturbing  influences  and  requires  less  elab- 
orate apparatus  than  those  methods  do. 

NOTES    AND    PRECAUTIONS 

I — After  a  little  practice  a  precipitate  can  be  filtered 
and  prepared  for  titration  in  five  minutes. 
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2 — When  working  with  steels  high  in  carbon  (above 
1%)  it  is  advisable  not  to  use  more  than  one  gram, 
in  order  that  filtration  may  be  sufficiently  rapid. 

3 — For  very  accurate  work  the  Meyer  tubes  should 
he  washed  with  dilute  acid  before  beginning  work  each 
flay.  After  a  determination  is  finished,  the  Meyer 
tube  should  be  completely  filled  two  or  three  times  with 
tap  water,  then  rinsed  with  distilled  water,  in  order 
to  remove  the  carbon  dioxide  liberated  when  dissolving 
the  carbonate  from  the  previous  determination. 

4 — The  flask  containing  the  carbonate  should  be 
very  thoroughly  agitated  after  adding  the  acid,  since 
the  carbonate  sometimes  dissolves  rather  slowly  if 
this  is  not  done;  this  is  particularly  the  case  if  it  has 
packed  much  during  filtration. 

5 — The  rubber  tube  connecting  B  (see  figure)  to  the 
Meyer  tube  should  be  washed  with  a  little  water  from 
B,  before  beginning  determinations  each  day. 

I  am  indebted  to  Mr.  H.  L.  Cleaves  of  this  Bureau 
who  prepared  the  drawing  of  the  filtering  apparatus 
and  made  many  determinations  on  steels  which  will 
appear  in  a  later  publication. 

Bureau  of  Standards 
Washington 

THE  DETERMINATION    OF    AMMONIA  IN  ILLUMINAT- 
ING GAS' 
By  J.   D.  Edwards 
Received  March  21,  1914 

This  paper  is  a  summary  of  the  results  of  a  brief 
investigation  of  the  apparatus  and  methods  employed 
for  the  commercial  determination  of  ammonia  in 
illuminating  gas.  A  fuller  report  will  be  found  in 
Bureau  of  Standards'  Technologic  Paper  No.  34, 
and  the  application  of  this  work  in  the  form  of  operating 
directions  for  carrying  out  the  determination  will 
be  included  in  Bureau  of  Standards'  Circular  No.  48, 
"Standard  Methods  of  Gas  Testing." 

The  method  generally  used  for  the  determination 
of  ammonia  in  purified  illuminating  gas  depends 
upon  the  absorption  of  the  ammonia  in  a  standard 
acid  solution,  the  amount  of  ammonia  absorbed  from 
a  measured  volume  of  gas  being  determined  either 
by  titration  of  the  acid  remaining  unneutralized,  or 
less  frequently  by  allowing  the  gas  to  pass  until  the 
change  in  the  indicator  used  shows  that  all  the  acid 
has  been  neutralized. 

The  choice  of  the  proper  indicator  to  use  for  this 
determination  is  of  greater  importance  than  the  choice 
of  apparatus,  since  the  use  of  an  unsuitable  indicator 
may  introduce  large  errors,  amounting  in  extreme 
cases  to  more  than  one  hundred  per  cent.  Many 
indicators  have  been  and  still  are  commonly  used 
which  are  not  at  all  suited  to  the  purpose,  failing  to 
meet  one  or  more  of  the  following  essential  requirements: 

I — It  should  show  a  sharp  end  point  in  dilute 
solutions. 

2 — It  should  be  sensitive  to  ammonia  and  not  be 
seriously  affected  by  ammonium  salts. 

3 — The  end  point  should  be  affected  as  little  as 
possible  by  carbon  dioxide. 

'  Published  by  permission  of  Director,  Bureau  of  Standards.  Abstract 
of  paper  presented  at  the  Cincinnati  McetiuR  of  the  American  Chemical 
Society,  April  6-10,  1014. 


The  indicators  which  were  found  to  be  most  suitable 
for  the  determination  of  ammonia  in  gas  were  sodium 
alizarinsulfonate,  cochineal  and  paranitrophenol.  Sod- 
ium alizarinsulfonate  is  less  sensitive  to  carbon  dioxide 
than  either  cochineal  or  paranitrophenol  and  gives 
a  color  change  from  greenish  yellow  to  brown  which 
is  quite  sharp  even  with  very  dilute  solutions.  Sodium 
alizarinsulfonate  was  the  indicator  used  in  the  re- 
maining experimental  work.  Methyl  orange,  though 
less  sensitive  to  carbon  dioxide  than  the  above  indi- 
cators, does  not  give  sufficiently  sharp  color  changes 
with  weak  solutions.  Phenolphthalein  and  litmus, 
of  course;  are  too  sensitive  to  carbon  dioxide  to  be  of 
use  here. 

The  presence  of  glass  beads  which  are  used  in  some 
of  the  absorption  apparatus  may  lead  to  erroneous 
results  for  two  reasons:  (i)  The  beads  may  yield 
alkali  on  contact  with  the  absorbing  liquid;  (2)  wash- 
ing of  the  beads  may  be  incomplete.  Although 
the  absolute  amount  of  alkali  which  might  be  dissolved 
from  the  beads  is  small,  it  may  be  equivalent  to  a 
considerable  percentage  of  the  total  amount  of  am- 
monia to  be  absorbed.  For  this  reason,  it  is  recom- 
mended that  the  operator  test  the  solubility  of  any 
beads  he  may  use.  The  method  of  washing  out  the 
apparatus  should  also  be  tested  to  insure  complete 
washing  with  a  minimum  of  wash  water. 

Five  different  forms  of  apparatus  were  tested: 
The  Referees  apparatus,  the  Emmerling  tower,  the 
Lacey  apparatus,  the  common  form  of  gas  wash  bottle 
and  a  modified  form  of  the  Gumming  wash  bottle. 
This  latter  form  (Fig.   i)  was  designed  at  the  Bureau 


of  Standards  for  this  work.  In  this  form,  the  gas 
passing  through  the  small  nozzle  acts  like  an  injector 
and  circulates  the  liquid  rapidly  and  continuously, 
thus  bringing  fresh  acid  into  contact  with  the  gas. 

The  relative  efficiency  and  from  this  the  probable 
accuracy  of  the  different  forms  of  apparatus  was 
determined  by  running  the  different  forms  in  parallel, 
using  gas  from  a  common  supply.  A  N/so  solution 
of  sulfuric  acid  was  used  as  the  absorbing  agent. 
It  was  not  considered  desirable  to  use  a  stronger  solu- 
tion than  this  because  of  the  small  amount  of  ammonia 
to  be  absorbed  and  the  fact  that  small  errors  in  the 
measurement  of  stronger  solutions  make  a  large  error 
in  the  ammonia  apparently  absorbed. 

As  a  result  of  this  comparison  it  was  found  that  the 
Emmerling  tower  gave  results  which  were  somewhat 
higher  than  those  obtained  with  the  other  forms  and 
that  the  wash   bottle   gave  results  consistently  lower. 
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In  a  series  of  10  tests,  in  each  of  which  four  different 
apparatus  were  run  in  parallel,  the  maximum  differ- 
ence between  the  high  and  low  results  of  each  test 
(expressed  as  a  percentage  of  the  average)  was  8.3 
per  cent  and  the  average  difference  4.5  per  cent. 
The  ammonia  content  of  the  gas  was  varied  from 
I  to  20  grains  per  100  cubic  feet.  (For  full  experi- 
mental details,  see  Technologic  Paper  No.  34,  above 
referred  to.) 

A  series  of  tests  in  which  the  gas  after  passing  through 
the  first  absorption  apparatus  passed  through  an 
Emmerling  tower,  showed,  in  general,  that  the  amounts 
of  ammonia  escaping  the  first  apparatus  but  absorbed 
in  the  Emmerling  tower  were  not  detectable  within 
the  limits  of  error  of  the  titration. 

With  careful  operation,  any  one  of  the  five  forms  of 
apparatus  tested  would  ordinarily  give  results  that 
are  well  within  the  limits  of  accuracy  required  for  this 
determination,  either  for  commercial  control  work 
or  for  the  purpose  of  gas  inspection.  The  wash  bottle 
appears  to  be  slightly  less  efficient  as  an  absorber 
than  the  other  forms,  but  still  it  gives  satisfactory 
results.  It  is  difficult  to  make  any  comprehensive 
statement  defining  satisfactory  results.  In  general, 
results  on  gas  containing  up  to  about  5  grains  of 
ammonia  per  100  cubic  feet  should  be  within  10  per 
cent  of  the  ammonia  content  of  the  gas,  although 
the  percentage  error  may  be  greater  when  the  ammonia 
is  I  grain  or  lower.  With  gas  containing  more  than 
S  grains  ammonia,  the  percentage  error  should  de- 
crease somewhat. 

Bureau  of  Standards,  Washington 


THE  STUDY  OF  THE  CRUDE  PETROLEUM  FROM 
BIORITSU,  FORMOSA 

By  Tetsu.  Katayama 
Received  April  I,  1914 

Favorable  indications  of  petroleum  deposits  have 
been  found  in  Formosa  Island  in  many  districts  along 
the  western  slopes  of  the  middle  mountain  range.  Of 
these  oil  deposits  that  at  Shukkokosio,  about  seven 
miles  south  of  Bioritsu  station  on  the  main  railway  line 
in  the  island,  is  the  most  important,  and  is  now  worked 
by  the  Howden  Petroleum  Company.  It  is  reported 
that  about,  3,000  gallons  of  crude  petroleum  are  ob- 
tained daily  from  a  single  well  there. 

Several  years  ago  the  author  studied  the  physical 
properties  of  this  crude  petroleum  and  found  that  the 
kerosene  oil  obtained  from  the  crude  petroleum  by  the 
ordinary  method  can  not  be  used  for  lamp  oil,  the  flame 
being  very  smoky.  Further  study  had  to  be  post- 
poned, but  in  May,  1913,  it  was  again  resumed.  By 
means  of  acetic  anhydride,  the  smoky  constituent  was 
isolated  and  its  nature  studied,  and  it  was  at  last  found 
that  the  kerosene  oil  may  be  refined  by  changing  the 
temperature  and  duration  of  the  reaction  on  ordinary 
sulfuric  acid  treatment.  The  results  thus  obtained  are 
submitted  below. 

I GENERAL    PROPERTIES     OF    THE    CRUDE    PETROLEUM 

The  crude  petroleum  is  a  clear,  mobile,  brownish  oil 
of  specific  gravity  0.831  at  15°  C;  its  smell  is  rather 
agreeable;  it  solidifies  at  0°  C. 


FRACTIONAL  DISTILLATION — 300  cc.  of  the  Crude  pe- 
troleum were  introduced  into  a  side  tube  distilling  flask 
of  about  500  cc.  capacity,  and  distilled,  the  heat  being 
so  regulated  that  about  2.5  cc.  of  distillate  passed  over 
per  minute.  The  average  results  of  duplicate  distil- 
lations are  the  following: 

Fractions  ''C.          Per  cent  by  volume  Sp.  gr.  at  15°  C. 

below  100 1.5  

100-125 15.8  0.7770 

125-150 21.8  0.7980 

150-175 12.2  0.8155 

175-200 8.8  0.8205 

200-225 7.8  0.8360 

225-250 7.6  0.8585 

250-275 7.5  0.8790 

275-300 4.3 

Residue 13.2  Solidifies  at  ordi- 
nary temperature 

It  is  remarkable  that  the  specific  gravity  of  each 
fraction  of  this  crude  petroleum  was  very  high — much 
higher  than  that  of  the  corresponding  fraction  of  other 
crude  petroleums. 

BURNING  TEST — The  kcrosene  fraction,  distilling  be- 
tween 150°  C.  and  275°  C,  was  refined  with  concen- 
trated sulfuric  acid  by  the  ordinary  method,  washed 
with  water  several  times,  then  with  a  dilute  alkali 
solution,  and  again  with  water  until  the  oil  became  free 
from  acid  and  alkali.  The  kerosene  oil  thus  refined 
was  burned  in  a  lamp  of  ordinary  construction,  but  the 
flame  was  very  smoky.  * 

TEST  FOR  NITROGEN  AND  SULFUR — The  crude  petro- 
leum was  heated  to  boiling  for  a  long  time  with  some 
small  pieces  of  metallic  sodium,  in  a  flask  equipped  with 
a  reflux  condenser.  After  cooling,  the  sodium  was 
tested  for  cyanocompounds  and  sodium  sulfide,  but 
no  test  for  either  of  these  compounds  was  obtained. 

II SOLUBILITY    OF    THE    CONSTITUENTS    OF     THE    CRUDE 

PETROLEUM 

At  first  an  attempt  was  made  to  isolate  the  smoky 
constituent  in  the  petroleum  by  distillation,  but  it  was 
impossible.  Every  fraction  separated  by  cautious 
fractional  distillation  gave  a  smoky  flame.  Then  an 
attempt  was  made  to  separate  the  smoky  constituent 
by  a  solvent.  Edeleanu  suggested  that  aromatic  com- 
pounds and  other  hydrocarbons,  rich  in  carbon  atoms, 
may  be  dissolved  away  from  the  oil  by  liquefied  sulfur 
dioxide,  and  Prof.  Engler  recommended  this  method 
as  effective.'  It  was  considered  desirable  to  try  this 
method,  but  the  temperature  of  the  laboratory  at  that 
time,  always  above  30°  C,  did  not  permit  of  this 
procedure.  Therefore  another  solvent,  which  would  ex- 
tract the  smoky  constituent  from  the  petroleum  at 
ordinary  temperature,  was  sought,  and  at  last  it  was 
found  that  acetic  anhydride  was  most  suitable  for  this 
purpose. 

EXPERIMENT  1 — 250  CC  of  the  fraction  distilling  be- 
tween 150°  C.  and  275°  C.  were  introduced  into  a 
separating  funnel  and  acetic  anhydride  was  added, 
little  by  little,  shaking  well  between  each  addition.  At 
the  beginning  the  added  acid  dissolved  in  the  petro- 
leum, but  when  60  cc.  of  acid  had  been  added  the  fluid 
separated  into  two  layers,  the  lower  layer  being  9  cc. 
After  the  lower  layer  was  drawn  oflf,  10  cc.  more  of  the 
acid  were  added  to  the  upper  layer,  when  27  cc.  sep- 
arated as  a  lower  layer.     The  lower  layer  was  drawn 

'  Ztschr.  angew.  Chem..  1913,  p.  177. 
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off  and  added  to  the  formerly  separated  fluid.  These 
operations  were  repeated  until  200  cc.  of  acid  had  been 
used.  Then  the  total  fluid  drawn  off  was  295  cc., 
while  the  residual  upper  layer  was  155  cc.  Both  the 
fluids  were  washed  well  with  water  until  they  became 
free  from  acid,  when  the  oil  in  the  upper  layer  was  140 
cc.  and  the  oil  in  the  tapped  fluid  was  no  cc;  that  is  to 
say,  the  upper  layer  contained  140  cc.  of  oil  and  15  cc. 
of  the  acid,  while  the  lower  layer  contained  no  cc.  of 
oil  and  185  cc.  of  the  acid.  These  results  showed  that 
the  petroleum  contains  two  different  constituents, 
one  immiscible  with  acetic  anhydride  and  the  other 
easily  soluble  in  acetic  anhydride.  Their  specific 
gravities  at  30°  C.  are: 

The  fraction  before  the  treatment 0 .  830 

The  immiscible  oil 0.804 

The  oil  easily  soluble  in  acetic  anhydride 0 .  864 

It  might  be  thought  that  these  two  constituents 
would  have  different  boiling  points,  but  the  distillations 
of  these  constituents  showed  that  their  boiling  points 
were  the  same. 

The  burning  quality  of  these  two  constituents  was 
next  tested;  the  oil  with  the  lower  specific  gravity 
burned  brilliantly  while  the  other  gave  a  very  smoky 
flame.  , 

From  the  above  experiment  it  was  evident  that  the 
constituent  which  gives  a  smoky  flame  on  burning  may 
be  separated  from  the  petroleum  by  this  difference  of 
solubility  in  acetic  anhydride.  This  separation  de- 
pends, of  course,  upon  the  difference  of  solubility  in 
acetic  anhydride;  it  varies  according  to  the  quantity 
of  the  added  acetic  anhydride,  and  the  method  of 
adding.  Though  it  was,  of  course,  impossible  to  sep- 
arate these  constituents  from  each  other  absolutely, 
the  division  was  sufficiently  complete  for  practical 
purposes. 

EXPERIMENT  2 — The  above  experiment  was  repeated 
for  the  crude  petroleum  and  every  fraction  of  it.  To 
loo  cc.  of  each  fraction  of  the  oil,  acetic  anhydride  was 
added  little  by  little,  and  the  quantity  of  the  acid  used 
when  the  mixture  just  separated  into  two  layers  was 
noted.  When  the  added  acetic  anhydride  reached 
loo  cc.  the  quantities  of  the  two  layers,  and  the  quan- 
tities and  specific  gravities  of  the  oils  contained  in 
these  two  layers  were  determined. 


Sp.  gr. 
Fractions    original 
Temp,  in       oil  at 
°  C.           30°  C. 
Crude  petro- 
leum  0.8215 

Residue 
above  250  0.877 

225-250 0.848 

200-225 0.824 

175-200 0.809 

150-175 0.795 


i  Oil  an; 

Acid 
added 
when 
layers 
formed 
Cc. 


Upper  Layer 


Lower  Layer 

tal  Sp.  gr. 

)1.       Oil  in       oil  at 
c.         cc.        30°  C. 


67.5        63.0        0.804      132.5     37.0 


13.3 
15.0 
30.0 
66.0 


83.0 
75.0 
70.0 
46.0 


68.0 
60.0 
36.0 


114.0 
117.0 
125.0 
130.0 


20.0 
24.5 
32.0 
40,0 


0,788   154  0  64.0 


0.920 
0.880 
0.832 
0.798 


Lower  fractions  were  more  soluble  in  acetic  anhydride 
than  higher  fractions,  and  fractions  boiling  below 
150°  C.  gave  no  separations  into  layers  when  large 
amounts  of  acetic  anhydride  were  added.  The  con- 
stituents in  these  fractions  could  be  separated  by  dis- 
solving in  acetic  anhydride  and  adding  water,  drop  by 
drop.     The  fluid  separated  at  first  into  two  layers,  then 


into  three  layers,  of  which  the  lowest  did  not  contain 
oil;  the  middle  layer  contained  the  smoky  constituent 
and  most  of  the  acid,  while  the  upper  contained  the 
non-smoky  constituent  and  a  little  acid. 

Ill PROPERTIES    OF    THE    SMOKY    CONSTITUENT 

The  fraction  boiling  between  150°  and  250°  C.  was 
mixed  with  half  its  volume  of  acetic  anhydride  and  sep- 
arated into  its  two  constituents  by  the  above  described 
method;  the  oil  obtained  from  the  upper  layer  burned 
brilliantly,  while  the  oil  from  the  lower  layer  burned 
with  a  very  smoky  flame. 

Original  Smoky  Non-smoky 

fraction  constituent  constituent 

Sp.  gr.  at  15°  C 0.830  0.855  0.822 

Refractive  index    at   20°   C, 

(Abb^) ...  1.4932  1.4437 

Iodine  number  (Hubl) ...  0.76  0.37 

The  low  iodine  numbers  showed  the  comparative 
absence  of  open  chain  unsaturated  compounds. 

NITRATION  TEST. — Concentrated  nitric  acid  acts 
upon  all  the  unsaturated  compounds  at  a  low  tempera- 
ture. A  mixture  of  20  grams  of  sulfuric  acid  (sp.  gr. 
1.84)  and  16  grams  of  nitric  acid  (sp.  gr.  1.375)  was  in- 
troduced into  a  small  graduated  cylinder  equipped  with 
a  glass  stopper:  10  cc.  of  the  oil  were  added  and  mi.xed 
slowly,  avoiding  rise  of  temperature  by  cooling  with 
water.  After  standing,  the  fluid  separated  into  three 
layers:  the  upper  layer  contained  non-reacted  oil  and 
a  small  quantity  of  nitrated  substance;  the  middle 
layer  consisted  of  nitrated  oil  and  acid  mixture;  the 
lower  layer  consisted  of  the  acid  mixture  and  a  little 
nitrated  substance.  The  upper  layer  was  separated, 
washed  well  with  water  and  dilute  alkali  solution,  and 
measured;  this  oil  contained  a  small  quantity  (2-3  per 
cent?)  of  nitrated  substance  which  was  considered  prac- 
tically negligible.  This  volume  was  subtracted  from 
10  cc.  and  the  difference  was  rec6rded  as  the  volume  of 
the  nitrated  portion  in  the  fraction. 


Percentages 
Nitrated  portion .  . 
Non-nitrated  porti< 


The  smoky  constituent  contained  much  nitrifiable 
portion.  The  specific  gravities  of  both  the  non- 
nitrated  portions  obtained  from  the  smoky  constituent 
and  the  non-smoky  constituent  were  0.804  at  30°  C. 
and  both  the  non-nitrated  portions  burned  brilliantly 
in  an  ordinary  lamp.  From  these  results,  it  was  con- 
cluded that  the  nitrifiable  oil  was  the  cause  of  the  smoky 
burning. 

The  nitrated  portion  obtained  from  the  fraction 
boiling  below  115°  C.  was  reduced  with  hydrochloric 
acid,  and  metallic  tin  and  excess  of  aa  alkali  solution 
were  added  to  it  and  distilled.  A  colorless  oily  substance 
with  anilin-like  odor  was  obtained.  This  substance 
was  slightly  soluble  in  water;  the  solution  turned 
violet  gradually  on  being  exposed  to  air;  the  same 
change  of  color  occurred  also  when  bleaching  powder 
solution  was  added;  this  substance  formed  a  difficultly 
soluble  crystalline  salt  with  dilute  sulfuric  acid.  These 
facts  indicated  that  the  substance  contained  aniline 
and  its  higher  homologues. 

REACTION  WITH  PICRIC  ACID — Picric  acid  forms 
crystalline   compounds   with    many   of   aromatic   com- 
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pounds:  12  g.  of  picric  acid  were  dissolved  in  100  cc. 
of  the  fraction,  warmed.  After  one  day  the  fraction  be- 
came filled  with  yellow  crystals. 

CHEMICAL  COMPOSITION — The  smoky  constituent 
was  treated  with  acetic  anhydride  and  a  comparatively 
insoluble  portion  separated  from  it.  After  repeating 
this  operation  several  times  a  pure  smoky  constituent 
was  obtained  which  yielded  no  non-nitrated  portion 
on  nitration.  Similarly  a  concentrated  non-smoky 
constituent  was  obtained  which  yielded  10  per  cent 
nitrated  portion  on  nitration.  Combustions  of  the 
two  constituents  gave  the  following  results: 


Per  cent 
Constituent  C 

Pure  smoky 88.98 

Concentrated  non-smoky 85  .  43 


Ratio  of 
C  to  H 

1 : 1 . 44 


The  former  is  rich  in  carbon  atoms.  Being  a  mi.xture 
of  compounds  boiling  between  150°  C.  and  250°  C, 
its  molecular  formula  can  not  be  determined  by  the 
above  composition,  but  it  is  supposed  from  the  boiling 
point  that  the  number  of  carbon  atoms  is  between  g 
and   15.     If  these  numbers  are  applied  to   C1H1.44,  it 

becomes     CgHn.ge C15H21.6,     i-     c.,'    C„H2„— 5,04 

CnH2„— 8.4-  These  formulas  are  richer  in  carbon  atoms 
than  paraffins,  naphthenes,  or  olefins:  they  correspond 
to  aromatic  compounds.  The  above  formulas  indicate 
that  the  non-smoky  constituent  is  composed  of  paraf- 
fins or  naphthenes. 

From  the  above  described  experiments  it  was  con- 
cluded that  the  nitrated  portion  consisted  of  aromatic 
compounds,  and  about  42  per  cent  by  volume  of 
the  kerosene  fraction  was  nitrifiable.  On  that  account 
the  kerosene  fraction  was  richer  in  carbon  atoms  than 
an  ordinary  kerosene  oil  from  another  origin,  and 
burned  incompletely  in  an  ordinary  lamp. 

IV REFINING    THE    KEROSENE    OIL 

In  the  previous  paragraph  it  was  concluded  that  the 
smoky  burning  of  this  oil  was  due  to  the  presence  of 
large  amounts  of  aromatic  compounds.  Though  this 
smoky  constituent  could  be  separated  by  acetic  anhy- 
dride as  described  in  Section  II,  this  method  could 
not  be  used  economically  for  the  commercial  refining 
of  burning  oil,  on  account  of  the  high  price  of  acetic 
anhydride.  Accordingly,  another  refining  method  for 
this  oil  was  sought.  On  ordinary  sulfuric  acid  treat- 
ment, the  quantity  of  the  acid  aind  temperature  and 
duration  of  the  treatment  were  changed  variously. 

EXPERIMENT  3 — ICO  cc.  of  the  kerosene  fraction 
boiling  between  150°  C.  and  250°  C.  were  mixed  with 
100  cc.  of  concentrated  sulfuric  acid  (sp.  gr.  1.84), 
stirred  with  an  agitator  connected  to  a  water  turbine. 
In  the  course  of  time  the  acid  layer  absorbed  some  por- 
tion of  the  oil,  and  increased  gradually  in  quantity. 
After  agitating  for  twenty  hours,  the  oil  layer  was  sep- 
arated, washed  well  with  water  and  a  dilute  alkali 
solution.  The  specific  gravity  of  the  oil  decreased 
from  0.825  to  0.791,  and  the  oil  burned  brilliantly. 
Next  the  kerosene  fraction  was  treated  with  smaller 
quantities   of  the  acid,  and  the  results  obtained  follow. 

The  nitrifiable  portion  in  the  following  table  was 
determined  by  the  method  described   above. 


Treatment 

of  kerosene 

Ri 

efractive 

agitated 

Sp.  gr.  of 
treated 

Vol. 
of  acid 

Nitrifiable 
portion  in 

index 
of 

with 

treated 

HiSOi 

for 

oil  at 

layer 

treated  oil 

oil  at 

Character 

Cc. 

hrs. 

30°  C. 

formed 

Per  cent 

20°  C. 

OF  Flame 

100 

20 

0.825 

42,0 

1.4705 

Very  smoky 

75 

20 

0,797 
0.797 

125^4 
98.0 

12,01 
15,0  ( 

1.4468 

Very  good 

50 

20 

67.0 

19,0 

Very  good 

25 

20 

0^863 

44.0 

23.0 

Good 

10 

20 

0.821 

20.0 

Not     smoky     but 
easily  undulated 

25 

5 

0.808 

43,0 

Ji .  0 

1.4577 

Good 

10 

5 

0.821 

17,0 

35,0 

Not     smoky     but 

Repeated 

easily  undulated 

last  treatment 

28.0 

! . 4682 

Good 

From  the  above  table  it  was  evident  that  there  was 
no  difference  between  the  reactions  for  20  hours  and 
5  hours,  and  that  on  the  reciprocal  proportion  of  the 
acid  used,  specific  gravities,  refractive  indices  and  nitri- 
fiable portions  of  the  treated  oil  gradually  decrease. 

It  was  also  seen  that  when  less  sulfuric  acid  than 
25  cc.  was  used,  the  nitrifiable  portion  in  the  treated 
oil  decreased  in  the  ratio  of  about  7  cc.  for  10  cc.  of 
sulfuric  acid  used,  and  in  the  same  ratio  the  acid  layer 
absorbed  the  oil.  When  more  sulfuric  acid  was  used, 
the  ratio  decreased. 

EXPERIMENT  4 — I  GO  CC.  of  the  kerosene  fraction 
were  introduced  into  a  flask  provided  with  a  reflux  con- 
denser, and  mixed  with  various  quantities  of  concen- 
trated sulfuric  acid  (sp.  gr.  1.84).  The  mixture, 
warmed  on  a  water  bath,  was  agitated  for  five  hours 
by  a  dry  air  current.  After  treatment,  the  oil  was  sep- 
arated from  the  acid  laygr,  and  washed.  The  oils 
thus  obtained  were  yellow  in  color;  their  quantities 
are  tabulated  below: 

Nitrifiable 

Sulfuric  Acid  layer  portion  Character 

acid  used  separated  in  oil  of 

Cc.  Cc.  Per  cent  Flame 

Original  oil  .  .  42  Very  smoky 

20  44  18  Very  good 

15  33  24  Very  good 

10  22  30  Very  good 

5  11  36  Good 

3  7  38  Not  smoky  but 

easily  undulated 

From  the  above  it  was  clear  that  sulfuric  acid  acts 
more  effectively  at  ioo°  C.  than  at  ordinary  tempera- 
ture. The  increase  of  acid  layer  by  the  treatment  was 
proportional  to  the  quantity  of  sulfuric  acid  used. 
For  lo  cc.  of  sulfuric  acid  used,  the  increase  of  acid 
layer  was  12  cc,  and  the  decrease  of  nitrifiable  portion 
in  the  treated  oil  was  also  12  cc.  From  this  result,  it 
was  concluded  that  the  nitrifiable  portion  by  which  the 
kerosene  fraction  was  contaminated,  was  absorbed  by 
the  acid  in  almost  definite  proportions.  The  sulfuric 
acid  acted  upon  nitrifiable  oil  in  the  kerosene  fraction 
1.7  (12/7)  times  more  effectively  at  100°  C.  than  at 
ordinary  temperature. 

If  the  kerosene  fraction  was  treated  by  sulfuric  acid 
at  100°  C.  for  five  hours,  a  usable  oil  was  obtained  by 
5  per  cent  of  sulfuric  acid,  and  the  more  sulfuric  acid 
used,  the  better  the  oil  obtained. 

Afterwards  two  samples  of  new  crude  petroleum  were 
obtained  and  tested  as  to  solubility  in  acetic  anhydride: 
the  nitrifiable  portions  were  determined  in  them  by 
the  method  described  in  this  paper  and  it  was  found 
that  the  above  methods  were  applicable  for  the  testing 
of  oil  for  the  presence  of  compounds  rich  in  carbon. 

The  Institute  of  Science,  Government  of  Formosa 

Taiwan-S6toku-Fu  Kenkvvjo 

November  29,  1913 
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THERMAL  REACTIONS  IN  CARBURETING  WATER  GAS 

PART  II— EXPERIMENTAL 

By  M.  C.  Whitakbr  and  W.  F.  RirrMAN 

Received  April  IS.  1914 

In  the  design  of  an  experimental  apparatus  for  crack- 
ing oil  in  accordance  with  the  theory  set  forth  in  This 
Journal,  6,  383,  it  is  necessary  to  provide  accurate  con- 
trol over  the  three  variables:  temperature,  pressure, 
and  concentration.  The  plan  of  research  has  been:  (i) 
To  keep  pressure  and  concentration  constant  un- 
til the  effect  of  changing  temperature  is  understood; 
(2)  to  keep  the  temperature  constant  and  change  the 
total  pressure  on  the  system;  (3)  to  hold  both  tem- 
perature and  pressure  constant  and  crack  the  oil 
in  the  presence  of  other  gases  in  order  to  vary  the  con- 
centrations. 

Considerable  time  was  spent  in  designing  and  build- 
ing an  apparatus  which  would  be  stable,  durable, 
easy  of  access  and  replaceable  in  all  its  parts,  as  well 


brand  wrought  iron  pipe,  32  in.  long.  For  a  length 
of  18  in.  the  pipe  is  wrapped  with  No.  15  Nichrome 
resistance  wire,  seven  turns  to  the  inch.  Between  the 
wrought  iron  pipe  and  resistance  wire  five  layers  of 
asbestos  paper  serve  as  insulation.  In  series  with  the 
nichrome  wire  of  the  furnace  is  a  large  rheostat,  with 
graduated  steps  between  2V2  and  9  amperes.  An 
incandescent  tell-tale  lamp  is  connected  across  the 
binding  posts  of  the  furnace,  to  indicate  when  the 
current  is  on  as  well  as  to  give  a  rough  idea  of  the 
wattage  in  use.  Both  voltmeter  and  ammeter  are  con- 
nected in  the  circuit.      (See  Fig.  I.) 

The  nichrome  wire  windings  are  enclosed  in  a  five- 
inch  insulation  of  magnesia-asbestos  pipe  covering 
to  minimize  radiation.  A  ^/i  in.  wrought  iron  pipe  is 
welded  at  right  angles  into  the  1V2  in.  wrought  iron 
furnace  body  to  serve  as  a  container  for  the  pyrometer 
point.  This  side  tube  is  likewise  insulated  with  as- 
bestos and  is  fitted  with  a  stuffing  box  surrounding  the 


ADMIXTURE  GAS  TANKS 


OIL  CRACKING 
MACHINE 


GAS  COLLECTOR 


Fig.  I — Apparatus  for  Oil  Cracking  and  Gas  Makii 


as  under  complete  control  with  respect  to  tempera- 
ture, pressure  and  concentration.  The  machine  was 
further  designed  to  be  of  such  dimensions  and  capacity 
as  would  indicate  results  which  might  be  expected 
in  the  commercial  application  of  the  principles  in- 
volved. In  its  completed  form  the  apparatus  covers 
a  fioor  space  sixteen  feet  by  four  feet  and  the  oil  feed 
cup  at  the  top  of  the  machine  is  nine  feet  from  the 
floor.  With  this  equipment  it  is  possible  to  main- 
tain any  temperature  up  to  1000°  C.  within  five  de- 
grees, and  any  pressure  ranging  from  one-thirtieth 
of  one  atmosphere  absolute  to  three  atmospheres 
absolute. 

FURNACE    BODY 

The  furnace  body  is  made  from  i'/;  in.  "Reading" 


pyrometer  rod.  With  this  side  tube  it  is  possible 
to  keep  the  pyrometer  point  directly  in  the  furnace 
body  at  all  times.  The  pyrometer  couple  is  of  the 
iron-nickel  type  connected  with  a  millivoltmeter  cali- 
brated in  degrees   Centigrade. 

After  continued  use  at  the  higher  temperatures 
the  furnace  body  warps  or  the  nichrome  wire  burns 
out.  Duplicates  for  all  parts  are  kept  on  hand,  and 
the  apparatus  is  so  designed  that  any  part  may  be  re- 
placed within  a  few  minutes. 

In  order  to  vaporize  the  oil  before  it  reaches  the 
cracking  zone,  the  upper  part  of  the  furnace  tube  is 
filled  with  '■/g  in.  steel  balls.  These  are  held  in  place 
by  a  thin  post  which  runs  vertically  through  the  fur- 
nace supporting  a  perforated  plate.       The  vertical  rod 
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is  bent  to  permit  the  centering  required  for  the  pyrom- 
eter. The  object  of  the  steel  balls  is  to  spread  the 
oil  in  thin  films  and  facilitate  vaporization,  but  not 
to  serve  as  cracking  surface;  in  order  to  accomplish 
this  they  are  kept  at  a  safe  height. above  the  cracking 
zone.  Lowering  them  into  the  cracking  zone  has  a 
marked  influence  on  the  products  obtained  from  the 
cracking  process.  The  furnace,  together  with  con- 
denser, oil  feed,  pressure  gauge  and  admi.xture  gas- 
inlet  pipe  are  vertically  supported  by  iron  clamps  at- 
tached to  an  upright  3  in.  X  6  in.  yellow  pine  timber. 
The  assembled  apparatus  was  tested  at  100  lbs.  hy- 
draulic pressure. 

OIL    FEED 

A  Powell  sight  feed  oil  cup  of  one  quart  capacity 
is  joined  by  a  V^  in.  elbow  and  nipple  to  a  I'/a  X 
1V2  X  'A  X  'A  in.  cross  which  forms  the  upper  end 
of  the  furnace  body.  The  pressure  in  the  oil  cup  is 
equalized  through  a  small  internal  pipe  which  communi- 
cates with  the  furnace  body  below  the  point  of  oil 
discharge.  As  a  result  of  this  equalizing  tube,  regard- 
less of  whether  the  apparatus  is  under  increased  or 
reduced  pressure,  the  oil  supply  is  always  under  a 
supply  pressure  equal  to  its  own  head.  As  this  head 
decreases  the  rate  of  flow  may  be  regulated  by  the 
needle  valve  controlling  the  feed  inlet.  The  rate  of 
supply  may  be  determined  by  counting  the  drops  for  a 
given  time. 

PRESSURE    GAUGES 

For  all  vacuum  work  the  apparatus  is  connected  with 
a  mercury  manometer  calibrated  in  inches.  A  me- 
chanical vacuum  gauge  is  also  placed  at  the  top  of  the 
apparatus  to  indicate  a  free  path  in  the  cracking  tube. 
In  the  course  of  the  experiments  under  certain  condi- 
tions, sufficient  carbon  was  deposited  to  clog  up  the 
apparatus  and  show  a  considerable  difference  in  the 
pressure  between  the  two  gauges.  Such  a  condition, 
however,  is  limited  to  experiments  involving  high  tem- 
peratures and  pressures  (atmospheric  or  greater), 
where  the  deposition  of  carbon  is  at  its  ma.ximum. 
There  is  never  any  clogging  under  reduced  pressures. 
For  pressure  work,  the  mercury  column  is  disconnected 
and  a  mechanical  pressure  gauge  is  substituted. 

CONDENSER 

At  the  lower  end,  the  generating  tube  or  furnace 
body  discharges  through  a  Liebig  type  condenser 
into  a  tar  drip  for  the  collection  of  liquid  condensates. 
The  cooling  water  enters  at  the  bottom  of  the  con- 
denser and  on  leaving  continues  through  the  jacket 
of  the  vacuum  pump.  The  condenser  pipe  is  off- 
set from  the  furnace  body  rather  than  placed  di- 
rectly under  it  so  that  the  furnace  may  be  cleaned 
by  simply  removing  the  lower  plug  and  withdrawing 
the  contents.  It  is  thus  possible  to  remove  and 
weigh  the  deposited  carbon  from  the  furnace  body 
after  each  run. 

TAR    DRIPS 

For  vacuum  work  the  tar  drips  are  of  glass,  as  this 
facilitates  observation  of  the  gas,  as  well  as  the  nature 
and  the  rate  of  tar  formation.  In  vacuum  work  it 
was  soon  found  that  the  lighter  condensates  would  con- 


tinue through  the  vacuum  pump  because  of  the  low 
pressure  in  the  first  tar  drip.  To  collect  the  liquids 
drawn  through,  a  second  tar  drip  was  placed  beyond 
the  vacuum  pump.  Upon  reaching  the  second  drip 
these  lighter  hydrocarbons  condense,  as  the  pressure 
is  then  approximately  atmospheric.  When  working 
under  one-thirtieth  of  an  atmosphere  it  was  found  that 
only  a  small  percentage  of  the  hydrocarbons  would 
collect  in  the  first  tar  drip.  For  pressure  work  a  steel 
tar  collector  was  substituted. 

VACUUM    PUMP 

Vacuum  in  the  system  is  maintained  by  a  May- 
Nelson  two-ring  vacuum  pump.  By  means  of  a  by- 
pass connection  joining  the  outlet  and  inlet  of  the 
pump,  it  is  possible  to  regulate  the  valve  so  as  to  main- 
tain any  desired  vacuum  down  to  one-thirtieth  of  an 
atmosphere. 

CONNECTION    FOR    PRESSURE     WORK 

The  vacuum  pump  is  mounted  on  a  movable  con- 
crete foundation  and  by  disconnecting  a  few  couplings 
the  vacuum  attachments  may  be  removed.  For 
pressure  work  there  is  substituted  an  all  metal  tar 
collector,  connecting  pipe,  and  release  pressure  valve, 
as  shown  in  Fig.  II.  The  apparatus  may  be  changed 
from  vacuum  to  pressure,  or  vice  versa,  in  twenty 
minutes.       When    working    under    pressure,    the     gas 

CUT  SHOWING 

PRESSURE  CONNECTIONS 


generated  in  the  furnace  body  creates  its  own  pres- 
sure. This  pressure  is  controlled  by  an  ordinary 
release  valve  placed  at  the  inlet  to  the  gas  collec- 
tor. By  regulating  the  release  of  this  valve,  the 
apparatus  may  be  set  to  work  under  any  pressure 
from  atmospheric  to  30  lbs.  per  square  inch  above 
atmospheric,  which  seemed  to  be  the  upper  safe  work- 
ing limit  of  the  furnace  under  the  conditions  of  opera- 
tion. A  pressure  gauge  is  placed  in  the  discharge  line 
and  used  as  a  check  on  the  pressure  gauge  near  the  oil 
feed. 

GAS   COLLECTOR   AND   ADMIXTURE    GAS   TANKS 

The  gas  generated  is  collected  in  a  12  cu.  ft.  capacity 
gas  holder,  made  by  the  American  Meter  Company. 
The  tank  is  graduated  in  tenths  of  a  cubic  foot.  By 
multiplying  the  number  of  cubic  feet  by  28.32  the 
volume  is  reported  in  liters.  To  avoid  relying  upon 
natural  diffusion  for  mixing  the  gases,  the  bell  of  the 
holder  is  fitted  with  an  internal  mechanical  stirrer 
directly  connected  through  a  stuffing  box  to  an  elec- 
tric motor  located  on  top  of  the  bell.  Perfect  mixing 
of  the  gases  may  be  attained  in  two  minutes  with  this 
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equipment    whereas    natural    diffusion    would    require 
from  one  to  two  hours. 

The  equipment  also  contains  two  6  cu.  ft.  capacity 
admixture  tanks  of  the  same  design  as  the  large  holder. 
These  serve  as  gas  supply  tanks  when  cracking  oil  in 
the  presence  of  other  gases  such  as  Hz,  CO,  or  mix- 
tures of  the  two.  A  '/4  in.  steel  pipe,  fitted  with 
needle  control  valves,  connects  these  two  tanks  with 
the  inlet  end  of  the  furnace  body.  The  piping  is  so 
arranged  as  to  connect  any  two  of  the  three  tanks. 

METHOD    or    MAKING    A    RUN 

When  the  apparatus  is  operated  vmder  vacuum  the 
furnace  body  is  first  heated  by  the  resistance  coils 
to  the  desired  temperature  for  cracking  the  oil  into 
fixed  gases.  The  oil  is  permitted  to  enter  the  upper 
part  of  the  generating  tube  where  it  spreads  over  the 
steel  balls  and  is  vaporized.  In  the  meantime,  the 
vacuum  pump  has  been  set  in  operation  and  draws 
the  oil  vapors  downward  into  the  cracking  zone  of 
the  furnace  body,  whereupon  these  vapors  are  imme- 
diately cracked  into  fixed  gases  and  other  products. 
These  products,  before  opportunity  is  offered  for 
polymerization  or  decomposition  of  the  hydrocarbon 
gases,  are  withdrawn  by  the  vacuum  pump  from  the 
cracking  zone  and  their  place  is  taken  by  a  quantity 
of  oil  vapor  from  the  vaporizing  zone  above.  In 
this  manner  the  hydrocarbon  gases  are  withdrawn, 
continuously  and  as  quickly  as  they  form.  After 
they  pass  through  the  condenser  and  receiver  for  the 
removal  of  the  condensable  vapors,  they  are  for- 
warded by  way  of  the  pump  to'  the  gas  holder. 

Table  I — Typical  Vacuum  Run  Record 


Oil  used,  400  cc. 

Roor 

n  ter 

nperature.  15 

C              Barometer.  756  i 

Oil  feed 

Temp 

\'acuum 

Drops  in 

Cu.  ft.  gas 

Time 

'  C. 

Inches 

10  sec. 

observed 

1  K  4.? 

900 

29 .  00 

12.00 

903 

28.50 

24 

12.15 

905 

28.00 

26 

2    16 

12.30 

895 

28.75 

23 

3.01 

12,45 

895 

28.75 

21 

3.76 

1.00 

895 

28.50 

24 

4.86 

1..TO 

895 

28.50 

26 

6.86 

1.45 

895 

28.50 

25 

7.76 

2.00 

895 

28.75 

17 

8.36 

2.07 

Run 

end 

d 

8.75 

Corrected  to  standard  conditions  as  follows: 


CO.. 
CHj. 
CiHc 


-5   X  2"   X  "*  X 
^  ^  2"88  ^  760  ^ 

28.32   =   234  liter 

OF  Products  froiv 

Table  I— Gas 

ANALYSIS 

Per  cent 

Liters  at 

by  vol. 

std.  cond 

0.1 
..      52.1 

122.0 

0.9 

0.4 

..      24.0 

56.0 

3.0 
40.0 


Carbon,  3  gran 


Sp.    gr.    20 » 


tubes  are  filled  for  analysis.  As  a  guide  for  all  meth- 
ods of  gas  analysis,  Dennis'  1913  edition  of  "Gas 
Analysis,"  using  the  Hempel  equipment,  is  followed. 
To  determine  the  hydrogen  in  a  mixture  of  hydrogen, 
methane  and  ethane,  Hempel's  fractional  combus- 
tion method'  is  used.  All  analyses  are  made  in  dupli- 
cate. 

DATA    OBTAINED    FROM    A    RUN 

In  this  work  all  conditions  outside  of  temperature, 
pressure,  and  concentration  were  maintained  as  uni- 
form as  possible.  Four  hundred  cc.  of  oil  were  used 
per  run,  fed  at  the  rate  of  about  3  cc.  per  minute. 
The  oil  used  is  technically  known  as  "150°  (F.)  water 
white  oil;"  its  specific  gravity  at  15°  C.  is  0.7984; 
boiling  point  between  150°  and  290°  C.  Oil  from 
the  same  tank  was  used  throughout  the  experiments. 
All  runs  were  made  in  duplicate. 

EFFECT    OF    TEMPERATURE    CHANGES 

The  experimental  data  on  changes  in  temperature 
in  the  cracking  of  the  oil,  with  pressure  and  concen- 
tration maintained  constant,  agree  with  the  data  re- 
corded in  the  literature  from  the  experiments  by  Haber,^ 
Hempel,'  Ross  and  Leather,'  Lewes,'  Fulweiler,' 
and  others.  It  is  difficult  to  make  accurate  compari- 
sons of  two  experiments  conducted  in  different  appa- 
ratus on  account  of  the  great  variety  of  conditions 
involved.  Subjecting  a  gas  to  a  temperature  of  900° 
C.  for  five  seconds  is  quite  difierent  from  subjecting  it 
to  the  same  temperature  for  five  minutes.'  Leading 
the  gases  through  a  '/s  in.  pipe  heated  to  900°  C. 
would  give  different  results  from  those  obtained  by 
leading  the  same  gases  through  a  2  in.  pipe  heated  to 
900°  C.  While  the  difference  due  to  experimental 
apparatus  would  not  be  so  great  as  the  examples  cited, 
there  is  sufficient  difference  to  affect  the  value  of  direct 
comparison. 

Table  II 


Oil  used.  400  c< 

Gas  liters 

Temp. 

Standard 

Carbon 

°C. 

Press. 

conditions 

Grams 

650 

atmos. 

135 

3 

750 

atmos. 

206 

18 

900 

atmos. 

382 

115 

An= 

ly 

is  of  Gas  from  Table  II 

Temp. 

C-Ht 

CH) 

H- 

°C. 

Per  cent 

Per  cent 

Per  cen 

650 

10.2 

33.7 

9.1 

750 

4.9 

41.  1 

19.2 

GAS    SAMPLING    AND    ANALYSIS 

After   the    gas   in    the    holder   is   thoroughly    mixed 
by    the    mechanical    stirrer,    three    or    four    sampling 


43.6 

30.6 


However,  the  general  results  obtained  at  different 
temperatures  by  different  experimenters  are  compara- 
ble. As  the  temperature  increases,  the  quantity  of 
valuable  gas  from  a  given  amount  of  oil  increases  to 
a  maximum,  after  which  the  gaseous  hydrocarbons 
rapidly  decrease  and  the  deposited  carbon  increases. 

1  Ztschr.  ansm:  Chcm.,  1918,  1841. 
=  Jour.  f.  Gash..  1896,  799.  813,  830. 
'Ibid..  1910,  53. 

'  Journal  of  Gas  Lighting.  1906,  825. 
>  Jour.  Soc.  Chem.  Ind..  1892,  584. 
'  Rogers'    "Influstrial  Chemistry." 

'  Lewes.  Proceedings  of   Royal    Soc.  1894,   90:  W."A.   Bone,   Jour.  f. 
Cash..  1908,  803;  Bone  and  Coward.  Jour.  Chem.  Soe..  1908,  1 197. 
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The  quantity  of  tar  decreases,  but  this  is  due  to  a  dis-  expand  to  many  volumes    of  gas  than  under  reduced 

sociation  of  the  hydrocarbons  and  cannot  be  construed  pressure. 

favorably.      Upon  subjecting  the   oil   to  temperatures  In  the .  system 

of  650°,  750°  and  900°  C,  under  atmospheric  pressure,  OIL         ^^          GAS         "^^          TAR 

the   results  are   as  shown  in   Table   II.  (Few  volumes,                      (Many  volumes)                      (Few  volumes, 

EFFECT   OF   INCREASED   PRESSURE    ON    G.ASEOus    RE.AC-  One   would  expcct  that  the  application  of  high  pres- 

.j-iONs  sures  would  increase  the  difficulty  of  generating  gas, 

^  ,,    ^       ,  •   ,  and   after   the   gas  is   generated   it  would  make  easier 

It  seems  reasonable  to  expect  that  a  high   pressure  '^^"-   '^'■'■^    '•'"'    ^ 
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Fig.  Ill — Variations  in  Yields  of  Products  at  750°  C.  under  Varvino 
Pressures.      (Tables  II,  III.  IV  and  VI) 

will  assist  materially  in  condensing  three  volumes  of 
acetylene  into  one  volume  of  benzene:  3C2H2  ^ —  CsHe- 
On  the  other  hand,  it  seems  reasonable  to  expect  that, 
under  a  high  pressure,  it  will  be  considerably  more 
difficult  for  one  volume  of  oil  vapor  to  break  up  or 
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Fig.  IV — Vari.itions  m  Yields  of  Products  at  750"  C,  under  V'arying 
Pressures.     (Tables  II.  Ill,  IV  and  VI) 

the  condensation  reactions  which  proceed  to  the  tar 
stage.  Since  the  unsaturated  hydrocarbons,  ethylene 
and  acetylene,  polymerize  most  readily,  increased 
pressure  should  preferably  condense  them  with  the 
formation  of  tar  compounds.     In  addition  to  the  direct 
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Table  III 
Oil  used,  400  cc. 


Carbon 
Grams 


650 
750 
900 


Analysis  of  Gas  fromTable  III 

CiHi                     CH.                      Hi  lU 

Per  cent              Per  cent            Per  cent  Per  cent 

11.5                    45.1                       9.3  30.5 

6.1                     56.6                     17.5  15.5 

None                   41.6                     50.0  5.0 


^^^  *j  3JQ  ,g5  9  The  yields  of  gaseous  hydrocarbons  are  lower  than 

those  shown  in  Table  II,  which  were  obtained  at  the 
influence   of   pressure,   it   may   be   assumed  that  when  ^  .  i   i-i       •       ^.i,  •_,  •  u 

luiiucucc   ui   pi  coon  c,  J  same  temperatures,  and  likewise  the  maximum  yield 


working  under  increased   pressure  the  gaseous   hydro- 
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Fig.  V— Variations  in  Yields  or  Products  at  900°  C,  under  Vary-   f,c  vi — \ • 
ING  Pressures.  (Tables  II,  III.  IV  and  VI) 


Yields  of  Products  at  900°  C.  under  V; 
NG  Pressures.  (Tables  II.  III.  IV  and  VI) 


,                       u-*i4.*ua                fv,4.f  is  lower  than  the  maximum  obtained  under  atmospheric 
carbons  are  subjected  to  the  influence  of  heat  for  a 

longer  time,  which  further  tends  towards  the  forma-  pressure. 

tion  of  heavy  condensation  products  at  the  expense  effect   of  diminished  pressure   on   gaseous  reac- 

of  the  illuminants.     The  series  of  experimental  results  tions 

in  Table  III  appears  to  justify  these  conclusions.  By    referring    to    the     oil-gas-tar    system     cited 
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Table  IV— Oil 

used.  400  c 

c. 

Temp. 

Pressure 

Gas 

Carbo 

°C. 

Absolute 

Liters 

Gram 

750 

1/20  to  1/30  atmos. 

146 

1 

850 

1/20  to  1/30  atmos. 

211 

3 

900 

1/20  to  1/30  atmos. 

234 

3 

950 

1/20  to  1/30  atmos. 

235 

12 

477 


'emp. 

CiHt 

CH, 

H2 

111 

°C. 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

750 

12.5 

56.1 

850 

3.4 

20.5 

15.6 

52.9 

900 

1.3 

24.0 

17.3 

52.1 

950 

Trace 

27.0 

20.8 

46.9 

45*/a'Ppcs. 
Abs. 


~75tf  iStf        7 

Temperature  in  Degrees  C. 


ATmos. 
Prcs. 


ILLUMINANTS 


Fig.  VII — Percentages  op  Ilujminants  under  Varying  Temperatures 
AND  Pressures.     Compiled  from  Tables  II,  III  and  IV 


VIII — Liters  of  Illuminants  under  Varying  Tempera 
Pressures.    Compiled  from  Table  VI 


b'RES    .\ND 


above,  it  becomes  evident  that  a  high  vacuum  would      niinished    pressure    seems    to    have    been    overlooked, 
favor  the  increase  in  volume  due  to  cracking  the  oil      perhaps  because  for  the  first  few  pounds    per   square 
into  gas  and  at  the  same  time  withdraw  the  gas  from      inch  vacuum  the  increase  is  not  marked, 
the  heat  zone  before  it  could  form  tar.     The  effects  of 
this  reduced  pressure  can  best  be  observed  from  the 
results  of  the  experiments  in  Table  IV. 

This  striking  difference  in  end  products  due  to  di-  The    present   investigation   has   merely   opened   this 


INFLUENCE    OF    CONCENTRATION    CHANGES    ON    GASEOUS 
REACTIONS 
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field.  It  has  been  established  that  oil  cracked  in  an 
atmosphere  of  a  gas,  such  as  hydrogen,  which  reacts 
chemically  with  the  end  products  of  the  cracking 
process,  will  yield  products  which  are  not  analogous 
to  those  resulting  from  a  physical  mixture  of  the  two 
gases.  Not  only  does  the  mere  presence  of  the  ad- 
mixed gas  influence  the  end  products,  but  as  is  to  be 
expected  from  the  theoretical  consideration.,  the  quan- 
tity of  the  admixed  gas  is  influential. 

To  study  the  various  gases  and  their  quantitative 
relation  will  require  much  further  experimental  work. 
The  results  of  preliminary  study  indicate  that  there  is  a 
vital  relationship  between  the  resulting  gases  in  a  crack- 
ing process  and  the  atmosphere  in  which  the  oil  is 
cracked.  This  relationship  is  likely  to  be  of  commer- 
cial significance  in  practical  water  gas  carburization. 
The  quantity  of  CO  and  Hj  admixed  per  gallon  of 
oil  cracked  is  an  important  factor',  just  as  the  tempera- 
ture and  the  pressure  have  been  shown  to  be  impor- 
tant factors.  Jones,'  in  his  improved  all  oil  water 
gas  process,  recognizes  the  importance  of  adding  an 
"active  gas"  to  the  cracking  zone,  but  considers 
the  effect  of  the  presence  of  the  admixed  gas  to  be 
catalytic.  HempeP  found  that  by  cracking  oil  in  the 
presence  of  hydrogen  not  only  did  none  of  the  hydro- 
gen split  off  from  the  hydrocarbons,  but  part  of  the 
admixed  hydrogen  actually  combined  for  the  formation 
and  preservation  of  hydrocarbons.  On  the  other 
hand,  on  the  basis  of  a  single  experiment  reported, 
he  maintains  that  the  presence  of  CO  in  the  cracking 
zone  is  similar  to  the  presence  of  a  neutral  gas  and  is 
without  material  influence  on  the  end  products  ob- 
tained from  the  oil.  As  to  the  hydrogen,  the  results 
of  this  research  agree  with  the  observations  of  both 
Hempel  and  Jones.  The  quantity  and  quality  of 
gas  per  cc.  of  oil  increase,  and  qualitative  results  show 
that   the   tar  and   deposited   carbon   decrease. 


Pressure 
Absolute 

H2 

admixed. 

Liters 

Shrinkage 

remp. 

°c. 

Lbs. 

L. 

.CiHt 

CH4 

111 

H2 

Liters 

750 

15.0 

358 

15.4 

125   0 

70  6 

308 

50 

800 

15.0 

412 

18.0 

116.0 

83,2 

335 

"' 

750 

0.75 

400 

9.5 

52.0 

112.0 

381 

19 

810 

0.75 

413 

86.5 

140.0 

378 

35 

860 

0.75 

388 

99.5 

133.0 

350 

38 

900 

0-75 

292 

92   0 

120.0 

272 

20 

960 

0.75 

382 

95.0 

113.0 

348 

34 

From  these  results  it  appears  that  a  greater  per- 
centage of  the  admixed  hydrogen  enters  into  combina- 
tion to  form  saturated  hydrocarbons  when  the  crack- 
ing process  is  carried  out  under  atmospheric  pressure, 
than  is  the  case  under  greatly  reduced  pressure.  The 
percentage  increase  in  yield  of  the.  illuminants  when 
the  cracking  process  is  carried  out  under  reduced 
pressure  in  the  presence  of  hydrogen  is  about  as  great, 
however,  as  is  the  percentage  increase  in  illuminants 
when  the  reaction  is  carried  out  under  atmospheric 
pressure. 

'  The  Gas  Age.  1913,  p.  369;  Americon  Cos  Lieht  Journal,  191S,  p.  272; 
Gas  World,  191S,  916. 

=  Jour.  f.  Cash.,  1910,  p.  53,  ei  at. 


INFLUENCE    OF    TEMPERATURE,    PRESSURE    AND    CONCEN- 
TRATION    CHANGES     ON     COMPOSITION     OF     RE- 
SULTANT   TARS 

If  changing  temperature  and  pressure  have  a  marked 
influence  on  the  quantity  and  quality  of  gaseous  hydro- 
carbons obtained  from  cracking  petroleum  oil,  one 
should  expect  simultaneous  changes  in  the  condensa- 
ble hydrocarbons,  which  differ  from  the  permanent 
gaseous  hydrocarbons  only  in  that  they  are  liquid  or 
solid  at  ordinary  temperatures.  There  should  be  equi- 
librium between  all  hydrocarbons  of  a  series  at  the 
high  temperatures  prevailing  in  the  furnace  where 
practically  all  the  hydrocarbons  are  gaseous.  That 
the  end  products  should  contain  ethylene  and  then 
suddenly  jump  to  hexene  is  not  to  be  expected,  any 
more  than  that  the  hydrocarbons  in  coal  tar  would 
jump  from  benzene  to  naphthalene  or  anthracene. 
In  industrial  practice  the  "illuminants"  are  usually 
said  to  consist  of  75  per  cent  ethylene  and  25  per  cent 
benzene  vapor. 

When  the  gas  made  by  cracking  oil  in  the  apparatus 
under  one-thirtieth  of  an  atmosphere  pressure  abso- 
lute is  passed  over  palladium  in  the  presence  of  an 
excess  of  hydrogen,  over  90  per  cent  of  the  illuminants 
are  converted  into  saturated  hydrocarbons,  prin- 
cipally ethane,  indicating  that  the  illuminants  con- 
tain but  little,  if  any,  benzene  vapor.  If  the  gas  con- 
tains no  benzene,  it  is  only  logical  to  believe  that  the 
condensable  hydrocarbons  contain  no  aromatic  hydro- 
carbons. It  is  further  found  that  the  vacuum  tar 
will  combine  with  1.82  sp.  gr.  sulfuric  acid.  It  has  a 
low  specific  gravity,  and  on  permitting  the  higher 
boiling  point  fractions  to  stand,  no  naphthalene  or 
anthracene  separate  out.  Tars  resulting  from  crack- 
ing oil  in  carbureting  blue  water  gas  under  atmos- 
pheric pressure  contain  quantities  of  benzene,  toluene 
and  other  aromatic  hydrocarbons  in  sufficient  amounts 
to  be  of  commercial  importance.  In  view  of  these 
facts,  there  is  justification  for  the  statement  that 
tars  which  result  from  cracking  petroleum  under 
low  pressures  are  different  from  those  which  result 
from  cracking  under  atmospheric  or  higher  pressure. 
Instead  of  benzene,  toluene  and  other  aromatic  hydro- 
carbons, the  vacuum  tar  contains  members  of  the  more 
unsaturated  hydrocarbon  series.  The  composition  of 
these  tars  is  now  the  subject  of  a  further  investigation. . 

SUMMARY 

In  the  theoretical  discussion  on  the  influence  of  dimin- 
ished pressure  on  oil  gas  manufacture,  it  was  pointed 
out  that  one  should  expect  an  increase  in  the  yield 
of  gaseous  hydrocarbons  from  a  given-  amount  of  oil 
by  reducing  the  pressure  below  atmospheric.  This 
increase  should  reach  a  maximum  as  the  absolute  zero 
of  pressure  is  approached.  The  correctness  of  this  is 
shown  by  results  recorded  in  Tables  IV  and  VI.  Not  only 
are  the  gaseous  hydrocarbon  yields  greatly  increased, 
but  the  deposited  carbon  is  practically  eliminated, 
and  there  is  much  less  gaseous  hydrogen  produced 
than  in  the  product  obtained  at  the  same  tempera- 
tures under  higher  pressure. 

It  was  pointed  out  that  increasing  the  total  pressure 
under  which  the  oil  is  cracked  to  several  atmospheres 
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will  decrease  the  gaseous  hydrocarbon  yields  from  a 
given  amount  of  oil.  Experimental  results,  shown 
in  Table  III,  have  proven  this  correct. 

It  was  pointed  out  that  varying  the  pressure  on  the 
system  would  enable  one  to  better  control  the  quan- 
tity and  quality  of  "tar"  obtained  than  at  present 
where  all  tar  is  made  under  atmospheric  pressure. 
Experimental  results  indicate  considerable  flexibility. 

It  has  further  been  established  that  the  end  prod- 
ucts resulting  from  cracking  oil  in  an  atmosphere  of  a 
gas,  such  as  H2,  which  reacts  chemically  with  the  end 
products  of  the  cracking,  are  a  function,  of  both  the 
composition  and  the  quantity  of  the  gas  admixed, 
per  Table  V. 

Experiments,  Table  IV,  have  proven  that  it  is  possi- 
ble to  "crack"  oil  at  a  temperature  of  900°  C.  with- 
out depositing  more  carbon  than  i  per  cent  by  weight 
of  the  oil  used. 

Table  VI — Summary  of  Gas  Tables 
(All  based  on  400  cc.  oil  and  calculated  to  O"  C,  and  760  mm.   pressure, 

Pressure 
Temp.    Lbs.  per  Gas     Carbon      Tar      CjH.  CH»  H;  111 


sq 


L. 


Atmospheric  Pressure  Group  (See  Table  II) 

650         15.0          135              3        163        13.8            45.5  12.1  58.8 

750         15.0          206            18         80        10.15          84.5  39.6  63.0 

900         15.0         382          115          11        Trace        178.1  148.2  50.0 

High  Pressure  Group  (See  Table  III) 

650        45.0          145              8        133        16.7            65.2  13.1  44.3 

750         45.0           194             26          87         11.8           110.0  33.9  30.1 

900         45.0          310           165             9        None         128.9  155,0  15.5 

Low  Pressure  Group  (See  Tables  I  and  IV) 


750 

0.75 

146 

1        153 

18.3 

82.0 

850 

0.75 

211 

3        100 

7.16 

43.2 

32.9 

111.5 

900 

0.75 

234 

3          60 

3.0 

56.0 

40.0 

122.0 

950 

0.75 

235 

12          58 

Trace 

63.4 

48.8 

110.0 

Adn 

ixed  Gas  Grt 

)up  (Se 

Table  V) 

Hydrogen 

Hydrogen 

admixed 

shrinkage 

L. 

L. 

750 

15.0 

358 

50 

15.4 

125.0 

308.0 

70,6 

800 

15.0 

412 

77 

18.0 

116.0 

335.0 

83.2 

750 

1  .0 

400 

19 

9.5 

52.0 

381.0 

112.0 

810 

1.0 

413 

35 

86.5 

378.0 

140,0 

860 

1  .0 

388 

38 

99.5 

350.0 

133.0 

900 

1  .0 

292 

20 

92.0 

272.0 

120.0 

950 

1.0 

382 

34 

95.0 

348.0 

113.0 

Through  a  proper  consideration  of  equilibrium  and 
mass  action  conditions  under  various  degrees  of  tem- 
perature and  pressure,  much  can  be  expected  in  gaseous 
reactions.  It  soon  becomes  evident  that  the  single 
stage  method  wherein  endothermic  and  exothermic, 
expansion  and  contraction  reactions  are  combined  in 
a  single  apparatus,  is  open  to  question. 

Chemical  Engineering  Laboratory 
Columbia  University,  New  York 


NOTE  ON  A  BLACK  BAND  IRON  ORE  FROM  THE 

STEARNS  COMPANY'S  COAL  MINES  AND  ON 

THE  CALCIUM-MAGNESIUM  RATIO  IN 

KENTUCKY  CARBONATE  ORES' 

By  Alfred  M.  Peter 

In  September,  1913,  the  Stearns  Coal  Company  sent 
to  this  Experiment  Station,  for  analysis,  a  sample  of 

'  Presented   at  the  regular  meeting  of  the   Lexington   Section   of   the 
American  Chemical  Society,  Febru  ary  11,  1914. 


iron  ore  found  immediately  over  the  coal  in  their  mines 
at  Stearns,  McCreary  County,  Kentucky.  The  ore 
occurs  in  a  layer  of  about  i8  inches  maximum  thickness, 
resting  on  the  coal,  and  is  capable  of  being  mined  with 
the  coal.  It  is  seal-brown  in  color,  has  a  horizontal 
lamination  or  banding  with  carbonaceous  matter  be- 
tween the  laminae,  and  breaks  transversely  to  the  lami- 
nae, giving  a  rather  smooth  surface.  On  account  of 
its  structure  and  the  presence  of  carbonaceous  matter, 
it  is  here  classed  as  "Black  Band"  ore,  though  dis- 
tinctly brown,  not  black,  in  color  and  containing  much 
less  carbonaceous  matter  than  is  usual  in  black  band. 
An  analysis  by  Mr.  J.  S.  McHargue  follows: 

Analysis  of  the  Air-dried  Sample  No.  43255 
Specific  gravity  (18°'18'')  3.268 

Ferrous  oxid 51.77  per  cent 

Ferric  oxid.' 0.85 

Alumina 0 .  60 

Manganous  oxid 0.51 

Calcium  oxid 1.94 

Magnesium  oxid 3.57 

Phosphorus  pentoxid 0.08 

Sulfur Trace 

Silica 1.16 

Organic  matter 2.77 

Carbon  dioxid.  etc.,  by  difference 36.69 

Total 100.00 

Total  iron 40.87 

Total  phosphorus 0 .  035 

Treatment  with  carbon  disulfide  extracted  an  appre- 
ciable amount  of  brown,  bituminous  matter,  the  quan- 
tity of  which  was  not  determined.  The  figure  for  or- 
ganic matter  was  obtained  by  digesting  a  portion  of 
the  ore  in  HCl,  filtering  on  a  Gooch  filter,  washing, 
drying  at  ioo°,  weighing  and  burning,  the  loss  in  weight 
being  taken  to  represent  organic  matter. 

Probable  Combinations,  Calculated  from  Above  Analysis 

Ferrous  carbonate 83.50  per  cent 

Ferric  oxid 0.85 

Alumina 0.60 

Manganous  carbonate 1  .  29 

Calcium  carbonate 3 .  30 

Magnesium  carbonate 7 .  49 

Tricalcium  phosphate 0.17 

Sulfate Trace 

Silica 1.16 

Organic  matter 2.77 

Total 101.  13 

The  analysis  shows  that  this  is  quite  a  pure  iron  ore, 
containing,  however,  considerable  quantities  of  man- 
ganese, calcium  and  magnesium.  A  notable  feature 
is  that  there  is  more  than  twice  as  much  magnesium 
carbonate  present  as  calcium  carbonate.  Calculating 
to  molecular  proportions  and  including  the  manganese 
in  the  comparison,  gives  i  MnCOa  :  2.94  CaCOa  :  - 
7.81  MgCOs,  or,  in  round  numbers  1:3:8.  The 
ratio  of  calcium  carbonate  to  magnesium  carbonate  is 
I  CaCOs  to  2.65  MgCOj.  Of  course  this  may  be  only 
a  chance  relation,  but  there  is  room  to  speculate  why 
there  is  more  magnesium  carbonate  than  calcium  car- 
bonate. Has  it  a  relation  to  the  greater  solubility 
of  magnesium  carbonate  in  carbonated  water?  Or  is 
it  because  there  was  more  magnesium  than  calcium 
in  the  original  material  from  which  this  ore  was  formed? 
No  answer  is  suggested,  but  a  fact  like  this,  in  the  hands 
of  a  well  informed  chemical  geologist,  might  help  to 
explain  the  process  by  which  this  kind  of  iron  ore  is 
formed. 

To  show  that  magnesium  usually  predominates  over 
calcium  in  the  ferrous  carbonate  ores  of  Kentucky,  all 
the  analyses  of  such  ores  made  for  the  first  Kentuckj' 
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Geological  Survey,  1856  to  i860,  by  Dr.  Robert  Peter, 
Chemist  of  the  Survey,  and  published  in  the  first  four 
chemical  reports,  have  been  tabulated  and  compared. 

The  total  number  of  samples  analyzed  was  71  from 
20  counties,  as  follows:  Bath  3,  Bullitt  2,  Butler  2, 
Carter  3,  Crittenden  2,  Edmondson  1,  Estill  4,  Greenup 
26,  Hancock  i,  Hopkins  2,  Laurel  4,  Lincoln  i,  Mont- 
gomery I,  Morgan  i,  Muhlenberg  7.  Nelson  2,  Owsley 
2,  Powell  I,  Pulaski  2,  Whitley  3. 

The  geological  formations  represented  were  mainly 
the  Coal  Measures  and  the  Devonian,  with  some  from 
the  "Sub-Carboniferous"  of  Owen,  or  Mississippian, 
and  the  Silurian. 

The  kinds  of  ore  were  various,  including  kidney  ore, 
oolitic  ore,  massive  kinds,  black  band,  block  ore  and 
two  samples  which  would  better  have  been  classed 
as  ferruginous  limestones.  Probably  most  of  the 
block  ores  should  not  have  been  included  because,  in 
these,  the  proportion  of  ferric  oxid  often  exceeds  that 
of  ferrous  carbonate. 

The  whole  tabulation  would  occupy  too  much  space 
here.     Inspection  of  it  brings  out  the  following  facts: 

No. 

Analyses  tabulated 71 

Per  cent  MgCOa  exceeds  per  cent  CaCOa 57 

Per  cent   MgCOa  equals  per  cent  CaCOs 1 

Per  cent   MgCOa  is  less  than  per  cent  CaCOj 13 

Per  cent  Insoluble  matter  exceeds  10  per  cent 45 

Per  cent    CaCOa  exceeds  10  per  cent 2 

These  last  two,  of  course,  are  included  in  the  thirteen 
which  contain  more  CaCOs  than  MgCOs.  The  large 
number  containing  more  than  lo  per  cent  insoluble 
matter  shows  that  the  collection  includes  many  im- 
pure ores. 

To  gain  a  general  idea  of  the  composition  of  the 
samples  in  which  the  MgCOs  predominated  over  the 
CaCOa,  the  57  analyses  of  this  class  have  been  averaged, 
giving  the  figures  in  the  following  table,  which  includes 
also  the  extreme  range  of  each  constituent,  all  stated 
as  per  cent  of  the  ore,  dried  at  100°  C: 

Composition  of  57  Samples  Average     Highest     Lowest 

Ferrous  carbonate.  FeCOa 60.78 

Ferric  oxid.  FeiOa 8.09 

Alumina,  AhOa 1  .40 

Calcium  carbonate,  CaCOa 2.71 

Magnesium  carbonate,  MgCOa 5.92 

Manganous  carbonate.  MnCOa 1.57 

Insoluble  residue 16  36 

Combined  HaO,  bituminous  matter 

and  undetermined .^17                                ... 

Total 100.00 

It  is  seen  that  the  proportion  of  magnesium  carbonate 
is  more  than  twice  that  of  the  calcium  carbonate  and 
that  the  proportion  of  manganous  carbonate  is  the 
smaller  of  the  three.  Calculated  to  molecular  pro- 
portions, the  relation  is  i  MnCOs  :  2  CaCOa  :  S-i 
MgCOs.  It  is  presumably  only  an  accident,  however, 
in  such  a  calculation  as  this,  that  the  molecular  ratios 
are  almost  exactly  whole  numbers.  The  ratio  of  cal- 
cium carbonate  to  magnesium  carbonate  is  i  CaCOa 
to  2.55  MgCOs,  which  does  not  differ  very  far  from  the 
ratio  found  in  the  Stearns  sample,  viz.,  i  CaCOa  to 
2.66  MgCOa. 

Kenti-ickv  Agricuutural  Experimbnt  Station 
Lexington 
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A  NOTE  ON  THE  UTILIZATION  OF  MUDS  AND  SCUMS 
FROM  SUGAR  REFINERIES 

By  R.  F.  Gardiner" 
Received  March  3,  1914 

A  description  of  the  muds  and  scums  in  the  sugar 
refining  processes  can  be  found  in  most  works  on  in- 
dustrial chemistry.  Thorp  says  that  "these  muds 
have  been  thrown  away."  The  possibility  of  their 
utilization  is  now  being  seriously  considered  by  some 
sugar  producers,  as  is  shown  by  recent  correspond- 
ence between  this  laboratory  and  a  prominent  Amer- 
ican sugar  producer,  who  says:  "The  mud  was  thrown 
away  for  quite  a  time  and  now  we  are  trying  some  ex- 
periments in  drying  the  same  for  the  phosphoric  acid 
content." 

Sample  I  was  analyzed  by  the  author;  the  nitrogen 
determination  was  kindly  made  by  Mr.  T.  C.  Tres- 
cott,  of  the  Bureau  of  Chemistry.  The  analysis  of 
Sample  II,  by  Plicque,  is  cited  because  it  also  shows 
a  considerable  amount  of  water,^ 

Table  I — Showing  Composition  of  Mod  from  a  Sugar  Mill 

I  II 

Percentages                           Gardiner  Plicque 

HiO 67.32  52.70 

Sugar 3.50 

Nitrogenous  matter 3.72 

N 1.14 

KiO Trace 

PiOs 8.33  4.77 

Lime,  silica,  iron,  etc 26 .  07 

In  order  to  economically  recover  the  valuable 
fertilizer  elements,  such  as  phosphoric  acid  and  nitro- 
gen, it  will  be  necessary  to  find  some  satisfactory 
drying  process,  for  which  modern  improvements  in 
drying  processes  may  offer  ultimate  success  in  the 
utilization  of  this  potentially  valuable  fertilizer,  now 
entirely  lost. 

Bureau  of  Soils,  Department  of  Agriculture 
Washin 


THE  EFFECT  OF  HIGH  TEMPERATURE  ON  YEAST 

By  C.   B    Cochran"  and  J.  H.  Perkins' 
Received  October  17,  1913 

In  the  experiments  recorded  below,  the  yeast  was 
added  to  30  cc.  of  simple  syrup  in  sterilized  test  tubes 
plugged  with  cotton,  raised  to  the  temperatures  indi- 
cated and  held  there  for  the  stated  periods  of  time. 
The  tubes  were  then  placed  in  an  incubator  and  kept 
at  a  temperature  of  about  31°  C. 

Resulting  Fbrmbntation 


Tube  No. 

II  &  2 
1  &  2 
1  &  2 
1  &  2 
1 

I?.  2 

Sp.  Gr..  1.120 I  1,  2  &  3 

Time,  30  min (  1,  2  &  3 

Sp.  Gr..  1.125 i  1'*  ?  ' 

Time.  30  min /3 

Sp.  Gr  .  1.126(a)..  .        I  1.  2  &  3 
Time.  15  min I  1,  2  &  3 

(a)  In  these  tests  the  heat  wi 
syrup  for  24  hours  at  a  temperati 

(6)  To  each  30  cc.  of  syrup.  ' 
yeast  cake  was  added. 

Philai 


Temp. 
°  C. 

35  1 

Fleisch- 

mann's  (6)            Magic(6) 

45  f 

Prompt  and  vigorous 

55 
68 
68 
85 

SUg°ht!  Active  after  2  days 
None        None 

48  1 
58  1 

Prompt  and  vigotous 

65 
70 
70 

Slow                      Slow 
None                     None 
None                     Slow 

68 

72 

None                     None 
None                     None 

is  applied  after  leaving  the  yeast  in  th 
u-e  of  about  12°  C. 
M  of  a  Fleischmann's  or  '/■•  of  a  Magi 

1  Scientist  in  Soil  Laboratory  Investigations. 

2  "Handbook  for  Planters  and  Refiners,"  Lock  and  Newlands  Bros 
1888,  p.  489. 

»  Chemist  for  The  Dairy  and  Food  Department  of  Pennsylvania. 
<  Chief  Chemist  for  The  Charles  E.  Hires  Company. 
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PHYSICAL  FACTORS  WHICH  INFLUENCE  THE  PER- 
CENTAGE OF  WET  AND  DRY  GLUTEN  IN 
WHEATEN  FLOUR 

By  B.   H.   Kepner 
Received  January  28,  1914. 

The  determination  of  crude  wet  and  dry  gluten  is 
affected  by  so  many  physical  conditions  and  is  so 
unreliable  that  it  has  been  almost  wholly  given  up 
and  the  proteins  are  now  determined  in  most  laborato- 
ries by  the  more  accurate  Kjeldahl  method.  In  ex- 
ceptional cases  when  it  is  necessary  to  know  the  quality 
of  the  gluten,  a  qualitative  determination  is  made. 
Arpin'  recognizes  the  fact  that  there  are  numerous 
sources  of  error  in  the  separation  of  the  gluten.  Jago^ 
states  that  it  is  difficult  and  in  many  cases  impossible 
to  wash  away  the  whole  of  the  starch  from  flour  without 
also  washing  away  some  of  the  more  soluble  parts 
of  the  gluten  itself.  In  consequence,  gluten  determina- 
tions vary  according  to  the  thoroughness  of  washing 
and  this  differs  in  different  hands.  In  spite  of  this 
assertion  Jago  still  continues  to  attach  importance  to 
properly  conducted  gluten  determinations,  holding 
that  the  estimation  of  the  quantity  and  quality  of 
the  wet  gluten  determines  the  quality  of  the  resultant 
dough  and  bread.  It  has  been  my  experience  that, 
within  the  same  grade,  Straight,  Patent,  Bakers,  etc., 
the  higher  the  percentage  and  the  better  the  quality 
of  the  wet  gluten,  the  better  baking  results  are  ob- 
tained. 

Because  there  is  no  standard  method,  each  labora- 
tory at  present  uses  a  method  which  is  the  most  suit- 
able for  its  use.  Results  are  affected  by  the  conditions 
and  methods  of  manipulation  by  which  they  are  ob- 
tained. They  are  not  absolutely  comparable  from 
different  laboratories  because  of  the  difference  in 
physical  conditions. 

The  following  method  we  have  adopted  as  being 
especially  suitable  for  routine  work:  Weigh  out 
thirty  grams  of  flour  in  a  large  size  coffee  cup.  Mix 
in  enough  water,  about  17  cc,  with  a  stiff  bladed  knife 
to  make  a  dough  of  standard  stiffness  and  continue 
the  mixing  until  an  absolutely  uniform  dough  is  ob- 
tained. Cover  the  dough  with  cold  water,  .let  stand 
one  hour  and  then  wash  in  a  small  stream  of  water 
at  exactly  65°  C.  (over  a  sixty-mesh  sieve)  until  nearly 
all  the  starch  is  washed  away.  Return  gluten  to  cup, 
cover  with  cold  water,  let  stand  one-half  hour  longer 
and  then  wash  until  free  from  starch.  The  wash  water 
should  be  clear  and  not  milky.  Cover  the  gluten  with 
cold  water  until  it  is  ready  to  weigh,  then  dry  between 
the  hands,  wiping  the  excess  of  water  on  a  clean,  lint- 
free  towel,  place  on  white  tared  paper  2"  X  2"  and 
weigh.  Place  in  oven  at  170°  C.  to  expand  the  gluten 
to  a  porous  mass  and  bake  it,  then  dry  for  twenty-four 
hours  at  105°  and  again  weigh. 

It  was  found  very  difficult  to  check  the  determina- 
tions from  day  to  day,  hence,  the  effect  of  the  different 
physical  conditions  were  determined. 

It  is  necessary  to  make  an  absolutely  uniform  dough 
of  the  water  and  flour,  otherwise  portions  of  flours 
are  washed  away  like  starch.     Poorly  mixed  samples 

'  Jour.  Soc.  Chcm.  Ind.,  1902,  pp.  1417  and  1560. 
-  "Technology  of  Breadmaking."  p.  296. 


give  results  which  are  i  per  cent  lower  in  wet  gluten 
and  0.2  to  0.5  per  cent  lower  in  dry  gluten  than  a  well 
mixed  sample.  The  poorer  the  mixing,  as  a  rule,  the 
greater  the  loss. 

If  an  excess  of  water  is  used  for  making  the  dough, 
the  yield  of  wet  gluten  is  increased  from  i  to  3  per  cent 
for  the  different  grades,  while  insufficient  water  causes 
the  percentage  of  gluten  obtained  to  be  lower.  The 
percentage  of  dry  gluten  is  not  affected  by  this  condi- 
tion, showing  that  the  higher  or  lower  percentage  of  wet 
gluten  is  due  wholly  to  water  held  by  it. 

If  the  doughs  are  kept  covered  with  cold  water  before 
washing  the  percentage  of  wet  gluten  obtained  in  most 
cases  increases  with  the  length  of  time  they  are  allowed 
to  stand  up  to  eight  hours.  They  are  kept  cold  in  order 
to  offset  the  influence  of  temperature  and  any  fermen- 
tation. Arpin'  shows  that  the  wet  gluten  is  increased 
1.66  per  cent  by  standing  four  hours,  while  the  percent- 
age of  dry  gluten  remains  unaltered.  I  find  that  very 
short  patents  and  flours  which  have  aged  at  least  nine 
months  are  exceptions  to  this  because  there  is  only  a 
very  slight  increase  for  even  eight  hours.  Bakers  and 
straight  grades,  when  freshly  ground,  showed  an  increase 
of  1.50  to  3.50  per  cent  on  standing  eight  hours.  Low 
grades  show  an  increase  of  only  0.3  per  cent  on  standing 
one  hour  and  a  decrease  of  2.5  per  cent  on  standing 
eight  hours.  The  low  grades  being  high  in  natural 
ferments  or  bacteria  suffer  a  loss  by  their  action. 
The  aged  flours  and  short  patents  are  unaffected  be- 
cause they  contain  less  of  these  natural  ferments  than 
the  freshly  ground  bakers  and  straight  grades.  All 
grades  begin  to  decrease  at  the  end  of  sixteen  hours 
which  would  strengthen  this  supposition.  The  per- 
centage of  dry  gluten  remains  the  same  up  to  sixteen 
hours  on  all  flours  with  the  exception  of  the  low  grade, 
which  suffers  a  loss.  After  glutens  are  washed  and 
allowed  to  stand  for  even  twenty-four  hours  there 
is  no  change  in  weight.  This  shows  that  the  increase 
or  decrease  in  weight  on  standing  eight  hours  before 
washing  is  due  to  some  agency  in  the  flour  which  is  not 
included  in  the  crude  wet  gluten. 

The  thoroughness  of  washing  affects  the  results  to 
a  great  degree.  When  glutens  are  washed  in  the  usual 
manner,  weighed,  and  then  vigorously  washed  for 
five  minutes  more  there  is  a  loss  of  5  per  cent  on  the 
low  grades,  3  to  4  per  cent  on  the  straights  and  bakers 
and  2.5  per  cent  on  the  high  patents  and  old  flours. 
There  is  also  a  loss  of  dry  gluten.  This  loss  varies 
with  the  manipulation  and  the  vigorousness  of  the 
operation. 

Arpin^  states  that  the  yield  of  gluten  is  increased 
1. 16  per  cent  with  an  increase  of  10°  in  temperature 
of  the  water  used  for  washing.  We  find  that  wet 
gluten  increases  1.50  per  cent  for  the  same  increase 
of  temperature  for  all  grades  except  the  low  grade, 
which  shows  a  slight  decrease.  This  can  perhaps  also 
be  explained  by  the  more  active  action  of  natural 
ferments  caused  by  higher  temperature.  Arpin  also 
found  an  increase  of  1.16  per  cent  for  the  same  range  of 
temperature  in  the  dry  gluten.     This  point  we  have 

'  Jour.  Soc.  Chem.  Ind..  1902,  1417  and  1560. 
2  Chem.  Cenlr..  S  (1902).  1019  and  1347. 
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carefully  investigated  and  at  no  time  did  we  find  an  in- 
crease in  the  percentage  of  the  dry  gluten  due  to  the 
increase  in  temperature. 

In  order  to  test  the  effect  of  temperature  on  the 
washed  glutens  they  were  allowed  to  stand  twelve 
hours  at  25°  C,  having  veen  washed  at  15°  C.  The 
glutens  had  become  very  sticky  and  hard  to  dry. 
The  low  grades  all  showed  that  fermentation  had 
started.  The  low  grades  showed  a  marked  decrease 
while  the  high  grades  showed  only  a  slight  decrease. 
This  was  also  true  of  the  dry  glutens.  Whatever 
agency  causes  the  increase  in  weight,  when  the  tem- 
perature of  the  wash  water  is  higher  than  ordinary, 
is  within  the  flour  itself  and  is  not  contained  in  the 
wet  gluten. 

A  higher  percentage  of  gluten  is  obtained  by  washing 
in  hard  water  than  in  soft.  Hardy'  is  of  the  opinion 
that  electrolytes  or  salts,  which  may  be  organic  or 
inorganic,  impress  the  property  of  tenacity  and  ductility 
on  the  gluten.  Wood's^  researches  also  prove  that 
inorganic  salts  have  a  binding  effect  on  gluten.  All 
authorities  agree  that  gluten  cannot  be  washed  from 
flour  with  pure  distilled  water  because  the  gluten  will 
not  hold  together.  At  first  it  forms  a  coherent  mass 
but  as  soon  as  the  salts,  natural  to  the  flour,  are  dis- 
solved, the  gluten  scatters  and  cannot  be  collected  again. 
If  it  be  submerged  in  hard  water  when  it  first  starts 
to  scatter  it  forms  again  a  coherent  mass.  There  was 
an  increase  of  i  to  2  per  cent  in  wet  gluten  for  all 
grades  when  the  glutens  were  washed  in  very  hard 
water.  There  was  only  a  slight  change  of  about 
0.25  per  cent  for  the  dry  gluten  at  the  most,  showing 
that  the  hard  water  usually  increased  the  water- 
absorbing  capacity  of  the  gluten. 

CONCLUSIONS 

It  can  readily  be  seen  that  conditions  may  be  so 
different  in  various  laboratories  that  the  determina- 
tions of  wet  gluten  are  not  comparable.  Even  for 
ordinary  routine  work,  where  comparative  results 
alone  are  required,  unless  the  utmost  care  is  taken,  the 
determination  is  unreliable.  Since  the  percentage  of 
dry  gluten  is  very  slightly  affected  by  these  same  con- 
ditions it  is  more  reliable. 

I — Thoroughness  of  mixing  affects  both  the  per 
cent  of  wet  and  dry  gluten. 

2 — An  excess  of  water  used  in  making  the  doughs 
increases,  and  insufficient  water  decreases  the  per  cent 
of  wet  gluten.     The  dry  gluten  is  the  same. 

3 — The  length  of  time  the  dough  is  allowed  to  stand 
increases  the  percentage  of  wet  gluten  up  to  eight  hours. 
High  patents,  old  flours  and  low  grades  are  exceptions. 
The  dry  gluten  remains  unaltered  except  in  the  low- 
grade  where  some  fermentation  has  taken  place. 

4 — Overwashing  decreases  the  percentage  of  both  the 
wet  and  dry  gluten. 

5 — A  larger  per  cent  of  wet  gluten  is  obtained  with 
warm  wash  water  than  with  cold.  The  dry  gluten  is 
unaffected. 

6 — More   wet   gluten  is  obtained  with  "'hard"    wash 

'  Supplement  Jour.,  4  (1910),  52;  Jour.  Board  of  Agric. 
2  Jour.  Agric.  Scitnce,  3  (1907).  267. 


water    than    with    soft.     The    dry    gluten    is    slightly 
increased  by  the  hard  water. 


Wheat  and  Flour  Testing  Laboratorie 

Maple  Leap  Milling  Co..  Ltd. 

Port  Colborne.  Ont. 


THE  DETERMINATION  OF   THE   ACETYL   NUMBER  OF 

OILS,  FATS,  ETC 

By  Edward  B.  Holland 

Received  January  13,  1914 

INTRODUCTIOK 

The  various  hydroxy  compounds  that  occur  in  oils, 
fats  and  waxes  form  derivatives  on  heating  with  acetic 
anhydride,  the  acetyl  radical  displacing  the  hydrogen 
of  the  alcoholic  hydroxyl  groups.  This  property 
serves  as  the  basis  of  analytical  methods  for  the 
quantitative  determination  of  these  compounds.  The 
proposed  acetyl  number  indicates  the  milligrams  of 
potassium  hydroxide  required  for  the  saponification 
of  the  acetyl  assimilated  by  one  gram  of  an  oil,  fat  or 
wax  on  acetylation.^  On  saponifying  with  alcoholic 
potash  the  acetyl  is  hydrolyzed  to  acetic  acid  and  com- 
bines with  the  alkali  to  form  potassium  acetate.  The 
results  are  expressed  in  terms  of  milligrams  of  potassium 
hydroxide  to  conform  with  the  general  practice  in  fat 
analysis.  The  compounds  involved  are  mono-  and 
dihydroxy  acids  and  their  glycerides,  mono-  and 
diglycerides  and  free  alcohols. 

USE    OF    THE    TEST 

In  the  examination  of  oils  and  fats  a  determination 
of  acetyr  number  is  necessary,  in  most  instances,  for 
a  thorough  understanding  of  the  nature  and  quality 
of  the  product.  Some  of  the  hydroxy  compounds 
are  natural  and  others  are  the  result  of  hydrolysis  or 
of  oxidation.  Glycerides  of  hydroxy  acids  are  a 
natural  constituent  of  certain  oils  and  fats  although 
they  do  not  appear  to  be  very  widely  distributed  in 
any  considerable  amount.  Castor  oil,  composed 
largely  of  ricinolein,  is  a  notable  illustration.  Hy- 
droxy acids  probably  occur  more  frequently  as  the 
result  of  oxidation  of  unsaturated  acids.  Oleic  acid 
has  been  shown  repeatedly  to  be  comparatively  un- 
stable. By  the  assimilation  of  oxygen  and  water  it 
may  be  converted  into  dihydroxystearic  acid,  a  satu- 
rated compound. 

CnHssCOOH  +  H.,0  +  O  =  Ci7H33(OH):COOH. 
Whether  the  oxidation  takes  place  in  the  glycerides 
or  in  the  fatty  acids  after  hydrolysis  is  uncertain, 
although  the  latter  appears  the  more  probable  sup- 
position. 

Mono-  and  diglycerides  result  from  the  hydrolysis 
of  triglycerides  and  free  fatty  acids  condition  their 
presence.  The  absence  of  free  fatty  acids  in  a  com- 
mercial product,  however,  does  not  necessarily  preclude 
the  presence  of  mono-  and  diglycerides. 

Solid  alcohols  of  the  cyclic  series  (sterols)  occur  in 
oils  and  fats  both  in  combination  as  esters  and  as  free 

I  The  writer  is  pleased  to  acknowledge  many  suggestions  and  helpful 
criticisms  by  Dr.  J.  S.  Chamberlain,  Mr.  F.  W.  Morse,  Mr.  J.  C.  Reed,  and 
Mr.  J.  P.  Buckley. 

!  Benedikt  and  lUzer  and  Lewkowitsch  report  on  the  basis  of  the 
acetylated  product. 
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alcohols.'  The  amount  of  cholesterol  or  phytosterol 
is  generally  small,  often  inappreciable,  and  is  indicated 
approximately  by  the  unsaponifiable  .  matter  which 
it  characterizes.  Alcohols  of  the  ethane  and  other 
series,  free  and  in  combination,  compose  a  considerable 
proportion  of  waxes. 

Oils  and  fats,  therefore,  may  contain  glycerides  of 
mono-  and  dihydroxy  acids,  possibly  free  hydroxy 
acids,  mono-  and  diglycerides  and  free  alcohols;  and 
the  insoluble  acids,  separated  from  the  oils  and  fats, 
may  contain  mono-  and  dihydroxy  acids  and  free 
alcohols.  A  portion,  at  least,  of  the  free  alcohols 
found  in  the  insoluble  acids  probably  occurred  in  the 
fat  as  esters.  With  the  exclusion  of  the  natural 
glycerides  of  hydroxy  acids  and  a  small  amount  of 
free  alcohols,  the  acetyl  number  of  many  oils  and  fats 
may  be  deemed  an  index  of  quality  and  when  considered 
in  conjunction  with  the  acid  and  iodine  numbers, 
may  serve  to  measure  (more  or  less  imperfectly  to  be 
sure)  the  amount  of  hydrolysis  and  of  oxidation  the 
product  has  undergone.  To  differentiate  between 
products  of  hydrolysis  and  of  oxidation,  the  acetyl 
nurriber  of  the  insoluble  acids  should  also  be  deter- 
mined. 

EARLIER    METHODS 

The  several'  analytical  processes  that  have  been 
offered  are  based  on  the  same  chemical  reactions  but 
differ  in  application  and  in  details  of  procedure.  The 
original  method  was  devised  by  Benedikt  and  Ulzer' 
and  applied  to  the  insoluble  acids.  The  acetyl  number 
indicated  the  milligrams  of  potassium  hydroxide 
required  to  neutralize  the  acetic  acid  obtained  on 
saponifying  one  gram  of  acetylated  insoluble  fatty 
acids  and  was  determined  by  the  difference  between 
the  acid  and  saponification  numbers  of  the  acetylated 
acids  (acetyl  ether  number).  The  actual  procedure 
consisted  in  saponifying  the  acetylated  acids  after 
neutralizing  in  alcohol.  Lewkowitsch^  has  shown, 
however,  that  the  results  so  obtained  were  generally 
in  excess  of  the  true  values  due  to  the  conversion  of  a 
part  of  the  fatty  acids,  on  heating  with  a  large  excess 
of  acetic  anhydride,  into  their  anhydrides  as  illus- 
trated by  the  following  equation: 

2RCOOH   +   (CHsCOoO    =    (RCOsO   +   2CH3COOH 
fatty  acetic         anhydride   of         acetic 

acid  anhydride         fatty  acid  acid 

These  fatty  anhydrides  are  fairly  stable  compounds 
but  may  become  hydrolyzed  to  some  extent  on  washing 
with  boiling  water.  Subsequent  treatment  with  cold 
alcohol  in  the  determination  of  the  acetyl  acid  num- 
ber will  continue  the  hydrolysis  although  a  portion 
is  likely  to  remain  unchanged,  thereby  yielding  too 
low  an  acid  number  due  to  the  inability  of  the  an- 
hydrides to  combine  with  alkali.  As  complete  hy- 
drolysis occurs  on  saponification  the  acetyl  (ether) 
number  would  be  too  high  and  even  appear  when 
none  exists. 

Lewkowitsch''  proposed   the   acetylation   of  the   nat- 

'  See  numerous  references:  .\bderhalden,  "Physiological  Chemistry," 
(1908);  Hammarsten,  Ihid.  (1911);  Leathes,  "The  Fats"  (1910). 

2  Monatsk.  Chem..  8  (1887),  41-48. 

3  "Analysis  of  Oils,  Fats  and  Waxes,"  1  (1909),  344- .S. 
'  Loc.  nl..  1  (1909).  337-8. 


ural  product.  In  conformity  thereto  the  acetyl 
number  indicates  the  milligrams  of  potassium  hy- 
droxide required  for  the  neutralisation  of  the  acetic 
acid  obtained  on  saponifying  one  gram  of  an  acetylated 
oil,  fat  or  wax.  This  method  requires  the  saponifica- 
tion of  the  acetylated  fat  and  the  determination  of 
the  resulting  acetic  acid  by  either  a  filtration  or  dis- 
tillation process.  The  former  process  is  an  adaptation 
of  the  regular  method  for  the  direct  determination 
of  soluble  acids,  and  the  latter  process  is  a  modified 
Reichert-Meissl  test  with  repeated  distillation  of  the 
aqueous  solution  until  the  distillate  is  free  from  acids. 
The  presence  of  natural  soluble  or  volatile  acids 
necessitates  a  similar  treatment  of  the  unacetylated 
fat  in  order  to  determine  the  amount  of  alkali 
assimilated  by  those  acids  for  which  proper  correc- 
tions must  be  made  to  obtain  the  true  acetyl  number. 
The  occurrence  of  the  lower  acids  makes  the  deter- 
mination a  long  and  tedious  operation. 

PROPOSED    METHOD 

Analytical  methods  for  the  examination  of  oils  and 
fats  is  a  subject  that  has  been  giv-en  considerable  study 
by  the  writer  in  connection  with  feeding  experiments; 
and  other  investigations  made  at  the  Massachusetts. 
Agricultural  Experiment  Station.  During  the  past 
few  years  the  determination  of  acetyl  number  has 
received  particular  attention  with  a  view  of  evolving 
a  process  that  might  be  free  from  the  objections  cited 
for  the  Benedikt  and  Ulzer  and  Lewkowitsch  methods. 
Believing  that  this  object  has  been  obtained  in  some 
measure,  a  report  of  progress  is  now  offered  in  the 
hope  that  it  may  lead  to  further  improvement. 

The  custom  of  reporting  acetyl  number  on  the  basis 
of  the  acetylated  product  appears  unwarranted.  It 
is  contrary  to  general  practice  in  analytical  work  and 
is  the  exception  in  fat  analysis.  The  definition* 
adopted  places  the  acetyl  number  on  a  par  with  other 
tests  and  is  as  follows:  The  acetyl  number  indicates 
the  milligrams  of  potassium  hydroxide  required  for 
the  saponification  of  the  acetyl  assimilated  by  one 
gram  of  an  oil,  fat  or  wax  on  acetylation. 

METHOD    IN    DETAIL 

The  development  of  the,  method  extended  over  a 
period  of  several  years  and  finally  resolved  into  an 
adaptation  of  several  well  known  processes.  For 
instance,  ceresine  is  used  to  solidify  the  acetylated  fat 
so  that  it  may  be  washed  by  decantation  as  in  the 
determination  of  insoluble  acids.  The  saponification 
number  of  the  acetylated  fat  is  determined  by  the 
same  process  as  that  of  the  original  fat  and  the  differ- 
ence measures  the'  amount  of  acetyl  that  has  been 
assimilated.  The  process  may  be  appropriately  de- 
scribed as  a  method  of  analogy. 

The  reagents  employed  in  the  determination  are 
summarized  so  that  their  application  may  be  clearly 
understood : 

Acetic  anhydride,  Kahlbaum's. 

Ceresine,  pure  white,  filtered. 

.\lcohol,  redistilled,  free  from  acids  and  aldehydes. 

.•\lcoholic  potash,  50  cc.  of  a  saturated  solution  of  potassium 
'  The  hydroxyl  value  of  Twitchell  is  reported  in  a  similar  manner. 
Jour.  Amer.  Chcm.  .Soc.  29  (1907),  566-71. 
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hydroxide,  free  from  carbonate,  to  looo  cc.  of  alcohol.  Th? 
solution  should  be  allowed  to  stand  at  least  24  hours  and  filtered 
immediately  before  use. 

7V/2  hydrochloric  acid. 

Alkali  blue  (6B),  i  gram  to  100  cc.  of  alcohol.  The  indicator 
should  be  digested  in  a  stoppered  bottle  for  several  days  at  room 
temperature,  with  occasional  shaking,  and  then  filtered. 

Phenolphthalein,  i  gram  to  100  cc.  of  alcohol,  neutralized. 

After  what  has  been  said,  the  details  of  the  method 
should  be  sufficiently  evident  as  to  require  no  further 
explanation. 

Into  a  300  cc.  Erlenmeyer  flask  are  brought  5  grams  of  fat 
together  with  10  cc.  of  acetic  anhydride.  The  flask  is  connected 
with  a  spiral  or  other  form  of  reflux  condenser  and  heated  in  a 
boiling  water  bath  (immersed  in  the  water)  for  from  i  to  1.5 
hours.  Longer  heating  yields  higher  results  but  is  accompanied 
by  partial  decomposition  of  the  fat  with  formation  of  aldehydes 
or  other  bodies  that  give  a  reddish  color  with  caustic  alkali. 
After  acetylating,  the  flask  is  removed  from  the  bath  and  suffi- 
cient ceresine  added  to  form,  with  the  fat,  a  solid  disc  when 
chilled  in  cold  water.  The  amount  of  ceresine  required  will 
vary  with  the  consistency  of  the  product  under  examination. 
For  butter  fat  0.4  to  0.5  gram  is  ample,  for  softer  fats  and  oils 
rather  more,  and  for  harder  fats  less.  The  flask  is  heated  on 
the  water  bath  and  the  contents  rotated  until  the  ceresine  and 
acetylated  fat  form  a  homogeneous  mixture.  150  cc.  of  boiling 
water  are  then  poured  carefully  into  the  flask  with  as  little 
disturbance  of  the  fat  layer  as  possible  and  the  solution  heated 
on  the  bath  with  occasional  agitation  to  remove  occluded  acetic 
acid.  The  flask  is  immersed  in  cold  water  to  solidify  the  ceresine 
fat,  after  which  the  solution  is  decanted  through  a  dense,  ether- 
extracted  filter,  care  being  taken  not  to  break  the  insoluble 
cake.  Another  150  cc.  of  boiling  water  are  added,  thoroughly 
agitated,  heated  as  above,  cooled  and  decanted,  the  process 
being  repeated  until  the  final  filtrate  gives  a  decided  color 
with  2  or  3  drops  of  N / 10  alkali,  using  phenolphthalein  as  indi- 
cator (about  6  times).  Prolonged  washing  is  likely  to  cause 
slight  dissociation  of  the  acetylated  product. 

The  filter  and  inverted  flask  containing  the  cake  of  ceresine-fat 
are  allowed  to  drain  in  a  cool  place  until  practically  dry.  The 
small  particles  adhering  to  the  filter  are  then  scraped  into  the 
flask,  and  50  cc.  of  alcoholic  potash,  accurately  measured  with 
a  burette,  50  cc.  of  alcohol  and  several  glass  beads  added.  The 
flask  is  connected  with  a  spiral  or  other  form  of  reflux  condenser 
and  the  solution  boiled  on  a  water  bath  until  saponification  is 
complete — about  60  minutes.  The  flask  is  placed  in  a  water 
bath  at  60°  C.  and  the  solution,  after  cooling  to  that  temperature, 
titrated  with  N /2  hydrochloric  acid,  using  i  cc.  of  alkali  blue  as 
indicator.  Phenolphthalein  may  be  employed,  though  less 
satisfactory  for  colored  solutions.  The  alcoholic  mixture  is 
again  brought  to  boil  to  free  any  alkali  occluded  in  the  ceresine 
and  retitered,  if  necessary.  Several  blank  determinations 
should  be  run  with  every  series  of  tests  under  precisely  similar 
conditions  as  to  time  and  treatment  except  that  the  ceresine 
may  be  omitted.  However,  every  lot  of  ceresine  must  be  tested, 
should  be  free  from  soluble  matter  and  not  assimilate  any  alkali 
on  saponification.  The  difference  between  the  titration  of  the 
blank  and  that  of  the  excess  alkali  in  the  test  is  the  acid  equiv- 
alent of  the  fat  after  acetylation,  which  should  be  calculated 
to  milligrams  of  potassium  hydroxide  for  i  gram  of  fat. 

I  cc.  of  N /2  acid  is  equivalent  to  28.054  milligrams  of  potassium 
hydroxide. 

The  difference  between  the  saponification  number  of  the  fat 
before  and  after  acetylation  is  the  acetyl  number.  In  case  the 
original  fat  contains  free  soluble  acids,  their  titer  should  be  de- 
termined and  proper  correction  made  for  the  same. 

Limit  of  error  0.50  acetyl  number. 


SYNOPSIS    OF    REACTION 

A  better  conception  of  the  method  may  be  obtained 
by  a  summary  of  the  reactions. 

Acetylation  of  glycerides  of  mono-  and   dihydroxy    acids,  mono-  and 
diglycerides  and  free  alcohols  (see  formulas). 

Saponification  of  the  acetylated  product  (see  formulas). 
Saponification  of  the  original  or  unacetylated  product. 
Titration  of  excess  alkali. 
Acetyl  number  by  diflference. 

Glycerides  of  Mono-  and  Dihydroxy  Acids 
Acetylation 
CR.OH.COO))CiHi  -f-  3(CHiC0):0  = 

(R.OCHaCO.COOiCjHs  +  3CHaCOOH 
triglyceride  of  acetic  acetylated  acetic 

monohydroxy  acid  anhydride  glyceride  acid 

Example:     Ricinolein,  (CuHji.OH.COOjaCiHs 
Saponijication 
(R.OCHjCO.COOjiCaHs  -|-  6KOH  = 
alkali 

3R. OH. COOK  -I-  3CH1COOK  +  C3H»(OH)j 
acetylated  potassium         potassium         glycerol 

glyceride  salt  of  acetate 

hydroxy  acid 

[R(OH)iCOO]jC3H6  +  (CHaC0)20  =  (R(OCHjCO)iCOO]iC.Hi  +  HiO 
triglyceride  of  acetylated 

dihydroxy  acid  glyceride 

Example:     Dihydroxystearin,  [Ci7Hi3(OH)!C001»CjHs 
lRCOCHjCO)!COO]3CiH5  +  9K0H  = 

3R(OH)2COOK  +  eCHjCOOK  -f-  CjHs(OH)j 
Mono-  and  Diglycerides 
(RCOO)CiHs(OH)!  -i-  (CHjC0)20  =   (RCOOXCHjCOOjjCjHj  +  HjO 

monoglyceride  diaceto-glyceride 

(RCOO)(CHjCOO)jCaH6  -1-  3KOH  = 

RCOOK  -I-  2CH]COOE  -t-  CaHiCOH)i 
CRCOO)2C3Ha(OH)  +  (CH3CO)20  = 

(RCOO)2(CH3COO)C3Hs  +  CH3COOH 
diglyceride  monoaceto-glyceride 

(RCOO)2(CH3COO)C3Hs  +  3KOH  = 

2RCOOK  -I-  CH3CGOK  +  CsHiCOH). 
Free  Alcohols 
ROH  +  (CH3CO)20  =  CHiCOOR  +  CH4COOH 
monobasic  acetate 

alcohol  of  alcohol 

CHsCOOp  -I-  KOH  =  ROH  +  CHjCOOK 
Examples:     Cholesterol   phytosterol.  CitHmOH 

Considerable  variation  is  possible  in  writing  the 
above  formulas  which,  at  best,  poorly  express  the 
structure.  In  some  instances  the  reaction  is  indicated 
at  some  sacrifice  of  form. 

CALCULATED  DATA  FROM  THE  ACETYL  NUMBER 

The  acetyl  number  (c)  serves  to  measure  the  amount 
of  hydroxy  compounds  in  an  oil,  fat  or  wax  and  in 
case  only  one  such  compound  of  known  molecular 
weight  {m)  and  number  of  hydroxyls  {d)  is  present, 
its  amount  (H)  can  be  readily  calculated  by  the  follow- 
ing formula: 

cm 
56]o8(/ 

The  derivation  of  the  formula  is  comparatively 
simple.  The  theoretical  acetyl  number  of  a  com- 
pound containing  {d)  hydroxyl  groups  is: 

s6io8rf 


The  amount  of  such  a  compound  in  an  oil,  fat  or 
wax  is,  therefore: 

c  cm 

56io8(2         s6io8d 


H 
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The    same    results    may    be    calculated    more    easily  The  formation  of  anhydrides  during  the  acetylating 

from    the    following    table,    dividing    the    determined  process     will    afifect    the    accuracy    of    these     calcu- 

acetyl   number   by   the   theoretical   acetyl    number   or  lations. 

multiplying  by  its  reciprocal:  The   computation   of  the  amount  of  hydroxy  com- 


AcETVL    Nl 


ON  Original  Product,  Massachusetts  Method 


Name                           Formula  Molecular 

Glycerides  weight 

Ricinolein,  (CuHsi.OH.COOjjCjHs 932  .  832 

Dihydroxystearin,  [CnHasCOHjjCOOilCiHs 986.880 

MONOGLYCERIDES 

Monopalmitin,  (CisHsiCOOCaHsCOH); 330.304 

MoDostearin,  (Ci7H3sCOO)CiHs(OH)- 358.336 

Monolein,  (C:7H3jCOO)C3Hs(OH)2 356.320 

DlGLYCERTDES 

Dipalmitin,  (Ci6H3iCOO)2C3Hs(OH) 568  .  544 

Distearin,  (CnHasCOOiCaHsCOH) 624.608 

Diolein,  (CnHsaCOOjjCaHtCOH) 620.576 

Hydroxy  Acids 

Ricinoleic,  C17H32.OH.COOH 298.272 

Dihydroxystearic,  Ci7H33(OH)jCOOH. .  .                  316.288 

Free  Alcohols 

Cholesterol,  C27H4iOH 386.368 

Phytosterol.  C!7H.sOH 386.368 


Saponification 

Theoretical 

number 

acetyl  number 

Reciprocal 

180.444 

180.444 

0.0055419 

170.562 

341.124 

0.0029315 

169.868 

339.736 

0.0029435 

156.579 

313. 159 

0.0031933 

157.465 

314.930 

0.0031753 

197.374 

98.687 

0.0101330 

179.658 

89.829 

0.0111323 

180.826 

90.413 

0.0110604 

188. 110 

188.110 

0.0053160 

177.395 

354.791 

0.0028186 

145.219 

0.0068862 

145.219 

0.0068862 

GRAVIMETRIC    PROCESS' 

After  acetylating,  a  gravimetric  process  for  acetyl 
numhier  may  be  conducted  in  a  manner  similar  to  that 
for  /che  quantitative  determination  of  insoluble  fatty 
acids,  observing  all  the  precautions  therein  noted  as  to 
ceresine,  washing,  drying,  weighing,  etc. 

This  modification  is  apparently  rather  more  diffi- 
cult, tedious  and  subject  to  error  than  the  saponifica- 
tion or  volumetric  process  (Massachusetts  method). 
A  certain  amount  of  loss  arises  from  the  dehydration 
of  free  fatty  acids  by  acetic  anhydride  during  acetyla- 
tion,  and  is  difficult  to  prevent,  although  of  little  con- 
sequence where  the  amount  of  free  acids  is  relatively 
small. 

The  acetyl  number  {a)  is  calculated  from  the  in- 
crease in  weight  (?)  by  the  following  formula: 

56108/ 
a  =  —  or    1335.39604/ 

42.016 

In  case  only  one  hydroxy  compound  of  known  mol- 
ecular weight  (w)  and  number  of  hydroxyls  (rf)  .is  pres- 
ent, its  amount  can  be  calculated  from  the  increase  in 
weight  (i)  of  the  oil,  fat  or  wax  on  acetylating.      The 
theoretical  increase  for  a  hydroxy  compound  is: 
42.oi6(/ 
m 
The  amount  (H)  of  such  a  compound  in  an  oil,  fat 
or  wax  is  therefore : 


42.oi6(i 


I  m 
42.016J 


MOLECULAR    WEIGHT    OF    HYDROXY    COMPOUNDS 

The  molecular  weight  of  the  hydroxy  compounds 
■can  be  calculated  from  the  weight  (w)  of  fat  taken  and 
the  increase  (i)  on  acetylating,  provided  the  number 
(d)  of  hydroxyls  in  the  molecule  is  known: 


w  -|-  / 


m  :   m  -j-  42.0161/ 

42.0l6(/«' 


1  Has  not  received  sufficient  study  in  this  laboratory  to  warrant  positive 
statements,  but  is  similar  to  the  methods  described  by  Lewkowitsch  (Z.OC. 
.«■(..  1,  358-63.  466-67). 


pounds  by  the  gravimetric  process  is  greatly  facilitated 
by  use  of  the  following  table: 


Acetyl  Gravimetric  Process  on  Or 


jInal  Product 
heoretical 


Name 
Glycerides 

Ricinolein 

Dihydroxystearin. ,  . 

MONOGLYCERIDES 

Monopalmitin 

Monostearin 

Monolein 

DiGLYCERIDES 

Dipalmitin 

Distearin.  .    . 

Diolein 

Hydroxy  Acids 

Ricinoleic 

Dihydroxystearic. . . 

Free  Alcohols 

Cholesterol 

Phytosterol 

(a)  Acetyl  numbei 


Molecular 
weight 

932.832 
986.880 

330.304 
358.336 
356.320 

568.544 
624.608 
620.576 

298.272 
316.288 

386.368 
386.368 


Molecular     weight  per 
weight  after 
acetylating 


etylating(<')    Reciprocal 


1058.880 
1238.976 


0.135124 
0.255447 


414.336  0.254408 

442.368  0.234506 

440.352  0.235833 


7.40061 
3.91471 

3.93069 
4.26428 
4 . 24029 


610.560  0.073901  13.53162 

666,624  0.067268  14.86591 

662.592  0.067705  14.76996 

340   288  0.140865  7.09900 

400.320  0.265682  3.76390 


428.384 
428.384 


0.108746 
0.108746 


ACETYL    NUMBER    OF    INSOLUBLE    FATTY    ACIDS 

The  acetyl  number  of  the  insoluble  fatty  acids  is 
determined  by  the  Massachusetts  method  in  precisely 
the  same  way  as  that  of  the  original  fat.  The  grav- 
imetric process  is  not  applicable  on  account  of  the 
formation  of  anhydrides  of  the  fatty  acids.  The 
method  for  preparing  the  stock  of  insoluble  acids  for 
analysis  is  the  same  as  that  for  the  determination  of 
"Insoluble  Acids,"  with  the  elimination  of  such  fea- 
tures as  are  necessary  only  for  quantitative  work. 

In  order  to  interpret  the  results  satisfactorily  it  is 
necessary  to  know  the  percentage  of  insoluble  acids 
so  that  the  acetyl  number  of  the  acids  may  be  con- 
sidered in  conjunction  with  the  acetyl  number  of  the  fat. 

RESULTS    BY    DIFFERENT    METHODS 

For  convenience,  the  theoretical  acetyl  numbers 
of  some  hydroxy  compounds  by  the  Benedikt  and  Ulzer 
and  Lewkowitsch  methods  are  tabulated  to  permit 
comparison  with  the  acetyl  numbers  by  the  Massa- 
chusetts and  gravimetric  processes  previously  stated. 
When   only   one   hydroxy   compound   of   known   com- 
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Acetyl  Nt 


ACETYLATED  PRODUCT,  BENED 


Formula 


Name 
(Acetylated) 
Glvcerides 

Ricinolein.  (CnH)i.OCHjCO.COO))CiHs 

Dihydroxystcarin.  [ CiiHm(OCHiCO)2COO]sCiHi. 

MONOGUYCERIDES 

Monopalmitin.  (Ci6H3iCOO)(CH3COO)iCjHs.  .  .  . 

Monostearin,  (CiTHssCOOXCHaCOWjCjHi 

Monolein.  (CuHmCOOCCHsCOOJiCiHi 

DlGLYCERIDES 

Dipalmitin.  (CisH3iCOO)j(CHjCOO)C3H4 

Distearin,  (CiyHaiCOOiCCHjCOOCsHs 

Diolein,  CCitHsjCOOsCCHsCOOCjHj 

Hydroxy  Acids 

Ricinoleic,  C17H3j.OCH3CO.COOH 

Dihydroxystearic.  Ci7H33(OCHjCO)jCOOH 

Free  Alcohols 

Cholesterol.  CHsCOOCstH.i 

Phytosterol.  CH3COOC27H« 


Molecular 

Saponification 

Theoretical 

weight 

number 

acetyl  number 

Reciprocal 

1058.880 

317.928 

158.964 

0.0062907 

1238.976 

407.572 

271.715 

0.0036803 

414.336 

406.250 

270.833 

0.0036923 

442.368 

380,507 

253.671 

0.0039421 

440.352 

382.249 

254.832 

0.0039242 

610.560 

275.688 

91.896 

0.0108819 

666.624 

252.502 

84.167 

0.0118811 

662.592 

254.039 

84.680 

0.0118092 

340.288 

329.768 

164.884 

0.0060649 

400.320 

420.474 

280.316 

0.0035674 

428.384 

130.976 

0.0076350 

428.384 

130.976 

0.0076350 

position  is  present  in  an  oil  or  fat,  the  results  can  be 
readily  converted  from  the  basis  of  the  original  to 
that  of  the  acetylated  product  and  vice  versa.  In 
other  cases  conversion  is  generally  impracticable  on 
account  of  the  marked  differences  in  assimilation  of 
acetyl  by  the  several  classes  of  hydroxy  compounds. 
Formulas  may  show  the  relation,  however,  that  the 
results  by  different  methods  bear  to  each  other,  (m) 
indicating  the  molecular  weight  of  the  hydroxy  com- 
pound, (d)  the  number  of  hydroxyls,  and  {i)  the  in- 
crease in  weight  on  acetylating: 

Massachusetts  Method  Gravimetric  Method 


^6ioSd  42.oi6(f 

Bcuedikt  and  Ulzer  and  Lcwkowitsch  Methods 
c(ni  +  42.oi6rf) 
56108^ 

SUMMARY 

The  acetyl  numbers  of  a  fat  and  of  the  insoluble 
acids  afford  valuable  information  relative  to  the  nature 
and  the  quality  of  a  product.  Apparently  many 
analysts  have  been  deterred  from  making  the  de- 
terminatibns  on  account  of  the  time  required,  tedious 
manipulation  involved  or  inability  to  interpret  the 
results.  The  proposed  method  is  comparatively  short 
and  simple  and  readily  understood  because  of  its 
similarity  to  other  fat  methods  in  common  use.  It  is 
practically  free  from  the  obiections  cited  for  the  earlier 
methods  and  the  results  are  directly  comparable  with 
other  fat  determinations,  being  on  the  same  basis. 

Massachusetts  Agricultural  Experiment  Station 
Amherst 

A    COMPARISON    OF   NEUTRAL   AMMONIUM    CITRATE 

WITH  SODIUM  CITRATE  AND  .V  10  CITRATE  ACID' 

By  Paul  Rudnick.  W.  B.  Derby  and  W.  L.  Latshaw 

Since  the  appearance  of  a  previous  paper-  on  the 
subject  of  neutral  ammonium  citrate,  the  use  of  sodium 
citrate  as  a  substitute  for  ammonium  citrate  has  been 
proposed  by  Bosworth.'  The  values  obtained  by  him 
with  a  solution  of  sodium  citrate  of  the  same  molar 
concentration  as  the  official  ammonium  citrate  solu- 
tion are,  however,  not  in  good  concordance  with  those 

1  Presented  at   the  49th  Meeting  of  the  .American  Chemical  Society. 
Cincinnati,  April  6-10,  1914. 

2  This  Journal,  8  (1913),  1013. 
'  Ihid.,  6  (1914),  227. 


obtained  by  neutral  ammonium  citrate.  This  fact 
was  further  confirmed  by  us  in  the  determinations 
on  a  sample  of  acid  phosphate  shown  in  Table  I. 

These  determinations  were  made  substantially  ac- 
cording to  the  official  methods  of  the  A.  O.  A.  C.,' 
except  that  the  neutral  ammonium  citrate  solution 
was  prepared  as  described  in  our  previous  paper. - 
The  phosphoric  acid  was  in  all  cases  deterniined  by 
the  volumetric  molybdate  method.  The  proportions 
of  reagent,  whether  neutral  ammonium  citrate,  sodium 
citrate  or  N '  10  citric  acid,  to  the  weight  of  sample 
taken,  were  the  same  as  in  the  official  method. 
Table  I — Determination  of  Insoluble  Phosphoric  -\cid  with  Sodium 

ClTRATE    AND    NEUTRAL    .\MM0.NIUM    CITRATE 

Sodium  citrate 1.46'1  .\mmonium  citrate 0.30''i 

1.42  0.34 

Av 1  .44  0.32 


The  specific  gravity  of  this  sodium  citrate  solution 
was  1. 1 63  as  against  1.09  for  neutral  ammonium  cit- 
rate solution.  Various  trials  showed  that  more  con- 
centrated solutions  of  sodium  citrate  give  results  ap- 
proaching more  nearly  those  obtained  by  the  use  of 
neutral  ammonium  citrate,  as  shown  in  Table  II. 


Table    II — Determinatioi 

Phosphate  with  Varyi> 

Compare 


citrate, 
citrate 


OF    Insoluble    Phosphoric    .\cid    in    .\ci 
;  Concentrations  op  Sodium  Citrate  as 

WITH    .\M.MONlUM    CiTRATE 

Percentages 

Specific  . * • 

G.  per  1.  gravity        12  3  4 

1  .  09 


80  0 
159.5 
178.5 


293.8 

312^8 
326,6 
443.0 
496,8 
568,8 


1  .  043 
1.084 
1,093 


0.53 
1^83 


1.231   0.92 


Note — The  concentration  of  sodium  citrate  is  expressed  in  grams  of 
crystallized  sodium  citrate  ((C6HiO;Na3)!.l  IH.O]  per  liter". 

The  disadvantages  of  working  with  such  heavy  solu- 
tions suggested  the  possibility  of  using  a  citric  acid 
solution  of  suitable  concentration  as  a  substitute. 
After  trying  various  strengths  ranging  from  two  per 
cent,  as  used  for  basic  slag  analyses,  downward,  it 
was  found  that  a  N /  lo  solution  of  citric  acid  gave 
results  approximating  quite  closely  to  those  obtained 
with  neutral  ammonium  citrate.  The  results  are 
shown  in  Table  III. 
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Acid  phosphate. 


Neutral     AVIO 

ammonium  citric 

citrate      acid 

.      2.60        2.50      Ra 

2.58        2.45 

.  ..      2.59       2.48  1 


Acid  phosphate 


2.07         1.94      Complete  fertili 
2.01         1.95 
Av 2.04        1.95  Av 


Neutral  iV/10 
mmonium  citric 

citrate  acid 

18.75  20,50 

18.75  20.35 

18.75  20,42 

1.64  1.57 

1.60  1,55 

1.62  1.56 


Tankage  6.53       6.90     Complete  fertilizer.       0.14       0.23 

6.49       6.88  0.18       0.25 

Av 6.51        6.89  Av 0.16       0,24 

N/io  citric  acid,  therefore,  is  entitled  to  careful 
consideration  as  a  promising  substitute  for  neutral 
ammonium  citrate  solution,  as  it  not  only  gives  re- 
sults substantially  identical  with  those  obtained  with 
the  present  official  reagent  for  determining  insoluble 
phosphoric  acid,  but  has,  moreover,  at  least  two  im- 
portant advantages  over  ammonium  citrate: 

I — N/io  citric  acid  is  much  more  easily  prepared 
and  standardized  than  neutral  ammonium  citrate 
solution, 

2 — Extraction  with  N/io  citric  acid  is  as  easy  and 
rapid  as'  with  hot  water,  the  time  of  filtration,  particu- 
larly in  bone,  tankage  and  complete  fertilizers,  being 
cut  down  to  a  very  few  minutes. 

Chemical  Laboratory  of  Armour  &  Co., 
Union  Stock  Yards.  Chicago 


THE  EFFECT    OF    ENSILAGE  FERMENTATION  AND 

ANIMAL  DIGESTION  ON  THE  SOLUBILITY  OF 

PHOSPHORIC  ACID  IN  PHOSPHATE  ROCK 

By  C.  A.  Mooers 
Received  March  20.  1914 

A  recent  article^  by  Forbes  and  Fritz  reports  some 
laboratory  results  which  indicate  that  the  ensilage 
process  may  be  used  to  render  floats  soluble  and  hence 
available  both  to  animals  and  plants.  With  the  ob- 
ject of  showing  the  practical  extent  to  which  the  solu- 
bility of  the  rock  was  increased,  the  writer  has  pre- 
pared Table  I  from  their  data.  The  table  should  be 
considered,  however,  as  at  best  only  a  close  approxima- 
tion, for  the  article  referred  to  did  not  furnish  either 
the  composition  of  the  phosphate  rock  or  other  data 
which  would  have  been  of  value  in  this  connection. 
In  making  the  calculations  of  Table  I,  the  writer  as- 
sumed the  floats  to  contain  14  per  cent  of  P,  and  that 
there  were  used  83  parts,  by  weight,  of  green  silage 
corn  to  I  part  of  floats.      According  to  this  table,  o,  2 

Table   I — Calculations  Based  on  Forbes  and  Fritz  Table 


Material 
Green  corn  (w 

Creen  corn 83.0  j 

Phosphate  rock 1 . 0  j 

Ensilage 76.7 

Ensilage 81.2  1 

Phosphate  rock 1,0) 


Inorganic  P 

Amount  of 

soluble  in 

dry  matter 

Inorganic  P 

0.2  per  cent 

taken  for 

soluble  in 

HCl  per  gram 

basis  of 

Total  P 

0.2  per  cent 

of  phosphate 

calculation 

HCl 

rock 

Grams 

Gram 

Gram 

Gram 

ant)    83.0 

0. 1718 

0.0689 

0.3118  0.1445  0.0756 

0.1718  0  0851  

0.3118    0.1924        0.1073 


per  cent  HCl  dissolved  54.0  per  cent  of  the  P  of  the 
floats  when  mixed  with  the  green  silage  corn,  but  be- 
fore passing  through  the  ensilage  process,  and  76.65 
per  cent  after  going  through  the  ensilage  process. 
This  amounts,  therefore,  to  an  increased  solubility 
of  3.17  pounds  of  P,  or  7.26  pounds  of  PjOs  per  100 
pounds  of  phosphate  rock  (floats). 

'  This  Journal,  6  (1914),  222,  223. 


In  the  proportions  used  by  Forbes  and  Fritz,  a  100- 
ton  silo  would  require  800  pounds  of  floats,  a  quantity 
which,  even  with  full  allowance  for  the  increased  solu- 
bility, would  amount  to  a  ihoderate  application  for 
only  two  acres.  Not  to  mention  the  very  narrow 
margin  of  profit  which  this  indicates,  two  questions 
arise  at  this  point:  (i)  Would  there  be  any  detri- 
mental effect  on  the  feeding  value  of  ensilage  treated 
with  floats?  (2)  What  would  be  the  effect  of  the 
process  of  animal  digestion  on  the  solubility  of  the 
floats? 

To  answer  the  first  question  satisfactorily  would 
require  many  more  data  than  the  author  has  at  hand, 
but  Table  II  gives  the  results  of  some  feeding  experi- 
ments made  at  the  Tennessee  Agricultural  Experiment 
Station  in  1909,  In  these  experiments  about  2  pounds 
of    finely    ground    phosphate    rock    were    mixed    with 

Table  II — Feeding  Test  of  Ensilage  Treated  with  Floats  as  Com- 
pared WITH  Untreated  Ensilage 
The  "treated"  ensilage  was  prepared  by  mixing  about  2  lbs.  of  finely  ground 
'  '     ■     Jped   corn    (whole   plant)   at  time 

Feed  per  day 


Feb.  2 
Feb.  3 
Feb.  4 
Feb.  5 
Feb.  6 
Feb.  2 
Feb.  3 
Feb.  4 
Feb.  5 
Feb.  6 


Cow  No.  10 
Cow  No.  10 
Cow  No.  10 
Cow  No.  10 
Cow  No.  10 
Fawn  heifer 


Feb.  2 
Feb.  3 
Feb.  4 
Feb.  5 
Feb.  6 
Feb.  2 
Feb.  3 
Feb.  4 
Feb.  5 
Feb.  6 

(a)  Morning  feed  only. 

Note — Both  groups  were  fed  pi 
previous  to  beginning  of  record,  each 
Feb.  2  without  waste  for  that  period. 


1000 


480 


Lbs. 
titaining  60 


10(a) 

221/2 
221/! 


10(a) 
thout  floats 

441/: 


1  ensilage  and  meal  for  two  days 
limal  eating  the  amounts  given  for 


every  100  pounds  of  the  corn  at  the  time  that  the  silo 
was  filled.  The  results  show  plainly  that  in  this  case 
too  much  rock  was  present,  for  the  animals  soon  re- 
fused to  eat  more  than  a  small  part  of  the  treated 
ensilage,  although  its  odor  and  appearance  indicated 
excellent  material. 

In  connection  with  the  feeding  experiment,  some 
data  were  obtained  bearing  on  the  second  question, 
in  regard  to  the  availability  of  the  P2O5  of  the  phos- 
phate rock  when  voided  by  the  animals.  Samples  of 
dung  were  saved  from  each  animal,  and  Table  III 
gives  the  per  cent  of  total  P2O5  in  each  sample  when 
calculated   to    a    moisture-free    basis.     Assuming   that 

Table    HI — Total    Phosphoric    Acid    (PsOs)    in    Dung   from    Animals 

Used  in  Feeding  E.xperiment 

Results  on  moisture-free  basis 

Per  cent 
PiOs 
Animal  Kind  of  feed  in  dung 

Cow  No.  10  Cottonseed  meal  and  unphosphatedjensilage    1.17 

Cow  No.  30  Cottonseed  raeal  and  phosphated  ensilage        5.95 

Fawn  heifer  Cottonseed  meal  and  unphosphated  ensUage    1 .  78 

Blue  heifer  Cottonseed  meal  and  phosphated  ensilage        9 .  34 

with  the  same  kind  of  feed  the  dung  from  the  cows 
would  be  of  similar  composition,  and  that  in  like 
manner    the    dung    from    the    heifers    would    be    com- 
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parable,  the  amounts  of  phosphate  rock  in  the  dung 
of  cow  No.  30  and  of  the  blue  heifer  were  calculated 
from  the  analyses  given  in  Table  III.  Table  IV  gives 
the  quantities  of  the  various  materials  taken,  the 
amount  of  o.i  per  cent, citric  acid  used  as  a  solvent, 
and  the  percentages  of  PoOs  found.  The  finely 
ground  phosphate  used  throughout  contained  32.0 
per  cent  of  P2O5.  The  citric  acid  solution  was  shaken 
up  in  contact  with  the  material  "for  two  days  and  fil- 
tered, and  the  PjOs  in  the  filtrate  determined.  From 
these  determinations  the  calculation  was  made  that 
the  combined  action  of  the  ensilage  process  and  the 
process  of  animal  digestion  resulted  in  an  increase 
of  0.93  pound  of  P2O5  per  100  pounds  of  the  rock  in 
the  case  of  the  cow  and  1.17  pounds  in  the  case  of  the 

Table  IV — Phosphoric  Acid   (PjOi)   Soi,ubi,e  in    1000  Cc.  of  0.1   Per 

CENT  Citric  Acid 
All   percentages   are  calculated  on   a   uniform   basis  of   moisture-free   and 
phosphate-free  manure,  i.  e..  the  plain  manure  from  the  unphosphated 
feed  (15.0  grams)  is  taken  as  the  basis  of  comparison. 

Quantity  used 
for  analysis  PiOi 

(Water-free  basis)         found 
Material  Grams  Per  cent 

Dung  from  cow  No.   10  (unphosphated  ensilage)    15.0  0.76 

Dung  from  cow  No.  10 15.0        1  q  gg 

Phosphate  rock 2.7137) 

Dung  from  cow  No.  30  (phosphated  ensilage)..  .    17.7137  l.Oj 

Dung  from  fawn  heifer  (unphosphated  ensilage)    15.0  1.38 

Dung  from  fawn  heifer 15.0        j  j    .jy 

Phosphate  rock 4 .  9256  ( 

Dung  from  blue  heifer  (phosphated  ensilage) 19.9256  I    86 

Notes — 1 — A  water  solution  of  manure  is  normally  alkaUne  and  hence 
much  of  the  •■available"  P2O6  is  in  a  precipitated  form.  Only  a  slightly 
acid  solution  is  necessary  in  order  to  get  a  marked  increase  in  soluble  PzOs. 
2 — If  manure  be  treated  with  a  0.1  per  cent  citric  acid  solution  in  the  pro- 
portions used,  the  solution  is  apt  to  become  alkaline  in  the  course  of  a  few 
days,  due  to  the  production  of  NHj  by  bacteria;  hence  long  standing  must  be 
avoided. 

heifer.  The  increase  in  soluble  PjOs  was,  therefore, 
very  small.  On  the  assumption  that  all  of  the  phos- 
phoric acid  was  voided  in  the  dung,  these  results, 
taken  into  consideration  with  those  of  Forbes  and 
Fritz,  indicate  a  reversion  of  the  P2O6  made  soluble 
by  the  ensilage. 

SUMMARY 

I — From  calculations  based  on  work  reported  by 
Forbes  and  Fritz,  22.65  per  cent  of  the  total  phosphoric 
acid  of  phosphate  rock  (floats)  was  rendered  soluble 
in  0.2  per  cent  HCl  through  the  ensilage  process,  1 
part  of  rock  being  used  to  250  parts  of  green  silage 
corn. 

2 — Feeding  experiments  by  the  author  proved  that 
when  2  pounds  of  finely  ground  phosphate  rock  were 
mixed  with  100  pounds  of  green  silage  corn  at  time  of 
filling  of  the  silo,  the  resultant  ensilage,  though  ex- 
cellent in  odor  and  appearance,  was  not  suitable  to 
be  fed  in  ordinary  amounts,  the  animals  soon  refusing 
to  eat  it. 

3 — The  solubility  in  o.  i  per  cent  citric  acid  of  the 
PoOs  of  the  phosphate  rock  in  the  dung  of  the  animals 
fed  phosphated  ensilage  was  increased  only  3.28  per 
cent  of  the  total  PjOs  as  an  average  of  two  trials. 

4 — Based  on  the  assumption  that  all  of  the  phos- 
phoric acid  was  voided  in  the  dung,  the  data  at  hand 
indicate  that  a  reversion  of  the  soluble  PiOs  took  place 
during  the  process  of  animal  digestion. 

5 — The  general  conclusion  is  indicated  that  the  silo 
"does  not  off'er  a  practical  means  of  making  the  P2O5 
of  phosphate  rock  available  for  plant  use. 

Agricultural  Experiment  Station 

University  of  Tennessee 

Knoxville 


THE  THEORETICAL  BASIS  FOR  THE  PROPORTIONS 
OF  LIME  AND  SULFUR  USED  IN  THE  COM- 
MERCIAL PREPARATION  OF  THE 
LIME-SULFUR  SPRAY 
By  Herman  V.  Tartar 
Received  March  11,  1914 

Various  formulas  (/.  e.,  proportions  of  lime,  sulfur 
and  water)  have  been  recommended  for  use  in  the  prep- 
aration of  the  commercial  lime-sulfur  spray.  In  the 
early  literature  on  this  subject,  the  proportions  of 
lime  (CaO)  and  sulfur  vary  within  wide  limits;  the 
more  recent  work'  shows. the  proper  ratio  of  lime  to 
sulfur  to  be  approximately  1:2.  There  are,  however, 
some  differences  still  existing  among  the  recommenda- 
tions made  in  this  connection  by  the  different  agricultural 
experiment  stations.  It  is  well  known,  too,  that  various 
factors  such  as  concentration  and  length  of  time  of 
boiling,  have  an  influence  on  the  amounts  of  lime  and 
sulfur  required.  Even  the  length  of  time  of  cooling, 
following  the  boiling  period,  modifies  the  composition 
of  the  solution  and  consequently  the  requirements  of 
raw  material.  For  example,  in  one  of  the  experiments 
at  our  local  station  plant  where  108  gallons  of  material 
were  prepared,  a  sample  taken  and  immediately  cooled 
just  at  the  close  of  the  cooking  period  had  a  gravity 
of  33°,  while  one  taken  after  the  solution  had  cooled 
in  the  tank  for  12  hours,  had  only  a  30°  strength. 
This  decrease  in  gravity  was  due,  no  doubt,  to  the 
decomposition  of  calcium  thiosulfate  in  the  hot  solu- 
tion. Similar  experiments,  in  which  the  entire  solu- 
tion was  cooled  immediately  after  boiling,  showed  no 
decrease  in  gravity  upon  standing.  Because  of  these 
numerous  factors  which  influence  the  composition  of 
the  spray,  the  formulas  given  by  different  investi- 
gators have  been  worked  out  largely  by  the  "cut  and 
try"  method.  Different  amounts  of  lime,  sulfur  and 
water  have  been  cooked  for  various  lengths  of  time 
and  from  the  analyses  made  of  the  resulting  solutions 
and  sediment  (sulfite),  the  formulas  have  been  derived. 
But  little,  if  any,  attention  has  been  given  to  the  exact 
chemical  reactions  which  occur. 

To  all  familiar  with  this  subject,  it  is  very  evident 
that  any  formula  used  in  making  lime-sulfur  must 
necessarily  be  based  on  the  reactions  taking  place. 
Investigations  carried  out  in  this  laboratory-  have 
shown  that  these  reactions  are  represented  by  the  fol- 
lowing equations: 

(i)  3Ca(0H).,  -t-  loS — >  2CaS4  -1-  CaS203  +  3H2O 

(2)  CaSj  -I-  S  — *■  CaSs 

(3)  CaS203  — *■  CaSOj  +  S 

There  is  also  some  oxidation  of  the  polysulfides  when 
the  material  is  exposed  to  the  air  but  this  is  so  slight, 
under  ordinary  conditions  of  commercial  preparation, 
where  large,  tall  cooking  vats  are  used,  that  it  need 
not  be  considered  here.  The  knowledge  of  the  exact 
nature  of  these  chemical  reactions  affords  a  theoretical 
basis  for  determining  the  proportions  of  lime  and  sulfur 
required  in  the  preparation  of  a  given  sample  of  lime- 

'  Cordley,   unpublished   results  of    this    station:    Stewart,    Penn.   Agr.. 
Exp.  Sta'.,  Bull.  99;  Van  Slyke.  N.  V    Agr.  Exp.  .Sta.  (Geneva),  Bull.  SS9. 
•-  Jour.  .Amtr.  Chem.  Soc.  »7  (1914),  495. 
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sulfur.      This    will    be    brought    out    in    the    discussion 
which  follows. 

It  will  be  seen  from  the  equations  given  above  that 
the  compounds  formed  by  the  reaction  between  cal- 
cium hydroxide  and  sulfur,  under  ordinary  commercial 
conditions  of  manufacture,  are  calcium  tetrasulfide, 
pentasulfide,  thiosulfate,  and  sulfite.  All  of  these 
compounds  are  readily  soluble  in  water  with  the  ex- 
ception of  the  sulfite,  which  is  comparatively  insoluble. 
This  being  true,  the  chemical  analysis  of  the  lime- 
sulfur  solution  shows  the  amounts  of  lime  (slaked  with 
water  to  form  hydroxide)  and  sulfur  that  have  reacted 
in  the  formation  of  the  same  except  the  amounts  of 
these  substances  necessary  to  form  the  insoluble  sul- 
fite produced.  From  the  knowledge  of  the  chemical 
reactions  that  occur,  however,  it  is  not  a  difficult 
matter  to  estimate,  from  the  chemical  analysis  of  the 
solution,  the  quantity  of  sulfite  which  has  been  formed. 
Equation  (i)  shows  that  when  calcium  hydroxide  and 
sulfur  combine,  one-third  of  the  calcium  is  combined 
as  thiosulfate  and  two-thirds  as  polysulfide.  Since 
there  is  no  decomposition  of  the  polysulfide,  the  quan- 
titative estimation  of  the  calcium  combined  in  this  form 
gives  a  means  for  determining  the  amount  of  thio- 
sulfate which  has  been  formed.  The  difference  be- 
tween this  total  estimated  amount  of  thiosulfate  and 
the  amount  actually  present  in  the  solution,  is  the 
quantity  that  has  decomposed;  and  from  this  data  the 
amount  of  sulfite  can  be  easily  calculated.  The  initial 
ratio  of  lime  to  sulfur  is  also  easily  determined  when  one 
knows  not  only  the  amounts  of  calcium  and  sulfur 
present  in  a  given  lime-sulfur  solution,  but  also  the 
insoluble  sulfite  produced  in  the  preparation  of  the 
same. 

The  analytical  methods  for  determining  the  amounts 
of  calcium  combined  as  polysulfide  as  well  as  the 
amounts  of  other  constituents  of  lime-sulfur,  have 
been  very  thoroughly  worked  out'  and  it  is  unnecessary 
to  discuss  them  in  this  paper. 

The  actual  application  of  the  discussion  given  above 
is  brought  out  in  Table  I.  The  chemical  compositions 
of  several  samples  of  commercial  lime-sulfur  solution 
are  given;  also  the  estimated  amounts  of  insoluble  cal- 
cium sulfite  formed  and  the  calculated  ratios  of  lime 


Table 

I — Chemical  Composition  of  Lime-Sulfur  Solution 

Lime  (CaO) 

Sulfur 

S) 

Combined  as 

Esti- 

Combined as 

Esti- 

mated 
as  insol 

mated 
as  insol. 

Ratio 

CaO  :  S 

Poly- 

Thio- 

Poly- 

Thio- 

■Jo 

Sp.  Gr. 

sulfide 

sulfate 

sulfite 

sulfide 

sulfate 

sulfite 

Required 

1 

1.2585 

9.464 

1.820 

4.060 

26.313 

2.080 

2.320 

2.00 

2 

1.3335 

13.943 

0.672 

5.  152 

37,498 

0.768 

2.944 

2.08 

3 

1.2825 

11.357 

1.  120 

4.558 

30.780 

1.280 

2.604 

2.03 

4 

1.2560 

10.248 

1.008 

4.  116 

27.926 

1.  152 

2.354 

2.04 

5 

1.2820 

11.424 

0.840 

4.872 

31 .283 

0  960 

2.784 

2.04 

6 

1.3110 

11.802 

1  ,  198 

4 ,  703 

31.930 

1  .  370 

2.688 

2.04 

7 

(a) 

10.834 

1.286 

4,  131 

28 , 980 

1  .470 

2.360 

2.01 

(a)  Not  determined 

to  sulfur.     The  results  relating  to  chemical  composi- 
tion are  expressed  as  grams  per  100  cc.  of  solution. 

The  data  given  show  that  the  proportion  of  lime 
(CaO)  to  sulfur  which  react  in  the  preparation  of  the 
more  concentrated  commercial  lime  sulfur  solutions 
is  but  a  mere  trifle  greater  than  i:  2.  Unfortunately 
the  author  has  not  had  opportunity  to  examine  more 

'  Jour.  Amer.  Chem.  Soc.  27  (1905),  244;  This  Journal,  3  (1910).  271; 
Mich.  Agr.  Exp.  Sta.,  Tech.  Bull.  No.  6. 


dilute  solutions  prepared  under  commercial  conditions. 
It  is  evident,  however,  from  the  work  of  Thatcher' 
and  Van  Slyke'^  that  the  ratio  in  this  case  would  be 
somewhat  greater  than  i  :  2 ;  in  some  cases  it  would 
be  perhaps  i  :   2.25. 

The  theoretical  basis  given  here  will  not  exactly 
apply,  of  course,  to  the  preparation  of  small  amounts 
of  solution,  say  150  gallons  or  less,  where  the  oxidation 
of  the  polysulfides  occurs  to  a  considerable  extent 
through  contact  with  the  air. 

Acknowledgment  is  due  to  Mr.  R.  H.  Robinson 
who  made  several  of  the  chemical  analyses  reported 
above. 
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THE  DETERMINATION  OF  CAMPHOR  IN  TABLETS  AND 
PILLS 

By  Edwin  Dowzard 
Received  March  9,  1914 

In  so  far  as  the  writer  has  been  able  to  learn,  the 
methods  used  elsewhere  for  the  determination  of 
camphor  in  tablets  and  pills  have  not  proved  satis- 
factory. For  this  reason  a  description  of  a  method 
is  given  which  has  been  in  use  for  over  five  years  with 
satisfactory  results: 

Camphor  may  be  rapidly  and  completely  removed 
from  tablets  and  pills  by  distillation  in  a  current  of 
steam.  The  watery  distillate  contains  both  dissolved 
and  undissolved  camphor,  which  can  be  extracted 
with  benzol.  By  determining  the  optical  rotation 
of  the  benzol  solution,  the  amount  of  camphor  present 
in  the  tablets  or  pills  can  be  readily  calculated. 

A  special  apparatus  is  required  for  the  distillation, 
because  an  ordinary  condenser  cannot  be  used  as  the 
camphor  blocks  up  the  tube. 

After  a  number  of  trials  the  arrangement  shown  in 
the  figure  proved  satisfactory. 

The  apparatus  consists  of  a  flask,  .4,  for  generating 
steam,  a  second  flask,  B,  for  the  steam  distillation, 
and  a  receiver,  C  (a  retort  with  the  tube  bent  as  shown), 
for  the  distillate. 

The  retort  is  kept  cool  by  two  streams  of  water  (£) 
and  £).  D  impinges  on  the  wide  part  of  the  neck, 
and  E  on  the  extreme  end  of  the  tube,  which  is  closed 
with  a  rubber  stopper  fitted  with  a  glass  tube  open 
■at  both  ends;  thus  every  part  of  the  retort  is  kept  cov- 
ered with  a  film  of  water,  ensuring  a  complete  condensa- 
tion. The  large  funnel  F  conveys  the  water  to  a 
sink  by  means  of  a  rubber  tube. 

The  funnel  should  be  kept  about  half  filled  with 
water,  the  flow  of  water  from  the  funnel  being  regu- 
lated by  pinchcock  G. 

PROCEDURE  FOR  A  DETERMINATION — A  number  of  tab- 
lets or  pills  containing  about  2'  ;  to  3  grams  of  camphor 
are  placed  in  the  flask  B.  The  tablets  are  just  covered 
with  water  and  the  apparatus  connected.  Sufficient 
water  to  cover  the  bottom  of  the  tube  H  is  placed  in 
the  retort. 

The  water  in  .4  is  now  boiled,  with  /  closed,  the 
steam  passing  into  B  through  the  tube,  which  almost 

1  Jour.  Amer.  Chem.  Soc..  SO  (1908),  63. 
-  Loc.  cit. 
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touches  the  bottom  of  the  flask,  carries  over  the  cam- 
phor from  the  disintegrated  tablets.'  The  distillation 
is  continued  until  the  distillate  measures  about  500  cc. 


The  pinchcock  /  is  now  opened  and  the  flame  removed 
from  A .  The  water  is  allowed  to  run  over  the  retort 
for  5  minutes  longer  to  thoroughly  cool  the  distillate. 
The  retort  is  now  disconnected,  leaving  the  tube  H 
with  the  pinchcock  /  attached  and  screwed  tight; 
25  cc.  of  benzol  measured  at  25°  C.  are  allowed  to  flow 
into  the  retort  through  the  neck,  after  removing  the 
rubber  stopper  fitted  with  the  glass  tube  opened  at 
both  ends.  The  retort  is  securely  closed  with  a  rub- 
ber stopper  and  the  contents  vigorously  agitated  for 
several  minutes.  The  position  of  the  retort  should  be 
frequently  changed  to  allow  the  benzol  to  reach  every 
part,  thus  ensuring  that  all  the  camphor  is  dissolved 
in  the  benzol.  The  mixture  is  transferred  to  a  sepa- 
rator, the  water  drawn  off,  and  the  benzol  solution 
of  camphor  filtered  through  a  small  plug  of  cotton 
wool  into  a  100  mm.  tube,  the  rotation  being  taken 
at  25°  C. 


If  the  pills  or  tablets  do  not  disintegrate  readily, 
they  should  be  coarsely  ground  in  a  mortar,  before 
distilling. 

The  writer  has  determined  the  rotation  of  a  number 
of  samples  of  camphor.  All  examined  had  practically 
the  same  rotation. 

The  following  figures  give  the  camphor  equivalent 
in  50  cc.  of  benzol  solution  for  each  0°  i'  of  rotation: 

Rotation  taken  in  100  mm.  tube  at  25°  C. 


Grams  camphor           Total 
dissolved  in              volume 

benzol                      Cc.              Rotation 

Camphor 

6                            50                   0°   1' 
3                             50                   O"  I' 
1.5                      50                  0"  1' 

=  0.019402 
=  0.019745 
=  0.019592 

Average  0°  1'  =0.019613  gram  of  camphor 
camphor  in  25  cc.  for  each  0°  1'  of  rotation. 

in  50  cc.  or  0.009806  gra 

To  test  the  apparatus,  2  grams  of  camphor  were 
distilled  and  the  distillate  extracted  with  25  cc.  of 
benzol,  as  described.  The  following  figures  were 
obtained: 


Rotation  in  100  mm.  tube  at  25°  C.  =  3  = 

As  the  above  solution  consists  of  2  gran 
benzol,  not  2  grams  made  up  to  25  cc.  a  corre 
termined  as  follows: 

185'  X  0.009806  =    1.8144 

From  the  figures  previously  obtained,  we  know 
indicates  the  presence  of  1.8144  grams  of  camphor 
It  is  now  necessary  to  calculate  how  much  benzol 
solution. 

As  the  specific  gravity  of  camphor  at  25°  C.  is 
of  camphor  displace  1.8324  cc. 


that  the  above  rotation 
lU  25  cc.  of*the  solution, 
ve  have  in  25  cc.  of  this 

tbout  0.99,  1.8144  grams 


■^-   =    ..8324 

Therefore,    we    have   23.1676   cc.   of   benzol   in    25   c 

c.    of   the   sol 

25  .  0000  cc. 
1.8324  cc. 

23. 1676  cc. 

Now  if  23.1676  cc.  of  benzol  have   1.8144  grams  c 
ill  have  1.957  grams. 

1A1.«_><_25   _       „,- 
23.1676        ~    '-^^ 

f  camphor,   : 

.  97.85  per  cent  of  the  amount  taken.' 

Several  determinations  were  made  with  varying 
amounts  of  camphor,  with  very  close  results.  It 
will  be  seen  that  a  slight  correction  is  necessary  for 
loss. 

As  each  apparatus  and  the  manipulation  of  dift'erent 
chemists  will  vary  somewhat,  several  determinations, 
using  known  weights  of  camphor,  should  be  made  and 
the  factor  for  the'  apparatus  calculated. 

The  factor  for  the  apparatus  used  by  the  writer  is 
o.oiooi  gram  of  camphor  for  each  o°  i'  of  rotation 
in  IOC  mm.  tube  at  25°  C. 

The  average  amount  of  camphor  in  the  tablet  or 
pills  is  obtained  by  dividing  the  number  taken  into 
the  weight  of  camphor  found. 

Using  the  above  method,  a  determination  may  be 
completed  within  two  hours. 

.Analytical  Department.  Parke.   Davis  &  Co. 

Detroit.  Michigan 


LABORATORY  AND  PLANT 


THE  STATUS  AND  TENDENCY  OF  THE  GAS 

INDUSTRY' 

By  Walter  R.  Addicks 

The  artificial  gas  business  was  never  in  so  advantage- 

1  Presented  at  the   meeting  of  the    N.  Y.  Section    of    the  Society  of 
lemical  Industry,  The  Chemists  Club,  March  27.  1914. 


ous  a  position  strategically  as  at  this  writing,  yet  two 
influences  are  felt  adverse  to  progress:  the  first  is  an 
obsolete  candle  power  standard;  the  second,  which 
is  not  confined  to  the  gas  industry,  a  tendency  to  deny 
to  proprietorship  a  percentage  return  on  investments 
commensurate   with  the  character  of  the  service  and 
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the  ability  of  management  necessary  to  produce 
results  demanded  by  modern  conditions. 

Had  the  incandescent  gas  mantle,  equally  useful 
for  coal  or  carburetted  water  gas,  been  invented  and 
perfected  before  the  advent  of  a  supply  of  cheap  oil 
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for  gas  manufacture,  the  modern  carbureted  water 
gas  apparatus  with  its  former  high  candle  power 
possibilities  would  not  have  displaced  coal  gas  manu- 
facture or  have  reached  its  present  important  place 
in  the  gas  industry;  it  is  also  probable  that  electricity 
would   not   have   had   its   encouragement   to   enter   the 


affected  the  supply  of  oil  for  carbureted  water  gas 
manufacture,  coal  gas,  while  still  an  ultimate,  would 
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ness.  These  observations  are  made  to  direct  your 
attention  to  a  study  of  cause  and  effect  in  the  gas 
industry. 
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lighting  field,  the  first  important  step  in  electrical 
development.  Had  the  perfection  of  operation  of  the 
automobile  followed  by  other  natural  mechanical 
developments  involving  large  consumption  of  oil  not 


Electricity  has  forged  ahead  in  the  lighting  field 
and  the  power  field,  but  in  the  heating  field  gas  holds 
a  stronger  position  than  ever  before,  and  it  is  still  no 
mean    competitor    of    electricity    in    the    lighting    and 
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733  B 
732  B 
731  B 


8  C 
8E 
8F 
109 


101 
410  A 
626 


Kind  of  Appliance 
High  power  burner 
Cyclone  burner 
Mounted  burner 
Hot  plate  burner 
Hot  plate  burner 
Hot  plate  burner 
High  power  burners 
Solid  type  burner 
Triple  industrial  burner 
High  power  burner 
Pipe  burner  1  V:"  X  30" 
Pipe  burner  2"  X  36" 

Hand  blow  torch 
Hand  blow  torch 
Hand  blow  torch 
Hand  blow  torch 
Hand  blow  torch 
Hand  blow  torch 
Hand  blow  torch 
Hand  bio 


Hand  blow 
Hand  blov 
Hand  blov 
Hand  blov 
Hand  blov 
Hand  blov 
nd  blov 


Max. 

Practical  range 

jas  consu 

mp- 

of  working 

tion  per 

hr. 

temperature 

Cu.  ft 

°F. 

175 

75 

150 

60 

Burners 

40 

150  to  1800 

20 

300 

700 

300 

200 

/  torch 

!  torch 

i  torch 

ir  torch 

p  torch 

J  torch 

^,. ?  torch 

Pipe  burner  P/*"  X   24" 

Pipe  burner  1"  X    18" 

Pipe  burner  V*"  X    12" 

Pipe  burner  1"  X    18" 

Longitudinal  burner 

Mounted  burner 

Mounted  burner 

Mounted  burner 

Mounted  burner 

Mounted  burner 

3-ring  concentric  burner 

3"  core  with  8  No.  7  Bunsens 

Adjustable  burner 

Adjustable  burner 

Students'  burner 

Bunsen  burner 

Standard  burner 

Handy  burner 

Cyclone  burner 

Cyclone  burner 

Bunsen  burner 

Bunsen  burner 

Bunsen  burner 

Stand  blow  torch 

Stand  blow  torch 

Stand  blow  torch 

Stand  blow  torch 

Stand  blow  torch 

Stand  blow  torch 

Buzzer  soldering  iron  heater 

Buzzer  soldering  iron  heater 

Johnson  soldering  iron  heater 

Johnson  soldering  iron  heater 

Soft  metal  furnace 

Glue  heater 

Candy  batch  warmer 

2  ft.  ribbon  burner 
Soft  metal  burner 
Longitudinal  burner 
Cluster  burner 
Umbrella  burner 
Pattern  radiator  burner 
Babbitt  melter 

Two  motor  heads 

Soldering  iron  heater 

Soldering  iron  heater 

Bench  forge 

Bench  forge 

Bench  forge 

3-quart  glue  heater 

Soldering  iron  heater 

Muffle  furnace 

Rivet  heater 

Soft  metal  furnace 

Melting  furnace 

31/2    H.    P.    steam    boiler    with    standard 

automatic  water  feeder  and  feed  water 

heater 
1   H.  P.  steam  boiler,  with  Lawler  water 

feeder 
Steam  superheater 

40    gal.     copper- jacketed     kettlc^ — tinned 
Sanitary  vacuum  cleaner 

3  H.  P.  steam  boiler,  with  Lawler  water 
feeder 

Melter 

Round  annealer 

Bar  annealer 

Forge 

Tool  room  forge 

Oil  tempering  furnace  with  hood 

Oven  furnace 

Tempering  furnace 

Rivet  heater 

Muffle  furnace 

Oven  furnace 

Lead  hardening 

Soft  metal  furnace 

Muffle  furnace 

Portable  melter 

Soft  metal  furnace 


15 

200  to  1500 

30 

15 

30 

40 

250  to  800 

15 

150 

35 

120  to  150 

200 

200  to  1000 

250 

200  to  1600 

150 

200  to  1600 

7S 

200  to  1000 

56 

200  to  1000 

100 

200  to  1000 

60 

400  to  1700 

150  ea 

200  to  2000 

25 

200  to  1500 

40 

200  to  1500 

25 

1000  to  2300 

100 

1000  to  2300 

25 

1000  to  2300 

10 

150 

60 

200  to  1500 

SO 

1000  to  2300 

100 

1000  to  2300 

90 

1000  to  1700 

25 

1000  to  2200 

280 

100 

100 

1000  to  2500 

100 

1000  to  1600 

75 

1000  to  1600 

125 

1000  to  2500 

100 

1000  to  2500 

50 

200  to  1000 

250 

1000  to  2000 

200 

1000  to  1500 

200 

1500  to  2800 

200 

1000  to  1500 

240 

1000  to  2400 

95 

1000  to  1800 

125 

1000  to  1600 

125 

1000  to  1600 

60 

200  to  800 

150 

200  to  800 

Some  Uses  (Not  All) 
Burners 
Melting  gum,  heating  cylinders,  tinning,  soldering,  floor 
^nishing,  replacing  coal  in  confectionery  stores,  raising 
steam,  candy  manufacture,  annealing,  smoking  meats, 
heating  rubber  compounds,  etc.,  hat  drying,  heating 
plating  tanks,  drying  photos,  umbrella  steaming,  syrup 
manufacture,  heating  pleating  and  singeing  ovens,  steam 
boilers,  cold  cream,  etc.;  bending  glass,  etc.;  drying  nuts, 
foodstufls.  etc. ;  soap  manufacture,  glue  manufacture, 
melting  metals,  heating  water- jacketed  kettles,  manu- 
facturing ink,  heating  drying  tanks,  heating  oil,  drying 
blue-prints,  hot  water  for  soda  fountains,  singeing,  hat 
renovating,  feather  steaming,  pitch  kettles,  general 
boiling,  sterilizing,  heating,  sweating  on  tables,  sawdust 
drying,  embossing,  wood  drying,  brush  drying,  drying 
vats.  kegs,  etc.;  china  and  glass  kilns,  japanning.  lac- 
quering and  general  drying  ovens;  drying  feathers, 
bending  wood,  paint  burning,  testing  oil,  general  roasting 


Blow  Torches 
meral  brazing,  soldering,  bending,  hardening, 
shaping. 


Steam  Boilers 

Garment  manufacture,  casket  manufacture,  necktie  manu- 
facture, vulcanizing,  cleaning  jewelry,  draperies,  feather, 
glove  and  hat  manufacture;  pleating,  glue,  umbrella 
lace  drying  rooms,  silks  and  velvets,  jacketed  kettles, 
button  manufacture;  extracts  and  fruit,  syrups,  etc- 
Bakers.  restaurants,  sterilizing,  distilling,  butter  melting, 
paper  manufacture,  blue-prints,  plating,  dyeing,  soap 
compounds,  etc.;  candy  manufacture,  foundry,  tobacco 
manufacture,  soda  fountains,  wood  bending,  water 
heating,  rubber  manufacture,  stamps,  etc.;  armature 
drying,  coffee  roasting. 


Melting  soft  metals. 

Glue  heatine. 

Warming  candy 

Singeing,  roasting  and  cylinde 


Japanning  ovens,  drying  « 
Soft  metal  melting. 
Brazing,  bending. 


Brazing,  hardening,  bending. 
Brazing,  hardening,  bending. 
Brazing,  hardening,  bending. 

Heating  soldering  irons. 

Enameling. 

Rivet  heating,  hardening  small  parts. 

Melting  soft  metals,  lead  and  cyanide  hardening. 

Melting  precious  metals,  etc. 


Hardening,  annealing. 
bending,  drop  forging. 
"ng,  drop  forging. 


Melting  precious  metals.      Metal  compositions. 

Annealing  precious  metals.      Hardening,  annealing 

Annealing  precious  metals. 

Brazing,  heating  to  harden 

Brazing,  heating  to  harden. 

Tempering  steel. 

Heating  to  harden,  annealing,  case  hardening. 

Heating  to  harden,  annealing,  case  hardening. 

Rivet  heating. 

Enameling,  hardening,  tempering. 

Heating  to  harden — case  hardening. 

Lead  hardening,  cyanide  hardening,  metal  melting. 

Lead  hardening,  cyanide  hardening,  metal  melting. 

Enameling,  hardening,  tempering. 

Soft  metal  melting. 

Soft  metal  melting,  oil  tempering,  sweep  reducing. 


June,  10 14 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


24  Model  C 

26  Model  C 

25  3  A 

27  046 


chine 


■*2  \  Type  G 
48  304 


46  330 

47  6-95 
Out  60  650 


Kind  of  Appliance 

Brazing  table 

10  gallon  glue  heater 

Height  2  japanning  o\ 

Clothes  pressing  1 

Japanning  oven 

Incinerator 

China  kiln 

95  gallon  cauldroi 

Cauldron  furnace  with  pump  and  agitator 

Butcher's  boiler 

Sawdust  drier 

Laundry  stove 

Rect.  cyanide  furnace  with  hood 

Crucible  furnace 

Lead  hardening  furnace  with  hood 

Wagon  tire  heater 

Semi-muffle  furnace 

Muflle  furnace 

Forge 

Root's  acme  blower 

^/a    H.    p.    Diehl   motor   automobile   tire 

vulcanizer 
6  H.  P.  gas  engine 
71/2  H.  P.  motor 
Positive  pressure  blower 
Positive  pressure  blower 
Automatic  heating  machine 
Automatic  heating  machine 
Automatic  heating  machine 
Clay  annealer 
Salt  water  bath 
Oil  bath 

Fresh  water  bath 
Style  C  water  sterilizer 
Confectioner's  furnace  fan  blower 
Confectioner's  furnace  positive  pressure 
Confectioner's  air 
Confectioner's  furnace 
Confectioner's  furnace 
Automobile  tire  heater 


125 
120 
360 
150 
300 


500 
280 
280 


Practical  rang 

of  working 
temperature 

°F. 
200  to  2000 
150 
120  to    800 

120  to     800 

1000  to  2000 
200  to  800 
200  to  800 
200  to  212 
150  to  212. 

1000  to  1800 

1000  to  2000 

1000  to  1800 

1200 

1000  to  2000 

1000  to  1700 

1000  to  2500 


1000  to  1700 
300  to  1000 

1000  to  1700 
200  to  250 


150  to  400 

150  to  400 

150  to  400 
1200 


(a)  Gas  consumption  given  is  maximun 


Brazing,  bending,  hardening. 
Glue,  wax,  compounds. 


Japanning,  lacquering,  drying. 

Garbage,  sweep  reducing. 

China  firing,  silver  deposit. 

Water  heating,  syrups,  potash,  general  boiling. 

Water  heating,  syrups,  potash,  general  boiling. 

General  boiling. 

Cleaning  metal  parts. 

General  boiling. 

Tinning,  cyanide  hardening,  lead  hardening. 

Metal  melting 

Lead  hardening,  cyanide  hardening. 

Expanding  tires. 

Hardening  and  case  hardening,  tempering. 

Enameling,  hardening,  tempering. 

Heating  to  harden,  brazing,  bending. 


Heating  to  harden,  annealing. 
Tempering,  bluing. 
Heating  to  harden. 
Boiling  out  for  jewelers. 

Hardening  baths. 

Sterilizing  water. 
Candy,  syrups,  etc. 

Candy,  syrups,  etc. 
Candy,  syrups,  etc. 
Candy,  syrups,  etc. 
Expanding  tires  (steel  bands), 
ating  consumption. 


Appliances  Actually  Installed 


Appliance 
Mould  drying  oven  and  crucible 

furnace 
Indirect  heated  oven 

Annealing  oven 

4  HP  boiler 

Direct     heated    oven     mould 

drying 
Steam  pleating  box 
1  HP  boiler 
9  HP  boiler 

5  HP  boiler 

1  ton    coal    stereotype    melLing 

furnace  converted  to  gas 
Furnace,  forge  and  vulcanizer 
Soft  metal  fu 
Tire  heater 


Business 
elry  manufacture  "i 

drying       ( 


nufacture 


Ov 


-oil  te 


npering 


Water  still 
Glass  firing  kilns 
Wood    drying    ove 

heater 
Indirect       heated 

oven 
Glass  annealing  oven 

Tire  heater 

Air  blast  gas  furnaces 


Oven  furnaces 
Air  blast  gas  furnaces 
Gas  ovens  for  drying  raw  ; 
100  gallon  caldron 
Steel  muffle  china  kiln 
Melting  furnaces  for  gold 
Assay  furnaces 
Burners  for  distillation 
Water  still 


Jewelry 

Brass  goods 
Feather 
Bronze  good: 


Dress  plaiting,  etc. 

Clothing  manufacture 

Hat 

Silversmiths 

Newspaper 

Artificial  limbs 
Electrotypes 

Wagon  repair — stable  of  de- 
partment store 
Hack    saw    blade    maaufac- 

Carbonated  waters 

Glass  stainers  and  enamelers 

Woodworkers — marquetry 


japanning      Platers  and  japanners 


Thermos  bottle  manufac- 
ture 

Auto  and  wagon  wheel 
manufacture 

Case  hardening,  engravers' 
steel  plates 

Lava  tip  manufacture 

Electrical  novelties 

Silk  testing 

Syrup  manufacture 


Chii 
Assaying 
See  No.  46 
See  No.  46 
See  No.  46 


,  etc. 


839 . 700 
275.900 
,172.300 

203 . 700 
493,900 
984.500 
589.900 

875,200 


135.400 
21 .900 
33.500 

126.500 

596.000 
1  .700.900 

54 1 . 000 

33 , 000 

654.000 

9  229.600 

1 .509.200 

369.500 

1 .118.500 


Notwithstanding  this  disadvantage  the  incandescent 
gas  light  is  better  than  electric  light  in  many  circum- 
stances and  more  often  so  than  is  generally  realized, 
in  the  home  the  factory  and  the  office;  distant  con- 
trol of  gas  is  now  used  and  will  shortly  be  per- 
fected for  gas  lighting,  with  all  the  safety  desirable; 
the  pilot  light  is  very  satisfactory  with  the  ordinary 
hand  control  in  single  fixtures. 


'   WiMtii          '  "■ 

1 

power  field.  Where  the  gas  engine  is  used  as  the  prime 
mover  for  manufacturing  electricity,  all  phases  of 
light,  heat,  and  power  in  all  industrial  industries  are 
competitively  open  to  the  artificial  gas  industry. 

The  electric  system  of  lighting  has  superseded  gas 
lighting  in  many  cases  because  electric  lighting  units 
may  be  conveniently  located  as  required  and  be  still 
controlled  from  a  distant  convenient  point  with  ease 
and  yet  no  great  care  must  be  exercised  to  provide 
against  local   overheating   as   in   case   of   gas  lighting. 


Fig.  4 — G.^s  Labor.atory,  General  View 

For  power  purposes  gas  used  in  the  gas  engine  is  an 
active  competitor  as  against  the  steam  engine,  but 
must  be  used  with  a  belt  drive  when  applied  to  a 
multiplicity  of  machines  unless  used  to  drive  an 
electric  generator. 

In  domestic  apartment  cooking,  gas  has  already 
displaced  coal  and  is  likewise  rapidly  driving  coal 
from  use  in  private  houses  and  hotel  and  restaurant 
work.      The   gas  industry   does  not  fear  the  invasion 
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of  electricity  in  this  field,  and  even  in  the  fireless  mantle  lighting,  and  (2)  surface  combustion  which 
cooker  field  gas  is  developing  types  that  will  meet  any  greatly  increases  the  efficiency  of  °;as  used  in  heating, 
probable  electrical  developments  in  sight. 

In  house  and  office  heating,  gas  is  constantly  ad- 
vancing and  with  the  increase  of  manufacture  of  gas 
from   bituminous   coal   large   quantities   of   gas   house 


I'k;.  7 — Oven  Furnaces  and  Rivet  Heaters 


Fig    5~Japanninc  Ovens,  Com:  I>kvi-,..,    Incini: kator.  China  Kiln 

coke  will  come  on  the  market,  which,  with  gas  as  an 
au.xiliary  heating  agent,  will  reduce  the  use  of  mined 
coal  in  cities. 

For  general  industrial  uses,  including  domestic  and 
industrial  laundry  purposes,  gas  is  progressing  very 
rapidly  as  will  be  shown  later. 
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Fig.  8 — Forges,  .^nnealin 


s-D  Melting  Fi-rnaces 


Two  interesting  developments  are  attracting  the 
attention  of  all  engineers  and  give  promise  of  wide 
application;  both  require  combustion  under  greater 
pressures  than  are  common  in  street  distribution  to- 
day: (i)  High  pressure  lighting  in  which  the  effi-  cooking  and  the  industrial  appliances  where  radiant 
ciency    is    double    the    present    ordinary    incandescent      heat  will  be  of  value. 


-Assorted  Bi'rners 


Blow  Torches 
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High  pressure  gas  lighting  may  be  seen  outside  of 
many  of  the  gas  offices;  good  examples  may  be  noted 
at  1 6th  Street  and  4th  Avenue,  and  41st  and  4:?nd 
Streets,  West  of  6th  Avenue,  New  York  City. 


It  is  quite  within  the  range  of  practical  dreams  to 
foresee  gas  supplying  heat  for  hot  water,  cooking  and 
industrial  operations  in  summer;  heating  of  living 
spaces  in  spring  and  fall   and  auxiliary  to  gas  house 


coke  burned  in  low  pressure  boilers  in  winter.  Elec- 
tricity will  supply  power  for  elevator  and  power  use 
and  for  lighting,  where  gas  is  not  so  easily  applicable, 
though  gas  for  lighting  and  power  may  be  found  most 
valuable  under  certain  circumstances. 


I"h.     11      I"n\Trii-R  Steamer,  Steam  Gener 
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Saw  Blades,  Oil  Temper 


,  Limbs  Melt 

VULCA 


Gas  .Steam 


Surface  combustion  to  my  mind  has  most  fascinating 
possibilities  to-day.  The  problem  is  one  of  develop- 
ment of  design  and  application  to  present  uses. 


It  is  being  recognized  that  the  electrical  and  gas 
engineers  should  work  together  harmoniously  to  pro- 
duce the  best  results  in  giving  the  most  efficient 
service    to    the    public.       It    follows     as    an    essential 
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clement  that  the  recent  pernicious  practice  of  leav- 
ing gas  pipes  out  of  buildings  must  be  combatted 
and  architects  convinced  that  their  clients'  interests 
are  sacrificed  by  so  doing. 

The  new  office  building  of  the  Consolidated  Gas 
Company  located  at  i-5th  Street  and  Irving  Place 
covers  an  area  of  300  by  84  feet,  is  nineteen  stories 


in  height  and  is  completely  equipped  for  both  gas  and 
electric  lighting;  the  gas  pipes  are  tested  to  carry 
many  pounds  per  sq.  in.  as  against  the  present  street 
pressure  of  about  '/s  lb.  per  sq.  in.-  No  products  for 
light,  heat  and  power  will  be  used  save  those  supplied 
by  the  central  stations  of  either  the  gas  or  electric 
industry.  This  building,  when  completed  in  all  its 
parts,   will  be  well  worth  attention   as  all  types  of  gas 


Fig.  16 — Indirect  Heated  J.^p.^NNING  Oven 

appliances  for  every  conceivable  use  will  be  displayed. 

It  is  interesting  to  note  the  growth  of  the  gas  busi- 
ness over  a  period  of  years. 

Fig.  1  shows  the  relative  total  1 2  months  output  of 
gas  in  1903,  1909  and  1913,  as  well  as  of  the  day  and 
night  outputs  in  1909  and  1913.  It  also  shows  the 
total  December  and  July  output  in   1903  and  1913,  as 


well  as  the  day  and  night  outputs  in  July  and  Decem- 
ber, 1909  and  1913. 

A   number   of  examples   of   sales   of   gas   have   been 
selected   from    special    industries   showing   the    annual 


Fig.    17 — G1.ASS  Anne.^ling  Oven,  Thermos  Bottles 

as  well  as  December  and  July  sales.  One  is  largely 
for  illuminating  purposes,  while  the  remainder  are 
fuel  users  largely.  It  will  be  noted  that  the  peak 
I'jad  is  not  always  in  December  as  was  formerly  the 
'  ase  when  the  sales  were  for  illumination  only. 


Fig.    18 — Raw  Silk   Drying  Ovens.  Silk  Testing 

All  branch  gas  offices  have  on  display  many  gas 
burning  devices.  At  Madison  Avenue  and  42nd  Street 
(New  York)  will  be  found  a  model  apartment  as  well 
as  a  large  line  of  domestic  and  industrial  appliances. 
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At  2nd  Avenue  and  22nd  Street  is  shown  a  practical 
working  experimental  laboratory  for  public  use.  The 
gas  company  invites  any  consumer  to  bring  to  this  lab- 
oratory materials  for  treatment  in  any  appliance  suita- 
ble, with  electricity  and  gas  furnished  free  of  charge  for 
experimental  use,  and  instruments  for  careful  measure- 
ments. Figs.  3-10  give  a  good  idea  of  this  useful 
aid  to  the  chemist  and  practical  operator  and  manu- 
facturer. 

A  table  (referred  to  Fig.  3)  of  all  the  appliances 
in  the  laboratory,  listing  the  trade  number,  the  name 
of  appliance,  the  maximum,  but  not  working,  gas 
burning  capacity,  the  range  of  working  temperatures 
in  practical  use  and  some  of  the  uses  for  which  the 
appliance  is  now  in  service.  This  table  is  made  up 
for  practical  every-day  reference  with    the  hope  that 


1  I       19 — Steel  Muffle  China  Kiln 

it  may  be  of  use  in  selecting  possible  appliances  for 
operations  that  may  be  profitably  performed  by  gas 
as  the  heating  agent. 

The  maximum  hourly  gas  capacity  varies  from  5 
cu.  ft.  to  1300  cu.  ft.  and  the  working  temperatures, 
from  120°  to  2800°  F.  Higher  temperatures  are  at- 
tainable if  desired. 

The  gas  engineer  no  longer  assumes  that  gas  cannot 
be  economically  used  in  place  of  coal  for  the  reason 
that  on  a  unit  cost  basis  gas  has  a  heavy  handicap  to 
overcome  when  compared  with  coal  on  a  heat  unit 
basis. 

From  the  point  of  view  of  heat  units  only,  no  one 
would  suppose  that  a  gas-fired  steam  boiler  could  be 
economically  used,  yet  they  are  being  used  by  scores. 
Elimination   of   dirt   and   hard  labor,  preparedness  for 


an  uncertain  or  irregular  demand  for  manufactured 
product,  immediate  answer  to  sudden  maximum 
demand,  absolute  uniformity  of  temperature  within  a 
wide  range,  in  fact  flexibility  to  a  degree,  make  gas  a 


Fig.  20 — U.  S.  Assay.  Assay  Furnaces 

most  desirable  agent  for  the  manufacturing  chemist  and 
industrial  manufacturer  as  well  as  all  engaged  in  food 
preparation  in  domestic,  restaurant  and  hotel  service. 

4  Irving  Place,  New  York 


A  SIMPLE  EXTRACTION  APPARATUS 

Stand  and  Condenser  by  Percy   H.    Walker' 
Flask  by  LoRiN  H.   Bailey^ 
Received  February  20,  1914 

A  simple  apparatus  has  been  designed  in  the  Bureau 
of  Chemistry  for  general  extraction  work. 

The  condenser  proper  is  of  the  coil  metal  tube  type, 
originally  designed  by  G.  T.  Cottle,  but  generally 
known  as  the  Underwriters'  Laboratories  model,' 
modified  by  lengthening  the  inlet  tube  and  lengthening 
and  bending  the  outlet  tube,  so  that  the  condenser 
forms  a  syphon.  The  stand  for  supporting  the  con- 
densers is  made  entirely  of  metal  and  is  without  clamps. 
Fig.  I  shows  this  stand.  A  is  the  feed  water  pipe; 
the  water  passes  through  the  pipes  B  and  C;  a  plug,  D, 
closes  the  end  of  C;  to  each  of  the  cocks  E  is  soldered 
a  Vs-inch  copper  pipe,  bent  as  shown,  to  serve  as  a 
water  inlet  for  an  individual  condenser;  the  main 
drain  pipe  F  has  an  outlet  to  the  sink  at  H,  and  is 
plugged  at  I;  the  vertical  tubes  G,  which  act  as  sup- 
ports and  at  the  same  time  drain  the  individual  con- 
densers, should  have  an  inside  diameter  of  not  less  than 
V2  inch. 

The  condenser  and  stand  may  be  used  with  prac- 
tically any  type  of  continuous  extraction.  Fig.  2 
shows  several  home-made  condensers  of  this  type, 
adapted  to  various  forms  of  extractors,  the  whole 
battery  being  heated  by  an  electric  hot  plate.  Begin- 
ning at  the  left  we  have:  (i)  an  apparatus  having  a 
Soxhlet  syphon  with  Knorr  flask  and  mercury  seal; 
(2)  a  conical  flask  with  a  Gooch  crucible  hung  to  the 
coil;  (3)  a  flask  with  a  flattened  constriction  at  the 
bottom  of  the  neck  and  an  alundum  thimble;    (4)    a 


^  Chief,  Contracts  Laboratory,'  Bureau  of  Chemistry. 
■  .\ssistant  Chemist,  Plant  Chemistry  Laboratory.  Bui 
'  This  Journal,  4  (1912),  535  and  856. 
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flask  holding  a  25  cc.  Gooch  crucible  (this  is  much  the 
most  convenient  form — see  Fig.  5  with  description) ; 
and  (5)  a  condenser  alone  as  it  hangs  on  the  drain  pipe 
when  not  in  use,  the  extreme  right  space  showing  the 
inlet  and  outlet  tubes  without  any  condenser. 

The  all-metal  condenser  is  strong  and  inexpensive  and 
can  be  used  for  almost  all  extraction  work.  While 
various  sizes  may  be  used,  it  is  believed  the  following 
specification,  which  is  being  used  by  the  Bureau  of 
Chemistry,  will  prove  satisfactory  for  general  work. 

SPECIFICATION    FOR    METAL    EXTRACTION 
APPARATUS    CONDENSER 

The  condenser  is  to  be  made  entirely  of  copper, 
nickel-plated,  in  accordance  with  the  dimensions  indi- 


FiG.    1 — Stand  for  Support  of  Condensers 

cated  on  the  accompanying  drawing  (Fig.  3).  The 
parts  indicated  on  the  drawing  as  (a),  (b),  (c),  (d)  and 
(e)  are  to  be  one  continuous  piece  of  tubing,  ',4" 
inside  diameter  with  walls  V32"  thick.  The  coil  (b)  is 
to  be  from  iVs"  to  I'/is"  outside  diameter,  and  from 
2V4"  to  3"  long  from  the  top  of  the  plate  (f)  to  the  bot- 
tom of  the  coil,  and  to  have  not  less  than  four  complete 
turns.  The  cover  (f)  is  to  be  one  piece  of  metal,  '/jo" 
in  thickness  and  2V2"  in  diameter,  turned  down  at 
the  margin  to  form  a  vertical  flange  ^/g"  high.  The 
cover  is  to  be  brazed  to  the  inlet  and  oultet  tubes  in 
vapor-tight  joints.  The  tubes  (a)  and  (c)  must  meet 
the  cover  at  right  angles,  and  the  coil  (b)  must  be  con- 
centric with  the  cover  (f). 

Necessary  conditions  for  acceptance  shall  be: 
(i)   That   water   shall   circulate    freely   through   the 
continuous  tubing  and  coil.  ' 

(2)   That  the  coil  shall  enter,  without  bending,  a  tube 
of  I'/ie"  inside  diameter. 


Where.it  is  necessary  or  desirable  to  avoid  contact 
of  metal  with  the  solvent,  a  glass  condenser  may  be 
adapted  to  the  stand  by  the  use  of  one  straight  and  one 
bent  copper  tube  and  a  rubber  stopper,  which  can  be 
securely  fastened  with  wire,  the  specifications  for  such 
a  glass  condenser  being  as  follows: 

SPECIFICATIONS    FOR    GLASS    INSIDE    CONDENSER 

To  be  made  entirely  of  well  annealed  glass  as  per 
dimensions  given  in  the  accompanying  drawing  (Fig.  4), 
the  neck  to  be  i'/^"  long  and  i"  inside  diameter,  with 
the  opening  slightly  flanged  to  take  a  cork  securely; 
the  bulb  (B)  to  be  from  2^/^"  to  2'/4''  diameter;  the 
barrel  (C)  to  be  from  2'/2"  long  to  2'/i"  and  not  less 


4ADE   CoNDEN 


PTED  TO  V; 
ARATUS 


than  I'/V  nor  more  than  I'/s"  outside  diameter,  with 
a  hook  (D)  about  'V'  long  at  the  lower  end;  the 
flange  (E)  to  be  about  2',  2"  in  diameter,  and  '/<"  deep, 
sealed  to  bulb  (B)  near  its  outer  extremity,  and  con- 
centric with  (A)  and  (C). 

Fig.  5  shows  the  type  of  extraction  flask,  mentioned 
above,  which  accommodates  either  a  small  siphon  tube 
or  a  25  cc.  porcelain  Gooch  crucible.  The  tube  or 
crucible  is  held  in  position  by  the  inward  projections 
in  the  side  of  the  flask.  When  the  extraction  is  com- 
pleted the  tube  or  Gooch  crucible  may  be  removed, 
a  solid  crucible  inserted,  and  the  solvent  thus  recovered. 
The  flask  is  made  according  to  the  following  specifica- 
tions. 

SPECIFICATIONS    FOR    EXTRACTION    FLASK 

To  be  made  of  good  glass,  well  annealed.  Height  of 
flask   130  mm.,  inside  diameter  of  top  from  39  to  41 
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mm.,  outside  diameter  at  base  from  50  to  56  mm.,  flask 
to  have  3  equi-distant  inward  projections,  made  to 
touch  the  circumference  of  a  circle  27  mm.  (26  to  28 
mm.)  in  diameter  and  concentric  with  the  sides  of  the 
flask,  points  of  projection  to  be  30  mm.  (20  to  31  mm.) 


KA^i 


Fig.  3— Metal  Extraction   Apparatus  Condenser 

above  base.  Enlargement  of  cylinder  to  form  base 
to  begin  immediately  below  projections;  bottom  to 
be  entirely  flat  with  rounded  edge,  top  made  smooth 
and  parallel  to  base,  flask  to  be  of  approximately 
uniform  thickness  throughout;  weight  of  the  flask 
to  be  from  40  to  50  grams. 
■    The  advantages  of  this  apparatus  are:  d)  the  stand 


offers  a  rigid  support  for  the  condenser  at  all  times, 
without  the  use  of  the  clamps;  (2)  a  cheap,  durable 
and  efficient  condenser,  which  may  be  adapted  to  prac- 
tically any  form  of  continuous  extraction  apparatus; 
(3)  the  elimination  of  all  rubber,  corks,  ground  glass, 


Fig.  4 — Glass  Inside 
condsnser 


Fig.  5 — Extraction  Flask 
WHICH  Accommodates 
A    25  cc.  GoocH  Cru- 


or  mercury  seal  connections;  (4)  extractions  may  be 
safely  run  over  night,  since  there  is  practically  no  danger 
of  breakage  due  to  change  in  water  pressure;  (s)  the 
flask  is  light  enough  to  be  accurately  weighed,  can  be 
easily  cleaned,  and  is  of  such  a  form  that  all  of  the  ex- 
tract can  be  transferred. 

BuRE.^u  OF  Cue 


Departmen 
siiington 
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RECENT  IMPROVEMENTS  IN  GAS  MANUFACTURE' 

By  Alfred  E.  Fokstall 

Understanding  it  to  be  intended  that  I  should  cover  only  the 
manufacture  of  illuminating  gas  in  central  station  plants  I  have 
limited  myself  to  this  phase  of  the  general  subject  of  gas  manu- 
facture. 

The  process  of  manufacturing  illuminating  gas  divides  itself 
into  two  stages,  the  generation  of  crude  gas  from  the  raw  ma- 
terials, and  the  purification  of  this  crude  gas  in  order  to  make 
it  fit  for  general  use. 

GENERATION  OF  CRUDE  GAS  FROM  RAW  MATERIALS 

Taking  up  first  the  generation  of  coal  gas,  an  important  recent 
improvement  has  been  the  development  and  quite  general  in- 
stallation of  retorts  set  vertically,  which  were  unsuccessfully 
experimented  with  in  the  early  years  of  the  nineteenth  century. 
Retorts  set  horizontally  were,  however,  finally  adopted  and  used 
solely,  until,  in  1885,  M.  Andre  Coze  developed  a  setting  in  which 

'  Read  before  the  New  York  Section   of   the  Society   of   Chemical   In- 
dustry, The  Chemists'  Club,  New  York.  March  27.  1914. 


the  retorts  were  inclined  at  an  angle  of  from  29°  to  33°  to  the 
horizontal.  At  such  angles  the  coal  would  spread  fairly  evenly 
over  the  whole  length  of  the  retort  by  gravitation  and  the  coke 
would  run  out  fairly  easily  when  the  charges  were  thoroughly 
carbonized.  Though  adopted  quite  generally  on  the  Continent 
of  Europe  and  in  Great  Britain  only  three  important  installa- 
tions of  inclined  retorts,  and  not  more  than  five  or  six  minor 
ones,  were  made  in  the  United  States. 

VERTICAL  RETORT  SETTINGS 

In  the  year  1902  two  different  types  of  vertical  retort  settings, 
the  intermittent  and  the  continuous,  were  brought  to  the  atten- 
tion of  gas  men.  The  intermittent  type,  in  which  an  amount 
of  coal  which  nearly  or  entirely  fills  the  retort  is  dropped  in  at 
one  time  and  allowed  to  remain  until  completely  carbonizec^ 
when  the  resulting  coke  is  dropped  out,  also  at  one  operation, 
was  developed  by  Dr.  Bueb  of  the  German  Continental  Gas 
Company  in  the  gas  works  at   Dessau,   Germany. 

INTERMITTENT   VERTICAL   RETORTS — DESSAU 

The  first  patent  taken  out  for  these  retorts,  in  the  early  part  of 
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1902,  described  them  as  provided  with  outlets,  spaced  from  top  to 
bottom  along  the  whole  length  of  the  retort  and  opening  into  a 
vertical  flue  so  placed  in  the  setting  as  not  to  be  exposed  to  a 
high  heat,  the  object  being  to  permit  the  gas  as  it  was  driven 
out  of  the  coal  to  escape  to  the  hydraulic  main  without  being 
subjected  to  contact  with  ejther  the  highly  heated  coke  or  the 
walls  of  the  retort.  Settings  built  under  this  patent  were  put 
into  operation  in  1903  but  the  side  outlets  were  abandoned  soon 
after  actual  operation  began,  and  by  1905  the  design  had  been 
developed  to  that  which  is  now  being  employed,  in  which  the 
gas  evolved  from  each  portion  of  the  charge  travels  through  all 
the  superincumbent  portions,  before  it  escapes  to  the  hydraulic 
main. 

As  the  Dessau  verticals  have  been  developed  in  Europe  the 
retorts  are  made  either  four  meters  or  five  meters  (13  ft.  2  in.  or 
16  ft.  5  in.)  long  with  cross-sectional  dimensions  of  approximately 
9  in.  by  22  in.  at  the  top  and  14  in.  by  27  in.  at  the  bottom  and 
are  set  in  groups  of  either  twelve  or  eighteen,  each  group  being 
heated  by  its  own  gas  producer,  or  generator  furnace,  and  pro- 
vided with  its  own  recuperators.  In  the  only  installation  of 
this  type  in  the  United  States,  which  is  at  Providence,  R.  I., 
the  retorts  are  13  ft.  2  in.  long  with  the  same  cross-section  as 
given  above  and  are  set  ten  in  a  bench.  The  coal  is  charged 
into  the  retorts  from  overhead  bunkers  and  the  coke  is  dropped 
into  buggies  or  into  a  conveyor. 

The  combustion  of  the  producer  gas  takes  place  in  a  com- 
bustion chamber  surrounding  the  lower  ends  of  the  retorts  and 
the  hot  products  of  combustion  pass  horizontally  to  the  back 
of  the  setting  and  then  up  to  a  second  set  of  horizontal  flues 
miming  to  the  front,  up  again  to  a  third  set  of  horizontal  flues 
running  to  the  back  and  then  into  a  fourth  set  of  flues  ruiming 
to  the  front  and  pass  out  from  the  top  of  the  bench  to  the  re- 
cuperators and  thence  to  the  chimney. 

INTERMITTENT  VERTICAL  RETORTS — UNITED  GAS  IMPROVEMENT  CO. 

In  the  United  States  the  United  Gas  Improvement  Company 
began  experimenting  with  intermittently  filled  vertical  retorts 
about  1908.  As  a  result  of  these  experiments  the  benches  of 
this  type  last  built  contain  nine  retorts  each  18  ft.  6  in.  long  with 
an  oval  section  12  in.  by  22  in.  at  the  top  and  18  in.  by  30  in. 
at  the  bottom.  The  reasons  given  for  the  use  of  the  larger 
cross-section  are  that  when  it  was  smaller  the  coal  coked  too 
rapidly  at  the  top  of  the  retort  causing  excessive  pressure  at  the 
bottom,  that  with  the  small  retort  the  discharge  of  the  coke  did 
not  take  place  satisfactorily  except  when  the  whole  charge  of 
coal  was  thoroughly  carbonized,  while  a  large  retort  will  dis- 
charge readily  even  when  the  coal  has  not  been  thoroughly 
carbonized,  and  that  the  larger  retorts  produce  larger  coke, 
an  advantage  in  many  localities. 

In  this  type  of  setting  the  combustion  of  the  producer  gas 
also  takes  place  around  the  lower  ends  of  the  retorts  and  the 
products  of  combustion  pass  upward  to  the  top  of  the  setting. 

The  German  practice  is  to  fill  the  retorts  completely  with 
coal  while  the  United  Gas  Improvement  Company  leave  4  ft. 
of  the  retort  at  the  top  empty,  to  provide  a  space  in  which  the 
heavy  hydrocarbon  vapors  may  be  converted  into  gas  by  the 
action  of  radiant  heat. 

It  is  interesting  to  note  that  in  1880  Mr.  C.  K.  Dietrich  ob- 
tained a  United  States  patent  making  claims  for  a  setting  of 
retorts  which  were  very  similar  to  those  of  the  original  Bueb 
patent,  including  even  tlie  lateral  openings  into  a  channel  pro- 
tected from  heat  through  which  the  gas  could  pass  out  from  the 
retort.  At  that  time,  however,  conditions  in  this  coimtry  were 
favorable  to  the  manufacture  of  carbureted  water  gas  and 
the  field  for  coal  gas  did  not  seem  to  warrant  the  trouble  of 
developing  a  new  method  of  manufacture,  so  that  apart  from 
building  one  experimental  bench  nothing  was  done  by  Mr. 
Dietrich  to  develop  these  retorts. 


PASSAGE  OF  GAS  THROUGH  INTERMITTENT  RETORTS 

The  reason  for  the  provision  of  side  outlets  in  the  retorts  under 
the  original  Bueb  patent  was  the  belief  that,  if  compelled  to  pass 
up  through  the  incandescent  charge,  the  hydrocarbons  first 
evolved  from  the  coal  would  be  over-decomposed  into  hydro- 
carbons of  lesser  worth  from  the  illuminating  and  calorific  value 
standpoint,  and  that  carbon  and  naphthalene  would  be  formed 
and  cause  trouble  during  the  handling  of  the  gas  as  it  passed 
from  the  generating  apparatus  to  the  consumer.  The  dis- 
advantage of  the  side  outlets  was  that  the  retort  could  not  be 
heated  around  its  entire  perimeter  and  that  therefore  more  fuel 
was  required  for  the  carbonization  of  a  given  weight  of  coal 
than  where  the  heat  could  be  applied  around  the  entire  perimeter. 
When  the  lateral  outlets  were  bricked  up  and  the  gas  taken  off 
from  the  top  of  the  retort  the  decomposition  of  the  hydrocarbons 
was  not  as  great  as  had  been  anticipated,  provided  the  retorts 
were  heated  to  a  very  high  temperature  and  care  taken  to  com- 
pletely fill  them  with  coal.  It  was  claimed  that  under  these 
conditions  the  generation  of  gas  from  the  portions  of  the  coal 
in  contact  with  the  internal  surfaces  of  the  retorts  was  rapid, 
owing  to  the  high  heat,  and  this  coal  was  at  once  converted 
into  a  compact  coke,  impermeable  to  the  gas  generated.  The 
gas  was  therefore  forced  to  pass,  from  all  points  of  the  layer  in 
which  carbonization  was  taking  place,  inward  and  upward 
through  the  uncoked  and  more  permeable  portions  of  the  charge. 
Its  temperature  was  thus  prevented  from  rising  beyond  the 
point  at  which  over-decomposition  of  the  heavy  hydrocarbons, 
with  the  formation  of  carbon  and  naphthalene,  would  take  place. 

This  theory  as  to  the  course  followed  by  the  gas  in  passing 
through  the  charge  in  an  intermittently  charged  vertical  retort 
was  for  a  long  time  accepted  as  correct,  but  recently  Dr.  H.  L. 
Colman,  in  England,  and  Mr.  O.  B.  Evans,  in  the  United  States, 
have  reached  the  conclusion,  as  the  result  of  experiments,  that 
in  reality  only  part  of  the  gas  travels  through  the  core  of  un- 
carbonized  coal  and  the  rest  passes  through  the  incandescent 
coke. 

Dr.  Colman  argues  that  if  even  the  largest  portion  of  it 
traveled  through  the  uncarbonized  coal,  the  gas  would  show 
some  of  the  characteristics  of  a  gas  produced  at  a  low  tempera- 
ture, modified  to  a  certain  extent  by  the  gas  produced  in  the  latter 
stages  as  the  temperature  of  the  coke  is  raised,  and  that  the  tar 
produced  would  be  a  low-temperature  tar  containing  but  a  small 
amount  of  aromatic  substances.  As  a  matter  of  fact  his  analyses 
had  shown  that  the  gas  possessed  all  the  characteristics  arising 
from  exposure  to  high  temperattu-es,  the  proportion  of  hydrogen 
to  methane  being  even  higher  than  that  obtained  from  the  same 
coal  when  distilled  in  highly  heated  horizontal  retorts,  and  that 
the  tar  produced,  although  containing  more  paraffin  derivatives 
than  did  tar  from  horizontal  retorts,  consisted  chiefly  of  aromatic 
substances,  showing  that,  during  its  formation,  the  vapors 
produced  at  low  temperatures  must  have  been  subjected  to  a 
considerably  higher  temperature  before  passing  out  from  the 
retort.  This  could  not  happen  if  even  the  larger  part  of  these 
vapors  passed  through  the  uncarbonized  coal,  since  then  the 
travel  would  be  in  a  direction  which  would  expose  them  to  a 
constantly  decreasing,  instead  of  to  a  higher,  temperature. 
Moreover,  the  existence  of  a  high  pressure  in  the  retort  at  the 
commencement  of  carbonization  when  the  area  of  the  core 
was  the  greatest  and  the  diminishing  of  this  pressure  as  carbon- 
ization proceeded,  although  the  rate  at  which  gas  was  produced 
did  not  decrease  greatly  during  the  first  seven  hours  of  the 
charge,  while  the  area  of  the  core  did  decrease  quite  rapidly, 
was  strong  evidence  that  the  gas  did  not  find  its  principal  direc- 
tion of  travel  through  the  core.  He  concludes  that  the  great 
bulk  of  the  gas  is  produced  on  the  outer  side  of  the  pasty  layer 
formed  by  the  coal  as  it  carbonizes  and  that  this  gas  mainly 
travels  through  the  hot  coke,  mixing  with  the  poorer  gas  pro- 
duced by  the  continued  action  of  heat  on  the  low-temperature 
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coke  first  produced.  The  gas  produced  on  the  inner  side  of  the 
pasty  layer  will  pass  through  the  coal  and  he  considers  it  probable 
that  the  vapors  which  pass  in  this  direction  form  the  undesirable 
paraffin  constituents  of  the  tar  so  that  as  far  as  travel  through 
the  core  does  take  place  it  is  disadvantageous. 

Mr.  Evans,  reasoning  from  the  pressure  conditions  existing 
in  the  interior  of  an  intermittently  charged  vertical  retort,  came 
to  the  conclusion  that  during  the  early  part  of  the  charge,  when 
the  layer  of  coke  formed  around  the  perimeter  of  the  retort  was 
compact  and  offered  no  ready  means  of  passage  to  the  gas,  most 
of  the  gas  produced  was  obliged  to  force  its  way  through  the 
pasty  layer  of  coal,  in  the  initial  stage  of  carbonization,  and 
pass  up  through  the  uncarbonized  coal,  but  that  as  the  outer 
layer  of  coke  contracted  and  cracked  under  further  heating 
most  of  the  gas  formed  in  the  latter  portions  of  the  charge  passed 
up  through  this  coke.  He  also  concluded  that  of  the  gas 
made  during  the  first  six  hours  of  the  charge,  which  amounted 
to  70  per  cent  of  the  total  amount  of  gas  made,  45  per  cent 
passed  up  inside  of  the  pasty  layer  through  the  core  and  55  per 
cent  through  the  hot  coke  next  to  the  retort  walls,  and  that  the 
gas  evolved  at  low  temperatures  escapes  through  the  core  while 
that  evolved  at  high  temperatures  escapes  along  the  wall.  Mr. 
Evans  considers  that  this  is  advantageous  since  the  low-tem- 
perature gas  is  more  subject  to  injury  by  undue  exposure  to 
heat,  and  this  is  correct  provided  that  after  leaving  the  coal 
this  gas  is  exposed  to  heat  in  a  free  space  at  the  top  of  the  re- 
tort. 

This  discussion  as  to  the  path  followed  by  the  gas  in  passing 
out  from  intermittently  charged  vertical  retorts  has  been  given 
somewhat  at  length  because  of  the  claims  originally  made  that 
the  freedom  from  naphthalene  experienced  with  gas  made  in 
such  retorts  was  largely  due  to  the  fact  that  the  travel  was 
through  the  cool  core  of  uncarbonized  coal. 

ENGLISH  DEVELOPMENT  OP  CONTINUOUS  VERTICAL 
RETORTS 

While  the  work  of  the  Germans  in  connection  with  vertical 
retorts  was  confined  entirely  to  those  charged  intermittently,  in 
England  the  design  of  such  settings  was  approached  with  the 
idea  of  adapting  them  to  continuous  carbonization.  This  had 
been  experimented  with  in  connection  with  the  horizontal  re- 
torts and  had  given  good  results  as  far  as  the  quantity  and 
quality  of  the  gas  were  concerned  but  had  always  proved  a 
failure  from  the  manufacturing  standpoint  because  of  mechanical 
troubles. 

In  1902  there  was  built  in  Exeter  a  setting  of  vertical  retorts 
into  which  the  coal,  in  amounts  varying  from  2  lbs.  to  7  lbs.,  was 
charged  at  regular  intervals,  the  length  of  which  could  be  varied. 
The  retorts,  about  9  ft.  long,  were  made  straight  for  part  of  the 
distance  and  then  were  curved  so  that  the  coke  was  withdrawn 
through  an  opening  in  the  side  of  the  setting  at  right  angles 
to  that  in  the  top  through  which  the  coal  was  charged.  The 
coke  was  drawn  intermittently  in  comparatively  large  amounts 
at  one  time  so  that  the  extent  to  which  the  retort  was  filled 
with  coke  and  coal  undergoing  carbonization  varied  quite  con- 
siderably. After  being  tried  in  several  places  in  England, 
further  use  of  the  settings  was  abandoned  because  of  trouble 
experienced  with  the  working  of  the  coal-feeding  device  and  in 
keeping  the  curved  portion  of  the  retort  from  cracking,  and 
also  with  the  formation  of  lampblack  owing  to  the  large  varia- 
tion in  the  volume  of  the  charge  because  of  the  intermittent 
drawing  of  the  coke  and  the  consequent  variation  in  the  extent 
to  which  the  gas  passing  off  from  the  charge  was  exposed  to  heat 
in  the  vacant  space  left  at  the  top  of  the  retort. 

WOODALL-DUCKHAM  VERTICAL  RETORTS 

While  this  retort  was  being  experimented  with  Messrs.  Woodall 
and  Duckham  were  developing  at  Bournemouth,  England, 
another   type   of   continuously   charged   and   operated   vertical 


retorts.  Starting  with  a  mechanical  coal  feed  as  well  as  me- 
chanical and  continuous  extraction  of  the  coke,  the  former  was 
soon  abandoned  because  of  operating  difficulties  and  the  intro- 
duction of  coal  into  the  retort  is  now  brought  about  entirely 
as  a  result  of  the  extraction  of  coke  at  the  bottom.  The  con- 
struction of  the  coke  extractors  has  also  been  very  materially 
changed  from  the  form  shown  in  the  original  patent  and  the  first 
plant  erected. 

As  now  built  each  retort  is  surmounted  by  a  charging  maga- 
zine filled  through  a  rotary  valve  from  an  overhead  coal  bunker 
and  holding  enough  coal  for  two  hours'  supply.  There  is  free 
communication  between  the  magazine  and  the  top  of  the  retort, 
the  coal  in  the  former  being  supported  by  that  in  the  retort. 
As  the  coke  extractor  withdraws  the  coke  from  the  bottom  the 
whole  column  of  material  in  the  retort  settles  and  coal  runs  in 
at  the  top  from  the  magazine,  the  supply  of  coal  in  which  is 
replenished  at  intervals  of  from  twenty  minutes  to  an  hour. 

The-coke  extracting  device  consists  of  a  rotating  horizontal 
shaft  provided  with  arms  placed  spirally  around  it  and  of  loose 
arms  hung  on  hinges  at  their  upper  end  and  having  sufficient 
weight  to  hold  back  the  coke  except  as  their  lower  ends  are 
pushed  out  by  the  action  of  the  revolving  shaft.  The  coke 
is  discharged  into  a  closed  hopper  which  will  hold  the  amount 
produced  during  two  hours  and  is  intermittently  emptied  either 
into  dumping  wagons  running  on  an  industrial  railway  track, 
or  into  a  conveyor.  The  extractor  can  be  run  at  varying  rates 
of  speed  to  suit  the  differing  amounts  of  coal  that  can  be  car- 
bonized under  varying  conditions. 

As  originally  built  the  settings  consisted  of  four  oval  retorts 
25  ft.  long  and  having  cross-sectional  dimensions  of  practically 
9  in.  by  23  in.  at  the  top  and  20  in.  by  29  in.  at  the  bottom. 
In  recent  installations  the  retorts  have  been  replaced  by  rectangu- 
lar ovens,  or  slots,  of  the  same  length  and  having  cross-sectional 
dimensions  of  8  in.  by  3  ft.  10  in.  at  the  top  and  20  in.  by  5  ft. 
3  in.  at  the  bottom.  At  the  top  of  these  slots  there  is  a  division 
plate,  extending  down  an  adjustable  distance,  which  forms  two 
separate  spaces,  into  one  of  which  the  coal  magazine  opens  while 
the  other  is  kept  free  from  coal  so  that  the  gas  can  pass  out 
through  it  and  in  passing  out  be  exposed  to  radiant  heat  for  the 
purpose  of  decomposing  the  hydrocarbon  -vapors  with  low 
boiling  points.  As  the  settings  are  operated  it  would  seem  that 
the  desired  effect  was  obtained  to  only  a  ver>'  limited  extent, 
if  at  all. 

The  combustion  of  the  producer  gas  begins  at  the  top  of  the 
setting  and  the  products  of  combustion  pass  down,  surrounding 
the  retorts  and  are  taken  off  into  the  recuperators  a  short  distance 
above  the  bottom.  From  the  recuperators  they  pass  either 
directly  to  the  chimney  or  in  some  cases  are  taken  through  the 
tubes  of  a  waste  heat  boiler  which  furnishes  practically  all  the 
steam  required  for  the  operation  of  the  plant. 

The  primary  air  is  heated  before  entering  the  furnace  by 
passing  across  the  setting  in  contact  with  the  side  walls  of  the 
retorts  at  their  lower  end,  and  the  coke  is  sufficiently  cooled  in 
this  way  to  require  no  quenching. 

GLOVER-WEST   VERTICAL   RETORTS 

While  Messrs.  Woodall  and  Duckham  were  developing  their 
design,  Messrs.  Young  and  Glover  were  also  doing,  at  St.  Helens, 
England,  work  which  has  resulted  in  what  is  now  known  as  the 
Glover-West  system  of  continuous  vertical  retorts.  The  chief 
differences  between  the  Woodall-Duckham  and  the  Glover- 
Wcst  systems  are  in  the  form  of  the  coke  extractor  and  in  the 
methods  of  heating  the  retorts.  In  the  Glaver-West,  as  in  the 
Woodall-Duckham,  coal  runs  into  the  retorts,  from  a  charging 
magazine  in  free  communication  with  the  top,  as  the  coke  is 
extracted  at  the  bottom.  The  coke  extractor  is  in  the  form  of  a 
worm  set  with  its  axis  vertical  and  slowly  revolved,  and  de- 
livers coke  into  a  receiving  chamber,  large  enough  to  hold  that 
produced  during  a  period  of  two  hours  and  regularly  discharged 
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at  intervals  of  any  length  less  than  two  hours.  The  retorts  are 
oval  in  section  and  have  a  total  length  of  20  ft.  with  cross- 
sectional  dimensions  of  10  in.  by  30  in.  at  the  top  and  22  in.  by 
36  in.  at  the  bottom.  To  the  bottom  of  each  one  is  added  a 
cast  iron  chamber  3  ft.  deep,  at  the  bottom  of  which  is  placed 
the  coke  extractor.  The  retorts  are  set  in  groups  of  eight  and 
the  setting  is  divided  into  either  two  or  four  chambers  so  that 
the  retorts  can  be  worked  in  units  of  four  or  two.  The  com- 
bustion of  the  producer  gas  takes  place  at  six  points  evenly 
spaced  along  the  portion  of  each  chamber  extending  from  the 
bottom  to  within  about  5  ft.  of  the  top,  and  the  products  of 
combustion,  after  passing  horizontally  around  each  set  of  re- 
torts, ascend  through  vertical  flues  to  chambers  surrounding 
the  upper  5  ft.  of  the  retorts,  from  which  they  pass  to  the  chimney. 
The  secondary  air  is  heated  by  passing  the  cast  iron  chambers 
at  the  lower  end  of  the  retorts  and  this  cools  the  hot  coke  on  its 
way  to  the  coke  extractors,  and  does  away  with  the  necessity 
of  quenching  it  when  taken  from  the  coke  chambers. 

OPERATION    OF    HORIZONTAL    RETORTS   MODIFIED 

Shortly  after,  and  partly  as  a  consequence  of,  the  successful 
introduction  of  intermittently  charged  vertical  retorts  the 
method  of  operating  horizontal  retorts  was  substantially  modified. 
This  had  been  to  charge  such  retorts  with  a  layer  of  coal  about 
4  in.  to  5  in.  thick  leaving  a  large  free  space  above  the  coal, 
through  which  the  gas  passed  to  the  mouthpiece  and  standpipe. 
The  maximum  charge  for  each  of  the  9  ft.  retorts  with  one  end 
permanently  closed,  in  general  use  in  the  United  States,  was 
from  340  lbs.  to  350  lbs.  of  coal.  The  front  end  of  the  retort 
being  enclosed  in  the  front  wall  of  the  bench  for  a  depth  of 
13  in.,  almost  a  foot  of  the  length  was  not  effective  for  carboniz- 
ing purposes  and  the  weight  of  charge  was  not  more  than  45  lbs. 
and  in  many  cases  not  over  40  lbs.  per  lineal  foot  of  the  effective 
portion.  There  had  been  some  theoretical  discussion  of  the 
advisability  of  more  completely  filling  the  retorts,  but  this  had 
not  produced  any  result  in  practice  until  the  completely  filled 
vertical  retorts  afforded  an  object  lesson  of  the  freedom  from 
carbon  and  naphthalene  troubles  secured  by  reducing  the  extent 
to  which  gas  was  exposed  to  contact  with  the  highly  heated 
walls  of  a  retort.  In  England,  where  the  use  of  through  retorts, 
or  those  open  at  both  ends,  was  common,  it  was  easy  to  change 
from  the  lighter  charges  to  the  heavier  ones,  but  in  the  United 
States  it  was  necessary  to  change  to  the  use  of  through  retorts 
instead  of  single  end  ones  before  the  increase  in  weight  of  charge 
could  be  made,  since  where  the  coke  must  be  drawn  from  the 
retort  by  means  of  a  rake  it  is  necessary  to  leave  sufficient 
space  above  the  charge  to  permit  the  free  passage  of  the  rake, 
while  with  the  through  retorts,  from  which  the  coke  can  be 
pushed,  provision  for  the  passage  of  the  rake  does  not  have  to  be 
made.  The  present  practice,  where  through  retorts  are  in  use, 
is  to  charge  about  70  lbs.  of  coal  per  lineal  foot  of  the  effective 
portion  of  the  retort.  When  so  charged  from  66  per  cent  to  70 
per  cent  of  the  area  of  the  retort  is  occupied  by  coal  leaving  only 
30  per  cent  to  34  per  cent  of  the  area  for  the  passage  of  the 
gas,  while  when  weighing  40  lbs.  to  45  lbs.  per  lineal  foot  of  re- 
tort the  charge  only  occupies  from  30  per  cent  to  36  per  cent 
of  the  area.  The  expansion  of  the  charge  during  the  coking 
process  makes  the  actual  free  space  left  in  the  retort  still  smaller 
in  proportion  for  the  heavy  charges. 

The  use  of  heavier  charges  has  resulted  in  a  large  increase 
in  the  amount  of  gas  made  per  pound  of  coal  with  a  decrease  in 
the  operating  difficulties  caused  by  the  presence  of  free  carbon  in 
the  gas  and  in  tlj_e  tar.  In  England  the  yield  of  gas,  which 
formerly  averaged  only  about  10,500  cu.  ft.  per  ton  of  2240  lbs. 
of  coal  now  averages  nearly  12,000  cu.  ft.,  while  in  one  plant 
in  the  United  States,  that  at  Worcester,  Mass.,  the  former 
average  yield  of  5  cu.  ft.  per  pound  has  been  increased  to  5.9  cu. 
ft.  In  other  works  in  the  United  States  which  have  adopted  the 
heavy  charges  the  yields  of  gas  have  been  increased  about  10 


per  cent  as  compared  with  those  formerly  obtained.  This  in- 
crease in  yield  has  not  been  accompanied  by  a  decrease  either 
in  the  illuminating  value  or  in  the  calorific  value  per  cubic  foot 
and  has  therefore  resulted  in  obtaining  a  greater  total  illumina- 
ting value  and  calorific  value  in  the  gas  from  a  given  quantity 
of  coal. 

The  yield  from  the  continuous  vertical  retorts  is  also  greater 
than  that  formerly  obtained  from  horizontal  retorts  operated 
with  light  charges,  but  in  this  country  has  not  been  as  large  as 
that  obtained  from  the  horizontal  retorts  at  Worcester,  Mass. 

COMPARISON    OF    GASES    FROM     HORIZONTAL    AND    VERTICAL 
RETORTS 

Some  analyses  have  been  obtained  of  the  gas  made  in  each  of 
two  plants,  one  having  horizontal  retorts  and  the  other  vertical 
retorts  of  the  Woodall-Duckham  type.  The  horizontal  retorts 
are  operated  with  moderately  heavy  charges  which,  however, 
do  not  come  up  to  70  lbs.  per  lineal  foot  of  retort.  These  plants 
are  under  the  same  management  and  the  coal  used  is  purchased 
from  the  same  company  and  is  presumably  practically  the  same, 
so  that  the  analyses  show,  to  some  extent,  the  difference  in  the 
gas  due  to  the  difference  in  method  of  carbonization. 

Horizontal  Vertical 

retorts  retorts 

Per  cent  Per  cent 

Carbon  dioxide 1.44  1.49 

Benzol 0.67  0.55 

Illuminants 3.15  3.98 

Oxygen 0.48  0.28 

Carbon  monoxide 4 .  75  6 .  90 

Hydrogen 51.36  45.02 

Methane 33.60  37.33 

Nitrogen 4.55  4. 44 

100.00  99.99 

Candle  power  (Sugg  D  burner) 13.60  15.57 

Calorific  value  (B.  t.  u.  per  cu.  ft.  by  calcula- 
tion)       610.00 

Calorific  value  (B.  t.  u.  per  cu.  ft.  observed) .  .  615  00 

Yield,  cu.  ft.  per  pound  of  coal 4.85  5.39 

The  total  illuminants  run  slightly  higher,  and  there  is  much 
less  hydrogen  in  proportion  to  the  methane,  in  the  gas  from  the 
vertical  retorts  than  in  that  from  the  horizontal  retorts.  The 
illuminating  value  of  the  gas  from  the  vertical  retorts  is  also 
higher  while  the  yield  per  pound  of  coal  was  lo  per  cent  higher. 
During  the  period  over  which  the  analyses  of  the  gas  from  the 
horizontal  retorts  were  taken,  very  wet  coal  was  being  carbonized 
and  this  may  have  affected  the  illuminating  value  and  the  yield 
of  gas  which  were  lower  during  this  period  than  the  average 
for  the  preceding  month,  but  even  the  averages  for  that  month 
were  lower  than  the  results  obtained  from  the  vertical  retorts 
which,  however,  were  those  made  during  a  test  lasting  eight  days 
and  in  regular  working  the  results  have  not  been  quite  as  good. 
Comparable  analyses  of  the  gas  made  in  the  working  scale 
testing  plant  at  the  gas  works  in  Birmingham,  England,  both  in 
intermittent  vertical  retorts,  of  tlie  Dessau  type  but  apparently 
charged  so  as  to  leave  a  free  space  above  the  coal  at  the  top 
of  the  retort,  and  in  horizontal  retorts  have  been  given  by  Dr. 
W.  B.  Davidson  as  follows: 

Dessau 

Verticals  Horizontals 
Per  cent      Per  cent 

CO! 2.4  2.2 

C„Hm .      2.8  3.4 

O- 0.5  0.5 

CO 10.3  9.7 

CHi 28.0  31. 5 

Hj 51.0  47. 3 

Nj 5.0  5.4 

100.0  100.0 

Illuminating  value,  candles 15.0  18.0 

Net  calorific  B.  t.  u.  per  cu.  ft 500.0         525.0 

Note — The  illuminating  values  given  by  Dr.  Davidson  cannot^  be 
compared  directly  with  those  given  previously  since  they  were  obtained 
from  the  Metropolitan  No.  2  Argand  burner  and  are  probably  about  three 
candles  higher  than  would  have  been  obtained  had  the  Sugg  D  Argand 
been  used  as  was  done  in  the  other  case. 

Dr.  Davidson  observes  that  the  gas  made  in  the  vertical  re- 
torts is  deficient  in  unsaturated  hydrocarbons  and  methane  and 
high  in  hydrogen,  and  that  a  curson,-  examination  of  the  analyses 
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leads  to  the  conclusion  that  the  hydrocarbon  gases  are  subject 
to  more  drastic  degradation  before  leaving  the  retort  in  the 
vertical  system  than  they  are  in  the  horizontal  system,  but  that 
it  is  not  unlikely  that  the  gas  suffers  both  in  quality  and  volume 
by  the  escape  uncracked  of  a  larger  proportion  than  usual  of 
tar  oil  vapors. 

Experience  with  the  United  Gas  Improvement  Company 
verticals  operated  with  a  large  free  space  above  the  coal  seems  to 
show  that  the  provision  of  this  free  space  leads  to  an  improve- 
ment in  the  illuminating  and  calorific  value  of  the  gas,  which  is 
obtained  at  the  expense  of  the  extra  quantity  of  tar  produced 
when  the  retorts  are  completely  filled  according  to  the  strict 
use  of  the  Dessau  system. 

As  far  as  the  quality  and  quantity  of  the  gas  are  concerne'd 
intermittent  vertical  retorts  of  the  Dessau  system  give  poorer 
results  than  are  obtained  in  horizontal  retorts,  while  the  inter- 
mittent verticals  of  the  United  Gas  Improvement  Company 
type  and  the  continuous  verticals  do  not  give  any  better  results 
along  these  lines  than  can  be  obtained  from  properly  operated 
horizontal  retorts.  The  improvements  effected  by  the  use  of 
vertical  retorts  consist  in  a  saving  of  labor  in  medium-sized  plants 
in  which  it  is  impossible  to  work  charging  and  discharging 
machinery  for  horizontal  retorts  to  advantage,  and  in  greater 
freedom  from  trouble  caused  by  free  carbon  and  naphthalene, 
while  the  sulfur  compounds  other  than  sulfureted  hydrogen  are 
also  produced  in  smaller  amount.  In  addition  there  is  a  saving 
in  the  ground  space  required  although  it  is  necessary  to  go 
higher  into  the  air  with  verticals.  To  these  advantages  the 
continuous  vertical  retort  system  adds  that  of  practically  com- 
plete avoidance  of  the  smoke  and  steam  emitted  during  the  charg- 
ing and  discharging  of  either  horizontal  retorts  or  intermittent 
vertical  ones. 

SUGGESTED    METHOD    OF    DISTILLATION    OF    COAL 

The  work  recently  done  in  determining  the  character  of  the 
products  given  off  by  coal  subjected  to  distillation  at  different 
temperatures  indicates  that  the  greatest  efficiency,  from  the  gas- 
making  standpoint,  in  the  carbonization  of  coal  could  be  ob- 
tained by  so  adjusting  the  heating  of  continuous  vertical  retorts 
that  the  temperature  of  the  upper  2  ft.  or  3  ft.  of  the  charge  should 
never  .exceed  1000°  to  1100°  P.,  while  that  of  the  lower  portion 
of  the  charge  would  be  carried  as  high  as  1800°  F.  By  this 
method  of  heating,  the  rich  hydrocarbons  would  be  driven  off 
from  the  coal  without  having  to  come  into  contact  with  very 
highly  heated  surfaces  while  the  gas  remaining  after  these 
hydrocarbons  were  driven  off,  which  is  of  such  a  character  as 
not  to  suffer  to  any  great  extent  from  such  contact,  would  be 
entirely  expelled  from  the  coal  in  the  lower  portion  of  the  retort. 
In  order  to  decompose  the  heavy  hydrocarbon  vapors,  which 
would  otherwise  condense  into  tar,  in  such  a  manner  as  to  con- 
vert them  into  the  maximum  amount  of  permanent  gas  mixed 
with  hydrocarbon  vapors  that  could  be  carried  by  the  gas, 
with  the  setting  free  of  the  minimum  amount  of  carbon,  all  of 
the  gas  leaving  the  top  of  the  charge  should  then  be  passed 
through  a  free  space  exposed  to  heat  radiated  from  walls  carried 
at  a  temperature  adjusted  to  the  rate  of  travel  of  the  gas,  but 
probably  about  1400°  to  1500°  F.  This  free  space  could  be 
maintained  either  in  the  upper  part  of  the  retort  or,  if  this 
leads  to  difficulty  in  feeding  the  coal,  it  might  be  entirely  separate 
from  the  retort  and  possibly  common  to  several  retorts. 

This  method  of  manufacture  would  increase  the  quantity  and 
quality  of  the  gas  at  the  expense  of  the  tar  and  would  not  be 
advantageous  unless  the  value  of  the  gas  gained  was  greater 
than  that  of  the  tar  lost.  It  has  never  been  actually  worked 
but  in  my  opinion  is  entirely  feasible. 

IMPROVEMENTS   IN    MANUFACTURE    OF    CARBURETED    WATER    GAS 

The  recent  improvements  in  connection  with  the  manufacture 
of  carbureted  water  gas  consist  in  the  devising,  and  putting  into 


general  use,  of  appliances  for  measuring  the  amount  of  air  blown 
through  the  fuel  bed  during  the  "blow,"  or  heating-up  period, 
and  the  amount  of  steam  passed  through  the  fire  during  the 
"run,"  or  gas-making  period,  together  with  the  use  of  electric 
pyrometers  for  indicating  the  temperatures  existing  at  selected 
points  in  the  checker  brick  of  the  carbureter  and  superheater 
of  the  type  of  apparatus  most  commonly  employed  in  the  manu- 
facture of  this  gas.  The  use  of  these  appliances  makes  it  possible 
to  determine  and  operate,  the  apparatus  constantly,  under  the 
conditions  of  blast,  amount  of  steam  used  and  temperature  to 
which  the  oil  vapors  are  subjected  which  give  the  best  results 
and  by  so  doing  to  decrease  the  amount  of  fuel  used  and  increase 
the  efficiency  of  the  conversion  of  the  oil  into  oil  gas,  as  com- 
pared with  the  former  more  or  less  hit  or  miss  operation. 

PREPARATION  OF  CRUDE  GAS  FOR  DELIVERY  TO  CONSUMER 

In  the  second  division  of  the  process  of  gas  manufactvu-e, 
that  of  the  preparation  of  the  crude  gas  for  delivery  to  the  con- 
sumer, the  recent  improvements  have  been  chiefly  in  connection 
with  the  removal  of  hydrogen  sulfide  and  the  other  sulfur  com- 
pounds present  in  the  crude  gas.  For  many  years  attempts 
have  been  made  to  use,  for  the  removal  of  hydrogen  sulfide  from 
coal  gas,  the  ammonia  obtained  from  the  gas  itself.  About 
1886  a  process  for  doing  this  was  devised  by  Claus  in  Belfast, 
Ireland.  Although  chemically  correct  it  proved  too  com- 
plicated mechanically  and  was  finally  abandoned  largely  because 
it  was  impossible  to  keep  in  working  order  the  numerous  pumps 
required  for  its  operation.  It  is  possible  that  if  modern  centrif- 
ugal pumps  had  been  available  the  process  might  have  been 
successfully  operated. 

AMMONIA  FOR  REMOVAL  OF  HYDROGEN  SULFIDE 

In  the  United  States  an  extremely  simple  method  of  purifica- 
tion of  gas  from  sulfureted  hydrogen  by  means  of  ammonia  has 
been  recently  devised  by  Mr.  Jas.  G.  O'Neill  and  used  on  gas 
produced  in  coke  ovens  and  sold  for  illuminating  purposes. 

The  ammonia  in  ordinary  ammoniacal  liquor  is  already 
largely  saturated  with  sulfur  and  carbon  dioxide  and  one  of  the 
chief  problems  in  connection  with  the  use  of  this  liquor  for  more 
complete  removal  of  sulfureted  hydrogen  is  to  accomplish  its 
conversion  into  a  condition  suitable  for  combination  with 
sulfureted  hydrogen  without  introducing  too  much  complica- 
tion of  apparatus.  Mr.  O'Neill  has  solved  this  problem  in  a 
very  simple  manner  by  using  liquor  withdrawn  from  the  still 
of  the  Coffey  type,  which  is  in  general  use  in  gas  works  for 
the  concentration  of  ammoniacal  liquor.  He  finds  that  when  the 
liquor  fed  to  the  still  has  reached  the  point  at  which  it  has  a 
temperature  of  214°  to  215°  F.  it  has  lost  80  per  cent  to  90 
per  cent  of  the  hydrogen  sulfide  and  70  per  cent  to  So  per  cent 
of  the  carbon  dioxide,  but  still  retains  practically  all  the  ammonia, 
which  it  contained  when  it  entered  the  still.  When  brought  in 
contact  with  crude  coal  gas  in  scrubbers  of  the  ordinary  type, 
this  liquor  can  take  up  on  an  average  5C0  grains  of  hydrogen 
sulfide  per  gallon  and  if  used  in  sufficient  quantities  will  reduce 
the  hydrogen  sulfide  from  as  much  as  goo  grains,  down  to  from 
20  to  30  grains,  per  100  cu.  ft.  of  gas.  If  the  complete  removal 
of  the  hydrogen  sulfide  with  liquor  is  attempted  the  average 
efficiency  of  the  liquor  is  much  less  than  this  and  it  is  more 
economical  to  use  the  liquor  only  to  the  extent  named  and  then 
finish  the  removal  of  the  sulfureted  hydrogen  by  the  ordinary 
process  of  purification  by  means  of  hydrated  sesquioxide  of 
iron. 

The  process  devised  and  used  by  Mr.  O'Neill  adds  to  the  ap- 
paratus customarily  found  in  gas  works  only  a  heat  exchanger, 
in  which  heat  is  transferred  from  the  hot  liquor  coming  from  the 
concentrating  still  to  the  cool  liquor  on  its  way  to  the  still  and  a 
cooler  for  further  cooling  the  treated  liquor,  both  of  which  are 
simple  and  inexpensive.  Apparently  this  process  could  be 
adopted  in  many  coal  gas  works  with  a  saving  in  the  labor  re- 


504                          THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  6 

.  ,         ,    .                   .„                J      1         •       tu„  Gas  before     Gas  after 

quired  to  operate  the  oxide  of  iron  purifiers  and  also  in  the  treatment    treatment 

investment  in  the  purifiers  required  for  a  given  quantity  of  gas.  P"  cent      P"  ""' 

COj *  •  82  1 .  80 

REMOVAL   OF   OTHER   SULFUR    COMPOUNDS  Oi"'^"' 027  007 

In  Europe,  where  the  gas  coals  contain  as  a  rule  more  sulfur  CO. ^8.85  ^8.62 

than  do  those  in  common  use  in  the  United  States,  and  on  the  Ui.  ' ' '  J  ///.'.'.'.'.'.'.'.'.'.'.'.'.v.'.'.'.'.'.'.'.'.'.  ■  ■'■ 52.45         52.19 

Pacific  Coast,  where  gas  is  largely  made  from  crude  petroleum  ^'  ^-^^  difference) 6.i8       ^ — 

containing  a  somewhat  high  percentage  of  sulfur,  the  problem  100.00        100.00 

of  reducing  the  amount  of  sulfur  compounds,  other  than  hy-  'c!lrriri:L!u^e?B"'°u^P^flS.'fr!'.'" ;•.•.■.•.■;.■  59^:^         ilX^ 
drogen  sulfide,  contained  in  crude  illuminating  gas  has  had  some 

importance.     In  those  parts  of  the  world,  therefore,  attention  soda-cellulose  for  removal  op  carbon  bisulfide 

has  recently  been  paid  to  new  methods  of  removing  the  principal  Another   process   which   has   been   tried   only   at   an   experi- 

one  of  these  sulfur  compounds,  carbon  bisulfide.                 ■  mental  plant  of  the  Heidelberg,  Germany,  Gas  Works  consists 

Of  the  more  recent  processes  having  this  object,  the  one  first  in  treating  the  gas,  entirely  freed  from  tar,  ammonia,  sulfureted 

brought  to  the  attention  of  gas  engineers  was  that  devised  by  hydrogen  and  carbon  dioxide,  with  a  compound  of  soda  and 

Messrs.  Hall  and  Papst  and  used  since  1908  for  the  treatment  cellulose  obtained   by  treating  cellulose  sulfite  with  soda  lye. 

of  all  the  gas  made,  about  3,000,000  cu.  ft.  per  day,  in  the  works  The  resulting  material,  after  having  been  rolled  and  crumbled 

at  Portland,  Oregon.     In  this  process  the  gas  is  merely  heated  to  a  powder,  is  placed  on  trays  in  purifying  vessels  in  the  same 

to  a  temperature  of  from   1300°  to   1600°  F.  by  being  passed  way  as  oxide  of  iron.     When  brought  into  contact  with  carbon 

through  tall  cylindrical  vessels,  formed  of  steel  plates  lined  with  bisulfide  the  soda  cellulose  is  changed  into  cellulose  xanthogenate 

fire  clay  blocks  and  filled  with  a  checker  work  of  fire  brick,  or  viscose,  the  raw  material  from  which  are  obtained  cellulose 

which  are  heated  by  the  combustion  in  them  of  fuel  oil.     The  hydrate  and  the  formyl-cellulose  used  in  the  manufacture  of 

vessels  are  in  pairs,  one  being  in  process  of  heating  while  gas  non-inflammable  celluloid.     In  the  experimental  plant  ten  tons 

is   being   passed    through   the   other.     The   operations   are   re-  of  the  soda  cellulose  material,  known  as  "Athion,"  absorbed 

versed  as  soon  as  the  vessel  through  which  the  gas  is  passing  1.25   tons  of  carbon  bisulfide  so  that  with  gas  containing  45 

becomes  cooled  below   the   effective   temperature.     Under  the  grains  per  100  cu.  ft.,  ten  tons  would  purify  over    35,000,000 

effect  of  heat  the  carbon  bisulfide  reacts  with  the  water  vapor  cu.  ft.  of  gas,  but  the  cost  of  operation  is  not  given. 

present  in  the  gas  and  is  largely  converted  into  hydrogen  sulfide.  Since  it  is  not  the  custom  in  the  United  States  to  remove 

which  is  removed  by  passing  the  gas  through  an  additional  set  carbon  dioxide  from  illuminating  gas,  the  employment  of  this 

of  purifiers  containing  oxide  of  iron.  process  would  involve  the  installation  of  additional  apparatus 

_    „  for  that  purpose. 

nickel  catalyzer  for  decomposition  of  carbon  bisulfide  "^ 

Another  process  which  has  been  employed  on  a  large  working  oxide  of  iron  catalyzer  for  decomposition  of  carbon 

scale  is  that  devised  by  Mr.  E.  V.  Evans  and  used  since  the  BistiLFiDE 

beginning  of  1913  to  treat  all  the  gas  made,  about  10,000,000  A  very  promising  process,  which,  however,  has  not  yet  been 
cu.  ft.  per  day,  at  the  works  of  the  South  Metropolitan  Gas  tried  out  on  a  working  scale,  is  based  upon  the  fact  that  at  tem- 
Company,  of  London.  This  process  utilizes  the  catalytic  effect  peratures  above  100°  P.  metallic  iron  acts  as  a  catalyzer  that 
of  nickel  in  accelerating  the  reaction  between  carbon  bisulfide  brings  about  and  accelerates  the  reaction  between  bisulfide 
and  steam,  by  which  hydrogen  sulfide  is  produced  and  carbon  of  carbon  and  moisture  in  illuminating  gas.  The  fact  that  gas, 
set  free.  The  catalyzer  is  in  the  form  of  balls,  presumably  of  free  from  sulfureted  hydrogen  originally,  contained  this  sub- 
fire  clay,  I  in.  in  diameter  impregnated  with  nickel  obtained  stance  after  having  passed  through  a  WTOught  iron  service  pipe 
by  the  reduction  of  the  chloride  in  a  current  of  hydrogen.  These  which,  because  of  running  near  a  steam  pipe,  was  heated  to 
balls  are  contained  in  tubes  having  a  length  of  11.5  ft.  and  a  temperatures  varying  between  90°  and  158°  F.  attracted  the 
diameter  of  6  in.,  through  which  the  gas  to  be  treated  is  passed.  attention  of  Mr.  J.  G.  Taplay  and  a  number  of  experiments 
Before  reaching  the  catalyzing  tubes  the  gas  passes  through  heat  made  by  him  showed  that  at  a  temperature  of  158°  F.  the  re- 
exchangers,  or  recuperators,  in  which  it  absorbs  heat  from  the  action  between  the  bisulfide  of  carbon  and  moisture  with  the 
gas  passing  out  from  the  apparatus,  and  then  through  pre-  formation  of  sulfureted  hydrogen  took  place  quite  rapidly, 
heating  tubes  in  which  its  temperature  is  raised  to  750°  F.  in  gas  traveling  through  a  wrrought  iron  pipe,  and  also  that 
With  this  preheating  of  the  gas  it  is  possible  to  carry  on  the  as  the  interior  of  the  pipe  became  rusted  the  sulfureted  hydrogen 
process  while  maintaining  a  temperature  of  800°  F.  in  the  produced  was  absorbed  by  the  oxide  of  iron  and  did  not  show 
catalyzing  tubes  and  the  principal  direction  in  which  the  pro-  at  the  outlet  of  the  pipe. 

cess  has  been  gradually  improved  has  been  this  preheating  of  A  French  gas  engineer,  M.  Guillet,  observed  the  same  action 

the  gas  before  it  enters  the  catalyzers.     A  single  combustion  taking  place  inside  a  gas  holder  and  by  experiments  determined 

chamber,  supplied  with  producer  gas  from  an  outside  producer,  that  when  gas  containing  bisulfide  of  carbon  was  passed  through 

furnishes  the  heat  required  by   both   the   preheating  and  the  ordinary  oxide  of  iron  purifying  material  at  temperatures  above 

catalyzing  tubes.     After  about  thirty  days'  use  it  is  necessary  25°  C.   (72  °F.)  25  per  cent  of  the  original  content  of  carbon 

to  stop  the  flow  of  gas  through  a  set  of  catalyzers  and  blow  bisulfide  was  removed.     He  found  100°  C.  (212°  F.)  to  be  the 

air  through  them  in  order  to  burn  off  the  deposited  carbon  temperature  at  which  the  change  became  interestingly  rapid, 

which  is  found  to  be,  at  times,  50  per  cent  in  excess  of  the  quantity  while  at  a  temperature  of  130°  C.  (266°  F.)  more  than  67  per 

calculated    from   the   amount   of   carbon   bisulfide   reduced   to  cent  of  the  bisulfide  of  carbon  originally  present  was  converted 

hydrogen  sulfide.     This  carbon  may  be  obtained  from  the  de-  into  hydrogen  sulfide  and  removed  as  the  gas  passed  through 

composition  of  hydrocarbons  in  the  gas,  but  analyses  of  the  gas  the    material.     The    percentage    removed    increased    with    the 

made  before  and  after  treatment,  which  are  given  below,  show  amount  originally  present,  the  treated  gas  containing  only  from 

that  the  quantity  so  decomposed  is  negligible.  2  oi  to  5.82  grains,  while  the  original  gas  contained  from  9.48 

No  information  has  been  given  as  to  the  cost  of  operating  this  to  24.42  grains  of  bisulfide  of  carbon  per  loo  cu.  ft. 
process  and  altliough  it  does  not  require  tlie  maintenance  of  as  Since  the  efliciency  of  oxide  of  iron  for  the  removal  of  sul- 
high  a  temperature  as  is  employed  in  the  Hall  and  Papst  process  fureled  hydrogen    is    very  much   increased  by  heating  and  it 
it  would  seem  to  be  somewhat  more  complicated  and  expensive  should  not  be  difficult  to  maintain  the  temperature  of  the  purify- 
even  though  no  loss  of  nickel  be  suffered.  ing   material   at   the   comparatively   low    temperature   of,   say, 


June,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


50s 


250°  F.  this  process  would  seem  to  offer  the  simplest  and  most 
inexpensive  means  of  removing  from  illuminating  gas  the  larger 
portion  of  the  bisulfide  of  carbon  which  it  still  contains  after  the 
treatment  ordinarily  given  to  it  in  gas  works,  whenever  the 
amount  of  this  impurity  present  is  sufficiently  large  to  make  it 
important  that  it  should  be  reduced. 
84  William  Street,  Nbw  York 


CHEMISTRY  AN  IMPORTANT  FACTOR  IN  THE  FER- 
TILIZER INDUSTRY' 

By  J.  E.  Breckenridgb 

Not  so  many  years  ago  the  fertilizer  manufacturer  looked  upon 
the  chemist  as  a  non-producing  something,  which  was  a  necessary 
evil.  Friction  continually  existed  between  superintendent  and 
chemist,  the  superintendent  being  sure  that  materials  were 
batched  on  correct  weights  and  that  the  chemist  was  wrong  if 
the  analyses  did  not  come  up  to  the  guarantee.  In  one  factory 
where  a  man  inspected  the  cars  of  tankage  as  they  were  received 
and  classed  them  by  looks,  as  8,  9  or  10  per  cent  goods,  the  super- 
intendent said  that  this  man  could  guess  nearer  than  the  chemist 
could  test.  Such  conditions  were  not  unusual  in  factory  manage- 
ment. Rock,  acid,  potash  salts  and  ammoniates  were  all  com- 
bined wet,  and  it  was  not  unusual  to  have  to  allow  10  per  cent 
excess  for  potash,  because  it  would  not  show  as  water-soluble 
in  the  final  product.  No  account  was  taken  of  the  actual  chem- 
ical action  when  phosphate  rock  containing  iron,  alumina,  silica 
and  fluorine  was  mixed  with  sulfuric  acid  and  potash  salts  added. 

Conditions  at  the  present  time  are  entirely  changed.  Suc- 
cessful manufacturers  insist  that  superintendent  and  chemist 
work  together,  and  that  all  chemical  action  influencing  the  anal- 
ysis of  mixed  fertilizers  be  carefully  watched  so  that  there  shall 
be  the  greatest  efficiency  of  the  materials  used.  The  super- 
intendent should  be  held  responsible  for  the  pounds  received  of 
phosphoric  acid,  potash  in  terms  of  K2O,  and  nitrogen,  and  unless 
conditions  affecting  the  loss  of  available  phosphoric  acid,  water- 
soluble  potash  and  nitrogen  are  understood,  the  greatest  efficiency 
will  not  be  realized. 

The  manufacture  of  acid  phosphate  is  one  of  the  oldest  pro- 
cesses now  in  use  in  the  industry.  Not  long  ago,  we  were  satis- 
fied with  16  per  cent  available  phosphoric  acid  from  66  per  cent 
calcium  phosphate  Florida  rock.  Now  we  are  not  satisfied 
unless  we  get  17  to  17.5  per  cent  available  from  the  same  grade 
of  rock.  Then  it  was  unheard  of  to  obtain  16  per  cent  available 
phosphoric  acid  from  62  to  63  per  cent  calcium  phosphate 
Charleston  rock;  now  this  is  possible.  Such  results  are  entirely 
due  to  taking  advantage  of  every  possible  condition  which  affects 
chemical  reaction,  such  as  fineness  of  rock,  strength  of  acid,  time 
of  mixing  and  manipulation  of  acid  phosphate  from  dens  to 
storage. 

The  possibilities  of  phosphoric  acid  compounds  from  phos- 
phate rock  and  sulfuric  acid  have  hardly  been  considered,  due 
largely  to  the  presence  of  arsenic.  This  condition  no  longer 
exists,  as  it  is  possible  to  reduce  the  arsenic  content  in  phos- 


phoric acid  made  from  phosphate  rock  and  sulfuric  acid  to  a 
percentage  that  will  pass  the  pure  food  standard.  Hence, 
chemistry  aids  the  fertilizer  industry  by  producing  the  phos- 
phoric acid  not  only  for  the  soil,  but  for  general  phosphoric 
acid  compounds.  Again,  electrochemistry  offers,  to  the  fertilizer 
industry,  possibilities  of  securing  very  high  temperatures  and 
thus  rendering  available  the  phosphoric  acid  in  refractory  min- 
erals. Fluorine  compounds  are  now  being  made  from  the  flue 
gases  from  acid  phosphate  manufacture,  which  has  been  made 
possible  only  by  taking  advantage  of  chemical  reaction. 

Chemistry  has  made  rapid  strides  for  the  benefit  of  the  in- 
dustry from  the  nitrogen  standpoint.  We  no  longer  have  to 
rely  on  animal,  mineral  and  vegetable  ammoniates,  since  nitro- 
gen recovered  from  the  air  helps  to  increase  the  supply  and  thus 
regulate  prices.  Chemistry  has  increased  the  nitrogen  supply 
available  for  soil  by  giving  us  the  conditions  necessary  for  ren- 
dering inert  nitrogen  available,  thus  allowing  us  to  use  many 
waste  materials. 

Nature  has  accomplished  most  for  the  industry  in  regard 
to  potash,  for  the  natural  deposits  seem  to  outclass  anything 
that  has  been  done  in  giving  us  supply  of  this  element.  Possi- 
bilities of  feldspar  and  alunite  potash  are  still  in  the  distance, 
as  well  as  the  recovery  of  beet  sugar  molasses  potash  by  passing 
the  molasses  over  zeolites,  when  the  potash  is  said  to  be  held 
so  that  it  can  be  recovered  from  the  zeolite. 

Chemistry  again  gives  promise  of  potash  from  kelp,  where 
the  actual  cost  of  the  potash  may  be  reduced  by  the  income  from 
by-products.  Cement  furnaces  also  are  being  investigated, 
where  it  may  be  possible  to  volatilize  and  recover  the  potash 
contained  in  the  raw  materials. 

Chemistry  has  an  important  place  in  the  fertilizer  industry 
in  relation  to  the  conditions  which  affect  drilling  of  fertilizers. 
If  the  materials  at  hand  were  always  the  same  as  to  chemical 
composition,  little  trouble  would  be  experienced  in  mixing  them. 
But  there  are  so  many  varying  materials,  and  so  many  var>'- 
ing  compositions,  that  unless  foresight  is  used  as  to  the  chem- 
ical reactions  possible  where  materials  are  mixed,  serious  trouble 
will  result. 

Chemistry  again  aids  the  fertilizer  industry  in  chemical  engi- 
neering problems  that  are  common  to  power  plants. 

Chemistry  is  the  basis  of  all  commercial  values  in  the  fertilizer 
industry.  Where  we  consider  that  profits  may  be  easily  turned 
to  losses  by  incorrect  chemical  work,  it  must  be  realized  that  the 
fertilizer  manufacturers  must  have  able  and  competent  chemists 
to  do  their  work. 

There  is  much  work  ahead  in  the  fertilizer  industry.  Unless 
ever^  effort  is  used  to  develop  reliable  methods  for  chemical 
analysis,  and  research  work  is  carried  on  to  increase  the  supply 
of  fertilizer  materials,  and  unless  chemical  conditions  affecting 
fertilizer  manufacture  are  carefully  studied  to  the  end  that  great- 
est efficiency  be  gained,  the  chemist  will  not  have  done  his  part 
in  the  development  of  this  industry. 
Carteret,  New  Jersey 


OBITUARIES 


HERMAN  FRASCH 

With  deep  regret  we  record  the  death  of  Mr.  Herman  Frasch, 
the  distinguished  chemical  engineer,  which  occurred  in  Paris, 
on  May  i,  1914. 

Mr.  Frasch  was  born  in  Gaildorf,  in  Wurtemberg,  in  1852, 
and  received  his  early  education  as  an  apothecary  in  Germany. 
In  1868,  he  came  to  America  and  was,  for  a  time,  in  charge  of  the 
laboratory  of  Professor  Maisch  of  the  Philadelphia  College  of 
Pharmacy.     Being  particularly  interested  in  Industrial  Chem- 

'  Chairman's   address.    Fertilizer    Chemistry    Division,    49th    Meeting 
A.  C.  S.,  Cincinnati.  April  6-10,  1914. 


istry,  he  established  a  laboratory  in  Philadelphia,  in  1874,  in 
which  he  began  a  series  of  investigations  which  led  to  some  of 
the  most  brilliant  achievements  in  the  field  of  chemical  engineer- 
ing. 

His  first  invention  was  a  process  for  refining  paraffin  wax  in 
1876.  This  process  was  a  great  success  and  was  followed  by 
his  invention  of  a  process  for  the  refining  of  the  sulfur  oils  of 
the  Canadian,  Ohio,  and  Illinois  fields.  Previous  to  this  in- 
vention, these  inferior  oils  had  a  very  low  market  value  and  were 
limited  to  use  as  fuel  oils.  In  1885,  he  organized  the  Empire 
Oil  Company  and  established  a  small  refinery  at  London,  On- 
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tario,  for  the  purpose  of  developing  his  desulfuriziiiK  process  on 
the  Canadian  oils.  As  a  result  of  this  work,  the  methods  of 
refining  sulfur  oils  were  revolutionized,  and  plants  for  working 
these  oils  were  established  at  Cleveland,  Whiting  and  other 
centers. 

Another  wonderful  invention  was  his  process  for  extracting 
sulfur  from  the  great  Louisiana  deposit.  That  this  deposit 
existed,  covered  by  a  layer  of  quicksand  over  five  hundred  feet 
thick,  had  been  known  since  1865.  Company  after  company 
was  organized  to  develop  these  sulfur  mines  but  without  success 
until  Mr.  Frasch  purchased  the  property  in  1891,  and  attacked 
the  problem  from  an  entirely  new  standpoint.  Instead  of 
attempting  to  sink  a  shaft  and  mine  after  the  customary  practice, 
he  drove  wells  through 
the  sand  and  inserted  a 
series  of  iron  tubes  so 
arranged  that  he  was 
able  to  fuse  the  sulfur  in 
place  by  forcing  down 
superheated  wateV  under 
high  pressure.  The 
molten  sulfur  was  per- 
mitted to  flow  to  the  sur- 
face through  return  pipes 
where  it  was  run  into 
large  bins  and  solidified 
in  commercial  form. 
This  enterprise  has  been 
in  successful  operation 
ever  since  and  supplies 
all  the  sulfur  required 
for  the  United  States 
market  with  some  excess 
for  exportation. 

I  do  not,  on  this 
occasion,  go  into  details 
with  regard  to  the  other 
remarkable  inventions  of 
Mr.  Frasch,  for  the 
reason  that  in  December, 
1911,  the  associated 
chemical  societies  of 
America  conferred  upon 
him  the  Perkin  Gold 
Medal  which  is  awarded 
annually  for  distin- 
guished service  in  the 
field  of  applied  chem- 
istry, and  the  proceed- 
ings on  that  occasion 
were  printed  in  full  in 
This  Journal,  in  the 
issue  of  February,  1912, 
page  131,  and  included 
the  address  of  accep- 
tance by  Mr.  Frasch.  in 
which   he    gives   some    details   of  his   most   interesting  career. 

Mr.  Frasch  was  a  member  of  The  American  Chemical  Society, 
The  Society  of  Chemical  Industry,  The  American  Institute  of 
Chemical  Engineers,  The  American  Institute  of  Mining  Kngineers, 
The  American  Electrochemical  Society.  The  Verein  Deutscher 
Cheniiker,  and  The  Chemists'  Club,  New  York  City. 

C.  F.  Ch.\ndi.er 

RESOLUTIONS   PASSED    BY    CHEMICAL    SOCIETIES 

At  a  meeting  of  the  officers  of  the  undersigned  chemical 
organizations,  held  on  the  nth  day  of  May,  1914,  the  following 
resolutions  were  adopted: 


The  members  of  the  chemical  profession  as  represented 
by  the  officers  of  the  chemical  and  allied  societies,  have 
received,  with  profound  sorrow,  the  sad  tidings  of  the  demise 
of  their  distinguished  colleague  and  fellow  member,  Mr.  Herman 
Frasch. 

His  life,  his  energies  and  his  wide  knowledge  were  given 
freely  and  unselfishly  to  the  development  of  the  chemical  in- 
dustry. As  a  creator  of  new  branches  of  applied  chemistry 
his  name  is  among  the  most  illustrious,  and  in  the  history  of 
technical  accomplishment  his  work  stands  out  as  an  inspira- 
tion to  all  coming  generations. 

Much  as  we  honor  his  memory  as  a  chemist,  he  has  no  less 
endeared  himself  to  us  as  a  man,  as  a  wise    counsellor  and  as 

a  friend.  Notwithstand- 
ing the  stress  of  an 
extraordinarily  active 
life,  he  preserved  within 
his  heart  a  great  kindli- 
ness and  consideration 
towards  others  and  an 
ever  ready  sympathy  in 
their  efforts  and 
struggles. 

Resolved,  that  these 
resolutions  be  spread 
upon  the  minutes  of 
the  undersigned  societies 
and  that  they  be  en- 
grossed and  copies  pre- 
sented to  his  widow  and 
his  daughter,  to  whom 
we  extend  our  deepest 
sympathy  in  their  be- 
reavement. 

The   Chemists'  Clib 
New       York       Section 
.\MERic.*N     Chemical     So- 
ciety 

New  York  Section 
Society  of  Chemicai.  In- 
dustry 

.\merican  Institute  op 
Chemical  Engineers 

New  York  Section 
\'EREiN  Deutscher  Chem- 

IKER 

New  York  Section 
.\merican  Electrochemi- 
cal Society 

Perkin  Medal  Com- 
mittee 


PAUL  L.  V.  HEROULT 
Paul    L.    V.    Heroult, 

the  inventor,  died  at  his 

home  in  Paris,  on  May 
HERMAN  FR.\SCH  13th.  He  was  bom  April 

10,  1863,  at  Thury-Har- 
court,  Calvados, '  France,  the  son  of  Patrice  and  Elise  Lcpetit- 
Desauiiay  Heroult.  His  father  was  a  tanner  in  Paris  and 
his  grandfather  a  leather  broker  in  London.  Both  branches 
of  the  family  had  come  originally  from  Normandy.  As  a  boy 
he  was  educated  in  London,  afterwards  entering  the  Lyc6e 
de  Cam,  Calvadox,  France.  His  education  was  completed 
at  the  College  Sainte  Barbe  and  the  6cole  des  Mines  in 
Paris. 

Mr.  Heroult  invented  and  patented,  in  Europe,  in  1886,  a 
process  for  the  manufacture  of  aluminum.  The  United  States 
Patent  Office  records  disclosed  the  fact  that  the  same  process 
had  been  invented  in  America  at  about  the  same  time,  by  Charles 
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M.  Hall.  As  a  result  of  the  controversy,  the  European  patents 
were  granted  to  Heroult  and  the  American  patents  to  Hall. 

In  1887,  Mr.  HSroult  became  the  technical  manager 
of  the  aluminum  works  at  Neubrausen,  Switzerland,  and 
in  1890,  was  made  director  of  the  French  Aluminum 
Company. 

He  spent  much  of  his  time  in  chemical  engineering  research,  and 
in  1899,  developed  an  electric  furnace  for  the  production  of  steel. 
He   was  connected,   in  the   development   of   this   electric   steel 


furnace,  with  The  United  States  Steel  Corporation,  The  Crucible 
Steel  Company  of  America,  Halcomb  Steel  Company,  Electro- 
Metals  Company,  the  Aktiebolaget  Heroults,  Elektriska  Stal, 
Sweden,  and  Edgar  Allen,  Thomas  Firth  and  Vickers,  all  of 
Sheffield,  England. 

Mr.  Heroult  was  a  member  of  The  Chemists'  Club,  New  York, 
The  American  Electrochemical  Society,  The  American  Society 
of  Mining  Engineers,  The  Societe  des  Ingenieurs,  Paris  and 
The  Faraday  Society,  London. 


CURRENT  INDUSTRIAL  NLW5 


By   M.   L.   HAMLIN 


A  NEW  TYPE  OF  ARTIFICAL  FERTILIZER 

In  a  paper  read  before  the  Society  of  Arts  of  London  by  Pro- 
fessor W.  B.  Bottomly,  a  new  type  of  fertilizer  was  described, 
which,  according  to  Engineering  (London),  97  (1914),  359, 
threatens  serious  competition  with  the  products  of  the  electric 
furnace.  After  giving  an  account  of  various  previous  attempts 
to  utilize  for  fertilizing  purposes  the  power  of  certain  bacteria 
found  on  the  roots  of  some  plants  to  fix  atmospheric  nitrogen, 
and  showing  how  these  attempts  had  been  unsuccessful,  Pro- 
fessor Bottomly  described  experimental  work  carried  on  at  the 
botanical  laboratory  of  King's  College,  claiming  that  it  had 
been  attended  with  complete  success.  It  was  found  that  suit- 
ably treated  peat  formed  a'most  excellent  medium  for  the  growth 
of  the  bacterium,  and  soils  manured  with  this  peat  have  shown 
a  marked  enhancement  of  their  fertility.  Before  inoculating 
the  peat  with  the  bacterium  in  question  the  raw  peat  has  to 
undergo  a  preliminary  treatment  by  another  bacterium,  which 
was  found  to  have  the  power  of  converting  natural  peat  into  a 
humated  neutral  medium.  Attempts  to  achieve  the  same  end 
by  neutralizing  the  humic  acid  of  the  peat  by  alkalies  resulted 
in  complete  failure.  The  peat  after  irboculation  with  the  special 
bacterium  is  kept  at  constant  temperature  for  a  week  or  ten  days, 
after  which  period  it  is  sterilized  by  the  action  of  live  steam. 
It  is  then  inoculated  afresh  with  a  mixture  of  azotobacter  chro- 
ococcum  and  bacillus  radiacola,  and  after  a  few  days'  incubation 
at  26°  C,  is  ready  for  use.  The  following  table  shows  the  effect 
of  the  treatment  as  proved  by  analysis.  Analyses  of  a  garden 
soil  and  other  manures  are  also  given  for  comparison: 


Raw  peat 

Bacterized  peat 1 5 . 1 94 

Garden  soil 

Fresh  soluble  manure 

Well-rotted  stable  mantire 

One-year-old  peat-moss  litter  manure 1  ,  05 


A  NEW  COAL  CALORIMETER 


Soluble 

Soluble 

Total 

humate 

nitrogen 

nitrogen 

Per  cent 

Per  cent 

Per  cent 

0.028 

0.214 

1.267 

15.194 

2.694 

4.310 

0.012 

0.026 

0.427 

0.433 

0.291 

2.533 

1.46 

0.439 

2.848 

An  important  point  is  that  the  azotobacter  continue  to  flourish 
after  the  peat  has  been  added  as  manure  to  the  soil  to  be  fertilized, 
thus  fixing  further  nitrogen.  In  a  series  of  comparative  experi- 
ments made  on  an  exhausted  soil  the  new  manure  showed  the 
following  percentage  of  advantage  over  its  competitors: 

Inoculated 

peat  Artificials  Farm  dung 

Crop                               Per  cent  Per  cent  Per  cent 

Potatoes 123  75  41 

Turnips 100  47  26 

Beet 281  54  43 

Onions 110  110  46 

Carrots 260  20  28 

With  fertile  soils  the  addition  of  a  very  little  of  the  treated  peat 
is  stated  to  give  a  ver>'  large  increase  in  the  rate  of  growth. 
This  is  believed  to  be  due  to  the  presence  in  the  peat  of  accessory 
food  bodies,  for  which  a  special  search  is  now  being  made. 


An  interesting  new  coal  calorimeter  is  that  recently  introduced 
by  Macklow-Smith  and  described  in  Engineering  (London), 
97  (1914).  385- 

The  calorimeter  consists  essentially  of  an  outer  jar  of  glass 
provided  with  a  reference  line  indicating  the  height  to  which 
it  is  to  be  filled  with  water  in  making  an  experiment.  From 
the  edges  of  this  jar  a  crucible  support  is  slung  by  the  spring 
clips  shown  in  Fig.  i.  A  piece  of  lampwick,  impregnated  with 
sodium  or  potassium  nitrate,  is  embedded  in  a  briquette  of  the 
coal  under  test,  and  is  ignited  by  a  match  as  indicated. 


The  glass  bell,  shown  to  the  right  in  Fig.  i,  is  next  lowered 
over  the  crucible  and  clamped,  against  a  rubber  ring,  by  spring- 
ing back  the  supporting  clips  into  their  working  position,  as 
indicated  in  Fig.  2.  A  supply  of  oxygen  is  led  from  the  oxygen 
bottle  through  an  automatic  reducing-valve  and  the  flexible 
pipe  to  the  inlet  pipe  T,  which,  as  will  be  seen,  is  fitted  with  an 
additional  regulating-valve,  D.  This  oxygen  causes  the  coal 
to  ignite,  and  the  products  of  combustion  flow  through  the  coil 
F.  and  escape  through  small  holes  near  the  end  of  it,  and  finally 
pass  up  through  the  water.  In  their  journey  these  gases  part 
with  their  heat,  and  at  the  same  time  thoroughly  stir  the  water 
up.  A  series  of  readings  of  the  thermometer  S  are  taken  at 
equal  interv-als  of  time,  and  plotted  against  a  time  base,  for  de- 
termining the  radiation  correction.  Simultaneous  observations 
are,  of  course,  made  of  the  room  temperature.  The  maximum 
temperature  recorded  on  the  plot  is  noted,  and  the  temperature 
rise  deduced  from  this  is  corrected,  for  the  loss  of  heat  externally, 
by  means  of  a  table  of  coefficients  supplied  with  the  instrument. 
The  water  equivalent  of  the  coil  and  bell  and  other  components 
of  the  calorimeter  is  also  supplied  by  the  makers,  and  as  a  con- 
sequence the  user  has  merely  to  fill  the  apparatus  to  the  level 
engraved,  and  may  then  treat  the  whole  as  having  a  constant 
specific  heat,  and  obtain  his  results  by  multiplying  a  constant 
(provided  by  the  makers)  by  the  corrected  temperature  rise, 
and  then  dividing  this  product  by  the  weight,  in  grams,  of  the 
coal  taken. 
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While  the  briquette  form  is  the  most  convenient  in  which  to 
burn  the  coal,  powdered  coal  may  be  and  often  is  used.  In 
actual  operation  the  circulation  of  the  water  in  the  calorimeter 
is  very  jierfect  and  regular  at  all  rates  of  combustion,  so  that 
not  only  is  the  whole  of  the  apparatus  raised  to  the  same  tempera- 
ture with  certainty,  but  the  radiation  is  also  very  regular  in 
character.  The  amount  of  radiation  while  the  water  is  being 
circulated  is  very  different  from  that  under  quiescent  conditions. 


ELECTRIC  SMELTING  OF  IRON  AT  HARDANGER, 
NORWAY 

The  hitherto  unsatisfactory  results  of  electric  smelting  at 
Hardanger  were  discussed  at  a  recent  meeting  of  the  Polyteknisk 
Forening  of  Kristiania  by  Gustaf  Odquist,  Cheniiker-Zeitung,  38 
(1914),  294.  The  reason  for  the  failure  lies  in  a  series  of  unfor- 
tunate coincident  circumstances,  and  not,  according  to  Odquist, 
in  the  type  of  furnace  used.  These  furnaces  are,  however,  not 
adapted  to  the  use  of  coke  for  reduction,  the  electrodes  being 
probably  too  large  in  diameter,  and  an  economic  use  of  power 
is  rendered  impossible  by  the  large  variations  in  load  which  make 
it  necessary  to  have  at  command  more  than  800  K.w.  in  excess 
of  the  average  amount  of  electricity  used.  The  experience  of 
the  Hardanger  works  has  shown  that  iron  smelting  with  coke  is 
possible,  but  not  economical  with  the  system  used  at  present. 
Although  charcoal  is  considerably  more  expensive  than  coke, 
the  Hardanger  iron  cost  $3  to  $4  more  per  metric  ton  than  Swed- 
ish iron  reduced  with  charcoal. 

In  the  discussion,  the  opinion  was  expressed  as  the  result  of 
recent  experiments  that  by  a  slight  change  in  the  construction 
of  the  furnaces  iron  could  be  produced  even  from  low-grade  ores, 
using  coke  as  the  reducing  agent,  that  could  compete  with  the 
Swedish  iron. 


THE  FLUXOGRAPH  FLOW  RECORDER 

A  measuring  instrument  that  promises  to  be  of  value  through 
a  wide  range  of  applications  is  the  "Fluxograph"  flow  recorder, 
recently  put  on  the  market  and  described  in  Engineering  (Lon- 
don), 97  (1914),  284.  It  is  an  appliance  for  the  accurate  meas- 
urement and  registration  of  the  flow  of  water  or  any  liquid  by 
means  of  the  V-shaped  notch  discharge  method,  based  on  the 
formula 

Q  =  cK'/' 

proposed  by  Mr.  James  Thomson,  M.A.,  D.Sc,  LL.D.,  F.R.S., 
Professor  of  Civil  Engineering  at  Queen's  College,  Belfast, 
and  at  Glasgow  University.  The  results  of  his  investigations  are 
given  in  the  subjoined  table,  where : 

H  =  the  vertical  height  in  inches  of  the  still  water  level  from 
the  vertex  of  the  notch. 

Q  =  the  corresponding  discharge  over  the  notch  in  cubic  feet 
per  minute,  as  found  by  experiment. 

c  =  the  value  of  the  coefficient  calculated  from  the  formula 
Q   =  cH'/^ 

H       Q  c 

7      39.69       0.3061 

6      26.87       0.3048 

5      17.07        0.3053 

4      9.819      0.3068 

3       4.780      0.3067 

2       1.748      0.3088 

The  figures  contained  in  the  above  table  give  the  average  re- 
sults for  the  series  of  experiments  made  in  the  years  i860  and  1861 . 
The  mean  of  the  six  values  of  c  is  0.3064,  but  from  a  comparison 
of  his  experiments  Professor  Thomson  finally  adopted  0.305  as 
the  coefficient,  and  gives  as  his  formula  for  the  right-angle  notch: 

Q  =  0.305  H'/' 

The  total  results  of  later  observations  proved  how  remarkably 


accurate  Dr.  Thomson  was  when  he  gave  0.305  for  the  average 
value  of  the  coefficient  c  for  heads  ranging  from  2  in.  to  7  in. 

In  the  Fluxograph  recorder  is  presented  a  practical  and  com- 
mercial application  of  the  results  of  this  valuable  research 
work.  Devised  with  the  object  of  meeting  the  demand  for  a  re- 
liable integrating  or  weir  meter,  a  number  of  these  instniments 
have  already  been  installed  and  successfully  employed  in  various 
capacities.  The  machine,  in  addition  to  registering  permanently 
upon  a  ruled  chart  the  rate  of  flow  at  any  moment  in  gallons  per 
hour,  also  provides,  by  means  of  a  pointer  on  a  figured  open-scale 
dial,  a  simple  method  of  reading  off  directly,  without  calculation, 
the  amount  of  water  ])assing  at  any  instant.  Figs,  i  and  2  will 
serve  to  illustrate  the  machine  and  make  its  action  clear. 

On  referring  to  the  engravings,  it  will  be  seen  that  after  en- 
tering the  right-hand  compartment  of  the  measuring-tank  A, 
Fig.  2,  the  water  passes  through  baffling  and  diaphragm  plates, 
and  becomes  tranquil  before  passing  over  the  V-notch  C,  shown  in 
Fig.  I,  which  is  a  transverse  section  through  Fig.  2.  A  large 
float,  D,  is  situated  in  a  cylinder,  B,  to  which  the  water  gains  ac- 
cess through  a  grid,  and  in  which  the  level  is  the  same  as  in  com- 
partment A.  According  to  the  variation  of  the  water-level,  so 
the  float  rises  or  falls,  and  it  is  this  movement  of  rise  and  fall 
that  actuates  the  mechanism  of  the  recorder.  At  the  point 
where  the  float-rod  passes  through  the  bottom  of  the  instrument- 


case  a  vapor-seal  and  dust-excluder  arrangement,  F,  is  fixed  to 
prevent  the  working  parts  from  getting  clogged  or  becoming 
affected  by  rust.  Sliding  through  a  frictionless  roller-bearing,  G, 
the  float-rod  carries  a  flat  compensating-cur^'e  attachment,  H. 
The  pen-carriage  J,  on  which  the  pointer  K  is  also  fixed,  moves 
along  silver-steel  bearing  bars  L,  and  is  kept  in  roller  contact  with 
the  face  of  the  compensating-curve  H  by  means  of  a  counter- 
weight, M  (see  Fig.  2). 

It  will  be  seen  that  the  rise  and  fall  of  the  water  causes  the 
float  D  to  make  a  corresponding  movement,  and  the  float  ac- 
cordingly operates  the  compensating  curve  H,  which  ensures 
that  the  movement  of  the  pen  O  and  the  pointer  K  is  directly 
proportional  to  the  amount  of  water  flowing  over  the  weir. 
While  the  pointer  K  momentarily  indicates  upon  an  open-scale 
figured  dial,  P,  the  rate  of  flow  in  gallons  per  hour,  the  pen  O  makes 
a  permanent  record  of  that  quantity  upon  a  chart,  Q,  surrounding 
the  rotating  drum  of  a  clock  device.  With  the  aid  of  a  planimeter 
the  total  amount  passed  can  be  obtained  from  the  area  of  the 
chart  record.  The  actual  depth  of  water  passing  over  the  weir 
can  be  observed  at  any  moment,  and  the  accuracy  of  the  recorder 
can  be  independently  checked  by  means  of  a  vertical  scale,  R, 
marked  in  inches,  which  is  fixed  on  the  measuring-tank  A,  in 
correct  relation  to  the  zero  pointer  S  and  bottom  of  the  V-notch 
C,  as  shown  in  Fig.  2.     Oftentimes  it  is  imperative  to  be  able  to 
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read  off  directly  and  quickly  the  total  quantity  of  water  that  has 
flowed  for  a  given  period.  A  simple  form  of  friction  integrator, 
T,  is  described  herewith. 

A  clock,  not  shown,  affixed  to  the  recorder  case,  drives  a  flat 
aluminium  disc,  V.  Kept  in  light  contact  against  the  disc  is  a 
small  fiber  wheel,  W,  connected  to  the  counter  or  integrator. 
The  latter  is  attached  to  the  pen-carriage  J,  which  is  actuated  by 
the  movement  of  the  float-rod  compensating  curve  H  according 
to  the  rise  and  fall  of  the  float,  so  the  driving-wheel  W  and  the 
counter  X  moves  away  from  or  towards  the  center  of  the  disc  V. 

When  no  water  is  passing  over  the  V-notch  C,  the  counter- 
wheel  W  remains  stationary  at  the  center  of  the  disc,  where,  of 
course,  no  motion  is  transmitted.  When  the  water  is  flowing 
through  the  notch,  the  float  D  rises,  and,  through  the  compen- 
sating curve  P,  raises  the  apparatus  and  lowers  the  counter 
proportionately,  not  to  the  rise  of  the  float,  but  to  the  volume 
flowing  through,  so  that  the  integrator  is  driven  at  a  speed  pro- 
portional to  the  amount  passing  over  the  weir.  Figures  showing 
the  total  quantity  of  flow  can  be  read  off  directly  from  the  coun- 
ter-dials Y.  The  fact  that  the  driving  of  the  counter  is  con- 
tinuous and  positive  ensures  that  all  liquid  must  be  registered. 

The  Fluxograph  flow-recorder  is  well  suited  for  the  measuring 
and  recording  of  water  supplies,  boiler-feed,  air-pump  discharge, 
sewage  or  trade  effluents,  compensating  water  from  reservoirs, 
and  for  oils,  acids,  and  alkalies  used  in  manufacturing  processes. 

INDUSTRIAL  ACCIDENTS  IN  MASSACHUSETTS 

The  Industrial  Accident  Board  of  A'lassachusetts,  at  the  end 
of  its  first  year  reports  the  total  number  of  non-fatal  accidents 
in  the  state  as  89,694,  or  about  one  for  every  ten  wage  earners. 
The  board  believes  that  at  least  half  of  these  can  be  prevented 
by  improved  inspection  methods,  by  safeguarding  machines 
before  they  leave  the  factory,  by  the  maintenance  of  safety 
museums,  through  lectures,  moving  pictures,  school  talks  and 
the  elimination  of  danger  spots  in  plants.  There  were  474 
fatal  accidents,  classified  as  follows: 

Railroad  equipment 119  Belting 6 

Falls 66  Infection      from      trivial     cuts. 

Vehicles 43          burns,  etc 5 

Hand  labor 37  Saws 4 

Elevators 33  Explosions  (not  boiler) 4 

Electricity 25  Hoists 4 

Street  railways 20  Illness 3 

Boiler  explosions  and  burns 15  Presses 2 

Excavating 14  Gears 2 

Cranes 11  Emery  wheels. .  .  2 

Miscellaneous 11  Occupational  diseases 2 

Asphyxiation,  drowning,  etc. ...  10  Glass 1 

Animals,  insects,  etc 9  Wood  molders 1 

Shafting,  setscrews,  etc 9  Assault  and  fighting 1 

Falling  material 8                                                                   

Machinery    peculiar    to     special                  Total 474 

industries 7 

VACUUM  TAR 

Scientific  American,  Apr.  25,  1914,  reports  that  by  distilling 
coal  under  a  vacuum  of  15  mm.  of  mercury,  Pictet  and  Bouvier 
obtain  a  so-called  "vacuum  tar,"  this  appearing  to  be  quite 
different  from  usual  coal  tar.  Such  tar  contains  no  phenol 
or  aromatic  carbides,  and  when  oxidized  by  permanganate,  the 
products  are  acids  of  the  fatty  series.  The  properties  of  this 
tar  resemble  those  of  Caucasus  petroleum  which  consists  of 
hydro-aromatic  carbides.  These  experiments  tend  to  confirm 
the  hypotheses  advanced  by  Berthelot  and  others  as  to  the  forma- 
tion of  the  constituents  of  tar. 


REQUIREMENTS  OF  GLASS  FOR  BOTTLING  MEDICINE 

W.  A.  Hamor  in  the  American  Druggist  and  Pharmaceutical 
Record,  62  (1914),  29,  states  that  owing  to  the  want  of  or  negli- 
gence in  chemical  control  at  the  factories,  the  glasses  from  which 
bottles  are  made  often  present  wide  divergences  in  composition, 
the  principal  variations  being  in  content  of  silica,  calcium  oxide 


and  magnesium  oxide.'  The  limestone  in  use  by  many  manu- 
facturers varies  considerably  in  magnesium  oxide  and  carbon 
dioxide  content,  and  it  has  been  ascertained"  that  variations  of 
calcium  oxide  in  the  "batch"  cause  lack  of  homogeneity.  It 
follows,  therefore,  from  these  facts  alone,  that  not  only  should 
the  materials  entering  into  the  batch  mixture  comply  with  stand- 
ard specifications  and  accordingly  be  under  analytical  control, 
but  also  the  composition  of  the  "batch"  itself  should  be  based 
entirely  thereon. 

A  large  number  of  cases  of  deterioration  of  chemical  products, 
due  to  the  alleged  solubility  of  bottle  glass,  have  been  noted  by 
various  consumers.  In  the  case  of  non-actinic  glass  bottles, 
such  alteration  in  composition  may  often  be  ascribed  to  the  fact 
that  the  glass  yields  sufficient  alkali  to  cause  contamination  or 
decomposition;  but  in  the  case  of  colorless  glass  bottles  the  cause 
of  any  deterioration  is  more  dubitable,  providing  the  product 
contained  therein  is  subject  to  photolytic  action.  Certain  it 
is,  however,  that  medicinal  preparations,  like  reagents,  should 
be  kept  only  in  bottles  made  of  high-grade  glass,  and  that  more 
consideration  should  be  given  to  the  fact  that  not  only  is  amber 
glass  non-actinic,  thereby  screening  out  light  rays  occasioning 
decomposition,  but  it  is  also  usually  much  less  soluble  than  color- 
less glass. 

A  number  of  preparations  affected  by  light  (for  instance,  com- 
pound glycerophosphates)  are  supplied  by  some  manufacturers 
in  colorless  glass  bottles;  whereas  others  (for  example,  codliver 
oil)  affected  by  even  slight  amounts  of  alkaline  matter  from  glass, 
occasionally  present  indications  that  the  glass  bottles  in  which 
they  are  supplied  are  soluble. 

A  question  of  importance  in  the  trade  is:  With  what  condi- 
tions should  the  glass  of  medicine  bottles  comply.'  Lenz^ 
has  proposed  that  if  the  bottle  is  half  filled  with  distilled  water 
and  then  heated  in  boiling  water  for  six  hours,  with  frequent 
shaking,  the  amount  of  alkaline  matter  extracted  should  not 
exceed  1.5,  or,  at  the  most,  2.5  mg.  per  sq.  dm.;  while  Moeller* 
considers  that  medicine  bottles  should  not  yield  any  alkali  to 
water  heated  in  them  for  three  hours. 

Glass  sufficiently  pure  for  medicine  bottles  should  not,  in 
,the  writer's  opinion,  lose  more  than  six  mg.  of  alkali  per  square 
dm.  and  should  not  show  pronounced  cracks  when  kept  for 
twenty-four  hours  in  boiling  distilled  water.  It  is  sufficient 
to  specify,  however,  that  all  bottles  intended  for  medicinal  pur- 
poses should  show  no  alkaline  reaction  when  filled  with  distilled 
water  containing  several  drops  of  phenolphthalein  solution 
and  heated  at  100°  C.  for  six  hours.  This  requirement  is  simple, 
yet  experience  has  demonstrated  its  efficacy  in  practice. 

In  this  connection  reference  may  be  made  to  the  shape  of 
bottles  intended  as  containers  for  poisons.  It  has  been  proposed 
that  these  should  be  hexagonal.  A  most  striking  form  is  tri- 
angular. A  bottle  of  this  shape,  made  of  dark  red  glass,  would 
fill  an  obvious  need. 


METHOD  OF  SCURFING  GAS  RETORTS 

The  Journal  of  Gas  Lighting  and  Water  Supply,  125  (1914). 
295,  describes  a  method  of  scurfing  retorts  presented  in  a  com- 
munication by  M.  Schmidt  to  the  Belgian  Gas  Association. 
The  appliance  used  is  a  "Centrator"  blower,  actuated  by  a 
2  H.  P.  gas-engine.  It  makes  from  3600  to  3900  revolutions 
per  minute,  and  in  this  period  delivers  700  cubic  feet  of  air  at 
a  pressure  of  about  6  inches  of  water.  The  blower  is  worked 
by  means  of  encased  steel  rollers,  which  have  to  be  kept  well 
lubricated;  these  rollers  are  replaceable.  The  engine  and  blower 
combined  occupy  but  little  space.  The  carriage  measures 
only  4  ft.  by  3  ft.,  and  it  can  be  easily  moved.  The  engine  cylinder 
is  cooled  by  water  conveyed  by  a  flexible  tube.     When  a  retort 

'  For  a  general  discussion  of  the  Glass  Bottle  Industry  in  the  United 
States,  see  Hamor,  This  Journal,  S  (1913).  951. 

'See  Trans.  Am.  Ccram.  Soc,  16,  706. 

>  Pharm.  J..  91,  p.  531. 

«  Ibid. 
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has  to  be  scurfed,  the  machine  is  drawn  up  near  the  setting,  and 
a  pipe  of  galvanized  or. ordinary  iron  is  fixed  from  the  outlet 
of  the  blower  and  run  into  the  retort  to  about  half  its  length. 
The  engine  is  then  started,  and  the  removal  of  the  scurf  at  once 
begins.  About  two  hours  only  are  required  to  clear  a  retort. 
Taking  the  case  of  gas-works  having  ten  settings  of  nine 
lo-feet  retorts,  M.  Schmidt  gave  the  total  annual  cost  of  scurfing 
reckoning  twelve  operations  in  a  year,  as  S266.  Notwithstand- 
ing that  the  greater  part  of  the  graphite  is  burnt,  an  appreciable 
quantity  is  saved,  the  disposal  of  which  helps  to  cover  the  cost 
of  maintenance  and  the  sinking-fund  charges.  Compared  with 
similar  works  in  which  the  old  method  is  used,  M.  Schmidt 
gave  the  total  aimual  expense  for  dealing  with  ten  settings  as 
$608.  From  this  there  would  have  to  be  deducted  the  return 
from  the  sale  of  the  graphite.  From  10,000  to  12,000  kilos  of 
this  would  be  produced,  worth  $120,  which  would  bring  down 
the  cost  to  $488.  The  other  method,  therefore,  shows  a  saving 
of  about  $222.  The  great  advantage  of  forced  injection  of  air 
is  that  the  works  are  able  to  produce  more  gas,  owing  to  the  fact 
that  the  retorts  can  be  charged  more  rapidly,  thereby  ensuring 
economy  of  labor  and  heating.  Indeed,  the  productive  capacity 
of  the  works  is  increased  by  about  3.5  per  cent. 

INDUSTRIAL  CONDITIONS  IN  FRANCE 

Engineering  (London),  97  (1914),  4S6,  quotes  the  Moniteur 
Industriel  to  the  effect  that  metallurgical  and  engineering  works 
in  the  North  of  Prance,  taken  generally,  did  less  business  in  1913 
than  in  191 2.  In  regard  to  mechanical  industry,  attention  is 
called  to  the  most  active  competition  experienced  on  the  part 
of  Germany,  Belgium,  and  the  United  States,  which  countries, 
notwithstanding  high  customs  duties,  succeed  in  selling  their 
material  at  lower  prices  than  the  French  products.  Attention 
is  also  called  to  the  insufficiency  of  the  customs  duty  on  certain 
classes  of  French  manufactured  articles,  in  the  price  of  which 
the  cost  of  labor  forms  the  heaviest  constituent.  Complaints 
are  raised  in  the  article  by  the  Monileur  concerning  the  orders 
placed  abroad  by  the  French  railway  companies;  no  organization, 
it  says,  which  owns  any  concession  in  France  should  be  allowed 
to  give  orders  to  neighboring  countries  unless  it  be  ascertained 
beforehand  as  an  absolute  fact  that  French  works  cannot  de- 
liver them  in  the  time  stipulated.  Loans  made  by  foreign  coun- 
tries in  France  should  carry  with  them  stipulations  to  the  effect 
that  the  material  and  machinery  required  by  the  said  foreign 
countries  should  be  ordered  from  French  works. 


ELECTRIC  TESTING  BUREAUS  IN  GERMANY 

Besides  the  Physikalisch-Technische  Reichsanstalt  in  Char- 
lottenburg  which  undertakes  investigations  and  tests  of  the 
most  various  kinds,  there  are  seven  testing  stations  which  are 
officially  recognized  as  independent  and  impartial  public  labora- 
tories for  electrotechnological  investigations  (Zeitschr.  d.  Ver. 
detitsch.  Ing.,  58  (1914),  559).  These  stations,  at  Ilmenau, 
Hamburg,  Munich,  Nuremberg,  Chemnitz.  Frankfort-on-Main, 
and  Bremen,  have  been  organized  as  a  corporation  with  a  main 
office  at  the  laboratory  in  Nuremberg. 

STEAM  RAISING  BY  GAS  COKE 

The  Journal  of  Gas  Lighting  and  Water  Supply  has  recently 
been  devoting  a  good  deal  of  space  to  the  question  of  the  ad- 
vantages of  gas  coke  for  steam  raising.  E.  W.  L.  Nicol  dis- 
cussing this  subject  in  125  (1914),  567,  gives  some  comparative 
data,  and  reviews  the  present  situation. 

Raw  bituminous  coal  is  being  used  almost  exclusively  in 
England  for  steam  raising,  notwitlistanding  the  enormous  cost 
and  inefficiency  of  distillation  in  an  ordinary  boiler  fur- 
nace, and  comparatively  few  engineers  in  charge  of  boiler 
plants  have  any  first-hand  knowledge  or  experience  of  coke  fuel 


for  steam  raising.  An  average  of  many  analyses  of  ordinary 
bituminous  steam  coal  (said  to  have  been  washed)  shows  the 
following : 

Volatile  CaloriSc 

Moisture  Fixed  carbon       matter  Ash  value  (dry) 

Per  cent  Per  cent         Per  cent       Per  cent       B.  t.  u.  per  lb. 

10  45.6  32  12.4  12,500 

When  consumed  in  a  boiler  furnace  for  steam-raising,  if  any 
degree  of  efficiency  is  to  be  attained,  the  coal  must  be  heated 
until  the  volatile  gases  are  distilled  off.  This  process  absorbs 
about  lo  per  cent  of  the  total  heat  in  the  coal.  The  distilled 
gases  must  then  be  liberally  diluted  with  air,  to  burn  them  without 
excessive  smoke  production.  This  excess  air  must,  of  course, 
be  heated  to  the  furnace  temperature,  and  is  mostly  rejected 
to  the  chimney  as  waste  heat.  As  the  diluted  gas  is  ignited, 
it  should  be  allowed  to  burn  in  a  large  brick-lined  combustion 
chamber  before  coming  in  contact  with  the  comparatively  cool 
heating  surfaces  of  the  boiler,  and  the  supply  of  air  should  be 
gradually  diminished  as  the  distillation  process  is  completed. 
Meanwhile  the  solid  residue  or  coke  (which  is  smokeless,  and 
requires  about  half  the  amount  of  air  necessary  for  the  complete 
combustion  of  the  gas,  to  burn  it  under  the  best  conditions) 
remaining  on  the  fire-bars  must  be  consumed  in  the  same  furnace 
at  the  same  time.  So  it  is  evident  when  too  much  or  too  little 
air  is  being  admitted  to  the  furnace,  whether  the  stoking  be 
intermittent  or  continuous. 

Gas  coke  is  practically  a  simple  mixture  of  carbon  and  ash, 
with  little  or  no  smoke-producing  volatile  matter.  Uniform 
in  quality  and  composition  within  fairly  narrow  limits,  it  requires 
no  expert  attention  to  obtain  the  most  economical  results  during 
combustion,  and  the  air  supply  to  the  furnace  may  be  prede- 
termined and  fixed  at  the  maximum  desirable — the  only  adjust- 
ment left  to  the  varying  skill  of  the  stoker  being  the  fire  thickness 
or  density — one  which  cannot  easily  be  neglected  or  abused. 

Eminent  authorities  on  the  subject  are  agreed  that  the  higher 
the  volatile  contents  of  a  fuel,  the  more  it  is  liable  to  smoke. 
The  percentage  of  volatile  matter  in  steam-raising  fuel  is  in 
reality  a  measure  of  the  difficulty  of  burning  it  under  boilers 
with  perfect  combustion.  Conversely,  the  lower  the  percentage 
of  volatile  matter,  the  greater  the  simplicity  and  efficiency 
of  combustion.  Low-volatile  natural  fuels  are  high-priced. 
They  are  known  as  anthracites  and  semi-anthracites;  but  the 
volatile  contents  of  any  solid  fuel,  as  fired,  may  be  adjusted  to 
the  most  advantageous  proportions  by  adding  carbon  in  the  form 
of  coke. 

The  volatile  contents  of  the  coal  detailed  above  might,  with 
advantage,  be  adjusted  by  mixing  with  equal  parts  of  coke  as 
follows : 

Carbon        Volatiles  Calon6c  value 
Per  cent       Per  cent  B.  t.  u.  per  lb. 

Coal 45.6  32.0  12,500 

Coke 88.0  2.5  13.000 

133.6  34.5  25.500 

Mixture 66.8  17.2  12.750 

Typical  South  Wales  anthracite  analyses: 

Approximate 
B.  t.  u.  per  I  d.  ($0.02) 
Carbon  Volatiles         of  cost.  at.  eay.  25  s. 

Per  cent  Per  cent  (S6.25)  per  ton 

93  3  108.750 

Good  quality  gas  coke  analyses: 

.Approximate 
B.  t.  u.  per  1  d.  (f0.02) 
Carbon  Volatiles  of  cost,  at,  say,  19  s. 

Per  cent  Per  cent  ($4.75)  per  ton 

88  2.5  130.000 

In  using  so-called  smokeless  coal  at  comparatively  high  prices 
when  gas  coke  is  available  at  reasonable  cost,  steam  users  may 
not,  therefore,  be  operating  their  plant  to  the  best  advantage. 

All  bituminous  fuels,  when  fired  under  boilers,  require  ver>' 
careful  management,  and  large  brick-lined  combustion  chambers 
must  be  provided  if  they  are  to  be  consumed  without  excessive 
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smoke  or  loss  due  to  the  escape  of  unburnt  hydrocarbon  gases. 

Gas  coke  is  smokeless,  contains  no  hydrocarbons,  and  does  not 
require  any  combustion  chamber.  It  may,  with  advantage,  be 
consumed  in  contact  with  the  boiler-tubes  and  heating  surfaces. 
Where  gas  coke  is  used,  the  combustion  process  is  much  easier 
to  control,  and  the  risk  of  loss  in  the  form  of  unburned  carbon 
(black  smoke)  and  hydrocarbon  gas  is  avoided. 

All  bituminous  coals  contain  sulfur.  On  heating  a  boiler- 
furnace,  the  volatile  sulfur  is  liberated  and  burnt  to  form  SO2 
which  may  cause  serious  damage  by  attacking  the  metal  and 
furnace  brickwork.  In  coke-fired  water-tube  boilers,  tube 
failures,  due  to  this  cause,  are  comparatively  infrequent,  for 
the  carbonizing  process  necessary  to  produce  coke  eliminates,  to 
a  great  extent,  this  objectionable  element. 

Besides  these  data  of  Mr.  Nicol,  the  journal  presents  (same 
volume,  p.  363)  the  following  figures,  published  by  S.  Tagg  in 
the  Bulletin  of  the  British  Commercial  Gas  Association: 
Pounds  of  Water  Evaporated  at  100  Lbs.  Pressure  Per  Pound  of 

FUEI. 

Coke  screenings  through  V^-inch  diameter  perforations 5.0 

Large  screened  coke 6.7 

Best  Arley  rough  slack 7.5 

A  MERCURY  ENGINE 

A  paper  read  before  the  American  Institute  of  Electrical 
Engineers  by  Mr.  W.  L.  R.  Emmet  is  reported  in  Engineering 
(London),  97  (1914),  498.  In  it  is  described  some  highly  in- 
teresting experimental  work  undertaken  to  ascertain  the  feasi- 
bility of  employing  mercury  as  the  working  agent  of  a  heat- 
engine.  Mercury  boils  at  677°  F.  at  atmospheric  temperature, 
and  condenses  under  a  28-in.  vacuum  at  455  °  F.  The  proposal 
is  to  use  the  mercury  vapor  in  a  turbine,  using  the  exhaust  to 
generate  steam  in  a  contrivance  which  is  at  once  a  condenser 
for  the  mercury  and  a  boiler  for  the  steam;  the  steam  thus  pro- 
duced is  to  be  utilized  in  a  steam  turbine.  The  physical  properties 
of  mercury  render  it,  in  some  regards,  very  well  adapted  for  use 
as  the  working  agent  in  a  turbine.  Its  high  temperature  is 
associated  with  a  very  moderate  pressure.  It  is  perfectly  clean 
in  use,  so  that  its  boiler  will  never  require  cleaning,  and  it  ap- 
peats  from  Mr.  Emmet's  experiments  that,  as  it  does  not  wet 
the  blades  through  which  it  passes  in  the  turbine,  it  has  no  ten- 
dency to  erode  them.  Its  high  density  makes  possible  a  very 
moderate  blade  speed  and  a  simple  design  of  turbine.  Some 
data  as  to  the  physical  constants  of  mercury  are  quoted  by  Mr. 
Emmet  as  follow: 

Specific  heat  of  liquid  mercury =  0.0373 

Specific  heat  of  gaseous  mercury =  0.0248 

Latent  heat  at  25  lbs.  absolute =117       B.  t.  u. 

Latent  heat  at  15  lbs.  absolute =   118       B.  t.  u. 

Latent  heat  at  28  in.  vacuum =    121        B.t.u. 

Latent  heat  at  29  in.  vacuum =   121.5  B.  t.  u. 

The  disadvantages  of  the  mercury  are  its  cost,  which  is  about 
$0.67  a  pound,  and  its  poisonous  character  if  it  escapes.  There 
are,  moreover,  Mr.  Emmet  states,  certain  difficulties  in  confining 
both  the  vapor  and  the  liquid,  but  these  are  not  serious.  As 
for  the  question  of  cost,  the  experiments  made  have  led  Mr. 
Emmet  to  think  that  not  more  than  $io  worth  of  mercury  would 
be  needed  per  kilowatt  of  output,  and  this  is  a  higher  and  not  a 
lower  limit.  A  tandem  mercury-steam  plant  would,  he  claims, 
show,  a  gain  of  44  per  cent  on  the  output  per  pound  of  fuel  burnt. 
A  boiler  of  considerable  size  is  now  under  construction  in  order 
to  investigate  the  matter  further. 


A  EUROPEAN  VIEW  OF  THE  MONROE  DOCTRINE 

The  part  played  by  the  United  States  in  the  industrial  situa- 
tion in  South  America  is  the  subject  of  an  article  by  L.  W. 
Schmidt  in  Technik  und  Wirtschaft,  7  (1914),  174.  The  author 
shows  how  the  Monroe  doctrine,  as  originally  applied  to  the  ques- 
tion of  territorial  holdings,  although  surrounded  by  a  nebula 
of  uncertainty  and  never  officially  recognized  by  European  n;i- 


tions,  was  nevertheless  a  powerful  influence  in  international 
relations.  Now  it  seems  to  be  the  intention  of  the  United  States 
to  apply  the  doctrine  to  the  field  of  commerce  and  industry, 
an  intention  proved,  says  the  author,  by  Lord  Murray's  recent 
failure  to  obtain  concessions  in  Ecuador,  Colombia  and  Costa 
Rica.  This  application  of  the  doctrine  was  "backed  by  popular 
opinion  which  had  been  worked  up  to  a  fever  heat  by  the  canal 
tolls  question  and  so  was  in  a  condition  to  swallow  whole  the 
rumor  of  a  second  isthmian  canal  projected  by  the  Pearson  in- 
terests which  was  so  diligently  exploited  by  the  yellow  press. 
Naturally,  the  expansion  of  the  Monroe  Doctrine  in  this 
direction  aroused  the  mistrust  of  Europe,  particularly  since 
Europe,  being  the  largest  investor  in  vSouth  American  develop- 
ment, has  had  the  biggest  share  in  her  trade.  While,  however, 
the  exports  of  the  United  States  were  comparatively  small 
at  the  end  of  the  last  century,  they  have  since  then  increased 
enormously;  exports  to  Central  America  and  the  West  Indies 
have  risen  from  $100,000,000  to  $180,000,000  and  those  to  South 
America  from  $38,000,000  to  $132,000,000.  The  following 
table  gives  data  for  the  years  1902,  1906,  1909  and  1912: 

United  States  Exports  to  Central  and  South  America 

1902  1906  1909  1912 

British  Honduras ..  .  S  8.125.000  $   1,160,000  $   1,135,000  $   1,542,500 

Costa  Rica 14,762,500  2,455.000  2,422,500  3,830,000 

Guatemala 17,650,000  3,072,500  1,792,500  2,645,000 

Honduras 10,332,500  1,712,500  1,575,000  2,585,000 

Nicaragua 14,267,500  1,967,500  1,422,500  2,612,500 

Panama 13.082,500  17,637.500  24,725,000 

Salvador 9,375.000  1.470.000  1,535,000  2,542,500 

Mexico 41.867.500  61.090.000  52,282,500  55,490.000 

Cuba 27.955.000  50,152,500  46,107,500  65,312,500 

Argentine  Republic  .  10.292.500  34.307.500  35.397.500  55.815.000 

Bolivia 92,500  155,000  887,500  1,040,000 

Brazil 10,910.000  15.257,500  18,405.000  36,412,500 

Chile 3,900.000  9.100.000  5.765.000  16.267.500 

Colombia 10,447,500  3,665,000  3.862,500  6,037,500 

Ecuador 1,535,000  2.110,000  1,942,500  2,250,000 

Paraguay 177,500  55.000  55.000  170. 000 

Peru.... 2.687.500  5,075,000  4,785,000  5,797,500 

Uruguay 1,665,000  3,052.500  3.527.500  7.225.000 

Venezuela 2.932.500  3,420.000  2,695,000  4.940,000 

The  reason  for  this  increase  is  largely  the  fact  that  the  develop- 
ment of  commercial  influence  has  gone  hand  in  hand  with  the 
strengthening  of  intellectual  influence.  Where  the  rich  young 
South  American  formerly  went  to  Paris  to  round  out  his  educa- 
tion, he  now  goes  to  New  York  or  some  other  North  American 
metropolis,  and  this  indirect  introduction  of  American  ideas 
and  ideals  has  found  a  more  or  less  fertile  soil  in  the  unstable 
social  and  political  conditions  largely  due  to  the  mixed  character 
of  the  population — whites,  mestizos  and  Indians.  While 
Europe,  by  investing  large  sums  to  develop  natural  resources, 
is  expending  her  energy  in  preparing  a  sound  economic  founda- 
tion for  the  new  race  that  will  develop  in  South  America,  North 
America  has  followed  other  and  more,  idealistic  aims  which  may 
have  a  more  lasting  effect  than  the  work  of  Europe. 

Though  the  Monroe  Doctrine  has  never  seriously  been  put 
to  the  test,  it  has,  nevertheless,  had  a  real  existence  all  this 
time,  and  has  prevented  any  extended  exercise  of  European 
influence  in  the  southern  continent.  The  United  States  has 
gone  a  step  further,  for  in  founding  the  Panamerican  Union 
she  has  prepared  a  common  ground  for  the  interaction  of  common 
ideas  and  ideals  which  may,  in  time,  aid  in  the  formation  of  a 
possible  confederacy,  and  at  jjresent  aids  in  counteracting  the 
great  growth  of  European  commercial  influence.  The  evolution 
of  this  hundred-year  old  policy  explains  why  the  United  States 
has  left  no  stone  unturned  to  prevent  an  influential  European 
firm  from  obtaining  land  rights  in  Central  America,  where  the 
possibility  of  a  second  interoceanic  canal  existed. 

The  history  of  South  American  commerce  shows  that  those 
countries  which  have  been  in  a  position  to  invest  the  largest 
sums  in  commercial  development  have  hitherto  exercised  the 
greatest  influence,  but  that  the  United  States  is  seeking  her 
goal  by  other,  perhaps  more  enduring,  means  and  that  she  is 
looking  ahead  into  a  more  distant  future.  But  it  is  certain  she 
cannot  maintain  her  present  rate  of  progress  unless  she  is  willin  g 


SI2 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  6 


to  play  her  part  in  the  economic  and  industrial  development  of 
the  continent  as  well  as  in  the  intellectual  movement  which  is 
doing  so  much  to  draw  the  two  Americas  together. 


REGULATIONS  FOR  ENFORCEMENT  OF  SO-CALLED  NET 
WEIGHT  LAW 

The  regulations  for  the  carrying  out  of  the  so-called  Net 
Weight  Law,  which  compels  manufacturers  to  make  a  clear 
statement  of  the  weight,  volume,  or  contents  of  their  packages 
of  food,  were  signed  May  i  ith  by  the  Secretaries  of  the  Treasury, 
Agriculture,  and  Commerce.  The  regulations  as  signed  become 
effective  at  once,  although  the  law,  passed  March  3,  1913,  as 
an  amendment  to  the  Food  and  Drugs  Act,  defers  the  exacting 
of  penalties  for  violations  until  September  3,  19 14. 

These  regulations  apply  to  foods  shipped  in  interstate  commerce 
or  sold  in  the  District  of  Columbia  or  the  territories  and,  in 
general,  require  that  the  manufacturer  of  foods  shall  plainly  mark 
all  packages,  bottles  or  other  containers  holding  more  than  2 
ounces  avoirdupois,  or  more  than  i  fluid  ounce,  to  show  the  net 
weight  or  volume  of  the  contents.  The  volume  of  liquids  must 
be  computed  at  68°  F.  The  quantity  stated  on  the  container 
must  represent  the  actual  quantity  of  food  exclusive  of  wrappings 
and  container. 

In  general,  solids  must  be  stated  in  terms  of  weight  and  liquids 
in  terms  of  volume,  except  that  where  there  is  a  definite  trade 
custom  otherwise  any  marking  of  the  package  in  terms  that  are 
generally  understood  to  express  definite  quantities  will  be  per- 
mitted. 

The  regulations  also  permit  thestatementof  minimum  volume 
or  weight  as  "Minimum  weight,  12  ounces,"  "Minimum  volume, 
I  gallon,"  "Not  less  than  4  ounces."  In  such  cases  the  amount 
stated  must  approximate  the  actual  quantity.  No  variations 
below  the  stated  minimum  quantity  will  be  permitted. 
TOLERANCES 

In  the  packing  and  bottling  of  many  foods,  it  would  be  im- 
possible, or  else  add  unnecessarily  to  cost,  for  the  manufacturer 
to  place  an  absolutely  accurate  statement  of  the  amount  of  the 
food  in  every  package,  and  for  this  reason  the  regulations  permit 
tolerances  or  variations  in  packages  where  the  discrepancies  are 
due  exclusively  to  unavoidable  errors  in  weighing,  measuring,  or 
counting  which  occur  in  packing  conducted  in  compliance  with 
good  commercial  practice.  This  tolerance  is  allowed  in  order 
to  permit  the  use  of  weighing  and  measuring  machines  which, 
like  human  operators,  caimot  weigh  or  measure  every  package 
with  absolute  accuracy.  The  regulations,  however,  provide 
that  a  run  of  such  packages  must  show  as  many  cases  of  over- 
weight and  as  much  excess  as  it  does  cases  of  underweight  or 
undervolume. 

Because  goods  shipped  from  one  part  of  the  country  to  another 
lose  in  weight  by  natural  evaporation  due  to  differences  of  at- 
mospheric condition  or  temperature,  tolerances  will  be  allowed 
for  such  changes.  The  proper  tolerances  to  be  allowed  will 
be  determined  on  the  facts  in  each  case,  and  it  is  probable  that 
the  Department  will  establish  tolerances  for  evaporation  for 
various  foods. 

Packages  containing  2  ounces  avoirdupois  or  i  fluid  ounce  of 
food,  or  less,  are  considered  small,  and  are  exempted  from  mark- 
ing in  terms  of  weight  since  providing  accurate  small  bottles 


and  accurately  measuring  their  contents  in  the  case  of  a  number 
of  articles  sold  in  small  packages  for  5  to  10  cents  would  be  pro- 
hibitive in  cost  to  the  manufacturers  and  would  force  them  to  raise 
the  price  for  the  package  or  to  put  less  food  in  it  for  the  same  price. 

RUSSUN  TRADE  IN  FERTILIZERS  UST  1913 

International  unrest  caused  great  uncertainty  in  the  fertilizer 
market  in  Russia  during  1913,  and  the  decreased  demand  em- 
barrassed both  wholesalers  and  retailers.  Instead  of  the  previous 
yearly  increase  of  20  per  cent  in  the  use  of  fertilizer,  the  consump- 
tion remained  the  same  as  in  the  previous  year,  and  indeed,  for 
some  kinds  of  fertilizer  (e.  g..  saltpeter)  it  decreased. 

Chemie  in  its  issue  for  March  28,  1914,  gives  the  following  data: 

Russian  Fertilizer  Imports  (Tons) 

1912  1913 

Natural  phosphates 52,128  58,878 

Basic  slag  (Thomas  meal) 202,518  202.968 

Superphosphates 206.838  202.968 

Stassturt  salts ; 91.296  84,582 

Potassium  chloride  and  sulfate 6.642  3,744 

Chile  saltpeter 56,718  47,646 

Potassium  nitrate  and  nitrite 2,466  2,556 

NATURAL  GAS  IN  HUNGARY 

Until  recently  little  capital  had  been  invested  in  natural  gas 
in  Hungary,  but  the  beginning  of  large  scale  operations  came 
when  an  enormous  gas  supply  was  accidentally  discovered  at  a 
depth  of  990  ft.  in  a  search  for  potash  at  Kissarmas  near  Sarmas 
in  April,  1909.  The  gas  which  is  nearly  piu-e  methane  has 
kept  up  its  pressiu-e  since  then  at  28-32  atmospheres,  and  the 
amount  delivered  daily  in  this  region  is  estimated  at  about 
6,000,000  cubic  feet,  Chim.  Ztg.,  38  (1914),  469. 

The  nearest  large  cities  which  offer  a  market  for  this  gas  for 
power  and  illumination  are  Klausenburg  and  Maros  Vasarhely 
about  62  miles  away;  a  much  larger  undertaking  than  a  line  to 
these  cities  is  however  being  considered,  for  a  line  to  Budapest, 
250  miles  distant  is  projected.  Even  with  this  expensive  over- 
land line,  which  is  to  be  modeled  on  the  American  pattern, 
it  is  believed  that  natural  gas  can  offer  keen  competition  in  the 
capital.  The  fact  that  the  gas  wells  are  located  in  a  country 
with  little  water  makes  their  local  conmiercial  utilization  diffi- 
cult, although  a  small  begiiming  in  this  direction  has  been  made 
in  lighting  the  trains  of  the  state  railway. 

In  March,  a  45-mUe  pipe  line,  the  longest  in  Europe,  was 
opened  from  Kissarmas  to  Torda  and  thence  to  Marosujvar. 
The  pipes,  of  drawn  steel,  are  from  20  to  45  feet  long  and  5  to  10 
inches  in  diameter.  They  are  joined  with  a  special  rubber 
packing,  are  covered  with  pitch  and  cased  in  an  asphalt-jute 
coating.  The  country  through  which  the  line  is  laid  offered 
great  difficulties — among  others  frequent  land  slides;  the  cost 
of  the  line  was  in  the  neighborhood  of  $700,000. 

The  "Methana"  Erdgas-StudiengeseUschaft  has  been  or- 
ganized in  Budapest  to  study  the  chemical  possibilities  of  the 
situation,  for  in  the  gas  countn,-  there  are  rich  supplies  of  mineral 
products;  the  problem  of  manufacturing  nitric  acid  from  the  air 
by  the  Bender  process  is  also  being  studied. 

In  the  northwestern  part  of  Hungary  too,  a  supply  of  gas,, 
accompanied  here  with  oil.  was  discovered  as  recently  as  the  end 
of  1913.  The  first  well  is  yielding  i', ';  carloads  of  oil  a  day  and 
about  17,000  cubic  feet  of  gas  (95  per  cent  methane)  are  given  off 
hourly. 
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INDUSTRIAL    CHEMISTS   AND    CHEMICAL  ENGINEERS       character    since    the    preliminary    report    published     in     This 


DIVISION— REPORT  OF  PROGRESS  BY  COMMITTEE 

ON  QUALITY  OF  PLATINUM  LABORATORY 

UTENSILS,  APRIL  9,   19 14 

The  Committee   on  Quality  of   Platinum   Laboratory  Uten- 
sils sulimits  the  following  report  of  progress,  the  first  of  a  formal 


Journal,  3  (191 1),  686: 

The  committee  itself  has  been  tmable  to  do  more  tlian  to  con- 
tinue for  a  time  the  line  of  experimental  work  described  in  the 
report  above  referred  to.  The  results  are  confirmatory  in  gen- 
eral of  those  already  reported  and  need  not  be  set  forth  in  de— 
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tail  here.  The  main  reason  for  the  long  delay  in  securing  data 
of  sufficient  importance  to  communicate  formally  has  been  due 
to  the  difficulties  encountered  in  devising  suitable  means  for 
accurately  determining  the  volatility  losses  suffered  by  com- 
mercial ware  when  subjected  to  the  temperatures  ordinarily 
employed  in  laboratory  operations.  These  difficulties  have 
been,  it  is  hoped,  overcome  through  the  assistance  of  the  Heat 
and  Metallurgical  Divisions  of  the  Bureau  of  Standards,  and  it 
is  expected,  as  opportunity  permits,  to  accumulate  data  of  value. 

There  is,  however,  another  more  serious  difficulty  arising  from 
the  fact  that  the  committee  has  been  unable  to  obtain  reliable 
information  on  the  composition  of  much  of  the  ware  which  is 
at  its  disposition,  either  through  loan  or  purchase.  Until  exact 
data  of  this  kind  are  available  it  will  be  difficult,  if  not  impossi- 
ble, to  determine  all  the  causes  of  poor  quality  in  ware  or  to  ex- 
plain certain  differences  observed  in  the  behavior  of  ware  from 
different  sources.  This  information,  it  is  realized,  is  not  to 
be  had  from  the  makers,  but  can  be  gained  only  by  carrying  out 
an  elaborate  investigation  involving  the  preparation  of  pure 
metals  and  of  some  of  their  alloys  and  also  by  the  careful  analysis 
of  commercial  ware.  It  is  hoped  that  in  time  the  Bureau  of 
Standards  may  be  able  to  take  up  such  an  investigation,  which 
it  is  quite  impossible  for  the  committee  to  assume.  This  Divi- 
sion, or  better  still  the  Society,  could  lend  nnost  valuable  sup- 
port to  a  project  of  this  kind  by  urging  upon  the  proper  authori- 
ties the  great  need  for  a  thorough  study  of  the  platinum  metals 
and  their  alloys,  a  study  which  wUl  involve  the  expenditure  of  a 
considerable  sum  of  money.  The  investigation  should  not  be 
restricted  to  a  study  of  the  subject  from  the  point  of  view  of 
the  chemist  alone,  but  should  be  made  comprehensive  as  to  the 
physical  constants  and  physical  behavior  of  the  metals  and 
alloys,  so  that  all  users  of  the  platinum  metals  might  benefit. 

In  the  meantime,  however,  Dr.  G.  K.  Burgess,  of  the  Bureau 
of  Standards,  assisted  by  Mr.  P.  D.  Sale,  has  developed  a  method 
for  determining  with  exactness  and  rapidity  the  total  impiu"ity 
in  any  platinum  alloy  in  terms  of  iridium,  which  is  the  most 
common  associate  of  platinum  in  commercial  ware.  This 
method  depends  upon  the  meastuement  of  the  electromotive 
force  of  the  alloy  against  pure  platinum  at  a  given  tempera- 
ture. So  far  the  method  has  shown  itself  very  reliable  for  plat- 
inum containing  known  amounts  of  iridium,  and  its  applica- 
tion will  be  extended,  if  suitable  materials  can  be  obtained, 
to  other  binar>'  alloys  of  platinum  and  its  common  associates. 
At  present  it  is  not  possible  to  determine  what  other  metal 
or  metals  may  be  alloyed  with  platinum,  but,  as  said  above, 
their  joint  effect  can  be  given  in  terms  of  iridium.  The  deter- 
mination takes  but  a  few  minutes.  The  method  is  printed  in 
full  in  this  issue  (p.  452)  in  the  form  of  a  paper  by  Messrs.  Bur- 
gess and  Sale,  with  the  results  obtained  on  the  various  samples 
loaned  to  our  committee  by  American  manufacturers,  of  plat- 
inum ware,  as  well  as  upon  articles  of  English,  German  and 
French  make  and  some  purchased  specimens  of  American 
make. 

Since  this  work  is  a  direct  outcome  of  the  activity  of  our  com- 
mittee, we  feel  that  substantial  progress  has  been  made,  not- 
withstanding that  we  have  no  experimental  data  of  importance 
to  present  on  our  own  immediate  behalf,  and  we  take  this  op- 
portunity to  express  to  Messrs.  Burgess  and  Sale  and  to  the 
Director  of  the  Bureau  of  Standards  our  appreciation  of  their 
efforts  to  forward  our  work. 

It  was  hoped  that,  after  the  publication  of  our  first  report, 
American  manufacturers  would  furnish  to  purchasers  commercial 
ware  of  decidedly  better  quality,  as  to  iron  and  perhaps  other 
base  metal  content,  than  they  had  been  offering  in  recent  years. 
This  hope  has  proved  illusory  as  to  some  at  least  of  the  ware 
now  sold,  so  far  as  we  can  judge  from  specimens  recently  sub- 
mitted for  test  at  the  Bureau  of  Standards,  on  request  of  one  of 
us. 


In  order  that  more  information  may  be  acquired  as  to  the 
quality  of  ware  sold  from  now  on,  the  committee  asks  pur- 
chasers to  submit  to  it  one  or  two  specimens  (particularly  cruci- 
bles) from  each  lot  of  new  and  unused  ware.  The  committee 
is  authorized  to  say  that  these  samples  will  be  examined  at  the 
Biu'eau  of  Standards  (for  the  present  without  charge)  in  such 
manner  as  not  to  injure  the  articles,  and  reports  will  be  made 
to  the  senders.  The  tests  will  be  directed,  so  far  as  can  now  be 
foreseen,  toward  the  detection  of  iron  or  other  base  metal  (as 
shown  in  part  by  the  appearance  of  the  surface  of  the  ware  aftef 
ignition)  and  to  the  determination  of  the  sum  of  alloyed  metals 
in  terms  of  iridium  by  the  thermoelectric  method  above  men' 
tioned.  The  determination  of  loss  on  prolonged  heating  at  high 
temperatures  will  not,  for  the  present,  figure  in  the  tests.  The 
Bureau  will  reserve  the  right  to  make  such  use  of  the  results 
of  its  examination  as  it  may  find  desirable. 

It  is  believed  that  the  adoption  of  this  course  by  a  sufficiently 
large  number  of  users  of  platinum  utensils,  during  the  next  few 
years,  will  bring  about  speedy  improvement  in  the  quality  of 
commercial  ware.  If  not,  the  committee  will  probablv  make 
other  recommendations  for  the  protection  of  the  public. 

W.    F.    HiLLEBRAND 

E.  T.  Allen 
Percy  H.  Walker 


AMERICAN   CHEMICAL  SOCIETY— 49th  MEETING,  CIN- 
CINNATI, APRIL  6-10,  1914 
FERTILIZER  CHEMISTRY  DIVISION  REPORT 
The  meeting  was  called  to  order  by  Mr.  J.  E.  Breckenridge, 
Chairman.     After  the  transaction  of  the  usual  routine  business, 
the  papers  were  presented  as  published  in  the  official  program. 
An  amendment  to  the  by-laws  was  adopted,  making  a  general 
Committee  on  Research  and  Methods  of  Analysis  in  place  of 
the  Committees  on  Nitrogen,  Phosphoric  Acid,  Phosphate  Rock 
and  Potash. 

The  meeting  was  very  well  attended  considering  the  conditions 
which  would  enforce  the  absence  of  a  good  many  of  the  members 
at  this  season  of  the  year. 

F.  B.  Carpenter,  Secretary 


REPORT  OF  THE  COMMITTEE  ON  FERTILIZER    LEGISLATION 

The  question  of  uniform  fertilizer  legislation  having  occupied 
the  attention  of  this  division  for  some  time,  the  following  resolu- 
tion adopted  by  the  Association  of  Southern  Agricultural  Workers 
at  the  annual  meeting  in  Montgomery,  Ala..  Feb.  26th,  will 
be  of  interest: 

"Whereas,  the  wide  variation  in  the  requirements  now  ex- 
isting in  our  Southern  States  for  the  branding  of  fertilizer  pack- 
ages are  a  source  of  confusion  to  piu-chasers,  a  waste  of  time  and 
liability  to  errors  in  inspection,  and  an  unnecessary  expense  to 
manufacturers, 

"Therefore,  Be  it  Resolved,  that  this  Association  endorses 
uniformity  and  simplicity  in  branding,  and  urges  the  officials 
in  charge  of  fertilizer  control  in  our  Southern  States  to  use  their 
influence  in  securing  such  legislation  as  will  bring  about  sim- 
plicity and  uniformity  in  branding  of  commercial  fertilizers." 

Your  committee  was  represented  at  this  meeting  and  partici- 
pated in  the  discussion. 

In  the  matter  of  new  legislation  there  have  been  a  few  minor 
changes  since  the  last  report,  but  not  of  such  a  nature  as  to  mate- 
rially affect  either  the  mamifacttu-er  or  consumer. 

F.  B.  Carpenter.   Chairman 


REPORT  OF  COMMITTEE  ON  PHOSPHORIC  ACID 

This  Committee  has  been  asked  to  prepare  a  resume  of  the 
work  done  since  its  organization,  for  the  guidance  of  the  Commit- 
tee on  Methods  of  Analysis. 

This  Committee  first  turned  its  attention  to  the  detenninatiOD 
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of  insoluble  phosphoric  acid,  since  it  thought  a  method  which 
would  give  more  concordant  results  was  needed. 

Since  there  are  several  factors  which  iniJucnce  the  determina- 
tion of  insoluble,  such  as  the  neutrality  of  the  ammonium  citrate, 
time  required  for  filtering  insoluble,  etc.,  the  best  way  of  at- 
tacking the  problem  seemed  to  be  to  vary  one  of  the  factors  at 
a  time,  keeping  the  others  constant. 

The  first  question  taken  up  was  the  preparation  of  neutral 
ammonium  citrate.  A  solution  of  citrate  was  prepared  by  one 
of  the  members  of  the  Committee^and  sent  out  with  the  samples. 
Those  to  whom  samples  were  sent  were  asked  to  prepare  a  citrate 
solution  and  run  samples  with  the  solution  prepared  by  them  and 
also  with  that  sent  out  by  the  Committee. 

The  results'  showed  that  it  was  possible  to  prepare  a  solution 
which  would  give  results  which  were  the  same  as  those  obtained 
by  the  Committee  citrate,  but  results  from  different  analysts 
showed  great  variation  between  them.  One  of  the  chief  causes 
of  this 'great  variation  was  due  to  the  great  difference  in  time 
required  for  filtration. 

Another  set  of  samples  was  prepared  and  together  with  these 
samples  was  sent  a  standard  sample  on  which  the  Committee 
had  determined  the  total  phosphoric  acid. 

The  total  in  standard  sample  ran  about  the  same  as  the  highest 
insoluble.  The  instructions  which  accompanied  were  the  same 
as  those  sent  out  with  the  previous  lot  of  samples,  except  that 
the  method  of  filtration  was  shortened  by  transferring  the  pre- 
cipitate to  another  filter  in  cases  where  filtration  was  difficult. 
The  results^  showed  some  improvement  in  the  case  of  goods 
difficult  to  filter,  .but  in  the  case  of  acid  phosphate  the  variation 
between  analysts  was  the  same. 

The  results  obtained  on  the  last  set  of  samples  are  somewhat 
disappointing.  The  differences  do  not  follow  any  rule,  hence 
it  is  difficult  to  assign  any  reason  for  the  variation.  The  most 
probable  cause  of  the  variations  is  due  to  the  failure,  on  the  part 
of  the  analyst,  to  observe  the  details  of  the  method  closely. 
Analysts  who  have  had  considerable  experience  with  the  method 
think  that  much  better  results  should  be  obtained  where  the 
details  of  the  method  are  closely  observed. 

[  J.  Q.  Burton 
W.  J.  Jones 
J.  R.  Powell 
G.  Farnham,   Chairman 
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REPORT   OF   THE  ANALYTICAL  COMMITTEE— RUBBER 
SECTION  AMERICAN  CHEMICAL  SOCIETY 

[The  following  report  was  presented  to  the  Rubber  Section 
of  the  A.  C.  S.  at  Cincinnati  on  April  8,  1914,  and  the  Section 
authorized  its  publication  for  the  purpose  of  bringing  the  results 
obtained  to  the  attention  of  those  interested  in  the  work  and  in 
answer  to  the  Joint  Rubber  Insulation  Committee's  request  for 
criticisms.     DoRRis  Whipple,  Secretary.  ] 

Your  Committee  begs  to  present  herewith  the  third  report  of 
the  investigations  made  by  this  Committee,,  together  with  the 
results  obtained. 

The  major  part  of  the  work  of  this  Committee  has  been  con- 
fined to  certain  metliods  of  procedure  as  outlined  by  the  Joint 
Rubber  Insulation  Committee  for  the  analysis  of  materials  used  for 
insulating  purposes.  The  results  obtained  on  previous  work 
were  presented  to  the  members  of  the  Rubber  Section  at  the 
Milwaukee  meeting  and  at  the  Rochester  meeting.  The  Com- 
mittee has  not  included  the  previous  work  in  the  present  report 
(although  the  same  has  a  direct  bearing  on  the  present  report) 
as  some  of  the  methods  have  been  changed  or  revised.  In  the 
time  intervening  between  the  Rochester  meeting  and  the  present 
day,  this  Committee  has  investigated  the  completed  preliminary 
procedure  of  the  Joint  Rubber  Insulation  Committee  and  these 
final  results  are  the  ones  tabulated  below. 


The  determinations  as  reported  herewith  were  made  on  three 
samples  which  were  prepared  and  averaged  with  the  greatest 
care  by  Mr.  G.  H.  Savage  and  the  formulas  used  by  him  are 
given  below  in  detail  in  as  much  as  it  has  a  direct  bearing  on  the 
present  report. 

The  various  ingredients  which  went  to  make  up  these  three 
compounds  were  weighed  with  extreme  accuracy  and  com- 
pounded with  the  greatest  care  in  order  that  uniform  average 
samples  might  be  obtained.  The  vulcanized  compounds  were 
then  ground  according  to  the  requirements  of  the  procedure 
under  investigation,  carefully  mixed  and  placed  in  small  vials 
which  held  the  ajjproximate  amount  required  for  the  various 
determinations.  These  were  sent  by  express  to  the  various 
members  and  the  analysis  on  the  first  determination  started  by 
each  member  within  approximately  twenty-four  hours  of  the 
time  of  grinding  the  sample.  These  samples  were  re-analyzed 
at  intervals  as  indicated  in  the  report. 

This  Committee  respectfully  refers  the  members  of  the  Rub- 
ber Section  to  This  Journal,  6,  75,  for  the  complete  method  of 
procedure  of  the  Joint  Rubber  Insulation  Committee  as  followed 
by  this  Committee  in  the  analysis  of  the  three  samples  prepared 
by  Mr.  Savage. 

The  formulas  of  the  three  compounds,  together  with  the 
analytical  results  obtained,  are  tabulated  below. 


Formulas  Use 


Preparing  Compounds  Analyzed 


Fine  Para 297 

Hard  Paraffin 25 

Ceresine 

Sulfur 19 

Litharge 70 

Zinc  Oxide 350 

Whiting 239 

1000 


1000 


2.40 
0.1  1 

2.54 
3.26 
0.57 


No  corrections,  additions  or  omissions  have  been  made  in 
reporting  these  analytical  results.  The  analysts'  numbers  refer 
to  the  following:  i— E.  W.  Boughton;  2 — D.  W.  Whipple; 
3— W.  A.  Ducca;  4— G.  H.  Savage;  5— J.  B.  Tuttle. 


Sample  A — First  Analysis 

Analyst's  No 1  12  2  3  4  4 

Date    of    Extraction 

with  Acetone 11    13     11/15  11/14   11/20   11/20   11/13  11/13 

Total     Acetone     Ex- 
tract (%) 4.16     4.12      3.97      4.03      4.18     3.84     3.78 

Free  Sulfur  (%) 0.87      0.86     0.80     0.82      0.90     0.70     0.65 

Unsaponifiable     Ma- 
terial (%) 2.97     2.70     2.76        ..        3.29     2.71      2.69 

Waxy     Hydrocarbon 

A(%) 2.29     2.25     2.18  2.27     2.39     2.31 

Waxy     Hydrocarbon 

B(%).    0.34      0.20     0.32         ..        0.56     0.14     0.20 

Total    Waxy    Hydro- 
carbon   (%) 2.63      2.45      2.50        ..        2.83      2.53      2.51 

By   Difference 

Organic  Extract  (%)     3.29     3.26     3.17     3.21     3.28     3.14     3.12 

Saponifiable  Acetone 

Extract  (%) 0.32     0.56     0.41        ..  0.43     0.43 

Unsaponifiat)le     Res- 
ins (%) 0.34     0.25      0.26        ..  ..        0.18     0.18 

Sample  A — Second  Analysis 

Analyst's  No 112            2            3             4  4 

Date    of    Extraction 

with  Acetone 11/20  11/'21    1 1   25   11/23     12/4    1 1    20  11,20 

Total     Acetone     Ex- 
tract (%) 4.13      4.16     4.14     4.02      3.72  "3.90  4.00 

Free  Sulfur  (To) 0.88     0.79     0.88     0.80     0.89     0.65  0.65 

Unsaponifiable     Ma-  ,    ^. 

terial  (%) 2.32     2.75     2.82     2.81     2.54     2.41  2.51 

Waxy     Hydrocarbon 

A(%) 1.97     2.31     2.31     2.37     2.32     2.11  2.32 

Waxy     Hydrocarbon  .^   .„  .^   .„ 

B(%).. 0.17      0.24     0.25      0.19     0.49     0.10  0.10 

Total    Waxy    Hydro-  ,,.,., 

carbon  (To) 2.55      2.64     2.56      2. .56      2.81      2.21  2.42 

By   Difference  ,    ^^  ,    ^^ 

Organic    Extract  C%)  3.25     3.37     3.26     3.22     2.83     3.25  3.35 

Saponifiable  Acetone  ^     „    «  „,  „  n. 

Extract   CTr) 0.93      0.62     0.44     0.41      0.29    0.84  0.84 

Unsaponifiable    Res-  „  ._ 

ins  (%)              0.18     0.20     0.26     0.25        ..          ..  0.09 

Fillers     C%)     Sulfur-  ^,  ,            '2.68 

free 70.7  71.6(a)..      73.75 

(a)  This  determination  was  not  made  by  the  same  analyst. 


2.60 
2.51 
0.11 
2.62 
3.29 
0.69 
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Sample  A — Third  Analysis 

Analyst's  No 1  I  2  2  3 

Date    of    Extraction 

with  Acetone 12/4     12/5      12/9      12/12 

Total     Acetone    Ex- 
tract C^o) 4.08     4.06     3.97     3.97 

Free  Sulfur 0.82     0.87     0.80     0.83 

Unsaponifiable     Ma- 
terial (%) 2.81     2.77     2.84     2.73 

Waxy     Hydrocarbon 

A  (%) 2,30     2.25     2.30     2.30 

Waxy     Hydrocarbon 

B  (%) 0.34     0.28     0.17     0.14 

Total   Waxy    Hydro- 
carbon  (%) 2.64      2.53      2.47      2.44 

By  Difference 

Organic  Extract  (%)      3.26     3.19     3.17     3.14 

Saponifiable  Acetone 

Extract  (%) 0.45     0.42     0.33     0.41 

Unsaponifiable    Res- 
ins (%) 0.17      0.24      0.37      0.29 

Sample  B — First  Analysis 

Analyst's  No 1  1  2  2 

Date    of     Extraction 

with  Acetone 11/13  11/15    11/14  11/20 

Total    Acetone     Ex- 
tract (%) 4.04     3.95      3.92      3.85 

Free  Sulfur  (%) 0.73      0.80     0.75      0.67 

Unsaponifiable     Ma- 
terial (%) 2.54     2.59     2.82     2.67 

Waxy     Hydrocarbon 

A  (%) 1.94     2.05     2.08     2.09 

Waxy     Hydrocarbon 

B  (%) 0.29     0.27     0.36     0.17 

Total  Waxy    Hydro- 
carbon  (%) 2.23     2.32     2.44     2.26 

By   Difference 

Organic  Extract  (%)      3.31     3.15     3.17     3.18 

Saponifiable  Acetone 

Extract  (%) 0.77     0.56     0.35     0.51 

Unsaponifiable    Res- 
ins (%) 0.31     0.27     0.38     0.41 

Sample  B — Second  Analysis 

Analyst's  No 11  2  2  3  4 

Date    of    Extraction 

with  Acetone 11/20  11/21   11/24  11/25  11/20  11/20 

Total     Acetone    Ex- 
tract (%) 4.04     4.04     4.01     3.92     4.30     4.00 

Free  Sulfur  (%) 0.80     0.81     0.77     0.73     0.97     0.73 

Unsaponifiable     Ma- 
terial (%) 2.54     2.52     2.74     2.70     2.73     2.11 

Waxy     Hydrocarbon 

A  (%) 2.02      1.95      2.24      2.28      2.20      1.91 

Waxy     Hydrocarbon 

B  (%) 0.23      0.34     0.20      0.26      0.64      0.14 

Total  Waxy    Hydro- 
carbon   (%) 2.25     2.29     2.44     2.52     2,84     2.05 

By  Difference 

Organic  Extract  (%)      3.24     3.23     3.24     3.19     3.33     3.27 

Saponifiable  Acetone 

Extract  (%) 0.70     0.71      0.50     0.49     0.60 

Unsaponifiable    Res- 
ins (%) 0.29     0.23     0.30     0.18 

Fillers  (%) 67.8     71.6(a)     ..  ..      74.80 

(a)  This  determination  was  not  made  by  the  same  analyst. 
Sample  B — Third  Analysis 

Analyst's  No 112  2  3  4 

Date    of    Extraction 

with  Acetone 12/4     12/5      12/9   12/12      12/4      12/4 

Total     Acetone    Ex- 
tract (%) 4.03     3.95     3.86     3.94     3.75     4.00 

Free  Sulfur  (%) 0.88     0.78     0.73     0.75     0.57     0.92 

Unsaponifiable     Ma- 
terial (%) 2.71      2.78      2.72      2.61      2.36      2.69 

Waxy     Hydrocarbon 

A  (%) 2.26     2.08      2.10     2.10     2.18      2.31 

Waxy     Hydrocarbon 

B  (%) 0.21      0.47      0.28     0.22      0.54     0.11 

Total   Waxy   Hydro- 
carbon  (%) 2.47     2.53     2.38     2.32     2.72 

By  Difference 

Organic  Extract  (%)      3.15      3,17      3,13      3,19     3.18 

Saponifiable  Acetone 

Extract  (%) 0.44     0.39     0.41     0.58     0.82 

Unsaponifiable    Res- 
ins (%) 0.24      0.25      0.34      0.29 

Sample  C — First  Analysis 

Analyst's  No 1  I  2  2  3  4 

Date    of    Extraction 

with  Acetone 11/13   11/15  11/14  11/20  11/20  11/13 

Total     Acetone     Ex- 
tract (%) 1.55      1.44      1.48      1.40      1.72      1.15 

Free  Sulfur  (%) 0.79     0.76     0.74     0.70     0.89     0.52 

Unsaponifiable     Ma- 
terial (%) 0.25     0.22     0.18     0.26     0.60     0.51 

Waxy     Hydrocarbon 

A  (%) 0.63        .. 

Waxy     Hydrocarbon 

B  (%) 0.09     0.05     0.05     0.06        ..        0.18 

Total   Waxy   Hydro- 
carbon  (%) 

By  Difference 

Organic  Extract  (%)      0.76     0.68     0.74     0.70     0.83     0.63 

Saponifiable  Acetone 

Extract  (%) 0.51      0.46     0.56     0.44     0.23     0.12 

Unsaponifiable    Res- 
ins (%) 0.16     0.17      0.13      0.20        ..        0.33 


12/4      12/4      12/4 


4.08 
0.72 

4.01 
0.75 

4.28 
0.96 

2.78 

2.80 

2.68 

2.42 

2.41 

2.43 

0.11 

0.16 

0.11 

2.53 

2.57 

2.54 

3,36 

3.26 

3.32 

0,58 

0.46 

0.64 

0.25 

0.23 

11/13  11/13  11/14 


3.70 
. .        0.53 

3.73 
0.56 

4.24 
0.86 

2.65 

2.63 

2.55 

2.15 

2.  18 

2.23 

0.22 

0.25 

2.37 

2.43 

3.  17 

3.17 

3.38 

0.52 

0.54 

0.83 

0  28 

0.20 

3.95 
0.69 

4.23 
0.85 

2.56 

2.58 

2.09 

2.39 

0.16 

2.25 

3.26 

3.38 

0.70 

0.80 

0.31 
2.85 

69^3 

0.  11 

0.18 

2.42 

2.40 

3.08 

3.27 

3.33 

0.39 

0.66 

0.76 

0.27 

0.21 

0.54 
0.10 
0.33 


0.73 
0.56 


11/20  11/21  11/25  12/4 

1.58      1.47      1.47 
0.74 

0.15     0.18 


Sample  C — Second  A 

Analyst's  No 112 

Date    of    Extraction 
with  Acetone 

Total    Acetone     Ex- 
tract (%) 1  .52 

Free  Sulfur  (%) 0.81      0.77     0.76     0.74 

Unsaponifiable     Ma- 
terial (%) 0.26     0.2 

Waxy     Hydrocarbon 

A  (%) 

Waxy     Hydrocarbon 

B  (%) 0.06     0.06     0.05     0,05 

Total   Waxy   Hydro- 
carbon (%),.....  .      0.06     0,06     0.05     0,05 

By  Difference 

Organic  Extract  (%)      0,71     0.81      0,71      0,73 

Saponifiable  Acetone 

Extract  (%) 0,45     0,54     0,56     0,55 

Unsaponifiable    Res- 
ins (%) 0,20     0,21     0,10 

Fillers  (%) 71.8  ..      71.4(a)     .. 


11/20   11/20    11/20 

1.39      1.40     1.74 
0.67     0.69     0.83 

0.10     0.11      0.17 


0.05 
0.05 


0.05 
0.05 
0.71 
0.60 


0.91 
0.74 


74.1      75.43  70.7 


(a)  This  determination  was  not  made  by  the  same  analyst. 
Sample  C — Third  Analysis 


12/4  12/4  12/4 


0.35     0.31      0.15 


0.29 


0,07 

0.05 

0,07 

0.05 

0,40 

0,77 

0.75 

0.80 

0,  17 

0,42 

0.44 

0.65 

Analyst's  No 112  2  3 

Date   of    Extraction 

with  Acetone 12/4      12/5      12/9      12/12      12,/4 

Total     Acetone    Ex- 
tract (%) L.49      1.44      1.34      1.47      1.19 

Free  Sulfur  (%) 0.80     0,79     0,70     0,76     0,79 

Unsaponifiable     Ma- 
terial (%) 0,22      0,28      0,25      0.20     0,23 

Waxy     Hydrocarbon 

A  (%) 

Waxy     Hydrocarbon 

B  (%) 0,06      0.06     0.05      0.08 

Total  Waxy    Hydro- 
carbon   (%) 0,06     0  06     0,05      0,08 

By  Difference 

Organic  Extract  (%)      0,69     0,65     0,64     0,71 

Saponifiable  Acetone  • 

Extract  (%) 0,47      0,37      0,39     0,51 

Unsaponifiable    Res- 

ins  (7b) 0,16     0,22      0,17      0,12        ,,         0,28      0.26 

At  a  meeting  of  the  Analytical  Committee  held  in  Washington 
on  March  20,  1914,  the  undersigned  members  of  the  Committee 
unanimously  agreed  to  report  to  the  Rubber  Section  and  to  those 
interested  in  the  work,  the  following  recommendations: 

I — The  results  of  our  investigations  have  shown  tliat  the  de- 
terminations of  acetone  extract,  free  sulfur,  total  waxy  hydro- 
carbons and  total  sulfur  are  sufficiently  accurate  and  reliable  to 
warrant  oiu'  endorsement. 

2 — The  results  of  oiu  investigations  have  shown  that  the  de- 
termination of  fillers  is  inaccurate  and  unreliable  and  therefore 
the  calculation  of  the  amount  of  rubber  as  prescribed  by  this 
procedure  is  equally  inaccurate  and  unreliable. 

3 — The  results  of  our  investigations  have  shown  that  the  con- 
tributing steps  for  the  division  of  resins  into  saponifiable  and  un- 
saponifiable resins  are  inaccurate  and  unreliable;  therefore,  the 
sum  of  the  two  should  be  reported  as  resins  present  and  no  di- 
vision of  resins  indicated. 

E.    W.    BOUGHTON  J.    B.    TuTTLE 

W.  A.  DuccA  p.  H.  Walker 

G.  H.  Savage  D.  W.  Whipple,  Chairman 


COMMENTS  OF  JOINT  RUBBER  INSULATION  COM- 
MITTEE ON  REPORT  OF  ANALYTICAL  COM- 
MITTEE OF  RUBBER  SECTION  OF  THE 
AMERICAN  CHEMICAL  SOCIETY, 
APRIL  8,  1914 
The  Joint  Rubber  Insulation  Committee  desired  criticisms  of 
its  preliminary  report  that  inaccuracies  may  be  corrected  before 
the  final  report  is  issued,  and  wishes  to  thank  the  Analytical 
Committee  for  the  work  it  has  undertaken  in  this  connection. 
The  publication  of  the  results  of  the  Analytical  Committee  has 
been  authorized  by  the  Rubber  Section.      In  spite  of  this,  a 
close  examination  of  these  results  shows  their  value  to  be  doubtful. 
The  Analytical  Committee  has  drawn  conclusions  from  results 
of  this  and  its  previous  reports  and  has  endorsed  four  of  the 
determinations,  namely,  the  acetone  extract,  free  sulfur,  waxy 
hydrocarbons  and  total  sulfur.     The  chloroform  extract  and  the 
alcoholic  potash  extract  have  not  been  criticized. 

The  report  draws  two  other  conclusions  from  the  data  pub- 
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lished,  one  of  which  concerns  the  determination  of  fillers  and  the 
other,  the  division  of  resins  into  saponifiable  and  unsaponifiable. 

There  has  been  but  one  compound  analyzed,  of  which  there 
are  three  variations:  one  with  parafiin,  one  with  ceresin  and  one 
without  waxy  hydrocarbons.  We  understand  that  these  were 
made  from  the  same  lot  of  raw  rubber.  They  contain  prac- 
tically the  same  percentages  of  the  various  mineral  ingredients, 
so  that  the  determinations  of  fillers  and  of  resins  are  practically 
a  repetition  of  the  determinations  of  one  compound.  The  An- 
alytical Committee  draws  general  conclusions  as  to  the  value  of 
these  determinations  from  the  results  on  this  one  compound. 

No  data  are  given  on  the  raw  rubber  and  we  cannot  judge 
whether  it  contained  the  normal  amount  of  insoluble  matter. 
From  the  tables  of  the  Analytical  Committee  it  appears  that  all 
the  results  on  fillers  are  too  high.  It  is  possible  that  the  com- 
pound used  may  have  certain  characteristics  which  magnify 
the  errors  of  the  determination.  It  is  known  to  the  Committee 
that  errors  may  occur  and  the  subject  is  being  investigated. 
It  has  been  the  experience  of  the  Committee  that  the  magnitude 
of  these  errors  is  less  after  practice  with  the  procedure. 

We  have  assumed  above  that  all  members  of  the  Analytical 
Committee  followed  the  prescribed  procedure  absolutely.  An 
examination  of  the  results  on  the  different  constituents  of  the 
acetone  extract  indicates  that  the  procedure  has  not  been  fol- 
lowed by  all  the  members  of  the  Analytical  Committee. 

In  this  connection  we  would  like  to  call  attention  to  the  fol- 
lowing note  in  the  tentative  report  of  this  Committee  (This 
Journal,  6,  8i):  "With  a  procedure  of  this  length,  it  is  im- 
possible to  explain  every  detail  without  undue  elaboration  and 
the  Committee  wishes  to  point  out  that  while  to  experienced 
chemists  the  procedure  may  seem  overburdened  by  detail,  yet 
every  specified  detail  was  found  necessary  in  order  that  the  con- 
ditions essential  to  accurate  and  consistent  work  might  be  re- 
produced by  all  chemists  using  the  procedure.  For  this  reason 
it  is  extremely  important  that  all  instructions  be  observed  even 
if  their  significance  is  not  perceived  by  the  individual  chemist. 
It  will  probably  be  found  that  even  with  the  instructions  prop- 
erly observed,  some  experience  will  be  needed  to  apply  the  method 
successfully. ' ' 

The  results  given  for  Compound  A  (11/20  and  11/21)  under 
No.  I  on  Total  Waxy  Hydrocarbons,  contain  what  may  be 
assumed  to  be  a  clerical  error.  However,  in  all  the  results  given 
under  No.  3  we  can  find  no  clerical  error  to  account  for  the 
absurdity  of  the  results.  For  instance,  in  every  case  but  one 
there  is  a  greater  value  given  for  total  waxy  hydrocarbons  than 
for  unsaponifiable  material,  which,  according  to  the  procedure, 
is  an  absolute  impossibility.  We  do  not  attempt  to  explain  the 
results,  but  we  do  point  out  that  the  results  are  necessarily  in 
■error  and  cannot  be  considered  in  judging  the  procedure. 

The  results  under  No.  4  for  total  acetone  extract  and  free  sul- 
fur are  consistently  low.  If  the  results  under  Nos.  i,  2  and  5 
are  averaged  and  compared  with  the  average  results  obtained 
by  No.  4,  it  will  be  seen  that  the  lower  results  on  free  sulfur  prob- 
ably account  for  the  lower  acetone  extract  of  No.  4. 

Act.  Free  Act.  Free  Act.  Free 

.Sample  A                               Ext.  S  .  Ext.          S  Ext.           S 

Av    Nos    1    2  and  5 4.07  0.83  4.13  0.85  4.07  0.86 

Av!  No.  4 3.81  0.68  3.95  0.65  4.05  0.74 

Difference 0.26  0.15  0.18  0.20  0.02  0.12 

Sample  B 

Av    Nos    l,2and5 4.00  0.76  4.0.S  0.79  3.98  0.79 

Av.  No.  4 3.72  0.55  3.98  0.71  3.99  0.82(o) 

Difference 0.28  0.21  0.07  0.08—0.01—0.03 

Sample  C 

Av    Nos.l,2and5 1.49  0.77  1.56  0.78        1.47        0.77 

Av.  No.  4 1.12  0.54  1.40  0.68        1.43        0.67 

Difference 0.37       0.23       0.16       0.10       0.04       0.10 

(a)Very  poor  checks 

These  results  indicate  that  the  acetone  extraction  was  not 
properly  made.  The  Committee  believes  that  the  prescribed 
form  of  extraction  apparatus  was  not  used,  and  that  used  would 


account  for  the  loss  of  free  sulfur  and  the  consequent  lower 
acetone  extract. 

Another  apparent  discrepancy  in  the  results  can  be  explained 
on  close  examination.  If  we  average  all  the  results  on  saponi- 
fiable acetone  extract,  obtained  by  Nos  i,  2,  4  and  5,  on  each 
variation  of  the  compound  analyzed,  we  obtain  the  following: 

.\VERAGE    SaPONIPIABLE    AcETONE    EXTRACT 

Analyst's  No.  12  4  5 

Sample'A 0.55  0.40  0.60  0.63 

Sample  B 0.60  0.48  0.66  0.79 

Sample.C 0.47  0.50  0.52(a)        0.65 

(a)  Eliminating  results  of  O.IO  and  0.12,  11/13,  obviously  in  error. 

The  averages  given  under  No.  2,  on  Samples  A  and  B  are  lower 
than  those  obtained  by  Nos.  i,  4  and  5,  and  on  examination  of 
the  acetone  extracts  obtained  by  No.  2,  it  will  be  seen  that  he 
obtained  consistently  lower  results  than  Nos.  i,  2  and  5.  The 
results  indicate  that  the  acetone  extraction  was  not  properly 
made  and  that  this  has  probably  caused  lower  saponifiable 
resins.  If  we,  therefore,  eliminate  the  results  of  No.  2,  those 
obtained  by  Nos.  i,  4  and  5  for  "A"  and  "B"  are  about  what  we 
would  expect  from  this  compound.  When  we  come  to  results 
for  "C,"  we  do  not  see  how  any  conclusions  can  be  drawn. 

The  object  of  the  separation  of  the  resins  into  saponifiable 
and  unsaponifiable  was  to  differentiate  between  different  rub- 
bers, and  we  are  sorry  that  the  Analytical  Committee  did  not 
investigate  other  rubbers  in  order  to  show  the  differences  be- 
tween them. 

Considering  the  results  as  a  whole  we  are  of  the  opinion  that 
the  report  of  the  Analytical  Committee  would  have  had  more 
bearing  on  the  procedure  under  consideration  if  that  procedure 
had  been  carefully  followed. 

We  hope  that  the  work  of  the  Analytical  Committee  will  lead 
to  other  criticisms  in  order  that  we  may  avail  ourselves  of  the 
experience  gained  this  year,  and  incorporate  whatever  improve- 
ments we  may  decide  upon  in  a  later  report. 

Joint  Rubber  Insulation  Committee 

Wm.  a.  Del  Mar,  Secretary 

April  29.  1914  

AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

6th  semi-annual  meeting,  TROY,  JUNE  17-20,  1914 

PROGRAM  OF  PAPERS 

1    Address  of  Welcome.     Honorable  C.  F.  Burns,  Mayor  of  Troy. 
J.  Presidential  Address.     M.  C.  Whitaker. 

3.  The  Saratoga  Septic  Tanks  (Lantern).     Wm.  P.  Mason 

4.  The  Application  of  Physical  Chemistry  to   Industrial    Pro- 
cesses.     W.    I'".    RiTTMAN. 

5.  Studies  on  Filtration.     J    \V.  B.mn  and  .\.  E.  Wigue. 

6.  Scrubber  for  Vacuum  Apparatus  for  Laboratories.     Chakles 
Baskervillk. 

7.  Shoddy  and  Carbonized  Waste.     L.  J.  Matos. 

8.  A  Combination  Water  Softener  and  Storage  Tank  (Lantern). 
L.  M.  Booth, 

9.  The  Present  Patent  Situation.     M.  Toch. 

10.  Ozone  and  Ventilation.     J.  C.  Olsen  and  Wm    H.  Ui,Rice. 

11.  Bleaching  Cotton  Fiber.     J.  C.  Hebden. 

12.  Development  of  Eotary  Furnaces  (Lantern).     R.  K.  Meade. 
13    An  Oil  Shale  from  Nevada  (Illustrated).     Charles  Baskbrviule. 

EXCURSIONS 

Laboratories  of  Rensselaer  Polytechnic  Institute. 

U.  S.  Arsenal  (Heavy  Guns). 

Geo.  P.  Ide  &  Co.  (Collars  and  Shirts). 

General  Electric  Co.  Plant  at  Schenectady. 

Saratoga  (The  N.  Y.  State  Reservation,  the  Springs  and  Sewage 
Disposal  Plant). 

Water  Works  at  Albany  (Slow  Sand  Filter  Beds  and 
Mechanical  Scrubbing  Filters). 

West  Virginia  Pulp  &  Paper  Co.  Plant  at  Mechanicsville. 

Burden  Iron  Works  (Puddling  Process  for  Wrought  Iron). 

Cohoes  Filter  Plant  (Mechanical  Filters). 

Freihoffer  Baking  Co. 
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NOTL5  AND  CORRL5PONDLNCL 


FORMULA  FOR  CONTENTS  OF  CYLINDRICAL  TANKS 
WITH  SPHERICAL  ENDS 

Editor  of  tJie  Journal  of  Industrial  and  Engineering  Chemistry: 

In  most  all  chemical  plants  of  any  size  many  cylindrical  tanks 
with  spherical  ends  are  used  for  liquids.  To  ascertain  contents 
of  these  tanks  by  measuring  the  depth  of  the  liquid  inside,  it  is 
necessary  to  consult  a  curve  representing  the  gallons  per  inch 
of  depth.  It  is  a  comparatively  simple  matter  to  calculate  the 
volume  per  inch  of  the  main  portion  of  the  tank,  but  calculating 
that  of  the  spherical  ends  is  a  more  complicated  problem. 
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The  DuPont  Fabrikoid  Co.,  manufacturers  of  artificial  leath- 
ers, use  about  ten  of  these  cylindrical  tanks  with  spherical  ends. 
They  are  mostly  of  different  sizes  and  I  was  given  the  task  of 
plotting  the  necessary  curves.  I  have  worked  out  the  following 
formula:  ,    , ,  ,-,   . „   , ■ 

V   =  2\ 


dz  dx  dv 


The   limits   are   obtained   from   the   equation   of   the 
c'  +  b\ 
2b 


'  +  y^  +  z'  =  m^,  where   m  = 
By  integration    and  expansion,  V 


Az  +  Bs^  +  C: 


sphere, 


']:: 


where,  A 


B  = 


C  = 


»r  —  am  — • — ■  ac 

'.  6  TO        40  m' 

w  a^  2a^  a 

6  TO        6         36  to'        80  f»*        6  c 

o'  9  a^  a 

40  m''  Sow'  320  TO."  40  c' 
Substituting  the  value  of  to/2  for  z  in  the  formula,  we  obtain 
the  volume  in  both  ends  of  half  the  tank,  Vi/j.  By  substituting 
h,  the  depth  as  measured  for  2  in  the  formula  and  subtracting 
this  volume,  Vz,  from  Vi/,,  we  get  the  volume  in  the  ends  for  the 
desired  depth  of  liquid, 

V  =  Vi/,  —  Vz,  or  the  formula  becomes : 
V  =  [Af  +  B^'  +  C^'l  —  [Ah  +  Bh'  +  C/iM 

L.  E.  Carpenter 

,110  Grand  Street,  Newburgh,  New  York 
February  17,  1914 


NOTE  ON  INFLUENCE   OF   RATE  OF  STIRRING  ON 
TITRE  DETERMINATIONS  IN  FATS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

At  the  time  that  the  official  method  now  in  use  in  determining 
the  Titre  of  Fats  was  adopted,  it  was  noted  that  the  stirring 
method,  i.  e.,  continuous  stirring  of  the  fatty  acids  until  the  tem- 
perature was  stationary  for  30  seconds,  gave  tests  higher  than  if 
the  fatty  acid  was  cooled  to  the  stopping  point  without  stirring; 
this  higher  test  ranged  from  over  i "  C.  in  case  of  oils  such  as 
Cottonseed  to  only  o.i  °  or  less  in  the  case  of  Stearine. 

Since  this  stirring  method  was  adopted,  the  custom  in  this 
laboratory  has  been  to  stir  the  fatty  acids  by  means  of  a  stirrer 
run  by  a  water-motor  and  it  was  soon  noticed  that  the  number 
of  revolutions  per  minute  of  the  fatty  acids  (the  acids  being  re- 
volved and  the  thermometer  kept  stationary}  had  a  decided  in- 
fluence on  the  test.  I  give  below  a  number  of  figures  made  in 
two  different  fats,  the  first  being  a  Garbage  Grease  (Naphtha 
extracted)  and  the  second  a  tallow: 


Revolutions  per 

Garbage  Grease 
Tallow 

60 
80 
180 
220 

60 
60 
180 
220 

Stopping  point 

highest  point 

36.35 

37.05 

36.50 

37.20 

37.20 

37.55 

37.40 

37.65 

43.60 

44.60 

42.70 

44.50 

44.60 

45.00 

44.60 

45.00 

It  will  be  noticed  that  when  the  speed  is  only  60  revolutions 
the  first  stopping  point  is  much  lower  than  when  it  is  180  or  220,  in 
fact,  the  less  the  speed  the  lower  the  first  stopping  point  and  as 
the  speed  is  increased,  the  stopping  point  rises  with  each  increase. 

In  the  case  of  the  tallow,  the  rate  above  180  makes  no  difference 
with  either  temperature  but  with  the  grease  a  difference  of  0.1° 
is  noted.  A  quite  remarkable  difference  in  the  first  stopping 
point  is  noted  in  the  tallow  at  60  revolutions,  although  the  final 
temperature  is  practically  the  same. 

In  my  opinion,  a  large  number  of  the  differences  between 
chemists  on  this  test  is  due  to  this  point.  At  the  present  time 
the  directions  state  only  that  the  acids  "shall  be  stirred  slowly," 
which  might  mean  anything.  I  believe  that  a  definite  rate  of 
stirring  should  be  specified  and  my  judgment  is  that  180  revo- 
lutions should  be  taken  as  the  standard,  as  a  higher  rate  is  rather 
impracticable  and  a  lower  certainly  does  not  give  correct  figures. 
As  the  titre  point  is  the  highest  temperature  recorded  by  the 
heat  of  crystallization  of  the  fatty  acids,  any  method  that  will 
give  this  highest  heat  should  be  the  correct  one,  as  it  is  obvious 
that  the  only  source  of  heat  is  from  the  crystallizing.  In  fact, 
a  higher  rate  of  stirring  would,  if  anything,  tend  to  cool  the  acids 
and  so  give  a  low  test. 

76 '/2  Pine  St.,  New  York 
March  30,  1914 

A  SHAKER  FOR  THE  MECHANICAL  ANALYSIS  OF  SOILS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  an  article  in  February,  1914,  This  Journal,  entitled 
"A  Shaker  for  the  Mechanical  Analysis  of  Soil,"  by 
Freeman  Ward,  the  author  makes  a  comparison  between 
the  shaking  machine  devised  by  him  and  the  one  used 
by  the  Bureau  of  Soils.  He  states:  "The  writer  believes 
that  his  method  is  better  than  the  one  used  by  the  Bureau 
of  Soils  in  two  respects.  In  the  first  place,  the  machine  is  sim- 
ple and  inexpensive.  A  greater  advantage  is  the  saving  of 
time.  Clean  separations  can  be  effected  in  three  hours,  and  in 
some  cases  two  hours;  this  is  a  saving  of  at  least  four  hoius  over 
the  Bureau  method.  If  the  quantity  of  the  water  used  in  the 
bottles  is  reduced  one-half,  a  clean  separation  results  in  much 
less  than  three  hours,  but  there  is  a  tendency  for  the  grains  to 
suffer  some  abrasion." 


A.  G.  Stillwell 
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The  machine  is  undoubtedly  simple  and  incxjjensive.  At- 
tention must  be  called  to  the  fact,  however,  that  the  Ward 
apparatus  carries  only  i6  bottles  while  the  Bureau  of  Soils  appa- 
ratus carries  48,  giving  the  latter  three  times  the  capacity. 
The  Ward  shaker  must  be  run  at  a  certain  definite  speed  to  be 
efficient.  If  the  speed  is  too  high,  there  is  a  centrifugal  effect 
resulting,  and  if  too  slow,  the  action  is  merely  pouring.  The 
Bureau  of  vSoils  machine  is  even  more  efficient  at  high  speeds 
than  at  moderate  speeds. 

As  to  the  second  conclusion,  that  a  saving  of  time  results,  the 
author  has  taken  the  statement  in  Bureau  of  Soils  Bulletin  No. 
84  that  the  samples  of  soil  are  "shaken  by  the  mechanical 
shaking  machine  for  at  least  seven  hours,"  to  mean  that  seven 
hours  are  essential.  As  a  matter  of  fact,  this  time  is  taken  be- 
cause in  some  rare  instances  as  long  a  time  as  this  has  been 
found  necessary.  A  majority  of  soils,  especially  sandy  soils, 
do  not  need  seven  hours.  The  length  of  time  of  shaking  does 
not  result  in  any  loss  of  time  to  the  operator,  as  the  analyst 
mprely  keeps  48  soils  shaking  on  the  machine  all  the  time  and 
cannot  complete  the  analyses  rapidly  enough  with  a  force  of 
three  men  to  keep  the  machine  cleared  of  samples  ready  for 
analysis.  If  more  samples  should  be  required,  all  that  is  neces- 
sary is  to  run  the  machine  during  the  night,  and  thus  the  capacity 
of  the  machine  would  be  doubled. 

In  the  light  of  these  facts,  it  seems  to  the  writer  that  Mr. 

Ward's  statement  that  his  "method  is  better  than  the  one  used 

by  the  Bureau  of  Soils"  is  misleading.     A  more  accurate  claim 

would    be    that    his    machine    is    satisfactory    where    such    a 

small  amount  of  work  is  done  as  to  preclude  buying  an  expensive 

piece   of  apparatus.     His  machine  can  he.  cheaply  constructed 

and  is  greatly  superior  to  pestling.  q    q    Fletcher 

Bureau  of  Soils 

U.  S.  Department  of  Agriculture,  Wa 

February  24.  1914 


benzoic  acid  and  by  titration- 
ing  closely. 


-the  data  in  each  instance  agree- 
MORRIS  J.   Radin 


A  NOTE  ON  THE  QUANTITY  OF  BENZOIC  ACID  CON- 
TAINED IN  PRUNES  AND  CRANBERRIES 

Editor  of  the  Journal  oj  Industrial  and  Engineering  Chemistry: 

Although  it  is  well  recognized  that  certain  fruits  contain 
relatively  large  amounts  of  benzoic  acid  or  its  salts,  data  specifi- 
cally stating  the  exact  quantities  are  not  numerous.  In  connection 
with  work  in  progress  in  this  laboratory,  it  became  desirable  to 
determine  the  quantity  of  benzoic  acid  in  prunes  and  in  cranberries. 

For  the  estimation  of  benzoic  acid  the  method  of  Kriiger 
{Zeitschr.  /.  Untersuch.  d.  Nahr.  u.  Genusmittel,  1913,  July)  was 
employed,  50  grams  of  fruit  being  taken  for  a  determination. 

From  several  duplicate  analyses  in  each  instance  it  was  found 
that  prunes  as  obtained  in  the  market  contained  approximately 
0.05  per  cent  benzoic  acid.  Cranberries  have  a  somewhat 
higher  benzoate  content,  benzoic  acid  to  the  extent  of  0.06  per 
cent  being  found. 

These  results  were  furnished  from    the    weight    of  sublimed 


ELD  Laboratory  op  Physiological  Chemistry 
Yale  University,  New  Haven,  Conn. 
March  7,  1914 


BUREAU  OF  STANDARDS'  ANALYZED  SAMPLES 

The  Biu'eau  of  Standards  is  prepared  to  issue  purified  dextrose 
as  a  standard  reducing  sugar.  The  substance  is  free  from  ash 
and  contains  less  than  o.i  per  cent  of  moisture.  In  an  atmos- 
phere of  average  humidity  it  is  slightly  hygroscopic,  but  if  dried 
at  70°  C,  it  retains  less  thano.oi  per  cent  of  moisture.  A  cer- 
tificate of  analysis  showing  the  quantity  of  remaining  impurity 
accompanies  the  sample  The  purpose  of  the  standard  is  to 
assist  in  the  unification  of  reducing  sugar  analysis  by  supple- 
menting or  replacing  the  use  of  invert  sugar.  It  is,  also,  available 
for  general  sugar  work.  Further  information  may  be  obtained 
in  Circular  25  on  Standard  Samples  or  Circular  44  on  Polarimetry. 

Fee — Payable  in  advance :  $2  for  70  grams  or  $3  for  140  grams. 

PLATINUM  THEFTS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Cliemistry: 

The  following  pieces  of  platinum  have  been  stolen  from  the 
Chemical  Laboratories  of  the  University  of  Kansas: 

Crucibles  Crucibles  Dishes 


No.  Approx.  wt. 

3 12  grams 

7 12  grams 

27 8  grams 

1 11  grams 

5 12  grams 


No.                Approx.  wt.  No.               Approx.  wt. 

4 12  grams  6 ^  . ,    20  grams 

10 11  grams  7 20  grams 

25 12  grams         24 24  grams 

33 13  grams         25 25  grams 


All  persons  are  warned  against  purchasing  any  of  these  pieces. 
The  ownership  of  scrap  platinum  should  be  fully  traced  before 
the  scrap  is  purchased.  Any  information  leading  to  the  re- 
covery of  this  material  will  be  appreciated. 

E.   H.   S.   B.^MLEV,   Director  of  Chemical  Laboratories 
University  of  Kansas.  Lawrence 
May   7.  1914 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Platinum  valued  at  some  six  hundred  dollars  disappeared  from 
one  of  the  Chemistry  Laboratories  of  the  University  of  Minne- 
sota sometime  on  Monday,  April  27,  1914.,  This  platinum 
consisted  of  eighteen  crucibles — -Nos.  20,  21,  22,  25,  26,27,29, 
39,  40,  41  and  45  with  covers  of  the  same  numbers  and  crucibles 
Nos.  35,  36,  37,  42,  44,  47  and  52  without  covers;  also  one  plat- 
inum dish  that  weighed  about  43  grams. 

If  your  readers  hear  of  any  platinum  being  offered  for  sale  or 
have  had  any  experience  in  the  recovery-  of  such  property  that 
might  help  us,  we  shall  appreciate  their  immediate  cooperation. 

J.    C.    POUCHER 

University  of   Minnesota.  Minneapolis 
May   5.    1914 


PLR50NAL  NOTL5 


Dr.  J.  A.  Watkin,  of  the  U.  S.  Public  Health  Service,  has 
been  sent  to  Pittsburgh  by  the  Secretary  of  the  Treasury  to  in- 
vestigate the  effect  of  mill  environment  on  the  health  of  em- 
ployees. This  work,  which  constitutes  a  governmental  innova- 
tion, will  last  until  the  end  of  the  year. 

Dr.  Francis  H.  Eckhardt,  research  chemist  for  the  Grasselli 
Company,  died  at  the  age  of  46  on  April  3rd  at  his  home  in 
EHzabeth,  N.  J. 

Thomas  H.  Johnson,  consulting  engineer  to  the  Pennsylvania 
Lines  West,  died  in  Pitt.sburgh  on  April  i6th. 

Prof.  C.  F.  Chandler  was  the  guest  of  honor  at  the  7th  an- 
nual Dinner  of  the  Columbia  University  Alumni  Club  of  Phila- 
delphia, April  17th,  at  the  Hotel  Adelphia.     The  speakers  were 


Professor  Chandler,  C.  H,  Mapes,  Lemuel  Whitaker,  Robt. 
Arrowsmith,  G.  B.  Compton  and  Arthur  H.  Elliot. 

Prof.  Alan  W.  C.  Menzies,  now  head  of  thp  Department  of 
Chemistry  at  Oberlin  College,  has  been  elected  Professor  of 
Chemistry  at  Princeton  L^niversity. 

Data  collected  recently  by  the  College  of  Engineering  of  the 
University  of  Illinois  show  that  of  the  2,165  graduates,  1,933,  or 
89  per  cent,  are  engaged  in  engineering  work  and  that  only  173 
or  about  8  per  cent  have  gone  into  other  fields. 

Mr.  H.  de  B.  Parsons,  of  the  Metropolitan  Sewerage  Commis- 
sion, gave  an  illustrated  talk  on  the  plans  as  proposed  by  the 
Commission  before  the  American  Society  of  Mechanical  Engi- 
neers, New  York,  May  t2,  1914- 
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Among  the  members  of  the  National  Academy  of  Sciences 
elected  at  the  annual  meeting  on  April  23rd  were  the  following: 
Moses  Gomberg,  University  of  Michigan;  Edward  Curtis 
Franklin,  Stanford  University;  Francis  Gano  Benedict,  Car- 
negie" Institution. 

Dr.  Chas.  L.  Parsons  spoke  on  "The  Radium  Work  of  the 
Bureau  of  Mines"  before  the  North  Carolina  Section  of  the  A. 
C.  S.,  May  ist. 

Messrs.  Carnahan,  Ahlbrandt  and  Aupperle,  of  the  American 
Rolling  Mills  Co.,  addressed  the  Columbus  Section  of  the  A.  C.  S., 
May  8th,  on  "The  Manufacture  and  Properties  of  Pure  Iron." 

The  establishment  of  the  Isaac  Plant  Fellowship,  the  first 
traveling  pharmaceutical  fellowship  in  this  country,  was  an- 
nounced at  a  recent  meeting  of  the  Board  of  Trustees  of  the 
College  of  Pharmacy,  Columbia  University.  The  fellowship 
has  been  founded  by  Vice-President  Albert  Plant,  in  memory 
of  his  father,  for  the  encouragement  of  graduate  study  and  orig- 
inal research.  The  fellow  is  to  be  selected  from  the  graduating 
class  in  the  College  of  Pharmacy  and  is  to  spend  one  year  in 
study  at  a  foreign  university. 

The  trustees  of  Clemson  College  have  appropriated  $300  for 
an  investigation  of  the  limestone  and  marl  deposits  of  South 
Carolina  and  their  value  for  agricultural  purposes.  The  work 
will  be  in  charge  of  Dr.  F.  H.  H.  Calhoim.  Professor  of  Geology 
and  Mineralogy. 

The  Southern  California  Section  of  the  A.  C.  S.  was  addressed 
on  May  21st  by  Dr.  Chas.  P.  Lipman  on  "The  Effect  of  Smelter 
Wastes  on  Plant  Growth." 

The  program  of  the  Kansas  City  Section  of  the  A.  C.  S.,  on 
May  i6th,  included  the  following:  "The  Rare  Earths  and  Their 
Separation,"  Dr.  D.  L.  Randall,  Baker  University;  "Recent 
Progress  in  Organic  Industrial  Chemistry,"  Mr.  J.  B.  Whelan, 
University  of  Kansas. 

The  Forest  Products  Laboratories  of  Canada  were  established  in 
the  spring  of  1913  under  the  Forestry  Branch  of  the  Department 
of  the  Interior  and  located  on  the  grounds  of  McGill  Univer- 
sity at  Montreal.  The  laboratories  are  to  be  modeled  somewhat 
after  those  at  Madison,  Wisconsin,  and  are  designed  to  study 
the  best  methods  of  utilizing  the  various  native  woods.  Mr. 
John  S.  Bates,  formerly  with  the  Arthur  D.  Little,  Inc.,  of  Bos- 
ton, was  appointed  Superintendent  of  the  Laboratories  on  April 
I  St.  Mr.  Bates  is  also  in  direct  charge  of  the  Division  of  Pulp 
and  Paper,  which  is  the  most  important  in  the  organization. 
An  experimental  paper  mill  capable  of  handling  products  on  a 
semi-commercial  scale  is  being  equipped.  The  Timber  Testing 
Division  is  now  fully  organized  for  Mechanical  Testing  and  the 
Timber  Physics  Division  is  being  started.  Departments  of 
Wood  Preservation,  Wood  Pathology,  etc.,  will  be  organized 
later.  The  scientific  investigations  are  intended  to  act  as  a 
-stimulus  to  wood-using  industries  and  the  organization  will 
.also  serve  as  a  Bureau  of  Information  on  Forest  Products  in 
Canada. 

The  U.  S.  Department  of  Agriculture  has  established  an 
office  in  the  Bureau  of  Chemistry  for  the  promotion  of  a  closer 
and  more  cordial  cooperation  among  the  city,  state  and  federal 
food  and  drug  officials  of  the  country  in  the  enforcement  of  the 
food  and  drug  laws.  Mr.  J.  S.  Abbott,  for  nearly  seven  years 
dairy  and  food  commissioner  of  Texas,  was  appointed  to  this 
office  and  began  active  service  on  April  3,  1914. 

Prof.  William  Campbell,  of  Columbia  University,  spoke  be- 
fore the  Rochester  Section  of  the  A.  C.  S.  on  April  6th,  the  subject 
being,  "Some  Uses  of  Metallography  as  a  Method  of  Testing 
Materials." 

The  Louisiana  Section  of  the  A.  C.  S.  was  addressed  at  its 
77th  meeting,  May  15th,  by  Mr.  Chas.  S.  Williamson,  on  "Factors 
Influencing  Soil  Fertility — Some  Modern  Developments." 


The  following  poem  was  written  and  read  by  Dr.  P.  N.  Evans, 
of  Purdue  University,  before  the  Indiana  Section  of  the  American 
Chemical  Society  at  their  annual  banquet  in  February: 


nee  is  a  thing 
er  makes  us  sing; 
'ithin  the  heart, 
1  only  art. 

;  not  so  bad — 


THE  SENTIMENTAL  SCIENCE 

The  public  has  a  notion  that  our  pci 

That  lodges  in  our  brain-cells,  but  nei 

That  sentiment  originates  and  grows  ' 

And  never  touches  science,  but  inspire 

It  seems  to  me.  however,  that  the  cas 

That  science  suffers  only  from  the  treatment  that  it's  had 

From  dry-as-dust  professors,  who  can't  read  between  the  lines. 

But  see  in  every  rose  bush  but  an  aggregate  of  spines, 

Who  think  they're  scientific  when  tliey're  burrowing  in  facts. 

And  find  no  time  for  thoughts  they're  so  submerged  in  streams  of  act: 

And  mercenary  analysts,  and  oiBce-holders  too. 

And  engineers,  and  routine  hacks — of  course  I  don't  mean  you, 

But  unromantic  people  that  refuse  to  see  the  thing 

That's  right  beneath  their  very  nose — it  makes  me  mad,  by  Jing! 

Now  chemistry  is  crowded  with  the  tenderness  of  things — 
Attractions  and  affinities — of  such  it  fairly  sings; 
Its  full  of  symbolism,  fire,  and  feuds  of  families. 
And  its  most  important  element,  you'll  adra,it  it  siu"ely  is 
What  poets  in  their  frenzy  vaguely  feel  hut  scarcely  know. 
And  express  by  shouting  madly  in  their  ecstasy — just  O! 
The  perfume  of  the  flowers,  too,  is  scarce  so  pure  and  sweet 
As  our  synthetic  tribute  is,  with  which  it  must  compete; 
And  nature's  rainbow's  so  outclassed  it's  very  rarely  seen. 
It  knows  it  could  not  stand  the  test  of  meeting  aniline. 

In  asking  of  some  Christian  friends  why  steadfastly  they  cling 

To  ritual,  and  formula,  and  symbol  for  a  thing. 

They  answer  with  sincerity,  on  higher  things  intent. 

The  symbols  and  the  formulas  are  mainly  sentiment. 

If  formulas  and  symbols  sentimental  are,  you  bet 

Our  chemistry's  the  most  so  of  all  things  discovered  yet! 

And  if  in  doubt  you  still  remain,  but  turn  your  thought  with  me 

To  names  that  throng  organic  books,  and  then  I  think  you'll  see 

That  ester,  yes,  and  ethylene,  and  ethyl,  sit  in  state 

With  cis  and  anti.  polymer,  and  even  silicate. 

And  don't  forget  the  sweetness  that  some  carbohydrates  show — 

The  sweetest  thing  on  earth  is  but  a  chemical,  you  know. 

The  poets  praise  the  ether,  and  they  seem  to  think  it's  blue, 

But  ethyl  and  O-ethyl  is  what  it  is — that's  true. 

And  then  how  hke  us  humans  do  these  little  atoms  act. 

With  their  strong  and  weak  affinities — it  certainly's  a  fact 

That  the  atom  hates  to  live  alone,  but  evidently  yearns 

To  establish  some  co-partnership,  but  from  like  atom  turns 

To  one  of  nature  opposite,  and  when  (I  grieve  to  state 

This  kind  of  thing  has  happened  very  oft  with  us  of  late). 

Though  linked  by  well-established  bonds,  one  of  the  pair  perceives 

A  fairer  atom  hovering  round,  it  simply  ups  and  leaves. 

And  doubtless  tells  enquiring  friends  of  cruelty  and  fights. 

And  how  a  woman-atom  now  must  boldly  claim  her  rights. 

I  hesitate  to  name  a  case,  especially  a  pair 

Of  which  I  formed  one  member  and  the  other  was  so  fair. 

But  recently.  I  must  admit,  with  Ethyl  I  had  joined. 

Along  came  Sodium  Ethylate — my  better  half  purloined; 

Then  Ethyl  got— O  Ethyl — and  when  I  was  bereft. 

I  said  "I'll  take  the  Sodium  that  faithless  thing  has  left." 

And  Ethyl  said  I  was  the  first  who  tried  to  break  away. 

Each  blamed  it  on  the  other,  but  who  can  really  say? 

I  didn't  like  that  Sodium,  and  so  I  sought  release. 

And  then  existed  all  alone— a  period  of  peace; 

Then  sought  the  aid  of  alcohol  and  phosphorus,  and  tried 

And  found  again  my  Ethyl!      Now  we're  Ethyl  Iodide. 

This  frequent  change  of  partners  is  less  likely  to  occur 

With  solid  folk  who  stay  at  home — ^he  stays  at  home  with  her; 

In  liquid  state  the  restlessness  increases  very  fast. 

And  bonding  grows  less  stable,  and  often  does  not  last; 

But  worst  of  all  the  cases  that  you  or  I  have  met 

Are  the  volatile,  unstable,  vap'rous  things,  the  dancing  set; 

They  whirl  and  dip.  collide  and  bounce,  and  their  velocity 

Increases  with  the  temperature — the  results  we  may  foresee; 

From  one  step  comes  another,  they  hesitate,  prove  false. 

Then  pivot,  use  the  grape-vine — O  this  hesitation  waltz!  , 

We  well  may  view  with  deep  concern  those  substances  that  act 

Towards  others  in  such  different  mood  it's  sometimes  worse  than  tact 

Approached  by  some  they  seem  to  show  their  principles  are  such 

That  we  may  safely  count  on  them  with  others,  just  as  much. 

To  show  the  self-same  nature,  but  we  presently  find  out! 

From  noting  their  behavior  we're  entirely  in  doubt 

What  fundamental  principles  their  conduct  underlie— 

We  call  them  tautomeric,  for  of  stronger  terms  we're  shy; 

We  might  have  called  them  double-faced,  or  hypocrites,  or  crooks. 

These  tautomeric  substances  of  scientific  books. 

To  prove  again  that  sentiment  is  not  to  art  confined 

Let  me  recount  an  incident  that  now  I  have  in  mind; 

It  shows.  I  think,  how  different  a  thing  may  seem  to  be. 

How  its  effect  is  opposite,  let's  say,  on  A  and  B. 

The  inference  is  obvious,  that  sentiment's  the  cause. 

So  sentiment  must  be  a  part  of  laboratory  laws. 

I  have  some  water  in  the  lab.,  quite  normal  every  way: 

Its  freezing  point  and  boiling  point  were  never  known  to  stray; 

Yet  freezing  point  and  boiling  point  have  proved  themselves  at  fault 

And  acted  up  quite  contrary,  because  I  added  salts; 

The  boiling  point  jumped  up  at  once,  in  no  way  was  distressed. 

Contrariwise,  the  freezing  point  was  very  much  depressed. 

I  think  I  have  convinced  you  that  there's  lots  of  sentiment 
In  chemistry  (and  H;S  is  not  the  scent  I  meant); 
If  I've  omitted  anything  I  hope  you  will  forgive — 
You  surely  see  the  sentiment  in  that  by  which  we  live; 
It  permeates  our  science  just  as  light  pervades  the  sky. 
And  the  chemistry  of  coal  tar — it  has  taught  us  how  to  dye. 
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Dr.  L.  J.  Henderson,  Assistant  Professor  of  Biological  Chemis- 
try, has  been  appointed  the  Professor  from  Harvard  University 
for  the  second  half  of  the  year  1914-15  under  the  interchange 
agreement  between  Harvard  University  and  the  four  Western 
colleges — Beloit,  Grinnell,  Knox  and  Colorado. 

The  Syracuse  Section  of  the  A.  C.  S.  was  addressed  on  April 
24th  by  Mr.  Carleton  Ellis,  of  Montclair,  N.  J.,  on  "Hydrogen- 
ation  of  Oils." 

Mr.  E.  J.  Sweetland,  of  the  Sweetland  Filter  Press  Company, 
New  York  City,  sailed  on  May  19th  for  Europe,  where  he  ex- 
pects to  spend  some  time  on  business. 

Edward  P.  Hyde,  Director  of  the  Physical  Laboratory  of  the 
National  Electric  Lamp  Association,  announces  that  hereafter 
the  Laboratory  will  be  known  as  the  Nela  Research  Laboratory 
of  the  National  Lamp  Works  of  the  General  Electric  Co.,  under 
which  name  its  abstract-bulletin  and  other  publications  will 
appear. 

Prof.  George  B.  Frankforter,  of  the  University  of  Minnesota, 
addressed  the  Detroit  Chemists  on  "Some  New  Phases  of  Catal- 
ysis," April  24th. 

Mr.  Henry  E.  Jacoby  announces  the  removal,  on  May  ist,  of 
his  offices  to  larger  and  more  spacious  quarters  at  95  and  97 
Liberty  Street,  New  York  City. 

The  Franklin  Institute,  Philadelphia,  on  May  20th,  presented 
its  Elliott  Cresson  Medals  to  Dr.  Edgar  Fahs  Smith  and  Dr. 
Orville  Wright.  Addresses  were  made  on  "Scientists  from  the 
Keystone  State,"  by  Dr.  Smith  and  on  "Staliility  of  Aeroplanes" 
by  Dr.  Wright. 


Dr.  Frank  B.  Kenrick,  of  the  University  of  Toronto,  gave  an 
illustrated  lecture  on  "Superheating  and  Supercooling"  before 
the  Rochester  Section  of  the  A.  C.  S.,  May  4th. 

The  Buffalo  Foundry  and  Machine  Company  announce  that 
they  have  withdrawn  their  New  York  representative  and  will 
handle  all  future  inquiries  in  connection  with  their  product 
directly  through  their  Buffalo  office. 

The  St.  Louis  Section  of  the  A.  C.  S.  was  addressed  by  Prof. 
W.  D.  Harkins,  of  the  University  of  Chicago,  on  "The  Smelter 
Smoke  Problem"  at  their  meeting  on  May  nth. 

Dr.  Leo  H.  Baekeland,  Charles  Frederick  Chandler  Lecturer 
for  1914,  has  announced  that  the  subject  of  his  address,  to  be 
given  at  Columbia  University  on  May  29th,  will  be  "Some  As- 
pects of  Industrial  Chemistry." 

Smith,  Emery  &  Co.,  Chemical  Engineers  and  Chemists  of 
San  Francisco  and  Los  Angeles,  announce  that  Mr.  Carlton 
R.  Rose,  for  a  number  of  years  Superintendent  of  the  U.  S.  Zinc 
Co.,  Pueblo,  Col.,  subsidiary  to  The  American  Smelting  &  Refining 
Co.,  has  recently  resigned  his  position  and  become  associated 
with  them.     Mr.  Rose  will  be  located  in  San  Francisco. 

Noel  Deerr  has  resigned  his  position  as  director  of  the  Ex- 
periment Station  of  the  Hawaiian  Sugar  Planters  Association  to 
accept  the  appointment  as  Expert  in  Sugar  Cane  Agriculture 
and  Sugar  Manufacture  to  the  Cuban  Government. 

Dr.  Douglas  Mcintosh,  Associate  Professor  in  McGill  Uni- 
versity, Montreal,  has  been  appointed  Associate  Professor  of 
Chemistry  and  acting  head  of  the  Department  in  the  nqwly  es- 
tablished University  of  British  Columbia. 


GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBridE,  Burea 

NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar ^subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

TREASURY  DEPARTMENT 

Treasury  Decisions.  A  weekly  publication  is  issued  giving 
the  decisions  of  the  board  of  general  appraisers  and  the  court 
of  customs  appeals  in  matters  of  duties  on  imports.  Many  of 
these^  decisions  are  of  importance  as  showing  the  accepted 
classification  of  raw  materials  or  manufactured  articles  of  use 
in  or  in  competition  with  American  chemical  industries.  It  is 
impracticable  to  review  these  decisions,  and  the  original  re- 
ports must  therefore  be  consulted.  The  subscription  price  is 
$1-75  per  year,  payable  in  advance  to  the  Superintendent  of 
Documents,  Government  Printing  Office,  Washington. 

Value  of  Foreign  Coins.  Treasury  Decisions,  p.  6,  No.  15, 
Vol.  26,  dated  April  9.  Estimated  by  the  Director  of  the  Mint 
and  adopted  by  the  Treasury  Department.  Of  industrial 
interest  in  foreign  shipments,  and  especially  in  connection  with 
imports. 

AGRICULTURAL  DEPARTMENT 

The  Effect  of  Heat  on  Hawaiian  Soils.  By  W.  P.  Kelley 
and  Wm.  McGeorge  Bulletin  30,  Hawaii  Agricultural  E.\- 
pcriment  Station.  38  pp.  loc.  The  results  of  the  various 
physical  and  chemical  changes  produced  in  soils  by  heat  are 
reported  (see  This  Journal,  6,  223). 

Rice  Soils  of  Hawaii;  their  Fertilization  and  Management. 
By  W.   P.   Kelley.     Bulletin  31,   Hawaii  Agricultural  Experi- 


of  Standards.  Washington 

ment  Station.     23   pp.     5c.     Of  interest  in  soil  investigations 
for  other  tropical  or  semitropical  regions. 

Service  and  Regulatory  Aimouncements.  These  monthly 
circulars  issued  by  certain  Bureaus  give  information,  instruc- 
tions, and  notices  of  a  regulatory  nature.  They  are  issued' 
by  the  following  Bureaus:  Animal  Industry,  Biological  Survey, 
and  Chemistry,  and  the  Insecticide  and  Fungicide  Board. 

The  Action  of  Manganese  in  Soils.  By  J.  J.  Skinner  and 
M.  X.  Sullivan,  assisted  by  others.  Department  Bulletin  42, 
from  Bureau  of  SoUs.  32  pp.  5c.  The  results  given  in  this- 
bulletin  throw  considerable  light  on  the  effect  of  catalytic 
fertility  in  various  soils.  Manganese  as  a  fertilizer  is  practically 
unknown  and  untried  in  Uiis  country,  so  that  discussion  of  its- 
action  is  necessarily  theoretical;  yet  it  is  of  great  interest  to  those- 
growers  whose  technical  training  induces  them  to  experiment 
with  new  substances  to  increase  or  control  crop  production. 

Laboratory  and  Field  Assay  of  Arsenical  Dipping  Fluids. 
By  R.  M.  Chapin.  Department  Bulletin  76,  from  Bureau  of 
Animal  Industry.  17  pp.  5c.  A  popular  account  of  laboratory 
tests  for  actual  arsenious  oxid  and  for  total  arsenic,  together 
with  methods  of  field  assay  for  dips  used  for  tick  eradication. 
Of  special  interest  to  officials  and  others  concerned  with  the  ■ 
analysis  and  control  of  these  preparations. 

The  Cost  of  Pasteurizing  Milk  and  Cream.     By  J.  T.  BowEN. 
Department    Bulletin   85,    from    Bureau    of   Animal    Industrj-. 
12  pp.     5c.     This  bulletin  deals  with  the  question  of  costs  from 
an    engineering    point    of   view;    the    bulletin    is    addressed    to  • 
managers  of  creameries  and  designers  of  pasteiu-izing  apparatus. 

Alum  in  Foods.  Department  Bulletin  103.  7  pp.  5c. 
A  contribution  from  the  Referee  Board  of  Consulting  Scientific  ■ 
Experts,  giving  their  findings  as  to  the  effects  of  the  use  of  alum 
in  food. 

The  Organic  Nitrogen  of  Hawaiian  Soils.  By  W.  P.  Kelley 
and  Alice  R.  Thompson.  Bulletin  3;^,  Hawaii  Agricultural! 
Experiment  Station.      22  pp.     5c. 
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The  Agricultural  Outlook.     Farmers'  Bulletin  590,  from  the 
Bureau    of    Statistics.     20    pp.     Includes    among    other    crop 
estimates,  a  report  on  the  Louisiana  sugar  crop  of  1913. 
BUREAU  OF  MINES 

The  Prevention  of  Waste  of  Oil  and  Gas  from  Flowing 
Wells  in  California.  By  Ralph  Arnold  and  V.  R.  Garflas. 
Technical  Paper  42.  15  pp.  A  preliminary  report  on  measures 
to  prevent  or  remedy  conditions  leading  to  oil  and  gas  waste, 
as  well  as  measures  for  preventing  the  escape  of  artesian  waters 
into  oil  or  gas  strata. 

Weathering  of  the  Pittsburg  Coal  Bed  at  the  Experimental 
Mine  near  Bruceton,  Pa.  By  H.  C.  Porter  and  A.  C.  Field- 
NER.  Technical  Paper  35.  35  pp.  5c.  A  large  number  of 
tests  are  reported  on  samples  of  weathered  coal  and  coal  from 
the  same  mine  unaffected  by  weathering.  The  character  of  the 
work  is  indicated  by  the  following  general  conclusions:  "The 
weathering  effects  are  manifested  in  a  lower  content  of  carbon 
and  hydrogen  and  higher  content  of  oxygen  in  the  coal  substance, 
a  correspondingly  lower  calorific  value  of  the  coal,  the  presence 
of  a  larger  proportion  of  combined  water  in  the  coal  substance, 
and  a  much  diminished  power  of  consuming  oxygen  from  the 
air  and  of  liberating  methane.  A  rusty  appearance  on  the 
surface  of  lumps  is  not  necessarily  an  indication  of  any  de- 
preciation in  the  fuel  value  of  the  coal." 

The  Inflammable  Gases  in  Mine  Air.  By  G  A.  Burrell 
and  F.  M.  Seibert.  Technical  Paper  39.  24  pp.  5c.  "The 
authors  present  this  study  as  showing  that  normal  mine-air 
samples  obtained  from  many  mines  in  various  parts  of  this 
country  contain  only  methane  as  the  combustible  gas."  In 
addition  to  experimental  results,  there  are  given  some  historical 
data;  and  a  description  of  the  methods  of  analysis  is  also  in- 
cluded. The  apparatus  used  has  been  described  previously 
by  the  Bureau  of  Mines. 

Fires  in  Lake  Superior  Iron  Mines.  By .  Edwin  Higgins. 
Technical  Paper  59.  34  pp.  Principally  of  interest  in  mining 
work,  but  a  considerable  number  of  ore  analyses  and  a  dis- 
cussion of  the  spontaneous  ignition  of  pyritic  material,  such  as 
black  slate,  are  included. 

Drilling  Wells  in  Oklahoma  by  the  Mud-laden  Fluid  Method. 
By  A.  G.  Heggem  and  J.  A.  Pollard.  Technical  Paper  68. 
28  pp.  Of  interest  in  petroleum  and  natural-gas  industries, 
as  showing  means  of  preventing  waste  during  the  well  drilling. 
Gases  Found  in  Coal  Mines.  By  G.  A.  Burrell  and  F.  M. 
Seibert.  Miners'  Circular  14.  24  pp.  A  popular  treatment 
of  this  subject. 

BUREAU  OF  FISHERIES 
A  New  Method  for  the  Determination  of  the  Food  Value  of 
Proteins,  with  Application  to  Cynoscion  Regnlis.  By  G.  F. 
White  and  Adrian  Thomas.  Document  784.  from  Bulletin  32. 
5  pp.  "Scirensen's  method  for  the  determination  of  amino 
acids  was  applied  to  a  study  of  the  tryptic  proteolysis  of 
Cynoscion  regalis.  The  results  were  regular  and  in  accord 
with  those  obtained  by  the  nitrous  acid  method  for  the  analysis 
for  amino  nitrogen.  A  practical  method  for  the  determination 
of  the  food  value  of  proteins  has  therefore  been  developed." 

Properties  of  Fish  and  Vegetable-Oil  Mixtures.  By  G.  F. 
White  and  Adrian  Thomas.  Document  785,  from  Bulletin  32. 
14  pp.  The  viscosity,  density,  index  of  refraction,  saponifica- 
tion number,  acid  number,  and  iodine  number  of  the  following 
oils  were  measured:  China- wood,  dogfish  liver,  soya-bean, 
linseed,  and  mixtures  of  these. 

The  Effect  of  Water-gas  Tar  on  Oysters.  By  P.  H.  Mitchell. 
Document  786,  from  Bulletin  32.  6  pp.  Report  of  a  laboratory 
investigation  from  which  the  following  conclusions,  among 
others,  are  drawn:  "These  experiments  show  no  noticeable 
effects  of  water-gas  tar  on  oysters  in  constantly-renewed  sea 
water.  This  is  true  in  spite  of  the  fact  that  large  amounts  of 
tar  mixed  with  stagnant  sea  water,  or  small  amounts  injected 


into  oysters  which  are  kept  in  stagnant  water,  do  cause  serious 
or  fatal  effects."  *  *  »  *  "jf,  stagnant  water  the  organism 
can  not  be  effectively  washed  out,  and  effects  involving  a  loss  of 
sensitiveness  in  the  mantle  result.  That  consumption  of  the 
dissolved  oxygen  in  the  stagnant  water  by  tar  may  have  some 
effect  on  oysters  is  a  possibility." 

The  Oxygen  Requirements  of  Shellfish.  By  P.  H.  Mitchell. 
Document  787,  from  Bulletin  32.  14  pp.  A  report  on  a  labora- 
tory investigation  in  which  the  "oxygen  requirements"  and  the 
"resistance  to  lack  of  oxygen"  were  studied  on  oysters,  clams  and 
quahogs. 

Fishery  Products.  Statistical  Bulletins  are  issued,  usually 
several  each  month,  on  the  quantities  and  values  of  fishery 
products;  for  example,  the  following  four  subjects  are  covered 
in  those  issued  during  March,  1914:  Quantities  and  values  of 
products  landed  at  Boston  and  Gloucester,  Mass.,  in  1913,  (i) 
classified  by  fishing  ground,  (2)  classified  by  months,  (3)  for 
Jan.,  1914.  and  (4)  for  Feb.,  1914. 

BUREAU  OF  STANDARDS 

Bulletin  No.  3  of  Volume  10,  contains  the  following  5  articles 
of  chemical  interest : 

(i)  Critical  Ranges  of  A2  and  A3  of  Pure  Iron.  By  G.  K. 
Burgess  and  J.  J.  Crowe  Scientific  Paper  213.  56  pp. 
There  is  given  a  critical,  historical  summary  of  the  experimental 
investigations  of  the  position  of  A2  and  A3,  a  brief  mention  of 
the  theoretical  aspects  of  the  subject,  and  a  report  on  tests  made 
on  several  samples  of  pure  iron  which  were  studied  by  two 
methods  over  the  range  500  to  1000°.  A  new  method  of  testing 
has  been  devised  since  the  earlier  work  was  reported  and  tests 
are  now  reported  on  samples  prepared  recently.  The  methods 
of  testing,  as  well  as  the  results,  are  given  in  detail.  Without 
exception,  130  curves  show  A2  and  A3  as  sharply  defined  and  dis- 
tinct critical  ranges.  Reduced  to  basis  of  zero  rate  of  heating, 
the  results  are :  A2  =  Ac2  =fc  Ar.  =  7680  ±  0.05 ;  Ac3  =  9090  ^ 
I ;  and  Ar3  =  898 "  =t  2 . 

(2)  Note  on  the  Setting  of  a  Mercury  Surface  to  a  Required 
Height.  By  M.  H.  Stillman.  Scientific  Paper  214.  4  pp. 
The  improvement  is  simply  an  artifice  to  enable  detection  of  a 
smaller  dimple  in  the  Hg  surface;  it  consists  of  a  scale  of  alter- 
nate white  and  black  lines  each  0.5  mm.  wide  placed  behind  the 
pointer  so  that  the  images  of  the  lines  appear  parallel  when  the 
pointer  does  not  touch  the  mercury  but  are  distorted  when  the 
smallest  dimple  is  formed. 

(3)  Micrometer  Microscopes.  By  A.  W.  Gray.  Scientific 
Paper  215.  16  pp.  This  article  discusses  some  errors  affecting 
micrometer  microscopes  and  methods  of  determination  of  the 
corrections  and  their  applications. 

(4)  The  Pentane  Lamp  as  a  Working  Standard.  By  E.  C. 
Crittenden  and  A.  H.  Taylor.  Scientific  Paper  216.  28  pp. 
A  discussion  of  the  standardization  adjustment,  and  use  of  the 
pentane  lamp  as  a  photometric  standard,  including  detailed 
operating  directions  and  tables  giving  corrections  to  be  applied 
to  correct  for  the  effect  of  atmospheric  conditions.  A  large 
number  of  results  obtained  during  the  use  of  lamps  at  the  Bureau 
of  Standards  for  several  years,  are  summarized  in  the  article. 

(5)  Comparison  of  the  Silver  and  Iodine  Voltameters  and  the 
Determination  of  <he  Value  of  the  Faraday.  By  G.  W.  Vinal 
and  S.  J.  Bates.  Scientific  Paper  218.  26  pp.  A  report  on 
the  comparison  made  of  the  stiver  voltameters  of  the  form 
previously  used  by  the  Bureau  of  Standards  and  the  iodine 
form  used  by  Washburn  and  Bates,  giving  the  following  results: 

Ratio  of  silver  to  iodine 0.85017 

Electrociieinical  equivalent  of  iodine 1 .31502 

Value  of  the  faraday  (I   =    126.92) 96.515 

Value  of  the  faraday  (Ag   =    107.88) 96,494 

Value  recommended  for  general  use 96,500 

Industrial  Gas  Calorimetry.  By  C.  W.  Waidner  and  E.  F. 
Mueller.  Technologic  Paper  36.  (In  press.)  This  paper 
reports  an  investigation  of  the  factors  which  affect  the  accuracy 
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of  the  determination  of  heating  value  of  gas,  such  as :  Complete- 
ness of  combustion,  accuracy  of  the  temperature  measurements, 
the  magnitude  of  the  various  heat  losses  from  the  calorimeter, 
the  effect  of  varying  the  volume  of  the  products  of  combustion, 
and  the  measurement  of  the  quantities  of  gas  and  water.  The 
sununarized  results  are  given  of  a  critical  study  of  8  calorimeters 
of  the  flow  type  and  one  of  the  comparison  type.  There  are  also 
included  the  results  of  an  experimental  investigation  of  labora- 
tory gas  meters,  showing  the  errors  to  which  such  meters  are 
liable,  the  precautions  to  be  observed,  and  the  accuracy  attain- 
able in  their  use. 

Variations  in  Results  of  Sieving  with  Standard  Cement  Sieves. 
By  R.  J.  Wig  and  J.  C.  Pearson.  Technologic  Paper  29.  16 
pp.  A  report  of  tests  made  to  determine  the  differences  in 
standard  sieves,  the  magnitude  of  the  personal  factor  of  the  ob- 
server, the  precision  of  results  obtainable,  etc. 

Some  Leadless  Borosilicate  Glazes  Maturing  at  about  1100°  C. 
By  E.  T.  Montgomery.  Technologic  Paper  31.  22  pp.  De- 
tails are  given  of  an  attempt  to  prepare  glazes  equally  desirable 
to  substitute  for  those  containing  lead.  Previous  work,  indica- 
ting the  causes  for  the  failure  in  this  line,  is  confirmed. 

Production  of  Temperature  Uniformity  in  an  Electric  Furnace. 
By  A.  W.  Gray.  Scientific  Paper  219.  21  pp.  A  furnace 
giving  the  desired  uniformity  for  work  on  the  expansivity  of 
metals  is  described. 

Standard  Density  and  Volumetric  Tables.  Circular  19,  4th 
edition,  with  supplement.  The  following  tables  (among 
numerous  others  of  somewhat  similar  character)  are  given: 
Density  of  water;  density  of  alcohol- water  mixtures;  tempera- 
ture corrections  for  alcoholometers;  density  of  methyl  alcohol- 
water  mixtures;  densities  of  solutions  of  cane  sugar  and  of 
sulfuric  acid;  temperature  corrections  for  saccharometer  read- 
ings; conversion  tables  for  Baume  degrees,  density,  and  specific 
gravity;  density  of  air;  apparent  weight  of  water  in  air;  tem- 
perature corrections  for  glass  volumetric  apparatus;  and  master 
scales  for  hydrometers. 

Polarimetry.  Circular  44.  140  pp.  A  very  full  report 
intended  as  a  circular  of  information  on  the  apparatus  and 
methods  of  polarimetry,  including  a  discussion  of  the  theory 
involved,  descriptions  of  the  apparatus,  its  calibration,  pre- 
cautions to  be  observed  in  operation,  and  other  methods.  The 
circular  is  practically  a  text  book  of  sugar  methods  as  well  as  a 
laboratory  handbook  for  general  polarimetry.  There  are  also 
included  the  U.  S.  Treasury  Department  "Regulations  Govern- 
ing the '  Weighing,  Taring,  Sampling,  Classification,  and 
Polarization  of  Imported  Sugars  and  Molasses." 

The  Testing  of  Materials.  Circular  45.  90  pp.  This 
circular  is  designed  to  give  information  on  the  subject  of  the 
testing  done  by  the  Bureau  of  Standards  on  each  class  of  ma- 
terials, the  conditions  under  which  such  work  is  undertaken, 
and  the  limitation  of  such  work  due  to  the  present  status  of 
technical  knowledge.  The  information  given  is  not  only  of 
interest  in  connection  with  the  work  done  by  the  Bureau,  since 
many  of  the  topics  are  treated  in  such  a  way  as  to  indicate  the 
value  and  significance  of  tests,  either  chemical  or  physical, 
which  can  be  made  on  certain  sorts  of  materials. 

BITREAU  OF  FOREIGN  AND  DOMESTIC  .COMMERCE 

Imports  and  Exports.  Several  sets  of  publications  are  issued 
periodically  by  this  Bureau,  as  follows; 

(i)  Exports  of  domestic  breadstuffs,  cottonseed  oil,  food 
animals,  meat,  dairy  products,  cotton,  and  mineral  oils.  This 
is  a  monthly  bulletin,  the  number  for  February  being  No.  8  of 
the  series  1913-14. 

(2)  Imported  merchandise  entered  for  consumption  in  the 
U.  S.,  etc.     This  is  a  quarterly,  subscription  price  jsc  per  year. 

(3)  Total  values  of  imports  and  exports  of  U.  S.  A  monthly 
series  of  pamphlets  on  this  subject  is  issued. 

(4)  Monthly   summary   of   commerce   and   finance   of   U.   S. 


This  includes  a  section  showing  details  of  imports  and  exports, 
which  section  is  sold  in  the  form  of  advance  sheets  at  loc  a  single 
copy  or  $1.00  per  year. 

Trade  Directory  of  South  America.  Miscellaneous  series 
publication  No.  13  (1914).  A  report  designed  to  promote 
American  export  trade  with  South  .\merica.     Cloth,  $i.ob. 

Production  and  Use  of  Denatured  Alcohol  in  Principal 
Countries.  By  Chas.  A  Ckampton.  Special  Agents  Series  77. 
32  pp.      Paper  5c. 

CONSULAR  REPORTS,  MARCH    Concluded i 

The  Potash  shipments  authorized  for  19 14  by  the  German 
Potash  Syndicate  amount  to  635,300  tons  of  K2O  for  domestic 
consumption  and  531,300  tons  of  KjO  for  foreign  consumption. 
(P.  909.) 

Public  sales  of  Billiton  Tin,  in  Batavia,  in  1913,  aggregated 
4,938,800  lbs.,  at  an  average  of  $0.4261  per  lb.     (P.  921.) 

Russian  Coal  and  Iron  statistics  show  that  the  Donetz  Basin 
provides  55  5  per  cent  of  the  coal  consumed  in  Russia.  The 
iron  and  steel  industry  shows  increased  activity.     (P.  942.) 

A  large  amount  of  Cocoanut  Fiber  for  Coir)  is  now  wasted  in 
Jamaica  and  the  Philippines,  but  could  be  extracted  and  used 
for  the  manufacture  of  mats,  etc.,  which  are  now  made  mostly 
from  the  British  East  Indian  product.     (P.  943.) 

Coating  of  Coffees  in  Germany  is  regulated  by  law,  especially 
the  use  of  shellac,  etc.,  which  may  contain  arsenic.     (P.  954.) 

Wood  Block  Pavements  in  Berlin  are  made  of  blocks  impreg- 
nated with  zinc  chloride  or  creosote,  and  laid  in  tar  or  asphalt, 
on  a  concrete  base.     (P.  956.) 

The  Commercial  Museum  of  Trieste,  maintained  by  the 
Chamber  of  Commerce,  furnishes  commercial  and  tariff  informa- 
tion, investigates  industries,  and  examines  and  analyzes  imported 
goods.     (P.  958.) 

An  exposition  of  machinery,  apparatus,  and  supplies  used  in 
Wine  Production,  Brewing  and  DistiUing,  wUl  be  held  in  Buda- 
pest, May  23,  to  July  6,  1914.     (P.  971.) 

Spanish  Garnets  from  Almeria  Province  are  imported  into  the 
U.  S.  for  abrasive  purposes.     (P.  974.) 

A  commercial  review  of  Nova  Scotia  Ports  includes  statis- 
tics of  the  Coal  and  Iron  Industries  of  that  region.     (P.  977.) 

As  a  result  of  Rubber  Cultivation  in  Choco,  Columbia,  1,500,- 
000  trees  have  been  planted.  Alluvial  deposits  of  Gold  and 
Platinum  in  Choco  are  being  worked,  mostly  by  hand.  (P.  997.) 

Petroleum  production  in  Burma  in  1912  amounted  to  240,- 
500,000  gallons.     (P.   1007.) 

The  Sugar  Crop  of  Austria-Hungary  in  1912-13  showed  a 
large  increase  in  the  production  of  beet  sugar  over  previous 
years.     (P.  1031.) 

The  Constantinople  Gas  Works  has  been  purchased  by  a 
European  firm,  who  will  sell  gas  at  Si. 43  per  1000  cu.  ft.  for 
lighting,  $1.14  for  cooking,  and  $1.00  for  power.     (P.  105 1.) 

Rubber  shipments  from  the  Amazon  Valley  in  January,  1914, 
were  lower  by  2,877,799  lbs.  than  in  January,  1913.     (P.  1055.) 

The  United  States  supplied  65  per  cent  of  the  Coal  imported 
into  Ecuador  in  1913-     (P-  1063.) 

All  the  Oil  and  Gasoline  used  in  Prince  Edward  Island,  Canada, 
is  imported  from  the  U.  S.     (P.  1070.) 

The  output  of  Vegetable  Butter  and  Oils,  -principally  from 
cocoanut  oil,  in  Odessa,  has  increased  rapidly  in  the  last  few 
years.     (P.    107 1.) 

The  Olive  Oil  production  of  Tuscany  for  1913-14  was  only  one- 
third  the  normal  output.     (P.   1083.) 

Petroleum  in  Persia  is  being  exploited  by  three  companies. 
(P.  1083.) 

The  cultivation  of  Sugar-cane  has  largely  supplanted  the 
Wine  industry  of  Madeira.     (P.  1095.) 

The  Governments  of  British  Columbia  and  Ontario  have 
passed  regulations  regarding  the  development  of  Radium  de- 
posits and  have  offered  rewards  of  $5,000  and  $25,000,  respec- 
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tively,  to  persons  discovering  workable  radium  deposits  in  these 
provinces.     (P.  mo.) 

The  statistics  of  the  Russian  sales  to  the  U.  S.  for  191 2  and 
1913  include  Chemicals,  Fertilizers,  Glue,  Sheet  Iron,  Man- 
ganese Ore,  Fusel  Oil,  Mineral  Oil,  Platinum,  Rubber,  Liquors, 
Tar,  Turpentine,  and  Wood  Pulp.  (P.  11 12.) 

Petroleum  is  being  prospected  for  in  Palestine.  (P.  11 15.) 
A  new  Glass  Factory  at  Tobata,  Japan,  to  cost  $1,000,000,  is 
nearly   completed   and   will   make   sheet   and   plate   glass.      (P. 

II25-) 

Platinum  products  manufactured  in  Switzerland  may  be  offi- 
cially stamped  to  indicate  the  platinum  content  (iridium  being 
considered  as  platinum).     (P.   1128.) 

Exports  of  Tin  from  Hongkong  to  the  U.  S.  in  1913  showed  an 
increase  while  the  exports  to  Europe  showed  a  marked  decrease. 
(P.  1 148.) 

The  Antwerp  Diamond  trade  flourished  in  1913,  Antwerp  be- 
ing now  ahead  of  Amsterdam  in  this  industry.  The  Interna- 
tional Metric  Carat  of  200  milligrams  has  now  been  adopted  by 
Belgium  and  the  U.  S.,  leaving  England  as  the  only  important 
country  in  which  it  has  not  been  adopted.     (P.  1169.) 

Cocoa  Beans  in  Trinidad  are  usually  coated  with  clay  to  pre- 
serve them  and  render  them  uniform  in  color.  Efforts  are  now 
being  made  to  prevent  fraudulent  excessive  claying.     (P.  1176.) 

South  African  Collieries  produced  4,500,000  tons  of  Coal  in 
1913,  so  that  only  65,000  tons  were  imported  from  Great  Britain. 
(P.  1177.) 

The  trade  statistics  for  Ceylon  for  191 2  and  1913  include  in 
the  exports  Cocoanut  Fiber  and  Oil,  Citronella  Oil,  Plumbago, 
and  Rubber.  Imports  include  Cement,  Coal,  Iron,  Fertilizers, 
Kerosene,  Sugar  and  Lead.     (P.  1:85.) 

Vinegar  and  Pyroligneous  acid  are  admitted  free  to  the  Nether- 
lands when  intended  for  use  in  Zinc  Etching  Establishments. 
(P.  1203.) 

In  connection  with  the  reduction  of  the  duty  on  Sugar,  Syrups, 
etc.,  into  Sweden,  syrups  are  defined  as  containing  not  over  70 
per  cent  sugar  and  more  than  1.3  per  cent  ash.     (P.  1205.) 
CONSULAR  REPORTS,  APRIL 

According  to  a  bulletin  of  the  Philippine  Bureau  of  Agricul- 
ture the  fiber  or  floss  from  the  fruit  of  the  kapok  tree  is  being 
used  extensively  for  filling  mattresses,  life-saving  appliances, 
etc.;  it  can  also  be  spun  intcf  yarn.     (P.  10.) 

Statistics  of  the  zinc  industry  show  that  the  world's  production 
of  zinc  in  19 13  was  the  largest  ever  recorded.  Separate 
statistics  are  given  for  Australia,  Austria  Hungary, ,  Germany, 
Italy,  Russia  and  Spain.     (P.  17.) 

The  beet  sugar  industry  in  Canada  is  conducted  in  3  factories, 
the  output  of  which  in  1913  was  27,232,124  lbs.  raw  sugar. 
(P.  30.) 

Statistics  of  the  iron  and  steel  production  and  the  iron  re- 
serves, reported  by  the  British  Board  of  Trade,  show  the  con- 
sumption of  iron  ore  and  the  production  of  pig  iron  and  steel 
for  the  principal  countries,  in  1910,  11  and  12.  The  deposits 
of  ore  now  being  worked  will  supply  the  world  for  less  than  two 
centuries,  but  known  deposits  as  yet  unworked,  will  greatly 
in.crease  the  supply.     (P.  40.) 

Pyrite  deposits  in  Norway,  containing  33  per  cent  sulfur,  and 
I  per  cent  copper  are  about  to  be  worked  on  a  large  scale,  the 
proposed  atmual  output  being  100,000  tons.     (P.  43.) 

The  important  mineral  products  of  Nova  Scotia  are  coal, 
gypsum,  and  limestone.     (P.  43.) 

The  principal  mineral  products  of  China,  are  coal,  iron,  copper, 
tin  and  antimony.     (P.  45.) 

A  trade  review  of  Liverpool  includes  figures  for  the  trade  with 
U.  S.  in  metals,  drugs,  oils,  rubber,  etc.     (P.  49.) 

The  British  Navy  has  just  made  large  contracts  for  Scotch 
shale  oil,  for  fuel.     (P.  78.) 


The  foreign  commerce  of  the  Philippines  in  19 13  includes 
exports  of  copra,  hemp,  and  sugar.     (P.  92.) 

The  Scotch  mineral  oil  companies  produced  75,000,000  gallons 
of  oil  in  1913.  Illuminating  oil  sold  for  ?o.i4  per  gal.,  and 
"motor  spirit"  for  S0.30  per  gal.     (P.  loi.) 

The  principal  minerals  obtained  in  the  Madrid  district  in  Spain 
are  coal  and  iron.     (P.  134.) 

The  lime-fruit  industry  of  Dominica  in  the  Seeward  Island 
includes  the  manufacture  of  calcium  citrate  and  oil  of  limes. 
(P.  142.) 

A  great  increase  in  the  imports  of  fertilizers  into  Japan  is 
noted.     (P.  143.) 

Both  imports  and  exports  of  the  Japanese  foreign  trade 
showed  a  marked  increase  in  1913.  The  imports  included 
dyes,  fibers,  rubber,  iron,  fertilizers,  paper  pulp,  and  sugar. 
The  exports  included  coal,  copper,  whale  oil,  menthol,  and 
camphor.     (P.  148.) 

The  production  of  maple  syrup  and  maple  sugar  in  the  U.  S. 
and  Canada  is  rapidly  decreasing.     (P.  150.) 

Methods  of  detinning  in  Germany  include  electrolytic 
methods,  using  both  alkaline  and  acid  electrolytes,  and  the 
chlorine  method,  the  latter  being  most  used.     (P.  151.) 

Cardiff,  Wales,  is  the  world's  principal  coal  shipping  port. 
Iron  and  steel,  tin  plate  and  galvanized  steel  are  produced  there 
in  large  amounts.  Total  shipments  of  coal  from  ports  in  Wales 
in  1913  were  40,000,000  tons.     (P.  161.) 

A  new  oil-bearing  nut  has  been  discovered  in  the  Philippines 
belonging  to  the  family  Meliaceae.  The  dry  nuts  yield  45 
per  cent  of  oil  which  produces  a  good  grade  of  soap.  The  pro- 
duction of  cocoanut  oil  in  the  Philippines  has  increased  very 
rapidly.     (P.  172.) 

The  mineral  products  of  Somerset,  England,  include  coal, 
lead  and  zinc  ores,  fire  clay,  fuller's  earth,  and  celestite 
(strontium  sulfate).  Imports  of  petroleum  oils  into  Bristol  are 
increasing.  Large  amounts  of  oil-seeds  are  imported  for  the 
manufacture  of  vegetable  oils,  including  cottonseed,  linseed,  and 
soya  bean.     (P.   177.) 

Fertilizers  are  to  be  admitted  free  of  duty  to  all  Belgian 
colonies  after  Jan.,  1914.     (P.  209.) 

At  a  conference  of  commercial  gas  users  in  London,  England, 
it  was  stated  that  municipal  gas  plants  do  not  sell  as  large 
quantities  of  gas  per  consumer  as  do  private  companies.  The 
increased  use  of  gas  stoves  in  London  has  materially  improved 
the  fog  conditions.     (P.  220.) 

Italian  olive  oil  is  frequently  adulterated  with  treated  olive 
oil,  i.  e.,  oil  that  has  been  deodorized  or  decolorized  by  chemical 
means  and  the  presence  of  which  is  very  difficult  to  detect. 
(P.  222.) 

Exports  from  Manitoba,  Canada,  include  flaxseed,  wood 
pulp,  and  pyrite.     (P.  232.) 

Linseed  and  sunflower  seed  are  used  extensively  in  Russia 
for  the  production  of  vegetable  oils.      (P.  242.) 

In  the  Spanish  olive-oil  industry  the  oil  from  the  first  two 
pressings  is  sold  for  edible  oil,  and  that  obtained  by  extraction 
with  carbon  bisulfide  is  used  for  industrial  purposes.  Inferior 
oils,  when  deodorized  and  decolorized  are  sometimes  mixed  with 
high-grade  oil.  To  prevent  adulteration  of  olive  oil  with  other 
oils,  the  law  requires  the  addition  of  wood  pitch  or  coal  tar  to 
any  cottonseed  or  rapeseed  oil  imported.     (P.  246.)  1 

In  the  manufacture  of  sawdust  briquettes  in  British  Columbia, 
the  sawdust,  chips,  etc.,  are  sometimes  compressed  into 
briquettes  without  the  use  of  a  binder,  though  usually  coal  dust 
and  tar  are  added.     (P.  249.) 

Exports  from  Haiti  to  the  U.  S.  include  beeswax,  cottonseed, 
lignum-vitae  wood  and  gum,  logwood,  and  fustic.     (P.  266.) 

Refrigeration  in  France  is  increasing  in  storage  houses,  cars 
and  vessels.  In  cars,  small  machines,  using  CH3CI  and  operated 
by  power  from  the  car  wheels,  are  frequently  used.     (P.  269.) 
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Kxijorts  from  Belgian  Kongo  include  copal,  gum,  copper, 
gold,  palm  nuts  and  oil,  mabula  panza  (an  oil  nut)  and  rubber. 
(P-  273.) 

The  production  of  petroleum  in  the  Dutch  East  Indies  in 
1913  was  over  1,500,000  tons.     (P.  285.) 

Exports  from  Persia  include  drugs,  gums,  geima  (a  vegetable 
pigment),  hides,  and  precious  stones.     (P.  298  ) 

The  campaign  for  smoke  abatement  in  England  includes 
accurate  measurement  of  atmospheric  pollution  in  all  the  large 
cities,  organization  of  classes  for  engineers  and  stokers,  and 
the  use  of  various  forms  of  smoke-preventing  apparatus.  (P. 
301.) 

An  increase  is  noted  in  the  export  from  Ceylon  of  papain,  a 
digestive  extract  from  the  Carica  papaya.     (P.  302.) 

The  export  of  peanuts  from  Hongkong  to  the  U.  S.  has  in- 
creased.    (P.  311.) 

The  exports  of  Australia  include  coal,  copper,  chemicals, 
gold,  lead,  fertilizers,  silver,  soap,  tallow,  and  tin.     (P.  321.) 

The  exports  of  Trinidad  include  asphalt,  balata  gum,  copra, 
petroleum,  sugar,  and  molasses. 

In  the  wine  industry  of  Argentine,  the  grape  residues  are 
distilled  for  alcohol,  and  some  tartaric  acid  and  cream  of  tartar 
are  recovered.     (P.  335.) 

Owing  to  adulteration  of  Chinese  cassia  (cinnamon)  with 
dirt,  sticks,  etc.,  new  standard  contracts  have  been  made. 
Large  amounts  of  the  spice  and  the  oil  are  imported  into  the 
U.  S.     (P.  348-) 

A  company  has  been  organized  to  develop  nickel  and  iron 
deposits  in  Athabaska,  Canada.     (P.  349.) 

Exports  from  Curacao  (Dutch  West  Indies)  include  coal, 
dividivi,  hides,  salt,  gold,  phosphates,  and  aloes.     (P.  358.) 

The  exports  of  New  South  Wales  include  coal,  copper,  gold, 
lead,  leather,  hides,  cocoanut  oil,  silver,  tallow,  and  tin.  (P. 
401.) 

Exports  from  Manchuria  include  soya  bean,  cake  and  oil, 
coal,  hemp,  ginseng,  and  castor  oil.     (P.  417.) 

The  aluminum  industry  in  Germany  yielded  dividends  of 
20  per  cent  in  1913.     (P.  425.) 

Importations  of  crude  petroleum  oil  and  kerosene  into  Hong- 
kong from  the  U.  S.  showed  a  marked  increase  in  1913.  (P. 
436.) 


Soya  beans  from  Southern  Manchuria  contain  16-17  per  cent 
of  oil,  and  those  from  Northern  Manchuria  only  15  per  cent  of 
oil.     (P.  439.) 

Importations  of  chemical  fertilizers  into  the  Canary  Islands 
are  increasing.     (P.  443.) 

Imitation  gold  leaf,  "blatt-metall,"  consisting  of  100  parts 
copper  and  15-20  parts  zinc,  is  made  and  used  extensively  in 
Germany.  Imitation  silver  leaf  consists  of  90  per  cent  tin  and 
10  per  cent  zinc.     (P.  446.) 

The  first  natural  gas  pipe  line  in  Hungary  was  recently  com- 
pleted.    (P.  451.) 

Exports  from  Eorabardy  to  U.  S.  in  1913  included  drugs, 
dyeing  and  tanning  extracts,  glycerine,  glue,  and  "oleostearin." 
(P.  455-J 

A  thorough  investigation  has  shown  that  Southern  India  is 
well  adapted  to  the  cultivation  of  sisal  hemp.     (P.  461.) 

The  new  Canadian  tariff  includes  changes  in  the  rates  of  duty 
on  iron  and  steel,  amyl  alcohol,  peanut  and  soya-bean  oils, 
chloride  of  lime,  and  caustic  soda.     (P.  4S2.) 

Exports  from  Paris  to  the  I".  S.  include  aluminum,  glue, 
glycerine,  marble,  platinum,  iridium,  palladium,  rubber,  silver, 
and  wines.     (P.  519.) 

Exports  from  Hongkong  to  the  U.  S.  include  aniseed  oil, 
camphor,  cassia,  cassia  oil,  peanuts,  peanut  oil,  sugar  and 
tin.     (P.  529) 

A  prosperous  industry  in  Turkestan  is  the  jcultivation  of 
Sevant  wormseed,  from  which  the  drug  santonin  is  extracted. 
(P.  539.) 

Exports  from  Almeria,  Spain,  include  iron,  zinc,  lead,  and 
copper  ores  and  garnets.     (P.  553.) 

A  plant  has  been  erected  in  British  Columbia  to  use  the 
Laurentia  process  for  pasteurizing  milk,  in  which  the  milk,  after 
having  been  heated  to  155-165°  F.,  is  passed  through  a  "homo- 
genizer"  in  which  the  fat  globules  are  broken  up.     (P.  557.) 

Exports  from  Glasgow  to  the  U.  S.  include  alujninum, 
ammonium,  and  potassium  salts,  creosote  oil,  and  iron.     (P. 

574-) 

A  Florentine  inventor,  Ulivi,  claims  to  be  able  not  only  to 
explode  powder,  etc.,  by  the  so-called  F  rays,"  but  also  to 
locate  mineral  deposits.     (P.  587.) 
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Allen's  Commercial  Organic  Analysis.  Vol.  VIII.  Edited  by 
W.  A.  Davis  and  Samuel  S.  SadtlER.  4th  edition,  696 
pages.  Philadelphia:  P.  Blakiston's  Son  &  Co.,  1913.  Price, 
$5.00  net. 

This  is  the  last  volume  of  the  fourth  edition  of  a  work  which 
has  been  long  and  favorably  known,  and  which  has  become  a 
practical  necessity  in  laboratories  where  technical  investigations 
in  any  field  of  organic  chemistry  are  carried  out.  The  present 
volume  deals  with  the  protein  and  related  substances,  or  those 
products  in  which  the  proteins  are  the  most  characteristic  or 
important  elements. 

The  revision  of  a  work  of  this  character  has  long  jiassed 
beyond  the  power  of  a  single  individual  because  no  one  person 
can  be  expected  to  be  expert  in  so  many  specialties.  In  this 
volume,  as  in  the  others  of  the  series,  we  find  the  labor  has  been 
divided  among  a  number  of  men,  in  this  case  eleven,  all  of  whom 
are  well  known  authorities  in  different  fields  of  technical  chemical 
research.  The  general  editorship  remains  with  Messrs.  Davis 
and  Sadtler.  The  contributors  to  the  various  sections  of  Volume 
VIII  are  E.  Frankland  Armstrong,  S.  B.  Schryver,  L.  L.  Van 
Slyke,  Henry  Leffmann,  Cecil  Revis,  E.  Richards  Bolton,  W.  D. 
Richardson,  J.  A.  Gardner,  G.  A.  Buckmaster,  Jerome  Alexander 
and  W.  P.  Dreaper. 


In  the  last  edition  of  the  work,  the  volume  which  covered  the 
same  general  ground  was  issued  about  fifteen  years  ago.  Since 
then  there  have  been  great  advances  in  all  lines  of  technical 
organic  chemistry,  and  especially  in  our  knowledge  of  the  pro- 
tein substances  and  related  bodies  which  are  taken  up  here. 
These  changes  have  been  so  great  as  to  call  practically  for  the 
rewriting  of  the  whole  book.  '  In  general,  the  work  has  been  well 
done  and  apparently  the  most  recent  literature  has  been  con- 
sidered in  every  field  covered. 

The  longest  single  section  is  tliat  by  W.  D.  Richardson  on 
Meat  and  Meat  Products.  This  covers  205  pages,  or  nearly 
one- third  of  the  whole  book.  Mr.  Richardson,  as  head  of  the 
laboratory  of  one  of  the  largest  meat-producing  plants  in  the 
world,  has  had  opportunities  such  as  are  open  to  but  few  men 
for  becoming  acquainted  with  the  whole  field  described  and  this 
is  shown  by  the  wealth  of  first-hand  information  evident  in  every 
part  of  the  text,  in  the  discussion  of  analytical  methods  as  well 
as  in  the  presentation  of  details  of  production. 

The  large  field  of  Proteins  of  Milk,  Milk  and  Milk  Products 
has  been  covered  by  L.  L.  Van  Slyke,  H.  Leffmann,  and  Cecil 
Revis  and  E.  R.  Bolton  in  chapters  filling  147  pages.  Each 
one  of  the  authors  has  long  been  known  as  an  original  investigator 
in  the  subject  of  the  chemistry  of  milk.     There  are  few  fields 
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in  which  methods  of  analysis  have  been  so  abundantly  supplied 
as  in  that  of  milk  investigation.  In  reading  these  sections  one  is 
impressed  by  the  fact  that  little  of  importance  is  omitted.  The 
discussion  of  the  various  products  formed  from  milk  is  excellent. 
(Butter  is  considered  in  another  volume.)  It  is  interesting  to 
note  that  the  much  advertised  Sanatogen  is  described  as  a 
mixture  of  casein  and  sodium  glycerophosphate,  or  possibly  as 
a  salt  of  casein  so  mixed. 

Somewhat  shorter  sections  have  been  contributed  on  Enzymes 
and  on  Proteins  of  Plants  by  E.  F.  Armstrong;  on  Proteins  and 
Albuminoid  Substances,  and  on  the  Digestion  Products  of  the 
Proteins  by  S.  B.  Schryver;  on  Hemoglobin  and  Its  Derivatives 
by  J.  A.  Gardner  and  G.  A.  Buckmaster;  on  Albuminoids  or 
Scleroproteins  by  Jerome  Alexander;  and  on  Fibroids  by  W.  P. 
Dreaper.  It  will  be  noticed  that  there  is  some  confusion  in  the 
use  of  the  term  albuminoid.  In  the  discussion  of  the  digestion 
products  of  proteins,  the  description  of  Pancreatin  does  not  cor- 
respond very  well  to  what  is  actually  produced  in  this  country. 
Under  the  methods  used  in  testing  enzymic  activity  the  author 
describes  the  convenient  Fuld  method  for  pepsin  but  does  not 
describe  the  corresponding  method,  using  casein,  by  the  same 
authority,  for  trypsin.  There  appears  to  be  no  mention  of  the 
value  of  fibrin  in  the  estimation  of  marked  tryptic  activity. 
The  routine  method  of  the  British  Pharmacopoeia  for  the 
examination  of  pepsin  is  given,  but  not  the  somewhat  similar 
but  more  rapid  method  of  the  U.  S.  Pharmacopoeia.  As  the 
latter  work  is  an  official  standard  in  this  country  the  oversight 
should  have  been  caught  by  the  editors  and  corrected. 

Attention  must  be  called  to  the  excellent  chapter  on  hemo- 
globin, embracing  the  methods  of  blood  examination  for  scientific 
or  clinical  work.  j    ^    ^^^^ 

The  Electric  Furnace,  Its   Construction,  Operation,  and  Uses. 

By  Alfred  StansFiEld,  D.Sc.     McGraw-Hill  Company,  New 

York.     415  pages.     $4.00  net.     1914. 

The  present  volume,  which  is  the  second  edition,  is  just  double 
the  size  of  the  first  edition  of  1907.  In  these  seven  years  there 
have  been  great  advances  in  the  subject  of  which  this  book  treats, 
and  Dr.  Stansfield  has  met  this  change  in  an  admirable  manner, 
and  it  is  only  fair  to  say  that  it  is  by  far  the  best  book  which  has 
thus  far  appeared  on  the  electric  furnace. 

The  first  chapters  deal  with  the  history,  classification  and  effi- 
ciency of  electric  furnaces.  Good  illustrations  are  here  given 
of  the  different  types  of  arc  and  resistance  furnaces,  with  a  short 
description  of  each.  Under  the  efficiency  of  electric  furnaces, 
data  are  included  as  to  cost  of  power,  etc.,  and  the  actual  method 
of  calculating  the  efficiency  is  illustrated  by  taking  a  typical  run 
of  a  Heroult  steel  refining  furnace. 

Much  valuable  data  are  given  under"  Construction  and  Design," 
as  to  the  properties  of  refractories,  resistors,  electrodes,  etc., 
with  a  good  summary  of  Hering's  papers  on  heat  losses  in  electric 
furnaces.  In  the  operation  of  furnaces  we  find  methods  for  the 
control  and  measurement  of  power,  descriptions  of  transformers 
suitable  for  large  operations,  and  diagrams  of  connection  for 
furnaces  using  polyphase  circuits. 

Some  interesting  figures  are  given  as  to  the  power  densities 
employed  in  various  types  of  furnaces,  and  the  extraordinary 
densities  used  by  Moissan  account  for  many  of  the  remarkable 
results  which  he  obtained. 

The  measurement  of  temperature  and  description  of  pyrom- 
eters is  taken  up  very  briefly,  which  is  perhaps  just  as  well  as  we 
already  have  the  excellent  book  of  Burgess  which  deals  with  this 
subject  exclusively. 

Under  laboratory  furnaces  we  find  descriptions  of  Hutton's 
pressure,  Arsem  vacuum,  Harker  tube,  and  the  Hansen  arc  fur- 
naces among  many  others.  The  subject  of  iron  and  steel  is  given 
about  100  pages  of  the  book,  and  the  latest  developments  in 


this  important  branch  are  well  treated,  all  of  the  important  fur- 
naces being  described. 

The  balance  of  the  book  is  taken  up  with  furnaces  for  the  pro- 
duction of  carbides,  graphite,  silicon,  sodium,  aluminium,  nitric 
acid,  zinc,  alundum,  etc.,  and  well  describes  the  improvements 
which  have  been  brought  about  in  their  manufacture. 

Calcium  cyanamid  is  now  produced  in  such  enormous  quanti- 
ties that  more  should  have  been  said  about  it,  and  it  would  have 
been  well  to  have  mentioned  something  as  to  the  Serpek  process 
or  the  fixation  of  nitrogen. 

The  book  is  unusually  well  illustrated  and  is  an  important  and 
timely  addition  to  the  literature  of  the  subject  in  which  so  many 
are  now  interested.  ^_^^^^^  ^    TvcWK 

Principles  and  Practice  of  Agricultural  Analysis.  By  Harvey 
W.  Wiley,  A.M.,  Ph.D.  Volume  III,  Agricultural  Products, 
pp.  i-xv  and  1-846.  The  Chemical  Publishing  Co.,  Easton, 
Pa.     Price,  $6.00. 

The  appearance  of  the  second  edition  of  this  truly  remarkable 
volume  has  been  delayed,  as  the  author  states  in  the  preface, 
by  stress  of  other  duties  which  made  it  impossible  for  the  author 
to  bring  it  up  to  date.  It  is  divided  into  seven  parts,  the  first 
discussing  methods  of  sampling  and  drying,  the  second  and  third 
being  devoted  to  sugars,  starches  and  carbohydrates,  the  fourth 
to  fats  and  oils,  the  fifth  to  nitrogenous  bodies,  the  sixth  to  dairy 
products,  and  the  seventh  to  miscellaneous  products  under  some 
twelve  subheads.  It  is  essential  to  everyone  concerned  with 
those  branches  of  agricultural  chemistry  with  which  it  specifi- 
cally deals,  not  only  for  the  information  included  in  the  pages, 
but  as  a  guide  to  original  articles,  which,  in  most  cases,  the  expert 
will  wish  to  consult  directly.  The  student  of  Agricultural 
Chemistry  who  wishes  to  learn  more  than  the  mere  laboratory 
technique  must  also  go  to  the  original  articles,  for  the  theoretical 
basis  of  the  formulas  in  many  cases  and  the  processes  sometimes 
are  discussed  quite  insufficiently.  The  expert  who  has  specialized 
in  particular  lines  will  occasionally  be  disappointed.  For  in- 
stance, in  describing  the  calcium  saccharates  (p.  274),  there  is  no 
mention  of  Patten's  research  work  [Jour.  Phys.  Chem.,  15,  67 
(1911)].  The  volume  does  not,  however,  pretend  to  quote  the 
literature  exhaustively,  and  it  is  amazing  that  so  much  has  been 
included,  especially  of  the  American  literature.  As  is  natural, 
those  methods  which  have  been  tested  in  the  Bureau  of  Chem- 
istry of  the  U.  S.  Department  of  Agriculture  jeceive  special  con- 
sideration. This  fact  is,  moreover,  a  very  valuable  feature  of 
the  volume.  The  wealth  of  formulas  and  tables  make  the  book 
of  extraordinary  value  for  quick  reference.  A  charming, 
as  well  as  valuable,  feature  is  the  occasional  introduction  of  his- 
torical matter,  as  in  the  discussion  of  Fehling's  solution  (p.  174, 
et  seg.).  There  is  a  good  index,  and  the  general  makeup  of  the 
volume  is  satisfying.  p^^^  ^    Cameron 

Metallography.     By   Cecil   H.   Desch,    D.Sc.    (Lond.),   Ph.D. 

(Wurzb.),  Graham  Young  Lecturer  in  Metallurgical  Chemistry 

in   the  University  of  Glasgow.     $3.00  net      Second  edition. 

Longmans,  Green  &  Co. 

The  second  edition  of  this  book  incorporates  some  of  the  most 
important  results  of  recent  investigations  and  brings  up  to  date 
the  references  to  publications.  There  is  no  change  in  treatment 
of  the  subject 

The  book  is  divided  into  eighteen  chapters,  which  deal  with 
the  following  headings:  Introduction;  The  Diagram  of  Thermal 
Equilibrium;  Solid  Solutions  or  Mixed  Crj'stals;  Ternary  and  More 
Complex  Systems;  Metals  which  are  only  Partially  Miscible  in 
the  Liquid  State;  Practical  Pyrometry  and  Thermal  Analysis; 
The  Preparation  of  Micro-Sections;  The  Microscopical  Exami- 
nations of  Prepared  Sections;  the  Crystallization  of  Metals  and 
Alloys;  Undercooling  and  the  Metastable  State;  Diffusion  in 
the  Solid  State;  The  Physical  Properties  of  Alloys;  Density — 
Thermal    Expansibility — Hardness — Electrical    Conductivity — 
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Thermo-Klectric  Power — Magnetic  Properties;  Klectromotive 
Force  and  Corrosion;  The  Construction  of  the  EquiUbrium  Dia- 
gram; The  Molecular  Condition  of  Metals  in  Alloys  and  the 
Nature  of  Inter-Metallic  Compounds;  The  Plastic  Deformation 
of  Metals  and  Alloys;  The  Metallography  of  Iron  and  Steel; 
The  Metallography  of  Industrial  Alloys. 

This  book  is  one  of  the  text  books  of  Physical  Chemistry 
edited  by  Sir  William  Ramsay,  and  naturally  takes  up  the  study 
of  metallography  from  that  point  of  view.  It  sets  forth,  very 
clearly,  our  present  knowledge  of  this  subject  which  has  been 
defined  as  the  study  of  the  internal  structure  of  metals  and  alloys 
and  its  relation  to  their  composition  and  to  their  physical  and 
mechanical  properties.  The  author,  in  a  very  clear  manner, 
works  out  the  various  diagrams  of  thermal  equilibrium  and  then 
discusses  the  ternary  systems.  The  section  on  practical  pyrom- 
etry  and  thermal  analysis  gives  us  in  some  forty  chapters  a 
clear  and  concise  account  of  the  methods,  in  use  and  instruments 
for  autographic  registration  of  curves.  The  chapter  on  the  crys- 
tallization of  metals  and  alloys  is  well  written  and  well  illustrated 
by  micrographs.  From  the  chapter  on  the  physical  properties 
of  alloys  we  get  a  very  clear  idea  of  what  has  been  done  and  what 
remains  to  be  done  in  this  branch  of  the  subject.  The  section 
dealing  with  the  metallography  of  iron  and  steel  gives  us  a  brief 
summary  of  our  present  knowledge  of  this  subject.  The  system 
iron-carbon  presents  considerable  difficulties:  the  most  widely 
accepted  hypothesis  is  that  we  have  two  systems,  Austenite- 
Graphite  or  the  stable,  and  Austenite-Cementite  or  the  meta- 
stable.  Goerens,  however,  is  of  the  opinion  that  graphite  is 
always  the  product  of  decomposition  of  cementite;  Upton's 
diagram  avoids  many  of  the  difficulties  of  the  double  diagram. 
Carpenter  and  Keeling's  thermal  observations  show  arrests  at 
8oo  and  6oo°,  respectively.  Under  conditions  of  equilibrium  the 
two  solid  phases  separating  from  the  liquid  are  Austenite  and 
graphite;  at  1095°  they  react  to  form  FesC,  at  800°  this  decom- 
poses into  FcsC  at  615  °  a  further  decomposition  occurs  and  FeaC 
changes  into  FejC  and  alpha  iron.  These  three  carbides  all 
resemble  cementite,  and  means  of  distinguishing  them  have  yet 
to  be  found.  The  book  ends  with  an  appendix  consisting  of 
tables  of  systems  of  which  the  equilibrium  diagrams  have  been 
published.  The  book  is  to  be  recommended,  first,  because  it 
covers  the  ground  very  thoroughly,  and  secondly,  because  the 
author  speaks  about  what  he  is  evidently  thoroughly  familiar 
with  from  the  practical  standpoint.  It  is  not  merely  a  compila- 
tion of  the  work  of  others.  Although  the  field  is  a  wide  one.  Dr. 
Desch  has  covered  it  well  and  the  book  will  continue  to  be  of 
great  assistance  to  those  starting  out  in  metallography,  not  only 
for  what  it  contains,  but  also  as  a  guide  to  further  work  on  the 
subject.  William  Campbell 

Sugar  Analysis:  For  Cane-Sugar  and  Beet-Sugar  Houses,  Re- 
fineries and  Experimental  Stations  and  as  a  Handbook  of 
Instruction  in  Schools  of  Chemical  Technology.  By  Fer- 
dinand G.  WiECHMANN,  Ph.D.,  Third  Edition,  8vo.  303 
pages.     7  Figures.     Cloth,  $3.00  net. 

In  the  present  volume,  Dr.  Wiechmann — ^the  dean  of  Ameri- 
can sugar  chemists — has  given  us  the  best  results  of  his  ripe 
and  many-sided  experience  as  teacher,  refinery  expert,  consulting 
chemist  and  secretary  of  the  International  Commission  for  Uni- 
form Methods  of  Sugar  Analysis.  Certainly  no  one  is  better 
qualified  than  he  to  discuss  fully  and  adequately  the  many 
difficult  phases  which  underlie  the  treatment  of  this  subject. 

As  stated  by  the  author  in  his  preface  the  aim  in  preparing 
the  present  edition  has  been  "to  cast  his  material  in  a  form  in 
which  it  would  prove  most  readily  available  in  the  several 
branches  of  the  sugar  industry."  The  purpose  thus  expressed 
has  been  most  admirably  fulfilled. 

The  scope  of  the  new  volume  is  briefly  indicated  by  the  fol- 
lowing synopsis  of  chapters:  I,  Properties  of  Sucrose;  II,  In- 
struments Used  in  Sugar  Laboratories  (Refractometers,  Balances, 


Hydrometers,  Colorimeters,  etc.);  Ill,  Polariscopes  and  Ac- 
cessories; IV,  Sucrose  Determination  by  Optical  Analysis; 
V,  Sucrose  Determination  by  Chemical  Analysis;  VI,  Sucrose 
Determination  by  Optical  and  Chemical  Analysis;  VII,  Constitu- 
ents of  Sugar  other  than  Sucrose  (Reducing  Sugars,  Water,  Ash, 
Suspended  Impurities,  Organic  Non-Sugar,  Nitrogenous  Sub- 
stances, Gums,  Acids,  Iron  Oxide,  etc.);  VIII,  Materials  Used  in 
the  Sugar  Industry  (Bone-black,  Phosphoric  Acid,  Limestone, 
Coal,  Flue  Ga,ses,  Sulfur,  Oils,  Waters,  etc.) ;  IX,  Analytical  Con- 
trol in  Cane-Sugar  Manufacture  (Sugar  Cane,  Juices,  Syrup, 
Bagasse,  Press  Cake,  Sugar,  Molasses,  etc.);  X,  Analytical  Con- 
trol in  Beet  Sugar  Manufacture  (Beets,  Diffusion  Juices  and 
Waters,  Thick  Juices,  Fill  Mass,  Raw  Sugars,  Molasses,  Cattle 
Food,  etc.);  XI,  Analytical  Control  in  Refineries;  XII,  Resume  of 
the  Work  of  the  International  Commission  for  Uniform  Methods 
of  Sugar  Analysis. 

All  sugar  chemists  who  have  occasion  to  consult  the  Proceed- 
ings of  the  International  Commission  wUl  thank  Dr.  Wiechmann 
for  the  resume  in  his  12  th  chapter  which  contains  information 
that  was  formerly  widely  scattered  and  often  difficultly  accessible. 

A  well-selected  list  of  sugar  tables  and  an  index  make  up  the 
final  70  pages  of  the  volume. 

The  typography  and  general  appearance  of  the  new  book  are 
excellent  and  leave  nothing  to  be  desired. 

The  many  friends  of  the  previous  editions  of  Dr.  Wiechmann's 
"Sugar  Analysis"  will  welcome  the  new  edition  of  this  standard 
work  It  is  a  most  useful  guide  not  only  to  the  student,  but  also 
to  the  sugar  factory  chemist  and  commercial  analyst. 

C.  A.  Browne 

Industrial  Poisoning  from  Fumes,  Gases  and  Poisons  of  Manu- 
facturing Processes.  Bv  Dr.  J.  Rambousek.  Translated 
and  edited  by  Thomas  H.  LEGge.  New  York:  Longmans, 
Green  and  Co.,  1913.  xiv  +  360  pages,  with  illustrations. 
Price,  $3.50,  net. 

Efficiency  is  the  dominant  idea  in  modem  industry.  Justice 
Hughes  once  said  that  we  do  not  wish  to  see  productive  energy 
sapped  by  excessive  toil  or  by  labor  under  improper  conditions; 
for,  to  quote  Sir  John  Simon,  "the  canker  of  industrial  diseases 
gnaws  at  the  very  root  of  our  national  strength."  It  is,  there- 
fore, only  to  be  expected  that  various  governments  and  scientific 
organizations  are  taking  a  growing  interest  in  the  diseases  of 
occupation.  Several  countries  have,  for  some  time,  been  active 
in  this  field ;  there  is  now  a  Permanent  International  Committee 
for  the  Study  of  Industrial  Diseases;  and.  in  this  country,  the 
New  York  State  Department  of  Labor,  the  American  Museum 
of  Safety,  the  Health-Education  League  of  Boston,  the  Federal 
Bureau  of  Mines  and  the  Museum  of  Natiu'al  Hislor>'  of  New 
York  have  recently  shown  intentness  of  purpose.  The  transla- 
tion of  Rambousek's  treatise  on  the  industries  and  processes 
attended  with  risk  of  poisoning,  the  incidence  of  such  poisoning, 
the  pathology  and  treatment  of  industrial  poisoning,  and  the 
preventive  measures  against  industrial  poisoning,  supplies 
English  readers  with  a  book  wherein  the  whole  subject  of  in- 
dustrial poisoning  is  well  discussed. 

In  his  preface  Rambousek  states  that  "the  book  is  intended 
for  all  who  are,  or  are  obliged  to  be,  or  ought  to  be,  interested 
in  industrial  poisoning;"  the  translator  and  editor  observes 
that  no  words  could  better  describe  the  scope  of  the  book, 
and  it  seems  to  the  reviewer  that  the  general  subject  matter 
is  presented  in  as  comprehensive  and  systematic  a  manner  as 
is  possible  within  the  compass  of  a  single  volume  of  this  size. 
Several  omissions  occur  in  the  text:  no  reference  is  made  to 
poisoning  produced  by  vanadium  ore  and  oxide,  and  the  effects 
of  osmium  oxide  vapor  are  not  noted.  On  the  whole,  however, 
the  book  is  very  complete. 

American  investigators  have  much  to  learn  from  European 
reports  on  industrial  diseases  and  factory  hygiene,  and  it  will 
be  surprising  to  many  to  find  how  thorough  are  the  regulations 
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for  dangerous  trades  abroad.  A  wealth  of  references  to  the 
work  of  foreign  writers  occupies  sixteen  pages  (unindexed,  but 
chronologically  classified  under  subjects),  while  the  general 
index  of  the  book  is  well  done. 

W.  A.  Hamor 

The    Nickel    Industry:    With    Special   Reference   to    the  Sud- 
bury   Region,    Ontario.      By  A.  P.  Coleman,  Ph.D.     Pub- 
lished by  the  Department  of  Mines,  Mines  Branch,  Ontario, 
Canada.     Bulletin   No.    170.     Size,   6V2   by    10   inches.     189 
pages  of  text,  8  pages  of  index,  and  9  pages  of  the  publications 
of  the  Mines  Branch  of  Canada  Department  of  Mines. 
The  author,  in  his  letter  of  transmittal  to  the  Director  of  the 
Mines  Branch,  Department  of  Mines,  Ontario,  Canada,  states 
in  part:     "I  have  the  honor  to  transmit  to  you  a  Monograph 
on  the  Nickel  Industry,  with  special  reference  to  the  Sudbury 
region,  with  a  general  map,  and  special  maps  of  the  more  impor- 
tant mines,  the  whole  representing  the  advance  made  in  our  knowl- 
edge of  the  region  due  to  three  summers'  work  in  the  field.     In 
addition  to  descriptions  of  all  the  known  nickel  ore  deposits 
in  Ontario,  there  are  accounts  of  methods  of  mining  and  smelting 
the  ores,  and  of  the  chief  nickel  regions  of  other  countries." 
The  methods  of  mining  and  of  smelting  of  the  ores  of  On- 
tario are  described,  and  also  descriptions  of  proposed  methods 
for  the  treatment  of  copper-nickel  ores  and  of  the  separation 
of  copper  from  nickel  and  from  their  alloys.      The  divisions  are  not 
handled  with  the  idea  of  the  importance  of  any  one  of  the  ranges, 
but  in  such  a  way  that  a  connected  treatment  of  the  subject 
as  a  whole   is  given.     This  bulletin  supplements  Report  No. 
873  of  the  Geological  Survey  of  Canada  by  A.  E.  Barlow,  M.A., 
D.Sc,  on  "The  Origin,  Geological  Relations  and  Composition 
of   the   Nickel   and   Copper   Deposits   of   the  Sudbury   Mining 
District,"  which  was  published  in  1904. 
The  first  19  pages  are  devoted  to  outlining  the  geology  of  the 


Sudbury  district  and  to  an  historical  sketch  of  the  leading  mines. 
The  next  95  pages  contain  a  description  of  the  ores,  their  mineral 
constituents,  and  the  individual  deposits  of  the  more  important 
mines.  Mention  is  made  as  to  the  origin  of  the  ore  bodies, 
and  the  genesis  of  the  minerals  of  which  the  typical  ores  are 
composed. 

A  section  (pp.  1 16  to  125)  is  devoted  to  the  better  known  nickel- 
producing  districts  of  the  United  States,  Europe,  New  Caledonia, 
and  the  Cape  Colonies,  for  the  purpose  of  comparison  with  the 
Canadian  ranges. 

Methods  of  prospecting  and  mining  (pages  125  to  132)  are 
given,  and  are  accompanied  by  illustrations.  The  mechanical 
and  metallurgical  treatment  of  the  nickel-copper  ores  is  gone 
into  thoroughly  (pp.  132  to  167),  starting  with  the  ore  from  the 
time  that  it  is  hoisted  from  the  mine  and  finishing  with  the  puri- 
fied copper  and  nickel,  and  the  purified  Monel  metal.  This 
part  of  the  monograph  is  extensively  illustrated  by  plate  photo- 
graphs and  drawings  of  the  processes  used. 

The  appendix  (pp.  171  to  189)  contains  copies  of  patents  of 
methods  of  separating  copper  and  nickel  from  ores  and  from 
alloys. 

The  monograph  is  profusely  illustrated  by  62  plate  photo- 
graphs, 14  drawings  of  the  principal  mine  sections  and  of  metal- 
lurgical flow-sheets  and  apparatus,  and  8  geological  maps  of 
the  principal  ranges  of  the  Sudbury  district. 

This  monograph  is  a  valuable  addition  to  the  literature  on 
the  mining  of  nickel  ores  and  the  metallurgy  of  nickel,  and  will 
be  welcomed  by  the  mining  man,  the  metallurgist  and  the  metal- 
lurgical chemist,  for  there  is  so  little  reliable  literature  on  the 
subject.  This,  like  all  of  the  publications  of  the  Canadian  Gov- 
ernment, is  well  gotten  out.  and  one  holds  the  assurance  that 
the  information  is  reliable. 

E.  F.  Kern 
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Alloys  and  Their  Industrial  Applications.     By  Edward  F.  L-^v/.     2nd 

Ed.      8vo.      Price.  f3.25.      Chas.  Grimn  &  Co..  London. 
Arsenic,    Antimony   and   Tin,    Methods   of   Determination  of,    and 

Their  Separation  from  the  Other  Elements.     By   H.    Woelbling. 

L.  8vo.      Price,  S3. 75.      Ferdinand  Enke,  Stuttgart.      (German.) 
Carbides  and  Silicids.     By  Otto  Hoenigschmid.     8vo.     265  pp.     Price. 

$4.75.      Wilhclm    Knapp,    Halle.      (German.) 
Carbohydrates,  Short  Handbook  of.     By  B.  ToLtENS.     3rd  Ed.     8vo. 

816  pp.      Price,  $S.2S.     J.  A.  Barth,  Leipzig.      (German.) 
Chemistry    in    America.     By    Edgar    F.    Smith.     8vo.     Price.    $2.50. 

D.  Appleton  &  Co.,  New  York. 

Chemistry,    Some   t'undamental    Problems   in    Old    and    New.     By 

E.  A.  Letts.     8vo.     227  pp.     Price,  J2.00.     Constable  &  Co.,  London. 
Coal  Tar  Distillation.     By  Arthur  R.  Warnes.     Svo.     185  pp.     Price, 

$2.50.      D.  Van  Nostrand  Co..  New  York. 
Conductivity,    Electrical,    and    Ionization    Constants    of    Organic 

Compounds.      By    Hevward    Scudder.      Svo.      575    pp.      Price,    $3.00. 

D.   Van   Nostrand   Co..   New  York. 
Copper  Handbook,  Vol.  XI.     By  Walter  Harvey  Weed.     8vo.     Price, 

$5.00.      Walter  Harvey  Weed.   Houghton,   Mich. 
Dyestua  Tables.     By  G.  Schultz.     5th  Ed.     Lex.  Svo.     432  pp.     Price, 

$10.00.     Weidmann,  Berlin.      (German.) 
Fuel,  Solid,  Liquid  and  Gaseous.     By  J.  S.  S.  Brame.     Svo.     388  pp. 

Price.  $3.25.      Edward  .Arnold,  London. 
Glycerin,    Manufacture    of.     By    Feld    amd    Vorstmann.     2nd    Ed. 

12mo.        Price,   $1.00.      H.   Desforges,   Paris,      (French.) 
Metals,   the   Synthetic  Use  of,  in  Organic  Chemistry.     By  Arthur 

.T.  Hale.      Svo.      169  pp.      Price.  $1.25.      J.  &  A.  Churchill,  London. 
Metals,   Precious,   Progress  in  Leaching  during  the  last  Decades. 

By    Rolf.    Borchers.      Svo.      400   pp.      Price,    $2.00.      Wilhclm    Knapp, 

Halle.      (German.) 
New     Journal:     Inleni'alionale     Zeitschrifl     fuer     physikalisch-chemiscke 

Biologic.      By  J.  Traube.      J.  Wilhelm  Engelmann,  Leipzig. 
Photomicrography,    Handbook    of.     By    H.    Lloyd    Hind    and    W. 

Brough    Randles.     Svo.     292    pp.      Price,    $2.00.       Geo.    Rutledge    & 

Sons,  London. 
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Rubber:      Its    Sources,    Cultivation    and    Preparation.     By    Harold 

Brown.      Svo.      Price,   $1.50.      John   Murray.   London. 
Silicates  in  Chemistry  and  Commerce.     By  W.  Asch  and  D.  Asch. 

Svo.      476     pp.      Price,     $6.00.      D.     Van     Nostrand     Co..     New     York. 

(Translation  in   English.) 
Soaps,     Medicinal,     By     Walter     Schrauth.     Svo.     170     pp.     Price, 

$1.75.     Julius   Springer.    Berlin.      (German.) 
Steels,   Steel-Making  Alloys  and  Graphite,  Rapid  Methods  for  the 

Chemical    Analysis    of    Special.     By    Charles    Morris    Johnson. 

3rd  Ed       Svo.      438  pp.      Price,  $3.00.      John  Wiley  &  Sons.  New  York. 
Sugar    Industry.    Chemistry    of    the.     By    Oskar    Wohryzek.     Svo. 

(.76  pp.      Price.  $5.00.      Julius  Springer,   Berlin.      (German.) 
Tanning    Chemists    and    Leather   Manufacturers,    Pocketbook   for. 

By  H.  R.   Proctor,  Edmund  Stiasny  and  Harold  Brumwell.     Svo. 

250  pp.     Price,  $1.25.     Th.  Steinkopff,  Dresden.      (German.) 
Textile:      Waterproofing    of    Fabrics.     By    S.    Mierzinski.     2nd    Ed. 

Cr.  Svo.      132  pp.      Price,  $1.25.     Scott,  Greenwood  &  Co..  London. 
Triphenylmethyl.     By     Jlt,ius     Schmidlin.     Lex.  Svo.     Price,     S2.20. 

Ferdinand   Enke.   Stuttgart.      (German.) 
Water.   Microscopy  of  Drinking.      By  George  C.   Whipple.     3rd  Ed. 

Svo.      409  pp.      Price.  $4.00,      John  Wiley  &  Sons.  New  York. 
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Acetyl-cellulose :       Production,     Characteristics     and     Utilization. 

By  Walter  Vieweg.  '    Kunslsloffe.  Vol.  4,    1914,  No.  8,  pp.   148-152. 
Acetyl-nitrocellulose    and   its    Use    for    Celluloid.     By    H.    Wishida. 

KiiiutsloM',;  Vol.  4,   1914,  No.  8,  pp.   141-142. 
Ammonia  from  Gas,   Recovery  of,   by  the  Direct  and  Semi-Direct 

Sulfate    Processes,     By    M.    Desmakets.     Revue   ginirale    dc    chitnie 

pui-e  <■/  applique,;  Vol.   17.   1914,  No.  7,  pp.   115-122. 
Analysis,  Micro-Elementary,  of  Organic  Substances  by  Fritz  Pregl's 

Method.      By    J.    V.    DUBSKV.      Chemiker    Zeitung.    Vol.    38.    1914.  Nos. 

47  and  48,  pp.  505-506.  and  510-511. 
Iron.  Electrolytic  Reduction  of,  for  Permanganate  Titration.     By 

H.  C.  Allen.     Journal  of  Ike  Americai:  Chemical  Society,  Vol.  36.  1914, 

No.   5.   pp.    937-949. 
Arsenic   and   Antimony,    Organic   Derivatives   of.     By   Gilbert  T. 
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Morgan.      Pluutmufuticiil  Journal,  Vol,  92,  1914.  No.  2f)-15,  pp.  537-540. 
Araenic,  Quantitative  Separation  of,  from  Metals  by  Use  of  Hypo- 
phosphoric  Acid.      By  L.   Brandt.     Chtmiker  Ziitung,   Vol.   38.    1914, 

Nos.  43  and  44,  pp.  461-463  and  474. 
Bronzes,   Copper-Tin,  Electrolytic  Deposition  of.     By  R.  Kremann, 

C.    Th.    Suchv,    J.    LoRBER   ANU    R.    Maas.     Monalshe/U  fuer   Chemie, 

Vol.  35,   1914,  No.  3,  pp.  219- .'88. 
Coal,   and  the  Chemistry  of  Its  Carbonization.     By  John  Harger. 

Journal  of  the  Society  of  Chemical  Industry,   Vol.  33.    1914,   No.   8,   pp. 

389-392. 
Colloids.     By   Wolfgang  Ostwald.     Chemical  Engineer,  Vol.    19,    1914. 

No.    4,   pp.    133-137. 
Colloids  in   Effluents,    Simple   Method  for  the   Determination  of. 

By    R.    Makc   and   K.   Sack.      Kolloidchemische   Beihefte,    Vol.    5,    1914, 

No.   8-10,   pp.   375-410. 
Colorimeters,    Two    New.     By    Paul    Vhrbsek.     Zeilschnfl  fuer    ange- 

wandlc  Chemie.  Vol.  27/1,   1914,  No.  28,  pp.  203-208. 
Concentration  by  Refrigeration  of  Liquid  Vegetable  Extracts.     By 

H.  ParivNTY.      Comptes  rendus.  Vol.   158,   1914,  No.  13,  pp.  921. 
Drying    Bagasse,    Marcs,    Sawdust,    Peat,    Etc.     By    A.    Hoillard. 

Louisiana  Planter.  Vol.  52,   1914,  No.   16,  pp.  251-252. 
Explosives:    Blasting  Gelatin,  Some  Notes  and  Theories.     By  W.  A. 

Haroreaves.     Journal    of  the    Society    of   Chemical    Industry,    Vol.    33, 

1914,   No.  7,  pp.  337-340. 
Fats,  Unsaponiflable  Constituents  of  Natural  and  Hardened.     By 

J.  Marcusson  and  G.  Meyerheim.     Zeilschrifl  fuer  angewandte  Chemie. 

Vol.  27/1.   1914,  No.  28,  pp.  201-203. 
Flame  Reactions.     By  W.  D.   Banckuft  and  H.  B.  Weiser.     Journal 

of  Physical  Chemistry.  Vol,   18.   1914,  No.  4,  pp.  281-336. 
Gas,   Coke-Oven  and  Blast-Furnace,   Notes  on  the  Utilization  of, 

for  Power  Purposes.     By  Heinrich  J.  Freyn.     Bulletin  of  the  Ameri- 
can Institute  of  Mining  Engineers.  1914,  No.  88,  pp.  665-694. 
Hydrogen-  Peroxid,    Synthesis  of   100  Per   Cent,   by   Silent  Electric 

Discharges.      By     Paul    Max     Wolf.     Zeilschrifl    fuer    Elektrochemie, 

Vol.  20,    1914,  No.  7.  pp.  204-219. 
Hydrogen,    the    Commercial    Uses    of.     By    A.    CrosslEY.     Chemical 

Trade  Journal.  Vol.  54,   1914,  No.   1406,  p.  497. 
Iron  Corrosion  by  Dissolved  Oxygen.     By  J.  W.  Cobb  and  G.  Dougill. 

Journal   of  the  Society   of  Chemical   Industry,   Vol.    33,    1914,    No.   8,    pp. 

403-407. 
Iron  and  Steel,  Influence  of  Copper  on  the  Corrosion  of.     By  E.  R. 

HAMILTON.     American  Gas  Light  Journal,  Vol.    100,    1914,   No.    16,  pp. 

246-247   and   250-252. 
Nickel,  Electrodeposition  of.     By  C.  W.  Bennet.  H.  C.  Kenney  and 

R.  P.  DuGLiss.     Journal  of  Physical  Chemistry,  Vol.  18,   1914,  No.  5,  pp. 

373-384. 


Nitro-bodies,  Explosions  of,  and  their  Prevention.     By  C.  H.  Borr- 

MANN.      Chemiker  Zeitung.  Vol.  38,  1914,  No.  50,  pp.  537-538. 
Paraffin,     Liquid.      By    J.     Wicliffe     Peck.     Pharmaceutical    Journal, 

Vol.  92,    1914.  No.  2634,  pp.  508-509. 
Patent  Law,  Plan  of  a.     By  W.  Karsten.     Zeilschrifl  fuer  angewandle 

Chemie,  Vol.  27/1,   1914,  No.  26,  pp.  185-192. 
Peat,  By-products  from.     By  F.  M.  Perkin.     Chemical  Trade  Journal, 

Vol,  54,   1914,  No,   1403,  pij  417. 
Petroleum   and  its  Derivatives.     By   David  T.    Day.     Oil.   Paint  and 

Drug  Reporter.  Vol.  8.5,   1914,  No.  17,  pp.  18-19  and  33. 
Phosphorus,   Red,   Formation  of,   by  the  Oxidation  of  Phosphorus 

Vapor.      By    Kohlschijetter    and    Frumkin.     Berichle    der    deulschen 

chetnischcn  Gesellschaft,  Vol.  47,   1914,  No.  6.  pp.    1088-1100. 
Picric  Acid  in  Volumetric  Analysis.     By  A.  Sander.     Zeilschrifl  fuer 

angevandte  Chemie,  Vol.  27,  I,  1914,  No.  26,  pp.   192-19.4. 
Plating  Baths,  Use  of  Potassium  Cyanid  for.     By  C.  F.  Burgess  and 

L.  F.  Richardson.     Zeilschrifl  fuer  angewandte  Chemie,  Vol.  27/1,   1914, 

No.  30.  pp.  211-212, 
Refuse  Destructor,  the  Evolution  of  the.     By  E.  Kohlhann.     Journal 

of  the  Society  of  Chemical  Industry.  Vol.  33,  1914,  No.  8,  pp.  383-389. 
Shellac,   Bleached:     Its  Production,   Examination  and  Utilization. 

By  Hans  Wolff.       Kunststoffe.  Vol.  4,   1914,  No.  8,  pp.   143-145. 
Sodium  from  Caustic  Soda  by  Electrolysis.     By  Bernhard  Neumann. 

Zeilschrifl  fuer  angeu-andlc  Chemie,  Vol.  27/1,   1914,  No.  26,  pp.   195-200. 
Steel,  Determination  of  Cobalt  in.     By  P.  Slawik.     Chemiker  Zeitung, 

Vol    38,  1914,  No,  48,  pp.  514-515, 
Steel,  Manganese,  Relation  of  Physical  Properties  to  Microstructure 

and  Critical  Ranges,  with  Especial  Reference  to.      By  W.  S.  Potter. 

Bulletin    of    the    Ameruan    Institute    of   Mining    Engineers,  1914.    No.  88, 

pp.  601-634. 
Tannin,    CoUoidchemical  Studies  on.     By  M.  Navassart.      Kolloid- 
chemische Beihefte,  Vol.  5,    1914,  No.  8-10,  pp.  299-374. 
Water    Supply,    The    Croton:      Its    Quality    and    Purification.     By 

George  W.  Fuller.     Journal  of  the  American  Water  Wonts  Association, 

Vol,  1,  1914,  No.  1,  pp.  135-187. 
Water   Filtration   Practice,    Present  Day.     By  George   A.   Johnson. 

Journal  of  the  American   Water  Works  Association,  Vol.   1,   1914,   No.   I. 

pp.  31-80. 
Water-Sampling  Bottle,  Improved.     By  Richard  H.  Enrich.     Engi- 
neering Record.  Vol.  69,   1914,  No.   19,  pp.  543-544. 
Wood  Pulp,   Sulfite,  Manufacture  of.     By  G.   B.  Steffanson.     Pulp 

and  Paper  Magazine  of  Canada.  Vol,   12,  1914.  No.  9.  pp,  259-264. 
Wood  Pulp  in  Textil  Manufacturing,  The  Utilization  of.     By  H.  A.. 

Carter.     Canadian  Textile  Journal,  Vol.  31.   1914.  No.  4.  pp.   100-103. 


RLCLNT  INVLNTION5 


By  C.  L.  Parker.  Solicitor  of  Chemical  Patents,  McGill  Building,  Washington,  D.  C. 


Manufacture  of  Fuming  Sulfuric  Acid,  or  Oleum.  Briggs  and 
=.Merriman,  Dec.  23,  1913.  U.  S. 
Pat.  1,082,301.  In  the  use  of 
this  apparatus  sulfuric  acid  having 
a  strength  of  from  98  to  99.5 
per  cent  flows  from  tank  B 
over  distributor  n  and  through 
small  openings  c  from  which  it  falls 
in  fine  streamlets  upon  the  packing 
of  quartz  in  the  tower  A. 

Air  containing  from  4  to  8  per 
cent  of  sulfuric  anhydrid  enters  the 
tower  through  pipe  e  and  passes 
upward  in  contact  with  the  thin 
films  of  sulfuric  acid  and  is  absorbed 
thereby,  the  resulting  fuming  sul- 
furic acid  passing  out  of  the  tower 
through  pipe  /.  The  temperature 
in   the   tower   is   maintained   at   a 

desired  point  by  spraying  the  outside  of  the  tower  with  water 

from  the  ring  nozzle  k. 

Oxids  of  Nitrogen.  J.  S.  Island,  Dec.  30,  1913.  U.  S.  Pat. 
1,082,529.  In  this  apparatus  the  tubular  ring  i  forms  the 
positive  electrode  and  the  rotor  11  the  negative  electrode  of 
means   to   produce   an   electric   arc   flame.     Compressed   air   is 


supplied  to  the  tubular  ring  i  and  is  forced  at  high  velocity 
through  minute  openings  5  into  the  inner  zone  of  the  electric 
flame.  The  resulting  gases  are  driven  laterally  by  the  angularly 
arranged  blades  15  into  contact  with  the  surfaces  of  the  cooling 


chamber  20  so  that  such  gases  are  withdrawn  from  the  middle 
and  outer  zones  of  the  electric  flame  and  cooled  before  there  is 
any  material  dissociation  of  the  nitric  o.\ids  formed  in  the  inner 
zone. 

Electrolytic  Apparatus  for  the  Clarification  of  Sugar  Solutions. 
H.  McCubbin,  Jan.  13,  1914.  U.  S.  Pat.  1,084,556.  The  ap- 
paratus embodies  means  for  treating  sugar  solutions  electrically 
while  they  are  passed  through  a  container  within  which  are 
electrodes  exposing  large  surfaces  for  contact  with  the  solutions 
during  their  passage  through  the  container.     Means  are  pro- 
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vided  for  adjusting  the  relative  positions  of  the  electrodes  with 
respect  to  each  other  and  the  ends  of  the  container  are  made 


removable  to'permit  the  withdrawal  of  the  electrodes  for  clean- 
ing. 

Solid  Fatty  Substances  from  Oil. 
J.  Schlinck,  Dec.  30,  1913.  U.  S. 
Pat.  1,082,707.  Oils  are  hydrogenated 
by  passing  them  over  a  catalyst  seciu-ed 
within  openings  in  the  wall  of  the  centrif- 
ugal drum  o,  in  an  atmosphere  of  hy- 
drogen. 

Making  Charcoal.  L.  Felizat,  Feb. 
17,  1914.  U.  S.  Pat.  1,087,486.  Charcoal  is  produced  from 
ground  ligneous  material,  such  as  almond  shells,  peach  or 
apricot  kernels,  olive  husks,  sawdust  and  the  like  by  shower- 
ing the  waste  material 
into  a  furnace  heated  to 
redness  while  at  the  same 
time  introducing  air  to 
effect  the  complete  com- 
bustion of  the  volatile 
products  which  are  dis- 
sociated from  the  waste 
and  which  ignite  oncoming 
in  contact  with  the  red 
hot  walls  of  the  chamber. 
The  residue  remains  on  the  bottom  of  the  chambtr  in  the  form 
of  incandescent  charcoal.  The  hot  gases  are  conducted  under 
boilers  to  utilize  the  calorific  power  of  the  volatile  products. 

Apparatus  for  Making  White  Lead.  R.  A.  Stewart,  Feb.  24, 
1914.  U.  S.  Pat.  1,088,041.  This  apparatus  is  designed  to 
produce  a  white  commercial  pigment  from  lead  ores  in  one  opera- 
tion. The  lead  ore,  such  for  example  as  sulfid  ore,  is  first  heated 
in  the  rotary  drum  i.  The  products  escaping  into  the  supple- 
mentary roasting  chamber  23  are  gray  or  bluish  by  reason  of 


and  continuously  carbonating  lead  oxid,  and  separating  with  the 
aid  of  the  carbonating  agent  the  basic  carbonate  produced  by 
a  process  resembling  elutriation,  i.  e.,  the  particles  to  be  separated 
from  heavier  or  less  bulky  particles  are  carried  to  the  surface 
of  a  liquid  in  which  the  particles  are  suspended  and  are  removed 
byjthe  overflow  of  the  liquid.     This  is  done  by  using  a  series  of 


closed  vessels  communicating  with  each  other  in  such  a  manner 
that  the  carbonating  gas  or  gases  pass  through  the  liquid  in  each 
vessel,  and  at  the  same  time  the  basic  lead  carbonate  and  the 
lead  oxid  undergoing  carbonation  are  carried  to  the  surface  of 
the  liquid  in  each  vessel  by  the  gas  or  gases  passing  through 
the  liquid,  and  are  carried  forward  from  vessel  to  vessel  as  fresh 
liquid  is  admitted  into  the  first  of  the  series.  In  this  manner  the 
higher  oxids  of  lead  and  the  metallic  lead  are  gradually  separated. 

Economic  Metallurgical  and  Chemical  Process.  J.  E.  Bucher, 
Feb.  3,  1914.  U.  S.  Pat.  1,086,019.  Iron  is  heated  with  nitro- 
gen and  one  or  more  powerful  reducing  elements  such  as  sodium 
or  potassium.  A  portion  of  the  carbon  in  the  iron  combines 
with   the   purifying   reagents   to    form   a   cyanogen   compound 


the  presence  of  unoxidized  lead  particles,  but  in  passing  through 
chamber  23,  which  is  heated  by  burners  28,  it  is  converted  into 
white  lead  so  that  the  product  passing  out  of  the  chamber  23 
is  a  white  commercial  pigment  which  is  recovered  in  the  filter 
chamber  30.  The  products  from  the  rotary  drum  i  are  drawn 
through  the  supplementary  heating  chamber  and  the  filter  cham- 
ber by  means  of  a  suction  fan,  33. 

Manufacture  of  White  Lead.     F.  R.  Sharpe,  Feb.  24,  1914. 
U.  S.  Pat.   1,088,460.     The  process  consists  in  simultaneously 


which  is  separated  from  the  iron.  In  using  the  apparatus  illus- 
trated in  practicing  the  process  nitrogen  is  introduced  into  the 
retort  through  the  pipe  24,  the  iron  and  reducing  metal  being 
previously  heated  to  the  boiling  point  of  sodium  or  whatever 
reducing  metal  is  employed. 

Asphalt  from  Crude  Mineral  OU  or  Residum  Thereof.  C.  B. 
Forward,  March  3,  1914.  U.  S.  Pat.  1,088,692.  Crude  oil  is 
subjected  to  a  high  temperature  in  a  retort  until  all  the  volatile 
parts  are  separated  from  the  asphalt  base.  The  heavier  por- 
tions of  the  volatile  parts  are  condensed  and  mixed  with  the 
asphalt  base,  the  mixture  being  heated  in  an  open  vessel  until 
a  desired  adhesive  condition  is  produced. 

Detinning.  F.  von  Kugelgen 
and  G.  O.  Seward,  Feb.  10, 
1914.  U.  S.  Pat.  1,086,921.  Dry 
chlorin  gas  is  circulated  through 
tanks  I,  2,  3  and  4  containing 
tin  scrap  in  various  stages  of 
detinning,  the  temperature  being 
controlled  to  keep  it  below 
that  at  which  the  iron  is 
attacked. 

Refractory  Brick.  H.  Wessling,  March  3,  1914.  U.  S.  Pats. 
1,088,755  and  1,088,756.  The  brick  is  formed  of  fine  particles 
of  silica  bounded  together  by  a  finely  pulverized  soapstone. 

Hydrometallurgy  of  Copper.  E.  R.  Weidlein,  March  3,  1914. 
U.  S.  Pat.  1,089,096.  Copper-bearing  material  is  leached  to 
obtain  a  copper  solution  containing  not  more  than  3  per  cent 
copper.  The  free  sulfuric  acid  in  the  solution  is  neutralized 
and  the  copper  precipitated  substantially  quantitatively  by- 
means  of  sulfur  dioxid. 


MARKBT^  REPORT 

AVERAGE    WHOLESALE   PRICES   OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE    MONTH    OP    MAY,    I914 


OaaANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcohol,  denatured  (180  proof) Gal. 

Alcohol,  grain  (188  proof) Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate Gal. 

Aniline  Oil Lb 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  BisulBde Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic) ,  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

PyrogaUic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INOBQANIC  CHEMICALS 


Acetate  of  Lead  (brown,  broken). 

Acetate  of  Lime  (gray) 

Alu 


(lump) C. 
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4Vi 
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5V. 

1  Sulfate  (high-grade) C. 

1  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonia  (drums)  16' Lb. 

Arsenic,  white Lb. 

Barium  Chloride Lb. 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol .C. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Ton 

Bromine,  bulk Lb. 

Calcium  Chloride,  fused C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered.  Foreign Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite  "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Phosphoric  Acid  (sp.  gr.  1.75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  50° Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined),  80  ©85% C. 

Potassium  Chlorate,  crystals Lb. 

Potassium  Cyanide  (bulk),  98-99% Lb. 

Potassium  Hydroxide Lb. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Permanganate  (bulk) Lb. 

Quicksilver.  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glass  makers') C. 
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Silver  Nitrate O2. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C, 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide,  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur,  Roll C. 

Sulfuric  Acid,  60°  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate C. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 
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8V« 
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0            6V1 

2.35 
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1  Oil. 


Cottonseed  Oil  (crude),  f.  o  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (Ught,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) GaL 

Linseed  Oil  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude,  120  &  122  m.  p.) Lb. 

ParafBne  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

SheUac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter).  38° Gal. 

Spindle  Oil.  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallefs) Lb. 

Bismuth  (New,  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) C. 

Copper  (lake) C. 

Lead,  N.  Y C. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver '. Oz. 

Tin C. 

Zinc C. 

FERTILIZER  MATERIALS 

Ammonium  Sulfate C.  2 .  80 

Blood,  dried Unit  3 .  35 

Bone,  41/j  and  50.  ground,  raw Ton  30.00 

Calcium  Nitrate  (Norwegian) C.  2. OS 

Castor  meal Unit  3.33 

Fish  Scrap,  domestic,  dried Unit  n< 

Phosphate,  acid,  1 6  per  cent  bulk Ton  7 .  00 

Phosphate  rock;  f.  o.  b.  mine: 
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Tankage,  high-grade Unit  3  .  35 


17  V. 

@ 

18 

6V4 

@ 

7V< 

2.05 

@ 

2.10 

SO 

@ 

3.00 

14.10 

% 

14.20 

14.25 

% 

14.35 

3.90 

@ 

— 

SO 

@ 

55 

43.  SO 

(a 

44.50 

S8 

@ 

58V< 

32.95 

% 

37.00 

5.15 

® 

5.20 

2.50 
5.50 


The  Journal  of  industrial 
and  Engineering  Chemistry 

Published  by  THE  A7AERIGAN  GMEAVICAL  SOCIETY 


Vol 


VI 


JULY,  1914 


No  7 


BOARD  OF  EDITORS 
Editor:  M.  C.  Whitaker 
Assistant  Editor:  Leola  E.  Marks 
Associate  Editors:  G.  P.  Adamson,  E.  G.  Bailey,  H.  E.  Barnard,  G.  E.  Barton,  A.  V.  Bleininger,  Wm.  Blum, 
Wm.   Brady,  C.   A.   Browne,   F.    K.   Cameron,    Wm.   Campbell,   F.   B.   Carpenter,  C.  E.  Caspari,  V.  Coblentz, 
W.    C.    Geer,    W.    F.    Hillebrand,    W.    D.    Home,  T.    Kamoi,  A.   D.  Little,   C.   E.   Lucke,'  P.   C.   Mcllhiney, 
J.   M.    Matthews,   T.  J.    Parker,    J.    D.    Pennock,    Clifford    Richardson,    W.    D.    Richardson,    G.    C.    Stone, 
E.   Twitchell,  R.   Wahl,  W.   H.   Walker,   W.   R.   Whitney,   A.    M.   Wright. 


Published  monthly.     Subscriptioi 

Foreign  postage. 

Entered  as  Second-class  Matter  Decembt 


price  to  non-members  of  the  American  Chemical  Society,  $6.00  yearly. 
3eventy-6ve  cents,  Canada,  Cuba  and  Mexico  excepted, 
r  19,  1908,  at  the  Post-Office  at  Easton,  Pa.,  under  the  Act  of  March  3,  1879. 


Contributions  should  be  addressed  to  M,  C.  Wbital<er,  Columbia  University,  New  York  City 

Communications  concerning  advertisements  should  be  sent  to  The  American  Chemical  Society,  42  West  39th  St.,  New  York  City 

Subscriptions  and  claims  for  lost  copies  should  be  referred  to  Charles  L.  Parsons,  Box  505,  Washington,  D.  C. 

EsCHENBACH  Printing  Company,  Easton,  Pa. 


TABLE  OF 

Editorials: 

Nitrates  in  Colorado  Soils 532 

Original  Papers: 

Electric  Furnaces  for  Heating  Steel.     By  Alcan  Hirsch.     533 

Study  of  Authentic  Samples  of  Gum  Turpentine.  By 
A.  W.  Schorger 541 

The  Hypochlorite  of  Lime  Treatment  of  a  Municipal 
Water  Supply  and  a  Study  of  Certain  Resistant 
Bacteria.     By  Stanley  Judson  Thomas 548 

The  Radioactivity  of  the  Waters  of  Saratoga  Springs, 
New  York.  By  Richard  B.Moore  and  C.  F.  Whit- 
temore 55^ 

The  Effect  of  Ferric  Salts  and  Nitrites  on  the  Ortho- 
Tolidine  and  Starch-Iodide  Tests  for  Free  Chlorine. 
By  J.  W.  EUms  and  S.  J.  Hauser 553 

A  New  Method  for  the  Determination  of  Hydrocyanic 
Acid  and  the  Alkali  Cyanides.  By  G.  E.  F.  Lundell 
and  J.  A.  Bridgman 554 

A  Method  for  the  Rapid  Quantitative  Analysis  of 
Bronze  and  Brass.  (Pb,  Cu,  Sn,  Sb,  Fe  and  Zn.) 
By  Richard  Edwin  Lee,  John  P.  Trickey  and  Walter 
H.  Fegely 556 

The  Chemical  Evaluation  of  Wood  for  Pulp.     By  M. 

L.  Griffin 560 

Determination  of  Carbon  in  Soils  and  Soil  Extracts. 
By  J.  W.  Ames  and  E.  W.  Gaither 561 

The  Melting  and  Solidifying  Points  of  Mixtures  of 
Fatty  Acids  and  the  Use  of  These  Points  to  De- 
termine the  Composition  of  Such  Mixtures.  By 
E.  Twitchell 564 

The  Specific  Heat  of  Milk  and  Milk  Derivatives.  By 
Arden  R.  Johnson  and  B.  W.  Hammer 569 

Note  on  the  Precipitation  of  Lactalbumin  in  Cows' 
Milk.    By  W.  O.  Walker  and  A.  F.  Grant  Cadenhead     573 

The  Absorption  of  Certain  Radicals  by  Leaves  in 
Varying  .Stages  of  Decay,  and  the  Effect  of  Leaves 
on  the.  Absorption  of  These  Radicals  by  a  Soil.  By 
H.  A.  Noyes 574 

Distribution  of  Certain  Constituents  in  the  Separates 
of  Loam  Soils.     By  L.  A.  Steinkoenig 576 

The  Preparation  of  "Neutral"  Ammonium  Citrate. 
By  Ermon  D.  Eastman  and  Joel  H.  Hildebrand.  .  .     577 

A  Procedure  for  Separating  Organic  Ammoniates  from 
the  Mineral  Portion  of  Commercial  Fertilizers.  By 
C.  H.  Jones  and  G.  F.  Anderson 580 

The  Availability  of  Nitrogen  in  Kelp.  ByJohnA.CuUen     581 
Laboratory  and  Plant: 

Pitot  Tubes  for  the  Measurement  of  Gas  Velocities. 
By  Andrew  M.  Fairlie 583 

The  Non-Uniformity  of  Drying  Oven  Temperatures. 
By  Lorin  H.  Bailey 585 


CONTENTS 

A  Manostat  for  Use  in  Gas  Analysis.     By  Harvey  N. 
Gilbert 

Addresses  : 

The  Excessive  Quantities  of  Nitrates  in  Certain  Colo- 
rado Soils.     By  Wm.  P.  Headden 

The  Workings  of  the  California  Insecticide  Law.     By 
Geo.  P.  Gray 

Current  Industrial  News:  Correction;  Measuring 
Rapidly  Changing  Temperatures;  The  Australian  Coal 
Trade;  A  New  Recording  Device;  The  Kongsberg 
Silver  Works,  Norway;  Production  of  Zinc  in  Europe, 
1913;  Mining  in  China;  The  Oil  Resources  of  the  Brit- 
ish Empire;  Coal  Storage  and  Gas  Manufacture;  The 
Corrosion  of  Iron  by  Dissolved  Oxygen;  The  Lighting 
of  Rio  de  Janeiro;  The  Utilization  of  Suliite-Cellulose 
Waste;  Canadian  Coke  Ovens;  German  and  English 
Exports  of  Ammonium  Sulfate  in  191 2  and  1913;  De- 
struction of  an  Artificial  Leather  Factory 

American  Institute  of  Chemical  Engineers: 

Account  of  Meeting;  Papers;  Excursions 

Some  Professional  Obligations.     By  M.  C.  Whitaker. 

Notes  and  Correspondence  :  The  Invention  of  Celluloid ; 
Symposium  on  the  Recovery  of  Wool  Grease;  Guaran- 
teed Chemicals;  Toxicity  of  Various  Wood  Preser\'a- 
tives — A  Note;  Note  on  Meaning  of  "Impurities"  and 
How  They  Should  be  Determined  in  Grease,  Tallow, 
Etc.;  Test  of  Gila  River  Natural  Aluminum  Sulfate  in 
Water  Purification;  The  Effects  of  the  Ensilage  Process 
on  the  Solubility  and  Metabolism  of  Floats;  Mine  In- 
spectors Institute  of  the  U.  S. ;  Ninth  International  Con- 
gress of  Applied  Chemistry ;  Van't  Hoff  Fund  for  the 
Endowment  of  Research  in  Pure  and  Applied  Chem- 
istry; American  Chemical  Society — Annual  Meeting; 
A.  C.  S.  Directory,  1914;  Industrial  Chemists  and 
Chemical  Engineers — A.  C.  S. — Committee  on  Alum 
Specifications — Correction  and  Notice;  The  Differen- 
tiation of  Natural  and  Oil  Asphalts — Correction 

Personal  Notes 

Government  Publications 

Book  Reviews:  Engineering  Thermodynamics;  Das 
Lebensmittelgewerbe ;  Exercises  in  Gas  Analysis; 
Treatise  on  the  Ceramic  Industries;  Untersuchung  der 
Kohlenwasserstoffole  und  Fette;  Coal  Tar  Distillation; 
Taschenbuch  fiir  die  anorganischchcmische  Grossin- 
dustrie;  Details  of  Cyanide  Practice;  Taschenbuch  fiir 
Gerberei-Chemiker 

New  Publications 

Recent  Inventions 

Market  Report 


585 

586 
590 


60  r 
607 
608 


6ir 
614 
615 
6i6- 


532 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  7 


EDITORIALS 


NITRATES  IN  COLORADO  SOILS 

In  a  number  of  publications,  Headden,  of  the  Colorado 
Experiment  Station,  has  shown  that  the  soils  of  Colo- 
rado contain  in  various  places  excessive  quantities  of 
nitrates.  Ordinarily  good,  cultivated  soil  he  found  to 
contain  from  5  to  8  parts  of  nitrates  per  million  of  the 
dry  soil.  In  the  nitrate  areas,  however,  many  thousand 
parts  per  million  of  nitrate  nitrogen  were  found.  In 
one  sample  of  surface  soil  there  were  found  6.54  per 
cent  of  sodium  nitrate  or  nearly  1 1  tons  in  an  acre  of 
ground  taken  to  the  depth  of  i  inch.  The  high  nitrate 
content  is  generally  found  in  spots  but  these  spots  often 
grow  to  cover  large  areas.  Thus  what  was  five  or  six 
years  ago  a  spot  has  grown  to  involve  as  much  as 
six,  eight,  and  more  acres.  The  nitrates  are  present  in 
large  quantities  in  numerous  areas  scattered  over  30C5 
to  400  square  miles.  The  orchards  in  a  single  district 
including  50  square  miles  have  been  practically  ruined. 

These  observations  and  studies  are  of  so  great  interest 

and  importance  to  agricultural  investigators  that  it  is 

a  matter  for  congratulation  that  Professor  Headden  has 

.  been  prevailed  upon  to  furnish  his  own  statement  of 

his  work  in  other  columns  of  This  Journal. 

A  brief  repetition  of  the  principal  results,  however, 
can  be  given  here. 

As  a  result  of  the  nitrate  accumulation,  in  a  number 
of  places  large  areas  have  been  made  sterile.  Whether 
large  or  small  the  affected  areas  are  characterized  by 
a  brown  coloration,  mealiness  of  the  soil,  a  high  nitrate 
content,  and,  unless  the  nitrate  content  is  excessively 
high,  by  the  presence  of  nitrogen-fixing  organisms  such 
as  azotobacter.  With  the  increase  in  the  colored  patches 
and  the  amount  of  nitrate,  the  crops  covering  the  in- 
volved areas  rapidly  deteriorate  and  even  die  out.  The 
greatest  injury  has  been  to  the  apple  orchards  though 
other  crops  such  as  alfalfa,  sugar  beets,  etc.,  have  been 
seriously  injured.  The  trouble  is  common  to  several 
sections  of  the  State.  Sometimes  it  has  occurred  in 
light  sandy  loams,  sometimes  in  clay  soil,  sometimes 
in  comparatively  low-lying  lands,  again  on  hillsides. 

Sodium  chloride  is  also  present  in  large  amounts  in 
the  Colorado  soils.  According  to  Headden,  however,  this 
salt  though  injurious  in  large  amounts  does  not  produce 
any  of  the  characteristic  phenomena  observed  in  the 
dying  orchards,  while  application  of  large  quantities 
(5  pounds  to  a  four-year-old  tree)  of  sodium  nitrate  to 
an  experimental  orchard  and  irrigating  to  bring  the 
nitrate  in  contact  with  the  feeding  roots  reproduced 
the  identical  phenomena  noticed  in  the  other  orchards 
where  the  trees  had  died.  It  would  seem  then  that 
whatever  contributing  cause  there  may  be,  the  sodium 
nitrate  present  in  the  soil  is  sufficient  to  bring  about 
the  deterioration  and  death  of  trees  and  crops  in  the 
affected  areas. 

Though  the  presence  of  the  highly  excessive  quantities 
of  nitrate  which  bring  about  loss  of  general  productive- 
ness involves  only  a  small  percentage  of  the  arable 
Colorado  soil,  the  formation  of  these  high  nitrate  areas 


in  the  various  sections  ot  the  State  is  a  problem  of 
great  importance  and  concern  to  agriculturalists  of 
Colorado  and  a  phenomenon  of  the  greatest  interest 
to  chemists  and  bacteriologists. 

In  soils  in  general  the  formation  of  nitrates  is  brought 
about  by  several  soil  microorganisms  which  fix  nitrogen 
from  the  air,  form  ammonia  from  more  complex 
nitrogenous  compounds,  and  form  nitrites  and  nitrates 
from  ammonium  compounds.  As  a  rule  the  nitrates  in 
soil  are  small  in  amount.  Accordingly,  the  Colorado 
situation  is  exceedingly  remarkable. 

As  to  the  origin  of  the  nitrates  there  is  some  dispute. 
Headden  holds  that  the  abnormal  accumulation  of 
nitrates  cannot  be  due  to  evaporation  of  surface  waters 
containing  nitrates  coming  from  a  distance  from  soil 
or  shale  since:  (i)  neither  soil  nor  shale  contain  a  sup- 
ply of  nitrogen  adequate  to  account  for  the  forma- 
tion of  nitrates  found;  (2)  the  natural  water  and  the 
irrigation  water  contain  only  small  quantities  of 
nitrates;  (3)  the  brown  nitrate-containing  areas  often 
occur  at  a  high  elevation.  In  addition  the  accumulation 
of  nitrates  may  occur  on  well  drained  lands,  where  the 
water  level  is  some  distance  from  the  surface.  Headden's 
positive  conclusion  is  that  the  source  of  the  nitrates  is 
the  atmosphere,  the  nitrogen  of  which  is  fixed  by 
azotobacter.  In  support  of  Headden's  conclusions, 
Sackett  found  that  the  Colorado  soils  were  rich  in 
azotobacter  which  had  the  power  to  fix  nitrogen  in 
solution  and  in  soil  and  fixed  it  at  a  rate  sufficient  to 
account  for  the  nitrates  found  in  the  soil,  provided  the 
nitrogen  is  nitrified  by  other  organisms. 

Sackett  likewise  found  that  the  Colorado  soils  have 
a  higher  ammonifying  power  than  have  ordinary  soils 
and  a  higher  nitrifying  power  and  comes  to  the  con- 
clusion that  the  excessive  nitrate  present  in  certain 
Colorado  soils  has  resulted  from  the  combined  action 
of  nitrogen-fixing,  ammonifying,  and  nitrifying  organ- 
isms. Since  the  Colorado  soils  are  poor  in  organic 
matter  and  azotobacter  requires  a  supply  of  carbohy- 
drate for  its  development  and  the  fixation  of  nitrogen, 
it  seemed  difficult  to  account  for  the  source  of  energy 
necessary  to  support  such  a  rich  liitrogen-fixing  flora 
as  possessed  by  the  soils  in  question.  Robbins,  however, 
found  the  algae  flora  especially  the  blue-green  algae 
{Cyanophyceae)  to  be  very  abundant.  It  is  well  known 
that  certain  bacteria  and  algae  enter  into  symbiotic 
relationship  in  which  the  algae  furnish  •  the  bacteria 
with  a  suitable  form  of  carbohydrates.  The  algae  in 
the  Colorado  soil  maj'  furnish  the  necessary  food 
material  for  azotobacter. 

An  opposing  view  is  that  of  Stewart  and  Greaves 
(Agric.  Expt.  Sta.,  Utah,  BiiU.  114)  that  the  nitrates  of 
the  Colorado  soil  have  their  origin  in  the  country  rocks. 
The  fact  that  in  widely  distributed  areas  in  the  arid 
west  deposits  of  nitrates  are  found  which  do  owe  their 
origin  to  leaching  from  the  country  rock,  supports, 
in  their  opinion,  the  theory  that  the  excessive  quantities 
of  nitrates  found  in  the  soil  of  Colorado  owe  their  origin 
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to  the  same  source  as  do  the  other  water-soluble  salts. 
Further,  Stewart  and  Greaves  claim  that  in  Headden's 
work  wherever  there  was  a  variation  in  nitric  nitrogen 
there  was  a  variation  in  chlorine  in  the  same  direction 
which  would  seem  to  indicate  a  common  origin  of  the 
nitrates  and  chlorides.  To  take  a  particular  case,  they 
point  out  that  where  there  was  an  increaese  in  the  sur- 
face soil  of  561  pounds  of  nitrates  per  acre  two  inches 
of  soil  during  the  years  from  1909-191 1  there  was  an 
increase  of  10,430  pounds  or  over  five  tons  of  chlorine. 
In  another  case,  referred  to  by  Headden  in  Bulletin 
I55>  the  nitrate  nitrogen  increased  from  1907  to  191 1 
from  a  trace  to  621  pounds.  In  the  same  interval  the 
chlorine  content  increased  236,883  pounds.  They 
come  to  the  inevitable  conclusion  that  there  must  be 
an  upward  movement  of  the  water-soluble  salts,  that 
the  chlorides  must  come  from  the  ground  water.  Ac- 
cordingly, they  ask  the  pertinent  question,  "Why 
may  not  the  nitric  nitrogen  be  accounted  for  in  the 
same  way?"  Evaporation  of  the  soil  water  would 
explain  the  deposit  of  nitrates  since  according  to  their 
calculations,  assuming  the  optimum  amount  of  water, 
18  per  cent,  to  be  present,  only  one-half  year  of  maxi- 
mum evaporation  would  deposit  the  quantity  of  nitro- 
gen actually  deposited  in  two  years.  If  the  ground 
water  contains  only  74.48  parts  per  million  of  chlorine 
as  computed  by  Headden,  the  evaporation  would 
account  for  only  203  pounds  of  chlorine,  whereas  the 
actual   amount  found  in   the  samples   mentioned   was 


many  times  greater.  So  they  conclude  that  the  ground 
water  has  a  greater  concentration  in  chlorine  and  nitro- ' 
gen  than  assumed  and  that  both  accumulate  in  the 
surface  soil  by  evaporation  of  the  water. 

Stewart  and  Greaves  do  not  deny  that  nitrogen 
fixation  may  take  place  to  a  certain  extent  in  the  Colo- 
rado soil  and  in  some  places  to  an  appreciable  degree, 
but  do  hold  that  whatever  theory  accounts  for  the 
accumulation  of  chlorides  in  the  Colorado  soils  must 
account  also  for  the  greater  portion  of  the  nitrates 
present.  To  these  arguments  of  Stewart  and  Greaves, 
Headden  has  opposed  numerous  objections  which  can- 
not be  considered  here.  Suffice  it  to  say,  that  while 
there  can  be  no  possible  question  of  the  occasional 
occurrence  of  abnormal  quantities  of  nitrates  in  the 
"alkali"  soils  of  Colorado,  the  origin  of  these  excessive 
nitrate  accumulations  is  not  settled. 

In  their  endeavor  to  explain  the  origin  of  the  nitrate 
and  to  remedy  the  conditions  as  they  arise,  the  various 
investigators  should  meet  with  general  encouragement. 
It  is  greatly  to  be  desired  that  the  nitrate  formation 
should  be  considered  from  all  viewpoints  to  the  end 
that  accumulating  data  and  suggestions  may  the  more 
quickly  develop  an  harmonious  conclusion,  to  the  ad- 
vantage of  practical  agriculture  and  to  the  increase  of 
the  sum  total  of  human  knowledge. 

Bureau  of  Soils  M.   X.    SULLIVAN 

Department  of  Agricui,ture 
Washington 
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ELECTRIC  FURNACES  FOR  HEATING  STEEL' 

By  Alcan  Hirsch 

Received  May  25.   1914 

The  field  of  usefulness  of  the  electric  furnace  for 
metallurgical  purposes  is  so  extensive  that  it  is  deemed 
advisable  to  limit  the  scope  of  this  paper  to  a  discus- 
sion of  electric  furnaces  used  for  heating  steel  for  the 
various  kinds  of  heat  treatment,  forging  and  enameling. 
A  broad  view  of  the  development  of  electric  furnaces 
by  the  writer  and  his  associates  during  the  past  year, 
together  with  details  of  design,  construction  and  opera- 
tion, as  determined  by  them  are  presented  herein. 
The  essential  data  only  are  given  as  it  is  believed  that 
extensive  details  are  likely  to  lead  to  confusion.  It 
is  thought  such  a  presentation  of  basic  principles  will 
make  the  paper  of  more  value  to  users  of  electric 
furnaces  than  an  extended  report  of  all  the  data  col- 
lected. 

Prior  to  1913  attempts  were  made  to  put  forth  fur- 
naces for  metallurgical  purposes,  but  except  for  the 
very  small  furnaces,  these  cannot  be  considered  as 
having  had  commercial  success.  The  facts  which 
form  the  basis  of  this  paper  occurred  under  the  writer's 
observation  and  are  practically  exclusively  gathered 
from  his  experience  of  the  past  year. 

By  reason  of  industrial  practice   and  certain  other 

1  Author's  abstract  of  report  on  research  carried  out  under  a  Carnegie 
Fellowship  granted  by  the  Iron  and  Steel  Institute  of  Great  Britain.  The 
complete  report  of  this  work  was  presented  at  the  Annual  Meeting  of  the 
Institute.  May  7.  1914. 


limitations,  both  fuel  and  electric  furnaces  can  be 
divided  into  two  classes: 

I — Furnaces  operating  above  1800°  F.  Forge  fur- 
naces are  the  main  and  most  important  division  of 
this  class. 

II- — Furnaces  operating  below  1800°  F.  This  class 
comprises  furnaces  for  practically  all  heat  treating 
as  well  as  enameling.  Although  furnaces  operating 
at  the  lower  temperatures  will  be  considered  first 
it  must  be  borne  in  mind  that  the  greater  part  of  the 
principle  and  theory  underlying  the  construction  and 
operation  of  moderate  and  low  temperature  furnaces 
also  applies  to  the  higher  temperature  furnaces. 

TRANSFERENCE     OF     HEAT     FROM     HEATING     MEDIUM     TO 
METAL 

The  metal,  resting  on  the  hearth  of  the  furnace  re- 
ceives its  heat  in  several  different  ways:  (i)  From  the 
brickwork  in  the  furnace  in  contact  with  the  metal; 

(2)  by  conduction  from  the 'products  of  combustion; 

(3)  by  radiation  from  the  hot  walls,  roof  and  incandes- 
cent particles  in  the  burning  gases.  Generally  speak- 
ing, in  the  fuel-fired  furnaces,  each  of  these  paths  de- 
livers heat  of  the  same  order  of  magnitude,  but  usually 
the  amount  of  heat  passing  by  means  of  brick  and  metal 
in  contact  is  less  than  that  by  any  other  path.  If 
only  a  small  portion  of  the  heat  passes  into  the  metal 
by  direct  contact  with  the  brick,  the  rate  of  heating  in 
all  except  thin  pieces  is  quite  slow.  More  frequently 
than   is   generally  supposed   this   path   of   heat   trans- 
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fer  is  the  determining  factor  in  the  rate  of  heating. 
An  excellent  example  of  this  kind  was  brought  to  the 
writer's  attention  where  die  blocks  were  being  heated. 
In  this  instance  the  furnace  was  heated  to  a  sufficiently 
high  temperature  so  that  the  heat  content  of  the  brick 
work  was  sufficient  to  supply  the  necessary  heat  to 
raise  the  blocks  to  the  desired  temperature.  Some- 
times the  fuel  was  allowed  to  run  sparingly  through- 
out the  operation,  while  at  other  times  it  was  shut  off 
entirely   after   the   block   was   placed   in   the   furnace. 

ATMOSPHERE    IN    FURNACES 

The  atmosphere  of  fuel-fired  furnaces  is  exceedingly 
uncertain.  Slight  variations  in' conditions  have  been 
found  to  make  marked  variations  in  results,  and  as 
the  atmosphere  is  capable  of  a  great  many  variations, 
it  is,  therefore,  quite  difficult  to  maintain  it  at  a  definite 
composition.  With  oxidizing  conditions  the  formation 
of  scale  occurs,  while  in  a  reducing  atmosphere  local 
carburization  results  from  the  sooty  flames.  In  the 
production  of  high-grade  steel  the  condition  of  hearth 
atmosphere  is,  of  course,  exceedingly  important. 

The  electric  furnace  provides  in  many  respects 
just  what  the  fuel  furnace  lacks;  i.  e.,  a  means  for  the 
transference  of  heat  in  a  very  effective  manner,  and 
a  furnace  atmosphere  which  is  not  only  of  a  very  de- 
sirable composition,  but  which  is  absolutely  dependable. 
This  atmosphere  is  usually  of  a  slightly  reducing  nature, 
caused  by  the  presence  of  carbon  monoxide,  due  to 
the  combustion  of  the  graphite  or  carbon  resistor  which 
liberates  the  electrical  energy  in  the  form  of  heat. 
In  some  furnaces  having  more  than  one  door,  or  operated 
with  doors  open  all  the  time,  the  atmosphere  may 
be  neutral.  It  is  due  to  these  neutral  or  reducing 
conditions  that  the  formation  of  scale  is  greatly  mini- 
mized. The  writer  has  in  mind  an  electric  furnace 
which  was  operated  with  a  loss  of  scale  amounting  to 
eighty  or  even  ninety  per  cent  less  than  was  occasioned 
by  the  employment  of  an  oil-fired  furnace  for  the  same 
work.  For  special  work  where  an  oxidizing  atmosphere 
is  required,  as  for  instance  in  enameling,  this  is  easily 
accomplished  in  the  electric  furnace  by  employing 
a  muffle,  the  resistors  being  placed  in  any  desired  posi- 
tion on  the  outside  of  the  muffle. 

ELECTRIC  FURNACES  FOR  TEMPERATURES  BELOW  l8oO°F. 
FURNACES  WITH  METALLIC  RESISTORS The  industrial 

electric  furnaces  of  this  type  which  have  obtained 
commercial  success  have  employed  a  resistance  wire 
or  ribbon  as  the  heating  element.  The  limitations  of 
these  wire  or  ribbon-wound  furnaces  are  quite  marked, 
generally  speaking,  as  regards  both  temperature  and 
capacity.  As  will  be  shOwn  subsequently,  tempera- 
ture and  capacity  of  a  furnace  are  closely  interrelated. 
This  interrelation  of  temperature  and  capacity,  how- 
ever, is  not  of  so  much  consequence  in  the  small  fur- 
naces where  the  combined  wall  and  door  losses  are 
considerably  in  excess  of  the  heat  actually  utilized  in 
raising  the  metal  to  the  desired  temperature.  The 
capacity  of  the  metallic  resistor  furnace  is  at  most  but 
a  very  few  kilowatts.  Furnaces  with  a  larger  capacity 
would  be  quite  out  of  the  question  because  of  the  cost 
of  the  resistance  element  due  to  the  large  amount  of 


wire  required  and  the  expense  of  winding.  The  fur- 
naces are,  therefore,  limited  to  productions  of  small 
size  and  also  to  rather  moderate  temperatures  as  danger 
of  burning  out  due  to  overheating  is  quite  imminent. 
For  small  furnaces,  however,  this  type  has  proven 
quite  satisfactory  in  a  large  quantity  of  work  of  an 
experimental  nature. 

FURNACES  EMPLOYING  NON-METALLIC  RESISTORS  Com- 
prise two  types:  (i)  Those  where  the  metal  to  be 
heated  is  in  contact  with  the  resistor;  (2)  those  where 
the  metal  to  be  heated  is  out  of  contact  with  the  re- 
sistor. 

Furnaces  of  the  first  class  have  had  but  one  com- 
mercial example,  and  that  has  had  varying  success. 
This  is  the  bath  furnace'  which  employs  a  conducting 
bath  of  salt,  usually  barium  chloride  and  potassium 
chloride,  which  is  fused  by  the  passage  of  the  current 
through  it.  The  steel  to  be  heated  is  immersed  in 
this  bath  of  fused  salts.  This  type  of  furnace  appears 
to  the  writer  to  be  too  limited  for  extensive  industrial 
application,  and,  therefore,  will  be  given  only  this 
brief  mention. 

Furnaces  of  the  second  class,  those  employing  non- 
metallic  resistors,  where  the  metal  is  heated  out  of 
contact  with  the  resistor,  hold  forth  much  promise 
for  future  development,  in  the  opinion  of  the  writer. 
Recent  experience  with  their  operation  has  demon- 
strated their  suitability  to  many  kinds  of  work.  In 
general,  furnaces  of  this  class  appear  to  the  casual  ob- 
server, very  similar  to  the  fuel-fired  furnaces,  save 
for  the  fact  that  instead  of  equipment  for  burning 
fuel,  electrical  equipment  will  be  noted.  The  electric 
current  is  brought  to  the  furnace  by  suitable  cables 
which  are  connected  to  electrodes  projecting  from  the 
furnace.  These  electrodes  run  through  the  furnace 
wall  and  carry  the  current  to  the  resistor  which  liber- 
ates, in  the  form  of  heat,  the  electrical  energy  put  into 
the  furnace.  The  resistor  is  of  a  refractory  conducting 
material,  such  as  graphite,  usually  in  granular  form, 
and  has  a  cross-section  of  30  to  100  square  inches 
according  to  the  current  desired.  The  resistors  are 
usually  placed  beneath  the  hearth,  the  heat  from  them 
being  communicated  through  the  hearth  to  the  metal. 

For  the  design  of  a  heat-treating  furnace  to  operate 
at  a  hearth  temperature  of  1800°  F.,  or  less,  the  follow- 
ing data  have  been  found  necessary  for  the  preliminary 
calculation  of  the  major  points  of  design: 

I — The  hearth  dimensions. 

2 — The  production  of  metal  per  unit  of  time. 

3 — The  maximum  amount  of  metal  on  the  hearth  at 
any  time. 

4 — The  desired  temperature. 

5 — Time  for  charging  and  discharging. 

LOCATION  OF  RESISTOR — The  first  step  in  the  design 
is  the  approximation  of  the  location  of  the  resistor, 
but  this  depends  somewhat  on  the  physical  charac- 
teristics of  the  material  employed  for  the  resistor. 
Resistors  placed  in  the  furnace  in  granular  or  similar 
form  have  been  much  more  extensively  employed 
in  the  larger  furnace  than  any  other  kind.     Rods  of 

*  An  article  on  this  furnace  by  L.  M.  Cohn  will  be  found  in  the 
Eltctrotech.  Zeit..  Aug.  2.  1906. 
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graphite  and  also  of  other  materials,  metalloids  as 
well  as  the  characteristic  non-metallic  materials,  have 
been  tried  for  use  as  resistors.  Although  some  of 
these  will  undoubtedly  find  commercial  fields,  as  yet 
nothing  has  proven  satisfactory  in  this  direction. 
Attention,  therefore,  will  be  confined  to  granular  or 
similar  materials,  of  which  granular  graphite  has 
served  most  satisfactorily. 

For  the  usual  type  of  electric  furnace  work  of  this 
class  the  location  of  the  resistor  is  logically  in  the  base 
of  the  hearth.  For  a  small  proportion  of  the  furnaces, 
however,  resistors  can  be  placed  elsewhere  advisedly. 
These  positions  are  along  the  side  of  the  hearth  and 
possibly  even  along  the  top.  Furnaces  requiring  re- 
sistors in  these  latter  locations  are  those  taking  piles 
of  sheet  metal  or  pots  of  materials,  and  the  like.  How- 
ever, with  one  layer  of  pieces,  which  rests  directly  on 
the  hearth,  the  location  of  the  resistor  had  best  be 
exclusively  in  the  base.  The  reasons  for  this  are: 
(i)  heat  has  a  tendency  to  ascend  rather  than  to  de- 
scend; (2)  contact  between  hot  brick  and  the  metal 
to  be  heated  facilitates  heating;  (3)  the  design  is  facili- 
tated as  will  be  subsequently  developed.  When 
the  resistors  are  placed  in  the  base  of  the  furnace  they 
are  put  in  troughs  of  suitable  refractory  material 
and  usually,  but  not  always,  covered  partly  or  com- 
pletely with  brick  or  tile,  which  forms  the  hearth. 

SHAPE  OF  RESISTORS — The  shape  of  the  resistors 
can  be  exceedingly  varied.  They  may  be  straight, 
U-,  S-,  T-,  or  Y-shaped.  They  may  be  electrically 
connected  in  series  or  parallel,  or  some  in  series  and 
others  in  parallel.  They  may  be  permanently  elec- 
trically connected,  or  they  may  be  capable  of  various 
electrical  arrangements  by  switching. 

PERMANENTLY      ELECTRICALLY      CONNECTED      RESISTORS 

Furnaces  with  these  resistors  are  constructed  so 
that  they  must  be  operated  in  one  manner,  at  all  times 
from    the    point    of    view    of    electrical    arrangement. 
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Fig.  I — Serpentina  Resistor  for  Moderately  Large  Furnaces 
In  practically  all  furnaces  of  this  class  either  a  serpentine 
or  U-shaped  resistor  may  be  employed,  but  two  or 
more  straight  resistors  connected  either  in  series  or 
in  parallel  may  be  used  instead.  Fig.  I  shows  the 
serpentine  resistor  which  has  been  employed  in  moder- 
ately large  furnaces  only,  it  being  impossible  to  adapt 
this    type    to    the    smaller    furnaces.     The    U-shaped 


resistor  shown  in  Fig.  II  has  been  employed  in  furnaces 
of  any  size  but  has  some  limitations  which  will  be  con- 
sidered later. 

ELECTRICAL  LOAD — There  are  several  ways  to  determine 
the  electrical  load  for  a  given  furnace,  but  they  all 
resolve  themselves  into  one  method,  which  is  the  only 
one  deemed  sufficiently  practical  to  be  given  considera- 
tion in  this  paper.  Only  furnaces  of  200  kilowatts 
capacity  or  less  will  be  considered  and  it  may  be  said 
that  furnaces  for  heat  treating  larger  than  this  are 
exceedingly  rare.  The  electrical  load  is  the  sum 
of  three  factors:  (i)  the  electrical  equivalent  of  the 
amount  of  heat  necessary  to  raise  the  metal  to  the 
required  temperature;  (2)  the  electrical  equivalent 
of  the  loss  of  heat  through  the  walls;  (3)  the  electrical 
equivalent  o5  the  loss  of  heat  through  the  door,'  in 
consideration  of  the  fact  that  this  is  alternately  opened 
and  closed.  Since  the  power  factors  of  furnaces  of 
this  size  are  from  97  to  99  per  cent,  they  can  be  neg- 


FiG.  II— U-Shaped  Resistor 

lected  in  the  calculation  of  the  necessary  wattage. 
From  the  data  in  Table  I  the  watts  necessary  to  operate 
any  particular  furnace  may  be  approximated  quite 
closely.  The  door  loss  shows  the  watts  passing  through 
the  door  opening  if  the  door  is  open  all  the  time.  If 
the  door  is  open  only  half  the  time,  only  half  the  amount 
given  in  the  table  should  be  taken,  and  so  on  in  pro- 
portion. The  wall  upon  which  the  wall  loss  figures 
are  based  is  12  inches  thick,  consisting  of  9  inches  of 
silica  brick  and  3  inches  of  kieselguhr.  By  actual 
practice  this  has  been  found  to  be  a  convenient  stan- 
dard. As  an  example  of  the  method  of  calculation, 
the  electrical  load  for  a  particular  furnace  will  be  de- 
termined. Assume  the  following  data  for  this  illus- 
trative case: 

I — Outside  dimensions — 4  ft.   X  4  ft.   X  6  ft.  long. 

2 — Production — 500  pounds  of  steel  per  hour. 

3 — Temperature — 1700°  F. 

4 — Door — 2  sq.  ft.,  open  40  per  cent  of  the  time. 
This  furnace  had  a  total  outside  area  of  128  sq.  ft. 
The  table  shows  a  wall  loss  of  0.060  watt  per  sq.  ft., 
making  a  total  loss  of  7.68  k.w.  for  the  walls,  top  and 
base.  The  door  loss  would  be  10. o  k.  w.  if  the  door  were 
open  all  the  time,  but  it  being  open  but  40  per  cent 
of  the  time,  the  loss  is  4.0  k.  w.  As  0.0881  k.  w.  is 
required  to  raise  i  lb.  of  steel  to  1700°  F.  from  60°  F. 
in   r   hr.,    500  lbs.   per  hr.   would  require  44.05   k.   w. 
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Ter 

nperature 

of  operation 

"F. 

°C. 

1000 

538 

1100 

594 

1200 

649 

1300 

704 

1400 

760 

1500 

815 

1550 

843 

1600 

870 

1650 

898 

1700 

926 

1750 

954 

1800 

982- 

1850 

1010 

2400 

1316 

Tadue  I 

Wall  loss(a) 

Kilowatts  in  k.  w.  Door 

to  raise  per  sq.  ft.  loss(()) 

1  lb.  per  hr.  outside  in  k.  w. 

from  60°  l''.  surface  per  sq.  ft. 

0 . 0366  0 . 035  0.6 

0.0460  0.039  0.9 

0.0527  0.042  1.3 

0.0597  0.046  1.7 

0.0668  0.049  2.3 

0.0733  0.053  3.0 

0.0765  0.055  3.5 

0.0796  0.056  3.9 

0.0840  0.058  4.5 

0.0881  0.060  5.0 

0 . 0926  0 . 062  5.6 

0.0970  0.064  6.3 

0.0994  0.065  7.1 

0.122  0.085  20.0 

(a)  Based  on  wall   12  inches  thick   (9  inches  of  silica   +   3  inches  of 

kieselguhr). 

(6)  Door  open  all  the  time. 

Thus  it  will  be  seen  that  this  furnace  will  require  55.7 
k._  w.  for  operation.  No  factor  of  safety  need  be 
applied  to  this  figure  if  the  condition's  selected  are 
at  the  maximum.  On  the  contrary,  if  these  are  normal 
operating  conditions  a  factor  of  safety  should  be 
applied  according  to  the  possibilities  of  greater  de- 
minds  being,  made  on  the  furnace. 

After  calculating  the  number  of  kilowatts  necessary 
for  operation,  the  length  of  the  resistor  is  approxi- 
mated in  order  to  determine  the  voltage.  With 
granular  graphite^  experience  has  shown  that  the  most 
satisfactory  ..voltage  is  equivalent  to  1V2  volts  per 
inch  length  of  the  resistor.  From  this  voltage  and  the 
wattage  as  computed  above,  the  number  of  amperes 
may  be  easily  determined. 

E.  M..  F.  REQUIREMENTS — The  electrical  resistance 
of  a  resistor  in  a  furnace  cannot  be  sufficiently  closely 
predicted  to  warrant  calculating  the  size  of  the  resis- 
tor with  a  very  great  degree  of  certainty.  Of  necessity, 
therefore,  the  exact  voltage  which  will  be  required 
for  a  furnace  to  take  a  certain  number  of  kilowatts 
can  be  determined  only  approximately.  A  provision 
for  obtaining  various  voltages  is,  therefore,  necessary, 
and  a  transformer  with  several  taps  is  ordinarily  em- 
ployed for  this  purpose.  However,  it  is  perfectly 
possible  to  provide  a  variable  voltage  generator  for 
the  same  purpose.  Since  the  precise  production  of 
steel  for  a  given  furnace  cannot  be  very  closely  as- 
certained, and  since,  in  most  cases,  different  productions 
are  desired  afe  different  times,  it  is  absolutely  neces- 
sary that  provision  be  made  for  altering  the  kilowatt 
input  at  will  of  the  operator. 

The  usual  and  satisfactory  method  of  meeting  these 
requirements  appears  to  be  the  employment  of  a  trans- 
former with  10  to  15  taps.  Usually  13  is  a  satisfactory 
number,  having  a  range  of  voltages  on  the  secondary 
from  a  minimum  equivalent  to  one  volt  per  inch  length 
of  the  resistor  to  a  maximum  equivalent  to  two  volts 
per  inch  length  of  the  resistor.  The  various  taps  on 
the  transformers  used  in  most  instances  have  given 
voltages  which  are  in  arithmetical  progression,  but  it 
is  the  opinion  of  the  writer  that  a  progression  of  volt- 
ages in  unequal  steps  is  best  suited  for  the  work.  For 
the  purpose  of  making  provision  for  the  uncertainty 
of  the  resistance  of  the  resistor,  the  voltages  would 
logically  be  chosen  in  arithmetical  progression.  For 
purposes  of  regulation,  however,  since  the  killowatt  in- 

'  .Artificial  graphite  averaging  i/a-inch   mesh,  but  containing    no  fine 


put  increases  as  the  square  of  the  voltage,  it  would 
appear,  from  this  point  of  view,  that  the  voltage  steps 
should  be  graduated  to  best  meet  this  condition. 
The  two  conditions  must  be  met,  and  the  most  satis- 
factory arrangement  is  to  make  the  steps  in  such  pro- 
gression that  the  difference  of  the  kilowatt  input  on  ad- 
jacent taps  in  the  higher  voltages  will  not  be  so  very 
much  larger  than  on  the  adjacent  taps  on  the  lower 
voltages.  Accordingly,  a  satisfactory  range  of  po- 
tentials on  a  transformer  with  13  taps  would  have 
voltages  equivalent  to  the  following,  per  inch  length 
of  the  resistor:  i.oo,  i.io,  1.20,  1.29,  1.38,  1.47,  1.56, 
1.64,  1.72,  1.80,  1.87,  1.94,  2.00. 

ELECTRICAL    REGUL.ATIOX     WITHOUT    TRANSFORMER 

A  method'  for  obtaining  this  regulation  and  ad- 
justment without  the  use  of  a  transformer  has  been 
devised  in  the  writer's  laboratory  very  largely  through 
the  work  of  Mr.  Richard  S.  Bicknell.  In  this  type  of 
furnace  several  resistors  are  employed,  which  are  not 
permanently  electrically  connected,  arid  which  by  means 
of  suitable  switches  may  be  connected  in  various 
ways  while  the  furnace  is  in  operation.  They  may  be 
arranged  in  series,  in  parallel  or  in  any  combinations 
necessary  to  effect  the  desired  regulation.  In  other 
words,  this  is  regulation  by  altering  the  resistance  of 
the  resistor  as  contrasted  with  the  aforementioned 
method  where  regulation  was  effected  by  altering  the 
voltage  impressed  upon  the  resistor.  As  will  be 
shown  subsequently  this  type  of  regulation  is  particularly 
adapted  to  furnaces  having  10  sq.  ft.  of  hearth  area 
or  over.  An  example  of  a  furnace  capable  of  such 
regulation  is  shown  in  Fig.  III.  With  these  four  re- 
sistors in  this  particular  furnace  it  is  possible  to  ob- 
tain no  inches  in  length  of  resistor,  or  equivalent 
of  same,  in  the  circuit  at  one  time,  and  220  inches  in 
length  of  resistor  at  another.  A  large  number  of  inter- 
mediate lengths  of  resistor  between  this  maximum 
and  minimum  figure  may  also  be  placed  in  operation. 
This  particular  furnace  is  designed  to  operate  on  220 
volts  and  it  will  be  readily  seen  that  the  maximum 
voltage  obtainable  per  inch  of  resistor  is  two  volts 
and  the  minimum  is  one  volt.  A  quite  surprisingly 
large  number  of  intermediate  lengths  of  resistor  are 
obtained  by  employing  the  four  T-shaped  resistors, 
as  shown.  The  length  of  the  resistor  is,  of  course, 
merely  another  way  of  stating  the  resistance  of  the 
furnace.  These  T-shaped  resistors  have  each  three 
unequal  legs.  Resistors  .4  and  D  are  similar  and  B 
and  C  are  similar,  but  A  and  B  have  corresponding 
legs  of  different  lengths.  The  resistance  of  the  fur- 
nace resistors  for  a  number  of  intermediate  steps  is 
made  by  connecting  two  legs  in  parallel  in  instances 
when  a  low  resistance  is  desired.  When  a  high  re- 
sistance is  wanted  the  resistors  are  run  in  series  the 
current  passing  through  the  longest  legs  only.  By 
properly  proportioning  the  legs,  it  will  be  seen  that 
the  number  of  intermediate  steps  for  purpose  of  regula- 
tion may  be  made  as  large  as  desired. 

It  is,  of  course,  possible  to  combine  these  two  methods 
of  regulation,  namely  by  voltage  and  resistance,  having 
a  few  steps  on  the  transformer  and  having  one  or  a 
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few  resistors  capable  of  being  arranged  either  in  series 
or  parallel.  A  furnace  so  regulated  is  shown  in  plan 
in  Fig.  IV  and  the  method  is  quite  suitable  for  small 
furnaces  of  from  4  to  10  sq.  ft.  hear  h  area.  The 
construction  of  the  resistor  as  shown  in  vertical  section 
would  be  quite  similar  to  that  in  Fig.  III. 

WIDTH     AND     DEPTH     OF     RESISTOR This     discuSsion 

applies  to  both  types  of  furnaces  where  the  two  methods 
of  regulation  are  employed,  i.  e.,  either  altering  the 
voltage  or  the  resistance.  It  has  been  found  that 
a  resistor  placed  beneath  the  hearth  can  be  composed 
of  two  layers  of  materials  to  advantage,  the  upper 
of  granular  graphite  and  the  lower  of  some   material 


of  lower  electrical  conductivity  than  graphite,  such 
as  charcoal.  The  lower  layer  takes  a  smaller  part 
of  the  current  than  does  the  upper  layer  of  graphite, 
thus  placing  the  major  part  of  the  heat  liberated 
quite  near  to  the  top  of  the  resistor.  This  method 
seems  to  protect  the  part  of  the  lining  upon  which  the 
resistor  rests.  It  protects  it  sufficiently  well  not  only 
to  warrant  its  use,  but  to  make  its  use  absolutely 
necessary  in  the  case  of  furnaces  operating  close  to 
or  above  1800°  F.  A  resistor  consisting  of  half  char- 
coal moderately  tamped  by  hand  and  half  graphite 
gently  tamped  in  is  very  satisfactory.  The  resistance 
of  an  inch  cube  consisting  in  the  upper  half  of  granular 
graphite  (pieces  '/sj  to  Vs  in.)  and  the  lower  half  of  hard 
wood  charcoal  put  in  according  to  the  method  de- 
scribed above  is  approximately  0.125  ohm  at  1^00°  F. 
Thus  the  area  of  the  cross-section  of  the  resistor  may 
be  easily  determined  after  the  current  necessary  has 


been   computed   for   the    normal   running  condition  of 
1V2  volts  per  inch  length  of  resistor. 

SHAPE  OF  RESISTOR — The  width  and  depth  of  the 
resistor  should  be  such  that  as  much  heat  as  possible 
is  liberated  in  the  desired  direction.  For  resistors 
in  the  hearth  this  direction  is,  of  course,  upward.  Ac- 
cording to  the  theory,  therefore,  the  logical  shape 
of  resistors  of  this  sort  would  be  as  wide  as  possible, 
and  quite  shallow.  This  section,  however,  is  not  at 
all  feasible  for  several  reasons.  The  resistor  burns 
away  more  rapidly  when  it  is  wide  and  it  is  more 
difficult  to  spread  the  graphite  on  a  wide  resistor  when 
it  is  replenished.  Wide  resistors  require  more  lining 
and  the  expense  of  the  lining  is  a  relatively  important 
item  in  the  cost.  When  wide  resistors  are  made  to 
run  at  right  angles  the  current  has  a  tendency  to  flow 
across  the  interior  corner  in  much  higher  intensity 
than  at  the  exterior  corner.  Sometimes  carbon  or 
graphitfe  blocks  have  been  placed  in  the  resistor  at 
the  corners  for  the  purpose  of  reducing  this  local  effect. 
This,  however,  is  not  a  very  good  remedy,  as  the  heat 


Fig.   IV— Furnace  Regulated  by  Voltage  and  Resistance — Suit- 
able FOR  4  TO  10  Sq.  Ft.  Hearth  Area 

liberated  in  any  event  is  not  so  great  per  unit  area 
of  the  resistor  in  the  corner  as  in  other  parts  of  the 
furnace.  The  cross-section  of  the  resistors  had, 
therefore,  better  be  made  about  square,  or  wider  than 
the  depth  by  a  small  amount.  If  possible  the  resistors 
should  not  be  narrower  than  their  depth,  but  it  is 
impossible  to  observe  this  requirement  in  all  cases. 
Resistors  less  than  2V2  in.  wide  should  not  be  used. 
They  should  be  not  less  than  6  in.  deep  and  preferably 
about  7  in.,  except  for  resistors  over  10  inches  wide 
which  can  be  made  8  in.  deep,  though  more  than  this 
is  likely  to  cause  excessive  heating  in  the  base  of  the 
furnace. 

MAXIMUM     LIMITATION     IN     SIZE     OF     RESISTORS The 

designer  frequently  has  the  opportunity  of  employing 
one  large  resistor  or  two  smaller  ones  to  do  the  same 
work.  Small  resistors  less  than  3  in.  wide  should  be 
avoided  because  slight  variations  in  shape  have  a  more 
marked  effect  on  their  resistance  than  in  the  case  of 
the  large  resistors.  It  is  much  better  as  a  rule  to  em- 
ploy a  short  resistor  4  or  5  in.  wide  than  a  correspond- 
ingly longer  one  2V2  or  3  in.  wide.  On  the  other  hand, 
large    resistors    are    also    to    be    avoided.     Since    the 
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thermal  conductivity  of  graphite  is  rather  low  it  is 
evident  that  large  resistors  are  much  more  likely  to 
become  excessively  heated  in  their  centers  than  small 
ones.  Resistors  6  to  9  in.  wide  are  to  be  used  wherever 
possible,  and  for  resistors  of  this  type  12  inches  wide 
and  8  inches  deep  are  about  the  maximum  dimensions 
for  furnaces  used  for  heating  steel.  This  is  quite  too 
large,  however,  for  any  heat-treating  work,  but  it  is 
mentioned  merely  to  give  an  approximation  of  the 
maximum  limitation  of  this  type  of  furnace.  A  12 
by  8  in.  resistor  would  carry  1000  amperes  and  a  num- 
ber of  them  could  be  arranged  in  a  furnace  so  as  to 
liberate  16  k.  w.  per  sq.  ft.  of  hearth.  This  is  equiva- 
lent to  a  production  of  about  no  lbs.  of  steel  heated 
to  1700°  F.  per  hr.  per  sq.  ft.  of  hearth  under  the  usual 
conditions.  This  production  is  not  only  more  than 
is  usually  desired,  but  is  far  too  much  for  good  work. 
Experience  has  shown  that  a  maximum  production 
of  about  50  lbs.  per  hr.  per  sq.  ft.  of  hearth  at  1700°  F. 
is  all  that  can  be  expected  in  electric  heat-treating  fur- 
naces. 

PRODUCTION  or  STEEL — The  temperature  and  the 
production  of  steel  from  an  electric  furnace  are  mutually 
dependent.  The  heat  liberated  in  the  resistor,  if 
not  taken  up  by  the  metal,  will  occasion  a  rise  in  tem- 
perature of  the  furnace.  The  larger  the  electrical 
capacity  per  unit  area  of  hearth,  the  greater  the  eflect 
on  the  temperature  by  alteration  in  the  production. 
It  is  for  this  reason  that  productions  over  50  lbs. 
per  hr.  per  sq.  ft.  of  hearth  should  be  avoided.  With 
moderate  capacities  of  4  or  5  k.  w.  per  sq.  ft.  of  hearth 
area  (equivalent  to  a  production  of  30  to  35  lbs.  of 
steel  per  hr.  to  1700°  F.)  variations  in  production 
have  but  very  little  effect  on  the  temperature.  The 
heat  capacity  of  the  resistor  lining  and  brickwork  in 
furnaces  of  this  size  is  amply  able  to  compensate  for 
changes  in  production,  so  that  the  temperature  re- 
mains practically  the  same.  A  furnace  designed  for 
a  normal  running  load  of  4  k.  w.  per  sq.  ft.  of  hearth 
(with  I'/i  volts  per  inch  length  of  the  resistor)  will 
prove  very  satisfactory.  The  uniformity  of  tempera- 
ture on  the  hearth  in  furnaces  employing  the  T-shaped 
resistors  shown  in  Fig.  Ill  is  quite  remarkable,  but 
even  with  the  U-shaped  or  serpentine  resistor  a  tem- 
perature variation  of  less  than  10°  F.,  in  any  point 
of  the  hearth  from  the  desired  temperature,  is  to  be 
expected. 

ENAMELING  FURNACES  fall  quite  in  the  same  category 
with  the  heat-treating  furnaces.  Although  they  are 
larger  in  size  they  are  not  correspondingly  large  in 
electrical  capacity.  For  enameling  furnaces  resistors 
should  be  placed  on  the  sides,  but  about  three-quarters 
of  the  kilowatt  input  should  be  liberated  in  the 
base.  Resistors  when  placed  along  the  sides  of  a  mufHe 
of  an  enameling  furnace  should  be  small,  10  to  20 
sq.  in.  in  section  and  should  consist  entirely  of  graphite. 
The  lining  of  such  a  resistor  is  usually  designed  so  as 
to  form  a  part  of  the  interior  wall  of  the  muflfle. 

ELECTRIC  FURNACES  FOR  TEMPERATURES  ABOVE  l8oo°  F. 

With  respect  to  the  class  of  furnaces  operating 
over  1800°  F.,  the  writer  knows  of  no  example  in 
industrial   work,   except   on   a  small   scale,   which   has 


proven  satisfactory.  A  number  have  been  constructed 
and  tried  for  various  lengths  of  time,  but  a  durable 
furnace,  certain  of  operation,  is  yet  to  be  produced. 
Most  of  the  experiments  which  have  been  conducted 
have  employed  furnaces  with  a  single  resistor  about 
half  graphite  and  half  charcoal,  as  mentioned  above. 
These  resistors  have  been  made  about  a  foot  and  a 
half  wide  and  placed  in  a  trough  of  a  mixture  of  re- 
fractories, the  basis  of  which  is  firesand.  The  metal 
to  be  heated  was  placed  directly  above  the  resistor, 
but  not  touching  it.  The  metal  was  steel  bars  for 
forging  and  heated  to  about  2400°  F.  In  order  to 
effect  a  production  similar  to  that  of  an  oil-fired 
forge  furnace  of  the  same  size,  the  temperature  of  the 
resistor  had  to  be  above  2900°  F.  For  this  tempera- 
ture it  seems  impossible  to  construct  a  furnace  which 
will  have  a  very  long  life.  In  the  course  of  a  few  weeks 
the  lining  or  the  bricks  will  have  fluxed  to  some  de- 
gree and  rebuilding  will  be  found  necessary.  A  lining 
of  substantially  pure  silicon  carbide  brick  might  stand 
up  under  these  conditions,  but  it  is  questionable  if 
a  refractory  any  poorer  than  this  would  be  satisfactory. 
The  electrodes,  too,  are  difficult  to  hold  in  place  without 
costly  supports  which  might  have  to  be  water-cooled. 
These  furnaces  have  been  used  for  heating  metals 
for  forging  and  have  shown  in  some  instances  good 
economy.  A  current  consumption  of  370  k.  w.  hrs. 
per  2240  lbs.  of  metal  on  a  100  k.  w.  furnace  was  noted. 
In  general,  the  type  of  construction  on  these  furnaces 
was  similar  to  that  shown  in  Fig.  II,  except  that  the 
U-shaped  resistor  was  substituted  by  a  single  straight 
one  running  from  one  end  of  the  hearth  to  the  other. 

For  work  at  forging  temperatures  a  furnace  employ- 
ing a  graphite  resistor  does  not  seem  capable  of  be- 
coming a  commercial  reality  unless  a  very  unique 
lining  can  be  developed. 

ELECTRIC  FORGE  FURNACE   OF  THE    ARC  TYPE 

The  writer  has  given  considerable  thought  to  this 
important  field  of  electric  furnaces  for  forging  and  has 
developed  a  furnace  which  appears  to  eliminate  most 
of  the  difficulties  encountered.  This  furnace  is  as 
yet  only  in  the  experimental  stage,  although  it  appears 
to  offer  attractive  commercial  possibilities.  It  is 
of  the  arc  type  and  thus  immediately  many  of  the 
difficulties  inherent  to  the  resistor  furnace  disappear. 
As  there  is  no  resistor  there  is,  of  course,  no  resistor 
lining.  The  metal  is  placed  on  the  hearth  and  is 
heated  directly  by  the  arcs,  the  bases  of  which  play 
a  few  inches  above  the  metal  to  be  heated,  thus  ob- 
taining a  high  thermal  efficiency.  The  arcs  are  de- 
flected by  means  of  an  auxiliary  electrode  which  spreads 
the  flame  of  the  arcs  so  as  to  distribute  the  heat  com- 
paratively evenly  and  also  serves  to  protect  the  roof 
of  the  furnace.  The  roof,  if  built  of  silicon  carbide 
brick,  will  have  a  long  life.  As  the  electrical  equip- 
ment is  placed  above  the  hearth  it  is  easily  accessible 
and  may  be  removed  by  a  crane  so  that  a  new  top 
can  be  placed  on  the  furnace  in  a  very  few  minutes. 
As  arcs  of  a  few  kilowatts  are  difficult  to  operate,  it 
would  probably  be  necessary  to  build  a  furnace  capable 
of  a  very  substantial  production.     The  writer  hopes 
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that  definite  commercial   data  regarding  this  furnace 
can  be  secured  very  shortly. 

DESIGN     OF    FURNACES    FROM    STRUCTURAL    STANDPOINT 

Fig.  Ill  shows  a  heat-treating  furnace  of  125  k.  w. 
capacity  under  the  normal  running  load.  It  has  a 
maximum  capacity  of  175  k.  w.  The  hearth  is  5  ft. 
wide  and  9  ft.  long  inside. 

A  very  satisfactory  furnace  wall  has  been  found  to 
consist  of  two  bricks  laid  so  as  to  make  9  in.  and  with 
3  in.  of  kieselguhr.  The  kieselguhr  may  be  placed 
between  the  bricks  forming  a  vertical  channel,  or  may 
be  placed  outside  the  bricks,  in  which  case,  sheet  metal 
is  employed  for  the  outside  of  the  furnace  to  hold 
the  kieselguhr  in  place.  Asbestos  mill  board  may  be 
used  in  place  of  sheet  metal.  This  does  not  lower 
the  heat  losses,  and,  of  course,  the  mill  board  is  not  quite 
so  durable  as  the  sheet  metal.  Furnaces  may  be  well 
insulated  on  the  top  and  sides  of  the  hearth,  but  care 
must  be  observed  not  to  insulate  the  base  too  well.  It 
must  be  recognized  that  in  electric  furnaces  the  heat 
is  evolved  within  the  brickwork  and  is,  consequently, 
somewhat  different  from  the  fuel-fired  furnaces. 
Hence,  the  furnace  should  be  set  clear  of  the  floor 
with  only  about  15  in.  of  brick  allowed  up  to  the  lining 
on  the  base  of  the  resistor.  Ten  or  twelve  in.  are 
quite  sufficient  for  this  dimension  for  furnaces  working 
above  1700°  F.  The  brick  employed  should  be  good 
fire  brick.  Silica  brick  serve  excellently  for  this  pur- 
pose. These  brick  run  about  95  per  cent  silica  and 
contain  a  little  lime.  Good  masonry  work  and  par- 
ticularly well  constructed  arches  will  be  much  the 
cheapest  in  the  long  run.  Throughout  the  furnace 
construction  the  same  principles  as  are  observed  in 
oil  furnace  design  are,  of  course,  applied  to  electric 
furnace  construction. 

REFRACTORIES  FOR  LININGS — It  is  most  important 
to  select  the  proper  refractory  for  the  lining  of  the 
resistor.  The  lining  is  usually  in  the  shape  of  a  trough, 
the  resistor  being  placed  in  it.  The  lining  material 
must  have  a  high  melting  point;  it  must  not  have  a 
high  vapor  pressure  at  its  operating  temperature; 
it  must  not  react  chemically  with  the  hot  resistor  on 
one  side  or  the  brick  on  the  other;  and  it  must  not 
become  soft  or  "mushy"  at  the  operating  tempera- 
ture. Its  electrical  conductivity  at  the  operating  tem- 
perature must  be  considerably  less  than  that  of  the 
resistor  and  it  must  be  relatively  cheap. 

The  operating  temperature  of  the  lining  is  rather 
high,  normally  a  few  hundred  degrees  higher  than  the 
hearth  temperature,  but  for  various  reasons  the  maxi- 
mum temperature  obtained  in  a  lining  may  be  a  thousand 
or  more  degrees  higher  than  the  normal  operating 
temperature.  The  reason  for  obtaining  these  high 
temperatures  in  the  lining  may  be  due  to  neglectful 
operation  or  an  attempt  to  get  an  extraordinarily 
large  production  at  a  particular  time.  It  is,  there- 
fore, necessary  to  employ  a  lining  having  a  high  factor 
of  safety  as  regards  the  temperature.  It  is  exceedingly 
difficult  to  find  a  material  which  meets  these  require- 
ments at  a  temperature  of  2000°  C.  (3632°  F.).  It 
must  be  remembered  that  although  refractories  of 
high  melting  point  are  available,  the  addition  of  the 


necessary  binder,  even  though  in  small  amount,  may 
lower  the  fusing  point  of  the  lining  very  materially. 
Either  of  the  following  substances'  having  high  melting 
points  might  be  employed  as  the  principal  constituent 
of  a  refractory  for  use  in  furnaces  operating  above 
2000°  F. 

Melting  point 

Refractory  °  C.  •  F. 

Calcium  carbide  (boils  at  2015°  C.) 1995  3623 

Aluminum  oxide 2020  3668 

Uranium  oxide  (UjOj) 2176  3946 

Uranium  carbide 2425  4396 

Zirconium  oxide 2500  4532 

Vanadium  carbide 2750  4982 

In  addition,  two  other  substances  should  be  mentioned. 
Glucinum  oxide  has  a  high  melting  point,  and  boron 
nitride  shows  no  sign  of  sintering  at  3000°  C.  (5432°  F-)- 

Magnesium  oxide  begins  to  vaporize  under  atmos- 
pheric pressure  at  2009°  C.  (3650°  F.).  All  metallic 
oxides  are  somewhat  acted  upon  by  hot  carbon,  and 
as  the  speed  of  reaction  approximately  doubles  for 
every  10°  C.  rise  in  temperature,  at  electric  furnace 
temperatures  this  chemical  action  is  often  sufficient 
to  deteriorate  considerably  if  not  destroy  the  lining 
entirely.  At  about  2000°  C.  (3632°  F.),  magnesia  is 
rapidly  attacked  by  carbon. - 

The  electrical  conductivity  of  lining  materials, 
especially  metallic  oxides,  increases  very  rapidly  with 
the  temperature.  Materials  which  are  excellent  in- 
sulators at  room  temperatures  become  fine  conductors 
at  electric  furnace  temperatures  and  this  should  be 
borne  in  mind  in  connection  with  the  linings.  For 
example,  a  slab  of  alundum  (fused  alumina)  had  a 
specific  conductivity'  at  1600°  C.  (2912°  F.)  about 
50,000  times  as  great  as  at  20°  C.  (68°  F.). 

In  the  writer's  experience  silicon  carbide  firesand 
offers  advantages  over  other  refractory  materials  for 
the  linings  of  furnaces  considered  in  this  paper.  A 
mixture  of  silicon  carbide  firesand  85  parts,  and  water 
glass  (38°  B.)  15  parts,  forms  a  good  lining  when 
well  baked  in  the  furnace.  A  slightly  better  lining  can 
be  made  by  using  the  above  mixture  for  the  outside 
of  the  trough  and  pure  silicon  carbide  with  the  water 
glass  in  the  same  proportions  for  the  inside  next  to 
the  resistor.  The  lining  is  put  in  place  with  the  as- 
sistance of  wooden  forms,  and  allowed  to  dry;  when 
the  furnace  is  started  it  becomes  well  baked.  At 
operating  temperatures  such  a  lining  is  a  much  poorer 
conductor  than  graphite, .  and  there  is  practically  no 
chemical  action  between  it  and  either  the  carbon  or 
silica  brick  with  which  it  is  in  contact.  Silicon  carbide 
begins  to  decompose  at  about  2300°  C.  (4172°  F.) 
into  carbon  and  silicon,  which  vaporizes,  but  it  has 
given  excellent  service  over  a  considerable  period  of 
time.  A  silicon  carbide  lining,  properly  built  in  a 
heat-treating  furnace  designed  to  give  a  hearth  tempera- 
ture of  1850°  F.,  should  not  need  renewal  more  often 
than  once  in  six  months  and  frequently  such  linings 
last  much  longer.  It  will  be  seen,  however,  that  lin- 
ings are  relatively  expensive  items  in  furnace  con- 
struction  so   that   the   firesand   is   probably  the   most 

'  "Fusion  and  Volatilization  of  Highly  Refractory  Materials."  Ruff  and 
Goecke,  Z.  angew.  Chem.,  2i  (1911).  1459. 

2  O.  P.  Watts,  "Action  of  Carbon  on  Magnesia,"  Trans.  Anur. 
Eleclrochem.  Soc.  11  (1907),  279. 

•  E.  F.  Northrup,  Metal.  Chem.  Eng..  12  (1914),  125. 
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economical,  particularly  if  1700°  F.  is  the  maximum 
hearth  temperature  desired. 

The  writer  begs  to  suggest  that  the  question  of  linings 
for  this  type  of  furnace  offers  an  attractive  field  for  re- 
search and  he  sincerely  hopes  that  scientific  work  along 
these  lines  will  be  made  by  investigators. 

ELECTRODES  are  placed  in  the  furnace  imbedded  in 
a  mixture  consisting  of  silicon  carbide  90  parts,  tar 
(melting  point  100°  F.)  10  parts.  They  project  from 
the  furnace  wall  about  6  inches  into  a  box  without  a 
top  and  made  of  asbestos  mill  board  with  a  framework 
of  small  angles  attached  to  the  furnace.  The  leads 
are  run  into  the  box  from  the  top  and  are  clamped  to 
the  electrodes.  The  box  is  then  filled  with  kieselguhr. 
The  electrodes  may  be  of  either  graphite  or  carbon, 
preferably  the  former.  The  size  of  the  electrodes 
may  be  calculated  by  the  well  known  methods,'  and 
either  the  square  or  round  form  may  be  used. 

SWITCHBOARD — The  switchboard  has  a  main  switch, 
and  a  radial  switch  with  a  number  of  points,  if  a  trans- 
former is  used.  The  switching  may  be  accomplished 
on  the  high  tension  or  the  low  tension  side  of  the 
transformer,  as  is  desired.  If  regulation  is  effected 
by  altering  the  resistance  with  a  furnace  such  as  is 
shown  in  Fig.  Ill,  knife  switches  alone  are  used,  as 
no  transformer  is  employed.  The  resistors  are  thrown 
in  or  cut  out  by  single  bladed  knife  switches,  as  de- 
sired. An  ammeter  is  employed  in  all  cases  unless 
the  primary  tension  is  too  high  to  warrant  satisfactory 
operation  of  same.  The  ammeter  is,  of  course,  always 
placed  on  the  primary  side  of  the  transformer.  If 
an  ammeter  cannot  be  used  a  wattmeter  may  be  em- 
ployed, or  it  may  be  used  if  an  ammeter  is  not  desired 
by  the  operator. 

WIRING  should  be  quite  carefully  done  and  with 
sturdy  construction.  The  chief  precaution  to  observe 
is  to  insulate  all  conductors  of  current  and  have  such 
insulation  located  so  that  the  furnace  heat  will  not 
injure  it.  .In  most  cases  it  is  preferable  to  run  the  con- 
ductors down  from  the  electrodes  along  or  beneath 
the  floor  to  the  switchboard.  The  switchboard,  of 
course,  must  be  accessible  to  the  operator  of  the  fur- 
nace, and  is  preferably  placed  by  the  side  of  the  fur- 
nace near  the  end  having  the  door. 

OPERATION  of  an  electric  furnace  of  the  graphite 
resistor  type  is  found  to  be  very  simple.  A  new  fur- 
nace is  started  up  slowly,  the  voltage  equivalent  to 
one  volt  per  inch  length  of  the  resistor  being  applied 
for  about  12  hrs.  At  the  end  of  this  time  it  may  be 
brought  up  to  temperature  by  gradually  raising  the 
voltage  per  unit  length  of  the  resistor.  The  metal 
is  passed  through  the  furnaces,  the  operation  being 
quite  the  same  as  in  the  fviel-fired  furnace,  and  with 
a  very  little  experience  the  proper  load  for  each  par- 
ticular job  may  be  readily  ascertained.  If  a  change 
in  the  production  of  steel  occurs  in  the  furnace,  or  a 
change  in  temperature  is  desired,  it  is  advisable  to 
raise  or  lower  the  kilowatt  input,  as  the  case  may  be, 

^  The  writer  believes  the  best  method  for  determining  the  proper  cross- 
section  of  electrodes  is  contained  in  an  article  by  Carl  Hering,  "Kmpirical 
Laws  of  Furnace  Electrodes."  Trans.  Amer.  Electrochcm.  Soc.  17  (1910). 
Table  VI  in  this  paper  may  be  employed  very  satisfactorily  for  the  calcula- 


about  15  or  20  minutes  before  the  change  occurs. 
Otherwise,  failure  to  get  the  production  on  the  one 
hand,  or  failure  to  get  the  temperature  on  the  other, 
may  be  the  result. 

When  the  furnace  is  to  be  shut  down  the  current 
may  be  turned  oH  15  or  20  minutes  before  the  last 
piece  of  metal  is  removed.  The  furnace  is  then  closed 
and  as  it  is  quite  hot,  will  take  but  a  short  while  to 
heat  up  after  the  usual  over-night  shut  down  of  14 
hrs.  The  time  to  heat  up  after  such  a  period  is  from 
20  to  30  min.  To  heat  the  furnace  up  from  cold  re- 
quires about  I  hr. 

REPLENISHING  OF  RESISTOR — As  previously  stated 
the  resistor  burns  away  partially  and  must  be  re- 
plenished. This  should  be  done  at  intervals  of  about 
70  hrs.  of  operation  on  furnaces  operating  from  1700°  F. 
to  1800°  F.,  but  furnaces  running  at  lower  temperatures 
will  last  for  longer  intervals  without  replenishing. 
At  1700°  F.  hearth  temperature  the  consumption  of 
graphite  is  approximately  o.oi  lb.  per  k.  w.  hr.  The 
graphite  may  be  charged  through  small  port-holes, 
located  in  the  sides  of  the  furnace,  by  means  of  long 
handled  scoops.  It  is  then  raked  down  with  a  small 
rake  adapted  to  the  particular  resistor.'  In  some 
instances  the  resistor  runs  uncovered  or  partly  uncovered 
along  the  sides  of  the  hearth  inthe  interior  of  the  muffle. 
In  this  case  the  graphite  is  shoveled  in  through  the 
furnace  door.  The  proper  amount  of  graphite  to  be 
used  will  be  found  readily  by  a  few  trials,  noting  the 
position  of  the  switch  before  and  after  charging  for 
the  same  load. 

As  the  regulation  is  accomplished  by  simply  throwing 
the  switch,  the  furnace  may  be  regulated  by  the  work- 
men. The  wiring,  of  course,  must  be  arranged  so 
that  it  is  impossible  to  short-circuit  the  line  by  means 
of  the  switches.  The  workmen,  however,  must  be 
instructed  not  to  run  the  furnace  on  a  voltage  equiva- 
lent to  1.8  or  2  volts  per  inch  length  unless  the  production 
really  warrants  it.  Otherwise,  overheating  may  some- 
times occur  between  charges  while  the  furnace  is  empty. 
To  provide  against  overheating  in  this  manner,  fuses 
should  be  carefully  selected  of  low  amperage,  which 
is  determined  by  the  ma.ximum  rate  at  which  the  work 
should  be  done.  This  precaution  is  to  be  observed 
particularly  on  furnaces  where  productions  are  varying 
widely  from  day  to  day.  For  temperatures  over 
1800°  F.,  it  might  be  advisable  to  equip  the  furnace 
with  a  pyrometer  constructed  so  as  to  operate  a  cir- 
cuit breaker  when  the  maximum  desired  tempera- 
ture is  reached. 

EFFICIENCY 

Although  the  furnace  has  been  designed  with  the 
idea  of  supplying  enough  current  to  heat  the  metal 
and  to  make  up  the  losses  of  radiation,  etc.,  the  super- 
intendent of  the  heat-treating  department  is  very 
likely  to  consider  the  furnace  from  a  standpoint  of 
efficiency.  This  may  be  expressed  in  per  cent  or  kilo- 
watt hours  per  unit  of  production.  Table  II  shows 
the  relation  between  these  two  methods  of  expressing 
efficiency. 

1  The  upper  surface  of  the  resistor  should  be  raked  as  level  as  possible, 
but  it  is  better  to  have  it  slightly  concave  laterally  than  convex. 
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Tablb  II — Number  of  Kilowatt  Hours  Required  to  Raise  one  Ton 
(2240  Lbs.)   of  Steel  to  Various  Temperatures  at  Several 
Efficiencies 
Rise  in  Percentage  efficiency 


temperature 

100 

80 

70 

60 

50 

"F. 

"  C. 

Kilowatt  hours  required 

950 

528 

89 

111 

127 

148 

178 

1050 

584 

103 

129 

147 

172 

206 

1150 

639 

118 

147 

168 

196 

236 

1250 

695 

134 

167 

191 

223 

267 

1350 

750 

150 

187 

214 

249 

299 

1450 

806 

164 

205 

235 

274 

328 

1500 

834 

171 

214 

245 

286 

342 

1550 

861 

178 

223 

254 

297 

356 

1600 

889 

188 

235 

268 

313 

376 

1650 

916 

197 

246 

282 

328 

394 

1700 

945 

207 

259 

296 

345 

414 

1750 

972 

217 

271 

310 

362 

434 

1800 

1000 

222 

278 

318 

370 

445 

2350 

1306 

272 

340 

388 

453 

544 

In  general,  the  larger  the  production  of  metal  in 
a  particular  furnace,  the  greater  the  electrical  efficiency. 
Too  high  production,  however,  usually  means  diffi- 
culties in  control  and  with  very  high  production  there 
is  danger  of  overheating  should  there  be  slackening 
in  the  production  without  a  corresponding  change  in 
the  kilowatt  input  being  made.  The  aim  to  make  a 
production  at  a  rate  equivalent  to  4  or  5  k.  w.  per 
sq.  ft.  of  hearth  and  also  at  65  to  75  per  cent  efficiency 
is  an  excellent  one.  When- the  cost  of  current  is  rather 
high,  work  which  necessitates  a  production  at  a  lower 
efficiency  than  60  per  cent  should  be  transferred  to 
a  smaller  furnace  if  the  shape  of  the  pieces  permits. 
On  furnaces  under  30  k.  w.  capacity  these  figures 
do  not  apply,  as  the  efficiency  on  such  small  furnaces 
is  very  much  less  than  on  the  moderate  size  ones  of 
50  to  125  k.  w. 

INSTALLATION    OF    FURNACES 

In  order  to  determine  the  number  and  size  of  fur- 
naces for  an  installation  a  careful  inquiry  into  the 
nature  and  quantity  of  the  production  is  necessary. 
The  maximum  and  minimum  productions  must  be 
met  with  as  high  efficiency  as  possible  for  the  various 
productions.  Frequently  a  moderately  large  furnace 
to  operate  all  the  time,  accompanied  by  a  smaller  one 
to  be  operated  as  needed,  is  much  more  economical 
from  a  point  of  view  of  current  consumption  in  the 
long  run,  than  one  furnace  capable  of  the  maximum 
production.  Care  must  be  observed  not  to  make  the 
furnace  too  large  for  the  sake  of  being  on  the  safe  side. 
A  furnace  so  large  that  it  takes  10  per  cent  more  cur- 
rent than  a  smaller  one  exactly  suited  to  the  work, 
would  waste  enough  current  in  the  course  of  six  months, 
or  a  year  at  the  outside,  to  pay  for  a  complete  new 
installation.  Sometimes  the  labor  requirements  de- 
termine the  size  of  the  units.  Two  men  on  a  single 
furnace  might  not  be  able  to  accomplish  so  much  on 
the  one  furnace  as  they  would  if  operating  two  smaller 
size  furnaces.  Here  the  decreased  efficiency  in  two 
furnaces  must  be  carefully  compared  with  the  saving 
in  labor. 

SELECTION    OF    TYPE    OF    FURNACE 

In  the  selection  of  the  type  of  furnace  for  the  par- 
ticular work,  if  10  sq.  ft.  or  more  of  hearth  area  are 
required,  a  furnace  regulated  by  the  resistance  method. 
Fig.  Ill,  is  certainly  to  be  preferred.  This  furnace 
costs  about  half  as  much  as  the  furnace  equipped  with 
a  transformer  and  has  a  much  more  uniform  heat 
liberation   in   the   hearth.     Electric  furnaces   with   re- 


sistance regulation  including  all  the  electrical  equip- 
ment, cost  about  the  same  for  installation  as  a  good 
oil  furnace,  and  frequently  are  somewhat  cheaper 
if  blowing  equipment  installation  charge  for  the  oil 
furnace  is  included.  As  a  rule  these  furnaces  operate 
on  a  higher  voltage  than  do  the  furnaces  having  a 
special  transformer  so  that  a  saving  in  copper  for  the 
conductors  is  sometimes  effected.  They  can  be  de- 
signed to  operate  on  the  standard  voltages,  220  volts 
being  very  satisfactory,  and,  of  course,  can  operate 
on  either  direct  or  alternating  current.  The  larger 
furnaces  can  be  built  to  operate  on  two-  or  three-phase 
lines,  but  those  taking  100  k.  w.  or  less  are  best  con- 
structed for  single-phase  or  direct  current.  For 
the  small  furnaces,  such  as  the  one  shown  in  Fig.  IV, 
a  regulation  by  means  of  voltage  is  best  with  a  trans- 
former having  a  secondary  with  several  taps,  as  men- 
tioned above,  either  with  or  without  the  resistance 
regulation  in  conjunction  with  it. 

USE   OF   ELECTRIC   FURNACE   FOR   HEAT   TREATMENT 
DEPENDENT  ON  COST  OF  CURRENT 

The  extent  of  use  of  the  electric  furnace  for  heat 
treating  depends  quite  largely  on  the  cost  of  current. 
Fortunately,  in  this  connection,  the  resistance  furnaces 
have  a  remarkably  steady  load.  The  starting  load 
is  somewhat  less  than  the  running  load.  In  a  large 
number  of  cases  the  mean  running  load  is  found  to 
be  between  80  and  90  per  cent  of  the  maximum  de- 
mand. Under  these  circumstances,  particularly  with 
operation  extended  into  or  through  the  night,  current 
can  usually  be  furnished  for  a  low  figure.  The  price 
of  one  cent  per  k.  w.  hr.  is  frequently  sufficient  to 
warrant  the  employment  of  the  electric  furnace  in 
place  of  oil  on  the  ground  of  cheaper  cost  of  operation 
alone.  Current  for  three-quarters  of  a  cent  per  k.  w. 
hr.  frequently  proves  as  cheap  as  any  method  of  firing 
when  all  factors  are  considered.  Among  these  factors, 
most  of  which  have  been  duly  considered,  might  be 
mentioned  the  lower  labor  charge  which  is  usually 
effected  by  the  introduction  of  the  electric  furnace. 
The  furnace  is  conducive  to  high  production  on  ac- 
count of  the  fact  that  it  is  not  so  uncomfortable  for 
the  workmen  as  the  fuel-fired  furnaces.  Besides  the 
fact  that  it  is  relatively  cool  and  the  elimination  of  all 
smoke  and  dirt,  and  the  attendant  difficulties  with  the 
products  of  combustion,  the  electric  furnace  is  much 
more  satisfactory  from  the  workmen's  standpoint 
than  any  heretofore  produced. 
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VARIATION    IN    PROPERTIES 

Turpentine,  spirits  of  turpentine,  or  oil  of  turpen- 
tine, is  the  volatile  oil  obtained  ordinarily  by  the 
distillation  of  the  oleoresin  of  various  species  of  pines. 
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In  recent  j'cars  a  considerable  amount  of  "wood 
turpentine,"  obtained  by  steam  or  destructive  dis- 
tillation of  resinous  wood  has  been  placed  upon  the 
market.  To  avoid  confusion,  the  turpentine  obtained 
by  distillation  of  the  oleoresin  or  gum  is  called  "gum 
turpentine." 

Gum  turpentines  consist  largely  of  the  terpene 
a-pinene.  with  smaller  amounts  of  camphene'  and 
/3-pinene.''  Camphene  is  not  readily  affected  by  light 
and  air,  but  a-pinene  and  /5-pinene  are  soon  affected; 
the  specific  gravity,  index  of  refraction,  and  boiling 
point  become  higher  and  there  is  a  pronounced  in- 
crease in  color  and  non-volatile  residue.  For  this 
reason  the  physical  properties  of  gum  turpentines 
will  vary  considerably,  depending  upon  their  age  and 
exposure. 

McGilF  collected  48  samples  of  turpentine  on  the 
open  market.  After  eliminating  samples  of  doubt- 
ful purity,  he  defines  turpentine  in  part  as  follows: 
Density  0.860  to  0.880  at  15.5°  C,  being  usually 
about  0.870;  density  of  the  first  fraction  consisting 
of  10  per  cent  by  volume,  between  0.856  and  0.870, 
being  usually  about  0.860.  The  refractive  index 
should  lie  between  1.4667  and  1.4722  at  20°  C,  that 
of  the  first  fraction  should  not  exceed  1.4700;  boiling 
point  between  154°  and  158°  C;  nine-tenths  by  vol- 
ume should  distil  over  below  180°  C. 

Long^  found  that  the  specific  gravity  of  pure  com- 
mercial turpentines  varied  from  0.8656  to  0.8748. 
The  boiling  point  was  uniformly  155-156°  C,  and  85 
per  cent  distilled  below  163°  C. 

Veitch'  and  Donk  state  that  a  turpentine  of  stand- 
ard or  No.  I  quality  should  have  a  specific  gravity 
of  from  0.862  to  0.870  at  20°  C;  a  refractive  index  of 
from  1.468  to  1.476  at  20°  C;  and  that  95  per  cent 
should  distil  below  170°  C. 

Practically  all  information  previously  published  on 
the  physical  properties  of  gum  turpentine  is  based  on 
the  analysis  of  samples,  the  age  of  which  is  not  stated, 
and  consequently  it  is  not  apparent  to  what  extent 
variations  existed  in  the  original  freshly  distilled  oils 
or  to  what  extent  they  are  due  to  subsequent  changes. 
Although  it  has  been  considered  that  the  conditions 
of  production  exerted  some  influence  on  the  quality 
of  turpentines,  the  extent  of  such  influences  had  not 
been  determined. 

VARYING    CONDITIONS    OF    PRODUCTION 

The  oleoresin  obtained  by  systematic  scarification 
of  the  trees  and  caught  in  appropriate  receptacles 
such  as  "cups"  or  "boxes,"  is  known  as  "dip"  among 
turpentine  operators,  while  that  portion  of  the  oleo- 
resin which  hardens  on  the  face  of  the  tree  is  called 
"scrape."  Collectively,  the  dip  and  scrape  are  called 
"gum." 

When  the  trees  are  tapped  by  the  box  system  a 
cavity  called  a  box  is  cut  into  the  base  of  the  tree. 
The  face  immediately  above  the  box  is  chipped  weekly 
to  produce  a  flow  of  gum;  as  a  result,  the  face  is  ex- 

'  Schimmel  and  Company.  Report.  October   1897,  p.  68. 

s  Ibid.,  April.  1908,  pp.  99-100. 

>  Inland  Revenue  Dept..  Canada,  Bull.  79. 

*Jour.  Anal,  and  Applied  Chem.,  6  (1892).  2. 

'Bur.  of  Chem..  Washington.  D.  C.  Bull.  136. 


tended  and  a  height  of  ten  to  twelve  feet  is  sometimes 
attained  before  the  tree  is  abandoned.  The  height 
of  the  face  increases  from  i8  to  24  inches  per  year, 
and  the  gum  must  travel  a  constantly  increasing  dis- 
tance to  reach  the  box.  The  dip  collected  the  first 
year  is  called  "virgin,"  the  second  year  "yearling," 
usually  "buck"  for  the  succeeding  years.  Because 
of  the  greater  distance  the  gum  must  flow  during  suc- 
ceeding years,  which  necessitates  longer  exposure  to 
light  and  air;  the  turpentine  has  a  more  or  less  yellow 
color  and  is  usually  supposed  to  have  a  higher  specific 
gravity.  The  proportion  of  volatile  oil  in  the  oleo- 
resin collected  decreases  as  the  height  of  the  face  in- 
creases and  the  rosin  has  a  darker  color. 

The  employment  of  the  cup  and  gutter  system  or 
cup  and  apron  system  reduces  the  path,  over  which 
the  gum  must  flow,  since  at  the  beginning  of  each  sea- 
son the  cup  is  raised  to  the  top  of  the  face  chipped 
the  preceding  year.  The  turpentine  obtained  from 
this  gum  is  believed  to  be  more  uniform  in  physical 
properties  and  is  only  slightly  colored. 

The  gum  is  distilled  in  ordinary  copper-pot  stills 
which  hold  from  ten  to  thirty-five  barrels  and  are 
heated  directly.  A  small  stream  of  water  is  allowed 
to  flow  into  the  still  from  a  funnel  in  the  still  head 
after  the  greater  portion  of  the  water  occurring  in 
the  gum  has  passed  over.  The  temperature  within 
the  still  usuaiiy  does  not  exceed  160°  C.  at  the  end  of 
the  distillation,  but  when  old  scrape  or  dip  is  being 
distilled  a  much  higher  temperature  is  often  employed. 
The  rosin  flowing  from  one  still  was  observed  to  have 
a  temperature  of  194°  C. 

The  species  tapped  in  the  South  are  almost  exclu- 
sively the  longleaf  pine  (Pinus  palustris  Mill.)  and 
the  Cuban  pine  {Pinus  heterophylla  Ell.);  the  short- 
leaf  pine  [Pinus  echinata  Mill.),  loblolly  pine  {Pinus 
iaeda  Linn.),  and  the  pond  pine  (Pinus  serotina  Mich.) 
are  tapped  only  casually. 

COLI.ECTION    OF    SAMVLES 

The  samples  which  were  taken  to  study  the  varia- 
tion in  fresh  turpentines  were  collected  by  the  author 
at  the  stills  and  were  obtained  at  various  points  in 
the  coastal  region  from  Mississippi  to  Georgia  in  order 
that  they  might  be  representative  of  the  turpentine 
produced  throughout  this  belt.  They  were  taken 
from  barrels  which  were  being  filled  at  the  still  or 
from  those  which  had  just  been  filled  and  rolled  into 
the  storage  shed.  Two  lots  were  obtained,  one  in  the 
fall  of  1910  and  the  other  in  the  spring  of  1911.  From 
each  of  the  samples,  as  complete  a  history  as  possible 
was  secured  which  covered  the  source  of  the  gum 
(whether  dip  or  scrape,  from  boxes  or  cups,  age  of  the 
faces,  and  other  similar  information)  and  the  part  of 
distillation  from  which  the  sample  was  taken.  A 
summarized  description  of  the  samples  is  given  in 
Tables  I  and  II. 

As  soon  as  the  samples  were  collected  they  were 
shipped  in  sealed,  i-gallon  tin  cans  to  the  Forest  Prod- 
ucts Laboratory.  Analysis  of  the  samples  was  begun 
and  finished  in  such  time  that  not  more  than  a  month 
elapsed  between  the  date  of  collection  and  analysis. 

To  determine  what  variation  might  be  expected  in 
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large  lots  of  commercial  oils,  a  sample  was  obtained  at 

monthly  intervals  from  large  stock  tanks  at  Pensacola.' 

For    studying    the    effect    of    storage,    two    i -barrel 

samples  of  fresh  turpentine  were  obtained^  and  stored 

Gravity,  Index  op  Refraction,  and  Percentages 
TO  165°  and  170°  OF  Turpentines  Collected 
IN  THE  Fall  of  1910 


Sp.  gr. 

Sarap.   Kind    Recep-     Year  of  Part  at 

No.  of  gum   tacle       tapping  of  run  15°  C. 

1130  Scrape    Box     1st  and  2nd  Last  0.8683 

1131  Scrape     Box     1st  Last  0.8704 

1132  Scrape     Box    4th  All  0.8680 

1133  Dip          Box     1st  First  0.8662 

1134  Dip           Box    4th  First  0.8663 

1135  Dip          Cup    1st  and  2nd  First  0.8674 

1136  Dip          Cup    1st  and  2nd  Last  0.8673 

1137  Dip           Cup     1st  and  2nd  All  0.8683 

1138  Scrape  C&B  2nd  Last  0.8695 

1139  Scrape     Box    2nd  Last  0.8686 

1140  Scrape     Box    5th  Last  0.8678 

1141  Scrape     Box     1st,  2nd  and  5th  Last  0.8681 

1142  Scrape    Cup    2nd  Last  0.8683 

1143  Dip          Box    2nd  to  5th  Last  0.8682 

1144  Scrape     Cup    2nd  Middle  0,8665 

1146  Dip          Cup    1st  First  0.8669 

1147  Scrape    Box    1st  First  0.8698 

1148  Dip          Cup    Isf  First  0.8659 

1149  Scrape     Box    4th  and  5th  Last  0.8682 

1150  Dip          Cup    1st  First  0.8666 

1151  Scrape    Cup    1st  First  0.8674 

1152  Scrape     Box    2nd  All  0.8667 

1153  Scrape     Box    4th  Last  0.8695 

1154  Dip          Box    4th  and  5th  Last  0.8683 

1155  Dip          Box     1st  and  2nd  All  0.8674 

1156  Dip           Box    3rd  Last  0.8688 

1157  Dip          Box    1st  and  2nd  Middle  0.8671 

1158  Dip          Box    2nd  First  0.8680 

1161  Dip          Box     1st  and  5th  First  0.8699 

1162  Scrape     Box    5th  First  0.8669 

1163  Dip          Box    3rd  First  0.8675 

1164  Dip          Cup    Ist,  2nd  and  3rd   Last  0.8687 

Minimum 0.8659 

Maximum 0,8704 

Average 0.8680 


Table  II — Specific  Gravity,  Index  of  Refraction,  and  Percentages 
Distilling  up  to  165°  and  170°  of  Dip  Turpentines  Col- 
lected IN  THE  Spring  of  1911 

Per  cent 
distillate  to 


Befrac. 

distillate 

index 

to 

at 

15°  C. 

165° 

170° 

1.4737 

92.0 

97.5 

1,4743 

•95.0 

97.0 

1.4730 

95.0 

97.0 

1.4722 

97.0 

97.5 

1.4732 

94.5 

97.5 

1.4739 

91.5 

97.0 

1.4737 

92.0 

97.0 

1.4744 

91.0 

96.5 

1.4744 

92.0 

96.5 

1.4737 

93.0 

96.5 

1.4732 

92.5 

97.5 

1.4736 

92.0 

96,5 

1.4729 

94.5 

97.0 

1.4735 

92.5 

96.0 

1,4724 

97.0 

97.0 

1.4722 

96.0 

97.0 

1.4724 

96,5 

96.5 

1.4721 

96.5 

97.5 

1.4731 

93.0 

97.0 

1.4724 

97.0 

97.0 

1.4729 

95.5 

97.0 

1.4723 

95.0 

97.0 

1.4735 

92.5 

95.5 

1.4732 

91.5 

97.0 

1.4723 

95.5 

97.0 

1.4734 

92.5 

97.0 

1.4726 

94.5 

97.0 

1.4728 

97.0 

97.0 

1.4745 

89.0 

93.0 

1 .4732 

95.0 

97.0 

1.4737 

90,0 

96.5 

1.4750 

87.0 

95.0 

1.4721 

87.0 

93.0 

1,4750 

97.0 

97.5 

1.4732 

93,6 

96.7 

Kind  of  Sp.  gr 

Lab.  recep-               Year  of             Part  at 

No.  tacle       ,       tapping  of  run  15°  C. 

1671  Box  3rd  Last  0.8718 

1672  Box  2nd  First  0.8696 

1673  Cup  2nd  Last  0.8700 

1674  Cup  2nd  First  0.8674 

1676  Cup  1st  All  0.8675 

1677  Box  1st  and  2nd  Middle  0.8704 

1678  Cup  1st  First  0.8678 

1679  Box  7th  Last  0.8703 

1680  Cup  2nd  Last  0.8683 

1681  Box  2nd  and  3rd  Last  0.8722 

1682  Box  2nd  First  0.8688 

1683  Box  5th  All  0.8688 

1684  ...  Whole  0.8691 

1685  Box  2nd  to  5th  Last  0.8707 

1686  Box  1st  Last  0.8692 

1687  Box  2nd  to  5th  First  0.8694 

1688  B&C  2nd  to  6th  All  0.8680 

1689  B&C  1st   to  6th  Last  0.8678 

1690  B&C  2nd  to  6th  Last  0.8678 

1691  Box  1st  Middle  0.8668 

1692  Cup  Ist  First  0.8670 

1693  Box  2nd  First  0.8675 

1694  C&B  1st  to  5th  First  0.8675 

1695  C&B  1st  Last  0.8668 

1696  Box  7th  Last  0.8719 

1697  Cup  2nd  and  3rd  Last  0.8690 

1698  Cup  1st  ,  Middle  0.8672 

1699  Box  2nd  and  4th  First  0.8697 

1700  Box  2nd  and  4th  Last  0.8713 

1701  Box  2nd  Last  0.8688 

1702  Box  5th  First  0.8680 

1703  Box  4th                   ■  All  0.8696 

1704  Box  4th  First  0.8684 

1705  Box  1st  and  5th  Last  0.8709 

1706  Box  1st  and  5th  Last  0.8671 

Minimum 0.8668 

Maximum 0.8722 

Average 0.8689 


Refra 


1.4714  86.0 
1.4746  95.5 
1.4730     91.5 


at   the  laboratory;   these   were   examined   at  intervals 

'  The  American  Naval  Stores  Company,  from  whom  these  samples 
were  obtained,  state  that  turpentine  is  constantly  added  to  and  withdrawn 
from  their  tanks  so  that  the  contents  seldom  remain  undisturbed  for  a  period 
longer  than  one  week. 

^  From  Gillian,  Vizard  and  Company,  New  Orleans,  La. 


of   four   months.     The   turpentine   was   distilled   from 
virgin  scrape. 

METHOD    OF    ANALYSIS 

The  method  of  analysis,  which  consisted  of  frac- 
tional distillation  and  the  determination  of  the  phys- 
ical properties  of  the  fractions,  is  fully  described  in 
Forest  Service  Bulletin  105.'  The  fractionating  ap- 
paratus consisted  of  a  twelve-inch  Hempel  column 
filled  with  glass  beads.  The  sample  consisted  of  500 
grams  of  oil  and  the  fractions  collected  amounted  to 
approximately  10  per  cent  except  for  the  first  5  per  cent  of 
distillate.  Fpr  the  first  lot  of  samples  (Nos.  1130  to 
1 164,  inclusive)  about  2  per  cent  was  taken  for  the  first 
fraction  and  the  distillation  was  continued  until  a 
temperature  of  170°  was  reached  or  the  distillate 
ceased  to  pass  over.  The  other  samples  for  which 
detailed  analyses  are  given  (Nos.  1671  to  1705)  were 
distilled  in  a  slightly  different  manner.  The  first  two 
fractions  amounted  to  about  2.5  per  cent  each;  the 
specific  gravity  of  the  first  fraction  was  taken  sepa- 
rately; then  the  two  fractions  were  combined  and  the 
specific  gravity  of  the  mixture  was  determined.  Also 
it  was  aimed  to  leave  a  residue  of  5.0  per  cent  in  the 
distilling  flask.  These  changes  seemed  advisable 
because  of  the  great  variations  in  the  properties  of 
the  first  fraction  when  it  was  as  small  as  1.5  to  2.0 
per  cent.  Furthermore,  when  either  the  first  frac- 
tion or  residue  is  less  than  5  per  cent,  their  specific 
gravities  cannot  be  taken  with  the  Westphal  balance 
in  general  use  in  chemical  laboratories,  and  when  it 
is  attempted  to  distil  more  than  95  per  cent  of  the  tur- 
pentine, polymerization  takes  place  to  a  considerable 
extent;  this  has  the  effect  of  increasing  unduly  the 
specific  gravity  and  index  of  refraction  of  the  residue. 

ANALYSIS    or    FRESHLY    DISTILLED    OILS 

Table  I  gives  the  specific  gravities,  indices  of  re- 
fraction, and  percentages  distilling  to  165°  C.  and  170° 
C.  for  the  dip  and  scrape  turpentine  collected  inthe 
fall  of  1910;  similar  determinations  on  the  turpentines 
collected  in  the  spring  of  igii  are  given  in  Table  II. 
The  specific  gravity  of  the  turpentines  ranged  from 
0.8659  to  0.8722,  with  an  average  of  0.8685  for  ^H 
conditions  of  production.  The  index  of  refraction 
of  the  same  samples  ranged  from  1.4714  to  1.4746, 
with  an  average  of  i .  4730.  The  specific  gravity 
values  are  fairly  evenly  distributed  throughout  the 
range  indicated,  except  in  the  upper  portion,  where 
they  are  more  scattered. 

Boiling  Point — The  samples  collected  in  the  fall 
of  1910  had  a  range  of  boiling  point  of  155°  to  157.6°, 
the  average  being  156.1°.  The  boiling  points  of  the 
samples  collected  in  the  spring  of  191 1  ranged  from 
154.1°  to  156.9°,  the  average  being  155.8°. 

First  Fractions  and  Residues — The  first  fraction 
amounting  to  2 .  5  per  cent  had  the  following  proper- 
ties: specific  gravity  at  15°  0.8630-0.8655,  the  average 
being  0.8645;  refractive  index  i .  4674-1 .  4708,  the 
average  being  1.4691. 

•  The  first  fraction  amounting  to  5 .  o  per  cent  had  the 
following   properties:   specific   gravity    0.8641-0.8663, 

'  "  Wood   Turpentines,   Their   Analysis,   Refining,   and    Composition," 
by  L.  F,  Hawley. 
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the   average   being   0.8652;   refractive   index    1.4691- 
1 .4710,  the  average  being  i .  4698. 

As  anticipated,  the  residues  showed  the  greatest 
variation.  The  properties  of  the  5  per  cent  residues 
were  as  follows:  specifi-c  gravity  0.8873-0.9723,  the 
average  being  0.9121;  refractive  index  i .  4837-1 .  5082, 
the  average  being  1.4920. 

EFFECT  OF  CONDITIONS    OF    PRODUCTION   ON  PROPERTIES 

Season  of  Year — The  "dip"  turpentines  collected 
in  the  spring  had  an  average  specific  gravity  of  0.8689 
while  the  specific  gravity  of  those  collected  in  the  fall 
was  0.8676.  The  difference  shown  by  the  average 
values  appears  fairly  consistent  in  the  individual  sam- 
ples, notwithstanding  that  the  lower  range  is  identical 
for  both  classes.  Of  the  35  samples  collected  in  the 
spring,  19  had  a  specific  gravity  higher  than  the  aver- 
age for  all  samples,  while  of  the  17  dip  turpentines  col- 
lected in  the  fall  only  three  fell  above  the  mean  value 


from  first-  and  second-year  faces.  The  average  for  all 
samples  of  the  former  class  is  0.8691,  and  of  the  latter 
0.8678.  The  age  of  the  face  seems  to  have  little 
or  no  influence  on  the  properties  of  turpentine  dis- 
tilled from  scrape  gum. 

Method  of  Collecting  Gum — The  turpentines  from 
boxes  have  an  average  specific  gravity  0.0012  greater 
than  those  from  cups,  but  when  individual  samples 
are  compared  there  is  little  regularity  in  the  values. 
The  average  index  of  refraction  and  range  of  refrac- 
tive values  are  practically  identical  for  both  classes 
of  turpentine. 

Part  of  Distillation — The  part  of  the  distillation 
run  from  which  the  sample  is  taken  has  a  very  evident 
influence  on  its  specific  gravity.  The  average  gravity 
of  all  samples  from  the  first  part  of  the  run  and  of  those 
representing  the  middle  part  of  the  whole  run  is  prac- 
tically the  same,  but  the  samples  from  the  last  part 
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for  all  samples.  The  average  index  of  refraction,  as 
well  as  the  range  of  refractive  values  is  practically 
identical  for  the  two  classes  of  turpentines. 

Kind  of  Gum — The  samples  collected  in  the  fall 
of  1910  included  turpentines  from  both  dip  and  scrape 
gums.  The  average  specific  gravity  of  the  scrape 
turpentines  was  0.8683  and  of  the  dip  turpentine 
0.8676;  the  maximvim  and  minimum  values  were  also 
higher  for  the  scrape  turpentines  than  for  the  dip 
turpentines  by  about  the  same  amount  as  the  average 
values.  The  average  index  of  refraction  for  both  classes 
of  turpentines  was  precisely  the  same,  but  the  range  for 
the  scrape  turpentines  was  a  trifle  narrower  than  for 
the  dip  turpentines.  The  average  specific  gravity 
of  the  first  fractions  and  the  average  values  of  both 
the  specific  gravity  and  index  of  refraction  of  the  resi- 
dues are  slightly  higher  for  the  scrape  than  for  the 
gum  turpentines. 

Age  of  Faces — The  dip  turpentines  from  3-  to  7-year 
faces  had  a  slightly  higher  specific  gravity  than  those 


of  the  run  have  higher  gravity  than  those  from  the 
first  and  middle.  This  variation  is  fairly  consistent 
among  the  various  classes  of  samples.  The  index  of 
refraction  of  the  samples  from  the  last  part  of  the  run 
is  also  higher.' 

Summary — Turpentines  vary  in  specific  gravity 
with  the  conditions  under  which  they  are  produced. 
The  average  gravity  is  higher  for  scrape  than  for  dip 
turpentines,  higher  for  turpentines  collected  in  the 
spring  than  for  those  collected  in  the  fall,  higher  for 
old  faces  than  for  new,  higher  for  boxes  than  for  cups, 
and  higher  during  the  last  part  of  the  distillation  run 
than  during  the  first  part.  These  differences  are  very 
small;  but  that  they  are  real  and  not  accidental  is  in- 

1  The  barrel  into  which  the  water  and  oil  run  from  the  still  and  where 
the  separation  of  water  and  oil  is  effected,  usually  remains  from  one-half 
to  three-fourths  full,  the  turpentine  being  gradually  dipped  out  to  prevent 
overflow,  consequently  the  samples  arc  more  uniform  than  it  would  appear 
since  a  sample  taken  from  the  last  third  of  the  run  is  not  taken  from  the 
last  third  that  actually  runs  from  the  worm,  furthermore,  since  the  tur- 
pentine is  distilled  in  the  presence  of  water  vapor  there  would  be  no  sharp 
separation  into  light  and  heavy  fractions. 
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dicated  by  the  fact  that  the  variations  are  fairly 
consistent  among  individvial  samples,  and  that  the 
effects  are  most  pronounced  when  several:  factors  are 
combined.  The  highest  average  gravity  for  any 
group  of  samples  occurs  for  three  which  come  from  the 
last  part  of  the  run  on  gum  collected  in  the  spring 
from  old  faces  by  boxes;  the  lowest  occurs  for  four 
samples  from  the  first  part  of  the  run  on  gum  collected 
in  the  fall  from  first-  and  second-year  faces,  by  cups. 

The  index  of  refraction  varies  to  some  extent  for 
the  individual  samples,  but  the  average  values  for  the 
different  classes  are  practically  the  same. 

Although  the  physical  properties  of  turpentine 
vary  with  the  conditions  of  production,  the  variations 
are  comparatively  small  and  the  range  of  values  for 
normal  turpentines  is  likewise  comparatively  small. 
The  range  for  percentage  distillation  and  specific 
gravity  and  index  of  refraction  of  normal  gum  turpen- 
tines is  shown  graphically  in  Figs,  i,  2  and  3.  These 
curves  show  the  extreme  limit  of  physical  properties 
for  authentic  samples. 
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SPECIFIC  SftAVITY 


Date 

Uab. 

received 

No. 

1912 

1967 

Jan. 

2216 

Feb. 

2230 

March 

2315 

April 

2115 

May 

2170 

June 

2207 

July 

2417 

Aug. 

2447 

.Sept. 

2501 

Nov. 

2546 

Nov. 

2594 

Dec. 

'URPENTINES 

Obtained  a 

T  Month 

Lv  Intervals 

ROM  Storage  Tanks 

95  per  cent 

Date 

Sp.  gr. 

Ind.  of 

d:stilled 

examin 

ed 

at 

ref.  at 

up  to 

1912 

15°  C. 

15"  C. 

°  C. 

Jan. 

75 

0.8696 

1.4726 

167.5 

Feb. 

7(1 

0.8697  . 

1 .4726 

166.5 

March 

H 

0.8694 

1.4725 

166.0 

April 

10 

0.8694 

1.4726 

167.5 

May 

7 

0.8692 

1.4726 

167.5 

June 

10 

0.8684 

1.4728 

167.0 

July 

III 

0.8685 

1.4727 

167.0 

Aug. 

H 

0.8682 

1.4727 

167.0 

Sept. 

10 

0.8688 

1.4729 

167.0 

Nov. 

7 

0.8687 

1 .4730 

166.5  ■ 

Nov. 

}> 

0 . 8685 

1.4730 

166.0 

Dec. 

VI 

0.8683 

1.4729 

166.5 

ANALYSES  OF  SAMPLES  FROM  STOCK  TANKS 

The    analyses    obtained   at    monthly  intervals  from 
stock  tanks  are  given  in  Table  III. 

The    average    specific   gravity,    0.8689,    and    refrac- 


tive index,  1.4727,  of  these  samples  agree  well  with 
the  corresponding  average  values  for  the  samples 
examined  in  the  preceding  series  of  tests,  namely, 
0.8685  and  1.4730.  The  ranges  for  percentage  dis- 
tillation, specific  gravity,  and  refractive  index  for  the 
samples  obtained  from  stock  tanks  are  given  in  Fig. 
4,  and  are  much  narrower  than  those  given  in  Figs. 
I,  2  and  3.  This  greater  uniformity  is  to  be  expected 
in  the  samples  taken  from  bulk  quantities.  Since  it 
is  not  known  what  class  of  turpentine  predominated 
in  a  tank  at  any  time,  such  variations  in  physical 
properties  as  appear  cannot  be  fully  explained.  How- 
ever, the  higher  specific  gravity  of  the  samples  taken 
the  first  months  of  the  year  may  be  accounted  for 
since  the  first  dipping  of  the  season  is  not  distilled 
until  April  or  May,  and  scrape  turpentines  from  the 
previous  season  would  predonynate  during  the  winter 
months. 

EFFECT    OF    STORAGE 

The  two  barrels  of  turpentine  secured  for  storage 
at  the  Forest  Products  Laboratory  were  distilled  the 
middle  of  December,  1910.  Sample  No.  1559  was 
stored  in  an  iron  drum,  while  No.  1560  was  left  in  the 
original  container.  Both  samples  were  first  examined 
March  30,  1911,  at  which  time  sample  No.  iSS9  was 
transferred  to  the  iron  drum,  and  were  subsequently 
examined  at  periods  of  approximately  four  months 
each.  The  results  of  examination  are  given  in  Tables 
IV  and  V. 

Sample  No.  1559  shows  but  a  slight  change  after 
storing   for    1V3   years,    while   the   specific   gravity   of 

Table  IV — Successive  Analyses  of  Turpentine  Stored  in  Iron  Drum 
(Sample  No.   1559) 

Specific  Refractive 

Date  of                              Age                      gravity  index 

examination                      Months                 at  15°  C.  at  15°  C. 

March         30.1911                     3'/s                    0.8685(o)  

July             26,1911                      71/2                    0.8682  1.4723 

December    6,1911                   IP/s                    0.8681  1.4723 

April               4,1912                     IS'A                     0.8684  1.4724 

."August          8,1912"                 19',  I                     0.8688  1.4724 

No.  1560  has  increased  but  0.0025  during  the  same 
period.  The  latter  sample  had  to  be  frequently  trans- 
ferred from  one  barrel  to  another  because  of  leakage 
and  was  more  exposed  to  the  air  than  the  sample  in 
the  iron  drum  which  was  practically  air-tight. 

Table   V — Successive   Analyses   of   Turpentine   Stored   in   Wooden 
Barrel  (Sample  No.   1560) 

Specific 
Age 
Months 
3 'A 
7V2 
11 'A 

151A 

191A 
IS  used  for  determining  the  specific  gravities 
on  March  30,  1911,  while  the  succeeding  determinations  were  made  with  a 
Gay-Lussac  pyknometer  to  secure  greater  accuracy.  This  accounts  for 
the  higher  specific  gravity  of  the  first  determinations. 


Date  of 
examination 
March         30,  1911 
July  26.  1911 

December     6.  1911 
April  4.  1912 

.\ugust  8.  1912 

(a)  A  Westphal  bala 


gravity 

Refr.-ictive  in 

at  15°  C. 

at  15°  C 

0.8682(a) 

0.8680 

1.4719 

0.8681 

1.4719 

0 . 869 1 

1 .4721 

0.8715 

1.4724 

546 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  7 


The  extent  to  which  sample  No.  1559  had  changed 
is  shown  in  Fig.  5,  where  the  distillation  data  ob- 
tained on  December  6,  191 1,  before  any  appreciable 
change  in  specific  gravity  occurred,  are  compared  with 
the  last  distillation  made  (August  8,  1912)-  Coinci- 
dent with  the  change  in  specific  gravity  there  is  a 
slight  increase  in  the  amount  of  high  boiling  con- 
stituents and  an  increase  in  the  index  of  refraction 
of  these  constituents. 
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terpenes.  To  examine  this  point  further,  a  three-liter 
green  glass  bottle  with  a  narrow  neck  was  filled  to 
within  one-half  liter  of  its  capacity  with  turpentine 
from  the  same  barrel  and  allowed  to  stand  open  to 
the  atmosphere  in  the  laboratory.  The  average  tem- 
perature was  about  20°  Centigrade.  The  exposure 
lasted  from  October  23,  1912,  to  February  5,  1913, 
approximately  3 'A  months.  The  specific  gravity  of 
the  oil  when  set  out  for  exposure  was  0.8725  and  at 
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Fig.  6  shows  the  change  that  took  place  in  sample 
No.  1560  during  the  same  length  of  time.  The  original 
specific  g'ravity  had  changed  0.0034  and  a  considera- 
ble increase  in  high  boiling  constituents  was  antici- 
pated. It  will  be  noted,  moreover,  that  the  boiling 
point,  index  of  refraction,  and  specific  gravity  show  a 
decrease  in  the  lower  part  of  the  curves;  the  differ- 
ence is  especially  large  for  the  specific  gravity.  The 
boiling  point  of  the  last  fraction  could  not  be  accurately 
determined,  since  the  mercury  continued  to  drop 
gradually,  although  the  distillate  came  over  regularly. 
An  explanation  that  may  be  offered  for  the  changes 
occurring  in  this  sample  is  that  a  selective  oxidation 
had  taken  place  at  the  expense  of  the  higher  boiling 


the  end  of  the  test  0.8848,  the  index  of  refraction 
being  1.4746.  The  curves  obtained  on  distilling  500 
grams  of  the  aged  oil  are  compared  in  -Fig.  7  with  the 
curves  obtained  December  6,  191 1.  The  original  oil 
showed  no  turbidity  and  no  apparent  change  in  color 
by  aging.  The  initial  boiling  point  of  the  oil  after  ex- 
posure was  about  145°  C,  and  upon  distillation  10 
per  cent,  of  water  was  collected  in  the  first  fraction. 
The  amount  of  water  present  in  the  distillate  de- 
creased gradually  to  fraction  No.  6 — the  only  clear 
fraction  obtained — and  increased  from  this  point  to 
the  end  of  the  distillation.  In  the  case  of  fraction 
No.  9,  the  temperature  dropped  gradually  to  135°, 
the  oil  distilling  regularly  until  this  temperature  was 
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reached,  when  distillation  ceased.  Parallel  distilla- 
tions were  run  and  it  was  found  to  be  impossible  to 
prevent  the  drop  in  temperature  at  this  point,  even  by 
doubling  the  rate  of  distillation.  Nearly  the  full 
power  of  the  Bunsen  burner  was  required  to  obtain 
fraction  No.  10,  amounting  to  1.95  per  cent  and  con- 
taining about  10  per  cent  water.  The  residue  amounted 
to  12.3  per  cent  with  a  refractive  index  1.5265  and  a 
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Fig.  7 

Specific  gravity  of  0.993  at  25°.  The  low  boiling 
points  of  several  of  the  fractions  must  be  due  to  steam 
distillation  caused  by  the  presence  of  water.  The 
water  doubtless  results  from  the  breaking  up,  on  heat- 
ing, of  the  hydrates  formed  by  aging. 

Owing  to  the  presence  of  water,  the  distillation  of 
the  oil  altered  by  age  did  not  give  satisfactory  informa- 
tion in  regard  to  the  changes  which  may  have  taken 
place  in  certain  of  the  constituents.  Accordingly, 
the  first  nine  fractions  of  the  two  parallel  distillations 


were  combined  and  allowed  to  stand  twelve  hours. 
Considerable  water  and  a  yellow  sediment  deposited. 
The  layer  of  turpentine  was  decanted  off  clear  and 
shaken  with  anhydrous  sodium  sulfate  and  500  grams 
were  taken  for  distillation.  The  results  of  this  dis- 
tillation are  again  compared  with  the  original  turpen- 
tine in  Fig.  8.  There  is  a  noticeable  decrease  in  boil- 
ing point  and  refractive  index,  and  especially  in 
specific  gravity. 

From  our  present  knowl- 
edge, a-pinene,  camphene, 
and  j3-pinene  are  to  be  con- 
sidered the  chief  terpenes 
present  in  gum  turpentine. 
a-Pinene  has  a  specific 
gravity  of  about  0.863  at 
15°  and  boils  at  156°  Centi- 
grade. Camphene  has  a 
specific  gravity  of  about 
o.  87oandboilingpointi6o°, 
but  it  is  one  of  the  most 
stable  of  the  terpenes  to- 
wards air  and  light,  ^-pi- 
nene  has  a  specific  gravity  of 
about  0.868  and  a  boiling 
point  of  164-166°.  A 
greater  oxidation  of  the 
/3-pinene  in  preference  to  the 
a-pinene  would  account  for 
the  decrease  in  the  values 
for  the  physical  properties 
of   the   fractions. 

CONCLUSIONS 

I — There  is  a  tendency 
for  the  specific  gravity  to 
be  higher  for  scrape  than 
for  dip  turpentines,  higher 
for  turpentines  collected  in 
the  spring  than  for  those 
collected  in  the  fall,  higher 
for  old  faces  than  for  new, 
higher  for  boxes  than  for 
cups,  and  higher  for  the  last 
part  of  the  run  than  for  the 
first.  However,  the  differ- 
ences between  the  turpen- 
tines from  these  various 
sources  are  slight. 

II — The      properties      of 
bulk  quantities  composed  of 
i-*^   turpentines  produced  under 
various    conditions    should 
approach  the  average  values  given  below. 

Ill — Turpentine  stored  with  reasonable  care  for  a 
period  of  one  year  will  show  little  or  no  change  in 
physical  properties. 

IV — Aged  turpentines  will  contain  varying  amounts 
of  oxidation  products  of  the  terpenes,  depending  .upon 
the  degree  of  aging  or  exposure  and  should  not  be 
considered  normal  turpentines. 

V- — The  range  and  average  values  for  the  physical 
properties    of    normal,    freshly-distilled,    gum    turpen- 
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tines,  based  on  the  analysis  of  67  samples,  are  as  fol- 
lows: 

I — The  specific  gravity  at  15°  C.  will  fall  between 
0.8659  and  0.8722,  with  an  average  of  0.8685.  The 
index  of  refraction  at  1-5°  C.  will  fall  between  1.4714 
and  1.4746,  with  an  average  of  1.4730.  The  initial 
boiling  point  will  not  be  lower  than  154°  or  higher 
than  157.6°,  and  will  average  about  156°. 
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2 — The  first  fraction  by  the  method  of  distillation 
used,  amounting  to  2.5  per  cent,  will  have  a  specific 
gravity  not  lower  than  0.8630,  and  will  average 
about  0.8640;  the  index  of  refraction  will  be  not  lower 
than  1.4675  and  will  average  about  1.4690.  If  the 
first  fraction  amounts  to  5  per  cent,  the  specific  gravity 
will  be  not  lower  than  0.8640,  with  an  average  of 
0.8650;  the  index  of  refraction  will  be  not  lower  than 
1.4690,  with  an  average  of   1.4700. 

3 — At  least  86  per  cent,  generally  91-93  per  cent, 
will  distil  up  to  165°;  and  at  least  93  per  cent,  generally 
97  per  cent,  will  distil  up  to  170°. 

4 — The  residue  of  5  per  cent  will  have  a  specific 
gravity  not  lower  than  o.  8875  and  it  will  average  about 
0.9140.     The    last    fractions    should    show    a    steady 


increase  in  specific  gravity.  In  no  case  should  the 
specific  gravity  of  any  fraction  be  lower  than  that 
of  the  previous  fraction. 
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INTRODUCTION     AND     HISTORY 

On  March  27,  1909,  the  Council  of  the  City  of 
Bethlehem,  Pa.,  passed  an  ordinance  appointing  a 
committee  to  investigate  conditions  and  decide  upon 
a  site  for  a  new  water  supply  for  the  city.  This 
was  the  first  official  act  taken  that  contradicted  the 
idea  that  Bethlehem  was  being  supplied  with  pure 
water.  Until  a  few  months  previous  the  city  was 
supposed  to  have  one  of  the  best  water  supplies 
in  [the  State  of  Pennsylvania.  While  the  cistern 
has  been  more  or  less  in  vogue  in  this  community 
always,  yet  as  a  municipality  Bethlehem  may  be  said 
to  have  probably  the  oldest  public  water  system  in 
the  United  States.  The  old  pumping  station  back  of 
the  Eagle  Hotel  is  an  historic  landmark,  ranking  in 
age  with  the  Moravian  Chapel  and  some  of  the  rest 
of  the  city's  pre-Revolutionary  buildings.  When 
one  considers  the  length  of  time  that  this  source  has 
supplied  the  city  with  water,  it  can  readily  be  seen 
how  some  of  the  citizens  objected  to  a  seemingly 
enormous  outlay  of  money  for  a  new  supply. 

On  July  the  fourteenth,  1909,  Council  authorized 
the  purchase  of  Illick's  Mill  site  and  gave  permission 
to  the  committee  to  spend  the  necessary  money  for 
drilling  wells.  A  bond  issue  was  then  placed  before 
the  people  and  in  the  fall  of  that  year  it  was  passed. 
There  were  objections  raised,  however,  and  the  case 
was'  taken  to  the  Supreme  Court.  The  Court  de- 
cided that  the  ballot  had  been  defective  and  that  the 
bond  issue  was  defeated.  Work  on  the  Illick's  Mill 
plant  was  necessarily  suspended  and  Bethlehem  saw 
no  chance  for  a  change  in  water  supply. 

The  city  had  grown  enormously  in  the  last  decade 
in  the  vicinity  of  the  old  spring  and  it  was  well  known 
that  the  water  was  badly  contaminated.  The  spring 
and  well  were  down  in  a  hollow  surrounded  by 
buildings.  Theoretically,  one  could  not  look  for  a 
worse  place  from  which  to  draw  a  public  water  supply. 
Practically,-  the  water  was  being  polluted  as  badly  as 
could  be  conceived  of. 

It  might  be  well  to  state  here  just  what  constitutes 
a  "good"  water  supply  and  wherein  the  Bethlehem 
water  failed  to  fulfill  the  requirements.  Savage 
(Savage — Water  Supplies,  page  2)  classifies  bacteria 
found  in  water  into  three  divisions. 

i^Normal  inhabitants,  as  B.  fluorescens  liqttifaciens. 
This  class  comprises  all  bacteria  which  find  water  a 
suitable  medium  for  their  growth  and  multiplication. 
This  class  may  be  present  in  large  numbers  without 
necessarily  indicating  contamination.     It  would  mean. 
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merely,  that  an  abundance  of  food  in  the  shape  of 
organic  matter  was  present.  This  organic  matter 
may  be  objectionable  or  not  as  chemical  analysis 
would  show. 

2 — Unobjectionable  aliens,  as  B.  mycoides,  which 
are  washed  in  from  pure  soil.  This  class  in  itself 
is  not  objectionable,  but  its  presence  shows  the  advisa- 
bility of  watching  the  water  for, 

3 — Objectionable  aliens,  or  bacteria  gaining  access 
to  water  from  polluted  sources  as  sewage  or  animal 
excreta.  This  class  is  directly  indicative  of  danger 
and  the  greater  their  number  the  more  immediate 
and  massive  the  dangerous  contamination. 

Thresh  (Thresh,  1903)  in  August,  1903,  described 
an  epidemic  of  diarrhea  due  to  the  use  of  impure  water. 
There  were  1000  cases  and  14  deaths.  The  outbreak 
was  due  to  heavy  rains  sweeping  washings  from  the 
adjacent  soil  into  a  small  reservoir  into  which  the 
public  water  flowed.  The  soil  around  consisted  of 
garden  ground  manured  from  time  to  time  with  road 
sweepings.  The  water  supply  itself,  apart  from  this 
local  pollution,  was  an  uncontaminated  one. 

Now  deep  well  water  or  spring  water  is  water  which, 
whether  initially  pure  or  impure,  has  filtered  through  a 
considerable  depth  of  soil  and  rock.  Soil  at  the  depth 
of  S-10  feet  is  practically  germ-free  while  i'  also  acts 
as  an  efficient  filter.  Soil,  therefore,  while  adding  noth- 
ing to  the  water  but  rather  filtering  off  the  bacteria 
should  cause  deep  well  water  to  be  quite  free  from 
germs.  Hence,  Class  I  should  be  present  only  in 
small  numbers  and  the  presence  of  Class  III  even  in 
very  small  numbers  should  be  sufficient  to  condemn  it. 

As  we  know,  the  Bethlehem  water  was  taken  from 
a  deep  well  and  spring.  The  total  count  of  Class  I 
ran  up  sometimes  as  high  as  200,000  per  cc.  This 
alone  should  condemn  it,  but  to  this  is  added  the  fact 
that  Class  III  (B.  coli)  was  present  in  numbers  as 
high  as  1000-10,000  per  cc.  The  former  result  might 
be  excused  in  a  mountain  stream  but  not  in  a  well 
supply.  The  presence  of  B.  coli  in  numbers  greater 
than  I  to  the  cc.  should  condemn  any  water.  In 
other  words,  Bethlehem  was  drinking  diluted  sewage 
for  some  time  before  the  danger  became  apparent  and 
could  not  go  on  taking  her  water  from  this  source. 
As  the  proposition  to  change  the  source  of  supply 
was  lost,  there  remained  only  one  thing  to  do,  namely, 
to  treat  the  water  with  some  germicide  to  destroy  the 
bacteria  in  it  and  so  make  it  suitable  for  drinking  purposes. 

Several  methods  of  purification  were  suggested:  (i) 
the  copper  sulfate  method  used  in  Scranton  at  the  time 
of  their  epidemic  in  1906-1907,  (2)  the  alum  sedimen- 
tation treatment,  (3)  the  copper  treatment,"  and  (4) 
the  hypochlorite  of  lime  disinfection.  The  last  named 
depends  on  the  fact  that  hypochlorite  of  lime  when 
acted  upon  by  organic  matter  liberates  oxygen  which 
destroys  almost  every  known  germ.  It  is  certain  that 
this  treatment  kills  all  disease  germs.  It  was  this 
treatment  that  was  chosen  for  the  Bethlehem  supply. 

Treatment  was  started  in  the  summer  of  1911  and 
did  satisfactory  duty  as  far  as  purifying  the  water 
was  concerned  until  the  Illick's  Mill  pump  was  per- 
manently started  in   November,   19 12. 


From  the  time  of  the  Supreme  Court  decision  in 
1909  until  September,  191 1,  nothing  was  done  officially 
about  the  purchase  of  a  new  water  site.  On  September 
the  twenty-fifth,  191 1,  Council  passed  a  new  ordinance 
granting  $175,000  for  "The  purchase  and  maintenance 
of  an  adequate  water  system  at  Illick's  Mill,"  but  this 
ordinance  was  vetoed  by  the  Burgess.  On  March 
twenty-fifth,  191 2,  however,  Council  granted  $50,000 
for  the  same  purpose  and  passed  the  measure  over  the 
Burgess'  veto.  From  then  on  the  work  has  been 
progressing  rapidly  and  water  was  finally  pumped 
into  the  city  mains  in  November  of  191 2.  The  Illick 
Mill  station  is  now  furnishing  Bethlehem  with  a  good 
supply  of  pure  water. 

At  the  time  of  the  installation  of  the  "Hypochlorite" 
plant  the  water  from  the  old  source  showed  fearful 
contamination.     Immediately  after  it  was  started  the 
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View  of  the  Hypochlorite  Plant  Used  at  Bethlehem.  Pa- 

number  of  bacteria  dropped  and  with  the  perfection  of 
the  plant  they  were  soon  entirely  eliminated.  There  is 
no  doubt  that  at  the  early  stages  of  its  use,  more  hypo- 
chlorite was  put  into  the  water  at  times  than  was 
necessary,  but  this  error  was  on  the  side  of  safety, 
and  was  overcome  with  experience  in  handling  and  the 
perfection  of  a  mechanical  method  of  adding  the  hypo- 
chlorite. The  efficiency  of  the  hypochlorite  as  an 
antiseptic  may  be  seen  by  an  examination  of  the 
following  tables  and  charts.  The  primary  source  of 
the  old  supply  was  a  spring;  as  this  was  found  to 
be  insufficient  a  well  was  sunk  near-by  and  the  water 
from  it  pumped  into  the  spring  basin.  This  was  the 
"raw  water"  and  was  pumped  from  here  through  the 
hypochlorite  plant  into  the  mains.  The  "pump  "  water 
was  taken  from  a  tap  at  the  pumping  station  imme- 
diately after  it  had  passed  through  the  treatment, 
and  the  tap  water  was  taken  from  a  tap  some  dis- 
tance from  the  station.  An  idea  of  how  the  bacterial 
count  of  the  water  varied  and  the  result  of  the  treat- 
ment may  be  gathered  from  the  following.  Table  I 
showing  results  of  consecutive  analyses. 

A  glance  at  Table  I  will  show  two  things  plainly: 
1 — That  the  water  was  comparatively  good  from  the 
bacteriological  standpoint  one  day  and  very  bad  the 
next,  often  jumping  from  about  5,000  bacteria  per  cc. 
to  100,000  per  cc.  and  then  back  again  to  5,000  on  the 
next  analysis;  2 — That  this  rapid  rise  in  numbers  did 
not  follow  any  regular  sequence  of  events  as  would 
result  if  the  rise  were  caused  by  rains,  etc.     As  a  mat- 
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"T*""-^  I  tion.     About  six  forms  resisted  this  treatment,  showing 

DATS                                Raw  Water               Pump               Tap  ^i     ^    .  i                                 /-it.             j.                 •         1       j         ^      ^.u    • 

, ■ ,    , ■ .  , ■ .  that  the  presence  of  the  rest  was  simply  due  to  their 

B.             Total         S.     Total     B.       Total  •  i       ^    n                     ■         ^         ^            ^  ■                 •         ii.             i_  xi. 

CoH        count     Coii  count  Coii    count  accidentally  escaping  treatment  in  passing  through  the 

Feb.     1 80        51000       0        4       0       152  plant   in   clumps   of   organic   matter.     After   repeated 

3 150            37000          0            3          0            21  ^                       ,.       .               ,                               ..                        ,          ,        ,   ,            , 

5 60       162000       0        3       0       750  trials  I  eliminated  two  more  forms  and  SO  had  four  Dac- 

7 500             15000          0            0          0            00  ^       ■       ^,      .,    T    1                          ij            ■    ^    ^u       u               Ul       -.^       4.          4. 

9 90        55000       0        2       0       520  tcria  that  I  knew  could  resist  the  hypochlorite  treat- 

°'"'    li::::::::::::     looo        23000       0       10       0        «  ^^^^  °^  ^^^  strength  of  two  parts  per  million. 

20 10        27500       0        0       0          1  Before  going  any  further  with  the  resistance  of  these 

24 0             17500          0            2          0          450  S          &          J 

26 0       100000       0         1       0       400  germs,   I   identified  them   as   Bacillus   subttlts,    Micro- 

28 90             18500          0            2          0            60  ■            •,■          r.       ,       •                         ^11                    J       D        •;;                 f 

COCCI   agtlis,    Bacterium   aeroplnlum   and    Bacillus   cuti- 

ter  of  fact,  the  lowest  results  were  obtained  after  heavy  cularis.     Below  are  given  the  results  of  my  study  of 

rains,  showing  that  the  surface  washings  around  the  each  of  these  germs: 

spring  were  diluting  the  water  in  its  bacterial  content  bacterium  aerophilum 

rather  than  adding  to  it.  Bacterium    aerophilum   (Flugge),   Bacillus  aerophilus 

Table    II    shows    the     resistance     of     Micrococcus  (Migula). — Bacterium   aerophilum   grown    in    bouillon 

agilis,   B.  subtilis  and  Bad.  aerophilum  to  the    hypo-  for  forty-eight  hours  at  20°  shows  extremely  sluggish 

Table  II— Hypochlorite  op  Lime  motility   and   Can   really   be   called   a  non-motile   rod. 

Parts  per  million 0.1       0.5      1      1.5    2.0       Blank  The    rods    are    vcrv    slcndcr    but    of    various   lengths, 

Bacillus  subtilis 80.000     4600     710        20      1               500,000  ^^        a.                   j                                       ^,                ,          ,             , 

Micrococcus  agilis 6,000    2000    100      1      1       1,600,000  ranging  from   I .  ^  u.  to   s .  i;  u.     The  rods  often  hang 

Bacterium  aerophilum  ..  .      10.000     2100     200       30     5              400,000  ,.         ,                       •,^,-                 ^^          jt,^. 

Sarcinaiutca 7,000       10       0     0     0          800.000  together  m  short  straight  chains  or  threads,  but  very 

Bacillus  aurantiacus 5,000        0       0     0     0       1,000,000  seldom  have  a  cap.sule.     A  destined  line  of  demarca- 

chlorite    of    the    lime    treatment.       Table    III    shows  tion  can  be  seen  between  any  two  rods  in   a  chain. 

the  resistance  of  the  same  germs  to  other  germicides.  Oval    glistening    spores    may    be    demonstrated    after 

In  each  case  the  bacteria  were  introduced  in  the  vege-  twenty-four  hours  growth  on  agar  at  37.  5°  C.     The 

tative    stage    and    the    culture    allowed    to    stand    3-5  spores  are  equatorial  and  the  rods  are  not  swollen  at 

days  plating.  sporulation.      No    vacuoles    could    be    shown    in    Bac- 

Unfortunately,  the  blank  tests  did  not  give  the  same  terium    aerophilum   nor    can  flagella  be  demonstrated, 

number  of  bacteria  introduced  in  every  case  but  they  are  Pleomorphism   is  shown   in  the  varying  lengths  of  the 

near  enough  for  comparison.     The  other  two  bacteria  rods.     The    bacterium    stains    readily    with    aqueous 

used  (Bacillus  aurantiacus  and  Sarcina  lutea)  are  non-  stains  or  carbol  fuchsin.      Gram's  stain  is  negative. 

Table  III 

Formalin  Mercuric  chlorid                                               Phenol 

Parts  used                                                     1-10000          1-1000     1-100     1-25000     1-10000     1-5000      1-200            1-100          1-20  Blank 

Micrococcus  agilis 30                0             0  10                  0             0                  20                  0              0                  400,000 

Bacillus  subtilis 2000                 0              0  110                   0               0                 300                   0               0                   800.000 

Bacterium    aerophilum 240             25              0  1500             900             0             9000             300             0              5.000.000 

Sarcina  lutea 10                 00  0                   00                      0                   00                   900.000 

Bacillus  aurantiacus 40                00  0                  00                    0                  00                  400.000 

spore     forming     germs     while     Bacterium     aerophilum  Bacterium  aerophilum  forms  no  gas  or  acid  in  dex- 

shows  the  greatest  resistance  in   each   case.     I  think  trose  broth.     In  bouillon  no  membrane  forms  on  the 

their  lack  of  motility  aids  them  somewhat  in  clumping  surface  and  while  the  broth  is  slightly  cloudy  no  de- 

and  so  hot  being  so  readily  attacked  by  the  germicides,  posit  is  thrown  down. 

On   examining   the   gelatin   plates   after   forty-eight  On  gelatin  plate  cultures  it  forms  after  forty-eight 

hours  incubation,   various  small   colonies   were  found  hours    at    20°    very    small,    fine,  punctiform    colonies, 

from  time  to  time.     It  was  noticed  that  on  an  examina-  After  72  hours  these  colonies  are  slightly  larger,  round 

tion  of  the  water  on  a  particular  day,  the  "pump"  or  pear  shaped,  with  a  greenish  yellow  color  and  entire 

analysis    showed    no  bacteria  at  all  while  the    "tap"  edges.     After    about    four    or    five    days,  liquefaction 

analysis    showed    a    great    number  per  cc.     The  fact  begins  and  while  the  liquefaction  is  very  rapid  after  it 

brought  up  the  question  as  to  the  cause  for  their  pres-  once  begins  there  is  very  slight  growth  in  the  colony 

ence.     Of  course  the  untreated  water  showed  an  enor-  itself. 

mous  variety  of  forms,  but  why  should  the  treated  tap  On  the  gelatin  stab,  liquefaction  begins  only  after 

water  show  colonies  time  after  time  when  the  samples  four  to  five  days  and  then  there  seems  to  be  no  growth 

taken    shortly    after    treatment    at    the    pump    were  along   the   needle   track   except   at   the -surface.     The 

practically    sterile?     This    may    be    explained    in   two  liquefaction  is  always  saccate,  showing  that  the  bac- 

ways.     First,    that    small    clumps    of    organic    matter  terium   is   strongly   aerobic.     The   upper   part   of   the 

passed  through   the   pump   without   being   penetrated  liquefaction   is   yellowish  green  and   appears   uniform 

by  the  hypochlorite  of  lime,  or  second,  that  there  are  while  the  lower  part  is  opaque  and  flaky.     There  is 

some  forms  which  are  able  to  resist  to  some  extent  the  no  odor. 

hypochlorite  treatment.       As  a  matter  of  fact,  both  of  On   agar   Bad.    aerophilum   forms   a   thick    wrinkled 

these  suppositions  are  true.  growth. 

From    numerous   analyses    I    collected  from   ten   to  On  potato  it  forms  a  yellowish  growth  with  a  smooth 

fifteen    different    forms    of    bacteria.     I    then    treated  surface  of  a  dull,  paraffin-like  appearance.      Later  the 

them  with  approximately  the  same  strength  of  hypo-  surface  dries  at  the  edges,  taking  a  granular  appear- 

chlorite  of  lime  as  we  were  using  at  the  pumping  sta-  ance;  after  a  week  the  whole  surface  becomes  wrinkled. 
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On  litmus  milk  no  acid  is  formed  nor  is  the  mill 
coagulated.  There  is  no  indol  production.  It  does 
not  reduce  nitrates.  Bacterium  aerophilum  is  non- 
pathogenic. It  is  strongly  aerobic,  and  is  widely 
distributed  in  air  and  water. 

MICROCOCCUS    AGILIS 

Micrococcus  agilis  or  planococci  agilis  (Migula)  gen- 
erally occurs  in  the  form  of  single  cells,  diplococci  or 
tetrado  which  are  clumped  together  in  irregular  masses. 
On  cultivation  in  broth,  however,  at  20°,  for  forty- 
eight  hours,  typical  sarcina  pockets  of  eight  to  sixty- 
four  cells  can  be  shown  on  the  hanging  drop  slide. 
The  cells  are  oval,  being  slightly  longer  than  they  are 
broad,  being  in  their  longer  diameter  0.8^  to  i^i. 
Motility  is  rather  rapid  after  growth  in  favorable  cul- 
ture media.  Flagella  must  be  present  because  of  the 
motility  but  I  was  unable  to  demonstrate  them. 
Migula  says:  "The  flagella  of  Micrococci  agilis  are  very 
hard  to  stain,  generally  only  a  part  of  the  lash  taking 
the  stain.  Usually  only  one  flagellum  can  be  demon- 
strated to  a  cell,  sometimes  two  can  be  shown,  but 
rarely  more.  The  flagella  are  very  long — about  ten 
times  the  length  of  the  cell  and  irregularly  situated." 
No  spores  could  be  shown.  The  capsule  is  very  thick 
and  resistant  to  stains.  Micrococcus  agilis  takes 
aniline  stains,  however,  by  gentle  heating  and  retains 
them  even  when  washed  with  alcohol.  Gram's  stain 
is  positive. 

Micrococcus  agilis  forms  no  gas  or  acid  in  lactose  or 
dextrose  bouillon.  A  slight  cloudiness  develops  but 
no  scum  or  sediment  appears.  There  is  no  production 
of  indol,  nor  have  the  bacteria  any  action  on  nitrates. 

On  gelatin  plates  for  five  or  six  days  the  colonies 
were  small,  grayish  white  specks  which  after  this  time 
assumed  a  pinkish  color.  The  deep  colonies  remain 
small  and  are  a  grayish  red  color  while  the  surface 
colonies  become  bright  rose  colored  specks.  The 
former  appear  under  the  microscope  as  entire  round 
homogeneous  spots  rather  highly  refractile.  The  sur- 
face colonies  are  also  entire  discs  but  somewhat  larger. 
From  about  the  sixth  day  slight  liquefaction  of  the 
gelatin  starts  which  proceeds  very  slowly,  evaporation 
always  exceeding  liquefaction. 

The  gelatin  stab  showed  a  faint  white  streak  along 
the  needle  path  which  spreads  out  at  the  surface  in  a 
white  raised  growth.  After  six  days  at  20°  the  colony 
slowly  sinks  into  the  gelatin  in  a  pink  dry  funnel. 
There  is  no  odor  at  any  time. 

On  slant  agar  the  streak  is  beaded,  becoming  echinu- 
late  with  white  edges  with  a  pink  color  in  the  deepest 
center.  The  streaks  grow  very  slowly  with  a  slight 
smooth  elevation. 

On  potato  the  growth  of  M.  agilis  is  rather  rapid, 
pink  sheets  appearing  after  72  hours  at  20°  which  spread 
over  the  entire  surface.  The  color  gradually  darkens 
with  the  media.  Litmus  milk  does  not  coagulate.  The 
best  temperature  is  about  20°,  the  bacteria  not  grow- 
ing well  much  below  that  temperature  and  not  grow- 
ing   at    all    at    37.5°. 

The  micrococcus  was  first  isolated  from  water  by 
Cohn, 


BACILLUS    SUBCUTICULARIS 

Bacillus  subculicularis  albus  (Tataroff) — Grown  in 
broth  for  forty-eight  hours  at  20°  C,  the  bacillus  is 
actively  motile.  It  usually  forms  double  rods  and 
appears  like  a  long  rod  which  is  bound  in  the  middle. 
It  has  rounded  ends  and  is  about  3.  2ju  long.  On  agar 
it  forms  chains  which  are  of  various  lengths  and  mostly 
motile.  Sometimes  the  chains  appear  to  wiggle  like 
worms.      Most  of  the  chains  have  spores. 

Gelatin  colonies  show  peculiar  characteristics.  On 
the  plate  culture  the  surface  colonies  appear  as  bluish 
white  shining  specks;  under  the  microscope  they  appear 
brownish,  granular,  and  of  irregular  contour.  The 
edges  are  very  irregular.  The  deeper  colonies  are  en- 
tire, of  irregular  shape  and  brownish.  After  3-4  days 
they  are  berry  shaped,  with  a  solid  brown  spot  sur- 
rounded by  granular  grayish  specks. 

On  the  gelatin  stab  the  surface  growth  is  irregular, 
bluish  white,  becoming  brownish.  It  is  rosette 
shaped  and  very  glistening.  It  appears  as  though  it 
were  of  several  layers,  one  overlapping  the  others. 
Along  the  needle  path  are  several  small  beads,  which 
show  after  3-5  days  a  growth  similar  to  the  deep 
colonies  on  the  gelatin  plate.  It  is  at  first  white  and 
round.  Later,  after  3  days,  a  number  of  wart-like 
forms  appear  on  the  surface.  After  5  days  the  colony 
is  covered  with  these  warts  and  is  rosette  shaped. 
The  colony  now  appears  like  a  white  ball  around  which 
is  a  cord  wound  in  all  directions.  The  background  is 
much  lighter  than  the  ribs  around  it.  After  a  week 
the  gelatin  becomes  softened  and  the  colony  itself 
appears  gluey. 

On  agar  slant  the  growth  is  white,  glistening  and 
spreading.  Old  cultures  appear  grayish  and  are  lap- 
ping. 

In  bouillon  a  white  pellicle  forms  on  the  surface, 
the  medium  becomes  cloudy  and  after  3-4  days  at  20° 
a  flocculent  precipitate  is  thrown  down. 

On  potato  the  growth  is  very  rapid,  covering  the 
medium  in  three  days  at  20°.  The  surface  is  irregu- 
lar and  lapping,  of  a  brownish  color. 

B.  culicularis  stains  readily  with  ordinary  stains, 
but  is  negative  to  Gram's  stain. 

It  is  aerobic  and  non-pathogenic. 

BACILLUS    SUBTILIS 

Vibrio  sublilis  (Ehrenberg). 

B.  subtilis  (Cohn). 

B.  subtilis  grown  in  bouillon  for  forty-eight  hours 
at  20°  or  for  twenty-four  hours  at  37.5°,  proves  to  be 
a  very  actively  motile  straight  rod  form.  The  rods 
vary  from  short  thick  ones  to  long  chains  of  long  ones. 
The  long  chains  showed  sluggish  motility.  The 
shorter  rods  were  o.8m  to  i/i  in  thickness  and  about 
2/1  in  length.  Some  were  about  1.3/i  in  thickness 
and  sf'  in  length.  The  ends  of  the  rods  were 
squarish.  No  spores  could  be  found  at  this  in- 
cubation, but  on  a  slant  agar  growth  of  twenty-four 
hours  at  37.  s°  they  may  easily  be  demonstrated.  The 
spores  are  equatorial  and  the  rods  are  not  swollen  at 
sporulation.  When  the  spores  begin  to  form  the 
plasma  of  the  cell  becomes  granular  and  a  weakly 
refractile  round  body  forms  in  the  center.      This  grad- 
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ually  becomes  more  strongly  refraclile  until  finally 
the  definite  shape  of  the  spore  is  reached.  The  spore 
is  surrounded  by  a  thick  membrane  while  the  capsule 
of  the  mother  cell  weakens.  The  spore  formation  is 
most  noticeable  in  the  threads.  On  germinating,  the 
spore  gradually  takes  an  elliptical  shape,  the  retractile 
properties  lessen  and  the  spore  swells  until  it  breaks 
at  the  ends  and  the  young  rod  is  formed.  At  first  the 
rod  is  not  motile  but  it  soon  becomes  so.  The 
motility  continues  only  a  short  time  but  the  rods 
will  stay  together  in  longer  or  shorter  threads  which 
are  immotile.  B.  sublilis  possesses  vacuoles  and  gran- 
ular bodies,  especially  when  the  rods  form  in  chains 
and  begin  to  sporulate.  The  bacillus  possesses  a  cap- 
sule and  flagella  which  are  long  and  numerous,  being 
peritrichic.  Pleomorphism  in  B.  subtUis  is  very  strik- 
ing, rods  taken  from  the  same  media  varying  from  2/i 
to  5fx  in  length.  The  bacillus  stains  readily  and  uni- 
formly by  carbol-fuchsin  and  methylene  blue.  Gram's 
method  gives  a  positive  stain. 

Bacillus  sublilis  forms  no  gas  in  dextrose  broth  or 
lactose  broth.  Bouillon  tubes  show  opacity  after 
twelve  hours  incubation  at  37.5°.  After  twenty-four 
hours  a  thick-wrinkled,  white  pellicle  forms  on  the 
surface  of  the  bouillon,  a  deposit  forming  in  the  bottom 
of  the  tube  shortly  afterward.  The  bouillon  was  alka- 
line. No  indol  production  takes  place  in  dextrose- 
free    bouillon. 

On  gelatin  plates  crateriform  colonies  of  rapid  growth 
soon  liquefy  the  plate  if  grown  very  much  above  20°. 
At  i8°— 20°,  however,  while  liquefaction  can  be  seen, 
the  colonies,  unless  numerous,  do  not  spread  greatly. 
The  colonies  are  nearly  circular.  Microscopically  the 
colonies  are  round  and  entire,  although  after  2—4  days, 
when  liquefaction  is  decided,  the  edges  of  the  colonies 
are  ciliated  and  the  colonies  themselves  become  dense 
and  floccose  (a  thick  grayish  white  mass  in  the  center 
joined  to  the  edge  of  the  colony  by  light  gray  threads). 
On  agar  plates  colonies  are  small  and  irregular.  Micro- 
scopically they  look  like  wreaths  with  small  branches 
sticking  out  at  the  surface. 

Gelatin  stab  shows  at  first  a  white  thread  along  the 
needle  path  from  which  fine  threads  shoot  out  into  the 
gelatin.  In  a  short  time,  8-10  hours  at  20°,  the  lique- 
faction becomes  crateriform,  which  gradually  becomes 
saccate  and  then  tratiform,  always  holding  a  thick 
scum  of  pores  on  the  surface  of  the  liquefaction. 

On  the  agar  slant  the  growth  is  moist  and  glisten- 
ing, filiform  becoming  crumpled  and  soon  spreading 
over  the  entire  surface  of  the  agar.  The  center  of  the 
stroke  is  lightly  raised.  On  potato  the  growth  is  very 
rapid,  white,  thin  and  moist-looking.  The  growth  very 
rapidly  spreads  over  the  whole  surface  of  the  potato. 
B.  sublilis  quickly  coagulates  milk  without  the  forma- 
tion of  acid.  B.  sublilis  is  a  non-pathogenic  bacterium, 
aerobic  or  facultative  anaerobic  which  grows  most 
rapidly  at  37.5°.  It  is  very  widely  distributed  in 
nature,  and  may  easily  be  isolated  from  water  or  vege- 
table growth. 

Dbpartmbnt  of  Biology,  Lehigh  University 
South  Bgthlshem,  Pa. 


THE  RADIOACTIVITY  OF  THE  WATERS  OF  SARATOGA 
SPRINGS,  NEW  YORK' 

By  Richard  B.  Moore  and  C.  F.  Whittemore 
Received  June  9.  1914 

At  the  request  of  the  Commissioners  of  the  State 
Reservation  at  Saratoga  Springs,  New  York,  to  the 
Director  of  the  Bureau  of  Mines,  an  examination  of 
some  of  these  waters  was  made  by  the  authors  with 
a  view  to  determining  to  what  extent  the  waters  and 
the  gases  evolved  from  them  were  radioactive.  The 
work  done  involved  the  direct  testing  of  the  gases 
evolved  from  the  springs  for  thorium  and  radium 
emanation;  the  examination  of  the  waters:  (a)  for 
their  total  activity;  (6)  of  a  certain  number  for  the 
activity  due  to  dissolved  radium  salts;  and  the  de- 
termination of  the  activity  of  the  residues  deposited 
.  by  the  springs,  where  such  residues  could  be  obtained. 

The  springs  tested  were  selected  from  the  three 
main  groups  which  are  found  at  Saratoga,  namely. 
High  Rock  Park,  Congress  Park,  and  Geyser  Park. 
High  Rock  Park  is  at  the  northern  end  and  Congress 
Park  is  in  the  center  of  the  town.  In  the  former  group, 
among  others,  are  included  the  Peerless  and  New 
Red  springs,  while  the  principal  spring  at  Congress 
Park  is  Hathorn  No.  i.  Several  springs  were  also 
examined  in  Geyser  Park  which  is  two  miles  to  the 
southwest  of  the  town.  In  this  group  are  included 
the  Coesa  Spring,  Hathorn  No.  2,  Hathorn  No.  3, 
and  others.  One  spring,  the  Crystal  Rock,  not  be- 
longing to  the  State  Reservation  is  included  in  the  list. 
This  spring  is  situated  several  miles  to  the  north  of 
Saratoga. 

The  activity  of  any  water  may  be  due  to  the  presence 
of  (a)  dissolved  thorium  or  radium  emanations,  (b) 
dissolved  thorium  and  radium  salts.  All  mineral  and 
deep  well  waters  are  more  or  less  radioactive,  but  the 
activity  is  usually  due  to  the  presence  of  dissolved 
radium  emanation,  not  to  dissolved  radium  salts. 
Therefore,  the  fact  that  a  water  is  radioactive  has  of 
itself  little  significance.  What  must  be  determined  is 
how  active  the  water  is  and  what  proportion  of  this 
activity  is  due  to  dissolved  emanation  and  what  pro- 
portion to  dissolved  salts. 

Tests  on  the  activity  of  the  evolved  gases  were  made 
on  the  ground  in  the  following  manner:  A  glass  funnel 
to  which  was  attached  a  rubber  tube  connecting  with 
a  small  rubber  bulb  in  turn  connected  with  one  of  the 
openings  to  an  electroscope,  was  inverted  over  the 
spring  at  a  point  where  the  evolution  of  gas  was  great- 
est. By  pressing  the  bulb,  a  continuous  and  fairly 
constant  supply  of  the  gases  from  the  spring  was  passed 
through  the  electroscope.  By  stopping  the  flow  of 
gas  and  immediately  making  a  series  of  readings  across 
the  scale,  each  reading  being  of  short  duration,  it  was 
possible  to  ascertain  whether  the  activity  was  entirely 
due  to  the  presence  of  radium  emanation.  If  thorium 
emanation  was  present  a  very  sudden  drop  in  activity 
would  be  noticed  and,  after  a  few  minutes,  the  curve 
obtained  by  plotting  activity  against  time  would  flatten 
out,  due  to  the  decay  of  the  thorium  emanation.  In 
no  case  was  thorium  emanation  found  in  any  of  the 

1  Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 
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.gases  evolved  from  the  springs,  the  activity  being 
entirely  due  to  the  presence  of  radium  emanation. 

In  order  to  obtain  a  quenitative  result  on  the  latter, 
a  definite  volume  of  the  gas  was  collected  in  an  inverted 
graduated  bottle.  After  noting  the  volume,  the  tem- 
perature and  pressure,  this  gas  was  introduced  into 
the  electroscope  and  readings  at  once  made.  The 
necessary  correction  for  the  increase  in  activity  ob- 
tained at  the  end  of  three  hours  was  made  as  it  was  not 
possible  under  field  conditions  to  wait  for  this  maxi- 
mum activity  to  be  attained. 

In  order  to  get  the  activity  of  the  waters,  samples 
were  collected  at  the  springs  at  a  point  nearest  to  the 
source  of  supply.  The  bottles  were  hermetically 
sealed  and  shipped  to  the  laboratory  in  Washington 
by  express.  They  were  then  boiled  in  the  apparatus 
designed  by  Schlundt  and  Moore^  and  the  evolved 
gases  containing  the  radium  emanation  were  intro-' 
duced  into  a  standardized  electroscope.  On"  account 
of  the  large  amount  of  carbon  dioxide  contained  in 
some  of  the  waters  it  was  found  advisable  to  add  a 
sufficient  amount  of  c.  p.  sodium  hydroxide  before 
boiling.  In  order  to  diffecentiate  between  the  activity 
due  to  radium  salts  in  solution  and  that  due  to  dissolved 
emanation,  samples  of  some  of  the  waters  were  treated 
with  c.  p.  hydrochloric  acid,  boiled  for  fifteen  minutes 
and  then  sealed  in  flasks  and  allowed  to  stand  for  a 
month.  At  the  end  of  this  .period  they  were  boiled 
in  the  usual  way  and  from  the  activity  obtained  it 
was  possible  to  calculate  the  amount  of  radium  salts 
in  solution. 

Samples  of  the  deposits  from  some  of  the  springs 
were  also  collected  and  fused  with  sodium  carbonate 
according  to  the  rriethod  of  Strutt.^ 

Column  2  in  the  table  of  results  gives  the  activity 
per  liter  at  standard  temperature  and  pressure,  of  the 
gases  evolved  by  the  springs;  Column  3  gives  the  total 
activity  per  liter  of  the  water,  and  Column  4  the  ac- 
tivity per  liter  of  the  water  due  to  dissolved  radium. 
Column  s  shows  the  activity  of  the  material  deposited 
either  in  or  just  around  the  outlet  of  the  spring. 


Spring 

Emperor 

Peerless 

New  red 

Hathorn  No.  1 . . 


10. 

10.2 

10.0 
9.5 
9.7 

11.0 

Flat  No.  2 '.  .  .       10.5 

Pump  well  No.  4 12.0 

Island 

Crystal  rock 10.0 

New  shonts  well 


Gas 
Radium 
Tempera-  per  liter 
ture        Gram 


9.7 
10^0 


Wateb 

Radium 

per  liter 

Gram  X  10-' 


7.0 
6.0 
4.3 


Hathorn  No. 
Hathorn  No. 

Geyser 

Ada 


14.2 
9.7 

16.1 
6.6 
3.9 

12.2 
5.0 

23.1 

11.8 


Deposit 

Radium 

per  gram 

Gram 

X   lO-'i 


6.5 
6.3 

10,5 


Although  there  is  a  fair  agreement  between  the.  ac- 
tivities of  the  gases  and  waters,  this  agreement  is  not 
exact,  nor  is  such  to  be  expected  as  the  activity  per 
liter  of  any  gas  will  be  largely  influenced  by  the  rate 
of  flow  of  the  gas,  which  varies  with  the  different  springs 
and  has  not  yet  been  measured.  A  similar  statement 
can  be  applied  to  the  results  in  Column  5.  The  ac- 
tivity of  the   deposits  per  gram   will   depend   not   only 

1  Jour.  Phys.  Chem.,  9  (1905),  320. 
'  Proc.  Roy.  Soc.  (.4)  77  (1906),  472. 


on  the  amount  of  radium  precipitated  from  solution, 
but  also  upon  the  quantity  of  other  material  precipi- 
tated at  the  same  time.  The  fact  that  the  residues 
are  radioactive  shows  that  the  waters  contain  dissolved 
radium  salts  in  addition  to  dissolved  emanation,  but 
this  fact  is  more  precisely  indicated  by  the  results 
under  Column  4. 

The  activity  of  the  gases  is  not  high,  a  result  to  be 
expected  owing  to  the  fact  that  the  flow  of  gas  in  the 
majority  of  the  springs  is  quite  large. 

The  total  activity  of  the  waters  is  rather  low,  although 
that  of  the  Crystal  Rock  spring  is  considerably  above 
the  average.  The  activity  of  this  spring,  however, 
is  not  exceptional.  A  very  large  proportion  of  the 
activity  due  to  dissolved  radium  salts,  as  shown  in 
Column  4,  is,  however,  quite  exceptional  and  as  this 
statement  applies  to  all  of  the  springs  under  Column  4, 
with  the  exception  of  the  Crystal  Rock,  it  is  reasonable 
to  suppose  that  it  probably  also  applies  to  those  not 
examined  for  dissolved  radium  salts. 

Many  of  these  springs  contain  considerable  amounts 
of  barium  bicarbonate,  as  has  been  shown  by  analyses 
made  by  the  State  Department  of  Health  of  New  York, 
Hathorn  No.  2  carrying  as  much  as  2.8  grains  of  barium 
bicarbonate  per  U.  S.  gallon.  The  Emperor  spring 
has  0.14  grain  of  barium  bicarbonate  per  U.  S.  gallon, 
the  smallest  amount  of  those  tested.  Hathorn  No.  2 
carries  the.  largest  amount  of  radium  in  solution  of 
those  examined,  but  the  Emperor  does  not  carry  the 
smallest  amount.  No  connection  could  be  traced 
between  the  activities  and  the  quantities  of  the  other 
salts  in  solution. 

Since  these  analyses  were  made,  the  hydrostatic 
level  of  the  waters  at  Saratoga  Springs  has  distinctly 
changed,  owing  to  the  cessation  of  the  extensive  pumping 
for  commercial  purposes  which  formerly  took  place. 
Accordingly,  the  flow  of  many  of  the  wells  has  increased. 
Whether  this  has  also  affected  the  radioactivity  of  the 
water  cannot  be  predicted  with  certainty. 

Bureau  op  Mines,  Washington 

THE  EFFECT  OF  FERRIC  SALTS  AND  NITRITES  ON  THE 

ORTHO-TOLIDINE  AND  STARCH-IODIDE  TESTS 

FOR  FREE  CHLORINE 

By   J.    W     Ellms  and  S.   J.    HauSER 
Received  May  29,  1914 

The  authors  in  a  previous  paper^  have  suggested 
the  use  of  a  hydrochloric  acid  solution  of  ortho-tolidine 
in  testing  for  very  small  quantities  of  free  chlorine 
or  hypochlorites  in  water,  in  place  of  an  acetic  acid 
solution,  which  was  first  advocated  by  Earl  B.  Phelps. 
The  latter  proposed  the  employment  of  ortho-tolidine 
as  a  qualitative  test  for  free  chlorine.  The  authors 
in  the  above-mentioned  paper  have  modified  the  test 
as  indicated  and  have  further  developed  a  colorimetric 
method  for  determining  the  quantity  of  chlorine  present 
in  a  water  which  had  been  treated  with  chlorine  or 
with  hypochlorites. 

The  effect  produced  by  the  presence  of  nitrites  or 
iron  in  a  water  when  using  this  method  has  been  brought 
to  our  attention,  and  has  caused  us  to  make  a  few  ex- 
periments, the  results  of  which   are  tabulated  below. 

'  This  Journai.,  6,  915  and  1030. 
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For  comparative  purposes  we  have  made  tests  with 
the  starch-iodide  method  also,  and  thus  show  to  what 
extent  ferric  salts  and  nitrites  may  interfere  with 
the  accuracy  of  both  methods  of  determination.  As 
it 'had  been  suggested  that  a  sulfuric  acid  solution  of 
ortho-tolidine  was  less  affected  by  iron  salts  than  one 
of  hydrochloric  acid,  comparative  tests  of  the  two  acid 
solutions  have  also  been  made.  Comparative  tests 
have  been  made  as  well  upon  the  delicacy  of  the  tests 
for  chlorine,  when  using  a  sulfuric  acid  solution  of 
ortho-tolidine  in  place  of  a  hydrochloric  acid  solution. 


to  substitute  the  former  for  the  latter  because   it  is 
less  affected  by  ferric  salts  and  nitrites. 

In  the  authors'  previous  paper  it  was  quite  clearly 
stated  that  it  was  believed  that  the  oxidation  of  the 
ortho-tolidine  was  the  cause  for  the  color  changes 
observed.  If  this  is  true  all  oxidizing  agents  will 
probably  produce,  under  proper  conditions,  color 
changes  in  solutions  of  ortho-tolidine.  In  proof  of 
this  the  authors  have  made  further  experiments  with 
a  number  of  oxidizing  agents  and  have  found  this  to 
be  the  case   without  exception,  if  the  proper  concen- 


Tablb  I — Effect  of  Iron  as  Ferric  Chloride  and  Ferric  Sulfate,  and  op  Nitrites  on  Ortho-tolidine  in   Both  Hydrochi.okic  Acid 
Sulfuric  Acid  Solutions,  also  Their  Effect  on    the  Starch-iodide  Test 
Effect  of  Iron  as  FeCU  Effect  of  Iron  as  Fe2(SOi)s  Effect  of  Nitrites 


Fe     HCl  sol. 


Ortho-tolidine 


HCl  sol.       sol. 


0.05 
0.07 
0.09 
O.IO 
0.20 
0.50 
0.70 
1.00 
2.00 


None 

None 

None 

None 

None 

Faint  trace 

Trace 

0.01 

0.02 


None  None 

None  None 

None  None 

None  Trace 

None  Blue 

None  Deep  blue 

Trace  Very  deep  blue 

0.01  Very  deep  blue 

0.02  Very  deep  blue 


0.3 
0.5 
0.7 
0.9 
1.0 
2.0 
3.0 
5.0 
7.0 


Abo 


None 
None 
None 
None 
Trace 
0.01 
0.03 
0.04 
0.09 
;  0.09 


Table  II — Relative  Delicacy  of 
Tolidine  as  Compared  with 
Hydrochloric  acid  sol. 
of  ortho-tolidine 
CI  in  p.  p.  m.  added  and  indicated 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.09 


.  Sulfuric  Acid  Solution  of  Ortho- 
\  Hydrochloric  Acid  Solution 
Sulfuric  acid  sol. 
of  ortho-tolidine 
CI  in  p.  p.  m.  indicated 
None 
Trace 
0.02 
0.03 
0.04     ■ 
0,05 
0.06 
0.08 


N.  B. — Quantitative  results  expressed  in  terms  of  permanent  chlorine 
standards,  as  described  in  a  previous  paper  for  ortho-tolidine. 

These  results  indicate,  so  far  as  the  ortho-tolidine 
reagent  is  concerned,  that  the  presence  of  ferric  iron 
or  of  nitrites  in  quantities  that  are  not  infrequently 
found  in  water  and  sewage,  might,  if  their  presence 
was  not  suspected,  give  the  impression  that  chlorine 
or  hypochlorites  were  present  in  the  water.  Inter- 
ferences of  this  kind  are  common  enough  in  practically 
every  method  of  chemical  analysis,  but  incorrect  de- 
ductions may  be  easily  guarded  against  by  careful 
qualitative  tests.  The  presence  of  iron  is  easily  as- 
certained, but  as  the  table  shows,  the  quantity  which 
must  be  present  to  produce  a  color  is  approximately 
i.o  part  per  million,  or  an  amount  not  usually  found 
in  surface  waters,  but  which  might  be  present  in  ground 
waters.  High  nitrites  in  surface  waters,  unless  badly 
polluted,  are  not  likely  to  be  found,  although  sewage 
and  especially  sewage  effluents  may  contain  them  in 
amounts  that  would  interfere  with  the  accuracy  of  the 
method.  It  will  be  noted  that  the  starch-iodide  method 
is  as  much,  if  not  more,  affected  by  the  presence  of 
nitrites  andferric  salts  than  is  the  ortho-tolidine  method. 

It  apparently  is  true  from  these  tests  that  a  sul- 
furic acid  solution  of  ortho-tolidine  is  not  as  much 
affected  by  ferric  salts  and  by  nitrites  as  is  the  hydro- 
chloric acid  solution.  However,  a  sulfuric  acid  solu- 
tion of  ortho-tolidine  is  not  as  easily  prepared  as  one 
of  hydrochloric  acid,  and  from  the  comparisons  made 
in  Table  II,  does  not  seem  to  be  able  to  indicate 
quite  as  small  amounts  of  chlorine  as  does  the  hydro- 
chloric  acid   solution.     It   hardly   seems   worth    while 


None 

None 

None 

None 

Trace 

0.01 

0.01 

0.02 

0.03 


test 
None 

Pale  blue 
Pale  blue 
Deep  blue 
Very  deep  blu 
Very  deep  blu 
Very  deep  blu 
Very  deep  blu 


' 

Ortho-tolidine  in 

Starch- 
iodide 

HjSO. 

N 

HCl  sol. 

sol. 

test 

o!6i 

None 

None 

Blue 

0.03 

None 

None 

Deep  blue 

0.05 

None 

None 

Very  deep  blue 

0.07 

Trace 

None 

Very  deep  blue 

0.09 

0.01 

None 

Very  deep  blue 

0.10 

0.02 

None 

Very  deep  blue 

0.30 

0.03 

Trace 

Very  deep  blue 

0.50 

0.05 

0.01 

Very  deep  blue 

trations  of  the  oxidizing  compound  and  of  acid  were 
employed.  The  late  Dr.  L.  P.  Kinnicutt'  in  quite  a 
thorough  investigation  of  the  effect  of  oxidizing  agents 
on  ortho-tolidine  showed  that  ozone,  nascent  oxygen, 
sodium  nitrite,  ammonium  persulfate,  ferric  chloride, 
ferric  alum,  potassium  permanganate,  potassium  bi- 
chromate, sodium  peroxide  and  lead  peroxide  gave 
color  reactions  with  ortho-tolidine. 

The  authors  in  their  previous  paper  noted  the  color 
reactions  produced  by  bromine,  iodine  and  nitric  acid 
as  well  as  by  potassium  bichromate  and  potassium 
permanganate,  which  latter  were  mentioned  by  Kinni- 
cutt.  In  recent  experiments  the  authors  have  found 
that  hydrogen  peroxide,  with  which  Kinnicutt  was 
unable  to  produce  a  color  reaction  with  ortho-tolidine, 
will  also  act  similarly  to  all  the  other  oxidizing  com- 
pounds, if  the  concentration  of  the  acid  in  the  solution 
is  great  enough. 

The  probability  of  the  presence  of  any  of  the  oxidiz- 
ing agents  mentioned,  excepting  ferric  salts  and  nitrites 
in  natural  waters,  or  even  in  sewage  is  rather  remote. 
With  proper  precautions  the  ortho-tolidine  method  is 
applicable  to  the  usual  conditions  under  which  chlorine 
and  hypochlorites  are  tested  for  in  water. 

Cincinnati  Filtration  Plant 
Cincinnati,  Ohio 


A  NEW  METHOD  FOR  THE  DETERMINATION  OF 

HYDROCYANIC  ACID  AND  THE  ALKALI 

CYANIDES 

By  G.  E'.  F.  LuNDBLL  and  J.  A.  Bridgman 

Received  April  2,  1914 

(  One  gravimetric  and  five  different  volumetric  meth- 
ods have  already  been  proposed  for  the  above  named 
determination.  The  authors'  excuse  for  bringing  out 
still  another  method  is  that  the  proposed  method  is 
superior  to  the  older  methods  in  several  important 
respects.__^  For  the  sake  of  comparison,  the  following 

I  '  Data  published  as  part  of  testimony  taken  in  suit  of  Jersey  City  vs. 
East  Jersey  Water  Co. 
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very  brief  reviews  of  the  existing   methods  are  given: 

In  the  gravimetric  method  the  cyanide  is  precipitated 
in  a  weak  nitric  acid  solution  as  silver  cyanide  which 
is  either  dried  at  100°  C.  and  weighed  as  such,  or  igni- 
ted and  weighed  as  silver.  This  method  is  open  to 
at  least  three  objections:  (i)  It  requires  too  much 
time.  (2)  The  results  obtained  are  invariably  too 
high  since  chlorides  and  sulfocyanates,  which  are 
commonly  present  in  commercial  cyanides,  are  also 
precipitated  by  silver  nitrate  in  a  weak  nitric  acid 
solution.  (3)  When  a  large  number  of  determina- 
tions are  made,  the  method  is  too  expensive. 

liebig's  method^  depends  on  the  fact  that 
soluble  potassium  silver  cyanide  is  first  formed  when 
an  aqueous  solution  of  a  cyanide  is  treated  with  a  sil- 
ver nitrate  solution, 

AgNOa  +  2KCN  =  KAg(CN)2  +  KNO3. 
When  silver  nitrate  in  excess  of  that  required  for  the 
above  reaction  has  been  added,  the  potassium  silver 
cyanide  is  decomposed  with  the  separation  of  insolu- 
ble silver  cyanide  which  renders  the  solution  turbid. 

KAg(CN)2  -I-  AgNOs  =  2AgCN  -|-  KNO3. 
Therefore  standard  silver  nitrate  solution  is  added 
to  the  prepared  cyanide  solution  until  a  permanent 
opalescence  is  obtained.  The  objections  to  this  method 
are  at  least  three  in  number:  (i)  The  results  obtained 
are  usually  too  high  since  alkali  carbonates,  sulfo- 
cyanates and  ferrocyanides  delay  the  end  point.  (2) 
The  titration  requires  a  perfectly  clear  solution.  (3) 
When  a  large  number  of  determinations  are  made  the 
method  is  costly,  each  titration  requiring  50  cc.  o.  i  A'' 
AgNOa  solution  costing  about  2  cents. 

hannay's  method^ — An  ammoniacal  solution  of  a 
cyanide  when  treated  with  mercuric  chloride  will  give 
no  precipitate  until  the  completion  of  the  reaction  ex- 
pressed by  the  equation 

4KCN  -f  HgClo  =  KoHg(CN)4  -f  2KCI. 
When  the  potassium  cyanide  has  been  used  up  in  ac- 
cordance with  the  above  reaction,  further  addition  of 
mercuric  chloride  causes  a  precipitation  of  mercuram- 
monium  chloride  which  imparts  an  opalescence  to  the 
solution, 

HgCU  +  2NH4OH  =  NHjHgCl  +  NH4CI  +  2H2O. 
Hence  a  standard  mercuric  chloride  solution  is  added 
to  the  prepared  cyanide  solution  until  a  permanent 
opalescence  is  produced.  This  method  gives  good  re- 
sults in  most  cases.  Some  objections  are:  (i)  The 
difficulty  experienced  in  correctly  standardizing  the 
mercuric  chloride  solution.  (2)  The  titration  re- 
quires a  perfectly  clear  solution.  (3)  Ferrocyanides 
delay  the  end  point,  thereby  causing  high  values  on 
samples  containing  this  impurity. 

FORDOs  AND  GELis'  METHOD'  is  based  on  the  be- 
havior of  iodine  towards  potassium  cyanide, 

KCN  +  I2  =  KI  -I-  CNI. 
A  standard  iodine  solution  is  added  to  the  prepared 
cyanide    solution    until    a    permanent    yellowish    tinge 
is    obtained.     The    results    obtained    by    this    method 
are  not  accurate  and  the  interferences  are  numerous. 

'  Ann.,  77  (1851).  102. 

2  J.  Chem.  Soc.  33  (1878),  245. 

'  J.  prakl.  Chem.,  69  (1899),  255. 


Andrew's  method' — The  diluted  solution  of  hydro- 
cyanic acid  or  a  simple  cyanide  is  made  just  alkaline 
to  paranitrophenol.  At  this  point  all  of  the  original 
hydrocyanic  acid  or  cyanide  is  present  as  hydrocyanic 
acid  since  this  acid  is  without  eflect  on  the  indicator. 
The  solution  is  then  treated  with  an  excess  of  mercuric 
chloride, 

2HCN  -t-  HgClj  =  Hg(CN)2  -f  2HCI. 
Upon  the  completion  of  the  reaction,  the  liberated 
hydrochloric  acid  is  titrated  with  o.  i  iV  sodium  hy- 
droxide. This  method  works  well  with  pure  cyanides 
but  is  not  accurate  when  used  on  commercial  material. 
Then  too  the  method  takes  too  much  time. 

vielhaber's  method^ — In  this  method,  the  cyan- 
ide solution  is  made  alkaline  by  the  addition  of  mag- 
nesium hydroxide  suspended  in  water.  After  the  ad- 
dition of  a  few  drops  of  chromate  indicator,  the  solu- 
tion is  titrated  with  o.  i  A''  silver  nitrate  until  a  per- 
manent red  color  appears, 

KCN  -I-  AgNOa  =  AgCN  +  KNO3; 

2AgN03  -I-  K2Cr04  =  Ag2Cr04  +  2KNO3. 
This   method   is   not   accurate.     Besides  the   inherent 
error  of  the  method,  high  results  are  obtained  when- 
ever    chlorides,    sulfocyanates     or     ferrocyanates    are 
present. 

THE    NEW    METHOD 

Briefly  stated,  the  new  method  consists  in  titrating  an 
ammoniacal  cyanide  solution  containing  a  small 
quantity  of  dimethyl  glyoxime,  with  a  standard  nickel 
ammonium  sulfate  solution  until  a  permanent  red 
precipitate  is  produced.  The  reactions  ifivolved  are 
expressed  by  the  equations: 

NiS04  +  4KCN  =  K2Ni(CN)4  +  K2SO4, 

NiS04  +  2C4H8N2O2  =  NiCCiHvNjOs):  +  H2SO4, 

H2SO4    +    2NH4OH     =     (NH4)2S04    +    H2O. 

No  permanent  red  precipitate  of  nickel  dimethyl 
glyoxime  is  formed  until  all  of  the  cyanide  has  been 
used  up  in  the  reaction  expressed  by  the  first  equa- 
tion. The  ammoniacal  cyanide  solution  is  used 
since  free  sulfuric  acid  hinders  the  precipitation  of 
nickel  dimethyl  glyoxime. 

SOLUTIONS    required 

I — standard  nickel  solution,  prepared  by  dis- 
solving IS- 3  grams  of  nickel  ammonium  sulfate  in 
water  containing  2  cc.  of  concentrated  sulfuric  acid, 
diluting  to  one  liter  and  standardizing  as  directed  be- 
low. 

2 — dimethyl  glyoxime  solution,  prepared  by 
dissolving  8.9  grams  of  dimethyl  glyoxime  in  one 
liter  of  95  per  cent  alcohol. 

standardization  of  nickel  solution 

Unless  the  percentage  purity  of  the  nickel  ammonium 
sulfate  is  known,  the  prepared  nickel  solution  must 
be  standardized  as  follows:  25  cc.  portions  are  di- 
luted with  distilled  water  to  200  cc,  treated  with  0.2 
gram  tartaric  acid  and  heated  to  boiling.  Glyoxime 
solution  sufficient  to  precipitate  all  of  the  nickel  is 
then  added.     If  the  glyoxime  solution  has  been  made 

'  Chem.  Xews.  88  (1903).  239. 
»  Arch,  rharm.,  (3)  IS,  408. 
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up  according  to  the  formula  above,  30  cc.  should  be 
sufficient.  After  the  addition  of  the  glyoxime,  the 
solution  is  made  slightly  alkaline  with  ammonia, 
boiled  for  two  minutes  and  then  set  aside  to  digest  for 
one-half  hour.  The  precipitate  is  caught  on  a  tared 
Gooch  crucible,  washed  with  200  cc.  of  hot  water, 
dried  for  45  minutes  at  120°  C.  and  weighed.  The 
weighed  precipitate  contains  20.31  per  cent  nickel. 
From  the  equations  .given  above  the  hydrocyanic 
acid  or  the  potassium  cyanide  titre  of  the  solution  can 
readily  be  calculated.  If  a  chemically  pure  potassium 
cyanide  is  at  hand,  the  above  titres  can  be  determined 
directly  by  titrating  weighed  portions  as  directed  in 
the  "Method  of  Analysis"  given  below. 

METHOD   OF  ANALYSIS  FOR  ALKALI  CYANIDES 

Five  grams  of  the  sample  are  dissolved  in  water 
and  diluted  to  exactly  500  cc.  Pipetted  50  cc.  portions 
of  this  solution  are  diluted  with  an  equal  volume  of 
water,  treated  with  i  cc.  of  ammonium  hydroxide 
and  0.5  cc.  of  the  dimethyl  glyoxime  solution  and  then 
titrated  with  the  standard  nickel  solution  until  a  per- 
manent red  precipitate  is  produced.  The  color  play 
toward  the  end  of  the  reaction  resembles  the  metliyl 
•orange  end  point  .observed  in  titrating  an  alkaline 
solution  with  an  acid  solution.  The  nickel  ammo- 
nium sulfate  solution  may  be  added  rapidly  at  first, 
provided  the  cyanide  solution  is  vigorously  stirred ; 
toward  the  end  point  the  addition  should  be  slower 
and  the  stirring  more  rapid.  If  more  than  0.5  cc.  of 
glyoxime  is  used,  the  end  point'  shows  a  tendency 
to  appear  too  soon  unless  the  addition  of  the  standard 
solution  is  slow  and  the  agitation  of  the  solution  very 
brisk.  The  cyanide  dilution  may  be  varied  .without 
serious  effect;  however,  the  method  works  better  when 
the  volume  is  approximately  100  cc.  A  large  excess 
of  ammonium  hydroxide  delays  the  end  point;  i  to  5 
cc.  in  the  volume  specified  does  no  harm.  A  titration 
requiring  50  cc.  of  the  standard  solution  costs  one- 
iifth  of  a  cent. 

In  titrating  solutions  which  contain  hydrocyanic 
acid,  a  measured  volume  of  solution  is  made  alkaline 
with  ammonium  hydroxide  and  then  treated  as  above. 

Table  I  shows  the  values  obtained  on  different 
cyanide  samples  by  the  new  method  and  by  two  of 
.the  older  methods. 

Table   I — Analyses  by   Different  Methods — Percentages  HCN 
Gravimetric 
Sample  method  (o) 

1  KCN 39.35 

2  KCN 39.25 

3  KCN 40.75 

4  NaCN 33  .  58 

5  HCN  solution 0.59 

6  Cherry  laurel  water 0.050 

7  Oil  of  bitter  almond  water 0.076 

(a)  Corrected  for  chlorides. 

The  results  obtained  by  all  three  methods  check 
■closely  on  Samples  3,  4,  5,  6  and  7.  The  values  on 
Samples  1  and  2  are  not  in  such  good  agreement  but 
it  is  seen  that  the  new  method  checks  up  the  corrected 
gravimetric  method  better  than  does  Liebig's  method. 
Qualitative  tests  showed  small  amounts  of  sulfo- 
cyanates  and  ferrocyanides,  both  of  which  would 
cause  high  results  in  the  gravimetric  method  and  Lie- 
big's method. 


Table  II  demonstrates  the  accuracy  of  the  new 
method  in  the  presence  of  possible  impurities  in  com- 
mercial cyanide  samples: 


New 

Liebig's 

method 

method 

39.16 

39,55 

39.00 

39,57 

40,71 

40,79 

33.55 

33,70 

0.595 

0,60 

0,050 

0,051 

0,076 

0,077 

Table  II — Titrations  op  Mixtures 
f  1  per  cent  ^CN  solution  used  in  each 
Cc,  nickel 


Cc.  nickel 


Reagent  sulfate 

added  required 

None 49.45 

1  g.  KCNO 49.45 

1  g.  KCNS 49.46 

1  g,  KiCOj 49.41 

10  g,  KjCOs 49.55 

20  g,  KiCOa 49.62 

1  g,  KiSO) 49 ,  43 

1  g,  NH.Cl 49.42 


0.00 
0.00 
+0.02 
—0.08 
-1-0.20 
-fO.34 
—0.04 
—0.06 


1  g,  NaCl 

1  g.  NH.NOj.,., 
I  g.  NaHCOi.  .  . 

0,1  g,  KOH 

1  g,  KOH 

0.3  g,  CaNCN,. 
0.1  g,  KiFe(CN), 
1  g.  KiFeCCN).  . 


ammonmi 
sulfate 
required 
.  49.47 
.  49 , 39 
.  49.42 
.  49.5 
.  50.02 
.  49.46 
.  49.48 
.      50  75 


n  Per- 
centage 
error 
-1-0.04 
—0.12 
— 0.06 


-(-0.02 
-1-0.06 
-1-2.63 


This  table  demonstrates  the  remarkable  freedom 
of  the  method  from  interfering  substances.  KOH 
and  K4Fe(CN)6  interfere  when  present  in  large  amounts; 
the  small  quantities  usually  present  in  commercial 
cyanides  have  practically  no  effect  at  all. 

Table  III  shows  the  accuracy  of  the  method  in  the 
presence  of  the  double  cyanides  commonly  used  in 
electroplating. 


Table  III — Titrations  in  Presen 
Double  cyanide  G.  KCN 

present  added 

KAgCCN)j 0,1208 

KCu(CN)i 0.1915 

K.Zn(CN)< 0.3520  • 


OP  Double  Cyanides 

G,  KCN  Percentage 
found  error 

0.1205  —  0,25 

0.1906  —  0,47 

0.4612  4-31,02 


It  is  seen  that  the  method  gives  only  the  "free" 
cyanide  in  silver  and  copper  cyanide  solutions.  Ex- 
periments show  that  more  than  the  free  cyanide 
is  obtained  in  zinc  cyanide  solutions,  the  end  point 
occurring  when  the  Zn  :  KCN  ratio  is  approximately 
I  :o.6.  In  copper  and  silver  cyanide  solutions 
Liebig's  method  works  the  same  as  the  new  method. 
In  zinc  cyanide  solutions  Liebig's  method  gives  the 
total  cyanide,  that  is,  the  free  cyanide  plus  the  cyano- 
gen in  the  zinc  double  cyanide.  Hannay's  method 
gives  the  total  cyanide  in  all  three  cases.  This  is  a 
disadvantage  because  only  the  free  cyanide  is  ordi- 
narily desired. 

SUMMARY 

The  new  method  for  the  determination  of  hydro- 
cyanic acid  and  the  alkali  cyanides  consists  in  making 
the  cyanide  solution  ammoniacal,  then  adding  a  small 
amount  of  methyl  glyoxime  solution  and  finally  titra- 
ting this  prepared  solution  with  a  standard  nickel 
ammonium  sulfate  solution  until  a  permanent  red  pre- 
cipitate is  produced.  The  preceding  pages  show 
that  the  new  method  is  accurate,  free  from  ordinary 
interferences,  usable  in  cloudy  solutions,  rapid,  cheap 
and  of  value  in  titrations  of  double  cyanides. 

Department  of  Chemistry.  Cornell  University 
Ithaca,  New  York 

A  METHOD  FOR  THE  RAPID  QUANTITATIVE  ANALYSIS 

OF  BRONZE  AND  BRASS' 

(Pb,  Cu,  Sn,  Sb,  Fe  and  Zn) 

By  Richard  Edwin  Lee.  John  P.  Trickev  and  Walter  H,  Fegbly 

INTRODUCTION 

The  method  of  analysis  reported  in  this  paper  is 
the  outgrowth  of  an  investigation  that  was  undertaken 
as  the  result  of  a  request  made  to  one  of  us  sometime 

'  Presented  at  the  49th  meeting  of  the  American  Chemical  Society, 
Cincinnati.  April  6-10.  1914, 
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ago  to  take  charge  of  some  "control"  work  for  a  large 
company  manufacturing  bronze  metal  in  various  forms. 
Most  of  the  metal  is  sold  on  specification.  The  alloy 
supplied  by  this  firm  varies  in  composition  as  follows: 
Cu,  65  to  69  per  cent;  Pb,  25  to  30  per  cent;  Sn,  5  to 
6  per  cent;  Fe,  0.1  to  0.3  per  cent;  Zn,  1.5  to  3  per  cent. 
The  requirements  were  that  the  analysis  be  accurate 
to  0.2  per  cent  and  that  the  time  consumed  in  making 
the  complete  analysis  should  not  exceed  one  hour, 
preferably  45  minutes. 

On  receipt  of  this  request  the  authors  began  im- 
mediately to  make  a  careful  survey  of  the  literature 
relating  to  the  analysis  of  bronze  and  brass  in  the  hope 
that  it  would  be  possible  to  find  a  method  adapted  to 
their  needs.  Over  two  months  were  devoted  to  testing 
the  various  proposed  methods  with  'known  mixtures' 
of  the  metals  comprising  the  alloy.  The  authors 
hesitate  to  say  whether  the  fault  lay  with  themselves 
or  was  inherent  in  the  methods,  but  most  discouraging 
results  were  obtained  although  each  method  was  tested 
repeatedly  with  the  exercise  of  much  care.  We  were 
finally  confronted  with  the  following  perplexing  situa- 
tion; on  the  one  hand,  such  methods  as  were  found  to 
give  the  required  accuracy  were  too  long  and  tedious; 
on  the  other  hand,  the  few  methods  proposed  for  rapid 
analyses  failed  in  our  hands  to  give  not  only  the  desired 
accuracy,  but  the  accuracy  claimed  for  the  methods  by 
their  respective  authors. 

This  experimental  survey,  however,  was  not  without 
value,  as  it  rendered  possible  not  only  the  detection  of 
inaccuracies  in  many  of  the  recommended  procedures, 
but  the  selection  of  the  best  processes  involved  in  such 
of  the  proposed  methods  as  most  closely  approximated 
our  wants.  Furthermore,  it  facilitated  the  formulation 
of  conditions  best  adapted  to  securing  the  desired  end. 

Early  in  the  investigation  it  became  obvious  that  it 
would  contribute  greatly  to  the  rapidity  of  the  de- 
terminations if  a  method  could  be  formulated  which 
would  provide  for  the  using  of  a  separate  portion  of 
the  alloy  for  each  determination.  The  more  accurate 
of  the  proposed  methods  are  as  a  rule,  open  to  the  serious 
objection  that  one  portion  of  the  alloy  is  used  for 
several  determinations.  Such  procedure,  however,  is 
time-consuming.  In  the  method  of  analysis  proposed 
in  this  paper  all  the  metals  are  determined  in  separate 
portions  of  the  alloy  with  the  exception  of  zinc  which  is 
determined  in  the  filtrate  from  the  iron  if  the  latter 
is  present.  When  the  iron  is  absent  from  the  sample 
the  zinc  is  determined  in  a  separate  portion  in  about 
thirty  minutes. 

The  authors  make  no  particular  claim  to  originality 
for  the  scheme  of  analysis  submitted  herewith  as  most 
of  the  methods  are'  based  upon  reactions  familiar  to  all 
chemists.  Furthermore,  some  of  them  have  been 
employed  by  Low,  Demorest,  P.  H.  Walker  and  Whit- 
man and  other  well  known  contributors  to  industrial 
analysis  as  a  basis  of  standard  methods  for  single  deter- 
minations. However,  the  modifications  of  the  selected 
procedures  and  their  application  to  the  complete  anal- 
ysis of  bronzes  of  the  stated  composition,  the  study  of 
the  sources  of  error  and  the  conditions  most  favorable 
for    procuring    the    desired    results    by   means   of   the 


adopted  procedures  together  with  the  formulation  of 
such  new  processes  as  were  necessary  to  articulate  the 
different  procedures,  are  some  of  the  problems  which 
have  been  attacked. 

The  accuracy  of  the  methods  is  shown  by  the  ex- 
perimental results  recorded  in  Part  II,  Test  Experi- 
ments. As  a  further  confirmation  of  the  dependability 
of  the  method  it  may  be  noted  that  the  procedure 
described  herein  has  been  used  with  equally  good  results 
not  only  by  the  students  in  this  laboratory  but  also 
by  the  chemists  in  one  large  testing  laboratory^  for  a. 
period  of  nearly  three  months. 

PART    I-^METHOD    OF    .\NALYSIS 
DETERMINATION    OF    LEAD 

PROCEDURE — To  0.5  gram  of  the  alloy  in  a  300  cc. 
Erlenmeyer  flask,  add  1 2  cc.  of  water  containing  4 
grams  of  tartaric  acid,  and  then  4  cc.  of  cone.  HNO3. 
Place  on  a  hot  plate  to  dissolve  the  alloy  quickly, 
(The  solution  should  be  perfectly  clear;  if  not,  reject  it 
and  repeat  the  procedure.)  Remove  the  solution  from 
the. hot  plate,  allow  to  cool  for  i  to  2  minutes,  add  lO' 
cc.  cone.  H2SO4,  and  then  heat  on  hot  plate  until  all 
nitrous  fumes  are  expelled.  {Caution:  Care  must- 
be  exercised  not  to  carry  the  procedure  beyond  this 
stage  or  the  tartaric  acid  will  be  decomposed.)  Dilute 
with  100  cc.  of  cold  water,  add  75  cc.  of  ethyl  alcohol, 
shake,  allow  to  stand  for  2  or  3  minutes,  filter  through 
a  weighed  gooch  crucible,  wash  with  water  to  which  a 
little  H2SO4  has  been  added,  until  the  precipitate  is 
white  and  then  wash  out  acid  with  alcohol.  Reject 
the  filtrate.  Dry  the  precipitate  in  crucible  on  hot 
plate,  and  then  heat  to  dull  redness  with  the  Bunsen 
burner  for  a  few  minutes.  Cool  and  weigh  as  PbSOi. 
Wt.  PbSO,  X  0.683   =  wt.  Pb 

NOTES — I — In  order  to  prevent  occlusion  and  adsorption  of 
the  Cu  salts  by  the  lead  sulfate  precipitate,  it  was  found  neces- 
sary to  make  the  solution  from  which  the  lead  precipitate  is 
separated  by  filtration,  relatively  large.  The  solution  of  the  lead 
sulfate  is  prevented  by  the  addition  of  alcohol. 

2 — In  case  the  alloy  contains  a  small  percentage  of  lead,  it 
is  advisable,  of  course,  to  use  a  relatively  large  amount  of  the 
sample.  If  this  is  done,  the  quantities  of  the  reagents  employed, 
including  water  and  alcohol,  should  be  increased  proportionately. 
The  reasons  for  this  procedure  are  obvious.  In  the  first  place, 
unless  the  volume  of  the  solution  is  made  larger  the  concentration 
of  the  Cu  and  other  metals  present  becomes  very  large  owing  to 
the  use  of  larger  amounts  of  sample.  This  will  increase  the  error 
due  to  occlusion  and  adsorption  as  mentioned  in  Note  i.  In 
the  second  place,  in  order  to  preserve  the  proper  concentration 
of  sulfate  ions  for  the  complete  precipitation  of  Pb  in  this  larger 
volume  of  solution  it  is  necessary  to  use  larger  amounts  of  the 
reagent,  sulfuric  acid. 

DETERMINATION     OF    COPPER 

PROCEDURE — Place  0.5  gram  of  the  alloy  in  a  400  cc. 
beaker,  add  5  to  10  cc.  of  dilute  HNO3  (i-i),  cover 
beaker  with  a  watch  glass  until  violent- action  ceases, 
then  remove  watch  glass  and  evaporate  on  hot  plate 
to  syrupy  consistency.  Dilute  to  about  200  cc.  and 
add  KOH  solution  until  a  small  precipitate  of  copper 
hydroxide  persists  after  thorough  stirring.  Now  add 
acetic  acid  until  the  copper  precipitate  is  completely 

'  The  Meadville  Testing  Laboratory,  Meadville. 
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dissolved,  then  add  a  small  excess  of  the  acid.  Cool 
the  mixture  to  tap-water  temperature,  then  add  40 
cc.  of  the  KI  solution  (100  grams  to  i  1.)  and  5  cc.  of 
starch  solution,  and  titrate  immediately  with  standard 
Na2S203  solution  until  the  blue  color  disappears. 

NOTES — I — It  has  been  pointed  out  by  Walker  and  Whitman' 
that  the  results  obtained  by  following  Low's  iodide  method- 
are  uniformly  a  little  low.  They  add  "this  error  is  not  due  to 
the  method  which  gives  exceedingly  accurate  results,  but  to  the 
fact  that  nearly  6  per  cent  of  the  copper  is  not  precipitated  as 
cuprous  oxide.  This  loss  is  uniform  for  if  we  add  6  per  cent  of 
the  copper  determined,  the  result  will  be  the  per  cent  of  the  cop- 
per in  the  alloys."  This  is  undoubtedly  true.  Their  further 
statements,  however,  that  when  an  alloy  containing  5  per  cent 
•of  copper  is  decomposed  by  nitric  acid,  evaporated  to  dryness, 
taken  up  with  nitric  acid  and  filtered,  the  error  in  determining 
the  copper  in  the  filtrate  will  frequently  be  0.5  to  0.7  per  cent, 
cannot  be  confirmed  by  our  experience.  By  following  the  pro- 
posed method  of  standardization  and  analysis,  which  is  essentially 
Low's  method  we  have  been  able  to  check  within  o.  i  per  cent 
repeatedly. 

2 — Provision  has  not  been  made  in  the  method  as  formulated 
for  the  separation  of  copper  from  any  other  metals,  yet  care 
must  be  exercised  to  exclude  from  the  solution  prepared  for  titra- 
tion any  substances  which  will  either  liberate  or  absorb  iodine. 
Therefore,  free  CI,  free  Br,  nitrous  oxides,  ferric  ions,  and  As 
and  Sb  in  the  'ous'  condition  must  be  absent. 

Ferric  ions  may  be  removed  by  adding  ammonium  fluoride, 
which  interacts  with  the  former  to  produce  ferric  fluoride.  This 
latter  substance  which  is  only  slightly  ionized  has  little  or  no 
oxidizing  power  and,  therefore,  cannot  liberate  iodine  under  the 
existing  conditions. 

The  trivalent  arsenic  and  antimony,  if  present,  must  be  oxidized 
to  the  pentavalent  condition  by  the  addition  of  bromine.  Excess 
of  bromine  must  be  removed  by  boiling  the  solution  before 
titrating. 

No  other  elements  interfere  with  the  procedure. 

3 — Pb,  Bi,  and  Cd,  if  present,  interact  with  the  KI  and  form 
the  corresponding  yellow  insoluble  iodides.  This  causes  no 
trouble,  however,  in  fact  many  chemists  regard  the  presence  of 
one  or  more  of  these  metals  as  a  distinct  advantage  as  the  pres- 
ence of  the  yellow  precipitate  assists  the  operator  in  securing 
uniform  end  points.  In  this  laboratory  it  is  customary  to  add 
a  few  cc.  of  a  solution  of  lead  acetate  to  the  solution  to  be  titrated 
if  it  is  known  that  Pb  is  not  present. 

4 — In  order  that  the  liberated  iodine  may  be  held  in  solution 
it  is  necessary  to  use  rather  large  excess  of  KI.  This  procedure 
increases  the  speed  of  the  reaction. 

5 — The  presence  of  an  excess  of  inorganic  acid  interferes 
with  the  procedure.  It  should  be  remembered,  however,  that 
unless  the  solution  contains  a  sufficient  excess  of  acetic  acid  the 
end  point  will  not  be  sharp. 

6 — The  solution  should  always  be  cooled  to  tap  water  tem- 
perature just  before  the  KI  solution  is  added. 

7 — It  should  be  remembered  that  the  Sn  present  will  make  an 
insoluble  residue  in  the  solution  prepared  for  titration. 

DETERMINATION    OF    TIN    (aND    Sb) 

PROCEDURE — Weigh  0.5  g.  of  the  alloy  into  a  400  cc. 
beaker,  add  5  to  10  cc.  of  dil.  HNO3  (i-i),  cover  with 
a  watch  glass  until  violent  action  ceases,  then  remove 
cover  and  evaporate  to  a  paste  on  hot  plate.  Add 
IS  cc.  of  dil.  HNO3,  boil  for  several  minutes  and  dilute 
to  about  200  cc.  Boil  for  a  few  minutes,  filter  through 
a  weighed  Gooch  crucible,  wash  with  hot  nitric  acid 

>  This  Journai,.  1  (1909),  519. 

>  Jo»T.  Am,  Chem.  Soc,  34  (1902).  1082. 


wash,  and  then  with  hot  water.  Pour  the  filtrate  into 
a  500  cc.  beaker  and  reserve  for  check  determination 
of  copper.  Dry  the  crucible  and  contents  on  hot  plate 
and  then  ignite  at  red  heat  for  ten  minutes.  The  ig- 
nited residue  consists  of  SnOa  and  any  Sb  (as  Sb204) 
which  may  have  been  present  in  the  alloy. 
Wt.   Sn02   (and  SbjO,)    X   0.788    =    wt.   Sn   (and   Sb) 

NOTES — I — The  results  obtained  by  this  method  are  usually 
a  little  high,  owing  to  the  fact  that  the  precipitate  frequently 
contains  traces  of  the  oxides  of  Cu,  Sb,  and  Pb.  However,  the 
digestion  of  the  dried  residue  in  dilute  nitric  acid  and  the  final 
separation  of  the  precipitate  from  a  large  volume  of  solution, 
tend  to  reduce  errors  from  this  source.  The  precipitate  will  also 
contain  any  phosphorus  that  is  present  in  the  sample. 

2 — Much  time  and  energy  were  consumed  in  an  effort  to  obtain 
a  volumetric  method  for  determining  tin  in  a  separate  portion 
of  the  alloy.  One  of  the  most  attractive  volumetric  methods  for 
making  this  determination  is  Walker  and  Whitman's  modifica- 
tion' of  Low's  iodimetric  method.  Our  efforts,  however,  to 
adapt  it  to  our  scheme  of  analysis  were  without  success.  The 
chief  obstacle  to  its  application  to  the  rapid  analysis  of  bronze 
is  the  presence  of  relatively  large  percentage  of  Cu  in  the  alloy. 
The  method,  however,  was  found  to  give  excellent  results  when 
used  in  making  analyses  of  Babbitt  metal  if  the  percentage  of 
Cu  in  the  alloy  was  small;  but  if  the  percentage  of  Cu  was  large 
the  results  came  high,  owing  to  the  fact  that  during  the  reduction 
of  the  Sn  the  Cu  was  reduced  to  cuprous  chloride  which  takes  up 
a  portion  of  the  iodine  when  the  solution  is  finally  titrated.  Our 
results  in  regard  to  the  errors  introduced  by  the  titration  of  Sn 
in  the  presence  of  Cu  agree  with  those  obtained  by  Ibbotson  and 
Aitchison.^ 

(check    DETERMINATION    OF    COPPER) 

PROCEDURE — Cool  the  filtrate  from  the  Sn  de- 
termination, add  KOH  solution  until  a  small  pre- 
cipitate of  copper  hydroxide  persists  after  thorough 
stirring.  Add  acetic  acid  until  the  copper  precipitate 
is  completely  dissolved,  then  add  a  small  excess  of 
the  acid.  Follow  directions  as  given  under  Determina- 
tion of  Copper. 

DETERMINATION    OF    ANTIMONY 

PROCEDURE — Weigh  out  0.5  gram  of  the  fine  drillings 
of  the  alloy  into  a  300  cc.  Kjeldahl  flask,  add  25  cc. 
of  cone,  sulfuric  acid  and  heat  over  the  bare  flame  of  a 
Bunsen  burner.  Keep  the  acid  at  its  boiling  point 
until  the  solution  is  clear  or  the  residue  is  white.  Cool, 
add  100  cc.  of  water,  boil  for  several  minutes  and  trans- 
fer the  contents  of  the  flask  to  a  400  cc.  beaker.  Dilute 
to  200  cc,  heat  to  70°  C.  (158°  F.)  and  titrate  with  a 
standard  KMnOj  solution.  The  permanganate  solu- 
tion should  be  added  rapidly  until  the  permanganate 
color  persists,  then  add  several  cc.  in  excess.  Stir 
the  solution  vigorously,  and  then  titrate  with  a  stand- 
ard solution  of  ferrous  ammonium  sulfate  until  the 
pink  color  just  disappears. 

NOTES — I — Although  antimony  is  not  found  in  tlie  majority 
of  bronzes  and  brasses  it  frequently  occurs  alloyed  with  variable 
percentages  of  lead,  tin,  copper  and  iron.  Therefore,  in  order  to 
make  the  present  scheme  of  analysis  as  wide  as  possible  in  its 
application  and  thereby  increase  its  usefulness,  it  was  deemed 
advisable  to  incorporate  a  method  for  the  rapid  determination 
of  Sb. 

2 — The  method  is  at  once  recognized  as  a    modification  of 

1  This  Journal,  1  (1909).  519. 

!  Chtm.  News.  107  (191,11.  109;  also  C.  A..  7  (191.11.  2025;  S  (1914).  476. 
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Low's  well  known  method.'     The  chief  difficulty  we  experienced  2 — If  the  solution  turns  blue  during  the  titration,   it  is  an 

in  fitting  it  to  our  scheme  of  analysis  was  the  matter  of  securing  indication  of  the  presence  of  small  quantities  of  iron. 

Sb  in  a  suitable  condition  in  sulfuric  acid  solution.     Alloys  con-  2 — IRON     AND     ZINC — Add     2     cc.     of     concentrated 

taining  a  high  percentage  of  copper  resist  solution  by  the  usual  HNO3  to  the  filtrate  to  oxidize  the  Fe,  heat  to  boiling 

procedure.     Nitric  acid  is  eliminated  as  a  solvent  because  of  its  ^^d   25   cc.   of   siV   NH4CI   and  then   NH4OH   until  the 

oxidizing  action;  and  HCl  and  KCIO3  are  ineffective  unless  the  treat-  j           c   4-1.                   .^    1-        1               •  ^        /-,        ,     ... 

^.    „    „         ,        A      r-     n\.u        »      .•    ,       .■  r    .  odor  of  the  reagent  barely  persists  after  boilme  the 

ment  IS  greatly  prolonged.     Fmally,  the  not-entirely  satisfactory  .    ^          ,                     .      ^        ■„.,            „     ,       „    .^,  . 

^u  A     t  A              •       tu      11       ■                   .r    •        -J  •  mixture  for  one  minute.     Filter  off  the  FefOH),  and 

method  of  decomposing  the   alloy  in  cone,   sulfuric  acid  in  a  .      .                   .                                                                   ^\^'-'-)3   <iiiu 

Kjeldahl  flask  exposed  to  the  bare  flame  of  a  Bunsen  burner  was  igmte.      Weigh  as  Fe203. 

adopted.     Complete  decomposition  is  usually  effected  in  ten  to  notes— i— Zinc  is  completely  precipitated  from  HCl  solutions 

twenty  minutes,  after  which  the  determination  may  be  readily  ^^   potassium  ferrocyanide   as   white   zinc   ferrocyanide.     Such 

finished  in  10  minutes.  metals  as  Pb,  Cu,  Sn,  Fe  and  Mn  are  also  precipitated  by  this 

After  one  or  two  trials,  it  will  probably  be  found  that  the  blue  ^^^i^^^'  and  therefore  must  be  removed  before  the  Zn  is  titrated, 

color  imparted  to  the  solution  by  the  presence  of  the  copper  does  2— The  acid  solution  must  not  contain  free  CI,  free  Br  or  the 

not  hinder  the  determination  of  the  exact  end  point  when  the  ""''^'^^  °^  chlorine  as  these  substances  decompose  ferrocyanide. 

permanganate  is  added.  ^ — ^^""^  "^"^'  ''^  taken  to  conduct  the  standardization  as  well 

3— Demorest  has  pointed  out  in  an  exceUent  paper^  that  it  is  ^^  '^^  determinations  under  corresponding  conditions  with  par- 
necessary  to  employ  a  large  excess  of  potassium  permanganate  ticular  reference  to  volume,  temperature,  acidity,  amount  of 
to  complete  the  oxidation  of  the  Sb.  It  is  not  best  to  have  HCl  a™monium  salts  and  the  rate  of  titration.  Furthermore,  it  is 
present  when  the  antimony  is  titrated  as  the  end  point  is  made  imperative  that  the  titration  be  conducted  slowly  and  with  con- 
very  transient  by  its  presence.  stant  stirring  of  the  solution.     If  this  precaution  is  not  observed 

the  end  point  will  be  reached  apparently  before  all  the  zinc  is 

DETERMINATION    OF    IRON    AND    ZINC  ■    -^   1  a                                               i  f              ., 

precipitated. 

PROCEDURE — To  0.5  gram  of  the  alloy  in  a  400  cc.  part  ii — test  experiments 

beaker   add  sufficient   dilute    HNO3    (i-i)    to   dissolve  t„   r.,-A^r-  +^  r„„u^  „   «„   1  +«o<-     c  4-1                              1 

,                 ,         TT                 ,           ,                •                           ^  in  order  to  make  a  final  test  of  the  accuracy  and 

the    sample.      Heat    on    hot    plate    until    the    alloy    is      „„„„„„i    „ 1; u-vt        t  4^-u  j  11 

,,       ,                    ,      ,     ^                                      ■'  general   applicability  of  the  procedures  recommended 

thoroughly   decomposed,   then  evaporate   the  solution  :„   tu;^  „^„„,    «„„  „„„•  „   „f             •         ..             ,,         ■ 

^  ,  ■'                r  ,  ,                  r              T  ^                    '  "  m  this  paper,   five  series  of  experiments — each  series 

just  to  dryness.     Add  10  cc.  of  cone.  HCl  and  100  cc.  „„„o,-et;^„  ^f  c-.^   „„„       +„   .j  +        ■      *■                          j 

■^  .                ,                  ,               0^1             TT  r,  consisting  ot  six  separate  determinations   were  made, 

of  water,  heat  to  about  70    C.  and  pass  H2S  through  t.„  ^„i,;„„  +1,;^  <-„.,+    <-i,             i*       j-      u-  t.                    ^   j 

.     '                                '                      ^      ,  ^,    ,^,          ,  '■^  making  this  test,  the  results  of  which  are  reported 

the  mixture  until  all  the  Pb,  Cu,  Sn,  and  Sb  (Cd,  etc.)  herewith,    a   standard    bronze    alloy    was    used    unless 

are  precipitated.     Filter,  using  a  Buchner  funnel  with  t^ere  is  a  note  to  the  contrary.     Equally  good  results 

an    asbestos    mat,    wash    the    precipitate    with    water.      „,„„„  „-u+„; a      u        1  •   ^  11 

„,      _,               ,  .  ,'            .        ,      .       ^  were  obtained  when  known  mixtures  were  employed. 
1  he  filtrate  which  contains  the  iron  and  zinc  should  be 

transferred  to  a  i;oo  cc.  beaker. 

Wt.  of       Wt.  of  Pb     Wt.  of  Pb       Error 

NOTE — A  drop  of  this  filtrate  should  be  transferred  to  a  spot  Number  of                                  sample          present           found       percentage 

,    ,           A   4     4-   A       -^u        A             r        4        ■          r                    •  1      r       1  u  experiment                                  Grams           Gram             Gram      composition 

plate  and  tested  with  a  drop  of  potassium  ferrocyanide  for  the  (i)                                  I  0055        0  0467        0  0469        00  O'" 

presence  of  Cu  and  Fe  which  are  interfering  substances  and  if  <?j 1.0005        0.0464        0.0465        00.01% 

.    ,     ,  ,  ,.,.         ,.  .        ,j    .  J        rr  '^' 0.9995  0.0463  0.0464  00.01% 

present  m  weighable   quantities   they   should   be  removed.     If  (i) 0.2013        0.1562        o  1559        00  107 

Cu  is  present  which  will  be  indicated  by  the  presence  of  red  S?) ■     o!2ll4        0.1639        0^1642        00^15% 

,        J  *        *    .-u       cw      ^  •  •...    t.    A  ,cj  A  <^' 0.2266  0.1757  0.1754         00.15% 

coloration,  treat  the  filtrate  again  with  hydrogen  sulfide  and 

filter;  if  Fe  is  present  which  will  be  indicated  by  the  appearance  A  standard  Babbitt  metal  was  employed  in  making 

of  a  blue  coloration,  proceed  as  directed  under  (2),  Iron  and  Zinc.  the  last  three  determinations  reported  in  the  foregoing 

I — ZINC,   IF  fe    is    absent — Dilute    the    filtrate   to  series. 

200  cc,  heat  to  70°  C.  and  titrate  with  standard  potas-  series  ii — copper 

slum    ferrocyanide,    using    ferric    chloride    or    uranyl  ,,     .       ,                          '^'-  °!     wt.  of  Cu   wt.  of  Cu      Error 

.                                                                                                     -^  IM  umber  ot                                    sample        present           found       percentage 

nitrate    as    an   indicator.       The    titration   should    be    per-  experiment                                     Gram           Gram            Gram      composition 

formed  slowly  and  with  constant  stirring  in  order  to  Bl:.' !. ■::.'.■:: ::::; :.'    oisil!       o'.iui       o'iul       00 .'08% 

obtain    the    most    satisfactory    results.     Continue    to  (ij:::'.' ■■•'■    S'4956       03009       oVooi       ooisl 

add  the  ferrocyanide  until  a  drop  of  the  solution  in  the  Si: ::  i] :::.::;;::: ;    olsiw       ofost       ofo°sl       m'SII 

beaker  shows  a  bluish  green  tinge  (brown  tinge  when 

uranyl  nitrate  is  used  as  an  indicator)  when  tested  on  a  series  hi     tin 

,  .^                     ,    .           ,    ,            ...              ,           '          ,.        .          ,,       .,  Wt.  of       wt.  of  Sn    Wt.  of  .Sn         Error 

White    porcelain    plate    with     a    drop    of    ferric    chloride  Number  of                                    sample         present         found          percentage 

Ti            J.        J  •                  r                           1            rr^t                      1-1           r    41  experiment                                     Grams            Gram          Gram         composition 

after   standing   a  few   seconds.     The   quantity   of   the  („ , ^,o„       0^,33       „  ^.^^       oo.04% 

standard  solution  which  is  required  to  produce  a  good  f?) 1.0000       0.0238       0.0251       00.13% 

.  .  ^  ^  "^  (3) 1.0000  0.0238  0.0252  00.14% 

end  point  m  the  blank  determination  made  at  the  time  (i) o.sooo       0.0119       0.0120       00.02% 

of  standardizing  the  solution,  must  be  subtracted  from  (I):::::::::::::::::    oJooo       0:0119       0:0122       00:06% 

the  amount  of  standard  used  in  making  the  determina-  series  iv antimony 

A  standard  Babbitt  metal,  containing  77.53  per  cent 

Norn—i— Correction  for  Blank.     As    the    indicators   are  not  of  Pb,  0.58  per  cent  of  Cu,   10.03  per  cent  of  Sn,  and 

very  sensitive  under  the  imposed  conditions  it  is  necessary  to  j  j.gj  per  cent  of  Sb,  was  employed  in  making  the  tests, 

determine  the  excess  of  standard  solution  required  to  effect  the  ^^e    results    of    which    are    recorded    in    the    following 

color  change  of  the  indicator  used.     A  'blank'   must  be  run,  „     •           t      4--u      4^     j.    4          j   ^         ■      i-           .^1        ni. 

4,       r            ■       4,.                       .•  •        t             4         A  series.     In   the   first   two   determinations  the   Pb   was 

therefore,    using   the   same   quantities   of   reagents   under   cor-  ,           t^,  ,,  ^     ,     ,            .         .             .  ,     t-  .  .    ^ 

J-            A-4-         f      1          4            4.           J      •  i-»  removed   as   PbSOi  before  titratingf   with   KMn04:  in 

responding  conditions  of  volume,  temperature  and  acidity.  .         '^^-^i    ^^^.^x^    i,i,,ia,i,iiij,    v.ivii    j.-^4±44y^4,   ii* 

>  This  Journal  6(1913)  84''  ^        following   four    determinations   the   titration    was 

=  /6i(i.,  6  (1913),  842.  Conducted  in^the_ presence  of  the   PbS04;  and  in  the 
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last  two  determinations  the  titration  was  made  in  the 
presence  of  both  Pb  and  Cu  salts. 

Wt.  of  Wt.  of  Sb  Wt.  of  Sb        Error 

Number  of  sample  present  -found  percentage 

experiment  Gram  Gram  Gram  composition 

(1) 0,3000  0.0350  0.0349  00.03% 

(2) 0,3000  0.0350  0,0349  00.03% 

(1) 0,3000  0,0350  0,0349  00,03% 

(2) 0.3000  0.0350  0.0359  00,03% 

(3) 0.3027  0.0353  0.0354  00,03% 

(4) 0,3027  0,9353  0,0356  00,09% 

(0 0.0327  0,0353  0.0354  00.03% 

(2) 0.0327  0.0353  0.0354  00.03% 

The  above  results  indicate  that  the  presence  of  the 
Pb  and  Cu  salts  do  not  interfere  with  the  titration  of 
Sb  with  KMn04. 

SERIES  V ZINC 

Wt.  of  Wt,  of  Zn  Wt.  of  Zn         Error 

Number  of  sample  present  found  percentage 

.experiment  Gram  Gram  Gram  composition 

(1) 0.4985  0,1497  0,1492          00.10% 

(2) 0.4969  ,    0,1492  0.1497          00.11% 

(3) 0.4975  0,1494  0,1497          00.06% 

(4) 0.4977  0.1494  0.1495          00.02% 

(5) 0,4979  0.1495  0.1496          00.02% 

(6) 0.5004  0,1503  0,1505          00,04% 

PART    III SUMMARY 

I — A  survey  of  a  large  number  of  proposed  methods 
for  the  analysis  of  bronze  and  brass  has  been  made. 
The  majority  of  the  methods  have  been  found  to  be 
too  long  and  elaborate;  or  if  in  the  class  of  rapid  meth- 
ods, too  inaccurate  to  be  suitable  even  for  control 
work. 

II — A  method  has  been  proposed  for  the  analysis 
of  bronze  and  brass  containing  Pb,  Cu,  Sn,  Sb,  Fe,  and 
Zn  by  which  the  determinations  may  be  made  with 
greater  rapidity  than  any  other  methods  of  analysis 
known  to  the  authors.  Working  with  the  usual  lab- 
oratory facilities  it  has  been  found  that  after  the  sam- 
ples have  been  weighed  the  determinations  of  Pb, 
Sn  and  Sb  in  three  different  alloys  can  be  easily  com- 
pleted in  one  and  one-half  to  two  hours. 

Ill — The  determinations  made  by  this  method  not 
only  agreed  among  themselves  but  they  were  more 
accurate  than  those  made  by  the  longer  methods. 
The  maximum  error  of  any  determination  in  any  series 
was  0.15  per  cent.  The  average  error,  however,  is 
much  less. 

IV — The  accuracy  and  general  applicability  of  the 
proposed  method  has  been  shown  by  the  series  of  test 
experiments,  and  further  confirmed  by  the  report  of 
one  commercial  laboratory  where  the  method  has  been 
constantly  employed  for  nearly  three  months. 

Chemical  Laboratory,  .Allegheny  College 
Meadville.  Pa. 


THE  CHEMICAL  EVALUATION  OF  WOOD  FOR  PULP' 

By  M.  L.  Grikfin 

In  a  previous  paper, ^  the  author  showed  the  inade- 
quacy of  the  cord  measure  as  a  unit  for  valuing  pulp 
wood,  resulting  in  great  variation  in  the  solid  volume, 
due  to  various  factors.  As  a  better  standard  he 
advocated  a  solid  unit,  the  cubic  foot,  and  illustrated 
how  such  a  unit  could  be  adapted  in"  practice  without 
inconvenience.  A  unit  of  weight  as  a  still  more  re- 
liable basis   was  also   advocated.     There  remains  the 

'  Presented  before  the  Maine  Section  of  the  A.  C.  S.,  Auburn,  May  I. 
1914. 

•  See  abstract,  This^Journal.  6,  163. 


valuation  according  to  the  amount  of  fiber  wood 
will  yield,  which  is  the  chief  concern  of  manufacturers 
of  chemical  pulps. 

To  make  effective  any  of  these  units  as  a  basis  for 
evaluating  wood  for  pulp  we  must  resort  to  an  eflScient 
system  of  sampling  which  will  be  truly  representative. 
Such  a  system  was  described  in  the  author's  former 
paper. 

The  need  of  such  a  basis  for  valuing  wood  is  at  once 
apparent  when  we  stop  to  think  of  the  great  variation 
in  the  quality  of  the  same  species,  depending  upon 
its  habit  and  conditions  of  growth.  Poplars  of  our 
northern  states  differ  greatly  from  those  of  the  middle 
southern  states.  The  measurement  of  value  by  cord 
or  solid  contents  takes  no  account  of  yield  in  pulp. 
Other  species  of  similar  external  characteristics  are 
often  mixed  in,  as  Bass  wood  with  poplar,  and  fir 
and  hemlock  with  spruce.  Such  mixtures  in  late 
years  have  been  permitted,  when  the  characteristics 
are  near  enough  to  cause  no  trouble  in  cooking.  Aside 
from  these  differences  in  species,  and  habit  of  growth, 
there  is  the  quality  of  the  wood,  as  such,  which  should 
be  taken  into  account  in  its  bearing  on  yield  of  pulp. 
Wood  is  subject  to  disease  and  decay  and  all  such 
defective  wood  will  not  give  the  normal  product. 

With  a  view  to  discovering  the  influence  of  these 
various  factors  upon  the  yield,  a  large  number  of  de-- 
terminations  of  the  cellulose  were  made  by  the  Cross 
and  Bevan  chlorination  method. 

PROCEDURE — The  stick  to  be  tested  was  quarter 
sawn,  and  the  sample  was  obtained  by  planing  thin 
shavings  from  the  face  of  the  quarter.  In  this  way 
the  sample  would  include  a  part  of  the  growth  from 
the  center  to  the  bark.  We  found  such  thin  shaTings 
much  more  satisfactory  than  any  other  form.  Three 
grams  of  the  shavings,  previously  dried  at  ioo°  C.,, 
were  boiled  for  about  half  an  hour  in  i  per  cent  sodium 
hydrate.  The  mass  was  then  well  washed  and  squeezed 
and  placed  under  a  bell-glass,  into  which  was  led 
a  slow  stream  of  chlorine  gas.  Complete  conversion 
of  the  lignone  usually  followed  in  one  hour's  exposure 
to  the  gas.  It  was  then  well  washed  to  remove  hydro- 
chloric acid  and  impurities  and  placed  in  a  two  per  cent 
solution  of  sodium  sulfite  containing  0.2  per  cent 
sodium  hydrate,  and  boiled  for  about  five  minutes. 
The  fiber  was  then  well  washed  with  hot  water  and 
this  treatment  with  sodium  sulfite  and  hydrate  re- 
peated if  found  necessary.  The  fiber  was  found 
almost  pure  and  nearly  white.'  It  was  then  dried,, 
weighed  and  results  calculated. 

Table  I  gives  the  characteristics  of  24  samples  of 
mixed  spruce  and  balsam  fir  from  Montmorency  in 
Canada.  The  samples  were  selected  to  show  the 
various  factors  influencing  the  yield  in  chemical  fiber. 
Eight  of  these  samples  were  chosen  from  wood  of  recog- 
nized good  quality  for  comparison.  From  a  review 
of  the  table  and  the  samples  we  observe: 

I — That  density  of  annual  ring  growth  is  not  neces- 
sarily proportional  to  specific  gravity  (see  Nos.  i,. 
7,  9,  23  and  24)  and  that  specific  gravity  is  not  pro' 

'  To  remove  the  last  residues  of  non-cellulosic  matter,  it  may  be 
bleached  with  hypochlorite  or  permanganate.  If  with  the  latter,  it  will  be 
necessary  to  wash  with  a  weak  solution  of  sulfurous  gas. 
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portional  to  yield  of  fiber.  This  latter  is  also  shown  averages  about  48  or  75  per  cent,  showing  that  the 
by  Nos.  2,  8,  21  and  22,  where  yield  is  fairly  regular  voids  in  2  feet  wood  are  less  than  in  4  feet  wood, 
and  specific  gravity  is  irregular.  This  would  indicate  Comparing  the  solid  cubic  feet  we  find  it  to  be  about 
that  habit  and  environment  have  much  to  do  with  the  100  in  the  case  of  2  feet  wood  and  95  in  4  feet  wood, 
quality  of  wood.  From  experiments  not  shown  here,  it  has  been  proven 

II — We    can    establish    very    well    the    influence    of      that  large   wood   contains   more  solid   wood   per   cord 
incipient    decay    upon   the    yield    by    comparing    Nos.      than  small  sizes,  in  the  ratio  of  about  96  to  92. 
12,  17  and  18,  all  of  which  are  sound  specimens,  with  From   these   results  it  is    apparent    how    important 

Nos.  3,  4,   5  and  6;  the  annual  ring  growths  compare      it  is  to  the  manufacturer  of  chemical  pulp  to  know 

Table  I — Montmorency  Wood  Test  (November.   1912) 

Sp.  gr.  Yield 

of  wood — — ■ ^ ■ 

Rings  per  dried  at  Per  cent  Per  cent         Lbs.  per 

No.  Description  of  Sample  Diameter  inch  100"  C.  by  weight     by  volume       per  cord 

2  Ft.  Wood — 100.3  Solid  Ft.  per  Cord 

1  Sound,  fine  grain 10"  23.3  0.4700  51.6  24.2  1515 

2  Sound,  fine  grain 7  21.4  0.3522  51.5  18.1  1132 

3  Dead  wood,  medium  coarse SV:  14.1  0.3697  49.5  18.3  1144 

4  5"  of  center  dry  rot  well  established 9  13.1  0.3535  47.2  16.7  1045 

5  4"  of  center  dry  rot,  poor 10  15.6  0.3518  52.3  18.5  1157 

6  4"  of  center  dry  rot.  very  poor 8  15.4  0.3474  '     48.2  16.7  1045 

7  Fine  grain,  slight  indication  of  dry  rot  surface S'/a  24.4  0.4141  52.8  21.9  1370 

8      8  19.2  0.3076  53.5  16.4  1026 

9  Sound,  very  coarse  grain 7  6.8  0.3475  55.2  19.0  1189 

10  Coarse  grain,  slight  indication  of  dry  rot  surface 8  10.7  0.3365  54.1  18.2  1139 

11  Sound 7'/2  12.7  0.3242  53.9  17.5  1095 

12  Coarse  grain,  sound 5  16.2  0.3166  52.1  16.4  1032 

13  Dry  rot  and  dead  throughout,  poor 7  16.3  0.3469  41.6  14.4  901 

14  Coarse  grain,  dry  rot  well  established  throughout 5V2  10.2  0.3242  47.2  15  ?>  957 

15  Coarse  grain,  sound 8  12.0  0.4094  54.0  22^1  1383 

16  Coarse  grain,  dead  wormy 5  12.5  0.3347  49.2  16.5  1032 

4  Ft.  Wood — 95.64  Solid  Ft.  per  Cord 

17  Medium  fine  grain,  sound 51/!  15.3  0.4011  55.0  22.1  1383 

18  Coarse  irregular  grain,  dense,  sound 8'A  12.9  0.4333  54.5  23.6  1477 

19  Coarse  grain,  rather  light,  sound 7'/2  12.0  0.3556  56.1  19.9  1245 

20  Coarse  grain,  sound 9  12.0  0.4291  57.2  24.5  1533 

21  Fine  grain,  sound 71/2  19.7  0.3597  53.0  19.1  1195 

22  Irregular  grain,  medium  dense,  sound 7  18.2  0.3651  51.6  18.8  1177 

23  Very  fine  grain,  dense,  sound lO'/s  24.0  0.3391  57.5  19.5  1220 

24  Very  fine  grain.  light  sound 6  23.0  0.3368  59.0  19.9  1245 

favorably  and  yet  the  specific  gravities  and  yields  of  what  his  wood  will  yield  and  for  his  purposes  it  should 
the  latter  are  noticeably  low.  be    valued    accordingly.     Progress    in    valuing    wood 

III — The  most  important  conclusion  of  all  and  the  in  any  other  way  than  by  the  cord  unit  will  be  slow, 
one  we  are  perfectly  safe  in  drawing  is  that  there  is  because  all  timber  having  a  dimension  lumber  value 
great  variation  in  the  yield  of  chemical  pulp  and  that  will  necessarily  be  valued  by  dimension.  Again, 
some  consideration  should  be  given  to  this  yield  in  as  wood  finds  various  markets,  it  will  be  valued  ac- 
fiber  in  valuing  wood  for  pulp.  cording  to  the  use  it  is  put  to  in  the  highest  market 

The  yield  per  cord  is  found  by  taking  the  solid  volume  and  the  tendency  to  value  all  wood  by  the  unit  measure- 
which  the  author  has  found  to  be  about  100  cu.  ft.  ment  of  the  principal  market  will  persist.  Meanwhile 
and   multiplying  by  the  specific  gravity.      This  gives      conditions   are   rapidly   changing   whereby   the   poorer 

the  cord  weight  basis  from  which  the  yield  in  fiber  grades  of  wood  only  are  finding  their  way  to  the  pulp 
can  be  calculated.  mills  and  the  question  of  supply  and  demand  are  de- 

The  volume  yield  is  found  by  multiplying  the  specific  termining  factors. 

gravity  into  the  percentage  fiber  yield.      The  specific  So  far  as  the  author  knows,  manufacturers  of  pulp 

gravity  of  wood  is  very  quickly  determined  approxi-  have  done  little  or  nothing  to  promote  a  better  standard 

mately  by  displacement  in  mercury  instead  of  water,  of   valuing   wood  for   their   uses   and   we   may   expect 

Table  II — Montmorency  Wood  Test  (November,  1912)  no  change  until  they  take  this  matter  more  seriously 

Weight  of     Area  in  one  cord         in^o°ne"ord  '"  ^"^^  interest  of  more  efficient  management  of  their 

.»         one  cord  Lbs.    . ^ .      , • .     No.  of  plants 

Moisture      ^ ■ .      Actual  Per  cent     Actual     Per  cent  sticks  in  ^ 

per  cent      Wet         Dry       sq.  ft.       total         cu.  ft.         total       one  cord  Rumford.  Maine 

2  Ft.  Wood  

40.1  3990        2392  ...  ...  ..  

38:1       3636      2240     49;4       11.2         9i.s       11.2        178  DETERMINATION  OF  CARBON  IN  SOILS  AND  SOIL 

38^4         3616       2228       48^5  74^8  97^0  74^8  185  EXTRACTS 

48.7  4395       2140       51.65       80.8  103.3         80.8         210 

48.7  4255        2075        51.15        79.8  102.3  79.8  184  By  J.    W.    Ames  and   E.    W.   Gaithf.r 

4  Ft    Wood  Received  April  6,  1914 

it:SS     i^ll     i^^     'A-^^     M'll       W'S,     M'i\      .0?  The  method  of  estimating  total  carbon  in  soils  by 

oxidation  with  a  mixture  of  chromic  and  sulfuric  acids 
Table  II  shows  the  weights  per  cord  of  mixed  spruce      has   been   tested   by    dififerent   chemists   with    varying 
and    balsam    fir    containing    dift'erent    percentages    of      results.      Warrington     and     Peake^     found     that     the 
moisture   and  the   dry   weight,   which   averages   about      chromic   acid   method   gave   lower   results   than   those 
2200  lbs.,  free  from  moisture.  obtained  by  combustion  in  current  of  oxygen.     Later, 

Comparing  the  square  foot  cross-section  of  a  cord  Cameron  and  Breazeale=  compared  the  chromic  acid 
■of  2  feet  and  4  feet  woods,  we  observe  that  the  former  ,  ,       _.       _      .,,,„„> 

'  '  J^owr  C*em.  Soc.  37  (1880),  617. 

.averages   about    50,   or   78   per   cent,   while  the   latter  '  Jour. /i m.  CAem.  Soc,  26,  29. 


S62 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  7 


combustion  with  dry  ignition  in  combustion  furnace; 
the  lower  results  obtained  with  chromic  acid  combus- 
tion as  practiced  by  them,  were  no  doubt  due  to  the 
fact  that  the  mixture  was  heated  only  until  the  sulfuric 
acid  began  to  give  off  fumes.  Hall  and  Miller'  re- 
examined the  method  and  concluded  that  the  error 
was  due  to  incomplete  oxidation,  other  substances 
than  carbon  dioxide  being  produced.  They  found 
that  by  passing  the  products  of  combustion  over  heated 
copper  oxide,  all  the  carbon  could  be  obtained  as 
carbon  dioxide.  Their  method  calls  for  the  addition 
of  concentrated  sulfuric  acid  and  heating  before  chromic 
acid  is  added,  which  may  account  for  the  differences  found. 

Soil  investigations  in  progress  required  the  determina- 
tion of  carbon  in  i  per  cent  hydrochloric  acid  and  4 
per  cent  ammonia  extracts  of  soils.  Since  neither  the 
combustion  furnace  nor  Parr  apparatus^  could  be 
used  on  account  of  impracticability  of  reducing  volume 
of  solution  to  dry  condition  for  combustion  in  boat 
or  explosion  bomb,  the  chromic  acid  combustion  sug- 
gested itself  as  the  most  feasible  method. 

This  led  to  a  thorough  test  of  the  method  for  total 
carbon  in  soils,  as  compared  with  results  obtained 
by  combustion  with  copper  oxide  in  furnace.  The  use 
of  the  Brown  and  Escombe  double  titration  method 
for  estimating  carbonate  in  presence  of  sodium  hydrate 
as  suggested  by  Amos,'  and  a  modification  of  his  ap- 
paratus has  contributed  much  to  the  successful  opera- 
tion of  the  chromic  acid  combustion  as  practiced  in 
this  work.  The  apparatus  as  modified  by  the  junior 
author  is  shown  in  cut  with  accompanying  explanatory 
details.  It  can  be  assembled  on  a  single  ring  stand 
and  requires  only  16  inches  table  space.  The  absorp- 
tion tube  permits  of  a  much  smaller  volume  of  4  per 
cent  solution  of  sodium  hydroxide  for  absorption  of 
carbon  dioxide,  thus  reducing  the  blank  and  making 
it  practicable  to  titrate  the  entire  solution  instead  of 
an  aliquot. 

By  adopting  this  procedure  for  determination  of 
carbon  dioxide  rather  than  that  of  weighing  an  ab- 
sorption bulb,  the  long  purifying  train  is  eliminated. 
The  only  substance  likely  to  interfere  with  the  titration 
would  be  hydrogen  sulfide  which  could  scarcely  be 
evolved  from  such  a  strong  oxidizing  solution.  This 
method  was  found  to  be  applicable  for  estimation  of 
carbon  dioxide  evolved  from  either  the  wet  or  dry 
combustion,  and  was  used  throughout  the  work  here 
reported. 

The  soil  samples  selected  for  this  work  varied  con- 
siderably as  to  their  formation  and  content  of  inorganic 
and  organic  carbon. 

Description  of  Soils 


Mil 


Lab.  No.  Origin 

4655 Swamp  clay 

4754 Limestone  clay 

4755 Limestone  clay 

5577-1 Silt  loam 

1416-3 Prairie 


rbon 

Litmus  Marr  method 

reaction  per  cent 

Very  acid  0 .  000 

Neutral  0.024 

Very  alk.  0.444 

Acid  0.000 

Neutral  0.000 


TOTAL    CARBON 

The  following  methods  were  employed  for  estimation 
of  total  carbon  in  soil. 

■  Jour.  Chem.  Soc.  89  (1905),  595. 

2  Jour.  Am.  Chem.  Soc.  26,  296-1640. 

3  Jour.  Agr.  Sci.,  1,  Part  3,  322. 


I IGNITION      IN      FURNACE      WITH      COPPER      OXIDE— 

From  I  to  3  grams  of  soil  were  thoroughly  mixed  in 
an  agate  mortar  with  five  times  its  weight  of  copper 
oxide,  transferred  to  porcelain  boat  and  ignited  in  glass 
tube  at  bright  red  heat  for  30  minutes,  a  current  of 
CO2  free  air  passing  through  tube  carrying  products 
of  combustion  over  heated  copper  oxide  during  the 
whole  time.  The  gas  was  turned  off  and  air  allowed 
to  pass  for  10  minutes.  The  carbon  dioxide  produced 
was  absorbed  in  25  cc.  of  4  per  cent  sodium  hydroxide 
made  from  sodium.  When  combustion  was  complete, 
the  absorption  solution  was  drawn  out,  the  tower 
washed  with  150  cc.  carbon  dioxide-free  distilled  water 
and  the  solution  titrated  by  double  titration,  using 
phenolphthalein  and  methyl  orange. 

2 COMBUSTION  WITH  CONCENTRATED  CHROMIC  AND 

SULFURIC  ACID  MIXTURE — From  I  to  3  grams  of  soil 
were  weighed  into  a  250  cc.  short  neck  Kjeldahl  nitro- 
gen flask  connected  to  apparatus;  10  cc.  chromic  acid 
solution  containing  3.3  grams,  then  50  cc.  of  concen- 
trated sulfuric  acid  were  run  in  through  separatory 
funnel.  This  mixture  was  boiled  30  minutes,  during 
which  time  a  moderate  current  of  carbon  dioxide- 
free  air  was  passed  into  the  boiling  mixture,  sweeping 
out  the  carbon  dioxide  evolved,  which  was  absorbed 
and  titrated  as  under  copper  oxide  combustion. 

COMBUSTION     WITH    DILUTE     CHROMIC     AND     SULFURIC 

ACID  MIXTURE — The  same  as  for  concentrated  chromic 
acid  except  that  50  cc.  of  water  were  added  before  the 
chromic  and  sulfuric  acids. 

3 COMBUSTION     WITH     ALKALINE     PBTRMANGANATE 

From  1  to  3  grams  of  soil  were  placed  in  250  cc.  Kjel- 
dahl fiask,  100  cc.  of  a  solution  containing  8  grams 
sodium  hydroxide  and  5  grams  potassium  permangan- 
ate added;  the  flask  connected  to  the  apparatus  and 
boiled  for  one  hour;  the  mixture  was  cooled,  the  4 
per  cent  solution  of  hydroxide  placed  in  absorbing 
tower  and  50  cc.  of  one  part  sulfuric  acid  and  two  parts 
water  run  into  flask  through  separatory  funnel.  After 
boiling  15  minutes,  the  carbon  dioxide  evolved  was 
determined  by  titration. 


Table  I— Total  Ca 


-Comparison 


Combusti( 
with  . 


Lab.  No 


Ignition    Com-         Com-  chromic 

in         bustion  bustion  4  acid  pass- 
furnace       with           with  Alka-  ing  over     Differences. 

with         cone.        diluted  line            heated       in  results 

copper   chromic  chromic  KMn04  copper      Column  l- 


acid 


ethod  oxide  Column 

4655  .    .      4.446        4.452        4.152  3.780  4.428  —0.006 

4754 3.553        3.600        3.324  3.282  3.552  —0.047 

4755 3.654        3.672        3.430  3.180  3.660  —0.018 

5577-1 1.226       1.152       1.068  1.063  1.156  0.074 

1416-3 4.011       4.036       3.792         3.855  4.044  —0.025 

It  is  seen  from  these  results,  that  for  soils,  the  con- 
tinued boiling  with  concentrated  chromic  acid  gives 
results  agreeing  with  those  by  the  ignition  method,  with- 
in the  limits  of  experimental  error,  while  if  the  mixture 
is  dilute,  the  results  are  too  low,  and  that  the  results 
obtained  with  alkaline  permanganate  are  entirely  toO' 
low  throughout.  To  determine  if  the  oxidation  with 
chromic  acid  had  been  carried  to  a  complete  reaction 
giving  carbon  dioxide  as  the  final  product,  the  gases 
from  combustion  with  concentrated  chromic  acid  mix- 
ture were  passed  over  heated  copper  oxide  before  being; 
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absorbed.  These  results  in  Column  5  agree  very  closely 
with  results  obtained  from  combustion  in  furnace 
and  with  chromic  acid  mixture  only  (Columns  i 
and  2). 

In  all  cases  where  the  digestion  was  made  with  the 
concentrated  solution,  the  silicates  of  the  soil  were 
disintegrated  and  rendered  gelatinous;  upon  dilution 
and  filtering  the  digested  residue,  its  bulk  was  found 
to  be  greatly  increased.  By  rubbing  in  beaker  with 
glass  rod,  very  little  grit  was  found  to  remain.  On 
reigniting  three  or  four  of  the  residues  in  the  furnace 
with  copper  oxide,  no  carbon  dioxide  was  recovered. 
This  seems  to  be  conclusive  proof  that  the  concentrated 
chromic  and  sulfuric  acid  treatment'  completely  de- 
composes organic  and  inorganic  carbon  present  in 
soils  and  overcomes  the  objection  raised  by  Cameron 
and  Breazeale,  and  Hall  and  Miller  in  their  articles 
previously  cited. 

CARBON     IN     4     PER     CENT     AMMONIUM     HYDROXIDE     SOIL 
EXTRACT 

To  determine  whether  or  not  moderate  dilution  pre- 
vented the  complete  oxidation  of  humus  materials 
by  this  method,  three  duplicate  50  cc.  portions  of 
the  Grandeau  humus  extract,  equivalent  to  i  gram  of 
soil,  were  pipetted  off;  two  sets  were  evaporated  to 
dryness  on  steam  bath,  and  transferred  to  the  diges- 
tion flasks  with  three  successive  5  cc.  portions  of  4 
per  cent  ammonium  hydroxide  and  15  cc.  of  water. 
One  of  these  sets  was  placed  in  water  bath  heated 
to  65°  C,  and  distilled  to  dryness  under  reduced  pres- 
sure, and  carbon  determined  on  the  dry  residue. 
Carbon  was  determined  on  the  other  two  sets  without 
concentration. 

Table  II — Carbon  in  Humus  Solution  by  Chromic  Acid  Method  ' 
(Expressed  as  per  cent  of  soil) 

Id  dry  humus  In  humus  On  original 

residue  after  evaporated  to  solution 

evaporating  dryness  and  not  evaporated 

Lab.  No.                        and  distilling  diluted  to  30  cc.  nor  distilled 

4655 2.292  2.328  2.448 

4754 2.088  2.160  2.172 

4755 1.620  1.536  1.848 

5577-1 0,720  0.696  0.672 

1416-3 2.532  2.316  2.712 

Average 1.850  1.807  1.970 

The  results  in  Columns  i  and  2  are  within  the  limits 
of  experimental  error  and  show  that  30  cc.  dilution 
does  not  prevent  the  oxidation  of  humus  substances. 
•The  difference  between  the  averages  of  Columns  i 
and  2,  and  Column  3  can  be  accounted  for  by  the  loss 
of  volatile  and  easily  oxidizable  carbonaceous  matter 
through  evaporation  on  the  steam  bath.  It  is  evident 
that  moderate  dilution  does  not  prevent  the  oxidation 
of  humus  by  chromic  acid  after  it  has  been  extracted 
from  the  soil  by  4  per  cent  ammonium  hydroxide. 
If  all  of  the  HCl  is  not  washed  from  the  soil  before 
extracting  with  4  per  cent  ammonium  hydroxide, 
a  trace  of  CI  may  come  over  and  be  absorbed.  This 
may  be  corrected  by  the  addition  of  '■/i  cc.  10  per  cent 
sodium  thiosulfate  or  by  introduction  of  a  U-tube 
containing  silver  sulfate  between  the  digestion  flask 
and  absorption  tower. 

'  Adding   the   CrOj  before  adding   H1SO4  gives  an   oxidizing  solution 
before  the  organic  matter  is  charred  by  H1SO4. 


CARBON     IN      I      PER      CENT      HYDROCHLORIC      ACID      SOIL 
EXTRACT 

At  first  this  determination  presented  some  difficulties. 
All  of  the  chlorine  and  chromium  chloride  were  not 
condensed  in  the  reflux  condenser,  but  a  portion  was 
carried  over  and  absorbed  with  the  CO2.  This  des- 
troyed the  indicators.  This  defect  was  overcome  by 
the  addition  of  4  cc.  of  a  10  per  cent  solution  of  sodium 
thiosulfate  just  before  titrating.  This  gave  a  dear, 
sharp  end  point  with  both  indicators,  and  no  further 
trouble  was  experienced  in  obtaining  good  duplicates. 

The  volume  of  hydrochloric  acid  extract  used  was 
concentrated  to  about  30  cc.  by  distilling  under  re- 
duced pressure  before  adding  the  chromic  and  sulfuric 
acids. 

In  order  to  test  the  accuracy  of  the  methods,  a  set 
of  soils,  5  grams  each,  were  extracted  with  i  per  cent 
HCl,  then  with  4  per  cent  ammonium  hydroxide  ac- 
cording to  official  method  of  the  A.  0.  A.  C,  Bulletin 
107,  revised.   Bureau  of  Chem.,  U.  S.  D.  A. 

Instead  of  using  Gooch  crucibles  with  asbestos  mat, 
an  alundum  crucible  was  used,  eliminating  the  asbestos. 
The  I  per  cent  hydrochloric  acid  extract  and  washings 
were  made  to  a  volume  of  500  cc.  Nine-tenths  of  the 
4  per  cent  ammonium  hydroxide  solution  was  siphoned 
off,  disturbing  the  settled  soil  as  little  as  possible, 
leaving  the  residue  from  5  grams  of  soil  and  one-tenth 
of  the  4  per  cent  ammonium  hydroxide  extract.  This 
was  transferred  to  beakers,  evaporated,  dried,  ground  in 
an  agate  mortar  and  weighed.  One-fifth  of  this  was 
weighed  into  the  digestion  flasks,  carbon  determined, 
and  results  calculated  to  per  cent  of  carbon  on  basis 
of  original  soil,  .allowing  for  the  carbon  in  the  4  per 
cent  ammonium  hydroxide.  Carbon  was  determined 
on  the  I  per  cent  HCl  and  4  per  cent  NH4OH  extracts, 
and  the  mineral  carbon  was  determined  by  the  Marr 
method.'  The  sum  of  these  fractions  should  equal 
the  total  carbcfn  found  in  the  soil. 

Table    III — Comparison    of    Sum    of    Fractional    Determination    of 
Carbon  in  Soils  with  the  Total  Carbon 

4655 0.000  0.384  2.532  1.391  4.307  4.445  4.452 

4754 0.026  0.252  2.220  1.110  3.608  3.558  3.600 

4755 0.444  0.180  1.860  1.194  3.678  3.654  3.672 

5577-1 0.000  0.136  0.600  0.456  1.192  1.226  1.152 

1416-3 0.000  0.396  2.568  1.051  4.015  3  996  4.036 

Av 3.320     3.375     3.382 

It  is  seen  from  these  results  that  the  average  differ- 
ences between  the  total  carbon  determined  direct, 
and  the  sum  of  the  fractions  are  well  within  the  limits 
of  experimental  error,  and  that  the  method  as  applied 
to  soil  extracts  is  reliable  and  accurate.  In  all  the 
work  here  reported,  every  fifth  determination  was  a 
blank  made  under  exactly  the  same  conditions  as  the 
determinations  so  that  the  necessary  correction  could 
be  made. 

OPERATION    OF    APPARATUS 

If    it    is    desired    to    free    the    apparatus    from    CO2 

'  Jour.  Agr.  Set..  S,  Part  2,  155. 
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before  starting  a  determination,  the  arrangement 
shown  at  Q  may  be  inserted,  glass  "T"  k  k  at  K  and 
glass  "T"  I  I  at  L,  connected  by  tube  O.  By  closing 
N  and  R  and  opening  P,  the  CO2  may  be  removed 
from   D,  or  by   connecting   S  with   a  tower  similar  to 


'"/"""/> 


A  and  leaving  N  and  P  open,  closing  R,  the  whole 
apparatus  may  be  freed  from  CO2.  This  is  usually 
unnecessary  since  the  blank  takes  care  of  the  CO2 
that  is  in  the  apparatus. 

The  sample  is  placed  in  D  which  is  connected  to  C. 
The  absorbing  liquid  is  placed  in  G  and  this  connected 
to  tower  T.  The  stopcock  in  B  is  closed  and  digesting 
liquid  placed  in  B  which  is  then  connected  to  A. 
Water  is  started  through  condenser  F  and  the  suction 
.  started.  R  is  slowly  opened  until  the  liquid  in  G 
is  drawn  into  T  and  a  moderate  flow  of  air  started. 
The  stopcock  in  B  is  opened  and  the  digesting  liquid 
run  into  D,  using  ordinary  care.  When  air  begins  to 
flow  from  A,  the  heat  is  applied  to  D  and  the  process 
continued  to  completion.  When  this  point  is  reached, 
remove  flame,  close  R,  disconnect  B,  then  G,  and  remove 
stopper  from  tower  T.  Receive  content  of  T  in  G 
and  wash  out  T  with  100  cc.  of  C02-free  water,  using 
successive    25   cc.   portions   and  titrate   content   of   G. 

The  tower  A  and  apparatus  T-G  may  be  used  for 
the  determination  of  carbon  by  ignition  in  a  furnace, 
without  the  use  of  the  customary  purifying  train. 

This  form  of  apparatus  is  less  expensive,  more  easily 
operated,  and  just  as  efficient  as  the  one  shown  in 
This  Journal,  4»  612. 

conclusions 

If  boiled  for  30  minutes,  a  mixture  of  3.3  grams  of 
chromic  acid  in  10  cc.  of  water  to  50  cc.  of  sulfuric 
acid  (sp.  gr.  1.84)  will  oxidize  all  of  the  organic  carbon 


and  liberate  all  carbon  dioxide  chemically  or  mechan- 
ically held  in  soils,  provided  the  soil  is  ground  to  pass 
60  mesh  sieve  and  from  i  to  3  grams  of  soil  used  for 
each  60  cc.  of  mixture. 

If  the  mixture  is  diluted  with  50  cc.  of  water,  the 
results  obtained  are  too  low. 

The  alkaline  permanganate  method  gives  .too  low. 
results. 

The  Brown  and  Escombe  titration  method  of  de- 
termining carbon  dioxide,  and  the  modified  Amos 
absorption  tower  for  same,  are  applicable  to  either 
wet  or  dry  combustion  forms  of  apparatus,  and  can 
be  relied  upon  to  give  rapid  and  accurate  results  with 
considerable  economy  of  time  and  space. 

Carbon  may  be  accurately  determined  in  i  per  cent 
hydrochloric  acid  extracts  and  4  per  cent  ammonium 
hydroxide  humus  solutions  without  concentrating 
below  50  cc.  by  using  the  above  chromic  and  sulfuric 
acid  mixture. 

The  apparatus  described  is  applicable  to  the  de- 
termination of  carbon  dioxide  in  any  form,  and  a  num- 
ber of  other  gas  determinations,  depending  on  absorp- 
tion in  acid  or  alkalies,  oxidation  or  reduction  processes. 

By  using  the  apparatus  shown  in  the  cut,  and  fol- 
lowing the  method  as  outlined,  one  analyst  can  run 
six  determinations  at  one  time,  and  complete  a  set 
an  hqur  when  doing  routine  work,  making  it  possible 
to  run  forty-eight  total  carbons  in  an  eight-hour  day. 

Department  of  Chemistry 
Ohio  Agricultural  Experiment  Station 


THE  MELTING  AND  SOLIDIFYING  POINTS  OF  MIX- 
TURES OF  FATTY  ACIDS  AND  THE  USE  OF 
THESE  POINTS  TO  DETERMINE  THE 
COMPOSITION  OF  SUCH 
MIXTURES 


By    E.    TWITCHELL 

iceived  March  25,  1914 


The  tables  of  melting  points  of  mixtures  of  lauric, 
myristic,  palmitic  and  stearic  acids  by  Heintz"  show 
certain  regularities  which  Heint?  himself  noted,  and 
which  are  referred  to  by  Ostwald  in  his  "Lehrbuch  der 
Allgemeinen  Chemie,"  2d  Ed.,  Vol.  I,  p.  1017,  where  he 
observes  that  it  matters  little  which  of  these  fatty 
acids  of  a  lower  melting  point  is  added,  in  a  certain 
proportion  up  to  40  per  cent,  to  one  of  a  higher,  the 
lowering  of  the  melting  point  of  the  latter  is  almost 
the  same;  also  any  of  the  fatty  acids  of  higher  melting 
point  may  be  added  to  one  of  a  lower  (in  definite  pro- 
portion up  to  15  or  20  per  cent)  and  will  cause  the  same 
depression.  In  other  words,  any  of  the  fatty  acids 
exartiined,  when  added  in  a  certain  proportion  up  to 
20  per  cent  to  any  other,  will  cause  a  lowering  of  the 
melting  point  of  the  solvent  acid  depending  on  the 
amount  of  the  acid  added  but  independent  of  its  kind. 

This  fact  he  explains  by  the  law  of  equal  depression 
of  the  freezing  point  for  equal  molecular  proportions. 
This  explanation  assumes  that  the  different  fatty  acids 
considered  have  the  same  molecular  weights,  which  is, 
of  course,  not  true,  but  the  molecular  weight  of  these 
fatty  acids,  and  in  fact  of  the  fatty  acids  found  in  most 

1  Poggendorff's  AnnaUn.  92,  p.  588. 
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fats,  are  near  enough  together  to  allow  of  this  assump- ' 
tion  being  made  for  the  purposes  of  the  calculations 
which  I  shall  describe  in  this  paper. 

The  following  research  was  undertaken  with  the  idea 
of  reversing  the  usual  process  and,  instead  of  using  the 
lowering  of  the  freezing  point  to  calculate  the  molecular 
weight,  to  consider  the  molecular  weights  as  known  and 
determine  the  quantity  of  the  dissolved  fatty  acid  from 
the  lowering  of  the  freezing  or  melting  point.  For 
instance  20  per  cent  of  an  unknown  mixture  of  fatty 
acids  might  be  added  to  pure  stearic  acid  and  would 
produce  a  known  depression  of  its  solidifying  or  melting 
point,  provided  the  fatty  acid  mixture  contained  no 
stearic  acid;  but  if  it  did  contain  stearic  acid  the  de- 
pression would  be  less  and  the  percentage  of  stearic 
acid  in  the  mixture  could  be  calculated.  Also  the  other 
components  of  the  mixture  could  be  determined  by 
mixing  with  the  corresponding  pure  fatty  acids. 

The  method  of  identifying  a  pure  substance  with 
another  by  mixing  the  two  together  and  noting  whether 
there  is  a  change  in  the  melting  point,  is  a  particular 
case  of  this  method  and  especially  adapted  to  the  ex- 
amination of  the  solid  fatty  acids  of  natural  fats,  as 
the  fatty  acid  to  be  identified  need  not  be  entirely 
free  from  other  acids.  If  the  change  in  melting  point 
is  less  than  a  certain  amount,  the  substance  can  be 
considered  for  the  most  part  identical  with  the  acid 
with  which  it  is  mixed. 

lieintz's  tables  are  evidently  melting-point  tables. 
Very  careful  measurements  of  the  solidifying  points 
of  pure  stearic  and  palmitic  acid  and  of  mixtures  of 
the  two  have  been  made  by  DeVisser.'  Some  of  these 
I  shall  refer  to  in  comparison  with  the  results  of  the 
following  work,  the  object  of  which  was  to  prepare 
various  pure  fatty  acids  and  to  determine  the  solidi- 
fying and  melting  points  of  their  mixtures  in  various 
proportions,  and  to  apply  these  values  to  the  analysis 
of  fatty  acid  mixtures  on  the  principle  I  have  de- 
scribed. 

I  have  so  far  prepared  three  fatty  acids,  stearic, 
palmitic  and  behenic  acid,  in  a  fairly  pure  state. 

The  stearic  acid  was  obtained  from  "hydrogenated" 
corn  oil,  that  is,  corn  oil  which  had  been  saturated  with 
hydrogen  in  the  presence  of  nickel  powder  by  Sabatier 
and  Senderen's  catalytic  process.  The  fatty  acids 
from  this  were  distilled  in  a  currant  of  superheated 
steam  and  the  last  fraction  crystallized  a  number  of 
times  from  petroleum  ether  and  from  alcohol.  This 
stearic  acid  had  a  solidifying  point  of  69.04°  and  a 
melting  point  in  a  capillary  tube  of  69.30°.  Its  com- 
bining weight,  by  titration  with  alkali,  was  284.  It 
was  not  quite  pure  as  the  last  crystallization  still 
caused  a  slight  increase  of  the  solidifying  point.  I  am 
inclined  to  believe  that  the  solidifying  point,  given  by 
DeVisser,  of  69.32  is  near  the  correct  one,  and  if  so, 
my  stearic  acid  would  contain  about  1.2  per  cent  of 
impurity. 

The  palmitic  acid  was  obtained  from  myrtle  wax, 
the  fatty  acids  of  which  were  distilled  and  then  crys- 
tallized several  times  from  petroleum  ether  and  then 
from   alcohol.     This  had  a  solidifying  point  of  62.14 

'  Rec.  trav.  chim.  Pays-Bas!j.l,  pp.  182-9. 


and  a  melting  point  of  62.44.  Its  combining  weight 
was  255.3.  If  DeVisser's  figure,  62.618,  is  correct 
for  the  solidifying  point  of  palmitic  acid-,  my  sample 
would  have  about  1.4  per  cent  of  impurity. 

The  behenic  acid  was  obtained  from  hydrogenated 
menhaden  oil,  the  fatty  acids  of  which  were  distilled 
and  the  last  fractions  crystallized  ten  times  alternately 
from  petroleum  ether  and  alcohol.  It  had  a  solidifying 
point  of  79.59°  and  a  melting  point  of  79.99°.  Its 
combining  weight  was  340.9. 

All  these  fatty  acids  were  resaponified  to  decompose 
any  ethyl  esters  which  might  have  formed  in  crys- 
tallizing from  alcohol. 

I  also  prepared  oleic  acid  free  from  solid  fatty  acids 
(but  not  entirely  free  from  other  acids)  by  dissolving 
20  g.  of  commercial  oleic  acid  of  good  cold  test  (9°  C.) 
in  250  cc.  of  95  per  cent  hot  alcohol  and  adding  1.2 
grams  of  lead  acetate  also  dissolved  in  100  cc.  of  hot 
alcohol;  then  cooling  to  10°  C.  The  precipitate  was 
filtered  off  and  the  filtrate  treated  in  the  usual  way 
to  extract  unsaponifiable  matters.  .  The  oleic  acid 
recovered  had  an  iodine  value  of  92.96. 

The  solidifying  points  of  the  following  tables  were 
obtained  in. the  Beckmann  apparatus  for  determining 
molecular  weights  by  the  freezing-point  method,  using 
20  grams  of  material.  The  outer  vessel  contained 
water  which  was  heated  to  the  desired  temperature 
by  a  small  fiame.  I  found,  however,  that  in  most  cases, 
the  same  results  were  obtained  by  simply  air-jacketing 
the  tube  as  is  done  in  the  ordinary  '-'titer  test,"  except 
that  if,  instead  of  the  platinum  wire,  the  thermometer 
itself  was  used  as  a  stirrer,  my  results  were  always 
about  0.15°  too  low.  A  Jena  normal  glass  thermometer 
was  used  and  corrections  were  made  for  the  mercury 
column  projecting  above  the  tube. 

Table  III  will  not  be  discussed  in  this  paper.  The 
first  double  column  of  Tables  I  and  II  gives  De  Visser's 
figures.  Comparing  the  first  and  second  double 
columns  of  both  tables  it  is  seen  that  though  my  so- 
lidifying points  of  both  stearic  and  palmitic  acids  are 
lower  than  those  given  by  De  Visser  (which  I  admit 
may  be  due  to  impurities  in  my  preparations),  the 
depression  caused  by  the  addition  of  the  other  acid 
is  about  the  same;  that  is,  the  impurity  of  the  sol- 
vent does  not  afiect  the  lowering  of  the  solidifying 
point.  This  is  further  shown  by  the  figures  of  the 
fourth  column.  The  solidifying  point  of  80  parts  of 
stearic  acid  plus  10  of  palmitic  acid  plus  10  of  oleic  acid, 
as  shown  in  the  table,  is  64.71°.  As  the  solidifying 
point  of  80  parts  of  stearic  acid  plus  10  of  palmitic 
acid,  calculated  by  interpolation  in  the  table,  is  66.52, 
the  depression  caused  by  adding  10  parts  of  oleic  acid 
to  a  mixture  of  80  stearic  plus  10  palmitic  acid  is  66.52  — 
64.71  =  1.81  or  practically  the  same  as  that  produced 
by  adding  10  parts  of  oleic  acid  to  90  parts  of  pure 
stearic  acid. 

In  the  same  way  the  solidifying  point  of  80  parts  of 
stearic  acid  plus  10  parts  of  oleic  acid  is  calculated  as 
67.03  and  the  depression  caused  by  adding  10.  parts 
of  palmitic  acid  to  this  mixture  is  67.03^  64.71  =  2.32, 
about  the  same  as  by  adding  10  parts  of  palmitic  acid 
to  90  of  pure  stearic  acid. 
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Solidif. 
pt. 

ST8ARIC  ACID 69.32 

95%  stearic  acid  +  5%  acid  at  Bead  of  column 

90%  stearic  acid  -j-  10%  acid  at  head  of  column 67.02 

80%  stearic  acid  +  20%  acid  at  head  of  column 64.51 


Lowering 
of  s.  p.  of  Solidif. 
solvent  pt. 
69 , 04 


69.04 
66.80 
65.26 


STEARIC  ACID 


OLEIC  ACID 


BBBBNIC  ACID 


Solidif. 

pt. 

PALMITIC  ACID 62.618 

95%  palmitic  acid  +  5%  acid  at  head  of  column 

90%  palmitic  acid  +  10%  acid  at  head  of  column 59.31 

80%  palmitic  acid  +  20%  acid  at  head  of  column 56.53 


Lowering 
of  s.  p.  of    Solidif. 
solvent  pt. 


Table  III 

Solidifying 
point 


Lowering 

of  s.  p.  of 

solvent 


62.14 
59.58 
58.26 


50  parts  stearic  acid  +  50  parts  palmitic  i 
45  parts  stearic  acid  -j-  45  parts  palmitic  : 
40  parts  stearic  acid  +  60  parts  oleic  acid 
40  parts  palmitic  acid  +  60  parts  oleic  aci 
20  parts  stearic  acid  +  20  parts  palmitic  i 


rid  +  10  parts  oleic  acid. 


rid  +  60  parts  oleic  acid. 


The  solidifying  point  of  a  mixture  of  80  parts  of 
palmitic  acid  plus  10  of  stearic  acid  plus  10  of  oleic 
acid,  as  shown  in  this  table,  is  56.80.  The  solidifying 
point  of  80  palmitic  acid  plus  10  stearic  acid  is  cal- 
culated from  the  table  as  58.68  and  therefore  the  de- 
pression on  adding  10  parts  of  oleic  acid  is  58.68  — 
56.80  =  1.88.  The  solidifying  point  of  80  palmitic 
acid  plus  10  oleic  acid  is  calculated  as  60.08  and  there- 
fore the  depression  on  adding  10  parts  of  stearic  acid 
is  60.08 — 56.80  =  3.28.  These  two  values  of  the  lower- 
ing of  the  solidifying  point  are  about  the  same  as  those 
given  in  the  table  when  the  solvent  is  nearly  pure. 

The  tables  also  show  that  the  lowering  of  the  solidi- 
fying point  caused  by  adding  oleic  acid  to  one  of  the 
solid  acids  is  much  less  than  that  caused  by  adding 
palmitic,  stearic,  or  behenic  acids.  In  fact  the  acids 
of  highest  solidifying  points  produce  the  greatest 
lowering  of  the  solidifying  point  of  the  solvent.  The 
lowering  caused  by  oleic  acid  seems  to  be  the  normal 
one — that  due  to  its  molecular  weight — corresponding 
to  the  factors  for  cryoscopic  determinations  of  molecular 
weights  with  the  solvents  palmitic  and  stearic  acid 
found  by  Eijkman  and  others.  Of  course,  in  the  above 
tables  the  dissolved  acid  is  in  much  larger  proportion 
than  would  be  used  in  molecular-weight  determi- 
nations. 

The  abnormal  lowering  of  the  solidifying  point  caused 
by  stearic,  palmitic  and  behenic  acids  seems  to  be 
due  to  the  very  great  undercooling  which  it  seems  im- 
possible to  avoid.  In  some  cases  after  crystallization 
begins  the  thermometer  will  rise  nearly  one  degree 
before  coming  to  a  maximum. 

If,  after  the  solidifying  point  has  been  noted,  the 
outer  vessel  containing  water  is  very  slowly  heated  and 
the  fatty  acid  in  the  tube  continually  stirred  until  it 
melts  completely,  and  this  point  is  noted,  it  will  be 
found  that  this  point  has  no  definite  relation  to  the 
solidifying  point  before  found,  but  is  nearly  the  same 
for  equal  parts  of  various  dissolved  acids,  as  is  shown 
in  Table  IV. 

It  is  plain  that  the  lowering  of  the  solidifying  point 
of  a  pure  fatty  acid  caused  by  adding  different  members 
of  the  group  of  fatty  acids  examined  varies  too  much 


56.09 
54.31 
54.47 
46.  19 


Solidifying 

Reheated 

point 

till  clear 

65.26 

67.66 

66.81 

67.46 

67.25 

67.58 

64.38 

65.39 

65.38 

65.80 

Lowering  of  solidifying  point  of  (1) 1 .78 

Lowering  of  solidifying  point  of  stearic  acid 14.57 

Lowering  of  solidifying  point  of  palmitic  acid 15.95 

Lowering  of  solidifying  point  of  C 1 ) 1 4 .  39 

with  the  particular  acid  to  permit  the  use  of  this  method 
for  calculating  the  composition  of  an  acid  mixture. 

The  next  experiments  were,  therefore,  made  to  dis- 
cover whether  measurements  of  melting  points  by  the 
Table  IV 

1  90%  stearic  acid  -(-  10%  behenic  acid 

2  90%  stearic  acid  -j-   10%  palmitic  acid 

3  90%  stearic  acid  +  10%  oleic  acid 

4  80%  stearic  acid  4"  20%  palmitic  acid 

5  80%  stearic  acid  +  20%  oleic  acid 

capillary  tube  method  would  give  results  corresponding 
more  closely  to  the  freezing-point  depressions  required 
by  theory. 

This  measurement  is  not  so  exact  as  that  of  the  so- 
lidifying point  and  it  requires  some  practice  to  get 
agreeing  results;  however,  it  has  a  great  advantage  in 
that  only  small  quantities  of  substance  are  needed. 

My  method  was  as  follows:  A  capillary  tube  with 
an  internal  diameter  of  between  0.5  and  i  mm.,  open 
at  both  ends,  was  warmed  and  one  end  dipped  in  the 
melted  fatty  acid  mixture.  The  tube  was  then  in- 
verted and,  with  a  violent  jar,  the  material  in  the  tube 
was  broken  up  into  a  number  of  short  columns  which 
solidified.  The  tube  was  attached  to  the  bulb  of  a 
thermometer  which  was  suspended  through  a  cork  in 
an  air  bath  formed  by  a  test  tube  of  about  3  cm.  diam- 
eter; this  test  tube  was  immersed  in  a  large  beaker  of 
water.  Another  thermometer  was  immersed  in  the 
water.  With  the  help  of  this  outer  thermometer,  the 
temperature  of  the  water  was  so  regulated  that  the 
thermometer  with  the  capillary  tube  attached  rose 
not  faster  than  Vio°  per  minute  when  the  temperature 
reached  the  neighborhood  of  the  melting  point  of  the 
fatty  acid.  The  point  taken  was  that  at  which  small 
columns  showed  decided  clear  portions.  This  should 
happen  to  all  the  small  columns  at  nearly  the  same  time. 
As  before,  corrections  were  made  for  the  thermometer 
stem  projecting  above  the  tube. 

If  Tables  V  and  VI  are  compared  with  Tables  I  and  II 
it  will  be  seen  that  the  lowering  of  the  solidifying  point 
of  the  acid  taken  as  the  solvent  depends  much  on  the 
particular  acid  added,  while  this  is  not  the  case  with 
the     melting     point.     For     example,     the     solidifying 
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Table  V 

EQUAL    PARTS 
PALMITIC  ACID  OLEIC    ACID  PALMITIC  AND  OLEIC  BBHENIC    ACID 

Lowering                        Lowering  Lowering  Lowering 

Melting     of  m.  p.  of  Melting  of  m.  p.  of  Melting  of  m.  p.  of  Melting  of  m.  p.  of 

point          solvent          point         solvent  point  solvent  point         solvent 

STEARIC  ACID 69.30            69.30            69.30  ....  69.30 

90%  stearic  acid  +  10%  acid  at  head  of  column 67.20            2.10            67.27            2.03  ...  ....  67.29  2  01 

80%  stearic  acid  +  20%  acid  at  head  of  column 65.08            4.22            65.37            3.93  65.30  4.00 

Table  VI 

EQUAL    PARTS 
STEARIC    ACID  OLEIC    ACID  STEARIC  AND  OLEIC  BEBENIC    ACID 

Lowering  Lowering  Lowering                        Lowering 

Melting  of  m.  p.  of  Melting  of  m.  p.  of  Melting  of  m.  p.  of  Melting  of  m.  p.  of 

point          solvent  point  solvent         point  solvent          point          solvent 

PALMITIC  ACID 62.44            ....  62.44  62.44            62.44            .    .. 

90%  palmitic  acid  +  10%  acid  at  head  of  column 60.36            2.08  60.27  2.17               ...               60.53            191 

80%  palmitic  acid  +  20%  acid  at  head  of  column 58.16            4.28  58.28  4.16            58.40           4.04              ...               .... 

Table  VII 

"stearic    ACID  PALMITIC    ACID  OLEIC    ACID 

Lowering  Lowering  Lowering 

Melting       of  m.  p.  of  Melting  of  m.  p.  of  Melting  of  m.  p.  of 

point            ■  solvent  point  solvent             point               solvent 

BEHENIC  ACID 79 .  99                 ....  79 .  99  ....                 79 .  99                 

80%  behenic  acid  +  20%  acid  at  head  of  column 75.81                4.18  75.45  4.54                75.71                4  28 

60%  behenic  acid  +  40%  acid  at  head  of  column 71.04                8.95  70.72  9.27                   ...                   .... 

point  of  90  parts  of  stearic  acid  plus  lo  parts  of  oleic  The  solid  fatty  acids  were  separated  from  the  above 
acid  is  67.24,  that  of  90  parts  of  stearic  acid  plus  10  acids  as  follows:  To  20  grams  of  the  fatty  acids  dis- 
parts of  behenic  acid  is  65.26,  while  the  melting  points  solved  in  250  cc.  of  hot  95  per  cent  alcohol  were  added 
of  these  two  mixtures  are  67.27  and  67.29,  respectively.  4  grams  of  lead  acetate  in  100  cc.  of  the  same  alcohol. 
In  other  words,  the  addition  of  behenic  acid  to  stearic  The  liquid  was  allowed  to  cool  and  then  stood  over 
acid  does  not  cause  the  same  abnormal  lowering  of  night  at  a  temperature  of  10°  to  15°  C.  The  pre- 
melting  point  that  it  does  of  solidifying  point.  Also  cipitate  was  filtered  off,  washed  with  a  little  alcohol  an-^. 
the  melting  and  solidifying  points  of  mixtures  of  a  then  boiled  and  washed  with  ether.  The  fatty  acids 
solid  fatty  acid  with  oleic  acid  are  not  so  far  apart  as  is  were  separated  from  the  lead  soap  and  had  an  iodine 
the  case  with  other  acids.  value  of  3.00,  corresponding  to  3.3  per  cent  of  oleic  acid. 
Approximately  the  lowering  of  the  melting  point  Their  mean  combining  weight  was  258.7.  The  cotton- 
of  the  solvent  for  10  and  20  per  cent  of  dissolved  acid  seed  oil  fatty  acids  yield  about  25  per  cent  of  these 
is  the  same  for  all  the  acids  examined.     What  variation  solid  acids. 

there  is  can,  to  some  extent,  be  attributed  to  the  differ-  The  fatty  acids  separated  from  the  oil  which  had 

ences  in  molecular  weights  of  the  dissolved  acids;  but  been  saturated  with  hydrogen  had  an  iodine  value  of 

the  present  measurements  are  hardly  accurate  enough  1.80,  equivalent  to  2.0  per  cent  of  oleic  acid,  which  it 

Table  VIII 

Lowering 

b  of  m.  p.  of 

a  Lowering  solvent  .by  Stearic  Palmitic 

Melting  of  m.  p.  of  20%  oleic  d  acid  acid 

point  solvent               acid  20  b/c  Per  cent  Per  cent 

1  80%  stearic  acid  -I-  20%  fatty  acids  of  cottonseed  oil 65.48  3.82                3.93  19.44  2.8                 

2  80%  palmitic  acid  +  20%  fatty  acids  of  cottonseed  oil 59.26  3.18                4.16  15.29  23.6 

3  73%  palmitic  acid  +  27%  fatty  acids  of  cottonseed  oil 58.28  4.16                4.16  20.00  25.9 

4  Solid  fatty  acids  of  cottonseed  oil 59.35  3.09                4.16  14.85  ....  85.2 

5  80%  stearic  acid  +  20%  solid  fatty  acids  of  cottonseed  oil 65.49  3.81                3.93  19.39  3.0                 

6  Hydrogenated  cottonseed  oil  fatty  acids 63.34  5.96                3.93  30.33  69.7  .... 

7  33 '/a %  stearic  acid  +  662A%  of  above  acids 65.47  3.83                3.93  19.49  70.8                 

8  73%  palmitic  acid  +  27%  of  above  acids 58.10  4.34                 4.16  20.86  ....  32.7 

to  take  into  account  these  differences.      However,  they  may  be  assumed  to  be,  as  it  is  not  likely  that  there 

are  sufficiently  accurate  to  obtain  a  quite  close  estimate  was  much  of  the  other  unsaturated  fatty  acids  in  this 

of  the  composition  of  a  mixture  of  fatty  acids.  residue. 

As  examples,  I  shall  give  the  investigations  of  the  The  following  table  gives  the  melting  points  of  mix- 
composition  of  the  fatty  acids  of  samples  of  refined  tures  of  these  three  fatty  acids  with  pure  stearic  and 
cotton  seed  and  menhaden  oil.  palmitic  acid: 

I  examined  not  only  the  fatty  acids  of  the  oils,  but  Column  b  gives  the  lowering  of  the  melting  point 

the  solid  fatty  acids  separated  from  these  by  the  lead  °^  the  solvent  acid  by  the  acid  mixture  under  exami- 

soap  ether  method,  and  also  the  fatty  acids  from  the  nation.     For  mixture  i,  it  is  the  lowering  of  the  melting 

oils  after  they  had  been  "hydrogenated"   or   saturated  Poi^t  of  stearic  acid  by  adding  to  80  parts  of  stearic 

with  hydrogen.  '  ^^^'^  20  parts  of  cottonseed  oil  fatty  acids. 

Column  c  is  the  lowering  of  the  melting   point    of 

THE    PATTY    ACIDS    OF    COTTONSEED    OIL  ,  ,  „  <.„!„„„+   „„•  j     u  ^    /    ,-  ^u  u    i  •    *  \ 

the  solvent  acid,  by  20  per  cent  (ot  the  whole  mixture) 
The  cottonseed  oil  fatty  acids  had  a  solidifying  of  oleic  acid,  or  any  acid  other  than  the  solvent, 
point  of  35.24°.  They  contained  0.61  per  cent  of  I  have  taken  my  values  for  oleic  acid  to  represent  the 
unsaponifiable  matter.  Their  mean  combining  others  as  its  molecular  weight  is  about  a  mean  of  those 
weight  by  titration  with  alkali,  allowing  for  the  un-  of  the  acids  examined,  and  it  is  not  itself  used  as  a  sol- 
saponifiable  matter,  was  276.  vent. 
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Column  d,  =  20  b/c,  shows  the  percentage  of  dissolved 
acids  in  the  mixture  of  solvent  plus  dissolved  acids  on 
the  assumption  that  the  melting-point  curves  are 
straight  lines,  which  is  very  nearly  true,  but  to  avoid 
this  possible  error  I  have  made  mixtures,  as  3,  7  and  8, 
so  that  b  would  be  about  the  same  as  c  and  therefore 
d  would  equal  20. 

To  calculate  the  stearic  or  palmitic  acid  in  the  fatty 
acids  added,  deduct  the  figure  in  column  d  from  the 
amount  added  and  divide  by  the  amount  added. 

Mixtures  i  and  3  show  cottonseed  oil  fatty  acids 
to  contain  2.8  per  cent  of  stearic  acid  and  25.9  per  cent 
of  palmitic  acid.  Mixtures  4  and  5  show  the  solid 
acids  of  cottonseed  oil  to  contain  85.2  per  cent. of 
palmitic  acid  and  3  per  cent  of  stearic  acid.  If  there 
were  really  2.8  per  cent  of  stearic  acid  in  the  original 
acids,  this  should  all  be  in  the  solid  fatty  acids  separated 
and  these  should  test  higher  in  stearic  acid;  besides,  the 
accuracy  of  the  method  is  hardly  great  enough  to  as- 
sume the  presence  of  stearic  acid  from  a  difference  of 
melting  point  of  only  0.11°.  It  will,  therefore,  be  nec- 
essary to  fractionate  the  solid  fatty  acids  of  cottonseed 
oil  and  obtain  a  fraction  which,  when  added  to  stearic 
acid,  will  cause  less  lowering  of  its  melting  point  than 
the  amount  given  above  before  it  can  be  said  that 
stearic  acid  is  present. 

Table 


Palmitic  acid 25.9  per  cent 

Unsaturated  acids  with  18  carbon  atoms 72.8  per  cent 

The  increase  in  weight  due  to  addition  of  hydrogen, 
being  very  small,  has  not  been  considered  in  the  above 
calculations. 

Further  work  is  necessary  to  determine  whether 
there  are  any  other  acids  in  small  quantities. 

THE    FATTY    ACIDS    OF    MENHADEN    OIL 

These  fatty  acids  had  a  solidifying  point  of  30.8°. 
They  contained  0.56  per  cent  of  unsaponifiable  matter 
and  their  mean  combining  weight  by  titration  with 
alkali,  allowing  for  the  unsaponifiable  matter,  was  284. 

From  these  acids  the  solid  fatty  acids  were  separated 
by  the  same  method  as  that  used  with  cottonseed  oil. 
These  solid  fatty  acids  had  an  iodine  value  of  7.0  per 
cent,  equivalent  to  7.8  per  cent  of  oleic  acid.  Their 
mean  combining  weight  was  257. 

The  acids  obtained  from  the  oil  after  hydrogenation 
had' an  iodine  value  of  2.78  and  a  solidifying  point  of 
54.10°. 

Table  IX  is  arranged  in  the  same  way  as  Table  VIII. 
Mixture  i  seems  to  show  that  menhaden  oil  fatty  acids 
contain  5.8  percent  of  stearic  acid.  But  the  solid  fatty 
acids  contain  practically  none.  This  higher  melting 
point  of  mixture  i  may  be  due,  not  to  stearic  acid,  but 
to  oxidized  and  polymerized  fatty  acids.     Though  in 


Melting 
point 

80%  stearic  acid  -|-  20%  fatty  acids  of  menhaden  oil 65.60 

72%  palmitic  acid  +  28%  fatty  acids  of  menhaden  oil 57.91 

80%  stearic  acid  +  20%  solid  fatty  acids  of  menhaden  oil 65.45 

80%  palmitic  acid  -|-  20%  solid  fatty  acids  of  menhaden  oil 60.  87 

50%  palmitic  acid  +  50%  solid  fatty  acids  of  menhaden  oil 58.36 

80%  behenic  acid  +  20%  solid  fatty  acids  of  menhaden  oil 75.43 

80%  stearic  acid    +   20%  fatty  acids  of  hydrogenated  menhaden  oil  66.31 

73%   stearic   acid    -j-    27%"  fatty   acids  of   hydrogenated   menhaden   oil  65.37 

80%  palmitic  acid   +   20%  fatty  acids  of  hydrogenated  menhaden  oil  59.35 

72%  palmitic  acid   -j-   28%  fatty  acids  of  hydrogenated  menhaden   oil  57.97 

80%  behenic  acid    +   20%  fatty  acids  of  hydrogenated   menhaden   oil  76.56 

75%  behenic  acid   +   25%  fatty  acids  of  hydrogenated  menhaden  oil  75.64 


13     50%  behenic  acid   +   50%  fatty  acids  of  hydrogenated  menhaden  oil 

Mixtures  7  and  8  show  that  the  hydrogen-saturated 
fatty  acids  of  cottonseed  oil  contain  70.8  per  cent  of 
stearic  acid  and  22.7  per  cent  of  palmitic  acid. 

It  can  be  assumed  that,  on  hydrogenating  a  fat,  all 
those  unsaturated  acids  containing  18  carbon  atoms 
in  the  molecule  are  converted  into  stearic  acid,  all 
those  containing  16  carbon  atoms  into  palmitic  acid 
and  all  those  containing  22  carbon  atoms  into  behenic 
acid.  On  comparing  mixtures  2,  3  and  8  it  is  seen 
that  the  palmitic  acid  has  not  increased  in  the  fatty 
acids  of  the  hydrogenated  product;  therefore,  cotton- 
seed oil  fatty  acids  contain  no  unsaturated  acids  with 
16  carbon  atoms.  As  the  hydrogenated  oil  fatty  acids 
contain  70.8  per  cent  stearic  acid  plus  2.0  per  cent  of 
oleic  acid  the  original  oil  fatty  acids  would  contain 
about  72.8  per  cent  of  unsaturated  acids  with  18  carbon 
atom,s,  provided  there  was  no  stearic  acid  originally 
present;  at  any  rate,  it  can  be  concluded  that  all  the 
unsaturated  acids  of  cottonseed  oil  have  18  carbon 
atoms  in  the  molecule. 

The  composition  of  the  fatty  acids  of  cottonseed  oil 
is  therefore  about  as  follows: 
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owering 
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m.  p.  of 

20%,  oleic 

d 

acid 

acid 
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3.93 
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3.93 

19.59 
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1.57 

4.16 
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4.08 

4.16 
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4.56 

4.28 
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2.99 

3.93 

15.22 
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3.93 

3.93 

20.00 
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3.09 

4.16 

14.86 

25^7 

4.47 

4.16 

21.49 

23.2 

3.43 

4.28 

16.03 

9. 

8 

4.35 

4.28 

20.32 

8. 

7 

Lowering 

of  m.  p.  of 

solvent  by 

40%  stearic 

acid 

40  b/c 

8.94 

8.95 

39.95 

20 

1 

general  I  have  found  that  oleic  acid  and  other  liquid 
acids  produce  the  same  lowering  of  the  melting  point 
of  the  solid  acid,  still  this  does  not  seem  always  to  hold 
true  for  the  easily  oxidizable  fatty  acids  such  as  those 
of  menhaden  oil,  which  have,  in  these  cases,  probably 
undergone  oxidation  and  polymerization  in  the  course 
of  their  preparation.  The  same  menhaden  oil  fatty 
acids  were  allowed  to  stand  in  a  covered  dish  for  six 
days  and  then  mixed  with  stearic  acid  in  the  proportion 
of  80  stearic  acid  to  20  menhaden  oil  fatty  acids.  The 
melting  point  was  now  66.04°,  the  depression,  therefore, 
only  3.26. 

Mixture  2  shows  the  fatty  acids  to  contain  22.2 
per  cent  of  palmitic  acid. 

Mixtures  5  and  6  show  the  solid  fatty  acids  to  con- 
tain 60.7  per  cent  of  palmitic  acid  and  no  behenic  acid. 

The  hydrogenated  fatty  acids  are  shown  by  mixtures 
8,  10  and  12  to  contain  25.9  per  cent  of  stearic,  23.2  per 
cent  of  palmitic  acid  and  18.7  per  cent  of  behenic  acid. 
The  palmitic  acid  was  present  in  the  original  oil,  but 
the  stearic  and  behenic  acids  have  been  formed    from 
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unsaturated   acids  with    18  and   22  carbon  atoms,   re- 
spectively. 

The  above  results  indicate  a  composition  for  men- 
haden oil  fatty  acids  about  as  follows: 

Palmitic  acid  (average  of  2  and  10) 22.7% 

Other  solid,   saturated   acids   (calculated  from  2,    10  and  5   and 

considering  iodine  value  of  solid  acids) 11.8 

Unsaturated  acids  with  16  carbon  atoms None 

Unsaturated   acids    with    18   carbon    atoms    (from   8,   considering 

iodine  value  of  hydrogenated  acids) 26.  7 

Unsaturated  acids  with  22  carbon  atoms  (from  12  and   13,  con- 
sidering iodine  value  of  hydrogenated  acids) 20 .  2 

Other  unsaturated  acids 18.6 

100.0 

These  fatty  acids,  therefore,  probably  contain  about 
1 8.6  per  cent  of  another  unsaturated  acid  with  some 
other  number  of  carbon  atoms,  and  also  11.8  per  cent 
of  another  saturated  acid.  Information  as  to  these 
acids  can  probably  be  gained  by  making  mixtures  with 
pure  myristic  and  arachidic  acid,  but  these  two  acids 
I  have  not  at  present  at  hand. 

The  above-  results  do  not  show  whether  the  unsat- 
urated fatty  acid  with  18  carbon  atoms  is  oleic,  lin- 
olic,  linolenic,  or  clupanodonic  acid,  and  to  which  of 
these  series  the  acid  with  22  carbon  atoms  belongs. 
To  determine  this  it  would  be  necessary  to,  at  least 
partially,  separate  the  unsaturated  acids  from  each 
other  and  hydrogenate  them  separately. 

The  results  of  the  examination  of  the  two  fatty  acid 
mixtures  given  show  what  can  be  learned  of  the  com- 
position of  such  mixtures  by  this  melting-point  method, 
especially  when,  in  addition  to  the  original  fatty  acids, 
the  solid  fatty .  acids  separated  from  them  and  the 
acids  after  saturation  with  hydrogen  are  also  tested. 

When  working  with  the  fatty-  acids  of  a  natural  fat, 
the  accuracy  of  the  results  is  somewhat  disturbed 
by  impurities,  such  as  oxidation  products  of  unsat- 
urated fatty  acids  as  I  have  mentioned  above.  This 
method  could  be  applied  to  determine  the  percentage 
composition  of  mixtures  of  known  fatty  acids  with 
certainly  greater  accuracy.  In  this  case,  the  molec- 
ular weight  of  the  acids  should  be  taken  into  con- 
sideration. 
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In  a  great  many  dairy  processes  where  heat  is  used, 
the  amount  and  intensity  of  the  energy  necessary  to 
gain  a  certain  end-product  are  very  important.  These 
factors  are  important  not  only  because  heat,  like 
material  commodities,  is  an  item  of  expense,  but  also, 
because  too  great  an  intensity  of  temperature,  or  too 
prolonged  an  application,  may  cause  serious  chemical 
and  physical  changes  in  the  substance  worked  with. 

The  amount  of  heat  which  it  takes  to  raise  unit 
weight  of  a  substance  unit  temperature  depends  upon 
its  chemical  nature  and  upon  its  physical  state. 

The  ratio  between  the  number  of  calories  required 
to  raise  a  given  weight  of  a  substance  through  a  given 
temperature  interval,  and  the  number  required  to  raise 
the  same  weight  of  the  standard  substance  through  the 
same  temperature  interval  is  called  the  "specific  heat" 
of  the  substance.  Water  is  always  the  standard  sub- 
stance so  that  the  specific  heat  of  a  substance  is  the 


number  of  calories  required  to  raise  one  gram  or  one 
pound  one  degree  Centigrade  or  Fahrenheit,  respec- 
tively. 

The  heat  capacity  of  a  substance  is  obviously  its 
specific  heat  multiplied  by  the  quantity  of  the  sub- 
stance. 

The  heat  capacity  of  a  system  is  the  sum  of  the  heat 
capacities  of  all  the  substances  in  the  system. 

It  is  particularly  important  to  bear  in  mind  that  the 
specific  heat  of  a  substance  is  not  the  same  at  all  tem- 
peratures, though  for  most  substances  the  changes  are 
not  great  so  long  as' the  substances  remain  in  the  same 
physical  state.  But  for  different  substances,  or  for 
the  same  substance  in  different  physico-chemical 
conditions,  the  specific  heats  are  very  different.  This 
makes  specific  heat  a  very  important  factor  when  hand- 
ling large  quantities  of  any  substance  which  must  be 
raised  or  lowered  in  temperature,  and  especially  when 
the  time  and  cost  elements  enter. 

Persons  interested  in  milk  and  milk  derivatives  who 
have  to  deal  with  great  quantities  of  these  materials 
upon  narrow  margins,  both  financially  and  in  the 
matter  of  temperature  control,  face  the  necessitj'  of  a 
knowledge  of  all  factors  of  any  considerable  magnitude. 

In  pasteurizing  it  is  desirable  to  know  the  amount 
of  heat  required  to  bring  a  definite  amount  of  milk 
or  cream  from  the  temperature  at  which  it  has  been 
delivered  or  held  up  to  the  temperature  used  in  pas- 
teurizing, as  well  as  the  amount  of  refrigeration  re- 
quired to  cool  the  same  material  down  to  a  temperature 
satisfactory  for  storage  or  for  inoculation.  Although 
the  losses  which  constantly  occur,  and  which  depend 
on  a  number  of  factors,  prevent  the  exact  computation 
of  the  amount  of  heat  or  refrigeration  through  a  knowl- 
edge of  specific  heats  alone,  still,  the  exact  experimental 
values  are  of  great  importance  in  calculating  the  cost  of 
pasteurization,  particularly  when  large  quantities  of 
material  are  being  handled.  The  increasing  use  of 
pasteurization,  both  in  plants  selling  milk,  and  in 
plants  manufacturing  butter,  or  ice  cream  from  pas- 
teurized cream,  makes  the  specific  heat  values  of  in- 
creasing importance.  In  calculating  the  cost  of  storing 
butter  and  hardening  ice  creams  the  respective  specific 
heats  are  also  essential. 

Prof.  M.  Mortenson  of  the  dairy  section  of  the  Iowa 
Agricultural  Experiment  Station  has  recently  called 
attention  to  the  importance  of  the  specific  heat  of  the 
mix  in  ice  cream  work.  Aside  from  the  question  of 
cost  of  hardening,  the  specific  heat  of  the  mix  is  ap- 
parently of  significance  in  its  effect  on  the  palate,  the 
sherbets  and  low-fat  ice  creams  with  a  higher  specific 
heat  seemingly  tasting  colder  than  ice  creams  carrying 
considerable  fat  and  accordingly  having  a  lower  specific 
heat. 

APPARATUS    DESIGNS 

In  the  prosecution  of  the  work  on  the  .specific  heat 
of  milk  and  its  derivatives  herein  described,  two  designs 
of  specific  heat  apparatus  were  envolved.  In  both  the 
electric  current  is  used  for  heating,  but  with  one  a 
variable  voltage  may  be  used,  while  with  the  other  a 
very  constant  voltage  is  necessary. 

In  apparatus  No.  i,  for  variable  voltage,  Fig.  i,  ihe 
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outer  insulating  walls  (i)  of  the  apparatus  consist 
of  pressed  cork,  such  as  is  used  in  the  construction  of 
refrigerators  and  thermostats.  In  the  cylindrical 
cavity  (2),  which  may  be  gouged  out  with  a  sharp 
paring  knife,  is  the  copper  (or  glass)  calorimeter  vessel 


(3)  (diam.  =  6.25  cm.,  height  =  8.75  cm.)  for  holding 
100  gms.  of  sample;  (4)  is  another  copper  vessel 
(diam.  =4.7  cm.,  height  =  8.1  cm.)  with  a  capacity  of  100 
gms.  of  water  in  which  is  immersed  an  electric  light 
bulb  arid  a  thermometer  to  which  a  stirrer  is  attached. 
The  vessel  is  arranged  with  a  tight-fitting  cap  having 
a  bayonet  catch.  Leads  from  the  electric  lamp  pass 
up  through  a  fiber  or  glass  tube  (5)  which  also  serves 
as  a  handle  for  the  whole  vessel  and  its  contents  which 
we  may  call  the  "heater."  The  upper  portion  (6)  of 
the  cork  insulating  vessel  has  cut  through  it  a  cylindri- 
cal hole  just  a  trifle  greater  in  diameter  and  deeper 
than  the  heater.  Between  the  upper  and  lower  por- 
tions of  the  cork  container  is  a  heavy  asbestos  board 
partition  (7),  the  middle  third  of  which  is  a  slide  that 
may  be  readily  inserted  or  withdrawn. 

OPERATION    OF    THE    APPARATUS 

The  operation  of  the  apparatus  is  as  follows:  100 
gms.  of  milk  are  weighed  in  the  vessel  (3)  which  is  placed 
in  the  cork  thermostat.  A  thermometer  (8)  reading 
to  0.1  degree  C.  is  then  inserted.  The  electric  current 
is  turned  on  the  heater  (4)  and  this  allowed  to  come  to 
a  suitable  temperature  outside  of  the  thermostat. 
If  the  temperature  of  the  milk  is  20  degrees  C.  it  will 
be  sufficient  to  heat  the  heater  to  about  45  degrees 
C.  It  is  then  placed  in  the  cavity  (9)  and  allowed  to 
come  to  a  condition  such  that  radiation  takes  place 


regularly,  the  thermometer  (8)  is  read,  and  when  the 
mercury  of  the  thermometer  (10)  comes  to  a  chosen 
mark,  the  heater  is  dropped  down  into  the  liquid  in 
the  calorimeter  vessel.  The  liquids  of  both  vessels 
are  agitated  regularly  until  the  thermometer  (8)  shows 
the  maximum  rise  of  temperature.  Results  are  ob- 
tained for  water  and  the  substance  in  hand  for  the  same 
range  of  temperature.  The  specific  heat  of  the  sub- 
stance is  inversely  proportional  to  the  temperature 
rise,  the  rise  being  compared  with  that  of  water  under 
like  conditions.  Corrections  for  radiation  and  the 
water  equivalent  of  the  calorimeter  must,  of  course, 
be  applied. 

Apparatus   No.   2  for  constant   voltage  is  shown  in 


Fig.  2,  which  is  a  cross-section  drawing  of  a  very  sat- 
isfactory apparatus,  not  only  for  milk  but  for  any 
liquid  which  is  not  appreciably  volatile  at  ordinary 
temperatures.  Part  (1)  is  a  Dewar  flask  supported 
in  a  wooden  base  and  provided  with  a  hollow  wooden 
cover  (2).  This  cover  is  attached  to  a  clamp  which 
slides  up  or  down  on  the  rod  (3).  From  the  cover  of 
the  vessel  a  small,  narrow  shank,  8  c.  p.  electric  lamp 
projects  down  into  the  calorimeter  vessel  (4).  The 
calorimeter  vessel  is  made  of  thin  copper  or  glass  as 
desired,  with  a  capacity  of  500  cc.  Smaller  vessels 
may,  of  course,  be  used.  The  Dewar  vessel  should 
be  about  12.5  cm.  internal  diameter  and  15.0  cm. 
deep.  The  bottom  is  provided  with  a  cork  false  bot- 
tom and  small  cork  pyramids  for  the  calorimeter  to 
rest  upon.  A  stirrer  (5)  in  the  form  of  a  propeller  may 
be  clamped  onto  the  lamp  and  the  whole  rotated  by  a 
motor    belted   to    the    pulley    (6),    or_;;|a^ reciprocating 
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stirrer  may  be  provided.  A  good  reciprocating  stirrer 
of  fine  wire  gauze  soldered  on  two  concentric  wire  rings 
is  shown  in  Fig.  3.  The  two  holes  are  for  admitting 
the  lamp  and  the  thermometer.  If  a  Dewar  flask  is 
not  obtainable,  a  cork  thermostat  may  be  provided  as 
shown  in  Fig.  4.  Such  a  thermostat  has  been  used 
by   the   authors   and  found   to   give   very   satisfactory 


results.  As  shown  diagrammatically  in  Fig.  2,  the 
lamp  is  connected  in  series  with  a  storage  battery, 
ammeter  and  switch.  A  voltmeter  is  placed  across 
the  lamp. 

DETERMINING    THE    SPECIFIC    HEAT 

The  specific  heat  of  a  liquid  may  be  determined  by 
either  of  two  methods:  a  weighed  sample  of  water  is 
placed  in  the  calorimeter,  the  temperature  noted  on 
the  thermometer  (7),  the  current  turned  on  for  say 
five  minutes,  and  readings  of  the  temperature  taken 
every  minute.  (Stop-watch  used.)  The  same  pro- 
cedure is  then  gone  through  for  an  equal  weight  of  the 
substance  whose  specific  heat  is  desired.  Corrections 
for  radiation  are  best  obtained  by  allowing  the  ap- 
paratus to  cool  for  the  same  length  of  time,  within  the 
same  temperature  range,  as  was  devoted  to  the  heating, 
and  adding  this  value  to  the  rise  in  temperature  ob- 
tained by  heating  five  minutes.  If  working  below 
room  temperature,  there  will  be  a  gain  in  temperature, 
on  standing  five  minutes  with  lamp  off,  which  must 
be  subtracted  from  the  reading  obtained  by  heating 
five  minutes.  The  specific  heat  of  the  substance  is 
then  found  by  comparing  its  temperature  rise  with 
that  of  distilled  water.      (Equal  weight.)     • 

By  the  second  method  the  respective  amounts  of 
electrical  energy  expended  on  the  substance  and  water 
to  raise  them  the  same  temperature  may  be  compared 
by  multiplying  the  drop  across  the  lamp  (voltage)  in 
amperes  into  time  and  dividing  by  4.26  to  reduce  to 
calories.  If  the  source  of  electric  energy  gives  a  con- 
stant voltage,  the  first  two  terms,  drop  and  amperage, 


will  be  constant  and  we  may  compare  the  time  terms 
only. 

SPECIFIC    HEAT    OF    WHOLE    MILK 

The  samples  of  milk  used  in  the  tests  were  from  the 
composite  milk  delivered  at  the  College  creamery. 
The  fat  content  varied  from  3.4%  to  4.9%,  most  sam- 
ples having  about  4-3  %•  About  15  hours  elapsed  be- 
tween the  time  the  milk  was  drawn  from  the  cows  and 
the  time  of  the  tests.  After  the  milk  was  delivered 
at  the  creamery  the  samples  were  kept  in  the  refrig- 
erator. 

The  averaged  results  for  the  various  temperatures 
have  been  plotted  in  the  form  of  a  curve  (see  Fig.  5). 


Fig.  5 — Curves  Showing  Averaged  Specific  Heats  ( 
Various  Temperatures 


Whole  Milk  at 


Though  the  changes  in  the  specific  heat  of  milk  be- 
tween 15.0°  C.  and  60.0°  C.  are  not  great,  still  there 
is  shown,  by  our  data,  a  fairly  pronounced  maximum  at 
about  30.0°  C.  Some  of  the  reasons  for  this  will  be 
discussed  later. 

SPECIFIC    HEAT    OF    WHEY 

The  whey  used  was  from  composite  milk  and  was 
obtained  from  the  cheese  vat.  There  was  present 
from  0.25  to  0.30%  fat  and  the  samples  were  opalescent. 
The  values  obtained  for  two  samples  taken  at  different 
times  were  very  near  one  another.  The  average 
specific  heat  between  23°  and  33°  C.  was  0.975. 

Table  I — Specific  Heat  of  Whev 
Sample  No.  1  ■   Sample  No.  2 


Temp,  range 

Sp.  heat 

Temp.^rar 

ge 

Sp.  heat 

22.99 
28!38 
33!  60 

0:977 
o!974 

22.93 

28^32 

.  33'S5 

o!977 
0^973 

Av 

.  0.975 

Av 

,    0.975 

SPECIFIC    HEAT    or    SKIil    MILK 

Samples  of  sweet  skim  milk,  varying  in  fat  content 
from  0.30  to  0.38%,  were  obtained  from  a  small  sepa- 
rator immediately  after  running  through  the  machine. 
The  average  of  1 5  determinations  on  4  different  sam- 
ples made  between  approximately  20°  and  40°  C. 
gave  an  average  value  of  0.949.  Over  the  pasteurizing 
range  of  6o°-7o°  C.  the  average  value  of  0.963  was 
obtained. 

SPECIFIC    HEATS    OF    CREAM 

The  creams  used  were  sweet  and  were  separated  from 
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Table  II — Specific  Heat  ok  Skim  Milk 


Sample 

No.  1 

Sample 

No.  2 

Sample 

No.  2 

Temp.  C. 

Sp.  h. 

Temp.  C. 

Sp.  h. 

Temp.  C. 

Sp.  h. 

18.80 

15.35 

21  .00 

0.951 

0.941 

0 

942 

24.00 

20.72 

26 

20 

0.948 

0.941 

0 

29.70 

25.88 

31 

20 

0.957 

0.937 

0 

34.54 

0^955 

30.90 

o!958 

36 

00 

39.32 

0.957 

35.70 

43.  "JS 

Average 

0.954 

0.944 

0.943 

Sample 

No.  4 

Sample 

No.  5 

Sample 

No.  6 

Temp.  C. 

Sp.  h. 

Temp.  C. 

Sp.  h. 

Temp.  C. 

Sp.  h. 

20.30 

61.90 

58.55 

0.946 

0.977 

0.942 

25.  SC- 

65.58 

62.55 

0.960 

0.974 

0.948 

SI  .  09 

68.20 

65.20 

0.957 

0.972 

0.952 

36.14 

70,60 

68.10 
70.66 

0^966 

Average.  0.954 

0.974 

0 

952 

of,-. 

composite  milk  in  the  morning  and  kept  in  a  refrig- 
erator until  evening,  when  the  measurements  were 
carried  out.  A  series  of  determinations  was  made  on 
each  sample  over  quite  a  wide  range  and  generally 
up  to  about  6o°  C. 

In  the  course  of  the  measurements  on  creams  it 
was  found  that  apparent  specific  heats  considerably 
above  i.ooo  were  often  encountered.  This  peculiarity 
of  cream  was  also  noted  by  Fleischmann.  The  authors' 
data  for  33.5  per  cent,  30  per  cent,  27  per  cent,  15  per 
cent  and  60  per  cent  creams  have  been  obtained  under 
very  definite  conditions  and  the  results  averaged; 
from  the  averages  the  curves  shown  in  Fig.  5  have  been 
plotted  and  these  will  be  discussed  later.  The  60  per 
cent  cream  was  first  heated,  as  it  was  very  viscous  at 
room  temperature. 

SPECIFIC    HEAT    OF    BUTTER 

Three  samples  of  butter  taken  from  the  churning  on 
three  different  occasions,  and  containing  the  ordinary 
amounts  of  curd,  salt,  water  and  fat  gave  the  following 
results:  ■ 

Table  III — Specific  Heat 


2.2 

1.02 

1.14 


Per  cent 
curd 
0.60 
0.48 
0.76 


Per  ceni 

14.20 
13.50 
13.60 


Butter 
Per  cent 
fat 
83.0 
85.0 
84.5 


added  and  the  melted  fat  thoroughly  dried,  then  fil- 
tered. The  average  value  between  30°  and  60°  C. 
for  four  samples  thus  treated  was  0.507.  At  30°  C. 
it  was  0.485  and  at  60°  C.  0.530. 

DISCUSSION    OF    RESULTS 

A  review  of  the  literature  on  the  work  hitherto  car- 
ried out  by  several  investigators  on  the  specific  heats 
of  milk,  cream  and  butter  reveals  fairly  close  agree- 
ment in  the  results  for  the  specific  heat  of  milk,  but 
for  butter  and  cream  the  results  of  the  same  and  dif- 
ferent investigators  are  greatly  at  variance.  In  the 
case  of  creams  there  is  no  consistency  whatever  in  the 
results.  Fleischmann's  results  obtained  with  a  very 
elaborate  apparatus,  and  representing  a  vast  amount  of 
labor,  cannot  be  put  together  so  as  to  show  consistent 
relationships  between  the  specific  heats  and  the  vari- 
able factors  of  temperature,  fat  content,  and  physico- 
chemical  conditions  of  creams. 

To  show  that  there  are  indeed  definite  relationships 
between  the  above  factors,  and  co-ordination  where 
at  first  appear  only  capricious  results,  we  have  plotted, 
in  the  form  of  curves,  results  obtained  in  the  course 
of  our  experiments. 

The  curves  on  Fig.  5  show  the  values  at  various  tem- 
peratures, for  whole  milk,  creams  containing  different 
amounts  of  fat,  butter,  and  butter  fat.  The  solid 
lines  represent  results  obtained  experimentally  while  the 
dotted  lines,  except  in  the  case  of  the  20  per  cent  and 
45  per  cent  creams,  represent  values  that  it  is  impos- 
sible to  obtain  experimentally  with  our  apparat^is 
on  account  of  the  viscosity  of  the  creams  and  the  solidi- 
fying of  the  butter  and  butter  fat  at  the  lower  tempera- 
tures. It  will  be  seen  that  the  values  for  15  per  cent 
cream  have  been  obtained  almost  down  to  0.0°  C.  and 

Table  V — Specific  Heats  of  Milk  and  Milk  Derivatives 
Including  heat  required  to  melt  fat  if  this  factor*  enters 


The  values  for  ordinary  butter  are  considerably 
higher  than  for  pure  fat.  This  is  in  part  due  to  the 
presence  of  considerable  quantities  of  water. 

SPECIFIC    HEAT    OF    BUTTER    FAT 

Butter  fat  carefully  prepared  in  accordance  with 
the  specifications  of  the  official  method  gave  the  fol- 
lowing results: 

Table  IV — Specific  Heat  of  Butter  Fat 
C.  equals  0.532 
C.  equals  0.510 

.\verage.  0.  521 

Samples  of  practically  pure  butter  fat  were  also  pre- 
pared by  taking  freshly  churned  butter,  placing  it 
in"  a  large  separatory  funnel,  and  keeping  it  in  a  thermo- 
stat at  43°  C.  so  as  to  allow  the  fat,  curd  and  water  to 
separate  by  gravity.  Water  was  added  several  times, 
shaken  with  the  melted  fat,  and  allowed  to  separate 
and  then  drawn  off.      Next  fused  calcium  chloride  was 


Values  obta 


Plate  V 
At  15°        At  40° 


ed  from  Ci 
.\t  0°  C. 

Whey 0.978 

Skim  milk 0.940 

Whole  milk 0.920 

15  per  cent  cream 0.  750 

20  per  cent  cream 0.723 

30  per  cent  cream 0.673 

45  per  cent  cretin 0. 606 

60  per  cent  cream 0.560 

Butter 0.5120 

Butter  fat 0.445o 

(o)  These  values  were  obtained   by   extrapolation,   assuming 
specific  heat  is  about  the  same  in  the  solid  and  liquid  slates. 


0.976 
0.943 
0.938 
0.923 
0.940 
0.983 
1.016 
1 .  053 


0.974 
0.952 
0.930 
0.899 
0.940 
0.852 
0.787 
0.721 


0.5S6(o)  0.556 
0. 467(0)  0.500 


At  60° 
0.972 
0.963 
0.918 
0.900 
0.886 
0.860 
0.793 
0.737 
0.580 
0.530 

that  th 


Av.  Sp.  Heats 
0°-15°     0°-40°     0°-60°    15''-40°  40°-60°    15°-60"' 


Whole 
15  per  cen 
20  per  cen 
30  per  cen 
45  per  cen 
60  per  cen 

Butter 

Butter  fat 


ilk. 


0.929 
0.837 
0.831 
0.830 
0.832 
0.843 


0.940 
0.900 
0.894 
0.883 
0.866 
0.851 


0.935 
0.889 
0.890 
0.875 
0.843 
0.816 


0.947 
0.940 
0.936 
0.925 
0.901 
0.876 


0.923 
0.899 
0.881 
0.854 
0.786 
0.727 
0.568 
0.514 


0.937 
0.925 
0.916 
0.899 
0.858 
0.821 


that  the  values  for  30  per  cent  cream  have  been  ob- 
tained down  below  15.0°.  The  rises  in  the  case  of  the 
45  per  cent  and  60  per  cent  creams  have  been  assumed 
to  be  propo'rtional  to  the  fat  content  and  the  same 
assumption  has  been  made  with  regard  to  the  fall  of 
the  various  curves.  The  reason  for  constructing 
these  curves  on  assumptions  only  is  to  make  possible 
the  compilation  of  the  results  given  in  Table  V.  Here- 
tofore, it  has  been  customary  to  use  a  certain  value  for 
the  specific  heat  of  milk  or  cream  without  paying  any 
attention    to   the    temperature   range   over   which   the 


July,  1Q14 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


S73 


material  is  to  be  heated  or  cooled.  This  is  obviously 
wrong  because  the  range  plays  a  very  important  part 
from  the  standpoint  of  the  apparent  specific  heat  value, 
and  for  that  reason  Table  V  was  prepared,  although 
it  is  recognized  that  certain  of  the  values  may  be  in 
error  because  of  the  assumptions  that  have  been  nec- 
essary. In  addition  to  giving  the  values  of  certain 
temperatures  the  table  gives  the  values  over  various 
ranges;  these  were  obtained  by  averaging  the  values 
for  every  3°  C. 

Table  VI 


(disregarding  other  factors)  it  appears  that  an  ice  cream 
carrying  considerable  fat,  when  first  coming  in  contact 
with  the  warm  palate  and  tongue  would  give  a  sen- 
sation that  was  not  disagreeably  cold.  Then  as  the 
temperature  increased,  because  of  the  absorption 
of  heat  by  the  fusion  of  the  fats,  the  mass  would  be 
automatically  maintained  cold  longer  than  it  otherwise 
would  remain.  In  short,  there  is  no  sensation  of  ex- 
treme coldness  but  still  the  mass  remains  cold  for  a 
longer  time  than  if  smaller  amounts  of  fat  were  present. 


Specific  Heat  Values  for  Milk  and  Milk  Der 
Collected  from  the  Dairy  Literature 


Material 
Whole  milk 

°C. 

16-17 

....    14-16 

Whole  milk 

Whole  milk 

Skim  milk 

Skim  milk 

27.5  up  to  +0 

1+-16 

27.5  up  to  40 

....    14-16 

Cream 

Cream 

Butter 

Butter 

'.'.'.'.  siiis. 

Specific 

heat 

Inv 

stigator 

Reference 

0.9406 

nd  Vaillant 

Crimmcr-Chemie    and    Physiologic    der    Milch 

0.9523 

Journ.  de  Phys.  el  de  Pathol,  generale,  8,  j 

0.9457 

Fleischm 

ann 

Jour.  Landwirlschaft,  BO,  p.  33. 

0.9351 

ann 

Jour.  Landwirlschaft,  60,  p.  33. 

0.94 

Fjoid 

McKay   and   Larsen,    "Principles   and   Pract 
Butter  Making." 

0.9388 

Fleischm 

ann 

Loc.  cit. 

0.9455 

Fleischm 

ann 

Loc.  cit. 

0.9833 

Fleischm 

ann 

Loc.  cit. 

0.8443 

Fleischm 

ann 

Loc.  cit. 

0.7 

Fjoid 

Loc.  cit. 

0.4 

Fjoid 

Loc.  cil. 

0.5207 

Fleischm 

ann 

Loc.  cit. 

0.55 

King 

Siebel's  Compend  Mech.  Ref.  b-  Eng. 

The  curves  may  be  divided  into  three  parts  as  indi- 
cated by  the  vertical  lines  A,  B,  C  and  D.  Over  the 
range  from  C  to  D  we  obtain  what  is,  no  doubt,  the  true 
specific  heat  of  the  various  materials.  From  C  to  B 
there  is  a  great  rise  and  the  specific  heat  is  abnormal — 
only  on  apparent  specific  heat,  however.  Butter  fat 
is  composed  of  a  number  of  constituents  which  melt  at 
different  temperatures  and  the  abnormal  values  for 
specific  heats  include  the  latent  heats  of  fusion  of  the 
components  of  the  fat.  The  wide  temperature  range 
over  which  we  find  a  high  specific  heat  is  in  close  agree- 
ment with  the  variations  in  the  results  that  have  been 
obtained  for  the  melting  point  of  butter  fat  by  various 
investigators.  For  many  practical  purposes  the  appar- 
ent specific  heat  is  of  as  great  value  as  the  true  spe- 
cific heat,  provided  the  value  obtained  for  a  particular 
temperature  interval  is  obtained  while  applying  the 
heat  at  such  a  rate  that  all  of  the  material  meltable 
in  that  particular  range  becomes  entirely  melted  and 
equilibrium  is  established.  Fleischmann  obtained  re- 
sults as  high  as  1.58  for  a  26  per  cent  cream.  These 
values  were  probably  obtained  because  of  the  method 
employed,  which  consisted  of  dropping  into  the  sample 
a  copper  cylinder  heated  to  100°  C.  All  of  the  readily 
meltable  substances  next,  to  the  cylinder  would  be 
quickly  changed  to  the  liquid  state,  possibly  even  de- 
composed to  some  extent,  and,  especially  if  the  stirring 
was  not  very  rapid,  an  abnormal  result  would  be  ex- 
pected. 

The  third  portion  of  the  curves  A  to  B  is  particu- 
larly interesting  because  of  the  marked  drop  in  the 
specific  heat.  The  values  near  the  freezing  point  of 
water  are  of  importance  in  their  bearing  on  the  question 
of  the  relation  of  the  specific  heats  of  ice  cream  mixes 
to  the  effect  on  the  palate.  An  ice  cream  very  rich  in 
fat  would  not  only  have  a  low  specific  heat  at  low  tem- 
peratures, but  as  is  apparent  from  the  very  great 
slopes  of  the  specific  heat  curves  and  the  high 
maximum  reached,  it  would  absorb  heat  rapidly  with 
an  increase  in  temperature.     From  the  data  obtained 


On  the  other  hand,  with  low-fat  ice  creams  and  sher- 
bets, there  is  a  sensation  of  extreme  coldness  when 
the  material  is  first  taken  into  the  mouth,  but  the 
mass  soon  warms  up. 

As  before  stated  Table  V  is  the  summary  of  the  re- 
sults obtained  in  this  study. 

Chemistry  and  Dairy  Departments 
Iowa  State  College.  Ames 


NOTE    ON   THE     PRECIPITATION     OF    LACTALBUMIN 
IN  COWS'  MILK 

By  W.  O.  Walker  and  A.  F.   Grant  Cadenhead 
Received   April  13,    1914 

Having  had  occasion  recently  to  estimate  the  albumin 
in  a  considerable  number  of  samples  of  cows'  milk, 
the  method  at  first  made  use  of  was  that  outlined  in 
the  "Official  and  Provisional  Methods  of  Analysis 
of  the  Association  of  Official  Agricultural  Chemists." 
According  to  this  method,  after  removal  of  the  casein 
by  precipitation  with  acetic  acid,  and  filtering,  the 
filtrate  is  neutralized  with  sodium  hydroxide,  and  0.3  cc. 
of  10%  acetic  acid  added,  and  the  solution  heated  to 
boiling  to  precipitate  the  albumin.  This  method  gave 
unexpectedly  low  and  somewhat  varying  results. 
Certain  modifications  were  tried  without  improve- 
ment, notably  (a)  boiling  for  a  longer  time  without 
permitting  evaporation,  and  (6)  varying  the  amounts 
of  acid  added  after  neutralization.  The  former  gave 
no  variation  in  the  amounts  precipitated;  the  latter 
appeared  to  work  better  with  0.5  cc.  than  with  a  less 
quantity  of  acid,  as  is  here  shown: 


Per  cent 
albumin  using 
ample  No.  0.50  cc.  acid 

a 0.330 

6 0.546 


alb 


Per  cent 

Limin  using 

0.10  cc.  acid 

0.210 

0.361 


This  is  rather  surprising,  as  it  was  supposed  that  a 
greater  amount  of  acid  would  tend  to  dissolve  the  pre- 
cipitated albumin.  The  average  percentage  of  al- 
bumin found  when  the  0.3  cc.  was  used,  was  0.420,  in 
eight  samples  of  individual  cows'  milk. 
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It  was  found  that  if  the  filtrate  were  allowed  to 
evaporate  during  continued  boiling,  successive  and 
decreasing  amounts  of  precipitate  might  be  filtered 
off.  Further,  the  amount  of  protein  matter  in  the 
filtrate  from  the  albumin  was  correspondingly  high, 
and  out  of  all  proportion  to  the  amount  of  unpre- 
cipitated  protein  that  one  might  expect  to  find  in 
milk.  Consequently  it  was  decided  to  find  a  better 
method  of  estimating  the  albumin. 

Barthels'  mentions  Sebelien's''  method  of  estimating 
albumin,  using  Almen's  reagent  (4  grams  nitrogen-free 
tannic  acid  +  190  cc.  50  per  cent  alcohol  +  8  cc. 
25  per  cent  acid).  This  was  tried  with  very  satis- 
factory results.  No  experimental  details  being  given 
by  Barthels,  these  were  worked  out.  The  best  results 
were  obtained  by  using  10  to  12  cc.  of  the  reagent  for 
a  10  gram  sample,  of  milk.  The  clear  filtrate,  with 
washings  from  the  casein — which  was  precipitated 
according  to  the  Official  Method — was  neutralized 
with  sodium  hydroxide  with  the  addition  of  a  few  drops 
of  phenolphthalein.  The  pink  color  was  then  dis- 
charged with  one  drop  of  10  per  cent  acetic  acid,  the 
filtrate,  about  200  to  250  cc.  in  volume,  was  heated 
to  40°-45°C.,  and  the  reagent  added,  the  mixture 
stirred  continually  for  two  minutes,  and  then  allowed 
to  stand  for  half  an  hour  before  filtering,  when  the 
albumin  was  precipitated  in  a  very  fine  flocculent  form. 
When  filtered  immediately  after  precipitation,  some  of 
the  precipitate  invariably  passed  through  the  paper. 
The  precipitate  and  the  paper  were  then  treated  ac- 
cording to  the  Official  Kjeldahl-Gunning  method,  the 
nitrogen  determined,  and  the  result  multiplied  by  6.34 
for  albumin. 

The  protein  in  the  filtrate  from  the  above  operation 
was  determined  in  each  case,  and  was  found  to  show 
an  average  of  o.io  per  cent. 

The  following  tables  show  the  results  obtained  by 
both  methods: 


Table  I  (Percbntages) 

Pro- 
Albumin  tein 
Sample                       pptd.  by  in 
No.                              boiling  filtr. 

a 0.250  1.22 

b 0,432  0.54 

c 0.318  0.80 

d 0.417  0.70 

e 0.306  0.40 

/ 0.342  0.55 

g 0.375  0.47 

h 0.525  0.49 


Table  II  (Percentages) 


Albumin  Pro- 

pptd.  by  tein 
iample                      Almen's       in 

No.  reagent  filtr. 

1 0.650  0.120 

2 0.615  0.105 

3 0.628  0.102 

4 0.526  0.044 

5 0.611  0.129 

6 0.595  0.075 

7 0.775  0.165 

8 0.629  0.061 

Average 0.  100 


SUMMARY 

From  the  above  it  would  appear  that  the  method 
for  estimating  albumin  as  outlined  in  the  Official 
Bulletin  is  unreliable. 

The  above  method  gives  much  more  satisfactory 
and  uniform  results,  and  is  quite  as  convenient  both  as 
regards  time  and  manipulation. 

Note — The  tannic  acid  used  was  Merck's  "Highest  Purity."  but  it 
should  be  tested  for  nitrogen,  and  the  correction  made  if^iirotciii  matter 
is  to  be  determined  in  the  filtrate  from  albumin. 

Gordon  Hall  of  Chemistry,  School  of  Mininc. 
N,  Ontario 


1  Barthels  "Milk  and  Dairy  Products"   (Goodwin's  Tr.),  p.  85. 
=  Zeit.  Jiir  physiol.  Chem.,  13. 


THE  ABSORPTION  OF  CERTAIN   RADICALS  BY  LEAVES 
IN  VARYING  STAGES  OF  DECAY,  AND  THE 
EFFECT  OF  LEAVES  ON  THE  ABSORP- 
TION OF  THESE  RADICALS  BY 

A  son, 

By  H.  A.  NOYES 
Received  April  18,  1914 

Soil  substances  of  a  humic  nature  have  not  been 
supposed  to  play  the  important  part  in  soil  absorption. 
Very  little  is  known  of  the  absorption  and  adsorption 
of  humus-forming  substances  as  they  decay,  and  their 
effect  on  the  absorptive  capacity  of  the  soil  in  their 
different  stages  of  decay.  No  literature  bearing 
directly  on  this  subject  is  available.  It  was  for  this 
reason  that  the  following  work  was  undertaken. 

The  work  divides  itself  into  three  divisions,  the  ob- 
jects of  which  are  to  study  the  absorption  of  certain 
radicals  by: 

I — Freshly  fallen  leaves  and  leaf  moulds  in  differ- 
ent stages  of  decay. 

II — Mixtures  of  soil  and  leaves. 

Ill — Mixtures  of  soil  and  leaves  after  they  had  been 
allowed  to  remain  in  contact  for  a  time. 

MATERIALS    USED    IN    THE    INVESTIGATION 

I — Freshly  fallen  leaves  gathered  from  the  lawn. 

2 — The  freshly  fallen  leaves  after  six  months  decay 
in  the  greenhouse. 

3 — Two  leaf  moulds.  Sample  (A)  was  decayed  so 
that  the  structure  of  the  leaves  was  not  visible,  while 
in  sample  (C)  the  woody  portions  of  the  leaves  were 
still  discernible. 

4 — Brown  silt  loam,  unfertilized  for  years  and  very 
poor  in  organic  matter. 

5 — A  mixture  of  95  per  cent  by  weight  of  the  brown 
silt  loam,  and  s  per  cent  of  the  freshly  fallen  leaves. 

6 — A  mixture,  containing  80  per  cent  of  the  brown 
silt  loam  and  20  per  cent  of  the  freshly  fallen  leaves. 

7 — Mixtures  of  the  leaves  and  loam,  as  above,  after 
six  months  decay  in  the  greenhouse.' 

PREPARATION  OF  THE  MATERIALS — All  the  materials 
were  ground  in 'a  hand  coffee  mill  after  they  were  air- 
dried.  All  ground  well  with  the  exception  of  the 
freshly  fallen  leaves.  The  ground  material  passed 
through  a  one  millimeter  sieve.  (The  woody  portions 
of  the  leaves  were  sometimes  in  pieces  five  millimeters 
long.) 

The  solutions  used  were  approximately  tenth  normal. 
The  salts  used  were:  potassium  bromide,  chloride  and 
iodide,  calcium  hydrogen  phosphate,  calcium  chloride, 
ammonium  chloride,  potassium  nitrate  and  magnesium 
sulfate. 

PROCEDURE — Thirty  grams  bf  the  air-dry  material 
were  placed  in  a  12  oz.  salt-mouthed  bottle  with  200  cc. 
of  the  salt  containing  the  radical  to  be  studied.  The 
bottle  was  closed  with  a  rubber  stopper  and  shaken 
for  fifteen  minutes  in  a  shaking  machine,  and  then  at 
intervals  by  hand.  After  about  18  hrs.  the  contents 
were  poured  onto  a  folded  filter  and  the  filtrate  was 
returned  until  the  filtrate  came  through  clear.  50  to 
80  cc.  of  the  filtrate  were  collected  in  a  small  flask  or 

I  The  water-hdiding  capacity  of  the  leaves  and  of  the  mixtures  was 
determined  and  they  were  kept  at  one  half  the  results  of  these  determina- 
tions while  decaying. 
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glass  stoppered  bottle;  10  cc.  portions  of  the  -filtrate 
were  taken  and  the  determinations  carried  out  by  some 
standard  method. 

The  solutions  were  always  analyzed  within  a  few 
hours  after  they  were  prepared  as  moulds  grew  in  them 
if  they  were  allowed  to  stand.  No  heat  was  applied 
to  any  of  the  solutions  unless  it  was  called  for  in  the 
analytical  method  used. 

Water  solutions  of  the  materials  were  made  up  in 
the  same  manner  and  these  with  aliquots  of  the  solu- 
tion containing  the  radical  under  investigation  con- 
stituted the  blank  and  the  check  determinations. 

ANALYTICAL  METHODS — The  chlorides,  bromides,  and 
iodides  were  determined  by  titrating  with  silver  nitrate, 
using  potassium  chromate  as  an  indicator. 

The  phosphoric  acid  was  determined  gravimetrically 
as  magnesium  pyrophosphate. 

The  ammonia  was  determined  by  adding  strong 
sodium  hydroxide  and  distilling  into  standard  acid. 

The  nitrates  were  determined  by  the  Kjeldahl  process 
modified  to  include  nitrates. 

The  potassium  was  determined  gravimetrically  as 
potassium  chloroplatinate. 

Calcium  was  determined  volumetrically,  being  pre- 
cipitated as  the  oxalate,  and  titrated  with  potassium 
permanganate. 

The  magnesium  was  determined  as  the  pyrophos- 
phate. 

The  sulfate  was  precipitated  and  weighed  as  barium 
sulfate. 

RESULTS — The  results  of  the  blank  determinations 
have  been  deducted  from  the  figures  given  in  the  fol- 
lowing tables  and  for  that  reason  are  given  here. 
Water  solutions  of  all  the  materials  studied  showed 
phosphates,  sulfates,  chlorides,  and  nitrates  to  be 
present  in  them. 

Table  I — Absorption  by  Freshly  Fallen  Leaves  and  Leaves  in  Three 
Stages  of  Decay 
Calculated  per  gram  of  the  material  used.     There  was  no  absorption 
of  CI,  Br,  I,  NO3,  Mg  nor  SO4 

Radical  PO4  NH)  K  Ca 

Freshly  fallen  leaves Very  slight         0.001835   0.006013   No  ab. 

Freshly    fallen    leaves    after    six 

mos.  decay 0.00047  0.002410  0.002740  0.00214 

Leaf  mould  C 0.00128  0.002559   0.004078  0.00005 

Leaf  mould  A 0.00284  0.003141   0.004175  O.OOOII 

This  table  shows  that 

I — The  absorption  of  PO4  increases  as  the  decay 
proceeds. 

2 — The  ammonium  absorption  increases  as  the  de- 
cay proceeds. 

3 — The  potassium  absorption  depends  on  the  state 
of  the  material  at  the  time  that  the  test  is  made. 

4 — The  calcium  absorption  seems  to  increase  as 
the  decay  proceeds. 

SPECIAL  EXPERIMENTS — Freshly  fallen  leaves  and 
the  two  leaf  moulds  were  treated  with  tenth  normal 
benzoic  acid  in  alcohol  solution.  The  leaves  showed 
no  absorption  of  the  benzoic  acid,  while  the  leaf  moulds 
showed  absorption  directly  proportional  to  the  decay. 

Freshly  fallen  leaves  were  washed  with  distilled 
water.  The  washed  leaves  contained  less  sulfate, 
chloride,  etc.,  but  the  washing  had  no  effect  on  the 
absorption. 

The    hygroscopic    moisture    was    determined    in    the 


materials  with  the  result  that  it  was  proven  that  it 
did  not  affect  the  absorption. 

Portions  of  the  materials  were  reground  and  sieved 
and  the  absorption  of  these  sievings  was  compared 
to  that  of  the  original  material  with  the  result  that  it 
was  determined  that  the  absorption  was  in  some  cases 
slightly  affected  by  the  size  of  the  particles. 

Table  II — Absorption  by  Freshly  Fallen  Leaves,  a  Soil,  and  Two 
Mixtures  of  the  Soil  and  Leaves 
Calculated  per  gram  of  the  material  used.     There  was  no  absorption 
of  CI,  Br,  I  nor  NO3 

Radical  PO4  NH.  K  C(a)  Mg         SOi 

Freshly     fallen        Very 

leaves slight        0.001835  0.006013  No  ab.     No  ab.     No  ab. 

Brown  silt  loam.   0.00273  0.000520  0.002805  0.00021   0.00007  0.00086 
95  per  cent  soil,  5 

per     cent     leaf 

mixture 0.00247   0.001105   0.003305   0.00021    0.00007   0,000658 

80   per   cent   soil, 

20      per      cent 

leaf  mixture.  .  .    0.00179  0.00II37  0.004352  0.00013  0.00006  0.000782 
(a)  The  solution  used  was  hundredth  normal. 

This  table  shows  that: 

I — The  leaves  are  principally  concerned  with  the 
absorption  of  the  ammonium  and  potassium  radicals. 

2 — The  absorption  of  the  other  materials  is  due  more 
to  the  soil  than  to  the  leaves. 


Table   III — Absorption   by   Decaying    Leaves,   a  Soil,   and  Two 
Mixtures  of  the  Soil  and  the  Decaying  Leaves 
Calculated  per  gram  of  the  material  used.     There  was  no  absorption 
of  CI,  Br,  I  nor  NOa 

Radical  PO4  NH4  K  Ca  Mg  SO4 

Freshly  fallen 
leaves   after   6 

mos.  decay 0.00047  0.002410.00274  0.00214     No  ab.     No  ab. 

Brown  silt  loam  ..  .    0.00273  0.00052  0.00281  0. 0002 1(o)0. 00007  0.00086 
95   per  cent   soil.   5 

per  cent  leaf  mix.  Very 

after6mos.  decay  0.00196  0.00062  0.00230  0.00086     slight        No  ab. 
80  per  cent  soil.  20 
per  cent  leaf  1 


afte 


de- 


Ve 


cay 0.00299  0.00148  0.00306  0.00157     slight        No  ab. 

(a)  The  solution  used  was  hundredth  1 


This  table  shows: 

I — That  the  sulfate  and  the  magnesium  which  the 
soil  would  absorb  are  being  supplied  by  the  leaves. 

2 — Irregularity,  probably  due  to  the  different  stages 
of  decay  of  materials  since: 

(a) — The  capillarity  of  the  mixtures  was  observed 
to  be  very  different. 

(b) — Bacterial  decomposition  was  not  the  same 
because  of  differences  in  the  pore  space,  the  tem- 
perature and  the  materials  used. 

3 — That  the  absorption  of  the  soil  is  increased  by 
having  decaying  humus-forming  material  in  it. 

CONCLUSIONS 

I — Leaves,  undecayed  and  in  different  stages  of 
decay  show  absorption  for  certain  radicals.  This 
absorption  (for  the  radicals  studied)  does  not  always 
increase  with  the  decay. 

2 — The  color  of  the  solutions  obtained  by  treating 
the  same  material  with  a  different  salt  may  not  be  the 
same.  This  indicates  that  some  of  the  absorption 
may  be  chemical  combination. 

3 — When  soil  is  added  to  the  leaves  they  still  absorb. 

4 — The  mixtures  of  the  soil  and  the  leaves  both 
before  and  after  decay  has  started  do  not  absorb  on  the 
same  basis  that  their  constituents  do. 

5 — SUMMARY — Humus-forming  substances  such  as 
leaves  do  play  a  part  in  soil  absorption  and  the  part 
that  they  play  depends  on  their  state  of  decay. 
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ADDENDUM — As  Stated  above  no  literature  bearing 
directly  on  this  subject  was  found  by  the  author. 
The  following  literature  will  be  of  interest  to  anyone 
wishing  to  undertake  work  of  this  kind. 

Compl.  rend..  132  (1901),  4.-?5-4.17. 

Ihid..  141  (1905),  433-445. 

An  abstract  in  Exp.  Sta.  Rec,  IS,  534. 

LandwirtschaflUche  Jahrbucher,  41,  717-754. 

This  work  was  undertaken  at  the  suggestion  of  Dr. 
Ernest  Anderson  of  the  Massachusetts  Agricultural 
College  and  was  completed  in  the  Department  of 
General  and  Agricultural  Chemistry  of  that  college. 

Agricultural  Experiment  Station 
Purdue  University,  Lafayette,  Ind. 


DISTRIBUTION  OF  CERTAIN  CONSTITUENTS  IN  THE 
SEPARATES  OF  LOAM  SOILS 

By   I,.   A.   Steinkoenig 
Received  April  6,  1914 

INTRODUCTION 

The  determinations  given  in  this  paper  were  made 
with  a  view  to  finding  the  distribution  of  the  com- 
moner elements  in  the  finer  separates  of  a  series  of 
loam  soils.  The  analyses  were  made  by  fusion  methods, 
so  that  the  entire  amount  of  the  constituent  was  de- 
termined in  each  case.  In  many  former  experiments 
in  this  direction  only  the  material  extracted  by  digest- 
ing with  acid  of  certain  concentration  was  determined. 
Previous  related  work  along  this  line  was  reviewed 
by  Failyer,  Smith  and  Wade,  in  Bulletin  No.  54i 
Bureau  of  Soils,  U.  S.  Department  of  Agriculture. 
Little  work  has  been  done  along  this  line  since  this 
publication  was  issued.  The  bulletin  of  Failyer, 
Smith  and  Wade  gives  the  determinations  of  total 
lime,  magnesia,  potash  and  phosphoric  acid.  The 
present  work  covers  in  addition  the  distribution  of  silica, 
iron  oxide,  alumina,  titanium  oxide,  zirconia  and  soda. 

Twenty-seven  soils  of  various  types  were  examined 
by  Failyer,  Smith  and  Wade  for  the  distribution  of 
phosphoric  acid,  potash,  lime,  and  magnesia  among 
the  separates.  Among  other  conclusions,  they  found 
that  these  constituents  were  more  concentrated  in 
the  finer  particles  and  the  segregation  is  more  marked 
in  soils  that  have  been  subject  to  extreme  weathering. 

DESCRIPTION  OF  SAMPLl  S 

Ten  soils  in  all  were  examined.  They  were  as 
follows: 

1 — Volusia  silt  loam,  soil.  0-8  inches,  3'/i  miles  S.  W.  Naples,  N.  Y. 
Glacial  origin.  Formed  mainly  from  sandstone  and  shale  material,  with 
some  brought  in  by  glacial  action. 

2 — Cecil  sandy  loam,  soil,  0-8  inches,  3'A  miles  S.  W.  Charlotte,  N.  C. 
Derived'  mainly  from  granite,  gneiss  and  to  a  smaller  extent  from  other 
crystalline  rocks.     A  Piedmont  Plateau  type. 

3 — Durham  sandy  loam,  soil.  0-10  inches,  PA  miles  N.  E.  Archer, 
N.  C.  Formed  mainly  of  materials  derived  from  light-colored,  medium- 
grained  granite.  A  Piedmont  Plateau  type,  occurring  in  the  region  border- 
ing the  Coastal  Plain.  Contains  a  relatively  large  percentage  of  potash 
feldspar,  derived  from  the  parent  rock. 

4 — Hagerstown  loam,  soil  0-8  inches.  1  mile  N.  W.  Conshohocken, 
Pa.  One  of  a  group  of  soils  resulting  from  the  weathering  of  limestone. 
Sands  rich  in  mineral  species. 

5 — Norfolk  sandy  loam,  soil,  0-14  inches,  3'/!  miles  S.  W.  Laui-insburg. 
N.  C.  An  important  type  in  the  Coastal  Plain  Province;  Derived  from 
unconsolidated  marine  deposits. 

6 — York  silt  loam,  soil,  O-IO  inches,  Bethany,  S.  C.  Formed  of  ma- 
terials derived  from  imperfectly  crystalline  rocks,  mainly  talcose  and 
micaceous  schists.     Piedmont  Plateau  Province. 


7 — Louisa  loam,  soil,  0-12  inches,  Trevelians,  Va.  Derived  mainly 
from  talcose  and  micaceous  schists  and  imperfectly  crystalline  slates. 
Piedmont  Plateau  Province. 

8 — Penn  silt  loam,  soil,  0-9  inches,  '/s  mile  W.  Penn  Square,  Pa. 
Formed  mainly  from  sandstones  of  triassic  age.     Piedmont  Plateau  Province. 

9 — Gloucester  stony  loam,  3  miles  E.  of  Marlboro,  N.  H.,  soil,  0-8 
inches.  A  glacial  soil  derived  mainly  from  granite  and  mica  schist,  but 
witb  some  admixture  of  other  materials  brought  by  glacial  action. 

10 — Carrington  loam,  0-11  inches,  Lawville,  Wis.  Derived  through 
weathering,  from  glacial  till.     Glacial  and  Loessial  Province. 

PREPARATION    OF    SEPARATES 

The  separates  of  the  soils  were  obtained  by  sedi- 
mentation and  centrifuging  as  described  in  Bulletin 
84,  Bureau  of  Soils,  Department  of  Agriculture,  191 2.' 

The  diameters  of  the  particles  making  up  the  sep- 
arates used  were  as  follows: 


Diameter  in  millimete 
0.1-0.05 


Separates 
Fine  sand 
Coarse  silt 
Fine  silt  and  clay 


■  After  the  samples  were  ground  and  had  reached 
equilibrium  with  the  moisture  of  the  air,  they  were 
ready  for  analj'sis.  Moisture  lost  at  110°  C.  was 
determined  and  calculations  made  on  the  basis  of 
samples  dried  at  this  temperature. 

METHOD    OF    ANALYSES 

The  determinations  were  made  by  fusion  methods 
following  very  closely  those  given  in  Bulletin  422  of 
the  U.  S.  Geological  Survey,  "The  Analysis  of  Silicate 
and  Carbonate  Rocks." 

Silica,  iron  oxide,  titanium  oxide,  lime,  and  mag- 
nesia were  determined  first  by  fusing  a  three-quarter 
gram  sample. 

A  2  gram  sample  was  used  for  the  determination  of 
zirconia.  Zirconia  was,  after  separation  from  larger 
amounts  of  silica,  alumina,  etc.,  taken  up  in  dilute 
sulfuric  acid  solution  and  precipitated  as  phosphate, 
fused,  and  again  brought  into  solution  and  precipitated. 
The  weight  of  the  dioxide  is  calculated  from  the 
amount  of  the  phosphate. 

For  the  determination  of  phosphoric  acid  the  sample 
was  fused  with  sodium  carbonate.  After  removing 
silica  the  phosphorus  is  precipitated  as  yellow  phos- 
phomolybdate  of  ammonium,  dissolved  in  ammonia 
and  later  precipitated  as  magnesium  ammonium  phos- 
phate and  weighed  as  magnesium  pyrophosphate. 
The  alkalies  were  determined  by  the  J.  Lawrence 
Smith  method.  Alumina  was  determined  by  sub- 
tracting from  the  iron  group  the  sum  of  the  other 
oxides  present. 

The  following  tables  give  the  results  of  the  analyses. 

DISTRIBUTION    OF    THE    ELEMENTS    IN    GENERAL 

The  order  of  abundance  of  silica,  alumina  and  iron 
oxide  in  these  separates  is  that  usually  found  in  soils. 
In  every  separate  examined  the  percentage  of  silica 
(Si02)  is  greater  than  that  of  any  other  oxide.  In  all 
cases,  except  two,  alumina  is  second  in  order  of  abun- 
dance.    In  most  cases  iron  is  third. 

As  with  soils  hitherto  examined,  the  percentage  of 
silica  decreases  from  the  coarser  to  the  finer  particles. 
Zirconia  follows  the  same  variation  except  in  two  cases. 

Iron  oxide,  alumina,  titanium  (with  two  exceptions), 
potash    (with   three  exceptions),   and   phosphoric  acid 

'  The  mechanical  analyses  were  made  by  Messrs.  L.  A.  Kolbe  and 
W.  B.  Page  of  the  Bureau  of  Soils. 
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Table  I — Pbrcbntage  Composition  of  Sou,  Separates 

No.  1                                     No.  2  No.  3                                      No.  4                                     No.  5 

Volusia  Silt  Loam           Cecil  Sandy  Loam  Durham  Sandy  Loam          Hagerstown  Loam         Norfolk  Sandy  Loam 

Fine    Coarse  Fine  silt        Fine    Coarse  Fine  silt  Fine     Coarse  Fine  silt       Fine     Coarse  Fine  silt         Fine     Coarse  Fine  silt 

Constituent                          sands       silt      and  clay      sands       silt     and  clay  sands        silt     and  clay      sands       silt      and  clay       sands       silt     and  clay 

SiOs 90.05     87.78     46.09         94.79     86.89     45.92  79.44     80.53     55.29          76.23     82.26     42.96         98.99     95.37     58.71 

F«Os(o) 1.89        1.69      10.51            1.21        1.21        6.46  1.27        1.05       4.84            2.32        1.67      11.13            0.35        0.52       3.97 

AliOj 5.08       5.66     22.52            2.73       6.86     28.14  11.39      10.08     24.80            8.01        8.19     23.80           0.40        1.48      18.44 

TiO! 0.64       0.95       0.98            0.87        1.05        1.19  0.79        1.11        1.86            1.03        1.16        1.01            0.57        1.12       3.38 

CaO 0.56        0.47        0.70            0.33        0.13        0.26  0.88        0.68        0.43             1.72        0.97        1.27             0.05        0.24        0.28 

MgO Trace       0.15        1.03         Trace     Trace       0.36  Trace     Trace     Trace            2.06       0.84        1.44            0.01        0.03     Trace 

ZrOi 0.14       0.07       0.01            0.11        0.06       0.01  0.14       0.20       0.03            0.11        O.Il        0.01            0.06       0.18       0.07 

NajO 0.79        1.06       0.40           0.13       0.06       0.20  1.58        1.31        0.24           0.27       0.83       0.37          Trace       0.08       0.26 

KiO 0.99        1.06        1.66           0.79        1.66        1.99  5.56       4.35        1.62            3.83        2.54       2.02         Trace       0.15       0.63 

PjOs 0.16       0.08       0.44            0.10       0.12       0.23  0.12       0.14       0.17            0.20       0.03       0.45            0.08       0.03       0.08 

No.  6                                     No.  7  No.  8                                   No.  9                                      No.  10 

York  Silt  Loam                   Louisa  Loam  Penn  Silt  Loam         Gloucester  Stony  Loam        Carrington  Loam 

SiOj 97.51      75.03     38.97          97.35     89.11     57.07  85.16     84.27     46.05          77.19     64.13     22.55          88.33     85.04     41.62 

FeiOa                            ...        0.82        2.27        7.13             1.24        2.79        7.11  2.46        1.81      10.09             2.95        4.80      17.02             2.07         1.80        9.02 

AhOj 1.07      15.08     31.33            0.92       3.72     18.51  7.52       8.11     23.23          12.56     18.28      16.76           5.15       6.91      18.14 

TiOj   0.41        0.33       0.45            0.55       2.44        1.70  0.70        1.14        1.04            1.20        1.15        1.09            0.45       0.69       0.68 

CaO     0.11        0.19       0.36           0.27       0.34       0.22  0.31        0.35       0.98            1.09       0.78       0.74            0.59       0.67        1.20 

MgO Trace       0.04     Trace            0.06       0.15       0.26  0.35       0.40       1.56            0.62        1.05       0.30            0.28       0.37        1.21 

ZrOs   0.02       0.03       0.05            0.11        0.15       0.04  0.08       0.11        0.01            0.09       0.08       0.01            0.07       0.07       0.01 

NaiO 0.06       0.59       0.61          Trace       0.24       0.14  2.18        Ii78       0.41             1.70        1.52       0.49            0.56        1.12       0.36 

KjO 0.22       3.72       5.40            0.02       0.76       1.85  0.58        1.38       2.87            1.40       2.60        1.79            2.40       2.22        1.67 

PjOt 0.04       0.09       0.12            0.10       0.01        0.24  0.06       0.02       0.29            0.15       0.13       0.43            0.10       0.04       0.46 

(a)  Includes  both  ferric  and  ferrous  iron. 

(with  one  exception)  increase  in  percentage  composition  should  also  be  made  of  the  recent  paper  by  Rudnick 

with  the  fineness  of  the  particles.  and   Latshaw.'     The   result   has  been  that   while   one 

Lime,  magnesia  and  soda  seem  to  follow  no  general  analyst    can    usually    reproduce    his    own    results,    the 

rule.     The    higher   content    of   potash   in   the    coarser  results    of    different    analysts    have   frequently    shown 

separates  of  three  soils  is  due  to  the  presence  of  coarse  wide    variations.     Thus     McCandless,"    while    referee 

crystals    of    potash    feldspar.     As    a    rule    potash    is  on    phosphoric    acid    for    the    Association    of    Official 

segregated  in  the  finer  particles.  Agricultural  Chemists,  found  solutions  made  by  differ- 

Table  II— Average,  Maximum  and  Minimum  Amounts  op  the  Several  ent   men  to  vary  in   their   ratio   of   ammonia  to   citric 

Mineral  Constituents  Found  mj^HEDiPPERENT  separates  ^^j^     ^^^^      I    :  3-775     tO     1:4-189.       The     Commercial 

Fine                                                 Fine  importance  of  this  solution  requires  that  it  should  be 

Fine  Coarse  and                               Fine  Coarse  and  defined  accurately  and  that  the  method  for  its  prepara- 

Constituent        sands     silt       clay            Constituent       sands     silt       clay  ,.             1111           -1              1         i-    i_i            t»    r                    i.       ^.i  • 

I  Av      88  50  83  05  45  52                  ( Av      0  40    0  33    0  54  ''''°''-'  should  be  Simple  and  reliable.     Reference  to  this 

^'°'      iMfn-   jft'l'  et  ^3  22'55        ^^°      Mfn'  Trace  Trace  Trice  Problem  by  One  of  US  in  an  address'  at  the  Milwaukee 

I  Av.       1.66    1  96    8  73                  ( Av      0  09    0  1 1    0.02  meeting  of  the  American   Chemical   Society  led  to   a 

''"°'  JMfn.'     O.Il    0I2  '3:9?        ^'■°'    Imn:  o:i2    OM    o;m  request   from   the    Fertilizer    Division   for   cooperation 

(Av.       5.48    8.44  22.57                  1  Av.     0.73    0.86    0.35  in  its  solution,  resulting  in  the  work  which  is  described 

AUOj      -^Max.     12.56    18.28  31.33            NajO     a' Max.    2.18      1.78     0.61  .,,,,.                            ^ 

/Min.       0.40     1.48   16.76                         ^  Min.     Trace  0.06     0.14  in  the  foUowing  pages. 

lAv.  0.72      1.11      1.34  lAv,        1.58      2.04      2,15 

TiOj       -^Max.       1.20     2.44     3.38           KjO       ^  Max.    5.56     4.35     5.40  DEFINITION    OF    A    "NEUTRAL    SOLUTION 

<  Min.       0.41     0.33     0.45  /  Min.     Trace  0.76     0.63 

i  Av.       0.59    0.48    0.64                  1  Av.     0.11    0  08    0.29  In  defining  the  solution  it  is  necessary  to  bear  in 

CaO       -^  Max.       1.72     0.97      1.27           PiOi      <  Max.    0.20     0.14     0.46  ■     j  ,-t.      r      .t  it.    x        i^        r             1           -j            j   u              j            .>. 

j  Min.     0.05    0.13    0.22                  (Min.    0.04    0.01    0.08  mind  the  lact  that  salts  of  Weak  acids  and  bases  Qo  not 

r^  ,,     TT     J.                                     .                  ...  necessarily  react  neutral  in  aqueous  solution.     A  salt- 

lable  11  01   averages  and  maximum  and  minimum  ...          ,.              .^  ^       -n          ^    n    i-        j      ^    l    j     i     • 

,         ,              ,        ^          ,                  .  .           r     ,       ^  "'^s  sodium  acetate  will  react  alkaline,  due  to  hydrolysis, 

results    shows    the    general    composition    of    the    nner  ,  .,               ...                     ...     .  ,         ...            ,        .  , 

,  ,                 ,1-        -         r                 ■         r  while    one   like    ammonium    chloride    will   react    acid. 

separates  01  loams  and  direction  of  segregation  or  con-  „rt.       u   ^i.             i-jj              ii.         --ij 

:             .      ,                                            *"    *•  When  both  a  weak  acid  and  a  weak  base  are  involved 

stituents  in  them.  -,,                   -                ,    ^               .,,,,,,. 

as    with    ammonium    acetate,    considerable    hydrolysis 

u.  s.  de^aTtmI^nt  of  agLculture  ^^1^  ^^^^  P^ace,  and  the  solution  will  contain  an  ap- 

Washington  preciable  quantity  of  free  acid  and  base,  though  the 

extent  to  which  the  solution  would  depart  from  neu- 

THE  PREPARATION  OF  "NEUTRAL"  AMMONIUM  trality  would  depend  on  the  relative  strength  of  the 

CITRATE  ^j,j(j^    ^j^(j^    base.     A    solution    of    ammonium    citrate. 

By  Ermon  d.  Eastman  and  Joel  h,  hildebrand  therefore,  shows  considerable  hydrolysis,  and  contains 

In    the    official    method    for    the    determination    of  free  acid  and  free  base,  even  when  the  citric  acid  and 

phosphoric   acid  in  fertilizer,  it  is  necessary  to  use  a  the    ammonia    are    present    in    equivalent    quantities. 

"neutral    solution"    of    ammonium    citrate    of    density  Yot  this  reason  it  is  folly  to  expect  to  prepare  a  neutral 

1.09  at  20°.     A  number  of  methods  have  been  proposed  solution  of  ammonium  citrate  by  one  of  the  methods 

for  preparing  this  solution,  such  as  those  using  various  that  has  been  proposed,  i.  e.,  to  add  an  excess  of  am- 

indicators,2  the  titration  by  conductivity,'  the  extrac-  monia   and   let   stand   till   the   excess   has   volatilized. 

tion  and  heat  of  reaction  methods,^  and  an  analytical  Any  solution  of  ammonium   citrate,   whether  acid   or 

method    proposed    by    Patten    and    Marti.''     Mention  alkaline,    contains    free    ammonia,    which    would    be 

I  Presented  at  the  49th  Meeting  of  the  A.  c.  s.,  Cincinnati,  April  gradually  removed  On  Standing  Open  to  the  air  and  more 

'Bull.  Bur.  Che,,,..  107.  1;  132,  11.  rapidly  by  boihng- 

•  Hall  and  Bell.  J.  Am.  Chem..  Soc,  4  (1912),  443.  '  This  Journal,  6  (1913),  998. 

«  Bell  and  Cowell,  J.  Am.  Chem.  Soc,  36  (1913),  49.  '  Bull.  Bur.  Chem.,  122,  147. 

'  This  Journal,  6  (1913),  567.  '  Hildebrand,  J.  Am.  Chem.  Soc.  3S  (1913),  848,  1538. 
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Whether  or  not  a  solution  containing  equivalent 
amounts  of  ammonia  and  citric  acid,  which  we  shall 
call  the  normal  salt,  will  be  neutral,  acid,  or  alkaline, 
depends  upon  the  relative  affinity  of  ammonium  ion 
and  citrate  ion  for  hydroxyl  and  hydrogen  ion,  re- 
spectively, of  water;  in  other  words,  upon  the  relative 
ionization  of  NH4OH  and  HCeHsO?"  ~.  Since  the 
dissociation  constants  of  the  three  hydrogen  ions  of  the 
citric  acid  molecule  are  not  known  separately,  the 
question  of  the  neutrality  of  the  solution  must  be 
determined  experimentally.  This  is  very  conveniently 
done  by  means  of  the  hydrogen  electrode,  as  previously 
described  by  one  of  us.'  The  results  of  such  titration 
in  the  neighborhood  of  the  neutral  point  are  shown 
in  Fig.  I.     It  was  pointed  out  in  the  previous  paper 


/Varma/  AmfTxirmrn  i^ifmte 
NeoM  Ammomum  Cifrafer- 


^3  Z'f     C.C.  m.OH 

Fig.    I— Hydrogen    Elbctrodb    Titration   Curve.    CsHsO;    with 
NH4OH 

that  the  point  of  inflection  of  such  a  curve  represents 
the  normal  salt,  while  E.  M.  F.  of  0.69  volt  against  a 
normal  calomel  electrode,  corresponding  to  a  hydrogen 
ion  concentration  of  10"'  at  room  temperature  indi- 
cates a  truly  neutral  solution.  (In  this  calculation 
the  liquid  contact  potential  has  been  neglected,  as 
where  two  nearly  neutral  solutions  of  high  concentration 
are  in  contact  the  potential  can  be  disregarded  where 
an  accuracy  of  a  centivolt  is  sufficient,  as  is  the  case 
here.)  It  will  be  seen  that  the  solution  of  the  normal 
salt  is  slightly  alkaline,  having  a  hydrogen  ion  con- 
centration of  lo"'"".  It,  therefore,  becomes  a  question 
which  solution  should  be  selected.  It  may  be  noted 
that  the  acidity  varies  most  rapidly  with  the  composi- 
tion along  this  portion  of  the  curve,  and  that  solutions 
containing  a  definite  excess  of  citric  acid  or  ammonia 
would  not  need  to  be  made  nearly  as  carefully  in  order 
to  have  a  uniform  hydrogen  ion  concentration,  and, 
presumably  therefore,  a  uniform  action  on  phosphoric 
acid  bearing  material.  Since,  however,  the  neutral 
solution  is  prescribed  legally,  as  the  official  method, 
we  will  show  how  it  can  be  made,  and  since  the  normal 
and   neutral   solutions   are   so   nearly   alike,   and   since 

*  1.0c.  cit. 


the  former  results  from  the  analytical  and  conductivity 
methods  rather  than  the  latter,  it  will  doubtless  be  less 
disturbing  to  present  practice  to  recommend  it  rather 
than  the  truly  neutral  solution.  If  desired,  the  pro- 
cedure we  here  recomniend  could  easily  undergo  the 
slight  modification  necessary  to  yield  the  neutral  solu- 
tion. 

We  therefore  define  the  solution  as  one  containing 
equivalent  quantities  of  citric  acid  arid  ammonia,  and 
add  that  a  hydrogen  electrode  immersed  in  it  will 
show  an  E.  M.  F.  against  a  normal  calomel  electrode 
of  0.71  volt,  from  which  the  hydrogen  ion  concentration 
is  calculated  to  be  io~''*. 

PRINCIPLES    OF    PROPOSED    METHOD 

The  quickest  and  most  reliable  way  to  make  up  a 
solution  of  ammonium  citrate  of  equivalent  acid  and 
base  content  would  be  to  use  the  hydrogen  electrode 
in  the  form  such  as  was  described  by  one  of  us.'  The 
whole  curve  would  not  need  to  be  obtained.  It  would 
suffice  to  set  the  opposing  E.  M.  F.  at  0.71  volt  and 
add  ammonia  until  the  galvanometer  or  electrometer 
just  deflected  in  the  opposite  direction  on  pressing  the 
key.  This  would  require  the  apparatus  described  for 
such  purposes,  which  would  entail  some  expense, 
although  it  would  prove  a  useful  addition  to  an  analjrt- 
ical  laboratory.  Since  this  is  too  much  to  expect, 
however,  we  have  devised  a  method  whereby  the  same 
result  may  be  achieved  by  the  use  of  an  indicator 
with  a  slightly  greater  expenditure  of  time  and  labor. 

The  comparatively  slight  change  in  hydrogen  ion 
concentration  between  a  solution  containing  an  excess 
of  acid  and  one  containing  an  excess  of  ammonia, 
showing  itself  in  the  not  very  rapid  rise  in  the  curve, 
makes  clear  the  reason  for  the  unsatisfactory  behavior 
of  indicators  in  this  titration.  Most  indicators  require 
a  change  in  hydrogen  ion  concentration  of  nearly  a 
power  of  ten  in  order  that  their  colors  may  be  entirely 
changed.  Within  that  range  some  color  standard  is 
necessary  for  comparable  results  and  this  makes  the 
results  very  subjective,  as  ordinarily  worked.  (By 
reference  to  Fig.  IV  of  the  paper  on  the  hydrogen  elec- 
trode, to  which  frequent  reference  has  been  made,  it 
will  be  at  once  evident  that  the  hydrogen  ion  con- 
centration of  sodium  citrate  changes  far  more  rapidly 
through  the  neutral  point  than  that  of  ammonium 
citrate,  so  that  the  former  gives  a  sharp  end  point  with 
an  indicator  while  the  latter  does  not.) 

In  order  to  fix  the  hydrogen  ion  concentration  of 
the  solution  accurately  it  is  necessary  to  choose  an 
indicator  whose  color  change  is  a  maximum  at  the 
desired  point,  and  then  to  fix  the  desired  color  by  means 
of  a  standard  solution  which  will  give  to  the  indicator 
the  same  color  that  it  would  get  in  a  solution  of  the 
normal  ammonium  citrate  of  the  prescribed  density. 
It  was  found  that  a  standard  solution  of  the  same  hy- 
drogen ion  concentration  as  the  citrate  solution  would 
not  give  the  same  color  with  the  indicators  tried. 
This  is  to  be  attributed  to  the  large  salt  effect  of  such 
a  concentrated  solution.  The  acidity  of  the  com- 
parison solution  had  therefore  to  be  adjusted  by  trial. 

For  the  comparison  solution  we  used  a  mixture  of 
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mono-  and  disodium  phosphates.  The  change  from  a 
solution    containing     the    ions    PO4  and     HPOr" 

to  one  containing  HPO^  ~  and  HjPOr  is  marked  by  a 
sudden  increase  in  hydrogen  ion  concentration  which  is 
shown  very  satisfactorily  by  phenolphthalein.  The 
change  from  the  latter  pair  of  ions  to  the  mixture 
HsPOr    and    H3PO4    causes    another    sudden    increase 


6    8   10   /z    /^  /b  /a  20  zz  e4  irf   kg  cc./V/Zi'// 
Fig.  II— Titration  of  NajHPO.  with  ;HC1 

of  acidity  indicated  very  sharply  by  methyl-orange. 
Between  these  points  the  change  in  acidity  is  very 
slow,'  so  that  small  differences  in  the  concentrations 
make  but  little  change  in  the  acidity,  as  shown  by  the 
curve  in  Fig.  II.  The  difference  in  the  end  points  with 
these  two  indicators,  on 
titrating  a  solution  of  di- 
sodium hydrogen  phosphate, 
serves  to  fix  the  concen- 
tration of  phosphate  in  the 
solution,  and  it  is  then 
easy  to  transform  a  part 
of  this  by  addition  of  the 
proper  amount  of  hydro- 
chloric acid,  so  that  a  solution 
of  definite  hydrogen  ion 
concentration  is  obtained, 
subject  to  a  minimum  of 
variation  on  account  of  im- 
purities or  errors  in  the 
manipulation. 

In  choosing  an  indicator, 
alizarin,  guaiacum  tincture, 
neutral  red,  cryanin,  hema- 
tein,  rosolic  acid  and  azo- 
litmus  werecompared.  Con- 
siderations such  as  the 
sharpness  of  the  change  at 
the  desired  point,  the  nature 
and  permanence  of  the 
colors,  and  the  adaptability 
to  the  standard  solution  adopted,  led  to  the  final 
selection  of  rosolic  acid.     The  figures  given  apply  to 


it  only.  Changes  would  have  to  be  made  '  in  the 
standard  of  comparison  if  any  other  indicator  were 
employed. 

PROCEDURE    RECOMMENDED 

For  the  preparation  of  citrate  solution  in  two-liter 
lots,  dissolve  370  grams  in  1500  cc.  of  water,  and 
ne9.rly  neutralize  with  concentrated  ammonia  solution. 
Cool  to  20°  and  then  add  more  ammonia  from  a 
buret  until  a  10  cc.  portion  of  the  thoroughly  stirred 
solution,  with  a  suitable  quantity  of  rosolic  acid,  shows 
the  same  color  in  a  Nessler  tube  that  the  same  amount 
of  indicator  gives  with  a  10  cc.  portion  of  a  phosphate 
solution  prepared  as  follows: 

Titrate  a  25  cc.  portion  of  an  approximately  o.i  molar 
stock  solution  of  Na2HP04  (to  which  dilute  HCl  or 
NaOH  has  been  added  until  phenolphthalein  is  just 
colorless  in  the  solution)  with  iV/io  HCl  and  methyl 
orange.  To  a  fresh  25  cc.  portion  (neutral  to  phenol- 
phthalein) add  V/e  of  the  volume  of  HCl  used  in  the 
previous  titration.  Stir  well  and  use  a  suitable  portion 
for  the  color  standard  above.  When  the  citrate  is 
neutralized,  bring  the  solution  to  a  specific  gravity 
of  1.09  at  20°  C.  When  small  quantities  are  to  be 
made  it  is  simpler  to  prepare  a  volume  of  phosphate 
equal  to  the  desired  volume  of  citrate,  thus  avoiding 
the  withdrawal  of  samples.  For  the  10  cc.  portions  two 
drops  (100  drops  =  3  cc.)  of  rosolic  acid.  0.25  gram 
dissolved  in  50  cc.  alcohol  and  50  cc.  water,  gave  a 
good  color. 

The  method  is  sensitive  to  about  o.i  per  cent  of  the 
total  NH4OH  involved.  Three  distinct  samples  of 
"neutral"  citrate  prepared  by  the  above  formula,  and 
subsequently  tested  with  the  hydrogen  electrode 
showed    (H"*")    concentration     of     lo""-'",    lo"'-'*,    and 


Fig.  Ill— Conddctivity 


iND   E.  M.  F.  Curves.  Titration  ok  Citric  Acid  with  .\mmonia 

10-7.50^  respectively,  the  largest  error  being  0.1  per  cent. 
The  electrode  method  was  finally  compared  with  the 
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conductivity  method  by  a  titration  in  which  bridge 
readings  were  made  simultaneously  with  E.  M.  F. 
readings.  The  results  appear  in  the  curves  of  Fig.  Ill, 
which  show  satisfactory  agreement  in  the  abscissae. 


With  the  aid  of  the  hydrogen  electrode  an  indicator 
method  for  the  preparation  of  tri-ammonium  citrate 
has  been  developed.  The  H"*"  concentration  given 
by  solutions  of  this  salt  of  1.09  specific  gravity  is  shown 
to  be  10  "^  This,  concentration  is  obtained  in  the 
preparation  of  the  citrate  by  the  use  of  an  easily  pre- 
pared color  standard,  made  -by  mixing  HCl  and  Na?- 
HPO4  solution.  The  results  of  a  simultaneous  de- 
termination of  the  "neutral  point"  with  the  electrode 
and  conductivity  methods  are  shown  graphically,  and 
there  are  given  results  of  several  trials  of  the  formula 
suggested. 

NOTE — It  seems  very  likely  that  the  difficulties  of 
the  fertilizer  chemist  in  determining  available  phos- 
phate are  not  due  entirely  to  lack  of  uniformity  in  the 
ammonium  citrate  solution  used.  It  may  be  impossible 
to  distinguish  sharply  between  "reverted"  and  "avail- 
able" phosphate  by  means  of  neutral  ammonium  citrate 
solution.  For  example,  it  might  be  found  that  available 
phosphate  is  barely  dissolved  by  a  citrate  solution 
having  a  hydrogen  ion  concentration  of  io~',  while 
reverted  phosphate  is  not  greatly  affected  until  a 
hydrogen  ion  concentration  of  lo""*  is  reached.  Ob- 
viously the  best  solution  for  extraction  would,  in  that 
case,  be  one  whose  hydrogen  ion  concentration  is 
10"",  and  remains  so  during  the  extraction.  A  solution 
whose  hydrogen  ion  concentration  varied  between 
id"'  and  10""  would  dissolve  uncertain  amounts  of 
available  phosphate.  Furthermore,  as  mentioned  in 
the  above  paper,  solutions  of  the  normal  ammonium 
citrate  have  a  hydrogen  ion  concentration  most  sub- 
ject to  variation,  while  solutions  containing  an  excess 
of  acid  or  base  would  be  changed  much  less  by  an  altera- 
tion in  the  amount  of  that  excess.  By  reference  to 
the  paper  by  Hildebrand'  it  will  be  seen  (Fig.  IV)  that 
the  same  considerations  apply  to  the  proposal  to  use 
sodium  citrate.  The  hydrogen  ion  concentration  of 
an  acid  solution  would  be  far  less  affected  than  would 
that  of  one  nearly  neutral  by  small  variations  in  the 
amount  of  acid  present.  If  an  acid  solution  will  not 
sharply  differentiate  available  and  unavailable  phos- 
phate, then  recourse  must  doubtless  be  had  to  the 
ammonium  salt  with  an  excess  of  ammonia. 

It  may  also  be  found  desirable  to  maintain  a  definite 
hydrogen  concentration  during  the  digestion  by  means 
of  a  suitable  indicator,  adding  ammonia  or  citric  acid 
as  needed  to  maintain  a  definite  color. 
Chemicai.  Laboratory 
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vegetable  ammoniates  in  commercial  fertilizers  is 
a  subject,  of  considerable  interest  and  importance 
to  chemists  who  have  charge  of  analytical  work  in 
connection  with  the  enforcement  of  state  fertilizer 
laws. 

The  alkaline  and  neutral  permanganate  methods 
for  organic  nitrogen  activity  are  now  quite  generally 
employed  in  many  control  laboratories.  When  properly 
interpreted  they  are  capable  of  making  reliable  differ- 
entiations between  high  and  low  grade  organic  ammoni- 
ates as  regards  their  activity  or  availability  as  nitrog- 
enous plant  food. 

For  several  years  past  the  writers  have  taken  an 
active  interest  in  these  problems  both  as  regards 
laboratory  methods  and  their  control  by  pot  experi- 
ments. In  connection  with  these  lines  of  investiga- 
tion we  have  endeavored  to  secure  some  satisfactory 
method  for  separating  quickly  the  organic  nitrogenous 
portion  of  commercial  fertilizers  from  the  mineral 
nitrogen,  acid  phosphate  and  potash  salts.  Several 
procedures  have  been  tried  but  with  indifferent  success. 

The  scheme  about  to  be  described  was  perfected 
last  year  and  employed  as  extensively  as  time  per- 
mitted on  many  commercial  fertilizer  and  crude  nitrog- 
enous stock  samples. 

METHOD 

Prepare  the  sample  by  drying  from  loo  to  600 
grams  of  the  material,  preferably  unground,  at  a 
temperature  of  not  over  170°  F.  Cool  and  weigh. 
The  amount  taken  depends  on  the  nature  of  the  material 
and  on  the  quantity  of  the  organic  portion  desired. 
Nearly  fill  a  suitable  beaker  with  carbon  tetrachloride 
and  add  the  sample  "in  25  to  50  gram  portions.  Stir 
and  allow  to  settle.  Skim  off  the  portion  that  floats 
and  throw  on  to  a  dry  filter.  A  tin  tablespoon  is  very 
serviceable  for  this  purpose.  Continue  this  procedure 
until  the  entire  sample  has  been  thus  treated,  using 
more  carbon  tetrachloride  and  another  beaker  if  neces- 
sary. Dry  the  filter  containing  the  organic  portion 
in  an  air  bath.  Cool,  weigh  and  preserve  for  micro- 
scopical and  chemical  analysis. 

The  bulky  residue  that  sinks  is  transferred  to  a  2 
liter  flask,  the  filtrate  from  the  organic  portion  is  added, 
and  the  carbon  tetrachloride  recovered  by  distillation 
in  a  covered  water  bath.  The  residue  remaining  in 
the  flask  can  be  removed  easily  after  final  drying  in 
an  air  or  vacuum  bath  and  is  then  cooled,  weighed  and 
analyzed  if  desired. 

It  has  been  found  advisable  in  many  cases  to  screen 
the  sample  previous  to  treatment,  through  a  i  mm. 
sieve  and  make  the  carbon  tetrachloride  separation 
on  the  two  portions  separately.  If  the  odor  of  the 
reagent  proves  offensive  a  small  exhaust  fan  placed 
on  the  desk  near  the  beaker  with  outlet  pipe  extending 
outside  is  recommended,  or  the  separation  may  be 
made  under  a  hood. 

The  following  summary  shows  the  behavior  of  many 
of  the  materials  used  in  fertilizer  manufacture. 

FLOATS  ON  CARBON  TKTRACHUORiDK — Dried  blood,  fish,  tankage,  hoof 
meal,  horn  meal,  leather,  kanona  tankage,  morocco  clippings,  azotin. 
cottonseed  meal,  castor  meal,  castor  pomace,  beet  refuse  compound, 
nitrogenous  manure.'  casein,  peal,  garbage  tankage,  tartar  pomace,  mowrah 
meal,  rape  meal,  soja  bean  meal,  wheal  gluten,  tobacco  stems,  fillerine 
^partly),  cinders  (certain  types). 
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SINKS  IN  CARBON  TETRACHLORIDE — Gfound  boiie,  nitrate  of  lime, 
cyanamid.  grape  pomace,  aluminum  nitride,  nitrate  of  soda,  sulfate  of 
ammonia,  acid  phosphate,  rock  phosphate,  basic  slag,  dissolved  bone 
black,  animal  charcoal,  muriate  and  sulfate  of  potash,  kainit 

Table  I  show.s  the  separation  as  regards  the  organic 
portions  of  14  commercial  fertilizers  and  2  tankages. 
They  have  been  selected  from  some  35  samples  as 
being  representative  of  the  extremes  and  averages 
thus  far  found. 

An  inspection  of  the  table  shows  large  variations  in 
the  nitrogen  content  of  the  mixtures  that  contribute 
to  furnish  the  organic  nitrogen  found  in  commercial 
fertilizers.  It  varies  from  2.54  per  cent  in  No,  12 
to  11,65  and  12  per  cent  in  Nos,  g  and  1,^,  The 
water-insoluble  nitrogen  indicates  similar  ranges. 
The  inorganic  portions  from  the  samples  above  enumer- 
ated have  been  tested  as  to  their  insoluble  nitrogen 
content  and  its  activity  determined.  The  activity 
found  compares  favorably  with  that  shown  in  Table  I 
in  all  but  two  cases.      In  other  words  a  high   activity 

Table  I — Oroanic  Portion — Floats  on  Carbon  Tetrachloride 


c  ^  ,£:     nj  oj  ecu 

^  o  "^  c    °  ■-  °"5' 

"^  2  *o  ^  rt£^,3E    Indicated  by  visual  inspection 

t  C;  H  ^  S   .<  and  analysis 

1 45  7,86  2.07  5.79  69  -j 

2,    ,  44  9,48  3.03  6,45  75  (  Base  mix,  castor  pomace  and 

3 49  6,80  1,40  5.40  66  (      hoof  meal 

4 34  9,16  3,02  6.14  68  .' 

5 82  9.48  2,18  7,30  75  Tankage,  castor  pomace 

6 26  4.28  0.84  3,44  45  Garbage  tankage  present 

7 92  4,77  1.47  3.30  61  Dry  mix.  cinders,  tankage 

8 '.  55  5.93  1.97  3.96  65  Tankage,  garbage  tankage 

9 80  11,65  1,26  10.39  78  Dry  mix.  dried  blood,  tankage 

10 11  5.12  1.12  4.00  45  t  Qarbaee  tankage  present 

11 28  4.70  1.47  3.23  41  j  Garbage  tankage  present 

12 78  2.54  0.79  1.75  45  Garbage  tankage 

13 7  12.00  0.00  12.00  74  Dry  mix.  kanona  tankage 

14 46  4,50  1.62  2.91  44  Tobacco  stems,  castor  pomace 

and  tankage 
Tankage    . 

1,5.    ...  79  7.58  0.65  6.93  73 

16 99  10.24  0.57  9-67  76 

in  the  separated  organic  portion  as  determined  by 
laboratory  methods  was  nearly  always  accompanied 
by  a  similar  activity  for  the  water-insoluble  nitrogen 
carried  down  with  the  mineral  portion  of  the  sample. 

It  should  be  noted  that  ground  bone  sinks  in  the 
reagent  employed.  The  sunk  portion,  therefore,  in 
the  two  tankages  was  largely  bone.  This  was  indicated 
not  only  by  visual  inspection  but  by  its  nitrogen  con- 
tent of  2,32  and  2,17  per  cent,  respectively,  as  well 
as  by  the  P0O5  present. 

A  relatively  high  water-insoluble  nitrogen  percent- 
age in  the  mineral  portion  of  a  fertilizer  that  sinks  by 
this  procedure  is  indicative  of  bone  especially  if  the 
activity  by  the  alkaline  permanganate  method  is  over 
60  per  cent. 

Certain  materials  other  than  those  listed  under  the 
column  headed  "Remarks"  have  been  noted  in  many 
of  the  samples  examined.  Their  nature  will  be  further 
studied  when  time  permits.  One  in  particular  is 
worthy  of  mention.  It  occurs  as  small  black  pellets, 
which  crumble  easily  between  the  fingers.  Analysis 
shows  these  pellets  to  contain  3.12  per  cent  total 
nitrogen  and  1.60  per  cent  water-insoluble  nitrogen 
with  an  activity  measured  by  the  alkaline  perman- 
ganate method  of  51  per  cent. 


No  claim  is  made  that  the  separation  is  absolute. 
The  scheme,  however,  serves  to  separate  readily  the 
major  portion  of  the  organic  nitrogen  present,  in 
amounts  sufficiently  large  to  enable  one  to  conduct 
microscopical  and  chemical  analyses  and  pot  experi- 
ments. 

Numerous  other  applications  stiggest  themselves, 
among  them  being  the  separation  of  sand,  dirt  and 
mineral  salts  from  organic  drugs,  feeding  stuflfs  and 
condimental  feeds. 


1-1-       0       -2        caaoj-n-u^oaj        00a.  ^■^■'^o,::       uS: 
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70 — 80   ******   *    * 

60—59 ****** 

50 — 59 ***«.* 

20 — 49 3*****    *** 

The  above  classification  of  materials  used  in  the 
manufacture  of  commercial  fertilizers  may  prove 
of  interest  in  this  connection. 

,\gricultural  Experiment  Station 
Burlington.  Vermont 


THE  AVAILABILITY  OF  NITROGEN  IN  KELP 

By    J.illN    .\      LIM.KN 
Received  April  14,   1914 

In  view  of  the  widespread  interest  in  kelp  as  a  pos- 
sible source  of  American  potash,  some  information  as 
to  the  value  and  nature  of  the  nitrogen  present  becomes 
a  factor  of  considerable  importance.  The  average 
of  a  large  number  of  analyses  made  by  Mr,  T,  C. 
Trescott,'  of  the  Bureau  of  Chemistry,  shows  an  aver- 
age of  approximately  2  per  cent  of  nitrogen.  If  it  is 
proposed  to  market  dry  kelp  the  value  of  this  amount 
of  nitrogen  present  is  apparent. 

In  the  experiments  by  the  author  dififerent  methods 
were  followed  in  order  to  determine  the  availability 
of  the  nitrogen.  Briefly  they  consisted  in  following  the 
official  alkaline  permanganate  method,-  and  later  with 
modifications  of  the  same.  An  attempt  was  also  made 
to  secure  availability  percentages  by  using  the  neutral 
permanganate  method  but  this  was  found  impractical 
because  of  a  bul'ky  residue  and  its  resistance  to  filtration. 
Table  I  gives  the  results  obtained  in  the  various 
experiments. 

It  will  be  noticed  that  by  using  the  official  method 
which  provides  for  an  amount  of  the  sample  equivalent 
to  50  mg.  of  total  nitrogen,  the  availability  percentages 
range  from  13.44  per  cent  in  sample  number  40  to 
44.80  per  cent  in  sample  number  ig.  By  ptirsuing 
the  column  farther  it  will  be  observed  that  the  per  cent 
of  availability  generally  increases  with  a  decrea-se  in 
the  amount  of  sample  used.  In  other  words  it  appears 
that  the  per  cent  of  availability  is  inversely  .proportional 
to  the  amount  of  sample. 

Kelp  contains  on  the  average  about  60  per  cent 
organic  matter.  Assuming  the  average  nitrogen  con- 
tent to  be  about   2   per  cent,  the'  amount  of  sample 

>  This  Journal,  4,  431;  8,  287  and  729:  6.  19. 
-  Report  on  nitrogen  Bull.  162,  Bur.  of  Chem. 
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Table  i 

Per  cent  Per  cent  of  total  N  available 

total  nitrogen  ^ 

No.              .Serial  No.                 Description                                                      A  B                            C                            D                              E 

Nereocystis  luelkeana 

4  R  4  Fronds  2.,S7  35.28  63.84  83.50  88.25 

■i  R  5  Fronds  2.71  39.76  69.44  82.65  89.90 

6  R  6  Fronds  2.53  36.40  62.72  92.96  96.28 

8  R  8  Stipes  2.21  28.00  43.68  68.19  83.08 

9  R.  9  Stipes  1.46  35.84  58.24  73.92  86.30 
Macrocyslis  pvrifera 

11  R.U  Stipes  and  Pneuniatocvsts  1.37  22.40  34.72  95.18  98.10 

17  C       1  2.15  .34.16  53.76  84.65  98.14 

n  C      2  2.72  39.40  59.36  76.47  99.71 

ly  C      7  3.17  44.80  72.80  85.49  99.94 

20  C      8  2.11  30.24  45.92  84.35  91.94 

21  C      9  2.16  31.36  48.16  89.81  99.63 

22  C.  10  2.38  26.88  47.04  67.65  99.97 
Nereocystis  lueikeana 

23  C.  11  2.22  31.36  56.00  72.97  91.00 
Macrocystis  pyrifera 

26  C    14  Young  plant  2.18  35.28  56.00  81.65  100.07 

27  C.  15  Old  plant  1.00  3192  49.28  84.35  98.73 

28  C.  16  Young   on    bottom    of   old 

plant  2.10  25.75  36.96  63.33  96.42 

Nereocystis  luelkeana 

29  C    17  Old  plant  2.15  33.60  54.88  90.23  100.31 

31  C.  19  Very  old  plant  1.58  31.36  50.40  31.65  91,77 
Macrocystis  pyrijcra 

32  C'l  1    93  28.00  47.04  82.90  100.10 

33  C's  1.56  24.64  31.36  91.37  99.49 

37  (Zhb  0.79  19.60  25.76  70.88  95.82 

38  Che  '  0-66  16.24  24.64  81.31  97.84 

39  Chd  ■  0.67  18.48  26.88  84.65  98.18 

40  C'lf  0.54  13.44  19.04  80.01  99.33 

.\verage,      1.87  29.81  47.41  81.25  95.84 

A.  Total  nitrogen  (N)  analyses  by  T.  C.  Trescott,  Bur.  of  Chem. 

B.  By  official  alkaline  permanganate  method. 

C.  By  using  one-half  the  amount  of  sample  as  prescribed  by  the  official  method. 

D.  By  using    1    gram   of  sample  and   3.25   grams  of  alkaline  potassium  permanganate. 

E.  By  using  1  gram  of  sample  and  5  grams  of  alkaline  potassium  permanganate. 

necessary   to   supply    50   mg.   of   nitrogen   will   be    2.5  used.     In    other    particulars    the    procedure    was    the 

grams.     Of  this  amount  1.5  grams  are  organic  matter,  same.     Under  those  conditions  the  percentage  of  availa- 

That  all  this  organic  matter  was  not  oxidized  is  evident  bility  was  considerably  increased.    The  averages  reached 

from  the  fact  that  in  all  the  experiments  conducted  47.41  per  cent  as  against  29.81  per  cent  in   the   official 

under  this   method   the   supernatant   liquids   after   di-  method.     Likewisethesupernatantliquidswerecolorless. 

gestion  were  colorless.  Further    experiments    were    made    in    order    to    de- 

.In  some  unpublished  results  obtained  by  Mr.  A.  R.  termine  whether  or  not  more  nitrogen  was  made' avail- 

Merz   and    Dr.    W.    H.   Ross,   both   of   the   Bureau   of  able  by  using  a  larger  amount  of  potassium  perman- 

Soils,  it  was  found  that  a  considerable  amount  of  the  ganate.     The    results    in    Column   D,    Table    I,    were 

nitrogen  in  kelp  was  water-soluble.      Mr.  Merz  in  his  obtained  by  using  i  gram  of  sample  with  3.25  grams  of 

experiments  treated  the  leaves,  stems  and  whole  plant  alkaline  potassium  permanganate.     The  average   per- 

with  two  successive  portions  of    water.     These    were  centage    of    availability    under    these    conditions    was 

allowed  to  stand  for  48  hours.      He  then  filtered  and  81.25   per  cent.     That   there   was  yet  insufficient   po- 

analyzed  the   filtrates   and   residues.     The   results   are  tassium  permanganate  present  to  effect  complete   oxi- 

given  in  Table  II:  dation  was  evidenced  by  the  fact  that  the  supernatant 

Table  II— (Percentages)  liquids  were  colorless. 

De-                   Total            Water-          Per  cent  Tii                  •.         ^      c                  ■             ^                                t   ^\                      i 

No.  scription        nitrogen       soluble       of  total  In  the  next  Set  of  experiments,  I  gram  ot  the  sample 

1 Leaves  2.70  1.10  *o.74  ^^s  treated  with    i;  grams  of  alkaline  potassium  per- 

2  ..      Stems  1.70  0.40  23.53  -^    '^  ^  '^ 

3..! Plant  1.10  0.20  18.18  manganate.     It  will  be  observed  that  the  results  here 

4 Plant  2.04  0.55  26.96  ,^.,  ,  ,  j    ■  r 

5 Plant              1.58          0.35          22.17  obtained  approach  IOC  per  Cent  and  in  a  lew  cEscs  are 

Dr.  Ross  in  his  experiment  placed  st.me  leaves  in  a  slightly  over  it.     Where  the  higher  percentages  prevail 

bomb  and  heated  over  night  at  a  temperature  of  190°  the    supernatant    liquid    after    digestion    was    colored 

which  gave  a  pressure  of  about  17  atmospheres.     By  while  in  the  others  there  was  just  lacking  a  sufficient 

this  treatment  the  slimy  organic  matter  was  coagulated  amount  of  potassium  permanganate  to  give  the  solution 

so  that  it  could  be  readily  filtered:     After  filtration  the  a    permanent    color.     Judging    from    these    results    it 

nitrogen  was  then  determined  in  the  filtrate  and  residue,  appears   that    with    enough    potassium    permanganate 

His  results  are  given  below:  present  to  oxidize  all  the  organic  matten,  all,  or  nearly 

Table  III  ^'^  °^  the  nitrogen  in  kelp  is  found  to  be  available. 

Per  cent  of  Per  cent  of  SUMMARY 

total  material  total  nitrogen 

.Soluble 0.78  57.77  I — The  official  alkaline  permanganate  method  is  not 

Insoluble 0.57  42.33  •,     j    ,       j    ^  •     •  ..  -i     1,1  -4.  -11 

suited  to  determining  the  available  nitrogen  in  kelp. 
It  is  interesting  to  note  that  in  Table  II  the  per  cent  H— -By  using  increased  amounts  of  potassium  per- 

of     water-soluble     nitrogen    closely    approximates    the     manganate  the  percentage  of  availability  is  increased. 
availability   percentages  given  in  Column  B,  Table  I,  ni— By    using    a    sufficient    amount    of    potassium 

while  in  Dr.   Ross'  experiment  the  per  cent  of  water-     permanganate  to  oxidize  all  the  organic  matter  present, 
soluble  nitrogen  was  considerably  more.  ^jj_  ^^  nearly  all  of  the  nitrogen  is  found  to  be  available. 

In  the  next  set  of  experiments  one-half  of  the  amount  Kertil^er  Investigations.  Bureau  of  Soils 

of   sample   as   prescribed   by   the   official    method   was  u.  s.  department  of  AGRictn.TuRE.  Washington 
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PITOT  TUBES  FOR  THE  MEASUREMENT  OF  GAS 
VELOCITIES' 

By  Andrew  M.  Fairuik 

The  need  for  an  accurate  method  of  determining 
the  velocities  of  moving  gases  in  pipes  and  flues  is 
receiving  increased  attention  from  the  marine  and 
mechanical  engineers,  and  it  is  a  need  which  has 
long  been  felt  by  the  chemical  and  metallurgical 
engineers,  but  has  been  somewhat  neglected  by  them. 
Gases  are  used  as  raw  materials,  or  appear  as  either 
intermediate  or  final  products,  in  many  chemical 
and  metallurgical  processes  of  manufacture. 

Undoubtedly,  in  such  processes,  an  accurate  means 
of  measuring  gas  velocities  would  lead  to  the  preven- 
tion of  much  loss  and  waste,  through  the  substitution 
of  known  facts  for  guess-work.  For  example,  wherever 
air  is  used  under  pressure,  as  in  the  copper  blast 
furnace  or  the  copper  converter,  a  knowledge  of  the 
amount  of  air  used,  in  comparison  with  the  theoretical 
amount  required,  would  in  many  cases  lead  to  a  reduc- 
tion of  air,  and  so  of  power,  wasted.  In  the  sulfuric 
.acid  industry,  where  gas  is  diverted  to  two  or  more 
absorption  towers  connected  in  parallel,  a  knowledge 
of  the  velocity,  and  hence  of  the  quantity  of  gas  going 
to  each  tower  would  lead  to  a  proper  adjustment  of 
dampers  so  as  to  secure  equality  of  distribution  and 
more  economical  operation.  In  suits  for  damages 
claimed  to  have  been  caused  by  obnoxious  fumes 
escaping  from  the  flues  of  industrial  works  into  the 
atmosphere,  the  substitution  of  knowledge  as  to  the 
quantity  of  escaping  fumes,  for  estimates  and  guesses, 
would  eliminate  legal  controversies.  The  business 
of  selling  natural  gas  and  manufactured  gas  for  power, 
heating  and  lighting,  demands  an  accurate  means  of 
measuring  the  velocity  of  flow,  in  order  to  properly 
affix  costs  and  selling  prices.  In  designing  the  equip- 
ment of  chemical  and  metallurgical  plants,  some  means 
of  calibrating  the  capacities  of  blowers  and  ventilating 
machines,  vacuum  pumps,  aspirators,  etc.,  would 
enable  engineers  to  check  up  the  claims  of  manufacturers 
of  such  equipment,  and  would  prevent  the  installation 
of  inefficient  devices,  as  well  as  the  financial  losses 
involved  thereby.  Other  examples  of  the  value  of 
a  reliable  means  of  measuring  the  velocities  of  gases 
will  occur  to  the  reader. 

Georg  Lunge  states^  that  as  early  as  1866  Fletcher's 
modification  of  Peclet's  differential  anemometer  was 
described.  This  is  in  effect  a  crude  sort  of  pitot 
tube.  The  velocity  of  the  gas  was  calculated  on  the 
basis  of  the  difference  between  the  pressures,  as  meas- 
ured by  a  manometer,  exerted  by  the  current  of  moving 
gas  on  two  tubes,  one  of  which  was  straight,  the  other 
being  bent  at  a  right  angle,  and  turned  so  that  the  cur- 
rent of  gas  would  blow  into  it.  In  using  this  anemom- 
eter, it  was  to  be  inserted  into  the  air  current  to  the 
extent  of  about  one-sixth  of  the  diameter  of  the  flue. 

'  Presented  at  the  49th  Meeting  of  the  American  Chemical  Society, 
Cincinnati.  April  6-10,  1914. 

'  Geo.  Lunge,  "Manufacture  of  Sulfuric  Acid  and  Alkali."  3rd  Ed., 
Vol.  I,  Part  1,  p.  563. 


The  velocity  at  this  point  was  assumed  to  be  nearly 
equal  to  the  average,  and  the  velocity  was  based  on 
a  reading  taken  at  this  one  point.  Lunge  admits  that 
the  accuracy  of  the  assumption  is  doubtful,  and  adds: 
"There  are  no  means  at  present'  known  of  measuring 
the  absolute  quantities  passing  through  a  flue  of  any 
considerable  sectional  area  with  any  degree  of  accuracy." 

Since  1903  numerous  investigators  have  published 
accounts  of  the  results  of  their  work  on  pitot  tubes. 
Different  forms  of  pitot  tubes  have  been  designed, 
each  designer  claiming  for  his  form,  perhaps,  superior 
accuracy.  With  so  many  different  forms  of  tubes, 
none  acceptable  as  a  standard,  engineers  were  as 
badly  off  as  if  there  were  no  pitot  tubes  at  all,  and, 
in  fact,  all  forms  of  pitot  tubes  were  more  or  less 
distrusted. 

In  September  of  last  year,  the  results  of  an  exhaustive 
series  of  comparative  tests  of  the  different  forms  of 
pitot  tubes  were  published  by  W.  C.  Rowse.^  Thanks 
to  the  painstaking  work  of  this  investigator,  it  is  now 
possible  to  separate  the  wheat  from  the  chaff,  and 
a  form  of  pitot  tube  may  now  be  selected  with  some 
confidence.  Those  interested  in  the  velocities  of  gases 
cannot  do  better  than  read  the  whole  of  the  paper 
by  Rowse,  which,  with  diagrams,  tables,  etc.,  covers 
about  fifty  pages.  With  the  consent  of  the  author, 
to  render  his  paper  of  still  greater  value,  two  errors 
in  the  statement  of  formulas  which  inadvertently 
crept  into  his  work  are  here  pointed  out.  On  page 
1343)  paragraph  46  {h)  reads  as  follows; 

"It  appears  that  an  approximate  relation  exists 
between  the  mean  velocity  head  of  a  gas  flowing  through 
the  pipe  and  the  velocity  head  found  by  placing  the 
tube  at  the  center  of  the  pipe.  For  a  12-in.  galvanized 
iron  pipe  results  within  2  per  cent  may  be  expected 
from  using  the  formula 

where    v  =  -\J  (zg)  {0.80)  he 

V   =  velocity  in  feet  per  second, 
g  =32.2  ft.  per  second  per  second. 

he  =  velocity  head  in  in.  of  gasolene  at  the  center  of  the 
pipe  obtained  in  a  correct  manner." 

This  is  all  correct  except  the  value  given  to  h,., 
which  should  read: 

/i'  =  velocity  head  in  feet  of  gas  flowing  at  the  center  of  the 
Ijipe,  obtained  in  a  correct  manner. 

Again,  on  page  1372  (paragraph  76)  a  formula  is 
given  which  reads: 

"  //   =   1 44i7)H , 
where 

/;    =  velocity  head  in  feet  of  air. 

5     =  sp.  gr.  gasolene. 

p    =  weight  of  water   in   pounds   per   cu.   in.   taken   from 

Chart  G. 
H  =  velocity  head  in  in.  of  gasolene  as  given  in  columns 
18  or  19." 

1  1903. 

=  J.  Am.  Soc.  Mech.  Eng.,  Sept.,  1913. 
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This  formula  should  read 


h  = 


i44i^H 


where 

w  =  weight  of  I  cu.  ft.  air  under  existing  conditions,  and 
//,  s,  p,  and  H  have  the  values  assigned  above. 

I  have  been  requested  by  the  author  to  refer  also 
to  the  third  error  in  the  paper,  viz.,  Chart  A,  Appendix 
No.  3.  Inclined  dotted  lines  should  be  designated 
as  follows,  beginning  at  the  bottom:  i/io;  6/100; 
5/100;  4/100;  3/100;  2/100;  i/ioo;  1/200. 

Prom  this  paper  it  appears  that  the  most  accurate  form 
of  the  pitot  tube  is  the  standard  tube  of  the  American 
Blower  Company,  which  was  developed  by  Chas. 
H.  Treat.  After  the  publication  of  Rowse's  report, 
the  American  Blower  Company  issued  a  special  bulle- 
tin, entitled  "The  Pitot  Tube  and  Fan  Testing.'" 
This  Bulletin,  which  can  be  obtained  gratis  from  the 
American  Blower  Company,  Detroit,  Mich.,  gives 
a  dimensioned  sketch  of  the  pitot  tube  adopted  by 
them  as  a  standard,  and  reviews  to  some  extent  the 
work  of  Rowse.  Some  formulas  for  calculation  are 
also  given.  The  Bulletin  is  of  some  value,  but  the 
calculations  and  formulas  given  must  be  accepted 
with  caution,  as  a  number  of  errors  have  been  noted, 
particularly  in  the  first  edition.  Curiously  enough, 
one  of  these  errors  is  again  in  the  value  of  "h" 
(see  above),  the  velocity  head  in  feet  of  air. 
On  page  25  of  the  Bulletin- the  second  equation  given 
reads: 


Vl 


62.3^ 


where  p   =  velocity  pressure  in  inches  water  gauge. 

w  =  weight   of   one    cu.    ft.    of   air,    under   existing 
conditions." 

The  radical  sign  in  the  equation  should  be  omitted. 

On  the  same  page  it  is  stated  (second  line  from  the 
bottom)  that  v  =  velocity  of  air  in  feet  per  second, 
as  applied  to  the  various  equations  given  on  that  page. 
In  the  fifth  and  sixth  equations,  however,  the  value 
of  V  is,  in  fact,  the  velocity  of  air  in  feet  per  minute. 
In  the  fifth  and  sixth  equations,  therefore,  the  symbol 
"v"  should  be  replaced  by  "v^,"  to  represent  the  ve- 
locity of  air  in  feet  per  minute. 

There  are  also  evidently  some  errors  in  the  formulas 
given  on  page  26  of  the  early  edition  of  the  Bulletin. 

Reverting  now  to  the  consideration  of  the  work  of 
Rowse,    the    most   important    of    his    conclusions    are: 

I — The  pitot  tube  as  a  means  of  measuring  gases 
is  reliable  within  approximately  i  per  cent  when  the 
static  pressure  is  correctly  obtained  and  when  all  read- 
ings are  taken  with  a  sufficient  degree  of  refinement; 
in  order  to  obtain  this  degree  of  accuracy  the  pitot 
tube  should  be  preceded  by  a  length  of  pipe  20  to  38 
times  the  pipe  diameter  in  order  to  make  the  flow 
of  gas  as  nearly  uniform  across  the  section  of  the  pipe 
as  possible. 

2 — All  the  methods  of  obtaining  the  dynamic  head 
used    in    his    experiments    gave    accurate    results.     Of 

'  Bull.  36,  Series  1.  January,  1914. 

"  It  is  understood  that  in  the  later  editions  of  the  Bulletin,  most  of  the 
errors  have  been  corrected. 


the  methods  of  obtaining  the  static  pressure  by  means 
of  the  pitot  tube,  the  most  reliable  and  accurate  is 
by  means  of  a  very  small  hole  in  a  perfectly  smooth 
surface,  as  in  the  standard  tube  of  The  American  Blower 
Company. 

3 — It  appears  that  an  approximate  relation  exists 
between  the  velocity  head  found  by  placing  the  pitot 
tube  at  the  center  of  the  pipe,  and  the  mean  velocity 
head  of  the  air  flowing.  (See  formula  for  a  12-inch 
pipe  on  page  583.) 

From  these  conclusions  it  is  apparent  that  there 
are  limitations  to  the  uses  to  which  the  pitot  tube 
can  be  put.  To  extend  these  limits,  further  work  will 
be  required.  There  are  many  pipes  already  constructed 
in  which  it  would  be  desirable  to  measure  the  speed 
of  the  moving  gases,  but  which  do  not  present  a  length 
twenty  times  the  pipe  diameter.  How  shall  we  de- 
termine the  velocities  in  such  pipes? 

Rowse  has  given  a  convenient  formula  (conclusion 
"3"  above)  for  arriving  at  approximate  velocities 
from  a  single  pitot  tube  reading  taken  at  the  center 
of  a  pipe  12  inches  in  diameter.  Who  will  develop 
similar  relations  for  pipes  of  other  sizes? 

That  such  relations  for  different  sizes  of  pipes  are 
desirable  is  evident  to  any  who  have  gone  through 
the  laborious  work  of  taking  20  pitot  tube  readings 
across  two  diameters  of  a  pipe  in  order  to  obtain  a 
single  mean  velocity  head.  Some  have  attempted 
a  short  cut  method  by  using,  for  obtaining  the  dynamic 
pressure,  a  tube  long  enough  to  reach  entirely  across 
the  pipe  containing  the  gas  whose  velocity  is  to  be 
measured,  with  a  number  of  small  holes  (centers  all 
in  the  same  plane)  bored  in  the  tube,  each  hole  being 
at  the  center  of  one  of  the  annular  zones  of  equal  area 
into  which  the  cross-sectional  area  of  the  pipe  is  as- 
sumed to  be  divided,  and  all  of  the  little  holes  being 
turned  so  that  the  current  of  gas  will  blow  directly 
into  them.  Another  short  cut  device  which  is  some- 
times used  for  obtaining  the  dynamic  pressure  consists 
of  a  number  of  tubes  of  diflerent  lengths,  each  with  the 
inside  end  bent  at  a  right  angle  towards  the  gas  cur- 
rent, the  inside  end  of  each  being  located  in  the  center 
of  one  of  the  several  annular  zones  into  which  the 
cross-sectional  area  of  the  pipe  is  mentally  divided, 
and  the  outside  end  of  each  being  connected  to  one 
common  manifold  pipe,  where  the  inequalities  in  the 
various  pressures  exerted  on  the  several  tubes  are 
neutralized.  With  either  of  these  devices  it  is  assumed 
that  the  dynamic  pressure  tube  gives  a  mean  dynamic 
pressure  for  the  entire  cross-sectional  area  of  the  pipe, 
from  which,  by  deducting  the  static  pressure,  the  mean 
velocity  head  of  the  gas  can  be  obtained.  However; 
since  the  velocity  of  a  current  of  gas  'does  not  vary 
directly  as  the  velocity  head,  it  is  difficult  to  see  how 
such  instruments,  which  give  as  net  result  a  straight 
average  of  the  velocity  heads  at  the  different  points 
in  the  pipe  tested,  can  be  expected  to  produce  data 
on  which  to  calculate  a  correct  mean  velocity.  From 
the  formula 

V  =  VzgA 
the  velocity  varies  as  the  square  root  of  the  velocity 
head.      To  obtain  a  correct   mean  velocity,   a  correct 
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mean  velocity  head  is  needed;  and  to  obtain  a  correct  In  the   above   tests   only   those  thermometers   were 

mean  velocity  head  it  is  necessary  to  average  the  square  used  which  had  been  standardized  by  the  Bureau  of 
roots  of  all  the  velocity  head  readings  taken,  through-  Standards.  With  ovens  having  glass  doors  the  ther- 
out  the  cross-sectional  area  of  the  pipe,  and  then  to  mometers  were  placed  on  the  shelves  and  the  tempera- 
square  the  average.  tures  read   by   making  the   observations  through   the 

There  is  at  present  no  royal  road  to  obtaining  ac-  glass  in  the  door  without  opening  the  oven.  With 
curate  velocity  measurements  by  means  of  the  pitot  the  other  ovens  the  following  scheme  was  adopted: 
tube.  Investigators,  to  obtain  accurate  results,  must  Six  50  cc.  Erlenmeyer  flasks  were  filled  with  clean, 
have  recourse  to  the  painstaking  methods  adopted  dry  sand,  stoppered,  and  through  the  stoppers  the 
by  Rowse.  We  are  told  that,  for  a  12-inch  pipe,  re-  thermometers  were  inserted  so  that  the  bulbs  were 
suits  within  2  per  cent  of  correct  may  be  obtained  held  in  the  middle  of  the  flasks.  These  flasks  with 
by  using  0.8  of  the  velocity  head  in  feet  of  gas  at  the  their  thermometers  were  then  placed  in  the  various 
center  of  the  pipe.  Lacking  similar  factors  for  pipes  positions  in  the  ovens  and  after  having  remained  there 
of  other  sizes,  velocities  must  be  calculated  from  read-  long  enough  to  come  to  equilibrium  they  were  removed 
ings  taken  at  numerous  points  in  the  cross-sectional  and  the  thermometers  read  as  quickly  as  possible, 
area  of  the  pipe.  While   this    method   is   not    absolutely   accurate,   it   is 

In  recapitulation,  it  may  be  observed  that:  sufficiently  so  to  indicate  whether  or  not  there  is  any 

I — As  a  result  of  the  work  of  Rowse,  engineers  may      great  variation  in  temperature, 
now  select  a  type  of  pitot  tube  which  may  be  used,  ^^^^^  ^^^^j^^  ^^^^^  ^^^.^^^  ^^^.^^  ^^^^^  ^j^^  ^^j^^^,^ 

under  certain  conditions,  with  confidence.  attention    was   called   to   an   article    to    R.    G.    Grim- 

II— Further  investigation  needed,  to  render  the  ^^^^,  ^^  ^^^  "Analysis  of  Crude  Glycerine  by  The 
pitot  tube  more  generally  available  as  a  means  of  international  Standard  Methods,  191 1."  In  this 
measuring  gas  velocities,  includes:  ^^^.^j^   ^j^^   ^^^^^^   mentions   difficulty    when    using   a 

I— A  means  of  determining  accurately  the    velocity      ^^^.^^    ^^^^    ^^.^^    complies    with    the    International 

of  gases  in  pipes  whose  length  is  less  than   20  times      standard    Methods    specifications    and    which    shows 

...  a  maximum  variation  of  16°  C.  on  one  shelf  and  be- 

2 — The  establishment  of  definite  relations    between      .  ^v.     ^  u  1  •  ■  4.-         c       o  r^ 

^J.^   1 1  -,  tween  the  two  shelves  a  maximum  variation  of  45     C. 

the  velocity  head  at  the  center  of  a  pipe,  and  the  mean      ^^  ^^^^  describes  a  special  electric  drying  oven  which 

velocity  head,,  for  pipes  of  various  sizes  and  shapes.      ^^^    ^^^^^^    satisfactory    for    drying    glycerin.     This 

NOTE~I  am  indebted  to  the  author  of  the  original      ^^^^  ^^^^^^   ^   maximum   variation   of   2.2°   C.   from 

paper   which   constitutes  the  basis  for  this  one-Mr.      ^^^o  ^^  the  temperature  desired.     The  results  shown 

W.  C.  Rowse — for  his  courtesy  in  reading  this  manu-      i,     -mi     1^  •  j  1.  u  ii      it,       ^u'        -.- 

■'     .  _       ,    ,       ,  .  by  Mr.  Grimwood  are  very  much  better  than  the  writer 

script,    and   for   valuable   suggestions   offered   by   him  ui     4.       u^   •         -ii,  j-  „     ^  a  u,. 

^  '  ^^  ■'  was  able  to  obtain  with  any  oven  not  surrounded  by 

and  adopted  herein.  u   ■^■  4.  j     x. 

^  boiling  water  and  steam. 

CoppgRHii,!,,  Tennessee 

The  results  in  the  above  table  show  that  elaborately 

THE  NON-UNIFORMITY  OF  DRYING   OVEN  designed    and   expensive    ovens    are    no    more    reliable 

TEMPERATURES  than  the  most  simple  and  inexpensive  ones.     Of  the 

By  LoRiN  H.  Bailey  ovens  tested,  only  those  surrounded  by  boiling  water 

Received  April  13,  1914  and  Steam  are  capable  of  maintaining  even  approxi- 

While  testing  the   accuracy  of  the   heat  control  of  mately  uniform  temperatures. 

a  new  electric  drying  oven,  it  was  observed  that  there  I   wish  to  thank   Dr.  J.   A.   LeClerc  for  his  interest 

Reading  of  Maximum  range 

thermometer  of  temperature  on  Maximum 

inserted  through    . * ^  variation  Approximate 

top  of  oven      top  shelf  lower  shelf  on  both  shelves  inside 

No.  Kind  of  oven  °C  °  C  °  C  °C  dimensions  in. 

1  Electrically  heated  and  controlled 107  99-114  90-108  24  12X12X14 

2  Electrically  heated  and  controlled 105  89-100  88-103  15  12X13X18 

3  Electrically  heated  and  controlled 103  94-104  89-102  15  9  X     9  X    15 

4  Gas  heated  porcelain  lined 90  88-92  92-102  14  11X12X16 

5  Gas  heated  air  jacketed 100  94-96  105-118  24  8X10X11 

6  Gas  heated  constant  level  water  and  steam  jacketed 98  96-99  95-98  4  13X15X15 

7  Steam  jacketed 100  lOI-lOl  101-102  2  15  X  8  in    diam. 

8  Gas  heated  constant  level  water  and  steam  jacketed  vacuum  oven .  .  100  100-100  100-100  0     ^  15  X  8  in.  diam. 

was   a   wide   range   of   temperature   in   different   parts  and  suggestions  in  connection  with  the  testing  of  these 

of  the   oven,   not   only  between  different  shelves  but  various  ovens  and  the  writing  of  this  report. 

also     between     different    positions    on    the    same    shelf.  Laboratory  of  plant  Chemistry.  Bureau  of  Chemistry 

^  V.  S.  Department  of  .\griculture.  W.^shington 

Ordinarily  the  temperature  recorded  on  the  thermom-  

eter  inserted  through  the  top  of  an  oven  is  taken  as  ^  maNOSTAT  FOR  USE  IN  GAS  ANALYSIS 

the  temperature  at  which  the  drying  is  made,  but  it  ^^  harvey  n   gilbert 

was  seen  that  such  could  not  be  done  with  this  particular  Received  .\prii  14.  1914. 

oven.      Following  this  observation  a  number  of  differ-  i^  the  combustion  of  gases  confined  over  mercury 

ent  types  of  drying  ovens  were  tested  as  to  their  uni-  j^  ^  combustion  pipette,  more  or  less  difficulty  is  always 

formity  of  temperatures  throughout  the  drying  cham-  experienced  by  the  operator  in  avoiding  a  difference 

bers.     The  variations  in  temperature  are  shown  in  the  ^f  pressure  due  to  the  difference  of  level  between  that 
accompanying  table.  1  j.  Soc.  Chem.  ind.,  3S,  22. 
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of  the  mercury  in  the  pipette  and  that  in  the  level 
bulb.  This  is  ordinarily  accomplished  by  resting 
the  level  bulb  on  a  pile  of  blocks  which  can  be  removed 
or  added  to  as  may  be  necessary.  But  these  blocks 
are  inconvenient  and  usually  they  are  thick  enough 
to  cause  considerable  difference  in  the  level  of  the 
mercury.  Furthermore,  the  abrupt  changing  of  the 
pressure  may  cause  leakage  in  the  rubber  connections 
and  may  lead  to  explosions  in  cases  where  the  rapid 
lowering  of  the  pressure  in  the  pipette  during  the  prog- 
ress of  a  combustion  causes  the  gas  to  enter  the  pipette 
too  rapidly. 

The  following  apparatus  is  designed  to  overcome 
these  difficulties  by  maintaining  a  constant  level  of 
the  mercury  during  the  combustion,  thus  insuring 
constant  presstire.  The  device 
shown  in  the  accompany- 
ing figure  consists  of  a  metal 
base  and  an  upright  which 
supports  parallel  lever  arms. 
At  the  ends'  of  these  arms  is  • 
attached  a  pan  which  moves 
^^^■g  SI  vertically,  but  always  remains 

i^^WB (.  ^         .     in  a  horizontal  position.     The 

^ — j  I level   bottle    is    connected    as 

^^^  usual    with     the     combustion 

pipette  by  means  of  rubber 
tubing  and  it  is  placed  upon 
the  pan.  A  coil  spring  is  sus- 
pended from  the  upper  part  of  the  framework  and 
is    attached    to  an    adjustable  point  on  the   lever   arm. 


'!» 


By  moving  the  point  of  support  of  the  spring  on 
the  lever  arm  it  can  be  so  adjusted  that  the  vertical 
distance  through  which  the  pan  moves,  when  the  spring 
is  deflected,  is  just  equal  to  the  height  of  the  column 
of  mercury  which  has  left  the  pipette  in  order  to  produce 
this  deflection. 

The  principle  is  rendered  clearer  if  one  considers 
the  level  bottle  suspended  directly  on  a  spring.  A 
unit  weight  of  mercury  produces  an  elongation  of 
the  spring  which  is  just  equal  to  the  height  of  this 
amount  of  mercury  when  it  is  confined  in  the  pipette. 
Thus  the  level  of  the  mercury  is  automatically  kept 
constant  during  the  entire  combustion. 

The  above  form  of  the  apparatus  was  designed  in 
order  to  make  it  possible  to  use  different  sizes  of  level 
bottles  and  pipettes,  and  also  to  make  it  easy  to  re- 
place the  spring  by  others  of  different  strengths. 
Economy  of  space  was  another  reason  for  adopting 
this  form.  While  this  form  is  not  mathematically 
exact,  as  is  the  case  of  the  freely  suspended  spring, 
it  maintains  a  pressure  which  is  constant  for  all  prac- 
tical purposes.  The  apparatus  can  also  be  made  to 
maintain  a  constant  pressure  either  above  or  below 
that  of  the  atmosphere,  by  adjusting  the  spring  as 
described  before. 

The  principle  is  capable  of  other  applications  to 
apparatus  for  handling  and  measuring  gases. 

The  apparatus  is  manufactured  by  Greiner  and 
Friedrichs,  Stiitzerbach  in  Thiiringen,  Germany,  and 
is  known  as  the  "Gilbert  Manostat." 

Cornell  University.  Ithaca,  New  York 
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THE  EXCESSIVE    QUANTITIES   OF   NITRATES    IN    CER- 
TAIN COLORADO  SOILS 

By   Wm.    p.    Headden 
Received  April  21.  1914 

The  Colorado  Experiment  Station  has  issued,  up  to  the 
present  time,  eight  publications'  pertaining  to  the  occurrence 
and  origin  of  excessive  quantities  of  nitrates  in  certain  soils. 
These  remarkable  occurrences  vi'cre  first  definitely  recognized 
about  1905.  The  difficulty  of  accounting  for  the  nitrogen  neces- 
sary to  form  these  nitrates  presented  itself  from  the  very  first, 
but  no  other  theory  than  the  fixation  of  atmospheric  nitrogen 
seemed  available  and  adequate. 

The  above  mentioned  publications  report  the  occurrence  and 
distribution  of  the  nitrates  and  their  effects  upon  vegetation, 
particularly  upon  apple  trees,  but  also  upon  the  quality  of  sugar 
beets.  The  source  of  these  nitrates  is  sought  in  the  activity 
of  the  bacterial  flora  of  the  soils.  This  view  is  urged  on  the 
ground  that  there  is  no  known  source  from  which  the  nitrates 
may  be  derived  ready  formed.  The  distribution  of  the  nitrates 
is  such  as  to  preclude  their  derivation  from  any  system  of  rocks, 
and  they  are  so  widely  distributed  that  some  generally  prevailing 
condition  must  be  operative  in  their  production.  The  direct 
evidence  adduced  consists  of  a  scries-  of  consistent  facts  which 
support  this  contention;  i.  e.,  these  soils  have  been  shown,  by 
direct  experiment,  to  fix  nitrogen  in  a  marked  degree,  and  also 
to  change  it  into  nitric  acid  (nitrates)  very  much  more  ener- 
getically than  do  eastern,  southern  and  foreign  soils  in  general. 
The  fixation  is  attributed  to  the  azotobacter  which  are  found  to 

■  Bulls.  166.  ISO,  178,  183  and  186,  by  Wm    P    Headden;  179  and  193, 
by  Walter  G.  Sackctt;  184,  by  Walter  O,  Sackett  and  W,  W.  Robbins. 


occur  in  these  soils  in  great  abundance,  and  whose  characteristic 
pigment  constitutes  the  first  most  striking  character  of  these 
niter-areas.  The  appearance  of  this  color  has  been  recognized 
very  generally  by  the  orchardists  and  ranchmen  as  the  beginning 
of  serious  trouble.  It  is  related  throughout  these  publications 
that  complaints  were  made  that  the  land  turned  brown  and  then 
the  trees  died,  or  that  nothing  would  grow. 

The  very  first  occurrences  examined  had  been  mistaken  as 
exudations  of  oil.  The  surface  of  the  ground  was  black  and 
glistening.  The  areas  involved  were  small  and  nearly  circular. 
An  analysis  of  the  surface  soil  showed  the  presence  of  13.4  per 
cent  of  water-soluble  material,  of  which  nearly  42.0  per  cent 
consisted  of  nitrates.  These  were  largely  the  calcic  and  mag- 
nesic  salts.  There  was  a  number  of  such  brown  areas,  mostly 
smaller  than  the  one  referred  to,  in  this  locality.  That  such 
areas  should  be  destitute  of  vegetation  would  seem  a  natural 
and  even  necessary  result  of  the  presence  of  such  quantities  of 
nitrates,  in  this  case  5.6  per  cent  of  the  air-dried  soil.  Other 
and  larger  areas  were  observed,  which  were  either  devoid  of 
vegetation,  or  on  which  the  vegetation  was  sufTering  without 
the  presence  of  any  evident  cause.  Examination  of  such  cases 
showed  the  presence  of  unduly  large  amounts  of  nitrates.  These 
facts  enlarged  the  question  from  one  of  scientific  curiosity  to 
one  of  very  great  agricultural  importance.  Individual  orchard- 
ists had,  in  the  meantime,  taken  cognizance  of  the  fact  that  this 
wa?  a  serious  trouble  and  that  there  was  an  intimate  connection 
between  the  turning  brown  of  the  soil  and  the  death  of  the 
vegetation,  whether  orchard  trees,  alfalfa  or  vegetables.  Com- 
plaints of  "brown-spots  on  which  nothing  will  grow"  became 
quite  numerous  and  pointed  the  way  to  new  localities  for  these 
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occurrences.  More  than  thirty  cases  are  presented  in  detail 
to  establish  the  fact  of  the  occurrences  of  nitrates  in  these  soils, 
and  to  give  the  conditions  under  which  they  occur,  together 
with  their  distribution  throughout  the  State. 

In  regard  to  the  quantities  of  nitrates  present,  they  are  shown 
to  vary  from  a  few  tenths  of  one  per  cent  to  upwards  of  six  per  cent 
of  the  air-dried  soil.  The  areas  involved  vary  from  a  few  square 
feet  to  many  acres  in  a  single  body.  The  distribution  of  these 
areas  is  practically  throughout  the  cultivated  sections  of  the  State, 
but  they  are  much  more  common  in  some  sections  than  in  others. 

EFFECT  OP  NITRATES  ON  TREES 

These  occurrences  of  nitrates  were  not  always  present  in  the 
localities  where  they  are  now  found.  While  some  of  them  were 
known  eighteen  and  twenty  years  ago,  their  real- nature  was 
unknown,  and  they  did  not  become  very  prevalent  till  1908  or 
1909  when  their  effects  became  so  pronounced  that  they  could 
not  be  overlooked.  These  results  were  disastrous  and  very 
noticeable  because  in  1909  apple  trees  began  to  succumb — at 
first  a  few  trees  here  and  there,  two,  four  or  a  dozen — but  this 
was  rapidly  followed  by  the  dying  of  hundreds  in  a  body,  taking, 
in  some  cases,  the  whole  of  small  orchards.  The  cause  seemed 
evident,  but  had  to  be  proved,  which  was  done  by  the  application 
of  sodium  nitrate  to  comparatively  small  trees,  four-year-old 
ones,  when  it  was  found  that  all  the  changes  observed  in  the 
affected  trees  were  reproduced  by  the  nitrate,  even  to  the  killing 
of  the  trees.  As  no  data  were  at  hand  showing  the  effects  of 
sodium  chloride  on  trees,  this  too  was  tried,  because  this  salt 
is  sometimes,  but  not  at  all  often,  present  in  considerable  quanti- 
ties in  Colorado  soils.  Sodium  chloride  did  not  produce  any  of 
the  phenomena  observed  in  the  orchards.  These  results  were 
so  conclusive  in  regard  to  the  cause  of  the  death  of  the  apple 
trees,  that  no  reasonable  doubt  remained  in  regard  to  it.  The 
beginning  of  this  serious  feature  is  given  as  1908  or  1909.  It 
continued  to  spread  and  to  increase  in  virulence  until  in  1910 
and  191 1  it  was  so  prevalent  that  the  area  actually  treated  of  in 
Bull.  178  is  given  as  four  hundred  acres  and  the  affected  area  as 
from  three  to  four  hundred  square  miles.  In  one  district,  including 
about  fifty  square  miles,  the  orchards  have  been  ruined,  at  least 
practically  so,  as  very  few  healthy  orchards  survive. 

No  statement  is  anywhere  made  indicating  the  minimum 
amount  of  nitrates  capable  of  injuriously  affecting  apple  trees 
or  other  vegetation;  it  is  merely  shown  that  the  application  of 
five  pounds  of  nitrate,  sodium  nitrate,  to  a  four-year-old  tree 
produced  some  injury.  On  the  other  hand,  it  is  shown  that  the 
spread  of  the  roots  of  a  medium  sized  apple  tree  is  not  less  than 
forty  feet  and  that  in  many  cases  the  nitrates  occurring  within 
a  radius  of  twenty  feet  of  the  tree  trunk  amount  to  as  much  as 
several  hundred  pounds,  quantities  very  much  in  excess  of  those 
experimented  with  and  which  sufficed  to  do  injury  to,  and,  even 
to  kill,  the  trees. 

The  progress  of  the  injury  to  orchards  is  shown  to  be  re- 
markably rapid.  An  instance  is  given  in  which  the  injury 
began  to  become  evident  in  May  and  by  August  about  two 
acres  of  the  orchard  had  been  killed;  by  the  end  of  November, 
nearly  three  acres  and  within  a  year  thirteen  acres  were  in  such 
bad  condition  as  to  be  of  little  or  no  value.  This  land  had  become 
mealy  and  then  brown  and  the  amount  of  nitrates  formed  and 
brought  into  the  feeding  areas  of  the  roots  passed  the  danger 
point  and  the  trees  died. 

The  amount  of  total  nitrogen  present  in  the  brown  spots  is, 
as  a  rule,  larger  than  is  commonly  present  in  Colorado  soils 
which  does  not  usually  exceed  o.  10  per  cent,  and  is  furthermore 
largely  present  in  the  form  of  nitric  nitrogen.  It  is  not  uncom- 
mon to  find  the  nitric  nitrogen  equal  to  from  15  per  cent  up  to 
even  90  per  cent  of  the  total  nitrogen.  The  contrast  between 
the  amount  of  both  total  and  nitric  nitrogen  in  the  brown  spots 
and  the  ordinary  soil  is  often  very  great.  An  example  is  given 
in  which  the  brown  spot  contained  6629.6  p.  p.  m.  total,  and 


6444.5  p.  p.  m.  nitric  nitrogen,  while  a  sample  taken  twenty 
feet  from  this,  but  outside  of  the  brown  spot,  carried  435.2  p.  p.  m. 
total  and  2.0  p.  p.  m.  nitric  nitrogen;  the  soil  was  not  wet  in 
either  place.  In  another  case  the  brown  spot  contained  8,500 
p.  p.  m.  total  and  7,077  p.  p.  m.  nitric  nitrogen  while  the  ordinary 
soil  sixteen  feet  from  the  edge  of  it  carried  591.6  p.  p.  m.  total 
and  16.0  p.  p.  m.  nitric  nitrogen.  The  brown  color  is  characteris- 
tic of  these  spots  and  also  of  old  azotobacter  colonies.  The 
excessive  nitrogen  in  the  soil,  especially  the  excessive  nitric 
nitrogen,  is  very  definitely  indicated  by  the  color  of  the  surface 
soil,  and  in  cases  in  which  the  accumulation  of  nitrates  is  not  too 
great  these  soils  teem  with  azotobacter. 

NITRATES  AND  COMPOSITION  OF  SUGAR  BEETS 

These  occurrences  are  looked  upon  as  exaggerated  instances 
of  a  general  condition  frequently  prevailing  in  Colorado  soil. 
It  is  cited  as  a  fact  that  the  quality  of  the  sugar  beets  grown  in 
the  Arkansas  Valley  from  1893  to  1904  averaged  17.5  per  cent 
sugar  and  worked  easily  in  the  factory,  but  from  1904  till  1911 
the  beets  averaged  much  lower  in  sugar,  14.2  per  cent  in  1910, 
and  worked  very  badly,  yielding  as  high  as  9.5  per  cent  molasses. 
During  this  period  there  were  some  excellent  beets  produced 
every  year,  but  not  enough  to  maintain  the  average  above  the 
figure  given.  The  fact  that  fields  of  most  excellent  beets,  con- 
taining 18-23  per  cent  sugar,  were  produced  annually  throughout 
the  Valley  was  taken  as  a  refutation  of  the  frequently  made  claim 
that  it  was  all  due  to  climatic  conditions.  The  low  general 
average  for  the  sugar  content,  the  bad  working  qualities,  and  the 
large  percentage  of  molasses  produced  were  interpreted  as  indi- 
cating some  prevalent  soil  condition  which  produced  this  effect. 
The  prevalent  soil  condition  was  believed  to  be  the  presence  of 
too  large  a  supply  of  nitric  nitrogen,  i.  p.,  nitrates,  during  the  season. 
The  whole  subject  of  the  deterioration  of  the  quality  of  these  sugar 
beets  is  considered  as  an  illustration  of  a  general  effect  upon  a  crop 
due  to  an  excessive  supply  of  nitrates  furnished  by  the  soil  itself. 

Some  of  the  more  specific  facts  adduced  in  this  connection  are 
that  the  beets  grown  in  this  Valley  contain  high  percentages  of 
nitric  nitrogen,  or  nitrates.  It  is  shown  that  some  samples 
of  very  poor  beets  carry  from  0.13  to  0.6  per  cent  of  nitrates 
calculated  as  potassic  nitrate,  whereas  the  best  beets  analyzed 
contain  none.  The  molasses  produced  contained  large  amounts 
of  nitric  nitrogen,  from  0.12  to  0.47  per  cent,  or  from  S.64  to 
33.84  per  cent  of  nitrates  calculated  as  potassium  nitrate,  as 
compared  with  0.046  per  cent  of  potassium  nitrate  in  the  best 
Bohemian  molasses  analyzed. 

Starting  from  these  facts  and  guided  by  previous  field  obser- 
vations, a  study  of  the  effects  of  nitrates  upon  the  composition 
of  the  sugar  beet  and  its  working  qualities  established  the  fact 
that  the  composition  of  beets  grown  with  the  application  of 
sodium  nitrate  in  excessive  quantity  was  just  such  as  was  actually 
found  for  the  general  crop  including  the  low  percentage  of  sugar, 
i:  e.,  the  presence  of  nitrates  in  the  beets,  the  watery-white, 
brittle  flesh,  and  the  production  of  thick  juices  having  a  low 
coefficient  of  purity. 

The  poor  quality  of  the  beets  during  the  period  mentioned 
had  often  been  attributed  to  the  attacks  of  the  fungus  Cercospora 
belicola,  or  leaf-spot.  The  attacks  of  this  fungus  were  so  severe 
and  general  that  it  had  to  be  considered.  The  foliage  on  whole 
fields  of  beets  had  often  been  practically  destroyed.  In  the 
absence  of  any  data  to  show  that  any  further  injury  than  that 
of  defoliation  is  ever  produced  by  this  fungus,  the  effects  of  total 
defoliation  were  studied.  It  was  found  that  total  defoliation 
as  late  as  September  6th,  profomidly  affected  the  compo^tion 
and  total  crop  of  beets.  The  changes  produced  in  these  ^ets. 
however,  were  almost  entirely  different  in  kind  and  degree  from 
those  produced  by  the  application  of  nitrates.  These  latter 
changes  were  much  more  profound  than  had  been  indicated  as 
probable  by  a  study  of  the  beets  from  127  fields  where  the  fungus 
attacks  varied  in  virulence  from  very  light  to  the  almost  total 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  7 


destruction  of  the  leaves.  The  chief  points  which  it  was  endeav- 
ored to  establish,  were:  (i )  Are  the  changes  produced  in  the  com- 
position of  the  beets  by  defoliation,  whether  by  knife  or  leaf-spot, 
identical  in  character  with  those  found  in  the  deteriorated  crop? 
(2)  Are  the  changes  the  same  as  those  produced  by  the  application 
of  large  quantities  of  nitrates?  It  was  found  that  both  defolia- 
tion and  nitrates  produce  great  changes  in  the  beets  and  their 
qualities,  but  that  the  beets  grown  with  the  application  of  nitrates 
show  those  changes  which  were  found  in  the  deteriorated  crops, 
while  the  defoliated  beets  do  not.  A  widely  distributed  and  uni- 
form cause  is  inferred  as  producing  these  results,  the  immediate 
expression  of  which  is  the  presence  of  nitrates  in  excessive  quanti- 
ties or  at  a  time  when  they  seriously  affect  the  quality  of  the  crop. 

The  occurrence  of  very  large,  exceptionally  large  quantities 
of  nitrates  has  been  established  by  direct  observation  in  many 
localities  and  by  a  large  number  of  analyses.  The  effects  of 
such  excessive  quantities  of  nitrates  upon  apple  and  other  trees, 
and  vegetation  in  general,  have  been  observed  in  many  localities, 
and  the  sufficiency  of  the  nitrates  to  produce  the  effects  observed 
in  the  case  of  apple  trees  established  by  direct  experiments  made 
on  young  trees. 

The  general  and  more  diffused  effects,  as  well  as  the  wide 
distribution  of  .the  cause  itself,  have  been  established  by  a  study 
of  sugar  beets,  their  composition  and  characteristic  deportment 
in  the  preparation  of  sugar  from  them. 

The  problem  just  stated  presented  considerable  difficulties 
because  of  the  many  factors  involved,  tlie  most  patent  of  which 
may  be  enumerated  as  the  part  played  by:  (i)  excessive  salts 
in  the  soil,  i.  e.,  alkalis;  (2)  excessive  water  and  seepage  (generally 
associated);  (3)  the  effects  of  various  plant  diseases,  e.  g.,  leaf- 
spot;  (4)  insect  injuries;  and  (5)  all  of  the  various  effects  sug- 
gested by  that  comprehensive  term  "climatic  conditions." 

A  previous  study  of  the  effects  of  the  first  two,  extending  over 
a  period  of  four  years,  led  to  the  conclusion  that  these  factors 
may  well  be  completely  eliminated,  so  far  as  the  questions  here 
presented  are  concerned.  The  effects  of  the  leaf-spot  have  been 
specifically  studied  in  this  connection,  and  while  its  seriousness 
is  in  no  way  minimized,  it  is  not  considered  as  the  cause  of  the 
specific  deterioration.  Those  factors  signified  by  the  term 
"climatic  conditions"  are  in  part  recognized,  but  the  most  of 
them  are  considered  as  too  general  to  admit  of  definite  study 
under  such  a  designation.  Hail,  in  one  case  was  practically 
fatal  to  a  crop  while  in  another  its  effects  were  inappreciable; 
the  influences  of  dry  weather,  hot  winds,  early  or  late  frosts, 
etc.,  were  also  considered.  Conditions  for  their  study  were  most 
favorable  during  the  whole  of  its  progress  which  extended  over 
three  seasons. 

EFFECTS  OF  COMMON  FERTILIZERS 

Still  other  factors  which  had  to  be  considered  pertained  to 
the  soil,  its  mechanical,  and  especially  its  chemical  properties; 
also  its  supply  of  plant  food,  and  the  ratio  of  the  respective' 
nutrients  to  one  another.  These  influences  could  not  be  studied 
satisfactorily  by  any  analytical  method,  therefore  experiments 
to  determine  the  effects  of  the  common  so-called  plant  foods, 
singly  and  in  a  variety  of  combinations,  were  depended  upon 
for  information.  Analyses  showed  an  abundance  of  calcium, 
magnesium,  potassium  and  phosphorus,  together  with  a  fair 
amount  of  nitrogen.  The  plant  foods  added  in  the  experiments 
were  stockyard  manure,  calcium  as  burnt  lime  and  as  factory 
waste  lime  (which  contains  both  phosphoriLs  and  nitrogen); 
nitrogen  as  sodium  nitrate,  phosphorus  as  superphosphate,  and 
potas^m  as  sulfate  or  muriate.  The  results  were  concordant 
with  previous  observations  made  on  the  effects  of  fertilizers 
applied  to  Colorado  soils,  i.  e.,  they  produced  no  marked  results, 
such  as  would  reward  one  for  applying  them,  and  what  was  more 
significant,  no  one  of  them  effected  so  definite  an  improvement 
in  the  quality  of  the  beets  as  to  be  unquestionable,  or  even  to 
indicate  a  probable  line  of  experimentation  for  the  betterment 


of  the  quality  of  the  crop.  In  one  series  of  experiments  the  ad- 
dition of  250  ])ounds  of  sodium  nitrate  per  acre  increased  the 
crop  and  improved  the  quality.  All  quantities  in  excess  of  250 
pounds  per  acre  lowered  the  yield  and  depressed  the  quality. 

In  these  fifty  odd  experiments,  just  referred  to,  not  a  single  posi- 
tively beneficial  result  was  obtained.  It  was  concluded  that  there 
was  no  lack  of  available  plant  food  and  no  disadvantageous  ratio 
which  was  corrected  by  any  fertilizer  or  mixture  of  fertilizers  used. 
Of  the  elements  in  question  in  this  connection,  potassium  and  phos- 
phorus are  not  variable  from  time  to  time,  but  the  nitrates  have 
long  been  known  to  be.  There  are  portions  of  the  land  on  which 
these  experiments  were  made  in  which  very  excessive  quantities 
of  nitrates  develop  at  times.  The  assumption  is  tacitly  made, 
though  not  stated  with  definiteness,  that  the  disturbing  factor 
in  these  experiments  was  the  formation  of  a  sufficient  quantity 
of  nitrates  during  the  season  to  eliminate  the  differences  which 
one  would  expect  to  be  produced  by  the  various  mixtures  of 
fertilizers  applied,  so  that  the  result  was  the  production  of  very 
uniformly  poor  beets.  These  experiments  extended  over  two 
years  and  the  results  are  concordant  with  those  obtained  in  other 
experiments. 

It  is  stated  as  a  general  proposition  that  the  Colorado  soils 
are  only  moderately  well  supplied  with  nitrogen,  the  average 
being  o.io  per  cent.  On  the  other  hand,  it  is  also  stated  that 
nitrogen-hunger  has  not  yet  been  observed;  on  the  contrary 
there  is  everywhere  evidence  of  an  ample  supply,  often  positive 
evidence  of  an  excess,  though  not  to  the  extent  of  causing  in- 
jurious effects,  such  as  the  burning  and  killing  of  plants.  In  this 
connection  emphasis  is  constantly  laid  upon  the  high  ratio  of 
nitric  nitrogen  to  the  total,  quite  frequently  reaching  the  high 
figure  of  50.0  per  cent,  or  even  higher,  while  the  usual  maximum 
for  this  ratio  is  given  as  5.0  per  cent. 

The  amounts  of  nitric  nitrogen  which  occur  in  many  places, 
involving  large  areas,  where  orchards  and  other  vegetation  have 
been  injured  or  killed  outright,  have  already  been  given,  but  the 
quantities  occurring  in  cultivated  lands,  apparently  in  good 
condition,  but  which  produce  sugar  beet  crops  of  poor  quality 
were  also  studied  and  compared  with  those  in  other  soils.  The 
maximum  amount  of  nitric  nitrogen  occurring  in  ordinarj'  soils 
is  assumed  not  to  exceed  8  p.  p.  m.  The  average  amount  found 
in  71  samples  of  a  Fort  Collins  soil  taken  to  depths  of  2  and  3 
inches]  October  4-8,  was  6  p.  p.  m.;  of  28  samples  taken  from 
the  third  to  the  sixth  inch  inclusive,  was  5  p.  p.  m.  The  average 
of  46  samples  taken  to  a  depth  of  6  inches  from  different  beet- 
fields,  October  1-15,  was  20  p.  p.  m.;  from  54  other  beet  fields, 
also  taken  to  a  depth  of  6  nches,  January  26-31,  was  13  p.  p.  m. 
The  abundance  of  nitrates  in  some  of  these  samples  does  not 
appear  at  all  when  the  results  are  given  as  averages  which  merely 
show  that  the  first  46  fields  sampled  contained,  in  early  October, 
2.5  times  as  much  nitric  nitrogen  as  is  usually  considered  a 
maximum  quantity.  Among  these  46  samples  is  a  maximum 
of  160  p.  p.  m.  or  twenty  times  the  usual  maximum.  Others 
contain  70,  80,  100  and  120  p.  p.  m.,  respectively,  and  among 
the  54  samples  taken  in  January,  a  maximum  of  140  p.  p.  m.  occurs. 

SODIUM  NITRATE  -APPLIED  TO  SOILS 

In  the  experiments  with  sodium  nitrate  it  "was  found  that  all 
quantities  in  excess  of  250  pounds  per  acre  produced  beets  showing 
the  qualities  of  the  crops  of  deteriorated  beets.  The  time  of 
application  or  occurrence  of  the  nitrates  is  evidently  of  con- 
siderable importance,  but  leaving  this  out  of  consideration,  the 
general  result  was  that  the  deterioration  in  the  beets  increased 
with  the  increase  of  the  amount  of  nitrates  added  till  1000 
pounds  per  acre  was  reached,  which  produced  the  maximum 
depression  in  the  quality  of  the  crop  obtained.  This  maximum 
depression  may  be  indicated  by  the  percentage  of  sugar,  which 
was  depressed  from  16.5  to  ii.o  per  cent,  or  5.5  per  cent  of  the 
beets,  and  the  ratio  of  proteid  to  the.  total  nitrogen  which  was 
reduced  from  31  to  16.5.     This  is  a  reduction  of  43  per  cent  in 
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this  ratio,  but  the  ratio  of  31  is  only  a  little  more  than  60  per  cent 
of  that  of  very  good  beets.  The  average  amount  of  nitric  nitro- 
gen found  in  the  surface  6  inches  of  these  46  fields  corresponded 
to  the  presence  of  480  pounds  of  sodium  nitrate  per  acre  while 
the  160  p.  p.  m.  corresponded  to  about  1440  pounds.  This 
quantity,  however,  is  still  very  far  from  the  maximum  found 
in  beet  fields  by  systematic  sampling.  A  certain  field  was 
chosen  and  divided  into  eight  sections  and  sampled  seven  times 
during  the  season.  The  first  samples  were  taken  March  4,  and 
the  last  August  25.  During  this  period  the  respective  sections 
into  which  the  field  was  divided  varied  greatly  in  their  content 
of  nitric  nitrogen  not  only  among  themselves  but  from  date  to 
date  of  sampling.  The  maximum  variation  in  any  one  section 
was  from  6.5  to  m  p.  p.  m.;  another  varied  from  4.1  to  251 
p.  p.  m.;  the  beets  from  this  field  were  poor  in  quality,  12.6  per 
cent  sugar.  Another  field  sampled  in  like  manner  .showed 
130  p.  p.  m.  as  the  maximum  with  the  next  highest  sample, 
67  p.  p.  m.,  but  the  nitrates  throughout  the  season  were  low. 
The  samples  taken  August  25  ranged  from  2.5  to  12.0  p.  p.  m. 
and  the  beets  were  good — 17  per  cent  sugar.  The  samples  last 
referred  to  were  taken  to  a  depth  of  one  foot,  aftd  gave  a  maxi- 
mum of  nitric  nitrogen  corresponding  to  approximately  8000 
pounds  of  sodium  nitrate  for  the  surface  acre-foot. 

The  question  of  the  origin  of  these  nitrates  has  been  kept  in 
view  from  the  beginning  of  the  work.  The  presence  of  the  ni- 
trates in  many  of  the  Colorado  soils  in  very  extraordinary  quan- 
tities cannot  be  doubted,  neither  can  it  be  doubted  that  the 
brown-spots  with  their  remarkably  large  quantities  of  nitrates 
are  exceptional  manifestations  of  a  condition  that  is  met  with 
over  large  areas  and  constitutes  an  important  factor  in  the 
agriculture  of  the  State. 

WATERS  NOT  SOURCE  OF  NITRATES 

The  first  source  considered  for  the  nitrates  occurring  in  the 
brown-spots  is  a  concentration  of  previously  formed  nitrates, 
but  this  is  regarded  as  inadequate.  Some  of  these  spots  are 
described  as  occurring  isolated,  or  in  isolated  groups,  on  soils 
of  lacustrine  origin  surrounded  by  granites  and  mica  schists 
while  the  deeper  waters  are  of  very  high  purity  and  acid  in 
quality.  The  surface  waters  are,  as  a  rule,  charged  more  or  less 
heavily  with  the  ordinary  alkalis  of  the  section,  which  consist 
of  the  sulfates  of  calcium,  magnesium  and  sodium  with  relatively 
small  amounts  of  chloride  and  carbonates.  There  is  one  ex- 
ception to  the  absence  of  carbonates  from  the  deeper  waters. 
Nitrates  are  absent  except  in  such  quantities  as  may  be  found  in 
.waters  generally,  even  in  waters  entirely  free  from  contamina- 
tion. The  nitrate  spots  are  not  points  of  issue  for  under- 
ground waters.  Further,  the  spots  occur  on  mesas  or  small 
plateaus  where  there  are  no  other  streams  than  irrigating  ditches. 
These  irrigating  ditches,  with  no  important  exceptions,  carry- 
water  furnished  by  mountain  streams,  and  such  waters  have 
not  been  found  to  carry  nitrates.  The  ground  waters  of  many 
sections  of  these  districts  have  been  examined  and  found  free 
from  nitrates,  except  in  cases  where  the  waters  were  taken  from 
beneath  areas  the  surfaces  of  which  were  rich  in  nitrates.  Drain 
waters  from  alkalized  areas  were  also  free  from  nitrates,  unless 
the  drains  passed  beneath  nitrated  areas.  The  alkalis,  soils 
and  ground  waters  occurring  on  or  in  lands  adjacent  to  and 
higher  than  some  niter  spots,  were  examined  in  detail  and  no 
nitrates  beyond  traces  were  found,  while  samples  of  soil  taken 
to  a  depth  of  one  foot  from  the  area  discussed,  showed  the  presence 
of  two  and  a  quarter  tons  per  acre.  This  process  of  elimination 
of  sources  sufficient  to  explain  satisfactorily  the  occurrence  of 
these  nitre%pots  led  to  the  rejection  of  the  concentration  theory. 

There  was  no  question  about  the  presence  of  the  nitrates  in 
sharply  defined  areas  with  no  apparent  and  adequate  source  of 
the  .nitrates.  Many  of  these  spots  occurred  on  well  drained 
land  and  the  water  that  flowed  from  the  higher  lands  in  the 
gravel   underlying   these   general   sections  contained   only   o.io 


p.  p.  m.  of  nitric  nitrogen.  The  soils  in  general  do  not  contain 
a  large  supply  of  nitrogen  from  which  nitrate  may  be  formed; 
their  nitrogen  content  averages  about  o.io  per  cent.  If  this 
nitrogen  were  all  nitrifiable  and  were  nitrified  practically  at 
one  time  and  converted  into  sodium  nitrate  it  would  give  only 
about  0.60  per  cent  of  this  salt  in  the  air-dried  soil,  whereas  the 
brown-spots  often  contain  very  much  more,  so  that  the  question 
relative  to  the  source  of  the  nitrogen  became  an  insistent  one. 
It  seemed  evident  that  as  the  soils  themselves  contained  an 
inadequate  supply  for  the  formation  of  the  nitrates  found,  and 
these  nitrates  did  not  exist  ready  formed  in  the  alkalis  and  ground 
waters  of  adjacent  lands,  there  was  only  one  other  adequate 
source  and  that  was  the  atmosphere.  But  ordinary  soil  has  no 
marked  power,  even  when  alkaline  in  reaction,  to  bring  about 
the  oxidation  of  atmospheric  nitrogen  either  directly  or  in- 
directly. Certain  soils  may,  as  has  been  suggested,  bring  this 
about  in  a  small  measure,  but  not  in  such  a  marked  degree  as  is 
presented  in  these  spots.  Some  agent  was  sought  which  is  capa- 
ble of  transferring  the  atmospheric  nitrogen  to  the  soil  in  some 
easily  nitrifiable  form.  The  predication  of  some  such  agent  was 
considered  as  the  only  reasonable  explanation  for  the  facts, 
because  in  the  beginning  these  spots  were  sharply  defined  and 
characterized  by  a  brown  color  and  an  abundance  of  nitrates. 
While  the  limits  of  these  spots  were  most  sharply  defined,  they 
were  not  fixed;  on  the  contrary,  they  often  extended  rapidly. 
The  brown  color  and  remarkable  quantities  of  nitrates  were 
always  associated.  This  excessive  development  was  a  local  one 
which  extended  its  boundaries  and  was  characterized  by  the 
presence  of  a  brown  color.  These  considerations  led  to  the 
adoption  of  the  theory  of  fixation,  due  to  microorganisms. 
The  azotobacter  were  known  to  be  able  to  appropriate  the  at- 
mospheric nitrogen  in  the  building  of  the  proteid  material  of 
their  own  bodies.  Some  of  them,  at  least,  were  also  known  to 
form  brown  pigments.  Given  the  presence  of  such  organisms, 
the  brown  color  of  the  spots  was  easily  explicable,  and  with  it 
the  source  of  the  excessive  nitrogen,  i.  e.,  the  atmosphere,  through 
the  agency  of  these  azotobacter.  The  presence  of  these  organisms 
would  account  for  the  nitrogen  and  the  color,  but  not  for  the 
final  form  of  the  nitrogen,  i.  e.,  as  nitrates.  This  transformation, 
however,  is  very  rapidly  brought  about  by  other  organisms.  It 
was  tentatively  held  that  the  azotobacter  themselves  effected 
this  transformation,  but  this  view  was  abandoned,  because  the 
reactions  on  which  it  was  based  were  subsequently  found  to  be 
due  to  the  pigments  formed  by  the  azotobacter  and  not  to  ni- 
trates.' It  has  quite  recently  been  held  by  Mr.  Dan  H.  Jones,^ 
that  the  azotobacter  form  nitrates  in  their  body  tissues.  If  this 
were  correct  it  might  contribute  materially  in  accounting  for  the 
formation  of  these  nitrates.  The  reactions  obtained  by  Mr.  Jones, 
however,  were  very  probably  due  to  pigments  and  not  to  nitrates. 

These  soils  were  tested  and  it  was  found  by  experiments 
that  they  possessed,  in  a  high  degree,  the  power  to  fix  nitrogen, 
and  that  this  power  is  limited  only  by  those  conditions  obtaining 
in  the  soils  which  limit  the  growth  of  the  azotobacter  themselves. 
It  was  also  shown  that  these  soils  possess  a  very  high  power  of 
nitrification. 

The  bacteriological  and  cognate  features  are  treated  of  in 
Bulls.  179  and  193,  by  Professor  Sackett  and  in  Bull.  184, 
by  Sackett  and  Robbins.  Investigation  of  the  soils  from  these 
standpoints  developed  the  fact  that  all  of  the  soils  in  question 
gave  rise  to  remarkable  developments  of  azotobacter.  heavy 
films  being  obtained  in  a  few  days.  Further,  pure  cultures  of 
these  bacteria  fixed  notable  quantities  of  nitrogen  and  produced 
pigments  freely.     Some  samples  collected  from  the  surface  of 

*  The  reaction  of  these  pigments  with  phenolsulfonic  acid  render  this 
reagent  altogether  unfit  for  the  estimation  of  nitric  nitrogen  in  some  soils. 
Large  quantities  of  the  pigments  give,  with  this  reagent,  a  deep  brown 
color  which  on  sufficient  dilution  appears  yellow  with  a  tinge  of  brov.  n — 
ver>'  easily  mistaken  for  the  nitric  acid  reaction. 

2  Trans.  Roy.  Soc.  Can..  S  (1913).  Sec.  4. 
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till-  interior  of  these  brown-spots  failed  to  give  a  development 
of  azotobacter,  but  samples  from  the  deeper  portions  of  them 
showed  that  the  azotobacter  were  still  living.  They  had  merely 
been  killed  off  in  the  upper  portions.  The  azotobacter-flora 
of  these  spots  were  found  to  be  abundant,  and  the  high  nitrogen- 
fixing  power  of  such  soils  was  reasonably  explained.  No  definite 
attempt  to  account  for  the  energy  needed  for  the  growth  of  the 
azotobacter  was  made.  It  was  simply  stated  that  some  of  the 
samples  of  soil  preserved  in  a  moist  chamber  in  the  light  de- 
veloped an  abundant  growth  of  algae,  and  this  was  suggested 
as  a  possible  source  of  energy. 

The  ammonifying  power  and  algal  flora  of  some  of  these  soils 
were  subsequently  studied  by  Sackett  and  Robbins.  The 
results  showed  that  these  nitrate  soils  possessed  a  very  much 
higher  ammonifying  power  than  the  ordinary  Colorado  soils — 
two,  and  in  some  cases,  three  times  as  much.  Colorado  soils 
compared  with  soils  from  New  Jersey,  North  Carolina,  California 
and  Iowa,  exceed  them  in  ammonifying  power  from  one  and  one- 
half  to  eight  times,  except  in  cases  in  which  lime  had  been  added 
to  a  New  Jersey  soil.  The  results  of  the  study  of  the  algal  flora 
present  in  the  samples  examined  showed  the  presence  of  twenty- 
one  different  species  of  algae,  nineteen  of  which  belong  to  the 
Cyanophyceae.  A  few  not  present  in  the  samples  examined  in 
this  study  have  since  been  met  with  in  other  samples.  A  few 
samples  of  raw  adobe  soil  have  been  found  to  be  devoid  of  an 
algal  flora  and  also  of  any  power  of  fixation.  The  subsoils  in 
some  of  the  good  cultivated  lands  are  well  provided  with  algal 
spores,  probably  through  the  instrumentality  of  earthworms, 
for  they  develop  a  strong  growth  of  algae  when  exposed  to  sun- 
light in  a  moist  chamber. 

The  last  step  taken  in  this  work  pertains  to  the  nitrifying 
power  of  these  soils.  Experiments  were  made  with  samples 
of  these  soils  early  in  the  progress  of  this  work  in  which  gains  in 
nitric  nitrogen  ranging  from  19  per  cent  of  the  nitric  nitrogen 
present  at  the  beginning  of  the  experiment  to  138  per  cent  were 
recorded.  The  former  figure,  19  per  cent,  was  obtained  in  the 
original  sample  kept  in  the  laboratory  in  its  natural,  moist 
condition;  the  138  per  cent  gain  was  obtained  on  incubation  at 
28°  C.  for  48  days.  A  systematic  study  of  this  subject  by  Pro- 
fessor Sackett  has  been  but  recently  completed.  The  results 
show  that  these  Colorado  soils  have  a  high  nitrifying  power, 
especially  for  ammonic  sulfate  and  carbonate. 

In  comparison  with  foreign  soils,  i.  e.,  soils  from  other  States, 
the  Colorado  soils  have  a  far  superior  nitrifying  power;  e.  g., 
the  average  net  gain  of  the  posiRvely  reacting  Colorado  samples 
in  the  presence  of  ammonium  sulfate  was  672  p.  p.  m.  of  nitric 
nitrogen,  while  that  of  the  foreign  samples  was  151  p.  p.  m. 
With  ammonium  carbonate  the  average  net  gain  for  the  Colorado 
samples  was  521  p.  p.  m.,  and  for  the  foreign  samples  215  p.  p.  m.; 
with  dried  blood  this  gain  was  for  Colorado  samples  432  p.  p.  m. 
and  for  the  foreign  samples  267  p.  p.  m.  The  significance  of 
these  results,  showing  the  superiority  of  the  Colorado  samples 
over  the  foreign  samples  in  nitrifying  power,  cannot  be  inter- 
preted in  any  other  way  than  as  strongly  supporting  the  views 
previously  advanced. 

The  series  of  facts  so  far  established  seem  conclusive  in  es- 
tablishing the  correctness  of  the  view  that  the  occurrence  of 
these  unusual  quantities  of  nitrates  in  the  Colorado  soils  is 
primarily  due  to  fixation  of  atmospheric  nitrogen  by  azotobacter. 

It  is  held  that  these  conditions  suggest  an  explanation  for  the 
formation  of  the  Chile-saltpeter  beds,  but  the  economic  beneficia- 
tion  of  these  soils  as  a  source  of  nitrates  to  be  used  as  a  fertilizer 
is  held  to  be  wholly  impracticable. 

SUMMARY 

The  basal  facts  in  these  investigations  are: 
I — The  presence  of  very  large  amounts  of  nitrates  in  certain 
areas. 

2 — These  areas  are  characterized  by  a  brown  color. 


3 — The  quantity  of  nitrates  in  the  areas  is  frequently  sufficient 
to  exterminate  all  vegetation  and  render  the  land  barren. 

4 — The  identity  of  the  action  of  sodium  nitrate  upon  apple  trees 
with  the  action  of  the  salts  in  these  areas  was  established  by  direct 
experiment. 

5 — The  general  distriljution  of  this  occurrence  has  been  recog- 
nized by  its  effects  upon  the  composition  and  qualities  of  the 
sugar  beet  crop. 

6 — It  has  been  established  by  extended  field  experiments  that 
the  composition  and  character  of  these  crops  are  identical  with 
those  produced  by  the  application  of  Chile  saltpeter. 

7 — It  has  been  shown  that  any  theory  of  concentration  of 
previously  existing,  ready  formed  nitrates  by  the  agency  of  water 
is  not  adequate  to  explain  the  facts  found,  as  the  nitrates  do  not 
exist  in  the  alkalis,  soils  or  waters  of  these  sections. 

8 — It  has  been  established  that  these  soils  possess  a  high 
nitrogen  fixing  power. 

9 — Azotobacter  occur  very  abundantly  in  these  soils. 

10 — The  azotobacter  form  a  brown  pigment  which  accounts 
for  the  characteristic  color  of  the  spots  or  areas. 

II — The  ammonifying  power  of  these  soils  is  very  much 
higher  than  that  of  the  ordinary  soils. 

1 2 — Their  nitrifying  efficiency  has  been  shown  to  be  exceedingly 
high. 

13 — The  algal  flora  of  the  soils  has  been  found  to  be  abundant 
and  may  furnish  the  energy  necessary  for  the  growth  of  azo- 
tobacter. 

State  .Agricultural  Collbge 
Fort  Collins.  Colorado 


THE  WORKINGS  OF  THE  CALIFORNU  INSECTICIDE 
LAW' 

By  Geo.  P.  Gray 

We  have  in  successful  operation  the  National  and  State  Food 
and  Drug  laws,  intended  to  safeguard  against  fraud  and  imposi- 
tion, the  millions  of  human  stomachs  of  the  nation.  The 
stomachs  of  domestic  animals  are  protected  in  a  like  manner  by 
the  operation  in  many  states  of  feeding-stuffs  laws.  Other 
states  have  been  equally  solicitous  of  the  welfare  of  the  auto- 
mobile by  passing  oil  inspection  laws.  Even  the  food  of  plants 
has  not  been  overlooked  and  is  regulated  by  many  state  fertilizer 
laws.  And  lastly,  but  not  least  (certainly  in  respect  to  the 
number  of  individuals  affected),  the  crawling  and  creeping 
things  of  the  earth  have  been  the  subject  of  National  and  State 
legislation  to  insure  that  they  shall  receive  their  full  and  un-" 
adulterated  measure  of  the  potent  poisons  which  are  dealt  out 
to  them  so  lavishly  by  the  hand  of  man. 

Inasmuch  as  the  scientific  study  and  application  of  insecticides 
and  fungicides  are  of  very  recent  development  and  the  attempt 
to  control  the  materials  used  for  that  purpose  by  legislation 
dates  from  the  year  of  1898,  this  matter  has  only  recently  come 
to  the  serious  attention  of  chemists.  Agricultural  literature 
is  full  of  information  on  the  subject  of  insecticides  but  most  of 
the  work  reported  has  been  that  of  the  entomologist  whose  train- 
ing has  been  along  other  lines  than  chemistry.  The  rapid  de- 
velopment of  this  line  of  work  on  a  more  scientific  basis,  the 
more  intimate  study  of  the  action  of  poisons  on  insect  and  fun- 
gous life,  has  shown  the  need  of  chemical  advice.  The  passage 
of  control  measures  has  also  necessarily  added  to  this  need,  there 
being  at  present  not  less  than  twelve  states  which  have  passed 
laws  regulating  the  manufacture  .and  sale  of  insecticides  and 
fungicides  and  possibly  other  states  not  known  to  the  writer. 
Other  states  will  doubtless  follow. 

The  examination  of  materials  incident  to  the  administration 

of  these  laws  is  largely  a  chemical   problem.     This,   then,   has 

opened  up  no  inconsiderable  field  for  chemists  and  will  more  and 

I  Presented  before  the  California  Section  of  the   .\merican  Chemical 
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more  demand  the  services  of  men  of  special  training.  No  definite 
data  is  at  hand  on  the  consumption  of  insecticides  and  fungicides 
but  the  statement  may  be  ventured  that  the  annual  outlay  for 
this  class  of  agricultural  material  is  fully  as  great  and  probably 
greater  than  that  for  fertilizers. 

The  most  pressing  need  for  study  at  present  is  in  the  origina- 
tion and  perfection  of  methods  of  examination  of  these  substances 
which  are  upon  the  market  in  endless  variety  and  are  of  such 
complex  composition  as  to  defy  ordinary  analytical  methods. 
An  intelligent  study  of  analytical  methods  presupposes  some 
slight  knowledge,  at  least,  of  the  nature  and  source  of  the  raw 
materials  and  of  manufacturing  processes  to  know  what  im- 
purities to  look  for  and  to  fairly  judge  their  permissible  limit 
in  commercial  samples. 

Some  of  the  purely  research  problems  that  present  themselves 
for  solution  are  such  questions  as:  How  does  sulfur  really  des- 
troy insects  and  fungi?  is  it  through  oxidation  of  the  sulfur  or 
by  actual  volatilization  of  the  sulfur  as  such?  What  types  of 
lead  arsenate  are  present  in  the  commercial  pastes?  are  they 
acid,  neutral,  or  basic,  or  mixtures?  What  is  the  active  principle 
in  pyrethrum,  quassia  and  hellebore? 

The  above  and  many  other  questions  of  greater  or  less  im- 
portance have  often  been  asked  in  vain.  These  are  all  problems 
to  be  solved  largely  by  the  chemist  and  naturally  by  one  who 
has  had  some  special  training  in  this  particular  branch. 

Occasionally,  valuable  articles  have  appeared  in  the  chemical 
literature  but  the  writer  has  often  wondered  that  more  attention 
has  not  been  given  to  a  subject  of  such  great  economic  im- 
portance to  the  agricultural  interests. 

This  paper  is  presented  with  the  hope  of  arousing  interest  in 
the  subject  of  insecticide  chemistry  and  presenting  a  topic 
little  known  in  chemical  circles,  that  of  insecticide  legislation. 

It  is  hoped  that  in  time  a  sufficient  number  of  the  members 
of  the  Chemical  Society  may  become  engaged  in  this  line  of 
activity  to  organize  a  section  composed  of  those  interested  in 
the  chemistry  of  insecticides  and  fungicides. 

Except  those  of  you  who  have  happened  to  cross  the  path  of 
the  insecticide  inspectors  in  this  state  or  the  Federal  inspectors, 
it  is  presumed  that  the  majority  are  somewhat  unfamiliar  with 
the  topic  as  armounced.  It  is  thought,  therefore,  that  a  brief  his- 
torical sketch  of  this  class  of  legislation  would  be  of  interest,  before 
taking  up  the  discussion  of  the  California  law  in  operation  at  the 
present  time,  as  well  as  some  of  the  events  that  led  up  toits passage. 

POTATO  BUGS  AND  PARIS  GREEN 

The  commercial  manufacture  of  insecticides  in  this  country 
has  been  developed  entirely  since  the  year  i860,  and  is  intimately 
associated  with  the  advent  of  the  potato  bug  in  tJie  middle 
western  states.  This  insect  was  originally  a  native  of  the  Rocky 
Mountains,  feeding  upon  the  native  vegetation.  The  saying 
that  "necessity  is  the  mother  of  invention"  is  well  corroborated 
by  the  experiences  with  this  pest.  The  account  of  man's  battle 
against  this  insect  is  so  well  given  in  Lodeman's  "Spraying  of 
Plants"  that  the  writer  cannot  do  better  than  to  quote  from  him. 

"This  insect, began  to  travel  eastward  when   potato 

culture  had  extended  so  far  west  that  the  plant  was  grown  in 
the  territory  occupied  by  the  beetle.  It  then  left  the  plants  upon 
which  it  had  been  feeding,  and  attacked  the  potato  vines.  The 
march  to  the  east  then  followed.  In  1859,  the  insect  had  'reached 
a  point  one  hundred  mUes  to  the  west  of  Omaha  City,  in  Ne- 
braska' (Riley).  In  1868,  it  extended  to  central  Missouri  and 
southern  Illinois.  In  July,  1870,  the  insect  was  found  in  Ontario, 
Canada;  and  in  1872,  it  arrived  in  central  New  York.  Two  years 
later,  it  reached  the  Atlantic  coast,  having  crossed  nearly  two- 
thirds  of  the  continent  in  the  short  space  of  fifteen  years. 

"The  insects  ate  as  vigorously  as  they  traveled.  Potato  fields 
were  stripped  of  every  vestage  of  foliage;  desolation  could  be 
seen  everywhere;  and  as  this  increased,  the  yield  of  tubers  de- 
creased.    At  first  it  seemed  that  nothing  could  stop  the  ravages 


of  the  pest,  and  it  threatened  the  entire  potato  industry  of  the 
country.  All  known  remedies  failed,  and  the  future  must  have 
appeared  dark  to  the  Western  planters,  until  some  remedy 
could  be  found  that  would  destroy  the  beetles  and  save  the 
foliage  of  the  vines." 

Fortunately,  this  remedy  was  soon  found ;  but  by  whom  is  not 
a  matter  of  history.  In  those  days  Paris  green  (copper  aceto- 
arsenite)  was  the  usual  pigment  for  painting  the  window  shutters 
and  screen  doors  and  some  one  found  that  this  dry  paint  when 
dusted  over  the  vines  poisoned  the  insects  to  almost  complete 
annihilation,  with  little  or  no  injury  to  the  plants.  The  news 
soon  spread  and  new  applications  were  found  for  its  use  in  com- 
batting other  insects.  Dr.  Cook,  our  own  State  Commissioner 
of  Horticulture,  was  largely  instrumental  in  having  its  use 
adopted  as  a  remedy  against  the  codling  moth  of  the  apple  tree. 
He  was  then  a  Professor  at  the  Michigan  College  of  Agriculture. 
At  any  rate  its  use  spread  rapidly  and  the  factories  were  severely 
taxed  to  meet  this  sudden  and  unexpected  demand.  New  and 
more  rapid  methods  of  manufacture  had  to  be  developed  to  turn 
out  tons  of  this  material  where  formerly  the  demand  had  been 
comparatively  small.  In  some  cases  the  results  were  disastrous. 
Hasty  manufacture  sometimes  resulted  in  a  green  that  was 
deficient  in  arsenic.  This  difficulty  was  easily  overcome  by  the 
ingenious  mind  of  the  chemist  and  the  material  was  strengthened 
by  the  addition  of  white  arsenic.  The  application  had,  by  this 
time,  come  to  be  done  almost  entirely  by  means  of  spraying  a 
suspension  of  the  green  in  water.  Paris  green  is  itself  quite 
insoluble  in  water  but  the  white  arsenic  adulteration  was  suffi- 
ciently soluble  to  have  a  very  serious  effect  upon  the  plants. 
Sodium  arsenite  which  was  used  in  its  manufacture  was  not 
always  completely  washed  out  with  a  like  disastrous  result. 
Some  thrifty  manufacturers  even  sought  to  attain  their  dreams 
of  wealth  and  a  trip  to  Europe  by  the  sale  of  some  perfectly 
harmless  and  inefficient  green  powders.  And  so  there  came  to 
be  upon  the  market  three  classes  of  unsatisfactory  Paris  greens 
as  follows:  (i)  bogus,  (2)  adulterated,  and  (3)  low  grade. 

This  state  of  affairs  naturally  led  to  the  study  of  cause  and 
effect.  It  soon  became  evident  that  some  means  of  protection 
against  unscrupulous  and  careless  manufacturers  must  be  found. 
Legislation  was  adopted  as  the  remedy. 

NEW   YORK'S   PARIS   GREEN   LAW 

New  York  appears  to  have  been  the  first  state  to  enact  legis- 
lation governing  the  sale  of  Paris  green.  In  1898,  an  Act  was 
passed  to  prevent  fraud  in  the  sale  of  Paris  green.  This  law  re- 
quired that  manufacturers  and  dealers  in  Paris  green  submit 
to  the  Commissioner  of  Agriculture  a  statement  setting  forth: 
(1)  The  brands  to  be  sold.  The  number  of  pounds  contained 
in  each  package,  together  with  the  name  and  place  of  manu- 
facture. (2)  The  amount  of  arsenic  in  the  Paris  green.  This 
statement  was  to  be  considered  a  guarantee  of  each  package 
sold  and  the  minimum  of  arsenic  trioxid  was  set  at  50%.  (To 
prevent  the  strengthening  of  low-grade  greens  with  free  arsenious 
oxid  an  amendment  was  later  passed,  specifying  that  the  arsenic 
must  be  in  combination  with  copper  and  that  the  water-soluble 
arsenic  should  not  exceed  3.5  per  cent.) 

OTHER  EARLY  LAWS 

Oregon  and  Texas  followed  in  1899;  California  and  Washington 
in  1901;  and  Louisiana  at  about  the  same  time;  New  Jersey  in 
1906;  Minnesota  in  1909. 

Oregon  was  the  first  state  to  pass  laws  to  regulate  other  in- 
secticides than  Paris  green.  Their  law  included:  "Paris  green, 
arsenic,  London  purple,  sulfur,  or  any  spray  material  or  com- 
pound for  spraying  purposes." 

The  Texas  law  sought  to  regulate  "any  commercial  poison  or 
any  chemical  or  mixture  used  as  a  commercial  poison,  such  as 
London  purple,  arsenic,  Paris  green,  or  any  poison  used  for 
the  purpose  of  destroying  the  boll  worm  or  other  pests." 

The  early  Paris  green  laws  were  uniform  in  specifying  a  total 
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content  of  50  per  cent  of  arscnious  oxid  for  Paris  green.  Low- 
grade  greens  were  consequently  strengthened  by  the  addition 
of  the  necessary  amount  of  free  arsenious  oxid  to  comijly  with 
the  50  per  cent  provision  and  passed  inspection  in  many  cases. 
As  free  arscnious  oxid  is  very  injurious  to  foliage,  the  results 
may  be  imagined.  The  entire  abandonment  of  Paris  green  for 
spraying  purposes  was  at  one  time  considered  on  this  account. 
It  is  believed  that  the  California  Agricultural  Experiment 
Station  (through  the  publication  of  Bulletin  126  by  Profs.  Wood- 
worth  and  Colby)  was  the  first  to  call  attention  to  this  condition 
and  to  advise  the  restriction,  by  legislation,  of  the  amount  of 
water-soluble  arsenic  in  Paris  green. 

SOLUBLE   ARSENIC   LIMITED 

The  California  law  was  very  similar  in  operation  to  New  York's 
law,  but  two  steps  in  advance  were  taken:  (i)  It  was  si5ecified 
that  the  arsenic  must  be  in  combination  to  the  extent  of  50  per 
cent,  and  (2)  that  the  water-soluble  arsenic  must  not  exceed 
4  per  cent.  Washington  and  California  may  claim  almost  equal 
honors  in  the  actual  passing  of  laws  restricting  the  amount  of 
water-soluble  arsenic  in  Paris  green,  with  Washington  two  days 
in  the  lead.  The  Washington  law  was  signed  by  the  Governor, 
Feb.  26,  1901,  while  that  of  California  became  a  law  by  con- 
stitutional limitation  two  days  later  in  the  same  year. 

APPEARANCE   OF   OTHER   INSECTICIDES 

The  laws  previous  to  1901  had,  as  their  principal  concern,  the 
regulation  of  the  sale  of  Paris  green,  as  this  substance  was  the 
first  to  be  made  commercially.  Other  more  reliable  and  efiicient 
arsenical  poisons  began  to  appear  and  be  recommended,  notably, 
lead  arsenate  and  London  purple.  The  efficiency  of  these 
sprays  soon  led  to  the  use  of  many  other  preparations  of  a  widely 
different  character.  Chemical  investigation  of  these  other 
substances  in  this  and  other  states  clearly  showed  the  need  of 
standardizing  insecticides  and  fungicides  of  whatever  nature. 

THE    FEDERAL   LAW 

Responding  to  this  clearly  shown  need,  the  Federal  Govern- 
ment passed  what  is  known  as  the  Insecticide  Act  of  1910. 
This  law  is  quite  comprehensive  and  is  intended  to  regulate  the 
traffic  in  a  large  class  of  materials,  many  of  which  were  heretofore 
not  covered  by  any  laws — insecticides  and  fungicides.  To  be 
sure  that  the  law  would  be  inclusive,  the  term  "Insecticides" 
is  defined  in  the  law  as  follows:  "any  substance  or  mixture  of 
substances  intended  to  be  used  for  preventing,  destroying, 
repelling,  or  mitigating  any  insects  which  may  infest  vegetation, 
man  or  other  animals,  or  households,  or  be  present  in  any  en- 
vironment whatsoever."  The  word  "Fungicide"  is  defined  in 
equally  comprehensive  language.  Standards  are  also  fixed  for 
Paris  green  and  lead  arsenate. 

MORE   RECENT   STATE   LAWS 

Subsequent  to  the  passage  of  the  Federal  Insecticide  Law, 
Maine,  California,  Ohio,  North  Dakota,  Michigan,  and  New 
York  passed  new  laws  or  amended  their  old  laws  to  regulate 
the  manufacture  and  sale  of  all  insecticides  and  fungicides,  the 
latter  terms  being  defined  in  the  laws  in  practically  the  same 
language  as  that  used  in  the  Federal  Law.  Minnesota's  law  of 
1 906  was  also  of  the  same  nature .  Some  of  the  laws  were  even  more 
stringent  than  the  Federal  Law  in  the  matter  of  requiring  the  nature 
of  the  contents  of  packages  to  be  fully  declared  upon  the  label.' 

CALIFORNIA'S   PRESENT   LAW   BEFORE   AMENDMENT 

ORIGIN — Seeing  the  need  of  more  adequate  and  comprehensive 
regulation  of  insecticides  other  than  Paris  green  (whose  use 
had  largely  been  replaced  by  other  materials)  as  shown  by  the 
investigations  of  Colby,  Prof.  Woodworth,  Entomologist  of  the 
California  Station,  brought  the  matter  to  the  attention  of  the 
California  horticulturists,  and  published  a  bulletin  in  1906, 
calling  attention  to  the  need  of  a  more  comprehensive  law.* 

*  Since  going  to  press  it  has  been  learned  tliat  Montana  has  passed  an 
insecticide  law  and  that  New  Jersey  has  amended  her  law  to  include  all  in- 
secticides and  fungicides. 

!  Cal.  Agr.  Exp.  Sta.,  Bull.  182. 


The  subject  was  brought  up  at  a  session  of  the  (Cal.)  State 
Fruit  Growers'  Convention  and  a  committee  was  appointed 
composed  of  users  and  manufacturers  of  insecticides.  The 
present  law  is  the  result  of  the  efforts  of  this  committee.  The 
bill  as  originally  proposed  was  based  upon  the  state  fertilizer 
law  which  had  been  in  successful  operation  a  number  of  years 
at  the  time.  In  fact,  it  was  the  same  bill  with  only  the  necessary 
verbal  changes  to  make  it  applicable  to  insecticides.  The  draft 
of  the  bill  as  finally  presented  to  the  Legislature  for  enactment, 
contained  the  essential  features  of  the  original  with  some  ad- 
ditions to  make  it  correspond  more  closely  to  the  Federal  law 
and  a  change  in  the  proposed  manner  of  financial  support  of  the 
measure. 

It  is  not  the  intention,  in  this  paper,  to  take  up  in  detail  all 
the  features  of  the  law  but  only  those  will  be  discussed  which 
are  thought  to  be  the  more  important  or  that  are  distinctive  in 
some  way. 

ADMINISTRATION — The  insecticide  law  now  in  operation  in 
California  (California  Statutes  of  1911,  Chapter  653)  went  into 
effect  July  i,  191 1,  after  having  been  signed  by  the  Governor 
at  the  previous  session  of  the  Legislature.  By  the  terms  of  the 
Act  the  administration  was  placed  in  the  hands  of  the  Director 
of  the  Agricultiu-al  Experiment  Station  in  person  or  by  deputy. 
Prof.  Wickson,  the  Director  at  that  time,  designated  the  head  of 
the  Entomological  Division  to  be  in  immediate  charge  of  the 
work,  which  arrangement  was  made  by  the  Regents  of  the  Uni- 
versity. The  chemical  work,  was  delegated  to  Prof.  Colby  and 
the  writer. 

REGISTRATION — The  law  required  the  annual  registration 
with  the  Secretary  of  the  Board  of  Regents  of  the  University, 
of  all  manufacturers,  importers  and  dealers  in  insecticides  and 
fungicides,  stating  the  component  parts  of  the  substances  which 
they  proposed  to  offer  for  sale.  This  requirement  was  made 
so  that  the  office  might  more  easily  and  accurately  keep  informed 
of  the  materials  being  offered  for  sale  in  the  state. 

LABELING — Proper  labeling  of  each  package  was  also  required, 
stating : 

(i)     Name,  brand  or  trade  mark,  if  there  be  any. 

(2)  Name  and  address  of  the  manufacturer. 

(3)  Place  of  manufacture. 

(4)  Chemical  analysis,  showing : 

(a)  The  percentage  of  each  substance  claimed  to  have  in- 
secticidal  value. 

(b)  The  form  in  which  each  is  present  and  the  materials 
from  which  derived. 

(c)  The  percentage  of  inert  ingredients. 

The  object  of  this  provision  was  to  enable  the  user  to  know  the 
insecticidal  value  of  the  material,  and  also  to  make  the  manu- 
facturer more  careful  as  to  the  composition  of  his  products. 

This  section  was  the  most  radical  of  any  of  the  requirements 
and  was  the  one  most  seriously  objected  to  by  those  who  wished 
to  oppose  the  law.  Most  manufacturers  accepted  the  section  as 
a  good  one  and  complied  with  it  after  they  saw  the  advantage 
to  be  gained  in  protection  from  inferior  goods  sold  and  guaran- 
teed to  be  equal  in  value  to  the  better  grades.  Practically  the 
only  serious  objections  came  from  the  makers  of  "secret"  remedies 
who  had  been  profiting  by  the  use  of  fictitious  names. 

PROPRIETARY  INSECTICIDES  AND  FUNGICIDES — Many  Valuable 
and  reliable  remedies  are  on  the  market  under  patented  names 
or  brands  which  do  not  convey  to  the  user  any  idea  of  their 
composition.  Many  of  these  are  sold  at  their  true  worth  with 
the  name  or  trade  mark  used  only  as  an  identification  mark 
to  designate  the  certain  characteristics  or  quality  or  worth  of 
the  particular  preparation.  The  following  remarks  and  illus- 
trations are  not  intended  to  be  in  any  way  personal  or  to  be  aimed 
at  any  particular  substance  that  has  come  to  the  attention  of 
the  office. 

The  few  manufacturers  that  strenuously  objected  to  publishing 
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their  formulas  argued  that  it  was  wholly  without  justice 
to  require  the  publication  of  a  secret  formula  upon  which  years 
of  study  and  experimenting  or  perhaps  many  dollars  had  been 
spent  in  its  perfection.  They  pleaded  that  their  business  would 
be  ruined,  that  other  manufacturers  would  be  in  possession  of 
their  formulas  and  the  market  would  be  flooded  with  similar 
preparations,  if  the  secret  of  their  wonderful  and  mysterious 
compounds  were  known.  Such  objections  would  indeed  be  valid 
if  they  were  always  based  upon  fact.  So  far  as  can  be  ascertained 
by  study  of  the  literature  and  examination  of  the  formulas  of 
the  remedies  that  have  been  registered  in  the  office,  there  have 
been  very  few  actual  "discoveries"  of  new  insecticides  which 
are  not  very  simple  compounds  already  known  and  made  public. 
The  most  noteworthy  "discoveries"  and  "secrets"  in  this  class 
of  goods  are  not  the  discovery  of  the  insecticide  itself  but  the 
discovery  of  some  efficient  and  cheap  coloring  matter,  or  some 
powerful  and  pleasant  smelling  perfume  to  mask  the  presence  of 
some  very  common  remedy.  The  mysterious  and  wonderful 
properties  ascribed  to  them  are  too  often  found  on  the  outside 
of  the  package,  composed  of  printer's  ink,  rather  than  upon  the 
inside  of  the  package.  Among  illustrations  of  this  kind  may  be 
mentioned  the  coloring  of  borax  with  iron  rust;  the  sweetening 
of  the  odor  of  kerosene  with  oil  of  citronella;  the  coloring  of 
carbon  disulfide  with  iodine  and  masking  its  telltale  odor  with 
oil  of  mirbane. 

It  is  true  that  the  pleasing  color  and  pleasant  odor  of  an  in- 
secticide has  some  aesthetic  value,  but  this  would  scarcely  war- 
rant a  selHng  price  for  pink  kerosene  many  times  more  than  the 
Standard  Oil  Co.  would  care  to  charge. 

While  this  way  of  purchasing  insecticides  is  tolerated  by  the 
public  through  long  usage,  the  same  procedure  would  not  be 
tolerated  for  a  moment  in  the  buying  of  nursery  stock  for  in- 
stance. A  nurseryman  who  had  developed  a  new  kind  of  fruit 
would  scarcely  hope  to  sell  his  trees  by  telling  the  prospective 
purchaser  that  the  trees  were  of  exceptionally  fine  variety  and 
were  guaranteed  to  produce  good  fruit  but  that  he  preferred 
not  to  tell  what  kind  of  fruit  trees  they  were  as  it  was  a  great 
secret  developed  by  the  originator. 

PENALTIES  AND  DEFINITIONS — Other  sections  provide  penalties 
for  infractions  of  the  law  and  specify  what  constitutes  mis- 
branding and  mislabeling,  and  other  necessary   legal    verbiage. 

THE  WORK  OF  THE  OFFICE — The  annual  sampling  and  analysis 
by  the  Director  or  his  deputies  of  all  registered  substances  was 
also  required.  As  the  registrations  began  to  come  in,  and  the 
list  of  registered  materials  began  to  grow,  it  very  soon  became 
evident  that  the  literal  fulfillment  of  this  requirement  would  be 
a  physical  impossibility.  The  number  of  registered  brands  for 
the  first  two  years  of  the  operation  of  the  law  was  well  toward 
10,000.  The  purpose  of  this  section  was,  however,  fulfilled  by 
the  collection  of  a  representative  number  of  samples  of  each 
class  of  goods  and  the  inspection  of  the  stock  and  labels  of  dealers 
to  see  that  they  were  at  least  prepared  to  comply  with  the 
section  on  labeling. 

Quoting  from  the  annual  report  of  the  Director'  during  the 
fiscal  year  ending  June  30,  1913,  this  work  was  performed  by 
"seven  inspectors,  who  traveled  by  rail,  stage  and  boat,  ap- 
proximately 9672  miles,  visited  332  towns,  and  rendered  de- 
tailed reports  on  the  insecticides  stocked  by  163 1  dealers  of  whom 
984  were  operating  under  licenses  issued  by  the  University, 
the  balance  handling  only  registered  goods  in  original  packages. 
The  number  of  brands  registered  and  labels  inspected  was  9646, 
the  number  of  samples  taken  up  was  777  and  of  analyses  made 
was  553." 

THE  WORK  OF  THE  ANALYTICAL  LABORATORY During  the  first 

year  the  chemical  work  was  performed  by  two  chemists  who 
devoted  only  a  part  of  their  time  to  the  work  and  one  who  de- 
voted his  whole  time  to  the  work  with  the  exception  of  two  months' 
'  Annual  Report  of  the  Director,  Cal.  Agr.  Exp.  Sta.  from  July  1,  1912. 
to  June  30,  1913. 


inspection  during  July  and  August.  The  analytical  force  was 
strengthened  the  second  year  by  the  appointment  of  Mr.  M.  R. 
Miller  to  devote  his  whole  time  to  analytical  work  except  two 
months  of  inspection  in  the  summer. 

A  large  amount  of  time  was  necessarily  consumed  in  the 
equipment  of  adequate  laboratories,  the  systematizing  of  the 
work,  study  and  classification  of  the  multitudinous  preparations 
on  the  market,  and  perfection  and  development  of  methods  of 
examination. 

The  publication  of  the  results  of  analysis  has  been  somewhat 
neglected,  due  to  the  pressure  of  this  other  work.  It  is  felt, 
however,  that  much  good  may  be  accomplished  by  the  frequent 
publication  of  the  results  of  examination,  comparing  the  different 
materials  on  the  market.  This  work  will  receive  more  attention 
in  the  future. 

AMENDMENTS   TO    THE    LAW 

At  the  time  tfiat  the  law  was  proposed,  a  bulletin  was  issued 
as  already  noted,  giving  the  text  of  the  bill  and  "comments, 
suggestions,  and  expressions  of  opinion  of  all  parties  interested 
in  the  measure"  were  solicited.'  About  four  years  elapsed 
between  its  proposal  and  its  presentation  to  the  legislature  in 
1 9 10  and  in  the  meantime  no  serious  opposition  was  manifested 
to  its  passage. 

OPPOSITION  MOSTLY  FROM  THE  DEALERS — Very  little  hostility 
to  the  law  was  openly  expressed  by  the  manufacturers,  although 
as  mentioned  before,  some  of  the  promoters  of  insecticides  of 
"common"  origin  but  "aristocratic"  price  objected  to  the  printing 
of  their  formulas. 

Retail  dealers  in  many  instances  considered  it  a  hardship  to 
be  obliged  to  pay  the  annual  registration  fee  of  one  dollar  and 
the  necessary  notary  fee  for  the  affidavit.  The  office  in  charge 
of  the  administration  of  the  law  expressed  a  willingness  to  sup- 
port an  amendment  doing  away  with  the  registration  system,  pro- 
vided that  the  income  for  the  support  of  the  law  be  made  up  in 
other  ways. 

Originally  the  Director  was  authorized  to  take  a  sample  not 
exceeding  two  pounds  in  weight  from  any  stock  of  insecticide  or 
fungicide.  The  taking  of  samples  without  remuneration  was 
clearly  an  injustice  in  principle,  but  in  most  cases  the  samples 
were  given  cheerfully.  In  this  case  also  the  office  in  charge  had 
expressed  itself  as  un-opposed  to  an  amendment  providing 
for  the  purchase  of  samples  if  suflicient  funds  were  provided  for 
the  purpose. 

The  wording  of  the  law  being  largely  based  upon  a  law  written 
for  the  control  of  an  entirely  different  class  of  merchandise,  it 
was  to  be  expected  that  there  would  be  some  defects,  but  these 
were  not  considered  of  a  sufficiently  serious  nature  to  be  changed 
without  further  trial. 

Certain  dealers,  it  seems,  still  desired  to  consider  themselves 
"persecuted"  even  though  the  office  had  agreed  to  support 
measures  that  they  desired.  As  a  result  of  their  silent  activity 
in  the  last  Legislature,  amendments  were  passed  changing  the 
law  quite  materially.  The  parentage  of  the  amendments  and 
the  true  spirit  of  the  opposition  to  adequate  insecticide  legislation 
in  the  state,  appears  to  be  well  expressed  in  a  prominent  drug 
journal  of  the  state ,^  under  the  heading  of  "Join  the  California 
Pharmaceutical  Association"  and  reading  as  follows:  "Through 
the  efforts  of  this  association,  you  will  no  longer  be  persecuted 
through  the  former  obnoxious  insecticide  laws." 

REGISTRATION  SYSTEM  ABOLISHED — SAMPLES  TO   BE    PURCHASED 

— The  amendments  do  away  with  the  entire  registration  system 
and  authorize  the  purchase  of  samples  instead  of  the  taking  of 
them  as  in  the  old  law.  The  attitude  of  the  office  has  already 
been  expressed  on  these  two  points. 

LABELING — A  STEP  BACKWARD — The  labeling  of  packages, 
giving  the  percentage  amounts  of  the  active  constituents,  is  no 

'  Cal.  Agr.  Exp.  Sta.,  Bull.  182. 
'  Pharmacraft,  Oct.,  1913,  p.  5. 
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longer  required,  although  a  "general"  statement  of  the  nature 
of  the  contents  must  be  given.  This  seems  to  be  the  most  es- 
sentially backward  step  taken  and.  again  permits  the  fanciful 
name  to  possibly  determine  the  selling  price  of  an  insecticide, 
rather  than  its  true  value. 

TIME    OF   TAKING    SAMPLES   CHANGED — AN    IMPROVEMENT — The 

part  of  the  section  specifying  the  time  of  taking  of  samples  has 
been  omitted.  This  appears  to  be  one  of  the  good  features  of 
the  change,  as  the  time  of  taking  of  samples  was  previously 
within  a  period  of  two  months  annually,  which  afforded  an 
opportunity  for  an  annual  clean-up  of  doubtful  material  op  hand 
for  those  who  might  happen  to  be  so  inclined. 

NO  VARIATION  NOW  ALLOWED — Another  part  of  this  same  sec- 
tion was  left  out,  which  allowed  a  5  per  cent  variation  from  the 
professed  standard  without  being  considered  a  case  of  mis- 
branding. For  high  percentages,  this  was  undoubtedly  too 
great  an  allowance.  For  instance  in  the  case  Cf  bluestone,  if 
the  article  were  guaranteed  to  contain  100  per  cent  copper 
sulfate  and  analysis  showed  it  to  contain  only  95  per  cent,  it 
could  not  be  considered  to  be  mislabeled  in  the  language  of  the 
law.  This  lower  grade  article  could  successfully  compete  with 
bluestones  of  grades  up  to  100  per  cent,  in  so  far  as  labeling  was 
concerned.  On  the  other  hand,  the  5  per  cent  variation  seems 
reasonable  for  the  low  percentages. 

METHODS  OF  ANALYSIS  NOT  SPECIFIED — Specification  of  the 
methods  of  analysis  was  omitted  in  the  amended  law  and  the 
way  is  thus  left  open  for  argument  and  dispute  where  there  is  a 
difference  of  opinion  as  to  the  proper  procedure,  or  a  variation 
in  results  by  different  methods. 

EXEMPTION  OF  CERTAIN  PREPARATIONS — Drugs  and  chemicals 
listed  in  the  U.  S.  Pharmacopoeia  and  National  Formulary  and 
medicinal  and  toilet  preparations  guaranteed  under  the  Food 
and  Drug  laws  are  exempted  from  the  supervision  of  the  law. 
This  seems  quite  proper  and  reasonable  as  they  are  already 
under  the  control  of  the  Food  and  Drug  Officials. 

The  above  changes  were  all  accomplished  by  the  passage  of 
Assembly  Bill  No.  623  which  was  referred  to  the  Committee  on 
Medical  and  Dental  Laws. 

ANOTHER  AMENDMENT 

Still  another  bill  was  passed  to  further  mutilate  the  law. 
Senate  Bill  No.  670  stands  as  mute  evidence  of  superfluous 
effort  by  its  promoters.  This  was  referred  to  the  Committee 
on  Agriculture,  was  approved,  passed  by  both  houses  and  signed 
by  the  Governor.  This  bill,  as  passed,  added  a  new  section  to  the 
law  as  follows;  "The  following  insecticides  and  fungicides  or 
materials  to  be  used  for  insecticidal  or  fungicidal  purposes  may 
be  sold  by  grocers  and  dealers  generally  without  restriction  and 
without  the  registration  fee,  permit  or  license  being  required  of 
them,  viz.:  insect  powders,  poison  fly  paper,  sticky  fly  paper, 
borax,  moth  balls,  gum  camphor,  spirits  of  camphor,  blue  oint- 
ment, oil  of  eucalyptus,  castor  oil,  ant  poison,  sheep  dip,  lice 
killer,  sulfur,  bluestone." 


This  was  clearly  an  attempt  to  create  a  favored  class  of  dealers 
who  did  not  care  for  various  reasons  to  be  bothered  by  the  in- 
spectors and  the  annual  registration.  The  list  of  substances 
which  it  was  sought  to  have  placed  in  the  immune  class  includes 
some  articles  already  supervised  by  the  Food  and  Drug  Laws; 
others  have  been  found  to  be  free  of  adulteration.  Still  others 
have  been  found  to  be  .subject  to  grave  misrepresentation,  par- 
ticularly the  lice  killers  and  the  sheep  dips.  The  other  bill 
previously  referred  to  abolished  the  whole  system  of  registration 
so  that  the  grocers  need  not  have  been  specially  mentioned,  nor 
the  a^;ticles  that  they  wished  to  sell  without  registration. 

ATTITUDE   OF   THE   OFFICE 

The  situation  concerning  the  amendments  to  the  law  is  summed 
up  by  the  entomologist  in  charge  as  follows:  "While  apparently 
removing  some  of  the  safeguards,  the  present  law  may  still 
sufficiently  protect  the  user.  It  will  be  the  special  task  of  the 
Insecticide  Laboratory  during  the  next  two  years  to  determine 
whether  the  users'  interests  are  sufficiently  protected  and  if  not 
the  law  can  be  further  amended." 

The  office  sincerely  desires  to  cooperate  with  all  manufacturers 
and  dealers  who  are  making  an  honest  effort  to  provide  the  con- 
sumers of  the  state  with  materials  of  worth  and  reliability,  in 
any  effort  to  secure  the  passage  of  legislation  which  will  be  fair 
both  to  seller  and  buyer. 

In  order  to  more  fully  understand  the  situation,  the  entomol- 
ogist has  many  times  met  organizations  representing  both 
parties  in  interest,  has  had  many  conversations,  written  many 
letters,  and  has  always  shown  a  desire  to  adequately  protect  the 
interests  of  both  parties.  The  chemist  in  charge  of  the  ana- 
lytical laboratory  has  visited  many  factories  in  the  state  and 
corresponded  with  many  manufacturers  outside  of  the  state,  in 
an  effort  to  study  methods  of  manufacture,  feeling  that  more 
intelligent  work  could  be  done  in  the  examination  of  the  samples 
that  come  in  for  inspection. 

PUBLICATION   vs.    PROSECUTION 

As  expressed  by  Prof.  Woodworth  in  the  first  paragraph  of 
his  instructions  to  inspectors:  "The  purpose  of  this  office  is  to 
prevent  rather  than  to  detect  fraudulent  practices  in  the  sale  of 
insecticides  and  fungicides."  and  the  policy  thus  expressed  has 
always  been  adhered  to.  This  is  indicated  by  the  fact  that  no 
prosecutions  have  as  yet  been  made,  although  many  cases  of 
misbranding  and  mislabeling  have  come  to  the  attention  of  the 
office.  Dealers  and  manufacturers  in  general  have  shown  a 
desire  to  correct  violations  of  the  law  when  their  attention  has 
been  called  to  the  facts. 

It  is  thought  that  more  good  ('an  be  accomplished  by  publicity 
of  facts  than  through  prosecution,  which  latter  is  useful  only  as 
a  last  resort  against  those  who  persistently  and  purposely  violate 
the  law. 

Insecticide  Laboratory 
University  of  California,  Berkeley 
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By   M.   L.   HAMLIN 


CORRECTION 

The  references  in  this  department  of  Tins  Journal,  6  (1914), 
429-430,  to  the  Journal  of  Gas  Lighting  and  Water  Supply 
should  have  read  \'oluine  125  instead  of  Volume  97  as  printed. 

MEASURING  RAPIDLY  CHANGING  TEMPERATURES 

A  method  for  measuring  temperatures  as  high  and  as  rapidly 
changing  as  those  in  the  cylinder  of  an  internal  combustion 
engine  has  been  partially  worked  out  and  tested  by  A.  Petersen, 
who  describes  his  experiments  in  the  Zcitschrift  des  Vereines 
deutscher  Ingcnieure,  58  (1914),  602. 


Two  forms  of  apparatus  were  tried — a  thermocouple  and  a 
resistance  pyrometer.  These  had  to  satisfy  the  following 
conditions:  (i)  The  mass  of  the  element  must  be  negligible 
compared  with  that  of  surrounding  bodies.  (2)  The  element 
must  have  the  highest  possible  melting  point.  (3)  The  instru- 
ment for  measuring  the  electric  current  must  have  the  least 
possible  drag.  (4)  The  recording  device  must  exert  no  retarding 
effect  on  the  measuring  instrument. 

For  the  resistance  pyrometer  a  wire  o  02  mm.  in  diameter  of 
an  alloy  containing  65  per  cent  platinum  and  35  per  cent 
iridium  was  used;   this  withstood   a   temperature   of   1850°  C. 
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The  thermocouple  consisted  of  a  wire  of  pure  platinum  and  one 
of  an  alloy  of  90  per  cent  platinum  and  10  per  cent  rhodium; 
this  withstood  1650°  C.  The  lead  wires  were  in  every  case 
of  the  same  material  as  the  wires  of  the  element  to  which  they 
were  fused,  and  were,  in  the  final  experiments  with  an  engine, 
mounted  in  suitable  insulating  material  passing  through  the 
cylinder  head. 

For  the  measurement  of  the  current  an  Einthoven  string 
galvanometer  was  used  and  its  deflections  were  recorded  photo- 
graphically on  a  constantly  moving  roll  of  sensitized  paper. 

The  thermocouple  and  resistance  pyrometer  were  stand- 
ardized by  heating  in  an  electric  furnace  of  platinum  whose 
temperature  could  be  measured,  and  the  galvanometer  was 
adjusted  to  constant  readings  each  time  it  was  used,  by  means 
of  a  known  and  constant  current. 

Since  the  instruments  were  to  be  used  in  a  four-cycle  gasoline 
engine  making  about  600  r.  p.  m.,  the  fine  wires  must  be  able  to 
attain  and  lose  a  temperature  of  1800°  in  o.i  second.  This  was 
tested  by  passing  the  wires,  fastened  to  the  rim  of  a  disc  re- 
volving at  a  known  rate,  through  Bunsen  flames  and  observing 
the  resultant  curves  in  the  recording  device.  The  dimensions 
described  above  gave  satisfactory  results. 

The  series  of  experiments  actually  made  in  an  engine  cylinder 
was  merely  of  a  preliminary  nature,  more  for  the  purpose  of 
studying  the  instruments  than  the  engi:^;  the  results  prove  the 
practicability  of  the  method  for  investigating  thermal  changes 
under  these  and  similar  conditions. 


THE  AUSTRALIAN  COAL  TRADE 

The  Australian  coal  trade  for  the  quarter  ended  March  31st 
last  shows  a  big  increase  in  exports,  especially  to  foreign 
countries,  Engineering  (London),  97  (1914),  714.  The  exports 
were  1,365,000  tons,  as  compared  with  1,047,000  tons  for  the 
first  quarter  of  19 13.  Of  these  totals  there  were  just  under 
600,000  tons  exported  to  foreign  countries,  as  compared  with 
344,000  tons  in  the  March  quarter  of  last  year.  The  biggest 
increase  is  in  the  Far  East,  a  quarter  in  which  Australian  trade 
all  round  has  in  recent  years  made  strong  advances. 


A  NEW  RECORDING  DEVICE 

A  recording  device  for  pyrometers  and  similar  instruments, 
designed  on  novel  lines,  has  recently  been  put  on  the  market. 
It  is  illustrated  in  the  accompanying  cut. 

When  free,  the  needle,  which  carries  a  fine  wire,  E,  bent  downward. 


periodically  lifted  by  a  cam,  driven  by  a  clock,  mounted  in  the 
lower  part  of  the  recorder  case,  allowing  depressor  B  to  press 
down  upon  the  needle  until  the  point  passes  through  the  film 
of  ink,  carrying  enough  ink  to  make  a  dot  upon  the  chart.  No 
more  ink  than  needed  to  make  the  dot,  or  dash,  if  a  multiple 
record,  is  deposited  upon  the  chart.  By  holding  the  needle 
against  the  chart,  a  dash  of  any  desired  length  may  be  made, 
depending  upon  the  time  of  depression  of  the  needle. 

From  one  to  five  galvanometers,  mounted  side  by  side  in  the 
recorder  case,  may  use  this  type  of  inker,  giving  simultaneous 
records  at  any  desired  interval. 


swings  above  a  V-shaped  slot,  D,  in  the  sheet  of  metal  mounted 
horizontally  above  the  drum.  This  slot  is  supplied  with  ink 
from  well  C,  and  the  slot  tapering  slightly  throughout  its  length, 
the    ink    flows    freely    to    the    extreme   end.     The    lever    G    is 


THE  KONGSBERG  SILVER  WORKS,  NORWAY 

Engineering  (London),  97  (1914),  566  reports  that  the  vener- 
able Kongsberg  silver  works  in  Norway,  which  boasts  a  history 
exten'ding  over  some  three  hundred  years,  •  has  lately  been 
modernized  in  almost  every  respect.  The  old  smelting  methods 
for  the  poorer  ore,  whereby  much  silver  was  lost,  have  been 
abandoned,  electric  power  has  superseded  water  power,  and 
locomotives  have  displaced  horses  in  the  mines  which  are  situated 
at  two  levels.  The  lower  mines  were  not  worked  for  the  greater 
part  of  the  last  century,  but  prospects  there  are  now  very  favor- 
able, and  this  part  of  the  mines  is  expected  to  yield  at  least 
5000  kg.  of  silver  annually  for  the  next  ten  years.  The  upper- 
level  mines  have  been  worked  with  varying  results,  the  King's 
mine  having  been  the  mainstay  for  the  last  century;  it  is  now 
3000  ft.  deep,  of  which  1220  ft.  are  below  the  level  of  the  sea. 
After  a  disappointing  section  towards  the  b9ttom,  some  rich  ore 
has  now  been  found.  The  output  of  silver  has  been  increased 
of  late  years,  and  during  the  financial  year  1911-12  it  amounted 
to  23,060  lbs.,  a  figure  which  is  likely  to  be  materially  exceeded, 
with  the  aid  of  good  new  findings  and  the  improved  plant. 

PRODUCTION  OF  ZINC  IN  EUROPE,  1913 

According  to  Engineering  (London),  97  (1914),  61:  the  pro- 
duction of  zinc  in  Europe  last  year  amounted  to  671,160  tons, 
showing  an  increase  of  20,490  tons,  as  compared  with  the  output 
for  1912.  Production  fell  off  last  year  2455  tons  in  Belgium, 
1 120  tons  in  France  and  Spain,  and  1135  tons  in  Poland;  but  it 
increased  1015  tons  in  Silesia.  10,845  tons  in  Rhenish  Prussia, 
1885  tons  in  Great  Britain,  385  tons  in  Holland,  2070  tons  in 
Austria  and  Italy,  and  9000  tons  in  Norway.  The  production 
of  zinc  throughout  the  world  last  year  was  estimated  at  990,- 
065  tons. 

MINING  IN  CHINA 

The  British  Consul  at  Changsha  is  quoted  in  Engineering 
(London),  97  (1914),  534,  to  the  effect  that  mining  is  the  most 
flourishing  industry  in  Hunan,  since  not  much  capital  is  required 
to  exploit  superficially  the  rich  deposits  of  that  province,  and 
that  the  new  mines  started  in  191 2  include  silver,  antimony, 
iron,  lead,  coal,  manganese,  cinnabar,  tin,  sulfur,  copper, 
cflpperas.  gold,  zinc,  and  salt.  Prospecting  activity  is  also 
reported  in  the  Fukien  province  for  tin  and  iron,  and  in  Kwan- 
tung  for  gold,  tin  and  coal.  The  most  important  coal  mines 
in  China  are  those  worked  by  a  British  company  at  Kaiping, 
in  Chihli — that  is,  by  the  Chinese  Engineering  and  Mining 
Company,  and  by  what  was  a  rival  Chinese  company  working 
the  neighboring  mines  at  Lanchow.  The  competition  between 
these  two  companies  is  now  removed  by  a  working  agreement, 
and  this  is  expected  to  assist  greatly  the  development  of  the 
resources  of  the  whole  coal  basin  affected.  The  combined  out- 
put of  the  two  collieries  in  1912  was  1,706,658  tons.  The 
Pekin  Syndicate  mines  in  Hunan  produced  549,877  tons  in  1912, 
against  417.190  tons  in  191 1.  The  Hungshang  and  Fangstze 
mines  in  Shantung  turned  out  573.696  tons,  as  compared  with 
486,553  tons  in  191 1.     No  figures  are  at  hand  for  the  important 


S96 


TUE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY       Vol.6,  No.  7 


coal  mines  at  Fushaii,  near  Darien,  but  the  present  output  is 
said  to  amount  to  5000  tons  daily.  In  order  to  encourage  the 
mining  industry,  the  Minister  of  Commerce  and  Industry,  Mr. 
Chang  Chien,  is  at  present  devoting  attention  to  the  framing 
of  regulations,  which  if  adopted,  will  place  the  mining  industry 
of  China  upon  a  proper  basis,  and  permit  of  development  with 
foreign  capital,  knowledge,  and  experience.  The  four  chief 
points  which  require  remodelling,  and  which  are  receiving  at- 
tention, deal  (a)  with  the  ownership  of  the  mining  property,  (6) 
the  ejitent  of  mining  areas,  (c)  the  tax  to  the  Government,  and 
(d)  foreign  participation.  Mr.  Chang  Chien  proposes  that 
foreign  and  Chinese  capital  shall  have  equal  rights.  He  ex- 
presses the  idea  (which  he  hopes  to  have  embodied  in  law)  that 
foreigners  should  be  entitled  to  buy  whatever  shares  they 
like  on  the  Stock  Exchange,  and  it  is  his  intention  to  establish 
stock  exchanges  under  Government  regulations,  which  will  be 
open  to  foreigners,  and  which  will  be  the  medium  whereby 
foreigners  may  obtain  scrip  in  mining  ventures,  as  and 
when  they  please.  The  control  of  mining  properties  will  be 
entirely  in  the  hands  of  those  who  secure  the  mining  rights. 
With  a  view  to  classifying  the  minerals  of  China  and  the  areas 
in  which  they  abound,  a  Mining  Biureau  will  be  established, 
whose  business  it  will  be  to  attend  to  this  work  and  to  carry  on  a 
continuous  policy  of  development  on  behalf  of  the  Government. 
Already  a  beginning  has  been  made  of  a  survey  of  the  mineral 
deposits  of  Shansi  province,  and  a  similar  work  will  be  carried 
out  eventually  with  regard  to  each  province.  The  results  will  be 
compiled  for  public  use,  and  it  will  be  the  aim  of  the  Bureau  to 
assist  the  investing- public  to  develop  properly  the  rich  resources 
that  are  now  practically  untouched. 


THE  OIL  RESOURCES  OF  THE  BRITISH  EMPIRE 

In  a  recent  lecture  before  the  Society  of  Arts,  London,  Dr. 
F.  W.  Perkin  discussed  the  oil  resources  of  the  British  Empire, 
Engineering  (London),  97  (1914),  459.  In  Great  Britain  itself 
only  traces  of  mineral  oil  have  been  located.  The  occurrence  of 
natural  oil  in  Derbyshire  suggested  to  James  Young  that  the  oil, 
which  soon  gave  out,  had  been  produced  by  the  terrestrial  heat 
from  shales,  and  he  had,  in  1850,  taken  out  the  first  patent  on  a 
distillation  process  of  shale  oil.  Shales  now  yield  from  16  to 
40  gallons  of  oil  per  ton,  the  average  being  23  gallons,  and  the 
oil-shale  mined  in  Scotland  rose  from  2,690,028  tons  in  1907  to 
3,116,800  tons  in  1911. 

Canadian  natural  oil  has  for  some  time  had  a  bad  reputa- 
tion, owing  to  its  sulfur  content  and  bad  smell,  and  when  that 
trouble  via.%  overcome,  the  production  began  to  decline;  the 
number  of  barrels  of  oil  produced  fell  from  788,872  in  1907  to 
243,614  in  1912.  Recently  more  oil  has  been  found  in  Alberta, 
on  the  slopes  of  the  Rocky  Mountains,  and  Canada  promises 
to  become  a  rich  oil  field.  In  New  Brunswick  r4o  men,  in 
December,  1913,  were  employed  in  shale-oil  works,  and  natural 
gas  is  used  on  the  Intercolonial  Railway  for  car-lighting  and 
other  purposes.  Australia  is  not  at  all  rich  in  oil,  but  plenty 
of  oil  shale  occurs,  chiefly  in  New  South  Wales,  where  the  te^m 
"kerosene"  is  rather  inaptly  applied  to  a  variety  of  torbanite, 
a  cannel  or  bog-head  mineral ;  the  production  of  oil  shale  in  New 
South  Wales  rose  from  47,331  tons  in  1907  to  75,000  tons  in 
1912.  Oil  shale  is  also  found  in  Queensland,  in  Southern 
Australia,  and  Tasmania,  but  the  oil  finds  arc  not  important. 
The  Taranaki  oil  wells  in  New  Zealand  produce  6720  gallons  per 
week.  Papua  is  promising  as  to  oil.  The  largest  sources  of 
oil  in  India  occur  in  Burma,  and  the  yield  of  the  various  oil 
wells  there  rose  from  173,400,000  gallons  in  1908  to  245,300,000 
gallons  in  1912.  A.ssam  has  since  1908  given  over  3,300,000 
gallons  every  year,  the  yield  increasing  to  3,747,360  gallons  in 
1912.  Trinidad  i.s,  of  course,  famous  for  its  asphalt  lake,  but 
recently  oil-boring  has  likewise  been  very  successful,  and 
250,000  barrels  were  exported  in  the  one  year  igi  1-12. 


In  Africa  oil  has  so  far  not  been  mined  in  large  quantities. 
Compared  to  other  countries,  the  oil  product-ion  of  the  British 
Empire  is  still  small.  The  total  production  is  at  present  esti- 
mated at  1,359,000  tons,  of  which  India  contributes  about  one 
million  tons.  That  aggregate  represents  2.06  per  cent  of  the 
total  oil  production  of  the  world,  to  which  the  United  States 
contributes  63.63  per  cent;  Russia,  18.2;  Mexico,  5.9;  Roumania, 
3.72 ;  the  Dutch  Indies,  3.02 ;  and  Galicia  (Austria),  2.14  per  cent. 

Having  thus  surveyed  the  mineral  oil  wealth.  Dr.  Perkin 
turned  to  the  coal-tar  oils,  peat-oil,  vegetable  oils  and  fi:h  oils. 
The  vegetable  oils,  he  said,  are  utilized  in  the  manufacture  of 
varnishes,  soap,  and  food-stuffs,  like  margarine;  that  they  have 
not  answered  as  lubricants  has  been  due  partly  to  the  defective 
methods  of  refining. 

COAL  STORAGE  AND  GAS  MANUFACTURE 

In  1910  the  Diisseldorf  Gas  Works  took  quantities  of  coal, 
consisting  of  150  tons  each,  from  a  colliery  of  the  Westphalian 
Coal  Syndicate,  and  stored  one  part  in'  the  open  in  a  heap  1 1  ft. 
6  in  high,  while  the  other  150  tons  were  piled  nearly  10  feet  high 
in  a  shed,  with  normal  storage  conditions  prevailing  as  far  as 
possible  in  other  respects.  In  July  and  August  last  year — :.  e., 
3V2  years  later — -lo  tons  of  each  of  these  separately  stored  coals 
were  sent  to  the  Experimental  Institute  of  the  German  Associa- 
tion at  Karlsruhe,  an(^  distilled  separately  for  purposes  of  com- 
parison, special  care  being  taken  that  similar  conditions  pre- 
vailed in  each  case.  Dr.  Karl  Bunte  communicated  the  results 
'  of  these  interesting  experiments  in  a  recent  number  of  the 
Journal  ftir  Gasbeleuchtung,  and  the  following  table  is  reprinted 
in  the  Jour,  of  Gas  Lighting  and  Water  Sup.,  126  (1914),  494. 

Stored  in  Shed  Stored  in  the  Open 
Composition  of  Coal  (Percentages) 

Ash 10.61  11.11 

Moisture     I  Total 0.21  5.46 

(  Up  to  110°  C 2.26  1.34 

Pure  carbon  substance 86.92  82. 09 

Carbonizing  Results 

Oven  temperature 1185°C.  1180''C. 

Gas  production  (N.T.P.) 33  . 9  cubic  meters        33.9  cubic  meters 

Coke 71.9  kg.  71.9  kg. 

Tar 3.8  kg.  4.4  kg. 

Crude  liquor 6.9  kg.  8.4  kg. 

Gross  calorific  value 5275  calories  5250  calories 

N Ha  per  100  kg.  of  coal 275.7  grams  269.0  grams 

Coke 

Quite  fine  dust 19  per  cent  32  per  cent 

After  a  fall  of  11  feet: 

Size — Over  45  mm 48       per  cent  34.5  per  cent 

Size — Over  30  mm 25  .  7  per  cent  22.9  per  cent 

Size — Over    5  mm 19.3  per  cent  31.3  per  cent 

Size — Under  5mm 7.0  per  cent  11.3  per  cent 

While  no  general  conclusions  as  to  the  effect  of  storage  on 
coal  can  be  arrived  at  from  these  tests,  it  is  interesting  to  note 
that,  at  any  rate  in  the  case  of  this  particular  coal,  there  is  no 
material  change  in  the  gas  production  and  the  calorific  value  of 
the  gas  produced.  However,  the  coke  obtained  from  the  open- 
stored  coal  is  considerably  inferior  to  that  from  the  other. 
The  results  are  practically  equal  all  through,  except  in  the  case 
of  the  gas  liquor,  which  is  explained  by  the  difference  in  moisture 
content  of  the  two  coals. 

Further  experiments  are  being  made,  with  the  help  of  another 
large  gas  works,  on  the  effect  on  coal  of  storage,  especially  with  a 
view  to  comparing  stored  with  freshly  mined  coal.  The  results 
of  these  researches  will  be  published  at  a  later  date. 

THE  CORROSION  OF  IRON  BY  DISSOLVED  OXYGEN 

The  question  of  tlie  corrosion  of  iron  water  pipes  by  dissolved 
oxygen  has  been  studied  experimentally  by  J.  W.  Cobb  and 
G.  DougtU,  Jour.  Sac.  Chem.  hid.,  33  (1914),  403. 

Such  an  investigation  seemed  to  be  necessary,  because  several 
cases  of  such  rusting  had  come  to  the  notice  of  one  of  the  authors, 
when  the  water  was  satisfactory  according  to  the  ordinary  chem- 
ical tests,  and  there  was  no  reason  to  suspect  abnormality  in 
the  iron.  The  authors'  conclusions  are  as  follows:  (i)  That 
in  our  experiments  a  very  large  proportion  of  the  dissolved  oxygen 
in  the  water  supply  used  for  a  simple  heating  system  consisting 
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of  one  pipe  was  not  present  in  the  water"  or  gas  leaving,  but  had 
been  absorbed  in  the  pipe.  It  was  presumably  used  up  in  rusting 
the  iron,  and  a  large  quantity  of  rust  was  actually  formed. 
(2)  That  about  half  the  loss  of  oxygen  occurred  in  the  first  foot 
length  of  the  pipe — the  heater.  (3)  That  the  further  loss  of 
oxygen  oofurred  in  the  5  feet  of  pipe  beyond  the  heated  length, 
and  could  be  prevented  if  the  expelled  gases  were  mechanically 
taken  off  at  the  end  of  the  heated  length.  (4)  That  in  small- 
scale  experiments  with  pure  iron  foil  the  expulsion  of  dissolved 
gas  from  the  water  by  previous  boiling  was  an  effective  means  of 
preventing  rusting.  (5)  That  in  similar  small-scale  experiments 
it  appeared  that  the  rusting  of  iron  foil  could  be  almost  prevented 
by  treating  the  cold  air-saturated  water  with  the  sodium  hy- 
droxide and  ferrous  sulfate  necessary  to  take  up  the  oxygen 
dissolved  in  the  water  supply. 

THE  LIGHTING  OF  RIO  DE  JANEIRO 

Rio  de  Janeiro  is  said  by  the  Jour.  Gas  Lighting  and  Water 
Sup.,  126  (1914),  492,  to  be  one  of  the  most  lavishly  illuminated 
cities  in  the  world.  In  I9i2  0ver  $1,500,000  were  spent  on  public 
illumination  both  by  gas  and  electricity,  7,918,660  cubic  meters 
(279,655,400  cubic  feet)  of  the  former  and  11,819,352,017  kilo- 
watt hours  of  the  latter  being  consumed.  For  private  illumina- 
tion in  the  same  year  16,291,915  cubic  meters  (5/5,365,270 
cubic  feet)  of  gas  and  11,653,036  kilowatt  hours  of  the  electric 
current  were  consumed. 

THE  UTILIZATION  OF  SULFITE-CELLULOSE  WASTE 
The  question  of  handling  the  waste  liquors  from  sulfite- 
cellulose  factories  may  involve  not  only  the  possibility  of  their 
commercial  utilization,  but  the  very  existence  of  the  factories 
themselves.  Professor  Lassar-Cohn  discusses  both  sides  of 
the  problem  in  an  article  in  Chemiker-Zeitung,  38  (1914),  657, 
and  gives  the  solutions  arrived  at  in  the  case  of  two  factories  in 
Konigsberg,  Prussia,  which  had  been  closed  by  the  police  for 
polluting  the  Pregel  River.  In  one  case  the  factory  waste  was 
turned  into  irrigating  ditches  and  in  the  other  into  the  Frischer 
Half.  Contrary  to  the  fears  of  the  local  population,  it  did  no 
harm  in  either  case,  but  rather,  in  Lassar-Cohn's  opinion,  acted 
as  an  excellent  fertilizer  in  the  ditches,  and  in  the  Frischer  HafE 
(in  which,  of  course,  its  dilution  was  enormous)  actually  aided 
the  fisheries  which  increased  $100,000  from  1912  to  19 13. 

While  this  disposal  of  the  waste  was  satisfactory  in  that  it 
assured  the  existence  of  the  factories,  it  brought  them  no  return. 
The  enormous  quantities  of  waste  liquors  produced  in  the  manu- 
facture of  paper  by  the  sulfite  process  (2000  tons  of  dissolved 
substance  are  produced  daily  in  Germany  alone)  make  the  prob- 
lem of  finding  a  commercial  use  for  them  an  extremely  tempting 
one,  and  the  prize  of  100,000  marks  ($25,000)  offered  by  the 
Verein  der  Zellstoff  und  Papier  Chemiker  for  a  solution  will 
be  negligible  compared  with  the  returns  which  a  successful  pat- 
ented process  would  bring  in. 

Because  of  the  dilution  of  the  liquors  (10  per  cent  to  1 1  per  cent 
solid  substance),  recovery  by  evaporation  is  expensive,  and  even 
when  the  residue  has  been  recovered  for  use  in  briquetting,  it  has 
proved  too  deliquescent  to  be  practicable.  The  author  is  of  the 
opinion  that  the  most  promising  method  would  be  the  precipitation 
in  some  way  of  the  soluble  resins  and  the  recovery  of  tannin  prod- 
ucts, perhaps  by  condensation  with  a  sugar  or  similar  substance. 

CANADIAN  COKE  OVENS 

The  figures  issued  for  19 13  by  the  Canadian  Department  of 
Mines  show  a  coke  production  from  coke  ovens  of  1,517,133  tons, 
as  against  1,406,028  tons  in  1912,  Jour.  Gas  Lighting  and  Water 
Sup.,  126  (1914),  406.  Over  68,000  tons  of  coke  were  exported 
last  year,  and  nearly  724,000  tons  imported.  There  were  also 
produced  10,608  tons  of  sulfate  of  ammonia,  8,371,600  gallons  of 
tar,  and  3353  million  cubic  feet  of  gas.  When  the  report  closed, 
therewere  1720  ovens  in  operation,  and  1325  ovens  standing. 


GERMAN  AND  ENGLISH  EXPORTS  OF  AMMONIUM 
SULFATE  IN  1912  AND   1913 

German  trade  in  ammonium  sulfate  for  1912  and  1913  is 
compared  with  that  of  England  and  the  following  table  of  exports 
published  in  Chemiker-Zeitung,  38  (1914),  593.  In  both  countries 
the  production  increased  in  19 13  and  the  price  fell;  the  German 
production  will  be  still  larger  this  year  because  of  the  manu- 
facture of  ammonia  from  atmospheric  nitrogen  by  the  Badischer 
Anilin-  und  Soda-Fabrik,  estimated  at  30,000  tons  annually, 
but  which  can  be  increased  in  accordance  with  the  demand. 


Germany 


Exports  (Metric  Tons) 

Great  Britain 


1912 


1913 


Belgium 19,723   15,774  Germany 

Denmark 92            45  Holland 

France 4,313     7,428  Belgium 

Italy 3,816     3,550  France 

Holland 19.121    18,195  Spain  and  Portugal 

Switzerland 1.447      1,337  Italy 

Spain 855      2,550  Japan 

Ceylon 43          818  United  States 

Hawaii 2,541  Java 

Java 5,620   16,023  Other  countries.  .  . 

United  States 902     5  ,  629 

Brazil 965          428 


1912 

1,815 

2.178 

31 

7,550 

63 ,  300 

13.320 

85.300 

38.650 

32.990 

40.000 


1913 
9.246 

si  090 

8.825 
55.000 
5.730 
112.900 
36,470 
37.436 


DESTRUCTION  OF  AN  ARTIFICIAL  LEATHER  FACTORY 

On  Friday  morning.  May  15th,  shortly  before  10  o'clock, 
the  plant  of  the  Mexican  Crude  Rubber  Co.,  located  at  Solvay 
and  Mackie  Sts.,  Detroit,  Mich.,  was  almost  totally  destroyed 
by  a  series  of  explosions,  accompanied  by  a  swift  fire.  Of  the 
twenty-seven  chemists  and  operators  in  the  plant  at  the  time, 
nine  were  killed  instantly,  one  died  later,  and  six  were  more  or 
less  severely  injured. 

The  building  [described  in  connection  with  the  accident,  in 
Engineering  News,  71  (1914),  1154]  in  which  the  explosion  took 
place,  was  fairly  isolated  from  adjacent  buildings  and  was  50  X 
200  ft.  in  plan,  one  story  high,  with  no  basement.  Structiu-ally, 
it  was  a  steel  frame  with  curtain  walls  and  floor  of  cement  mortar 
on  ribbed  metal  lath.  Heavy  8-in.  H-sections  formed  the  wall 
columns.  The  curtain  walls  3  in.  thick  were  carried  to  a  height 
of  5  ft.  above  the  floor  level;  above  this,  glazed  metal  window 
sashes  were  used  to  within  about  2  ft.  of  the  eave  line. 

In  the  rear  of  the  building  were  storage  rooms,  a  laboratory, 
cotton  picker,  presses,  etc.  A  transverse  partition  wall  separated 
this  room  from  the  central  section  of  the  factory  in  which  the 
finished  material  was  produced.  In  this  finishing  room  were 
coaters,  rollers,  etc.  The  supply  stores  of  the  explosive  chemicals 
and  of  raw  cotton,  used  in  the  manufacture  of  artificial  leather, 
were  kept  in  a  small  separate  brick  building  about  30  ft.  to  the 
rear  of  the  main  buildings,  and  were  brought  in  as  required. 

The  force  of  the  explosion  cleaned  out  practically  every  wall 
panel  in  the  rear  125  ft.  and  the  entire  middle  section  of  the  roof 
down  to  the  transverse  partition.  In  some  places  the  curtain 
walls  were  simply  blown  over  onto  the  ground,  while  in  others, 
the  curtain  wall  sections  were  hurled  30  ft.  away  from  the  build- 
ing; the  central  transverse  partition  was  blown  towards  the 
front.  The  position  of  this  partition  and  the  presence  of  a  hole 
about  3  ft.  in  diameter  and  6  in.  deep,  ground  into  the  concrete 
floor  of  the  rear  room  indicate  that  one  of  the  principal  explo- 
sions occurred  at  this  point.  A  large  heavy  milk  can  full  of 
collodion  cotton  is  known  to  have  stood  here  and  pieces  of  sheet 
metal  were  driven  into  adjacent  timbers. 

The  steel  frame  seems  to  have  suffered  little  damage;  some  of 
the  exterior  H-columns  are  buckled  a  little.  The  heat  from  the 
fire  in  the  forward  section  of  the  building  was  probably  intense, 
for  horizontal  angles  in  the  rear  partition  of  what  was  the  office 
were  bent  and  twisted. 

Since  the.explosion  killed  outright  everyone  in  the  immediate 
vicinity,  it  will  probably  never  be  known  definitely  what  its  origin 
was,  but  it  may  well  have  been  caused  by  the  ignition  of  in- 
flammable vapors  by  sparks  from  motor  brushes. 
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The  Sixth  Semi-annual  Meeting  of  the  Institute  was  held 
in  Troy,  New  York,  June  17th  to  20th,  1914,  with  headquarters 
at  the  Rensselaer  Hotel.  The  local  arrangements  were  in  the 
hands  of  Professor  Wm.  P.  Mason,  of  Rensselaer  Polytechnic 
Institute. 

The  opening  session  was  held  at  9.30  Wednesday  morning  in 
the  Pittsburg  Building  of  the  Rensselaer  Polytechnic  Institute, 
where  the  members  were  warmly  welcomed  by  Mayor  C.  F. 
Burns  on  behalf  of  the  city  of  Troy,  and  by  President  Ricketts, 
of  the  Polytechnic  Institute.  President  Ricketts  spoke  of  the 
new  course  in  Chemical  Engineering  recently  established  there 
in  recognition  of  the  rapidly  growing  importance  of  this  pro- 
fession, and  extended  a  most  cordial  invitation  to  the  visitors 
to  be  the  guests  of  the  Polytechnic  at  luncheon. 

At  the  business  session  which  followed,  the  reports  of  the 
Secretary  and  the  Treasurer  were  presented  and  the  standing 
committees  reported:  Chemical  Engineering  Education,  Prof. 
J.  R.  Withrow,  Chairman;  Patents,  Dr.  L.  H.  Baekeland,  Chair- 
man; Standard  Catalogue,  Wm.  M.  Grosvenor,  Chairman; 
Meetings,  A.  W.  Ayer,  Chairman.  The  business  session  was 
followed  by  a  most  interesting  and  comprehensive  series  of 
papers,  short  abstracts  of  which  are  given  below. 

SOCIAL  FEATURES 

The  Institute  banquet  was  held  at  the  Troy  Club.  Prof. 
Mason  presided  as  toastmaster  and  introduced  the  first  speaker. 
Dr.  Charles  Ferris,  Medical  Director  of  the  New  York  State 
Reservation  Commission,  who  gave  a  very  interesting  and  in- 
structive talk  on  the  work  and  plans  of  the  Commission  at  Sara- 
toga. Prof.  A.  M.  Green,  Head  of  the  Department  of  Me- 
chanical Engineering  at  Rensselaer,  told  of  the  work  at  the 
Institute  and  outlined  the  intensive  method  of  instruction 
adopted  there.  President  Whitaker  spoke  for  the  Institute 
of  Chemical  Engineers.  He  summarized  the  work  of  the  year 
and  outlined  plans  for  future  development.  In  closing,  he  re- 
viewed the  life-work  of  the  late  Herman  Frasch  and  proposed 
a  silent  toast  to  the  memory  of  the  Institute's  most  distinguished 
colleague  and  member.  Prof.  Withrow  talked  on  the  plans  of 
the  Committee  on  Education  and  the  encouraging  prospects 
of  cooperation  with  the  Carnegie  Foundation  for  the  Advance- 
ment of  Teaching.  Prof.  Edmond  O'Neill,  of  the  University  of 
California,  spoke  of  the  charms  of  his  state  and  extended  a  most 
cordial  invitation  for  the  Institute  to  hold  its  convention  there 
next  year  during  the  Panama-Pacific  Exposition.  After  a  speech 
by  Prof.  Olsen,  on  the  work  of  the  Institute,  the  banquet  was 
voted  the  most  successful  ever  held. 

The  most  notable  social  feature  of  the  meeting  was  the  smoker, 
given  at  their  home,  by  Professor  and  Mrs.  Mason.  The  guests 
were  received  by  Mrs.  Mason,  assisted  by  President  Ricketts, 
Professor  Green,  Professor  Mason  and  other  members  of  the 
Polytechnic  staff.  Food  and  drink  aplenty  were  provided 
and  it  is  needless  to  say  that  this  closing  event  of  the  Troy 
meeting  was  its  crowning  event. 


Some  Applications  of  Physical  Chemistry  to  Industrial  Pro- 
cesses. By  W.  F.  RiTTMAN.  The  speaker  developed  the  theo- 
retical basis  for  a  number  of  the  well  known  processes,  such  as, 
contact  sulfuric  acid,  air  nitrates,  Haber  ammonia,  producer 
gas  and  others,  taking  into  consideration  the  equilibria,  tem 
perature  and  pressure  factors  involved.  On  the  basis  of  the 
theoretical  deductions,  Mr.  Rittnian  then  calculated  a  number 
of  the  numerical  factors  and  showed  the  striking  agreement 
between  them  and  the  practical  results  already  obtained. 
He  briefly  described  and  illustrated  the  application  of  this  method 


to  investigations  in  new  fields  and  referred  to  his  recently  pub- 
lished articles  on  Gas  Reactions  (see  This  JoxmnKL,  6,  383 
and  472).  f 

Studies  on  Filtration.  By.  J.  W.  Bain  and  A.  E.  Wicle. 
The  authors  presented  the  restUts  of  an  extended  investigation 
into  the  retention  of  moisture  or  solutions  by  various  kinds, 
sizes  and  conditions  of  solids,  in  filtration.  The  results  of  this 
work  will  be  of  great  direct  benefit  to  engineers  in  estimation 
and  plant  design. 

Scrubber  for  Vacuum  Apparatus  for  Laboratories.  By  Chas. 
BaskervillE.  Professor  Baskerville  described  and  illustrated 
with  blue-prints  a  complete  installation  of  an  apparatus  for 
removing  the  corrosive  gases,  vapors,  and  moisture  from  gases 
in  order  to  protect  vacuum  pumps. 

Some  F>rofessional  Obligations.  By  M.  C.  Whitaker. 
Presidential  Address,  printed  in  full  in  this  issue. 

Saratoga  Septic  Tanks.  By  Wm.  P.  Mason.  Prof.  Mason 
described  the  construction  and  operation  of  the  Saratoga  Sewage 
Disposal  as  a  preliminary  to  a  visit  to  the  plant.  He  discussed 
the  recent  explosion  of  one  of  these  large  tanks  and  illustrated 
the  results  with  lantern  slides.  He  also  reviewed  the  various 
theories  offered  to  explain  the  explosion  and  advanced  the  new 
theory,  which  seemed  to  the  members  to  be  the  most  acceptable, 
that  the  disaster  was  due  to  an  explosive  mixture  of  septic  gas 
or  methane  and  air,  known  to  exist  in  the  tanks  at  times,  ignited 
by  a  bubble  of  phosphine  which  has  been  noted  in  a  number  of 
places  in  decomposing  sewage. 

Shoddy  and  Carbonized  Waste.  By  L.  J.  Matos.  The  author 
discussed  the  commercial  importance  of  wool  recovery,  outlined 
the  methods  generally  used  for  removing  vegetable  fibers  and 
suggested  many  new  problems  and  fields  yet  open  to  investiga- 
tion. 

Bleaching  Cotton  Fiber.  By  J.  C.  Hebden.  The  speaker 
presented  the  results  of  extensive  researches  to  determine  the 
effect  of  the  various  steps  in  scouring  and  bleaching  cotton  fabric . 
He  discussed  in  detail  the  difficult  composition  problems  in- 
volved. 

Ozone  in  Ventilation.  By  J.  C.  Olsen  and  Wm.  H.  Ulrich. 
Prof.  Olsen  reviewed  previous  contributions  on  this  subject 
and  presented  the  results  of  a  most  comprehensive  quantitative 
study  to  determine  both  the  oxidizing  and  deodorizing  action 
of  ozone;  by  his  work,  based  upon  such  carefully  planned  and 
executed  experiments,  he  has  thrown  much  light  upon  the 
reasons  which  lie  behind  the  mass  of  contradictory  evidence 
recently  published. 

The  Present  Patent  Situation.  By  Maximilian  Toch. 
Mr.  Toch  discussed  the  new  rules  for  trial  of  patent  suits  and 
eloquently  protested  against  the  anomalous  situation  caused 
by  the  order  to  conduct  the  trial  in  open  court  before  a  judge 
when  no  provision  has  been  made  for  additional  judges  to  take 
this  extra  burden  from  an  already  heavily  overworked  bench. 
The  speaker  approved  the  new  rules  but  lamented  the  short- 
sightedness and  parsimonious  attitude  of  our  government  which 
ignores  the  rights  and  interests  of  the  owners  'of  intellectual 
property. 

Patent  Abuses.  By  M.  H.  IttnER.  The  speaker  charac- 
terized patent  pirates  and  patent  sharks  as  parasites  of 
industry.  He  illustrated  this  point  by  citing  a  case  in  which  a 
field  was  "bottled  up"  as  a  result  of  tlie  refusal  of  a  larger  in- 
dustry to  buy  up  a  few  patents.  The  paper  was  referred  by 
vote  of  the  convention  to  the  Committee  on  Ethics  of  the 
Institute. 

A  Combination  Water  Softener  and  Storage  Tank.  By  L. 
M.  Booth.  Mr.  Booth  described  some  large  industrial  and 
railroad   installations  recently  made   and   illustrated   with  Ian- 
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tern  slides  the  details  of  construction  and  operation  developed 
for  these  plants. 

Development  of  Rotary  Furnaces.  By  R.  K.  Meade.  This 
paper,  which  was  illustrated  by  slides,  discussed  the  historical 
development  and  uses  of  rotary  furnaces  and  presented  some  in- 
teresting recent  applications  in  various  industries. 

EXCURSIONS 

The  local  committee  had  provided  opportunities  for  a  num- 
ber of  most  interesting  and  instructive  excursions.  At  the  con- 
clusion of  lunch  on  Wednesday,  the  members  inspected  the 
buildings,  grounds  and  laboratories  of  the  Polytechnic  Insti- 
tute, after  which  they  went  to  the  Watervliet  Arsenal,  where 
they  were  met  by  Colonel  Gibson  and  Major  Brinker.  By 
special  arrangement,  the  visit  was  so  timed  that  the  members 
saw  the  shrinking  on  of  the  outer  jacket  of  a  14-inch  coast  de- 
fense gun.  Various  other  operations  in  the  manufacture  of 
heavy  ordinance  were  observed  and  special  demonstrations 
of  recent  models  were  provided  by  the  officers  in  charge. 

A  special  car  was  provided  to  take  the  visitors'to  Schenectady 
and  from  there  to  Saratoga  and  return  to  Troy. 

General  Electric  Company  Works,  Schenectady.  The  mem- 
bers spent  several  hours  in  this  plant  under  the  guidance  of  men 
assigned  by  Dr.  Whitney  from  the  Research  Laboratory  staff. 
The  new  research  laboratories  proved  to  be  the  point  of  great- 
est interest,  although  the  party  visited  all  of  the  manufacturing 
departments.  At  the  conclusion  of  the  trip  through  the  plant 
the  members  were  entertained  at  luncheon  by  the  General 
Electric  Company. 

Saratoga  Septic  Tanks  and  Sewage  Disposal.  The  dele- 
gates went  to  Saratoga  in  their  special  car  and  were  met  there 
by  Dr.  Chas.  Ferris,  Medical  Director  of  the  New  York  State 
Reservation  Commission,  and  a  body  of  local  physicians  and 
taken  in  automobiles  to  inspect  the  sewage  disposal  plant. 
At  the  conclusion  of  this  trip  the  entire  party  proceeded  to 
visit  the  various  springs  and  inspect  the  work  of  the  Reserva- 
tion Commission.  The  visitors  were  greatly  impressed  with 
the  work  accomplished  and  the  plans  now  under  way  for  the 
development  of  Saratoga  as  a  resort. 

West  Virginia  Pulp  and  Paper  Company  Plant,  Mechanics- 
ville.  The  visitors  were  here  shown  both  sulfite  and  soda 
processes  for  making  pulp,  the  making  of  paper,  black  ash  re- 
covery, etc.  They  were  especially  favored  in  seeing  the  large 
installation  of  Hargrave-Bird  cells  for  carbonate  and  chlorine, 
the  kilns  for  lime,  the  bleach  plant  and  a  most  elaborate  water- 
power  equipment. 

The  Geo.  P.  Ide  Plants.  Two  large  shirt  and  collar  factories 
of  this  company  were  visited.  The  officials  showed  every  de- 
tail of  their  operations  and  the  visitors  found  much  of  interest 
in  the  highly  developed  machinery  and  the  laundering  opera- 
tions. 

Burden  Iron  Works.  The  puddling  process  for  the  manu- 
facture of  wrought  iron  was  demonstrated  in  this  plant. 

The  Cohoes  Filter  Plant  which  uses  mechanical  filters,  the 
Freihoiffer  Baking  Company  Plant,  and  the  Albany  Filtration 
Plant  which  has  slow  sand  filter  beds  and  mechanical  scrubbing 
fflters,  were  also  open  for  inspection. 


PRESIDENTUL  ADDRESS 
SOME  PROFESSIONAL  OBLIGATIONS 

By   M.   C.   \Vhit.\ker 
Chemical  Engineering  as  an  organized  profession  is  compara- 
tively new,  although  many  men  have  been  engaged  in  this  class 
of  work  since  the  beginning  of  large  scale  manufacture.     Since 
the  organization  of  this  Institute,  various  definitions  have  been 


given  to  outline  the  scope  of  our  professional  activities,  many 
schemes  have  been  suggested  to  improve  the  training  of  our 
apprentices,  some  advances  have  been  made  towards  standardiza- 
tion in  our  engineering  practice,  a  code  defining  the  ethical 
standards  of  our  profession  has  been  formulated  and  adopted,  and 
we  have  shown  our  aims,  with  some  results,  in  constructive 
patent  reform.  Work  of  such  a  character  is  of  the  greatest  im- 
portance, and  is  far  in  advance  of  that  heretofore  undertaken  by 
any  other  organization  in  our  field.  It  can  never  be  regarded  as 
completed,  and  the  best  thought  and  effort  of  well  constituted 
committees  will  continue  to  be  given  to  advancement  along 
these  lines,  with  great  resultant  benefit  to  the  profession. 

There  comes  a  time,  however,  in  the  life  history  of  every  or- 
ganization or  enterprise,  when  the  greatest  advancement  and 
improvement  may  be  made  by  a  process  of  introspection.  It 
would  seem  to  the  speaker  that  chemical  engineers  might  now. 
with  great  profit  to  themselves  and  benefit  to  the  profession, 
submit  to  a  process  of  self-analysis.  Obviously  it  would  be  out 
of  time  and  place  to  attempt  now  a  profound  or  philosophical 
analysis  of  our  internal  personal  relations  and  aims,  but  it  is 
hoped  that  by  reference  to  a  few  of  the  more  fundamental  points,, 
we  may  thereby  catalyze  some  productive  reactions. 

Chemical  Engineering  must,  sooner  or  later,  come  to  be  recog- 
nized as  the  leader  among  the  engineering  professions.  Its 
interests  are  larger  and  more  varied,  and  its  scope  is  greater  and' 
more  intimately  related  to  social  and  industrial  progress,  than- 
that  of  any  one  or  all  of  the  other  branches  of  applied  science. 
Manufacturing  output  in  the  United  States,  which  in  money 
value  is  already  almost  equal  to  the  largest  single  productive 
interest,  will  be  dependent  in  some,  if  not  in  all.  of  its  steps,  upon 
the  Chemical  Engineer.  The  burden  of  the  development  of  the 
industrial  processes  and  the  operation  of  the  plants  will  fall 
upon  him,  and  naturally  the  rewards  of  success  and  the  odium 
of  the  failures  will  be  his.  The  realization  of  the  opportunities 
of  such  a  profession,  so  full  of  brilliant  promise  and  great  possi- 
bilities, will  depend  in  a  large  measure  upon  the  breadth  of  view 
adopted  in  the  acceptance  of  our  responsibilities. 

A  voluble  assertion  of  our  importance  will  not  give  us  the  jjower 
to  master  our  calling.  Professional  prestige,  in  the  engineering 
field  at  least,  is  built  upon  achievement.  Achievement  worthy 
of  the  dignity  of  a  profession  cannot  be  built  upon  independent 
work,  the  spectacular  results  of  a  few  individuals,  or  the  hit-and- 
miss  strokes  of  fortune.  It  must  be  based  upon  a  consistent 
development  of  and  by  a  body  of  able  progressive  men,  and  be 
based  upon  years  of  unselfish  constructive  cooperation,  in  which 
each  member  contributes  his  share,  and  in  turn,  draws  freely  from 
the  common  store. 

The  legal,  the  medical,  and  the  clerical  professions  have  de- 
vised for  themselves  some  form  of  legal  protection.  The  engi- 
neering professions,  on  the  other  hand,  are  subject  to  no  form  of 
external  control,  and  may  become  self-developing  or  self-effacing 
according  to  the  wisdom  of  the  policies  adopted  in  their  direction 
and  development,  and  the  positiveness  and  value  of  their  achieve- 
ments. Merit,  after  all,  is  the  only  measure  of  success  in  engi- 
neering, and  all  failures,  and  even  doubtful  results,  are  promptly 
charged  up  against  the  profession. 

The  civil  engineer  may  design  and  build  a  bridge.  During 
construction,  his  work  is  open  and  in  full  view  of  the  public  and 
his  colleagues.  There  is  not  a  single  feature  of  his  purpose,  his 
design,  or  his  materials  of  construction  which  is  not  common 
knowledge  to  anyone  who  takes  the  trouble  to  look  at  his  work, 
or  read  any  of  the  numerous  articles  published  during  its  progress. 
Even  the  lay  public  may  be  interested  and  pay  their  tribute  to 
the  man  behind  the  work.  The  finished  bridge  stands  in  public 
as  a  monument  to  the  power  and  ability  of  the  builder  and  the 
profession  he  represents. 

The  mechanical  engineer  may  design  and  build  a  wonderful 
machine.     There  is  no  secret  about  any  of  the  features.     His 
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colleagues,  the  public,  or  anyone  may  study  and  criticize  his 
work,  accept  and  profit  by  his  suggestions,  and  ingenious  features 
or  may  avoid  his  mistakes.  The  mechanical  engineer  has  profited 
by  the  successes  and  failures  of  his  predecessors  in  the  art,  and 
his  successors,  in  their  turn,  will  build  better  as  a  result  of  his 
work. 

So  it  is  with  the  mining  and  the  electrical  engineer.  Each  works 
with  a  full  knowledge  of  what  has  gone  before;  each  contributes 
his  share  to  the  advancement  of  his  art,  and  the  standing  of  the 
professions  is  enhanced  because  of  his  contributions. 

The  chemical  engineer,  on  the  other  hand,  works  in  unappreci- 
ated silence  behind  factory  walls.  He  is  not  building  a  monument 
which  invites  public  approval,  though  he  may  be  making  a 
product  of  equal  value  and  more  wonderful  if  it  were  understood. 
The  details  of  his  work  are  carefully  guarded,  and  he  is  even 
•denied  the  .stimulus  of  public  interest  in  his  achievements.  His 
-designs,  materials  and  methods  often  lack  the  helpful  suggestions 
■of  his  fellow  engineers.  He  may  repeat  at  great  expense  the 
mistakes  previously  made  by  his  neighbor,  or  may  fail  to  avail 
himself  of  well  worked  out  methods  which  arc  unknown  to  him 
on  account  of  lack  of  proper  exchange  of  professional  knowledge. 
If  he  is  secretive,  it  comes  as  a  result  of  environment  and  condi- 
tions. This  secretiveness  often  becomes  a  habit,  and  is  assumed 
to  be  a  necessity.  At  times  this  habit  is  extended  either  un- 
consciously or  accidentally  to  ludicrous  limits.  For  example, 
note  how  difficult  it  is  to  find  the  professional  or  business  con- 
nections of  a  chemist  or  chemical  engineer.  Surely  there  is 
nothing  about  this  which  should  be  concealed.  On  the  contrary, 
good  would  result  both  to  him  and  his  employer,  by  having  his 
•connections  and  field  of  activity  well  known.  The  directories  of 
.all  other  engineering  societies  contain  valuable  information  about 
the  professional  activities  of  their  membership,  while  our  di- 
rectories in  many  cases  carefully  disguise  even  the  business 
addresses  of  our  members. 

The  Chemical  Engineer's  efficiency  in  the  production  of  suc- 
cessful results  is  reduced  to  a  minimum,  because  of  a  lack  of 
liberal  professional  cooperation,  while  civil,  mechanical,  electrical, 
and  other  engineers  are  steadily  improving  their  professional 
■efficiency  by  a  systematic  exchange  of  principles  and  practices, 
:and  a  selective  action  to  carry  forward  the  good  methods  and 
reject  the  bad  ones.  We,  of  the  Chemical  Engineering  profession, 
:are  harboring  conditions  which  retard  or  frequently  even  pre- 
vent professional  progress. 

When  the  work  of  the  Chemical  Engineer  is  not  open  to  public 
view,  his  productive  efforts  are  not  understood,  and,  therefore, 
not  appreciated,  his  achievements  cautiously  guarded,  his  business 
■connections  withheld  from  the  directories  of  his  societies,  and 
absolutely  no  record  of  his  professional  activities  is  made  avail- 
able, is  it  any  wonder  the  lay  public  usually  think  of  him  as  a 
■druggist? 

If  one  traces  the  life  history  of  the  development  of  the  Chemical 
Engineer,  it  will  be  found  that  we  have  some  bad  traditions  to 
■overcome.  Our  alchemist  forefathers  cultivated  secretiveness, 
mystery  and  even  deception.  These  dark  art  traditions  are 
■openly  professed  today  in  some  of  our  factories,  while  in  others 
they  remain  in  latent  evidence. 

With  these  adverse  conditions  and  traditions  in  existence,  it 
would  seem  that  the  Chemical  Engineers  arc  confronted  with  an 
important  problem  which  intimately  concerns  the  progress  and 
development  of  tlie  profession.  Inefficiency  and  loss  of  prestige 
are  bound  to  result  from  unsupported  individual  effort.  Coopera- 
tion is  essential  to  substantial  engineering  development.  This  co- 
■operation  comes  about  naturally  in  other  engineering  professions, 
and  it  will  have  to  come,  if  not  naturally,  then  by  force  of 
necessity,  in  ours. 

Every  failure  in  design,  every  fatal  accident,  every  industrial 
disease,  every  fire  or  explosion  in  a  chemical  works,  every  com- 


mercial insuccess  is  an  indictment  against  the  chemical  engineering 
profession.  Cause  and  effect  in  bridge  failures,  dam  failures, 
boiler  explosions,  railroad  and  steamship  wrecks,  are  freely  dis- 
cussed in  conventions  and  journals,  for  the  ben^t  of  the  interested 
profession.  These  open  and  frank  discussions  disarm  public  criti- 
cism on  the  one  hand,  and  on  the  other,  place  before  all  members 
of  the  profession  most  impressive  and  profitable  lessons  in 
what  not  to  do. 

The  Chemical  Engineer  in  such  cases,  apparently  guided  by 
his  ancient  traditions,  or  his  environment  controlled  habits, 
as  no  other  motive  seems  discernible,  often  secretes  the  facts  not 
only  from  the  public,  but  also  from  his  professional  associates. 
Such  secretiveness  always  arouses  public  suspicion.  The 
interests  of  humanity  may  be  sacrificed,  and  the  profession, 
without  the  knowledge  of  what  has  happened,  may  go  blundering 
into  the  same  disaster  again  and  again.  These  costly  disasters 
are  not  even  recorded  as  experience  outside  of  the  factory  walls 
in  which  they  occur. 

Have  the  Chemical  Engineers  discussed  or  even  heard  of  the 
causes  leading  to  the  failure  of  the  coke  plant  at  Bethlehem; 
the  cause  and  effect  of  the  explosion  in  the  artificial  leather  fac- 
tory at  Detroit;  the  lessons  to  be  drawn  from  the  recent  fire 
in  the  Mallinckrodt  works  in  St.  Louis;  the  cause  and  effect  of 
the  failure  of  a  large  gas  holder  at  Philadelphia;  the  cause  or 
remedy  of  the  large  number  of  industrial  diseases  in  some  of 
our  plants;  the  complete  failure  of  this  or  that  piece  of  equipment 
or  method  of  installation? 

Do  the  affected  or  afHicted  Chemical  Engineers  seek  the  as- 
sistance of  their  associates  and  professional  colleagues  in  deter- 
mining the  cause,  and  suggesting  the  remedy  for  such  disasters? 

If  the  cause  and  the  remedy  are  determined,  are  the  facts 
made  public? 

Think  of  the  benefit  which  would  come  to  our  profession  and 
to  humanity  and  industry  in  general,  from  frank  authoritative 
discussion  of  these  and  many  other  problems  which  come  within 
the  experience  of  every  Chemical  Engineer.  The  discussion  of 
the  defective  design,  or  material,  or  installation  of  chemical 
engineering  appliances  is  a  thing  which  would  be  of  inestimable 
benefit,  not  only  to  other  engineers,  but  also  ultimately  to  the 
producers  of  the  appliances.  Negative  results  can  be  of  no  possi- 
ble value  to  those  industries  which  have  developed  them,  but  if 
they  were  published  or  discussed,  they  would  become  of  the 
greatest  importance  to  future  engineering  progress.  Why 
should  they  be  jealously  guarded  and  secreted  and  the  progress 
of  this  profession  thereby  blocked? 

The  question  as  to  what  knowledge  the  manufacturer  should 
disclose  for  public  use,  and  what  should  be  kept  within  the  factory 
walls  is  one  which  may  be  settled  by  the  rule  of  reason,  but  never 
settled  by  yielding  to  the  inclinations  of  our  natural  environment 
and  our  ancestral  traditions.  WTien  it  becomes,clear  that  these 
conditions  are  blockading  engineering  progress  and  our  own  pro- 
fessional development,  it  will  not  be  simply  a  duty,  but  an  obliga- 
tion, for  every  Chemical  Engineer  to  apply  this  rule  of  reason 

Property  value  might  safely  be  accepted  as  the  basis  for  de- 
termining what  should,  and  what  should  not  be  disclosed.  Manu- 
facturers and  Chemical  Engineers  would  not  be  expected  to 
give  out  unprotected  information  of  direct  property  value,  any 
more  than  civil  engineers  would  be  expected  to  publish  their 
working  drawings  before  the  contracts  were  awarded,  or  the 
mechanical  engineer  be  expected  to  give  away  the  appUances 
in  which  he  had  invested  his  time  and  his  money.  Such  a  policy 
would  result  in  commercial  anarchy,  and  tend  to  destroy  indus- 
trial stability,  and  with  it  the  dependent  professions. 

Fortunately  it  is  very  often  the  knowledge  having  the  least 
property  value  which,  when  collected  and  classified,  possesses 
the  greatest  professional  value.  Negative  results  can  usually 
be  disclosed  without  loss,  and  tliey  form  the  most  substantial 
basis  for  engineering  development. 
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On  the  other  hand,  the  pubUcation  of  the  failure  of  a  design, 
a  material,  or  a  process,  would  invite  constructive  thought  from 
others,  which  might  turn  a  failure  into  a  success,  or  suggest  to 
our  young  investigators  researches  which  would  definitely  es- 
tablish or  disprove  the  scientific  validity  of  the  principles 
involved. 

The  interests  of  humanity  demand  that  industrial  diseases, 
industrial  accidents,  and  improvements  in  working  conditions  be 
openly  and  frankly  discu.ssed,  in  order  that  the  combined  effort 
of  all  minds  be  brought  to  bear  on  the  needed  solutions.  Proper 
publicity  in  all  bad  or  doubtful  cases,  would  do  much  to  soften 
the  hearts  of  the  financial  control,  and  at  the  same  time  inde- 
pendently enlist  the  services  of  the  physiological  chemists,  the 
medical  researchers,  the  mill  designers,  and  many  minds  in  our 
own  profession,  which  is  most  seriously  indicted. 

We  have  all  heard  the  statement,  by  members  of  this  profes- 
sion, that  there  are  no  adequate  textbooks,  or  handbooks  in 
Chemical  Engineering,  of  the  same  standard  of  excellence  as 
those  existing  in  mechanical  engineering,  for  example.  Such 
books,  in  any  engineering  field,  are  the  results  of  compilations 
and  classifications  of  approved  matter  from  current  technical 
journals,  and  Society  proceedings,  and  it  is  inevitable  that  they 
will  be  large  or  small,  dense  or  rare,  profound  or  superficial,  in 
direct  proportion  to  the  current  available  material. 

If  we  secrete  our  information,  or  fail  to  publish  our  re- 
searches, hoard  our  knowledge  and  avoid  the  full  and  frank  dis- 
cussion of  our  industrial  problems,  we  are  bound  to  reap  the 
negative  rewards.  Our  books  will  not  represent  the  sum  of  a 
profession's  knowledge,  but  instead,  the  comparatively  small, 
laboriously  attained  work  of  one  or  a  very  few  individuals. 

This  Institute,  representing  as  it  does  the  leading  organization 
devoted  exclusively  to  developing  the  technical  interests  of  the 
Chemical  Engineers,  and  enhancing  the  prestige  and  value  of 
that  profession,  should  be  the  first  to  consider  all  obstacles  to 


the  accomplishment  of  its  purpose.  Our  profession  is  built 
upon  the  applications  of  a  science  of  the  most  infinite  and  varied 
detail.  The  mastery  of  modern  chemistry  requires  a  highly 
developed  mind,  and  one  which  should  be  fully  qualified  to  at- 
tack and  solve  with  ease  the  general  problems  of  policy  in  the 
development  of  the  profession.  Our  organization  is  new,  and 
the  problems  are  large  and  numerous.  Most  careful  considera- 
tion must  be  given  to  the  direction  of  our  energies  into  those 
channels  in  which  we  shall  find  the  most  productive  returns. 
We  have  no  time  to  waste  on  philosophical  quibbling  or  fussy 
arguments.  If  self-analysis  shows  that  the  indictment  of  nar- 
rowness is  valid,  and  that  the  best  interests  of  our  profession  will 
be  served,  as  I  think  they  will,  by  a  more  active  interest  in  public 
questions,  such  as  the  so-called  conservation  movement,  public 
service  control,  corporate  regulation,  financing  of  industrial 
enterprises,  etc.,  then  we  should  study  and  discuss  these  prob- 
lems in  our  meetings  and  proceedings. 

If  Chemical  ?vngineering  education  is  twenty  or  thirty  years 
behind  the  methods  and  efficiency  of  mechanical  and  electrical 
engineering  training,  as  I  think  it  is,  and  its  improvmeent  is 
being  blocked  by  the  dogmatic  teaching  that  chemical  manu- 
facture is  nothing  more  than  enlarged  laboratory  practice,  it 
then  becomes  evident  that  even  more  strenuous  efforts  will  be 
required,  from  this  Institute  and  its  hard-working  committees, 
to  produce  the  desired  results. 

If,  as  I  firmly  believe,  our  professional  progress  is  being  seri- 
ously blocked  by  an  unjustified  and  unjustifiable  veil  of  secrecy 
or  mystery  drawn  around  our  experiences,  our  needs,  our  achieve- 
ments, and  our  professional  activities,  the  removal  of  this  ob- 
stacle to  our  advancement  becomes  an  obligation  upon  each 
constituent  member  of  the  Chemical  Engineering  profession, 
and  particularly  upon  the  Institute  of  Chemical  Engineers. 
Chemical  Engineering  IvAboratories 
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THE  INVENTION  OF  CELLULOID' 

I  discussed  quite  fully  the  question  of  priority  of  invention  of 
celluloid,  when,  as  your  representative,  I  handed  to  Mr.  John 
Wesley  Hyatt,  the  Perkin  Gold  Medal,  on  the  evening  of  Janu- 
ary 23rd  last,  and  as  my  remarks  were  printed  in  full  in  This 
Journal,  5,  156,  I  do  not  think  it  necessary  at  this  time  to  go 
over  the  ground  again.  There  are,  however,  a  few  points  to 
which  it  seems  proper  to  refer.  My  friend,  Dr.  Schiipphaus, 
lays  considerable  stress  on  the  fact  that  he  has  had  thirty  years' 
experience  in  the  celluloid  industry;  this  is,  indeed,  a  long  period. 

My  familiarity  with  pyroxylin  began  aoout  1851,  when  I  was 
a  boy  fourteen  years  of  age.  As  a  pupil  in  the  New  Bedford 
High  School,  just  beginning  to  study  chemistry,  I  began  to  make 
chemical  experiments  in  my  workshop.  My  sportsman  uncle, 
who  had  been  experimenting  with  guncotton  of  his  own  make 
in  his  rifle,  turned  over  to  me  a  large  green  bottle  of  strong  nitric 
acid  and  another  of  fuming  sulfuric  acid.  I  quickly  learned  to 
make  explosive  guncotton,  and  did  things  with  it  I  should  hardly 
have  the  nerve  to  do  now.  For  example,  I  would  place  a  tuft 
of  guncotton  in  the  palm  of  my  hand,  cover  it  with  gunpowder, 
leaving  a  few  of  its  fibers  protruding,  and  then  light  it  with  the 
red  hot  end  of  a  match.  The  cotton  would  explode  leaving  the 
unburned  gunpowder  in  my  hand.  My  sister  happens  to  be 
present  here  tonight,  and  she  ^members  well  how  I  used  to  startle 
her  and  my  younger  brother,  and  dear  old  grandmother,  by 
flashing  trains  of  guncotton  on  the  parlor  table. 

In  1857,  I  took  up  amateur  photography  and  made  my  own 

1  Remarks  of  C.  P.  Chandler  at  meeting  of  the  New  York  Section  of 
the  Society  of  Chemical  Industry,  The  Chemists'  Club.  April  24.  1914,  in 
reply  to  Dr.  Robert  C.  Schiipphaus.  (see  This  Journal.  6,  440). 


soluble  pyroxylin  and  collodion.  Since  that  time  I  have  acted 
as  expert  in  several  investigations  involving  pyroxylin,  explosives, 
varnishes,  etc.,  and  in  June,  i88i,  testified  in  the  suit  of  Daniel 
Spill  against  the  Celluloid  Manufacturing  Company.  During 
recent  years,  I  have  had  occasion  to  look  up  the  history  of  py- 
roxylin plastics  as  expert  in  the  Kodak  film  case  which  was  re- 
cently decided.  But  in  forming  an  opinion  on  the  subject  under 
discussion,  I  do  not  rely  on  my  own  experience.  The  issue  is 
a  matter  which  must  be  settled  by  facts.  Dr.  Schiipphaus  be- 
gan his  address  by  saying  that  he  wrote  the  article  on  Celluloid 
in  Thorpe's  "Dictionary  of  Applied  Chemistry,"  "from  which 
Prof.  Chandler  submits  a  mangled  quotation  with  his  emphatic 
disapproval." 

Of  course,  I  pardon  my  friend's  use  of  the  word  "mangled;" 
his  imperfect  knowledge  of  the  English  language  has  led  him  to 
use  a  word  which  generally  means  cut  or  lacerated,  as  the 
"mangled  remains"  of  a  person  who  has  been  run  over  by  a 
railway  train.  In  German  the  word  implies  deficiency,  and  the 
doctor  evidently  uses  it  with  that  significance.  My  quotation 
was  verbatim  as  follows:  "The  substance  was  first  produced 
by  Daniel  Spill,  of  Hackney,  England,  and  came  into  commerce 
under  the  name  xylonite."  "Spill's  method  of  converting  the 
nitrocellulose  has  been  followed  for  more  than  forty  years." 
A  verbatim  quotation  of  two  entire  sentences  can  hardly  be 
said  in  English  to  be  "mangled."  In  the  first  edition  of  Thorpe's 
Dictionary,  the  credit  of  first  making  celluloid  is  given  to  Hyatt. 

Further,  my  friend  Schiipphaus  seems  to  err  in  the  use  of  the 
word  celluloid,  by  making  it  include  plastics  containing  not  only 
pyroxylin  and  camphor  but  a  variety  of  other  substances  such 
as  animal  and  vegetable  oils,  gums,  resins,  etc.,  such  as  were 
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made  by  Parkes  prior  to  1855  and  later  by  his  pupil,  Spill,  who 
became  associated  with  Parkes  in  1864  in  the  Parkesene  Co. 
They  did  not  call  their  product  "celluloid,"  and  I  have  seen  no 
evidence  that  leads  me  to  think  that  they  ever  made  celluloid, 
till  after  Hyatt  made  it,  and  a  man  who  learned  the  process  from 
Hyatt,  later  entered  the  service  of  vSpill. 

There  is  another  thing  which  perhaps  Dr.  Schiipphaus  docs 
not  understand — the  American  conditions  on  which  patents  are 
granted.  They  are  quite  different  from  those  that  prevail  in 
England.  In  the  United  States,  the  original  inventor  is  alone 
entitled  to  a  patent  and  if  a  man  who  is  not  the  original  inventor 
secures  a  patent,  it  becomes  null  and  void  when  it  is  shown  that 
he  was  not  the  inventor.  In  England  it  is  quite  diiTerent.  On 
March  23,  1876,  Daniel  Spill's  Bill  of  Complaint  against  the 
Celluloid  Manufacturing  Co.  was  sworn  to,  and  promptly  filed 
in  the  Circuit  Court  of  the  United  States.  Spill  came  over 
himself,  employed  the  best  patent  lawyers,  testified  himself, 
produced  many  other  witnesses,  took  testimony  in  London 
by  Commission,  and  spent  eight  and  a  half  years  in  vain  try- 
ing to  prove  that  the  Celluloid  Co.  infringed  his  patents.  The 
weakness  of  his  case  is  shown  at  the  outset.  With  all  his  patents 
and  those  of  Parkes,  he  was  only  able  to  charge  two  infringements; 
(i)  The  use  of  camphor  and  alcohol  solvent  under  Patent  97,454 
of  1869;  (2)  the  bleaching  of  pyroxylin  under  Patent  101,175 
of  1870.  The  case  was  argued  before  Judge  Blatchford,  one  of 
the  most  eminent  United  States  judges,  especially  experienced 
in  patent  litigation.  In  his  opinion  given  May  25,  1880,  he 
decided  that  the  defendant,  the  Celluloid  Co.  had  failed  to  prove 
that  Spill  was  not  the  first  person  to  use  camphor  and  alcohol 
to  dissolve  pyroxylin,  or  that  he  was  not  the  first  person  to  bleach 
pyroxylin.  He  declared  both  patents  valid,  and  awarded  to 
Spill  recovery  of  profits  and  damages,  to  be  ascertained  by 
reference  to  a  master,  and  a  perpetual  injunction.  The  injunc- 
tion, however,  proved  inoperative,  for  when  the  Celluloid  Co. 
continued  to  manufacture  and  Spill's  counsel  made  a  motion 
to  punish  the  company  for  contempt,  the  company  showed  that 
it  had  given  up  bleaching  pyroxylin,  and  had  substituted  methyl 
alcohol  for  ethyl  alcohol.  The  court  ruled  that  this  was  a  valid 
defense  and  that  the  company  was  not  in  contempt — so  they 
continued  to  manufacture.  In  the  meantime,  the  plaintiffs 
proceeded  to  prove  damages  and  profits  and  the  defendant  com- 
pany put  in  further  evidence  in  defense.  On  February  25,  1884, 
the  master  filed  his  report,  stating  that  Spill's  lawyers  had  faUed 
to  furnish  the  necessary  data  to  enable  him  to  report  any  profits, 
or  to  fix  any  damages.  Spill's  lawyers  claimed  $276,667.66 
on  account  of  the  alcohol  camphor  patent;  $504,306.25  on  the 
pyroxylin  bleaching  patent.  The  litigation  was  continued, 
more  testimony  was  taken  by  both  sides,  and  on  August  21, 
1.SS4,  Judge  Blatchford  did  what  required  great  moral  courage. 
He  reversed  his  original  decision  against  the  Celluloid  Co. 
He  decided  on  the  testimony  and  documents  presented  that 
Spill's  patent  97,454  was  invalid  as  far  as  it  claimed  the  use  of 
camphor  and  alcohol  as  a  solvent  for  pyroxylin,  for  the  reason 
that  this  invention  was  made  by  Parkes.  Further,  he  decided 
that  Spill's  Patent  101,175  was  invalid  as  far  as  it  claimed  bleach- 
ing pyroxylin,  as  that  is  not  a  patentable  invention. 

Now  I  do  not  think  that  either  Dr.  Schiipphaus  or  myself  com- 
petent to  reverse  the  final  decision  of  Judge  Blatchford,  reached 
after  eight  and  one-half  years  of  litigation  in  which  Spill  had 
every  opportunity  to  prove  his  case.  He  certainly  failed  to 
prove  that  he  invented  celluloid ,  or,  that  Hyatt's  company  had 
appropriated  anything  that  he  had  invented. 

C.  F.  Chandler 


SYMPOSIUM  ON  THE  RECOVERY  OF  WOOL  GREASE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

As  a  casual  guest  of  the  New  England  Section  of  the  Society 
•of  Chemical  Industry,  I  was  much  interested  in  the  program  of 


the  recent  meeting  held  in  Boston,  at  the  Engineers'  Cfub,  oa 
May  15,  1914. 

Mr.  H.  W.  Clark,  Chief  chemist  of  the  Mass.  State  Board  of 
Health,  read  a  short  paper  on  the  "  Prevention  of  Stream  Pollu- 
tion," giving  in  clear  and  condensed  form  the  substance  of  the 
history  of  the  legislation  and  work  of  the  State  in  the  correction 
of  stream  pollution  in  general,  and  of  that  caused  by  wool 
grease   in   particular. 

This  was  followed  by  a  crisp,  concise  statement  from  the  prac- 
tical side,  by  Mr.  Joseph  Edmondson,  of  the  Barre  Wool  Combing^ 
Company,  on  the  "Operation  of  Wool  Grease  Recovery  Plants 
in  England,"  and  fortified  by  a  description  of  the  same  as  used 
at  the  Barre  mills.  The  speaker  contrasted  the  low  wages  of 
England  with  the  higher  and  almost  prohibitive  wages  of  Amer- 
ica; and  emphasized  the  difficulty  of  meeting  expenses  on  this 
basis.  The  recovery  of  wool  grease  in  England  seems  to  have 
been  developed,  not  as  a  profitable  matter  in  any  case,  when 
considering  the  original  taking  out  of  the  grease,  but  solely  as 
a  necessary  requirement  of  the  laws  against   public  nuisance. 

Prof.  R.  S.  Weston,  consulting  sanitary  engineer,  and  teacher 
of  sanitary  engineering  in  the  Massachusetts  Institute  of  Tech- 
nology, presented  an  admirable  paper  on  the  "Engineering  of 
Wool  Grease  Recovery  Plants,"  showing  the  figures  for  the 
actual  operation  of  a  plant  of  his  designing  at  the  works  of  the 
Hudson  Worsted  Company;  this  was  illustrated  by  lantern  slides. 
Mr.  Weston  also  emphasized  the  financial  perplexities  of  the 
problems,  as  it  appears  that  the  returns  can  meet  only  the  charges 
for  acid  and  labor,  with  no  chance  to  make  good  on  the  equipment. 
The  Hudson  plant  uses  what  is  essentially  the  English  method 
of  acid-cracking,  and  pressing.  In  his  later  remarks,  Mr. 
Weston  briefly  discussed  several  other  processes  such  as  the  Smith- 
Leach,  the  Battage,  etc.,  and  cautioned  against  accepting  all 
of  these  foreign  recommendations  without  careful  testing,  as 
they  do  not  always  seem  to  give  satisfactory  results  in  .\merica. 

Mr.  C.  E.  Swett,  of  A.  D.  Little,  Inc.,  of  Boston,  gave  a  good 
history  of  some  of  the  more  important  attempts  to  recover  wool 
grease  in  America.  Mr.  Swett  regarded  the  whole  wool  grease 
extraction  question  as  one  not  of  financial  promise,  but  entirely 
necessary  for  the  meeting  of  the  removal  of  public  nuisance. 
He  noted  some  details  of  the  Yorkshire  method,  and  called  at- 
tention to  the  "colloids"  which  in  some  cases  resist  the  clean 
and  easy  clarification  of  the  liquors.  He  also  noted,  but  without 
detail,  the  "naphtha"  process,  as  practiced  by  the  Arlington 
Mills,  of  Lawrence,  commenting  on  the  good  quality  of  the  tops 
and  the  grease. 

Mr.  H.  Gardner  McKerrow.  of  the  Textile  Importing  Co., 
of  Boston,  then  discussed  "The  Market  for,  and  Marketing  of. 
Recovered  Grease,"  in  an  eminently  interesting  and  instructive 
manner.  Mr.  McKefrow  gave  much  valuable  information  on 
the  variety  and  price  of  the  grease  products,  and  also  explained 
the  almost  successful  working  of  the  Smith-Leach  process  in 
England ;  it  appears  that  a  firm  which  exploited  this  process,  was 
compelled,  by  business  conditions,  to  change  from  high-grade 
Australian  wool  to  other  lower  grades,  which  are  not  so  well 
adapted  to  yielding  good  results  with  this  process;  so  that  we 
are  not  to  argue  against  the  process  necessarily  from  that  trial. 
Mr.  McKerrow  incidentally  called  attention  to'  the  possible  use 
of  a  very  dilute  emulsion  of  wool  grease  with  soap  and  cheap 
molasses,  for  a  satisfactory  road  dressing. 

In  leading  the  discussion.  Prof.  W.  H.  Walker,  of  the  Massa- 
chusetts Institute  of  Technology,  discussed  some  of  the  aspects 
of  the  distillation  of  wool  grease;  and  while  frankly  acknowledg- 
ing the  difficulties,  still  believed  that  it  is  quite  feasible  to  meet 
and  overcome  all  the  incidental  obstacles  in  this  line. 

Mr.  W.  H.  Butler,  of  the  W.  H.  H.  Slack  Co.,  of  Springfield, 
Vt.  (shoddy),  gave  some  interesting  remarks  from  one  who, 
evidently,  has  seen  personally  much  of  the  practical  and  business 
side  of  textile  work;  and  incidentally  defended  the  use  of  mineral 
oils  with  wool,  on  which  point  he  met  some  support  and  much 
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criticism  from  other  speakers.  He  also  approved  the  use  of 
wool  grease  products  for  oiling  wool,  as  it  seemed  to  him  to  be 
the  "natural"  and  suitable  product  for  wool.  Mr.  Butler  did 
not  think  that  the  naphtha  process  was  good  for  wool,  as  it 
leaves  it  somewhat  wiry  and  stiff   from   excessive   degreasing. 

There  were  other  speakers;  but  the  general  tone  of  the  meeting, 
in  spite  of  the  excellent  character  and  brevity  of  the  papers, 
was  that  the  recovery  of  wool  grease  is  not  one  of  profit,  but  a 
sanitary  necessity.  This  is  probably  true,  as  far  as  actual  his- 
tory to  the  present  is  concerned;  but  there  were  some  present 
who  think  that  the  subject  was  not  fully  developed  as  it  should 
have  been,  and  as  it  needs  to  be  shown,  and  especially  in  view 
of  the  urgent  need  of  more  modern  methods  to  meet  urgent 
conditions.  Thus,  it  is  quite  surprising  that  no  concise  state- 
ment was  given  by  any  one  as  to  the  actual  chemical  composi- 
tion and  ingredients  of  commercial  degras,  wool  grease,  etc. 
Indeed,  the  only  speaker  who  touched  on  the  commercial  in- 
gredients of  wool  grease,  was  not  a  professional  chemist,  but  the 
practical  and  able  man  of  business,  Mr.  McKerrow.  Moreover, 
there  was  no  detailed  reference  to  the  solvent  processes  and  their 
great  possibilities.  The  Arlington  process  was  mentioned, 
but  there  was  no  reference  to  the  well-known  Tacony  process, 
of  the  Erben-Harding  Co.,  of  Philadelphia,  with  their  also  well- 
known  high  quality  of  tops. 

In  a  word,  it  is  the  conviction  of  the  writer  that  the  future 
line  of  progress  is  clearly  pointed  out  in  the  improvement  of  the 
Arlington  and  Tacony  processes,  so  that  they  shall  give  a  flexi- 
ble process,  capable  of  degreasing  the  wool  to  any  desired  degree. 
Further,  till  this  is  done,  there  is  certain  to  be  much  opposi- 
tion from  the  practical  mill  men  who  see,  in  the  naphtha  process 
tops,  wool  which  has  been  rendered  too  wiry  and  "staring." 
Moreover,  there  is  every  probability  that  this  same  despised 
two-cent  wool  grease  will  prove  one  of  the  big  bonanzas  of  trades 
wastes.  We  hear  much  of  the  brilliant  invention  and  thrift 
of  this  age;  but  it  is  probable  that  the  coming  generations  will 
refer  to  this  as  an  age  of  waste  and  stupidity.  Perhaps  there 
is  no  fairly  abundant  waste  "grease"  product  which  is  so  full 
and  rich  in  the  as  yet  undeveloped  variety  and  desirability 
of  its  possible  extractives  as  wool  grease.  It  is  not  to  the  credit 
of  the  industrial  chemical  engineer  if  he  shrinks  from  this  difficult 
but  promising  task  of  converting  trouble  to  profit. 

The  meeting  was  a  good  one;  and  in  spite  of  the  generally 
depressing  tone  of  the  actual  financial  loss  in  recovering  wool 
grease,  much  will  come  from  focussing  the  attention  of  deter- 
mined workers  on  this  unique  field  of  trade  waste. 


Newtonviule,  Mass. 
May  18,  1914 


Charles  S.  Palmer 


GUARANTEED  CHEMICALS 

Editor  0}  the  Journal  of  Industrial  and  Engineering  Chemistry: 

During  the  past  fifteen  years  an  attempt  has  been  made  to 
place  in  the  hands  of  the  chemists  reagents  with  an  advertised 
purity.  The  following  is  a  typical  example  of  some  of  the  state- 
ments: "The  term  'C.  P.'  by  itself  is  almost  meaningless,  but 
when  accompanied  by  our  accurate  analysis  it  becomes  a  guaran- 
tee of  purity." 

Advertisements  of  this  character  are  likely  to  lead  the  chemist 
into  many  pitfalls,  the  implication  being  almost,  if  not  quite, 
a  guarantee  of  purity.  The  chemist  who  is  reasonably  consci- 
entious will  always  ensure  for  himself  that  his  standard  conforms 
to  the  purity  he  desires  by  making  with  his  own  hands  the  tests 
that  should  be  applied.  But  unfortunately  many  chemists 
choose  the  easier  course  of  accepting  the  published  "guarantee" 
or  "analysis." 

Those  who  have  had  the  opportunity  of  looking  into  some  of 
these  presumably  high-quality  reagents,  find  C.  P.  sodium  hydrox- 
ide, stated  to  contain  a  trace  of  carbon  dioxide,  to  contain  as 
high  as  10.31  per  cent  CO2. 


Petroleum  ether,  stated  to  boil  at  40°,  actually  boiled  between 
40°  and  80°,  and  contained  a  large  amount  of  insoluble  and  a 
still  larger  amount  of  non-volatile  matter. 

Ether  labeled  "Absolute  Ether"  contained  both  water  and 
alcohol,  and  washed  ether  contained  alcohol. 

A    lot    of    sodium    bromate    labeled    "Bromide None" 

in  various  samples  contained  42.9  to  54.2  per  cent  sodium  bromide. 

A  lot  of  bromine  was  marked  "C.  P.,  CI  o.ii%-o.46%." 
When  the  distributor  was  asked  by  what  method  the  chlorine 
content  was  determined,  he  wrote:  "In  reference  to  the  method 
of  testing  chlorine  in  bromine,  the  analysis  which  we  gave  was 
furnished  us  by  the  manufacturers.  We  never  made  an  analysis 
of  it  ourselves  which  is  very  difficult,  and  we  are,  therefore,  un- 
able to  give  you  any  more  definite  information." 

The  following  label  is  interesting: 

Copper  Metal,  Sheet 


The  above  errors  in  labeling  reagents  certainly  are  not  a  justi- 
fication for  the  advertisement  "The  accurate  analysis  shown 
on  the  label  of  every  bottle  of  our  chemicals  is  an  absolute 
guarantee  of  their  quality." 

On  taking  up  the  general  question  of  Analyzed  Chemicals 
with  the  Bureau  of  Standards,  the  following  was  received  under 
date  of  March  31,  19 14:  "You  are  not  alone  in  your  troubles 
with  analyzed  chemicals.  We  never  take  at  their  face  value 
the  statements  on  the  labels,  and  often  find  them  absolutely 
false.  Others  have  had  the  same  experience.  This  holds  for 
reagents  of  foreign  as  well  as  domestic  make." 

Secretary  of .  Commerce  Redfield  writes  me  under  date  of 
May  18,  1914:  "The  Bureau  of  Standards  and  other  labora- 
tories, governmental  as  well  as  unofficial,  are  convinced  of  the 
desirability  of  some  action  which  shall  ameliorate  existing  condi- 
tions with  regard  to  reagents,  but  their  efforts  in  this  direction 
should  be  reinforced  by  the  testimony  and  support  of  all  who 
have  cause  for  complaint." 

This  whole  subject  of  the  labeling  of  pure  chemicals  is  ob- 
viously a  very  important  one,  particularly  so  in  such  legal  work 
as  is  constantly  being  done  under  The  Pure  Food  and  Drugs  Act 
and  under  the  various  States  Pure  Food  Laws.  The  most  im- 
portant testimony  given  under  these  acts  is  unquestionably  the 
analysis  of  the  chemist,  and  if  he  does  not  ascertain  for  himself 
the  quality  of  the  standardizing  materials  and  reagents,  grave 
errors  may  be  committed. 

It  would  be  most  unreasonable  for  the  chemist  to  expect  a 
guaranteed  chemical  to  have  so  high  a  degree  of  purity  that  it 
could  be  u.sed  in  atomic  weight  determinations,  but  the  chemical 
world  is  certainly  justified  in  asking  for  a  purity  within  at  least 
a  few   per  cent. 

University  op  Wisconsin,  Madison  VICTOR  LENHER 

May  27.  1914 


TOXICITY  OF  VARIOUS  WOOD  PRESERVATIVES— A  NOTE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  6,  128,  appeared  a  paper  by  C.  J.  Humphrey 
and  Ruth  M.  Fleming  under  the  above  title  which  I  believe 
is  likely  to  be  rather  misleading  even  though  the  writers  appear 
to  be  anxious  to  prevent  any  misconception  that  may  arise  from 
their  results  in  so  far  as  they  state  that  "the  toxicity  of  a  given 
substance  is  not  necessarily  an  ultimate  criterion  of  its  service 
value."  But  the  mere  fact  that  they  have  published  their  re- 
sults indicates  that  they  attach  considerable  value  to  them,  and 
since  furthermore  they  say  that  the  toxicity  "when  correlated 
with  other  suitable  properties,  such  as  cost,  ease  of  injection, 
etc assumes  high  importance  in  influencing  our  judg- 
ment as  to  what  may  normally  be  expected  from  the  substance," 
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it  is  plain  that  they  consider  this  toxicity  test  as  made  by  them 
to  be  of  value  in  judging  a  wood  preservative.  Careful  study 
of  the  method  employed  in  this  toxicity  test  and  of  the  results 
obtained  has  led  me  to  the  conclusion  that  the  method  em|)loycd 
is  misleading  and  the  conclusions  reached  not  acceptable.  My 
reasons  are  the  following; 

The  results  of  this  test  would  indicate  that  carbolic  acid  is 
the  most  valuable  component  of  creosote  oil  for  wood-preserving 
purposes  and  that  the  high  boiling  fractions  are  the  least  valuable. 
In  this  respect  these  tests  flatly  contradict  the  results  of  years  of 
experience  and  of  careful  investigation  which  have  jjroven  almost 
beyond  a  doubt  that  thc-highest  boiling  fractions  of  coal  tar  are 
the  most  valuable  components  of  creosote  for  wood  preservation, 
and  that  the  low  boiling  fractions,  particularly  the  carbolic  acid 
and  naphthalene,  are  of  relatively  little  value  because  they  do 
remain  in  the  wood  but  a  comparatively  short  time — they  vola- 
tilize. The  same  conclusion  which  this  toxicity .  test  leads 
to  was  reached  years  ago  by  the  early  advocates  of  creosote 
oil  for  wood  preservation  who  were  led  to  this  conclusion  by 
their  general  knowledge  of  the  toxicity  of  carbolic  acid  and 
naphthalene.  Hence,  for  years,  creosote  specifications  called 
for  large  quantities  of  carbolic  acid  and  naphthalene  and  they 
neglected  or  almost  rejected  the  high  boiling  oils.  The  error 
involved  in  these  specifications  was  discovered  only  through 
long  years  of  trial  and  observation — nothing  but  a  great  mass 
of  facts  to  the  contrary  convinced  wood  preservers  of  the  error 
of  specifying  definite  amounts  of  carbolic  acid  and  of  naphthalene. 
The  reappearance  of  this  former  error  in  this  new  garb  should 
not  be  permitted. 

The  authors  appear  to  be  desirous  of  avoiding  this  old  dis- 
proven  conclusion  since  they  say  that  the  toxicity  test  "is  not 
necessarily  an  ultimate  triterion,  but  when  correlated  with  other 

suitable    properties    such    as permanence ....  it    assumes 

high  importance."  But  it  appears  to  me  that  they  should  have 
safeguarded  this  point  by  proper  experimentation.  Thus  by 
making  the  toxicity  test  also  en  samples  which  have  been  pre- 
viously subjected  to  a  "permanence"  test  (e.  g.,  an  evaporation 
test)  they  would  have  correlated  the  toxicity  and  the  permanence 
test  in  the  most  desirable  manner.  Had  the  authors  done  this, 
the  above  conclusion  which  contradicts  the  world's  experience 
would  probably  not  have  been  reached. 

The  results  presented  in  the  publication  do  not  appear  to 
harmonize  among  themselves  even.  Thus  fuel  oil  is  reported 
as  having  a  toxicity  such  that  a  concentration  of  6  per  cent  is 
required  to  kill  Fames  annosus,  while  the  same  sort  of  an  oil 
with  an  addition  of  a  little  of  a  copper  salt  (probably  copper 
oleate,  which  if  it  has  any  effect  should  increase  rather  than  de- 
crease the  toxicity)  requires  a  concentration  of  35  per  cent  to 
kill  the  same  fungi.  Again,  the  fraction  which  was  obtained 
by  distillation  from  a  certain  coal  tar  oil  between  275°  and 3 15  °C., 
required  a  concentration  of  33  per  cent  to  kill  the  fungi  used, 
while  the  three  carbolineums  mentioned  (which  are  practically 
nothing  but  the  same  high  boiling  fractions  of  certain  coal  tars) 
appear  so  much  more  toxic  that  a  concentration  of  only  one- 
half  per  cent  of  one  of  these  carbolineums  was  sufficient  to  kill 
the  fungi  and  none  of  the  carbolineums  required  more  than  5 
per  cent.  Although  a  difference  in  the  toxicity  of  corresponding 
fractions  from  different  coal  tars  probably  exists,  yet  it  would 
be  surprising  that  the  authors  should  have  chosen  a  coal  tar  oil 
so  greatly  different  from  the  great  mass  of  the  best  coal  tar 
oils  as  these  results  indicate;  and  if  they  have  chosen  so  greatly 
difi'erent  a  coal  tar  oil,  then  they  are  scarcely  justified  in  making 
the  general  conclusion  which  they  have  made  from  this  special 
sample;  "This  indicates  the  advantage  from  a  toxicity  stand- 
{)oint,  of  removing  at  least  a  part  of  the  heavier  tar  oils"  (from 
creosotes).  As.suming  what  is  more  likely  to  be  true- — namely, 
that  the  creosote  oil  used  in  their  experiment  was  a  fair  repre- 
sentative of  oil  of  average  quality,  then  it  appears  that  the  re- 


sults obtained  with  the  275-315°  fraction  and  the  residts  ob- 
tained with  the  three  carbolineums  are  too  far  apart  to  be  cor- 
rect. 

The  discrepancies  just  pointed  out  are  probably  due  to  the 
fact  that  the  emulsions  of  these  oils  are  not  true  solutions  but 
colloidal  solutions.  It  is  tacitly  assumed  in  the  publication 
under  consideration  that  the  oils  emulsified  by  means  of  gum 
arable  form  true  solutions  and  that  hence  their  activities  are 
proportional  to  their  concentrations.  This  is  a  vital  mistake. 
The  activity  of  a  substance  in  a  colloidal  solution  or  mixture  is 
not  only  less  than  it  would  be  in  true  solution,  but  it  varies  greatly 
with  the  state  of  aggregation  that  any  particular  substance 
assumes  in  this  sort  of  mixture.  Even  the  activities  of  emulsions 
of  such  closely  related  substances  as  high  and  low  boiling  tar 
oils  are  probably  not  proportional  to  their  activities  under  other 
conditions  because  the  states  of  aggregation  in  colloidal  solutions 
vary  particularly  with  the  surface  tensions  and  viscosities  of 
the  components,  and  different  tar  oils  vary  greatly  in  these  re- 
spects. If  the  states  of  aggregation  are  different — that  is,  if 
in  one  case  the  oil  particles  are  relatively  larger  or  smaller  than 
in  another  case,  then  the  ratio  of  distribution  between  the  oil 
phase  and  the  water  phase  in  one  case  is  different  from  that  of 
the  other,  and  hence  the  activities  or  effects  of  the  oil  in  these 
emulsions  is  not  a  measure  of  their  effect  under  other  conditions. 
This  I  believe  is  the  cause  of  the  discrepancies  pointed  out  above, 
and  it  appears  to  me  that  in  any  case  it  casts  serious  doubts 
upon  the  validity  of  the  results  obtained  with  this  method. 

University  of  Texas,  Austin  ■'^'    "•  t^CHOCH 

April  23,  1914 

NOTE    ON    MEANING    OF   "IMPURITIES"   AND   HOW 

THEY  SHOULD  BE  DETERMINED  IN  GREASE, 

TALLOW,  ETC. 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  writer  proposed,  at  the  New  Haven  meeting  of  the  Amer- 
ican Chemical  Society,  some  five  or  six  years  ago,  that  the  Com- 
mittee on  Fats  take  up  this  question  and  try  to  work  out  and 
get  adopted,  some  standard  meaning  and  method  for  the  de- 
termination of  this  much  misunderstood  term  in  fat  analysis. 
So  far  as  I  know,  nothing  has  ever  come  of  this  suggestion, 
and  there  is  nothing  that  is  causing  so  much  dispute  between: 
merchants  and  chemists  and  among  the  chemists  themselves,, 
who  have  to  deal  with  this  subject,  as  this  point. 

The  term  should  properly  mean,  "anything  in  the  fat  (out- 
side of  water  and  unsaponifiable  which  are  both  taken  care  of) 
that  does  not  saponify  and  make  soap"  \oi  course,  omitting  the 
glycerine).  The  general  understanding  is  that  "impurities" 
shall  be  determined  by  getting  the  "insoluble  in  cold  gasoline." 
This  is  all  right  when  metallic  soaps  are  not  present,  but  when  they 
are,  the  "insoluble  in  cold  gasoline"  may  mean  anything.  In 
the  first  place,  if  10  per  cent  lime  soap  is  present,  and  there  is 
frequently  this  much  in  bone  or  glue  greases,  if  we  actually  got 
the  insoluble  in  cold  gasoline,  it  would  take  some  two  days' 
work  and  use  about  a  gallon  of  gasoline,  that  is,  if  the  grease 
were  dissolved  in  cold  gasoline,  filtered  througU  balanced  papers 
(folded  double)  and  then  washed  on  the  paper  till  free  from  grease. 
If  the  nearest  approximation  of  the  actual  amount  is  desired, 
this  is  the  most  accurate  way,  but  this  is  only  an  approximation 
as  it  is  impossible  to  get  at  some  of  the  grease  occluded  in  the 
lime  soap,  and  al.so  some  of  the  lime  soap  is  dissolved  in  the  gaso- 
line. Another  method  used  by  seme  chemists  is  to  dissolve  the 
grease  in  hot  gasoline  and  let  stand  a  couple  of  hours  on  the  as- 
sumption that  all  the  lime  soap  will  precipitate.  It  is  then  fil- 
tered, put  in  the  bath  to  dry,  rewashcd  three  or  more  times, 
drying  between  each  washing  and  finally  called  complete.  This 
method  is  absolutely  inaccurate,  because  in  the  first  place  the 
lime  soap  will  not  ;ill  iirecipitatc  after  having  been  dissolved  in  . 
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hot  gasoline  and  secondly  because  each  time  the  insoluble  is 
dried  in  the  bath,  the  lime  soap  melts  and  is  then  more  or  less 
soluble  to  the  subsequent  washings,  so  that  a  grease  testing  10 
per  cent  by  the  first  long  drawn-out  method  will  give  about 
2  per  cent  by  this  other  method,  or  if  continued  long  enough  will 
give  practically  no  insoluble. 

Some  two  or  three  years  ago  the  writer  received  from  A. 
Norman  Tate  &  Co.,  of  Liverpool,  their  method,  which  is  to 
dissolve  in  hot  gasoline  and  wash,  leaving  behind  only  the  actual 
dirt;  an  ash  determination  is  then  made  and  the  dirt  and  ash 
called  the  "impurities."  In  the  writer's  opinion,  this  is  the 
only  logical  method  as  it  includes  everything  not  available  for 
soap-making,  for  the  fatty  acids  combined  as  lime  soap  are  avail- 
able and  hence  should  never  be  considered  as  impurity.  If 
the  client  wants  the  lime  soap  included,  it  can  be  determined 
by  calculation  from  the  amount  of  lime  present. 

One  reason,  aside  from  its  undoubted  superiority,  for  using 
the  method  just  mentioned,  is  that  Tate's  tests  are  official 
(practically)  in  all  foreign  countries,  and  all  export  grease  is 
likely  to  •  come  under  his  test.  With  our  chemists  using  all 
kinds  of  methods,  endless  differences  and  disputes  are  always 
arising  that  are  very  bad  for  the  profession  as  it  is  impossible 
to  get  the  average  grease  broker  to  listen  to  any  discussion  of 
differences  in  methods. 

761/2  Pine  Street,  New  York  A.   G.   Stillwell 

April  5,  1914 

TEST  OF  GILA  RIVER    NATURAL    ALUMINUM  SULFATE 
IN  WATER  PURIFICATION 

The  writer,  in  investigating  the  aluminum  sulfate  deposits 
ofrNew  Mexico,  particularly  that  on  the  Gila  River,  in  Grant  Co., 
was  impressed  with  the  possible  utility  of  this  natural  product 
as  a  coagulant  in  water  purification  and  filtration.  The.  assays 
and  analyses  seemed  to  assure  the  potential  value  of  this  product 
and  it  remained  for  a  thorough  practical  test  to  be  made  under  the 
exact  conditions  and  requirements  governing  the  use  of  the  manu- 
factured aluminum  sulfate  or  similar  coagulants,  as  used  at  the 
various  water  purification  plants  throughout  the  country. 

The  soluble  sulfates  of  aluminum  are  found  in  the  Gila  River 
deposits  in  two  forms,  namely,  alunogen,  or  hydrated  aluminum 
sulfate  with  the  theoretical  composition:  AI2O3,  15.3  per  cent; 
SOj,  30.0  per  cent;  H2O,  48.7  per  cent;  and  halotrichite,  or  sulfate 
of  aluminum  and  iron  with  the  chemical  composition:  FeO, 
7.8  per  cent;  Al.Oj,  ii.o  per  cent;  SO3.  34.5  per  cent;  H2O, 
46.7  per  cent. 

These  tests  were  carried  out  under  the  personal  supervision  of 
Dr.  Chas.  P  Hoover,  chemist  in  charge  of  the  Columbus  Water 
Purification  Works,  Columbus,  Ohio,  with  the  assistance  of 
Russel  D.  Scott,  Elmer  J.  Nealon  and  Walter  L.  Melick.  The 
specifications  for  aluminum  sulfate,  as  used  by  this  plant,  are 
as  follows: 

"  The  material  shall  be  that  known  as  basic  sulfate  of  alumina 
containing  no  free  acid.  It  shall  be  crushed  into  small  lumps, 
ranging  in  size  from  '/o  to  2V2  inches  and  shall  be  free  from 
chips  and  other  foreign  matter.  It  shall  contain  not  less  than 
17  per  cent  available  water-soluble  alum  (AI2O3)  and  of  this 
alumina  content  there  shall  be  at  least  3  per  cent  of  its  weight* 
in  excess  of  the  amount  theoretically  required  to  combine  with 
sulfiuic  acid  present.  The  material  .shall  contain  not  more  than 
0.5  per  cent  of  matter  insoluble  in  cold  distilled  water." 

The   halotrichite   analyzed   by    Dr.    Hoover   was   as   follows: 


FeiOs 4.14 

AhOi 15.66 

SOi 36.36 

H2O 43.96 


Insoluble  in  water 0.48 

Loss  on  ignition 80.32 

Basicity — plus 


Dr.  Hoover  concludes  his  report  with:  "I  was  not  aware  that 
a  natural  deposit  of  such  magnitude  and  purity  existed  and  these 
tests  are  very  interesting  to  me  as  it  is  a  first-class  alum  for  water 
purification  purposes.  It  contains  no  free  acid  and  is  very  high 
in  aluminum  sulfate.     This  naturally  would  be  worth,  to  us  at 


Columbus,  $17.00  per  ton.  We  have  also  tried  this  material 
out  on  some  of  our  samples  of  turbid  river  water  and  find  that 
it  coagulates  well,  and  that  for  each  grain  of  the  material  added 
per  gallon  of  water,  the  alkalinity  is  reduced  7.5  parts  per  million. 
This  is  just  about  what  is  expected  of  a  iirst-class  filter  alum. 
The  Columbus  plant  is  using  about  1000  tons  per  year."  The 
alunogen  gives  the  same  general  results. 

The  samples  were  received  at  the  laboratory,  Dec.  18,  1913 
and  were  the  ordinary  run  of  material,  no  selection  having 
been  made.     Report  was  rendered  Feb.  4,  1914. 

The  thanks  of  the  writer  are  due  the  above-mentioned  gentle- 
men for  their  generous  cooperation  and  assistance. 

5927  Walton  Ave.,  Philadelphia  D.   M.   Grosh 

May  1  1,   1914 

THE  EFFECTS  OF  THE  ENSILAGE  PROCESS  ON  THE 
SOLUBILITy  AND  METABOLISM  OF  FLOATS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

We  note,  with  interest,  the  article  by  C.  A.  Mooers  in  the  June 
number  of  This  Journal  on  "The  Effect  of  Ensilage  Fermenta- 
tion and  Animal  Digestion  on  the  Solubility  of  Phosphoric  Acid 
in  Phosphate  Rock,"  in  which  he  considers  a  previous  article 
by  the  writer  and  C.  M.  Fritz  on  this  same  matter. 

In  order  to  correct  an  impression  given  by  Professor  Mobers's 
article  we  would  state  that  our  especial  interest  in  the  subject 
was  as  applying  to  animal  feeding,  that  our  one  conclusion  had 
reference  to  the  bearing  of  oiu-  results  on  animal  feeding,  and 
that  in  our  second  paragraph  we  stated  specifically:  "We  do 
not  mean  to  suggest,  however,  that  all  of  the  floats  which  one 
might  desire  to  add  to  the  soil  could,  in  this  way,  be  passed  through 
the  silo  and  the  animal." 

Professor  Mooers  states  that  we  "did  not  fiu-nish  the  composi- 
tion of  the  phosphate  rock."  He,  therefore,  assumes  a  phos- 
phorus content  for  the  floats  which  we  used.  To  facilitate  such 
a  computation  as  Professor  Mooers  has  made  we  submitted 
data  on  the  floats,  as  follows:  total  phosphorus,  water-soluble 
phosphorus  and  phosphorus  soluble  in  0.2  per  cent  HCl.  These 
figures  Professor  Mooers  seems  not  to  have  noticed. 

Professor  Mooers'  results  in  the  feeding  of  the  phosphated 
silage  to  cows  are  of  interest,  and  we  accept  without  question 
his  finding  that  a  cow  can  not  be  expected  to  eat  a  pound  of 
phosphate  rock  with  the  silage  from  each  50  pounds  of  green 
corn. 

We  do  not  follow  Professor  Mooers,  however,  in  his  conclusion 
that  in  the  process  of  animal  digestion  there  was  reversion  of  the 
PiiOs  made  soluble  by  the  ensilage  process.  This  conclusion 
is  said  to  be  based  on  "samples"  of  dung  from  each  animal, 
and  the  assumption  "that  all  of  the  phosphoric  acid  was  voided 
in  the  dung."  It  also  seems  to  involve  the  a.ssumption  that  the 
phosphoric  acid  of  the  food  passed  through  the  animal  without 
loss  of  phosphorus  by  absorption  from  the  alimentary  tract, 
and  without  gain  of  phosphorus  to  the  contents  of  the  alimentary 
tract  in  metabolic  products,  in  fact  that  the  normal  physiological 
activity  of  the  cow  was  suspended  during  this  fertility  investiga- 
tion. It  is  also  assumed  that  the  rations  involved  in  the  com- 
parison differed  only  in  regard  to  the  presence  of  rock  phosphate, 
but  the  data  submitted  show  marked  differences  in  the  propor- 
tionate amounts  of  the  other  components.  And  further,  since 
the  total  amounts  of  phosphorus  in  the  intake  and  in  the  outgo 
were  in  no  way  compared,  it  is  impossible  to  say  what  the  cows 
did  with  the  phosphorus  rendered  soluble  by  the  ensilage  process. 
That  this  was  readily  absorbable  stands  without  question; 
indeed  a  considerable  proportion  of  the  raw  rock  phosphate 
would  be  dissolved  and  rendered  assimilable. 

Is  it  not  more  likely  that  the  cows  absorbed  and  assimilated 
the  soluble  phosphate- than  that  it  "reverted?" 

Department  OP  Nutrition  ^     "■   I^ORBES 

Ohio  Agricultural  Experiment  Station 
WoosTER,  June  17,  1914 
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MINE  INSPECTORS  INSTITUTE  OF  THE  U.  S. 
7th  ANNUAL  MEETING  -PITTSBURGH,  JUNE  9  12 

The  7th  annual  meeting  of  the  Mine  Inspectors  Institute 
of  the  United  States  was  held  in  Pittsburgh,  Pa.,  June  9th  to 
12th.  In  his  annual  address.  President  Roderick  referred  to 
the  several  serious  mine  catastrophes  that  had  occurred  since 
the  last  meeting  in  Birmingham,  Ala.,  and  the  means  and  methods 
of  preventing  mine  accidents  were  discussed  by  the  hundred 
officials  in  attendance. 

R.  H.  Beddow  told  of  the  disaster  in  a  mine  at  Dawson.  N,  M., 
on  October  22,  1913,  in  which  261  men  were  killed.  He  attrib- 
uted the  accident  to  the  firing  of  a  careless  shot  at  a  daylight 
hour  when  all  the  men  were  in  the  mines,  in  direct  violation  of 
the  law.  Papers  of  interest  were  presented  by  John  Dunlop  on 
"  Booster  Fans,"  and  by  J.  P.  Moore  on  "  First  Aid  to  the  Injured." 

On  June  nth  the  members  of  the  Institute  witnessed  an  ex- 
perimental explosion  at  the  Bureau  of  Mines  at  Bruceton,  Pa., 
which  demonstrated  that  the  new  Rice  barrier  and  rock  dust 
would  prevent  an  explosion  of  coal  dust  from  spreading. 

The  1915  meeting  of  the  Institute  will  be  held  in  St.  Louis,  Mo. 

W.  A.  Hamor 

NINTH  INTERNATIONAL  CONGRESS  OF  APPLIED 

CHEMISTRY— ST.  PETERSBURG 

AUGUST  8-14,  1915 

In  a  letter  to  Dr.  Geo.  F.  Kunz,  dated  2/20/1914,  Riga,  Prof. 
Dr.  Paul  Walden,  President  of  the  Ninth  International  Congress 
of  Applied  Chemistry,  makes  the  following  announcements: 

I — The  meetings  of  the  Ninth  International  Congress  of  Ap- 
plied Chemistry  will  be  held  in  St.  Petersburg,  August  8-14,  1915. 

2 — E.xcursions  will  be  made  to  Finland,  Moscow,  Kiew, 
Baku  in  the  Caucasus,  etc. 

3 — In  addition  to  the  usual  addresses,  systematic  reviews  of 
the  work  in  particular  fields  (with  discussions)  are  to  ,be  given 
by  specialists,  on  the  invitation  of  the  Committee  of  Organiza- 
tion, to  a  greater  extent  than  formerly. 

4 — Particulars  as  to  receptions,  entertainments,  etc.,  will 
be  given  later. 

5 — The  question  of  reduced  railway  fares  on  the  Russian 
railroads  is  now  under  consideration  by  the  Government. 

6 — No  obstacles  will  be  placed  in  the  way  of  the  journey  of 
Jewish  chemists  to  the  Congress  provided  that  at  the  frontier, 
in  addition  to  the  viseed  passport  (requisite  for  every  passenger), 
cards  of  membership,  signed  by  the  President  and  Honorary  Secre- 
tary of  the  IX  International  Congress  shall  have  been  presented. 

7 — An  announcement  of  the  IX  International  Congress  in 
English  will  be  expedited  in  the  course  of  the  next  few  days  or 
weeks  to  North  America  and  England. 

VAN'T  HOFF  FUND  FOR  THE  ENDOWMENT  OF  RE- 
SEARCH IN  PURE  AND  APPLIED  CHEMISTRY- 
COMMUNICATION  TO  APPLICANTS 

In  accordance  with  the  regulations  of  the  van't  Hoff  Fund 
founded  June  28,  1913,  applicants  for  grants  a:e  instructed  as 
follows : 

The  foundation  is  located  at  Amsterdam,  and  is  under  the 
supervision  of  the  Royal  Academy  of  Sciences.  On  March 
I  St  of  each  year,  beginning  with  1915,  grants  will  be  made  to 
investigators  in  the  field  of  pure  and  applied  chemistry  who  have 
applied  for  such  funds  previous  to  November  ist  preceding. 

The  Committee  in  charge  of  awards  at  present  consists  of 
A.  F.  Holleman,  President;  F.  M.  Jaeger,  Secretary;  S.  Hooge- 
werff  and  A.  Smits.  This  committee  has  power  to  appoint 
'  such  assistants,  for  a  term  of  one  year,  as  they  may  deem  neces- 
sary to  a  proper  consideration  of  the  applications. 

The  names  of  individuals  to  whom  the  grants  are  made  will 
be  published.  The  grantees  are  expected  to  send  copies  of  any 
publications  resulting  from  their  work  to  the  committee.  They 
are  at  liberty  to  choose  the  manner  of  publication  and  the  journal 


in  which  their  results  are  published,  but  they  are  expected  to 
give  credit  to  the  van't  Hoff  Fund. 

The  amount  available  for  1915  is  about  S320.  Applications 
should  be  sent  by  registered  post  to  "Het  Bestuur  der  Konink- 
lyke  Akademie  van  Wetenschappen;  bestemd  voor  de  Com- 
missie  van  het  'van't  Hoff-fonds,'  Trippenhuis,  Kloveniers- 
burgwal,  te  Amsterdam,"  with  a  detailed  account  of  the  use 
to  which  the  grant  is  to  be  put,  and  of  the  grounds  upon  which 
the  application  is  made. 

Amsterdam  _,        ,  ,,,_„, 

May.  1914  ^°''  *"^  ^^°  ^  ^°"  Fund. 

A.  F.  Holleman,  President 
F.  M.  Jaeger,  Secretary 


AMERICAN  CHEMICAL  SOCIETY    ANNUAL  MEETING 

MONTREAL,  SEPTEMBER  15-18,  1914 
Owing  to  the  Cartier  Celebration  which  takes  place  in  Montreal 
during  the  week  commencing  Sunday,  September  6th,  it  has  been 
found  necessary  to  change  the  date  of  the  Montreal  meeting  to 
September  I5th-i8th,  with  the  Council  Meeting  on. Monday, 
September  14th,  in  the  evening. 

Chas.  L.  Parsons,  Secretary 


AMERICAN  CHEMICAL  SOCIETY  DIRECTORY,  1914 

The  1914  Dircctoiy  of  the  Am^ricrn  Chemical  Society  is  about 
to  be  issued.  Members  of  the  Society  can  secure  copies  by  re- 
quest to  the  Secretary,  accompanied  by  twenty -five  cents  and  the 
statement  that  "The  Directory  will  not  be  loaned  or  disposed  of 
to  any  firm  or  individual  for  advertising  purposes."  There  are  so 
many  firms  in  the  country  that  are  anxious  to  secure  the  Directo^ 
of  the  Society  to  circularize  the  membership  rather  than  advertise 
in  our  Journals  that  the  Directors  have  deemed  it  necessary  to 
require  this  statement  before  distribution. 

Charles  L.  Parsons,  Secretary 


INDUSTRIAL  CHEMISTS   AND    CHEMICAL   ENGINEERS 

DIVISION  A.  C.  S.— COMMITTEE  ON  ALUM 

SPECIFICATIONS   -CORRECTION 

AND  NOTICE 

In  the  tentative  alum  specifications  given  in  This  Journal, 
6,  435,  in  the  second  item  "Standard  Grade,"  the  figiu'e  for  iron 
should  be  "0.50  per  cent"  instead  of  "50  per  cent"  as  printed. 

The  writer  wishes  to  announce  that  he  is  prepared  to  receive 
and  classify  methods  for  the  analysis  of  alum  so  that  they  can 
be  presented  with  the  specifications  for  final  action  by  the  Society. 

DiuuAVK  Building  Wm.    M.   BooTH 

Syracuse.  New  York  • 
June  3,  1914 


THE  DIFFERENTIATION  OF  NATURAL  AND  OIL 
ASPHALTS— CORRECTION 

In  accordance  with  permission  received  from  the  Editor  of 
This  Journal,  we  reprinted,  in  pamphlet  form,  the  article 
appearing  in  the  April  issue,  p.  286,  under  the  above  title,  by 
E.  C.  Pailler.  In  making  this  reprint,  two  sentences  were 
italicized;  viz.,  "If  the  chemist  has  no  means  of  detection,  is  it 
any  wonder  that  the  practice  of  substituting  oil  asphalt  for 
natural  asphalt  exists?"  and  "The  process  to  convert  oil  into 
asphalt,  which  took  ages  in  nature,  is  used  in  the  manufacture 
of  oil  asphalts,  and  is  accomplished  in  a  few  days." 
\  We  make  this  acknowledgment  in  order  to  correct  as  far  as 
possible  the  impression  that  the  sentences  referred  to  were 
italicized  in  the  original  publication. 

The  Barber  Asphalt  Paving  Company 
;  ^   D.  G.  Pierce,  Executive  As^stant 
Land  Title  Buh-dint. 
Philadelphia 
June  i.  1914 
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PLR50NAL  NOTL5 


The  annual  meeting  of  the  American  Society  for  Testing  Ma- 
terials will  be  held  in  Atlantic  City,  June  30-July  3,  1Q15. 

Prof.  S.  F.  Acree,  of  the  Department  of  Chemistry  at  Johns 
Hopkins  University,  Baltimore,  has  been  appointed  Chief  of 
the  Chemical  Division  of  the  Forest  Products  Laboratory  of 
the  Forest  Service  in  cooperation  with  the  University  of  Wis- 
consin. Prof.  Acree  will  lecture  on  celluloses,  starches,  sugars 
and  other  related  topics. 

Professor  George  C.  Whipple,  of  Harvard  University,  has 
been  chosen  as  one  of  the  three  American  engineers  to  act  with 
three  Canadian  engineers  to  advise  with  the  International 
Joint  Commission  on  matters  pertaining  to  the  pollution  of  the 
Great  Lakes. 

The  annual  general  meeting  of  the  Society  of  Chemical  In- 
dustry will  be  held  in  Nottingham,  England,  on  July  15-17, 
1914.  The  Society's  Medal  will  be  presented  to  the  Rt.  Hon. 
Sir  Henry  E.  Roscoe,  LL.D.,  F.R.S.  Addresses  will  be  made 
by  the  President,  Dr.  Rudolph  Messel  and  by  Sir  William 
Crookes,  President  of  the  Royal  Society. 

Dr.  Charles  H.  Kimberly,  Professor  of  Analytical  Chemistry 
at  the  Medico-Chirurgical  College,  Philadelphia,  since  1907, 
resigned  on  June  ist  to  become  a  member  of  the  staff  of  the 
Bureau  of  Chemistry,  Department  of  Agriculture,  at  Washing- 
ton. 

The  St.  Louis  Section  of  the  A.  C.  S.  was  addressed  on  June 
8th  by  Dr.  Sidney  Born,  of  the  Lemp  Brewing  Co.,  on  "The 
Purification  and  Sterilization  of  Air  Industrially." 

Mr.  Stephen  DeM.  Gage  has  resigned  as  Biologist  at  the 
Lawrence  Experiment  Station  of  the  Massachusetts  State 
Board  of  Health,  to  accept  the  position  of  Chemist  to  the  Rhode 
Island  State  Board  of  Health. 

Mr.  J.  Russel  Marble,  of  Worcester,  Mass.,  has  been  elected 
President  of  the  New  England  Section  of  the  North  Eastern 
Section  of  the  A.  C.  S.  On  a  recent  excursion,  the  Section  visited 
the  mills  of  the  Amoskeag  Mfg.  Co.  at  Manchester,  N.  H. 
Dr.  W.  K.  Robbins,  the  Superintendent  of  Coloring,  gave  a 
most  instructive  address  on  "Science  Applied  to  Industry." 

Mr.  J.  Franklin  McKinnell  has  accepted  a  position  with  S. 
Gompert  &  Co.,  Manufacturers  of  Baker's  Specialties,  of  Brook- 
lyn, as  chief  chemist  and  factory  superintendent. 

The  Philadelphia  Section  of  the  A.  C.  S.  held  its  final  meeting 
of  the  1 913-14  season  on  the  afternoon  and  evening  of  June 
1 2th.  A  factory  inspection  trip  to  the  plant  of  the  Welsbach 
Co.  at  Gloucester,  N.  J.,  in  the  afternoon  was  followed  by  a  dinner 
in  the  evening  at  the  Ridgway  Hotel  in  Camden. 

To  date  the  United  States  Steel  Corporation  has  expended  more 
than  $800,000  in  experimental  work  on  the  electro-thermal 
production  of  steel. 

On  May  25th,  Professor  M.  A.  RosanofF,  of  Clark  University, 
addressed  the  Research  Staff  of  the  Mellon  Institution,  University 
of  Pittsburgh,  presenting  a  theory  of  the  mechanism  of  sugar 
inversion  by  acids. 

Dr.  Walter  F.  Rittman  has  been  appointed  Oil  and  Gas 
Technologist  for  the  U.  S.  Bureau  of  Mines.  Mr.  Rittman's 
headquarters  will  be  at  Pittsburgh. 

Dr.  L.  H.  Baekeland  leaves  July  8th  for  a  trip  around  the 
world.  He  expects  to  visit  and  study  the  chemical  industries 
and  developments  in  Japan,  Korea,  Manchuria  and  Mongolia, 
returning  to  Europe  via  the  Trans-Siberian  Railway 


Miss  Jessie  Y.  Cann,  Ph.D.  (Columbia),  Head  of  the  De- 
partment of  Chemistry  at  Rockford  College,  Rockford,  lU., 
has  accepted  an  instructorship  in  chemistry  at  the  University 
of  Illinois. 

Mr.  Clifford  Richardson,  consulting  engineer,  has  been  elected 
President  of  the  Association  of  Harvard  Chemists,  and  Vice- 
President  of  the  Harvard  Engineering  Society  of  New  York, 
for  the  ensuing  year. 

The  7  th  Congress  of  the  International  Association  for  Testing 
Materials  will  be  held  in  St.  Petersburg,  August  12-17,  I9i5- 
Arrangements  have  been  made  for  extensive  excursions  in  the 
interior  of  Russia,  after  the  Congress. 

The  Coal  Mining  Institute  of  America  held  its  annual  summer 
meeting  in  Monongahela,  Pa.,  on  June  i6th  and  17th.  The 
matter  of  safety  protection  for  miners  was  the  principal  subject 
of  discussion. 

The  Electric  Generating  Plant  built  by  the  Virginian  Power 
Co.,  recently  commenced  supplying  power  to  the  coal  mines  in 
the  Kanawha-New  River  District  of  W.  Va.  The  plant  is  located 
about  15  miles  from  Charleston,  W.  Va.,  on  the  Kanawha  River; 
its  transmission  and  distribution  lines  are  about  129  miles  in 
length  and  extend  through  territory  containing  over  250  producing 
coal  mines. 

Sir  Joseph  Wilson  Swan,  known  for  his  important  discoveries 
in  connection  with  the  carbon  filament  lamp,  electrochemistry 
and  photography,  died  on  May  27th,  in  his  86th  year. 

In  its  report  to  Congress,  the  Commission  on  Vocational 
Education  has  recommended  that  $7,000,000  be  appropriated 
annually  for  the  promotion  of  greater  skill  in  the  common  occu- 
pations. The  Commission  emphasized  the  importance  of  this 
educational  work  and  asserts,  moreover,  that  it  presents  the 
country's  greatest  need. 

Professor  John  Howard  Appleton,  for  over  fifty  years  an  in- 
structor at  Brown  University  and  since  1868  head  of  the  Depart- 
ment of  Chemistry,  will  retire  at  the  end  of  the  present  academic 
year  with  the  title  of  Professor  Emeritus. 

Thomas  Dolan,  formerly  one  of  the  largest  textile  manu- 
facturers in  Philadelphia,  and  later  interested  in  street  railways, 
died  in  Philadelphia  on  June  12th,  aged  82. 

Prevost  Hubbard,  in  charge  of  the  Division  of  Roads  and 
Pavements,  The  Institute  of  Industrial  Research,  Washington, 
and  Arthur  H.  Blanchard,  Professor  of  Highway  Engineering 
at  Columbia  University,  have  been  elected  by  the  Council  of 
the  International  Association  of  Testing  Materials,  the  American 
members  on  a  commission  on  "Standardization  of  Methods 
of  Testing  and  Nomenclature  of  Road  and  Paving  Materials." 

The  Chemical  Products  Company,  organized  in  1902,  and  now 
managed  by  Arthm-  D.  Little,  Inc.,  to  develop  applications  of 
cellulose  acetate,  has  paid  8  per  cent  on  preferred  since  its  or- 
ganization, and  has  recently  declared  30  per  cent  on  its  common 
stock.  The  Mansfield  Company,  under  the  same  management, 
is  now  erecting  a  plant  at  Mansfield,  Mass.,  for  the  manufacture 
of  waterproof  paper  for  case  linings. 

Professor  Edmond  O'Neill,  Head  of  the  Department  of 
Chemistry  of  the  University  of  California,  attended  the  recent 
meeting  of  the  American  Institute  of  Chemical  Engineers  at 
Troy  and  spent  the  following  week  in  New  York  visiting  friends. 
While  in  New  York,  Prof.  O'Neill  was  registered  at  the  Chemists' 
Club. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Bureau 
NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  pubUcations  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

DEPARTMENT   OF  AGRICULTURE 

Reduction  of  Arsenic  Acid  to  Arsenious  Acid  by  Thiosulfuric 
Acid.  By  Robert  M.  Chapin.  Reprinted  from  the  Jour, 
of  Agricullural  Research,  i,  515-7  (1914);  but  not  available  as  a 
separate. 

Crystallization  of  Cream  of  Tartar  in  Fruit  of  Grapes.  By 
William  B.  Alwood.  Reprinted  from  Jour,  of  Agricultural 
Research,  i,  513-4  (1914);  but  not  available  as  a  separate. 

Monthly  Weather  Review.  Beginning  with  January.  1914, 
the  climatological  data  formerly  issued  as  a  part  of  the  monthly 
weather  review  will  be  issued  monthly  from  44  section  centers. 
The  Monthly  Weather  Review  and  the  Bulletin  of  Mount  Weather 
Observatory  are  to  be  merged  into  a  single  publication  having 
the  former  title;  some  articles  of  chemical  and  physical  interest 
will  now  be  included.  The  following  titles  are  examples  of 
these. 

Atmospheric  Transparency  for  Radiation.  By  F.  E.  Towle. 
Monthly  Weather  Review,  42,  2-4  (1914);  also  available  as  a 
separate.  This  gives  "a  comparison  of  the  transparency  of 
the  earth's  atmosphere  as  determined  by  different  observers 
at  various  altitudes  with  values  derived  by  computation  from 
the  barometric  height,  the  amount  of  aqueous  vapor,  and  the 
transparency  above  Mount  Wilson  for  dry  air."  The  effect 
of  scattering  due  to  the  molecules  of  the  air  itself,  water  vapor, 
and  dust,  is  discussed. 

Pressiue  in  Absolute  Units.  By  W.  N.  Shaw.  Monthly 
Weather  Review,  42,  5-7  (1914).  A  plea  for  use  of  metric  units 
and  nomenclature  in  meteorological  work. 

The  Meteorological  Aspect  of  the  Smoke  Problem.  By 
H.  H.  Kimball.  Monthly  Weather  Review,  42,  29-35  (1914); 
also  available  as  a  separate,  including  a  list  of  references.  A 
condensed  report  with  additions  and  revisions  from  Smoke 
Investigation  Bulletin  5,  Mellon  Institute,  Univ.  of  Pittsburgh. 
The  following  summary  indicates  the  scope  and  general  conclu- 
sions of  the  work: 

.  "i.  City  fogs  are  more  persistent  than  country  fogs,  princi- 
pally because  of  their  increased  density  on  account  of  the  smoke 
that  accumulates  in  them. 

"2.  In  consequence  of  the  above  there  are  fewer  hours  of 
sunshine  in  cities  than  in  the  country. 

"3.  In  the  clear  part  of  the  day  in  winter  in  London  the  average 
limit  of  visibility  does  not  exceed  one-half  mile.  In  Pittsburgh 
it  averages  about  I'/j  miles.  This  latter  is  less  than  one-tenth 
the  average  limit  of  visibility  in  the  open  country  about  Pitts- 
burgh. 

"4.  The  chemical  action  of  light  in  smoky  cities  has  been 
found  to  be  40  per  cent  less  than  in  the  open  country,  and  over 
20  per  cent  less  on  smoky  days  than  on  comparatively  clear 
days. 

"5.  Minimum  temperatures  are  markedly  higher  in  cities 
than  in  the  country,  partly  on  account  of  city  heating,  but 
principally  because  the  smoke  acts  as  a  blanket  to  prevent 
the  escape  of  heat  at  night." 


of  Standards,  Washington 

On  the  Amount  of  Evaporation.  By  Y.  Horiguti,  Monthly 
Weather  Review,  42,  101-5  (1914).  Revised  reprint  from 
Jour,  of  the  Meteorological  Society  of  Japan,  32,  14-26  (1913). 
The  rate  of  evaporation  of  water  exposed  to  air  and  sun  is  studied 
by  experiments  and  mathematical  treatment.  The  discussion 
should  be  of  interest  in  connection  with  industrial  work  where 
solutions  must  be  concentrated.  The  following  factors  enter: 
Humidity  of  air,  air  temperature,  water  temperature,  wind 
velocity,  atmospheric  pressure,  sunshine,  boundary  conditions, 
etc. 

Relation  of  Bacterial  Transformations  of  Soil  Nitrogen  to 
Nutrition  of  Citrous  Plants.  By  K.  F.  Kellerman  and  R.  C. 
Wright.  Joiir.  Agricultural  Research,  2,  100-14.  Not  yet 
available  as  a  separate. 

Aroma  of  Hops;  a  Study  of  the  Volatile  Oil  with  Relation 
to  the  Geographical  Sources  of  the  Hop.  By  Frank  Rabak, 
Bureau  of  Plant  Industry.  Jotir.  Agricullural  Research,  2, 
115-59-  Available  also  as  a  separate.  A  study  has  been  made 
of  numerous  physical  and  chemical  properties  of  hop  oils  from 
various  sources  and  various  years,  and  it  is  shown  that  the 
geographic  source  of  hops  may  be  indicated  by  the  ester  numbers 
of  the  oil. 

The  Topographic  Features  of  the  Desert  Basins  of  the  United 
States  with  Reference  to  the  Possible  Occurrence  of  Potash. 
By  E.  E.  Free.  Department  Bulletin  54,  from  the  Bureau  of 
Soils.  65  pp.  25c.  This  paper  describes  a  topographical 
examination  which  has  been  made  of  the  desert  basins  of  the 
United  States,  with  a  view  to  the  possible  discovery  of  potash 
in  commercial  quantities,  and  is  intended  particularly  for  those 
interested  in  the  production  of  fertilizers. 

Suitability  of  Longleaf  Pine  for  Paper  Pulp.  By  Henry 
E.  Surface  and  Robert  E.  Cooper.  Department  Bulletin  72, 
from  the  Forest  Service.  26  pp.  5c.  Report  of  a  series  of 
tests  in  cooperation  with  the  University  of  Wisconsin,  undertaken, 
(i)  to  determine  the  suitability  of  the  southern  pines  for  paper 
pulps,  (2)  to  ascertain  the  effects  of  varying  cooking  conditions 
in  the  sulfate  process  of  pulp  making,  (3)  to  compare  the  sulfate 
process  with  the  soda  process. 

BUREAU  OF  TH£  CENSUS 

Textiles.  The  textiles  section  of  the  13th  census  report 
on  manufactures,  as  given  in  Vol.  10,  has  been  reprinted  as  a 
separate  of  171  pages,  which  is  available  for  free  distribution 
to  those  specially  interested. 

BUREAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 

Commerce.  Miscellaneous  Series  Nos.  14  and  6d  are,  respec- 
tively, an  annual  review  of  the  Foreign  Commerce  of  the  United 
States  for  1913  and  an  outline  of  the  sers'ice  maintained  for  the 
promotion  of  commerce  by  this  and  other  Bureaus  of  the  Govern- 
ment. No.  14  is  available  in  paper  for  five  cents;  No.  6d  can 
be  had  on  application  to  the  Biueau. 

Cotton  Goods.  Three  reports  by  Ralph  M.  Odell,  being 
special  agents  series  Nos.  80,  82,  and  83,  respectively  91  pp., 
35  pp.  and  60  pp.;  paper,  15c,  loc  and  loc.  These  three  reports 
discuss  the  cotton  goods  statistics  and  markets  for  the  following 
three  districts:  (i)  British  East  Africa,  Uganda,  Zanzibar, 
and  German  East  Africa;  (2)  Portuguese  East  Africa;  and  (3) 
South  Africa. 

BUREAU  OF  STANDARDS 

Surface  Insulation  of  Pipes  as  a  Means  of  Preventing  Elec- 
trolysis. By  Burton  McCollum  and  O.  S.  Peters.  Tech- 
nologic Paper  15.  44  pp.  The  experiments  reported  show 
that  the  pipe  paints,  dips,  and  wrappings  tested  were  of  no 
practical   value   in   protecting   pipes   from   electrolytic   damage 
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when  used  in  positive  areas  near  the  power  house;  in  negative 
areas  they  assist  by  reducing  the  amount  of  current  picked  up 
by  the  pipes.  The  value  for  prevention  of  natural  soil  corrosion 
is  not  discussed  in  this  paper.  An  appendix  of  the  paper  in- 
cludes a  report  of  the  experience  and  opinions  of  pipe-owning 
companies  with  regard  to  the  prevention  of  electrolysis  and  soil 
corrosion  by  means  of  insulating  coatings. 

Determinations  of  Carbon  in  Steel  and  Iron  by  the  Barium 
Carbonate  Titration  Method.  By  J.  R.  Cain.  Technologic 
Paper  33.  12  pp.  See  This  Journal,  June,  1914,  465,  for 
very  full  abstract. 

Determination  of  Anmionia  in  Illuminating  Gas.  By  J.  D. 
Edwards.  Technologic  Paper  34.  23  pp.  See  This  Journal, 
June,  1 9 14,  468,  for  short  report  of  the  results  given  in  this  paper. 

The  Silver  Voltameter.  Part  IV.  Third  Series  of  Quantita- 
tive Experiment  and  Special  Investigations.  By  E.  B.  Rosa, 
G.  W.  ViNAL  and  A.  S.  McDaniel.  Scientific  Paper  220. 
64  pp.  The  object  of  the  work  reported  in  this  paper  was 
"to  carry  out  a  series  of  experiments  on  these  two  forms  of  volt- 
ameters (porous-cup  and  Smith  forms)  that  should  afford  as 
complete  data  as  possible  for  formulating  specifications,  accord- 
ing to  which  the  voltameter  might  be  used  at  any  time  for 
the  measurement  of  current  and  (in  connection  with  resistance 
standards)  for  checking  the  constancy  of  the  Weston  normal 
cell.  This  work  consequently  included  not  only  a  further 
comparison  of  these  two  forms  of  voltameters,  but  also  a  study 
of  the  effects  of  traces  of  uncombiued  acid  or  of  base  in  the  elec- 
trolyte, and  of  variations  of  other  conditions."  The  voltage 
of  the  Weston  normal  cell  is  found  by  use  of  these  voltameters 
to  be  1.01827  volts  at  20°. 

Influence  of  Atmospheric  Conditions  in  the  Testing  of  Sugars. 
By  Frederick  Bates  and  F.  P.  Phelps.  Scientific  Paper  221. 
21  pp.  The  evaporation  of  solutions  during  filtration  causes 
errors  due  to  change  in  polarization  of  filtrate;  this  error  may  be 
corrected  for  by  a  formula  given,  or  prevented  for  all  ordinary 
purposes,  by  covering  funnels  with  a  watch  glass  while  filtering 
the  solution. 

BUREAU  OF  MINES 

Electric  Furnaces  for  Making  Iron  and  Steel.  By  D.  A  Lyon 
and  R.  M.  KeenEy.  Bulletin  67.  142  pp.  This  bulletin  gives 
a  well- illustrated,  historical  review  of  the  development  of  the 
electric  furnaces  for  iron  and  steel  manufacture,  and  discusses 
the  problems  which  remain  to  be  solved  in  the  use  of  the  electric 
furnace  for  the  smelting  of  iron  ores  and  the  production  of  pig 
iron  at  a  profit  on  a  commercial  scale.  Some  results  are  given 
from  an  investigation  now  in  progress  that  has  for  its  object  the 
"increasing  safety,  efficiency,  and  economic  development  in 
the  metallurgical  industries,  the  application  of  electricity  to 
various  processes,  and  especially  to  those  in  the  manufacture 
of  iron  and  steel." 

A  Preliminary  Report  on  Uranium,  Radium,  and  Vanadium. 
By  R.  B.  Moore  and  K.  L.  Kithil.  Bulletin  70.  114  pp. 
This  is  a  revised  and  enlarged  edition  (increase  of  about  20 
pages)  of  the  bulletin  of  the  same  name  and  number  issued  in 
December,  1913.  "This  bulletin  presents  a  summary  of  avail- 
able information  regarding  the  sources  of  uranium,  radium,  and 
vanadium,  the  methods  used  in  treating  the  ores,  and  the  uses  of 
the  finished  products."  Although  treating  the  subject  primarily 
from  the  economic  and  conservation  standpoints,  some  valuable 
chemical  analytical  methods  are  given  and  mineral  tables  are 
included,  making  the  bulletin  of  considerable  value  to  anyone 
interested  in  these  elements. 

The  Flash  Point  of  Oils;  Methods  and  Apparatus  for  its 
Determination.  By  I.  C.  Allen  and  A.  S.  Crossfield.  Tech- 
nical Paper  49,  2nd  edition  revised.  37  pp.  Includes  an  ex- 
tended bibliography. 

Relative  Effects  of  Carbon  Monoxide  on  Small  Animals. 
By  G.   A.   Burrell,   F.   M.   Seibert  and  J.  W.   Robertson. 


Technical  Paper  62.  23  pp.  A  report  of  tests  of  repeated  ex- 
posure of  canaries,  mice,  sparrows,  and  other  animals  to  test 
their  value  for  detection  of  carbon  monoxide  in  mine  air. 

Problems  of  the  Petroleum  Industry.  By  I.  C.  Allen. 
Technical  Paper  72.  20  pp.  Practically  only  a  report  of  con- 
ferences at  Pittsburgh,  Pa.,  on  August  i  and  September  10,  1913, 
which  led  to  the  organization  of  the  American  Petroleum  Society, 
and  announcement  of  the  constitution  of  this  society. 

Physical  and  Chemical  Properties  of  the  Petroleimis  of  Cali- 
fornia. By  I.  C.  Allen,  W.  A.  Jacobs,  A.  S.  Crossfield  and 
R.  R.  Matthews.  Technical  Paper  74.  37  pp.  Results  on  a 
large  number  of  oils  are  given,  including  data  as  to:  Specific 
gravity,  heating  value,  flash  point,  burning  point,  viscosity, 
water,  sulfur,  and  percentage  of  various  fractions  on  distillation. 
TREASURY  DEPARTMENT 

Specifications  for  Toilet  Paper.  Part  of  directions  to  bidders 
for  supplying  buildings  under  control  of  this  department.  These 
specifications  are  one  set  of  the  series  prepared  by  the  Bureau 
of  Standards  for  the  General  Supply  Committee  to  provide  for 
government  paper  purchases;  they  should  be  of  interest  to  those 
making  and  testing  paper. 

Production  of  Precious  Metals.  Part  II  of  the  Annual 
Report  of  the  Director  of  the  Mint  for  the  year  ending  June  30, 
1913.  This  includes  the  results  of  a  joint  investigation  with  the 
U.  S.  Geological  Survey  of  the  production  of  gold  and  silver 
in  this  country  during  191 2.  Full  foreign  statistics  and  a  dis- 
cussion of  them  is  included.  88  pp.  Cloth,  35c. 
GEOLOGICAL  SURVEY 

Mineral  Resources  of  the  U.  S.,  1912.  Part  I,  Metals.  Part 
II,  Non-Metals.  1079  and  1218  pp.  In  addition  to  general 
statistics  of  mineral  production,  the  following  subjects  are  dis- 
cussecf  in  Part  I,  as  chapters  which  have  been  republished  as 
separates:  Iron  ore,  pig  iron,  and  steel;  manganese;  precious 
and  related  semi-precious  metals  (4  sections);  gold  and  silver; 
copper;  lead;  zinc;  mercury;  bauxite  and  aluminum;  cobalt; 
molybdenum;  nickel;  tantalum;  tin,  titanium;  tungsten;  ura- 
nium and  vanadium;  antimony;  bismuth ;  selenium ;  chrome  iron 
ore;  platinum  metals;  and  cadmium. 

Part  II  contains  chapters  on  the  following  subjects:  Coal; 
coke;  fuel  briquetts;  natural  gas;  petroleum;  peat;  cement; 
clay-working  industry;  sand  and  gravel;  gypsum;  lime;  sand-lime 
brick;  slate;  stone;  abrasives;  arsenic;  borax;  fluorspar  and  cryo- 
lite; phosphate  rock;  potash  salts;  salt  and  bromine;  sulfur, 
pyrite,  and  sulfuric  acid;  barytes  and  strontium;  mineral  paints; 
asbestos;  asphalt;  feldspar  and  quartz;  fuller's  earth;  gems  and 
precious  stones;  graphite;  magnesite;  mica;  mineral  wastes; 
talc  and  soapstone;  and  gas,  coke,  tar  and  ammonia. 

Mineral  Resources  of  the  United  States,  1913.  Several 
chapters  have  already  been  published  from  the  1913  issue  on 
the  following  subjects:  Sulfur,  pyrite,  and  sulfuric  acid; 
bauxite  and  aluminum;  chrome  iron  ore;  feldspar;  mineral 
paints;  fuller's  earth;  mica;  slate;  the  cement  industry;  sand- 
lime  brick;  and  fuel  briquetting. 

Contributions  to  Economic  Geology.  Part  I.  Metals  and 
Non-Metals  Except  Fuels.  Bulletin  540.  563  pp.  Short 
papers  and  preliminary  reports  of  considerable  economic  in- 
terest to  the  chemical  industry  are  assembled  in  this  annual 
bulletin.  The  chapters  are  in  some  cases  available  as  separates. 
The  principal  headings  are  as  follows:  Gold  and  silver;  copper; 
lead  and  zinc;  iron  and  manganese;  aluminum;  structural 
materials,  building  stone,  etc.;  phosphate  rock;  salines;  sulfur 
and  pyrite;  and  numerous  miscellaneous  subjects.  These 
subjects  are  treated  primarily  from  a  geologic  standpoint  but 
in  many  cases  are  of  chemical  interest  as  bearing  upon  questions 
of  supply  of  mineral  resources  used  in  the  chemical  industries. 

Part  II  of  this  publication  is  Bulletin  541.  Only  part  of  the 
chapters  for  it  have  been  issued;  among  these  are  separates 
treating  of  the  following:     Lignite  fields  (separate  reprints  for 
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several  parts  of  the  country);  and  analyses  of  coal  samples  from 
various  fields  in  the  United  States. 

Part  I  of  the  1913  contributions  to  economic  geology  is  in 
preparation  and  one  separate  has  been  issued.  This  is  entitled 
"Some  Cerusite  Deposits  in  Custer  County,  Colorado." 

CONSULAS  REPOSTS,    MAT 

A  new  cement  works  is  to  be  erected  in  the  province  of  Punjab, 
India.     (P.  639.) 

The  plantation  and  wild  rubber  industry  of  the  Malay  pen- 
insula and  the  Amazon  valley  are  discussed.     (P.  646.) 

The  output  of  iron  ore  (containing  about  50  per  cent  iron) 
from  Caen,  France,  is  increasing.     (P.  653.) 

Natural  gas  is  reported  from  Danplim,  Manitoba.     (P.  678.) 

A   company   has   been   organized   to   cultivate   cocoanuts   in 

Panama,  and  to  manufactiu-e  copra,  rope,  rugs,  etc.     (P.  687.) 

The  pig  iron  industry  of  India  is  ilourishmg,  but  the  steel 

manufacture  has  not  yet  proved  a  success.     (P.  740.) 

The  American  Steel  Company  of  Cuba  is  to  build  an  additional 
factory  near  Habana.     (P.  805.) 

A  starch  factory  at  Rioja,  Cuba  is  making  37,000  pounds 
of  starch  daily  from  cassava.     (P.  805.) 

The  output  of  petroleum,  iron  ore  and  platinum  from  Russia 
has  decreased  and  that  of  manganese  ore  has  increased.  (Pp. 
817-22.) 

The  coal  industry  of  Manchuria  is  increasing.     (P.  846.) 
The  European  conditioning  firms  have  decided  to  hereafter 
employ  only  distilled  water  in  the  scouring  of  silk  for  testing. 
(P.  852.) 

A  new  hardening  material  for  the  surface  of  concrete  floors 
contains  95  per  cent  of  iron  dust  or  iron  flour.     (P.  885.)  . 

The  use  of  fuel  oil  for  operating  agricultural  tractors  in  Argen- 
tine, is  being  studied  by  that  government.     (P.  895.) 

Imports  of  sodium  nitrate  into  the  U.  S.  from  Chili  in  1913 
amounted  to  $20,7:8,968,  which  is  25  per  cent  more  than  in 
1912.     (P.  898.) 

The  vegetable-oil  industry  of  Marseille  includes  the  following 

oils,  viz.,  peanut,  cocoanut,  sesame,  linseed,  castor,  and  kapok. 

The  hydrogenation  process  is  soon  to  be  installed.     (P.  912.) 

The  soya  bean  industry  of  Manchuria  is  increasing.        (P. 

921  ) 

A  government  nitrate  monopoly  has  been  established  in  Hon- 
duras, to  control  the  importation  and  manufacture  of  potassium 
nitrate.     (F*.  930.) 

The  output  of  chrome-iron  ore  in  the  U.  S.  in  1913  was  very 
small  compared  with  that  of  New  Caledonia,  Rhodesia  and 
Russia.  Imports  into  the  U.  S.  in  1913  were  nearly  twice  that 
of  191 1.      (P.  935.) 

Two  companies  in  Costa  Rica  are  extracting  annually  $1,000,- 
000  worth  of  gold  and  silver.     (P.  939.) 

The  third  French  Congress  for  Refrigeration  will  be  held  at 
Reims  in  October,  1914.     (P.  944.) 

The  output  of  aluminum  in  the  U.-S.  in  1913  was  over  72,000,- 
000  pounds.     (P.  973.) 

An  American  syndicate  is  investigating  the  placer  gold  de- 
posits of  Peru.     (P.  988.) 

A  syndicate  has  been  formed  to  develop  the  phosphate  de- 
posits at  Gamboola,  Australia.  Adjacent  sulfur  deposits  make 
the  manufacture  of  superphosphate  possible.     (P.  1008.) 

The  cultivation  of  lac  in  India  is  an  important  industry,  a 

large  part  of  the  product  being  sent  to  the  U.  S.     (Pp.  1016-7.) 

A  factory  for  the  production  of  cocoanut  oil  is  to  be  established 

on  Cebu  Island  in  the  Philippines,  with  an  output  of  75  tons 

oil  per  day.     (P.  1019.) 

The  mineral  products  of  Canada  include:  Copper,  gold, 
iron,  lead,  nickel,  silver,  asbestos,  coal,  gypsimi,  natural  gas, 
petroleum,  salt,  cement,  ceramics  and  lime.     (P.  1030.) 


The  Spanish  Government  is  exploring  near  Jerez,  Spain,  for 
petroleum.     (P.  1070.) 

To  prevent  falsification  as  to  the  grade  and  purity  of  tin 
exported  from  Hongkong,  China,  special  arrangements  have 
been  made  by  the  government  analyst  of  that  place.     (P.  11 14.) 

The  exportation  of  impure  or  adulterated  rubber  from  the 
Belgian  Kongo  has  been  prohibited.     (P    1169.J 

The  production  of  "butter"  from  shea  nuts  is  important  in 
British  West  Africa.  The  product  is  used  for  making  artificial 
butter,  and  r.lso  for  soap  and  candles.     (Pp.  1 180-3.) 

Statistics  and  information  from  consular  agents  regarding 
exports  from  various  localities  to  the  United  States  are  given 
in  the  following  references; 

Almeria,  Spain.     Esparto  grass.     (P.  598.; 

Havre,  France.  Aluminum,  antimony,  arsenic,  carbons, 
casein,  pigments,  copper,  dyes,  glue,  glycerine,  hides,  •  lead 
oxide,  drugs,  oils  (linseed,  rapeseed,  and  essential),  paper  stock, 
rubber,  porcelain,  tallow,  zinc  oxide  (p.  625);  and  flint  pebbles. 
(P.  652.) 

Mexico.  Cottonseed,  copper,  lead  and  gold  ores,  silver  and 
zinc  ores,  rubber,  graphite,  hides,  wax,  sugar,  and  petroleum. 
(Pp.  705-21.) 

Columbia.  Copal,  gold,  guano,  hides,  drugs,  platinum, 
rubber,  silver,  sugar,  and  tannic  acid.     (P.  728.) 

Nova  Scotia.  Fertilizers,  gold,  grindstones,  gypsum,  hides, 
tar  oil,  whale  oil,  manganese  ore,  pulpwood,  raw  sugar,  and 
tungsten  ore.     (P.  763.) 

Algeria.  Esparto  grass,  iron  ore,  olive  oil,  phosphate  rock, 
and  zinc  ore.     (P.  838.) 

Burma.     Rubies,  sapphires,  spinels,  and  jade.     (P.  845.) 

Lyons,  France.  Mineral  water,  photographic  supplies,  gold, 
silver,  and  copper  ore,  hides,  glue,  dyestuffs,  and  argols.  (P. 
858.) 

Valencia,  Spain.  Iron  ore,  olive  oil,  saffron,  peanuts,  and 
hides.     (P.  908.) 

Marseille,  France.  Aluminum,  argols,  arsenic,  bark,  bauxite, 
cement,  drugs,  glue,  glycerine,  hides,  ocher,  vegetable  oils,  iron 
ore,  potassium  ferrocyanide,  rubber,  stearin,  tin,  and  zinc  oxide. 
(P.  917) 

Amazon  Valley,  Brazil.     Rubber.     (P.  936.) 

Dresden,  Germany.  Drugs  and  chemicals,  essential  oils, 
and  scientific  instruments.     (P.  942.) 

Rotterdam,  Holland.  Acetic,  carbolic,  formic,  phosphoric, 
and  tartaric  acids,  aluminum,  balances,  cocoa  butter,  ferro- 
manganese,  fertilizers,  glycerine,  crude  gum.  hides,  madder, 
magnesite,  oils  (citronella,  cottonseed,  creosote,  fusel,  and  lin- 
seed), oleo  stearin,  paper  stock,  prussiate  of  soda,  rubber,  poppy 
and  rape  seeds,  tin,  wax,  and  zinc.     (P.  963.) 

Zurich,  Switzerland.  Aluminum,  chemicals,  ferrosilicon,  and 
gelatin.     (P.  999.) 

Montreal,  Canada.  Fertilizers,  gas  liquor,  hides,  marble, 
sodium  nitrate,  creosote  oil,  and  paper  stock.     (P.  1050.) 

Kobe,  Japan.  Soya-bean  oil,  camphor,  metals,  menthol, 
and  wax.     (P.  1058.) 

Birmingham,  England.  Chemicals,  glass,  glue,  gunpowder, 
rubber  goods,  paint,  platinum,  iron  and  steel]  varnish,  wood 
pulp,  and  yarn.     (P.  iioo.) 

Winnipeg,  Canada.     Pyrite.     (P.  1107.) 

Durango,  Mexico.  Arsenious  acid,  copper,  gold,  lead,  silver, 
cottonseed,  glycerine,  hides,  and  rubber.     (P.  1122.) 

Reims,  France.  Antimony,  rubber,  chloride  of  lime,  prussiate 
of  soda,  and  tin.     (,P.  1139.) 

Calais  and  Boulogne,  France.  Chalk,  pitch,  potash,  and 
seed  oil.      (P.  1140.) 

Limoges,  France.     Glue,  kaolin,  and  filter  paper.     (P.  1145.) 

Grenoble,  France.  Carbon  electrodes,  emery,  hides,  ferro 
alloys,  potassium  perchlorate,  and  photographic  paper.  (P. 
1 149.) 
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BOOK  RLVILW5 


Engineering  Thermodynamics.     By  Charles  Edward  Lucke, 

Ph.D.,     Professor     of     Mechanical     Engineering,     Columbia 

University,  New  York  City.     New  York:  McGraw-Hill  Book 

Company.     1912.     9  X  6,  118  and  xxiv  pp.,  323  illustrations, 

143  tables.     Price,  $8.00. 

An  examination  of  this  book  cannot  fail  to  impress  the  reader 
with  the  thought  that  this  is  a  great  work  destined  to  become 
the  book  of  reference  on  this  subject. 

Since  Rankine's  time  the  science  of  thermodynamics  has  been 
highly  developed  and  has  become  of  great  importance  in  the 
formulation  of  modern  physical  chemistry  and  its  correlated 
branches  in  engineering.  Thermodynamics,  per  se,  is  not  con- 
cerned with  any  physical  substance;  it  is  rather  a  theory  of  energy 
in  relation  to  matter.  The  author's  treatment  of  engineering 
thermodynamics  is  based  upon  the  application  of  the  laws  of 
pure  thermodynamics,  modified  by  conditions  of  practice,  to 
guide  computation  on  thermal  problems  which  deal  with  physical 
substances  under  actual  conditions  of  operation. 

The  scope  and  treatment  of  this  work  is  much  more  extensive 
than  that  ordinarily  found  in  books  on  thermodynamics.  Not 
only  is  the  subject  matter  more  inclusive  in  that  it  covers  a 
wide  range  of  topics  not  usually  considered,  but  the  presentation 
is  given  in 'marked  detail.  This  has  involved  an  enormous 
amount  of  labor  on  the  part  of  the  author  in  developing  formulas 
directly  applicable  to  practical  conditions — but  it  is  labor  which 
the  busy  engineer  must  certainly  appreciate. 

Dr.  Lucke  divides  the  subject  into  three  general  parts,  the 
first  dealing  with  the  conditions  surrounding  the  doing  of  work 
without  any  consideration  of  heat  changes;  the  second,  heat 
gains  and  losses  by  substances  without  reference  to  work  involved; 
and  the  third,  transformation  of  heat  into  work  or  work  into  heat 
in  conjunction  with  changes  in  the  condition  of  substances. 
The  first  part  applies  to  the  behavior  of  fluids  in  the  cylinders 
of  coinpressors  and  engines.  The  second  part  is  concerned  with 
the  development  of  heat  by  combustion,  its  transmission  from 
place  to  place  and  the  effect  on  the  physical  condition  of  solids, 
liquids,  and  gases  with  their  mixtures,  solutions  and  reactions. 
The  third  part  is  fundamental  to  the  efficient  production  of  power 
by  gases  in  nternal  combustion  gas  engines  or  compressed-air 
engines,  and  by  steam  or  other  vapors  on  steam  engines  and 
turbines,  and  likewise  to  the  production  of  mechanical  refrigera- 
tion by  ammonia,  carbon  dioxide  and  other  vapors. 

Accordingly,  the  six  chapters  of  the  book  treat  these  three 
parts  in  order.  The  first  three  chapters  deal  with  work  with- 
out any  particular  reference  to  heat;  the  second  two  with  heat, 
without  any  particular  reference  to  work;  while  the  last  is  con- 
cerned with  the  relation  between  heat  and  work.  After  es- 
tablishing in  the  first  chapter  the  necessary  units  and  basic 
principles  governing  work,  the  second  chapter  proceeds  to  the 
determination  of  the  work  done  in  compressor  cylinders ;  and  the 
third  chapter  discusses  the  available  work  in  engine  cylinders 
in  terms  of  all  the  difTerent  variables  that  may  determine  the 
work  for  given  dimensions  of  cylinder  or  for  given  quantities 
of  fluid.  The  fourth  chapter  is  devoted  to  the  qualitative  and 
quantitative  heat  content  of  substances  and  their  physical-chem- 
ical state;  the  fifth  relates  to  heating  by  combustion  and  dis- 
cusses fuels,  furnaces,  gas-producers  and  steam  boilers.  In 
the  final  chapter  the  general  relations  between  heat  and  work 
are  presented,  and  the  thermal  efficiencies  of  steam,  gas,  and 
compressed  air  engines  are  deduced.  The  flow  of  expansive* 
fluids  and  the  performance  of  refrigerating  systems  are  also  dis- 
cussed in  this  chapter. 

Throughout  the  entire  work  there  have  been  established  a 
series  of  working  formulas  derived  from  a  few  simple  principles 
and  left  in  such  form  as  to  be  readily  available  for  numerical 


substitution.  This  permits  the  solution  of  problems  on  engine 
and  compressor  horse-power,  fluid  consumption  or  capacity, 
with  very  little  labor  or  time,  although  it  has  required  the  ex- 
pansion of  the  subject  over  a  considerable  number  of  pages  of 
book  matter. 

A  valuable  feature  of  the  work  consists  in  the  presentation 
of  extensive  tables,  diagrams  and  charts  to  facilitate  the  solution 
of  numerical  problems.  There  are  nearly  150  tables  bearing 
upon  every  conceivable  phase  of  engineering  thermodynamics; 
these  apply  to  the  various  kinds  of  machinery  and  apparatus 
used  for  heating,  evaporating,  condensing,  melting,  freezing, 
gasification  and  combustion,  as  well  as  the  fuels  used  in  power 
production.  It  is  doubtful  whether  there  exists  elsewhere  such 
a  comprehensive  collection  of  tables  on  this  subject. 

While  the  book  appears  to  be  too  large  for  use  as  a  text  in 
the  ordinary  courses  in  thermodynamics,  it  coidd  be  used  to 
good  advantage  in  advanced  courses.  Its  comprehensiveness, 
including  as  it  does  the  thermodynamic  relations  in  all  forms 
of  heat  changing  machinery,  makes  the  book  particularly  valuable 
as  a  work  of  reference  on  gas  power,  compressed  air,  steam  tur- 
bines, steam  power  plants,  steam  engine  design,  mechanical 
refrigeration  and  heating  and  ventilating.  In  addition  to  its 
use  in  the  class-room  and  laboratory,  it  should  have  a  large  field 
of  usefulness  among  practising  engineers  whether  they  be  en- 
gaged in  the  chemical  industries,  gas  engineering  or  mechanical 
engineering. 

It  is  to  be  regretted  that  in  a  work  of  such  magnitude  the  au- 
thor has  not  given  complete  references  tcT  the  various  sources 
of  information  and  tabular  data.  References  always  enhance 
the  value  of  any  publication  and  would  make  still  more  valuable 
such  an  excellent  treatise  as  Dr.  Lucke's  "Engineering  Thermo- 
dynamics." 

John  J.  Flather 

Das  Lebensmittelgewerbe.     By  K.  von  Buchka.     Akademische 

Vcrlagsgesellschaft.     Leipzig,  1913. 

The  first  two  parts  of  this  book  on  foods  and  condiments 
contain  an  introduction  on  nutrition  by  A.  Kreutz,  a  general 
discussion  by  the  editor,  von  Buchka,  and  a  chapter  on  coffee 
by  A.  Hasterlik. 

If  the  rest  of  the  book  is  as  complete  in  detail  as  the  opening 
chapters,  it  should  prove  very  useful  to  the  food  chemist. 

Sidney  Born 

Exercises  in  Gas  Analysis.  By  Dr.  H.  Franzen,  Professor  in 
Heidelberg;  translated  by  Dr.  T.  Callan,  Paisley  Technical 
College.  Blackie  and  Son,  London.  D.  Van  Nostrand, 
New  York.     Pp.  120.     Price,  $1.00. 

This  little  book  gives  a  description  for  the  purposes  of  instruc- 
tion of  the  usual  methods  of  analyzing  gases  by  the  Hempel, 
Buntz,  and  Orsat  apparatus.  Winkler's  dissolved  oxygen  method 
and  Lunge's  nitrometer  are  also  included.  The  descriptions 
are  very  full — too  full  it  would  seem  in  some  cases.  For  example, 
it  would  seem  to  be  axiomatic  that  carbon  dioxide  would  be 
dissolved  by  water  unsaturated  by  it,  without  requiring  an  ex- 
periment (No.  5)  to  prove  it.  All  the  calculations  involved 
in  the  analytical  operations  are  thoroughly  and  carefully  ex- 
plained. No  attention,  however,  is  paid  to  the  calculations 
involved  in  the  practical  applications  of  the  art,  particularly 
to  chimney  gases.  As  the  book  makes  no  pretense  of  being 
compendious,  all  references  to  the  literature  are  omitted.  Owing 
also  to  the  omission  of  an  index,  the  use  of  the  book  is  rendered 
more  difficult.  The  very  full  Table  of  Contents  does  not  supply 
this  deficiency. 

While  in  general  the  directions  are  very  full,  yet  they  lack  in 
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not  specifying  the  precautions  to  be  used  in  making  a  gas  ex- 
plosion, both  in  protecting  the  operator  from  bodily  injury  and 
in  preventing  the  burning  of  the  nitrogen.  No  mention  is  made 
of  the  fact  that  pyrogallol  may,  unless  properly  prepared,  give 
off  carbonic  oxide.  An  iron  tube  is  used  for  sampling  chimney 
gases  and  no  statement  is  made  regarding  the  liability  of  the 
carbon  monoxide  which  may  be  contained  in  them  to  be  changed 
to  carbon  dioxide  by  the  rust  upon  the  tube. 

The  book  is  one  which  cannot  fail  to  be  helpful  and  instructive 
to  the  teacher,  but  owing  to  omissions  such  as  noted,  cannot  be 
unreservedly  recommended  to  the  unaided  student,  nor  as  a 
text  book  to  be  followed  implicitly. 

A.  H.  Gill 

Treatise  on  the  Ceramic  Industries:  Vol.  I,  Quantitative  Inor- 
ganic Analysis.  By  J.  W.  Mellor,  D.Sc,  first  edition. 
Charles  Griffin  and  Company,  Limited,  London.  778  pp., 
208  illustrations,  1913.     Price,  $7.50. 

This  imposing  volume  from  the  hand  of  a  well-known  writer 
offers  to  the  reviewer  a  task  of  considerable  magnitude,  owing 
to  its  wide  scope.  For  this  reason  the  text  was  discussed  with 
several  experienced  analysts.  The  writer  is  especially  indebted 
to  his  colleague,  Mr.  P.  H.  Bates,  for  help  in  reviewing  this 
mass  of  material.  The  volume  is  divided  into  five  parts.  Part  I 
describes  general  analytical  processes;  Part  II  deals  with  the 
analysis  of  a  simple  silicate;  Part  III  suggests  methods  of  dealing 
with  more  complex  silicates;  Part  IV  discusses  modifications 
necessary  in  the  presence  of  the  more  difficult  of  the  rarer  ele- 
ments; Part  V  refers  to  the  determination  of  the  acid  constituents 
and  contains  a  chapter  on  the  mineral  analysis  of  clays. 

The  book  differs  radically  and  favorably  from  the  typical 
European  treatise  on  the  subject  and  it  is  pleasant  to  read  the 
emphasized  acknowledgment  of  the  fundamental  work  of  Dr. 
Hillebrand.  The  author  has  studied  and  read  widely  and  has 
been  eminently  successful  in  presenting  the  best  methods  graded 
as  to  accuracy  and  obtained  from  many  sources.  This  judicial, 
broad  selection  is  remarkably  complete  and  includes  practically 
all  of  the  best  American  processes  of  analysis. 

The  reasons  for  doing  things  and  the  statements  concerning 
the  conditions  under  which  certain  reactions  are  effective  as 
a  means  of  separation  are  presented  in  precise  and  interesti:ig 
language.  The  foot-note  references  to  the  literature  are  prob- 
ably the  most  complete  that  have  ever  been  offered  in  a  book 
of  this  character.  Attention  is  called  to  many  details,  correc- 
tions and  to  apparatus  not  commonly  described. 

The  analysis  of  such  silicates  as  clay  is  discussed  in  great  de- 
tail for  every  constituent  and  goes  into  every  refinement.  The 
sources  of  error  are  clearly  indicated.  This  chapter  is  followed 
by  one  dealing  with  rapid  works  methods.  Chapter  XIX  on 
electro-analysis  is  brief  but  satisfactory.  In  Chapter  XX  the 
author  boldly  attacks  the  subject  of  glaze,  glass  and  enamel 
analysis,  one  in  regard  to  which  chemical  literature  has  been 
sadly  deficient,  owing  principally  to  the  limited  experience  of 
chemists  with  this  difficult  field.  Here  again  he  has  succeeded 
in  presenting  methods  for  overcoming  the  principal  difficulties 
which  are  met.  Gravimetric  and  volumetric  procedures  are 
described  which  include  methods  for  arsenic,  antimony,  tin, 
lead,  zinc,  bismuth,  mercury,  cadmium,  copper,  manganese, 
cobalt  and  nickel. 

The  part  devoted  to  special  methods  treats  of  the  determination 
of  molybdenum,  tungsten,  niobium,  tantalum,  gold,  jilatitmm, 
selenium,  aluminum  and  beryllium.  Rapid  methods  are  de- 
scribed for  the  estimation  of  iron,  covering  all  possible  cases. 
Due  attention  is  given  also  to  the  methods  of  determining  chro- 
mium, vanadium,  uranium,  and  to  such  cases  as  the  simultaneous 
determination  of  small  amounts  of  titanium  and  vanadium. 
These  are  followed  by  the  treatment  of  zirconium,  thorium 
and  the  rare  earths.     Among  the  special  methods  for  barium. 


strontium,  calcium  and  magnesium,  those  given  for  free  lime 
in  mortars,  etc.,  might  have  made  mention  of  the  qualitative 
White  microscopic  phenol  method  as  being  the  only  satisfactory 
test  for  small  quantities  of  free  lime.  The  next  chapters  are 
concerned  with  the  special  methods  for  the  determination  of  the 
alkalies,  carbon,  carbon  dioxide,  water,  boron,  phosphorus, 
sulfur,  fluorine,  chlorine  and  iodine.  The  last  chapter  offers 
a  resume  of  the  mineral  analysis  of  clays,  which  is  very  complete. 
On  pages  666-7  numerical  errors  have  crept  into  the  example  of 
a  rational  analysis  calculation. 

Dr.  Mellor's  book  is  an  important  contribution  to  chemical 
literature.  It  should  prove  to  be  of  great  value  not  only  to 
silicate  chemists,  but  to  every  one  engaged  in  inorganic  analysis. 
It  is  a  remarkably  well  done  summary  of  our  present  knowledge 
relating  to  analytical  methods. 

A.  V.  Bleininger 

Untersuchung    der   Kohlenwasserstoffole    und   Fette.     By    D. 

HoLDE.     Berlin:   Julius    Springer,     19 13.      8vo.,    612    pages. 

Price,  $4.50. 

This  work  is  the  fourth  and  enlarged  edition  of  "Untersuchung 
der  Mineralole  und  Fette"  published  in  1909. 

A  great  deal  of  new  material  has  been  added,  bringing  the  work 
up  to  date  insofar  as  the  available  literature  is  concerned.  The 
greater  part  of  the  book  is  devoted  to  the  methods  used  in  the 
examination  of  hydrocarbon  oils,  which  are  clearly  described 
and  well  illustrated  by  numerous  cuts  and  tables. 

Holde  has  brought  together  a  great  deal  of  valuable  data, 
which  should  be  an  excellent  reference  on  the  subject. 

Many  of  the  methods  given  are  in  general  use  in  this  country, 
although  the  book  cannot  be  taken  as  a  text  on  industrial  prac- 
tice here. 

Thos.  T.  Gray 

Coal    Tar  Distillation.     By   Arthur  R.  Warnes.     New  York: 

D.  Van  Nostrand  Company;  London:  John  Allan  &  Company. 

185  pages,  illustrated.     Price,  $2.50. 

This  work  is  a  concise  description  of  works  practice  and  con- 
struction of  apparatus  used  in  coal  tar  distillation  in  England. 
In  general,  the  author  has  confined  himself  to  single  preferred 
methods  throughout  the  work,  which  methods,  as  stated  in  the 
preface,  are  those  with  which  he  is  familiar.  The  book  is  hap- 
pily free  from  attempts  to  collate  all  the  information  ever  pub- 
lished on  the  particular  subject  without  regard  to  authenticity 
or  practicability.  It  will  be  interesting  reading  for  chemists 
in  general,  as  well  as  for  those  particularly  interested  in  the  in- 
dustry treated. 

After  a  very  brief  consideration  of  the  nature  of  coal  tar,  its 
transportation  from  gas  works  and  storage  in  tar  works,  the 
author  devotes  Chapters  III-V,  inclusive,  to  a  description  of 
the  stills,  settings,  condensers  and  coolers  used  in  tar  distillation, 
confining  himself  to  the  vertical  type  of  still,  which  is  in  use 
mostly  in  England.  No  descriptions  are  given  of  the  horizontal 
tar  stills,  which  are  in  general  use  in  the  United  States.  It 
may  be  noted,  however,  that  the  largest  still  described  has  a 
capacity  of  thirty  tons,  with  a  fifteen  ton  still -preferred,  while 
practice  in  this  country  is,  as  a  rule,  on  a  basis  of  about  fifty 
per  cent  greater  capacity  than  the  maximum  figure  referred  to 
above.  The  author  gives  in  minute  detail  the  construction 
of  manhole  plates,  safety  valves,  and  other  accessories  of  the  tar 
still.  Following  the  rather  complete  description  of  the  appa- 
ratus is  a  brief  chapter  dealing  with  tlie  actual  distillation  process. 
■  In  Chapters  VII  and  VIII  is  a  very  good  description  of  plant 
and  process  for  working  up  crude  carbolic  and  cresylic  acids. 
The  further  working  to  refined  phenol  and  cresol  has  been  pur- 
posely omitted. 

The  chapters  dealing  with  benzols,  naphthas,  etc.,  are  clear 
and  concise,  and  the  information  given  in  these  does  not  vary 
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essentially  from  United  States  practice.  As  practically  no 
pyridine  bases  are  now  manufactured  in  this  country,  no  com- 
ment on  the  portion  of  the  book  dealing  with  this  subject  can 
be  made.  The  chapters  on  crude  naphthalene,  anthracene, 
pitch  and  creosote  oil  are  very  brief,  and  are  treated  with  much 
less  detail  than  the  previous  portion  of  the  work  would  lead  one 
to  hope. 

In  the  last  chapter  of  the  book  on  tarworks'  tests,  the  author 
departs  from  his  custom  and  gives  us  an  insight  into  the  United 
States  as  well  as  English  laboratory  methods.  The  author  does 
not  express  preferences  for  any  particular  method  when  two  or 
more  are  given,  but  seems  to  feel  that  the  unification  and  stand- 
ardization of  the  methods  used  in  England  by  different  workers 
are  more  important  than  any  particular  method. 

The  book  is  well  indexed,  the  print  and  paper  are  good,  and 
the  illustrations  clear-cut  and  distinct. 

John  Morris  Weiss 

Taschenbuch   fiir    die    anorganischchemische     Grossindustrie. 

By    Lunge  and  BerL.        5th    edition.         305    pp.        Julius 

Springer,  Berlin.     1914.     Price,  $2.00. 

The  authors  have  brought  the  fifth  edition  of  this  valuable 
pocketbook  up  to  date,  and  have  added  only  tried  and  ac- 
cepted quantitative  methods,  physical-chemical  tables  and  other 
data.  The  book  is  divided  into  two  parts.  The  general  part, 
covering  118  pages,  includes  tables  of  molecular  weights,  factors, 
solubilities,  specific  weights,  temperature  scales,  melting  and 
boiling  points,  volume  changes,  mathematical  data,  systems  of 
measurement,  and  a  section  on  patent  regulations  of  various 
countries.  The  special  part  (178  pages)  is  divided  into  seven- 
teen sections:  fuels  and  steam  boilers;  sulfuric  acid;  hydro- 
chloric acid;  bleaching  powder;  soda  (Le  Blanc,  Solvay  and  Elec- 
trolytic); sulfur  recovery;  nitric  acid;  potassium  industries; 
ammonia;  illuminating  gas;  calcium  carbide  and  acetylene; 
fertilizers;  alumina  products;  cement;  preparation  of  normal 
solutions;  sampling;  comparative  hydrometer  tables.  Under 
each  industry  the  generally  used  analytical  methods  and  tables 
are  given,  both  for  raw  materials  and  finished  products.  The 
book  is  well  printed  and  well  bound,  and  is  a  real  pocketbook 
which  should  prove  of  considerable  value  to  many  industrial 

chemists  and  students. 

R.  K.  Murphy 

Details  of  Cyanide  Practice.  By  Herbert  A.  Megraw.  First 
edition.  Size  6'/;  X  9'/2  inches.  215  pages,  19  chapters 
and  index.  53  illustrations  of  the  best  known  cyanide  plants 
in  the  United  States  and  Canada.  Published  by  the  Mc- 
Graw-Hill Book  Company,  Inc.,  New  York.  1914.  Price, 
$2.00  net. 

The  author,  a  member  of  the  editorial  staff  of  the  "Engineering 
and  Mining  Journal,"  made  an  investigative  tour  of  the  principal 
cyanide  mills  of  North  America  and  published  a  series  of  articles 
on  the  plants  visited.  The  preface  states  that  "Actual  de- 
scription has  been  considered  of  less  importance  than  discussion 
and  correlation  of  facts  gathered  from  widely  different  places,  ' 
the  intention  having  been  to  present  facts  and  personal  opinions, 
clearly  indicated  as  such,  in  a  form  calculated  to  inform  the  pro- 
fession in  general  and  to  promote  discussion  respecting  de- 
tails involving  diverging  practice."  The  book  is  quite  a  de- 
parture from  those  published  previously  on  the  subject  of 
cyaiiiding  gold  and  silver  ores,  in  that  it  does  not  contain  past 
practice  or  history,  but  gives  in  a  concise  form  the  present-day 
practice  of  the  largest  cyanide  mills  in  North  America.  For 
this  reason  the  book  will  be  appreciated  by  the  man  in  practice, 
even  though  it  is  not  suited  as  a  text-book  for  technical  schools. 
The  first  three  chapters,  pages  i  to  27  inclusive,  describe  in 
detail  the  treatment  of  high-grade  silver  ores  of  the  Cobalt 
District  of  Ontario,  Canada.  Formerly,  these  ores  were  smelted 
with  lead  ores'  but  on  account  of  the  high  smelting  charges  and 


the  accumulation  of  large  amounts  of  speiss  at  the  smelteries, 
the  application  of  the  cyanide  process  was  encouraged.  The 
articles  which  constitute  these  three  chapters  give  detailed  de- 
scriptions of  the  methods  as  applied  to  the  treatment  of  the 
Cobalt  District  silver  ores. 

Chapters  IV  and  V,  pages  28  to  49,  give  the  methods  used 
for  treating  gold  ores  of  the  Porcupine  district,  Ontario,  Canada, 
at  the  HoUinger  Mill  and  the  Dome  Mill. 

Chapter  VI,  pages  50  to  66,  is  devoted  to  the  practice  of 
cyaniding  the  low-grade  gold  ores  of  the  Black  Hills,  South 
Dakota,  which  contain  from  6  to  8  per  cent,  of  disseminated 
pyrite  and  a  small  amount  of  telluride.  On  account  of  difficulty 
in  treating  this  character  of  ore,  the  practice  has  been  changed 
in  some  details  from  time  to  time.  The  author  renders  service 
to  the  cyanide  men  of  other  districts  in  giving  this  information. 

Chapters  VII,  VIII  and  IX,  pages  67  to  loi,  contain  descrip- 
tions of  the  methods  of  treating  the  gold-silver  ores  of  Telluride 
and  of  Cripple  Creek,  Colorado.  Comparative  costs  of  the 
different  methods  of  treatment  are  given,  and  also  discussion 
of  the  original  articles  which  appeared  in  the  Engineering  and 
Mining  Journal. 

Chapters  X,  XI,  and  XII,  pages  102  to  152,  comprise  the  prac- 
tice at  Tonapah,  Nevada,  giving  flow  sheets  of  the  different 
mills,  descriptions  of  the  apparatus  used,  costs  of  the  operations, 
and  discussions  by  leading  cyanide  men  on  the  original  articles 
which  appeared  in  the  Engineering  and  Mining  Journal. 

Chapters  XIII  and  XIV,  pages  153  to  167,  include  the  methods 
of  treatment  of  the  varied  silver  ores  of  Fairview  and  Wonder, 
Nevada,  giving  costs  of  the  treatments,  flow  sheets,  descrip- 
tions of  the  apparatus,  and  comparison  of  stamp  and  Chilean 
mill  crushing. 

Chapter  XV,  pages  168  to  176,  is  a  description  of  the  practice 
followed  at  Republic,  Washington,  for  rebellious  gold-silver  ores. 

Chapters  XVI  and  XVII,  pages  177  to  194,  describe  the  cy- 
aniding of  gold  and  gold-silver  ores  at  Grass  Valley,  and  at 
Soulsbyville,  California.  The  treatments  are  described  in  de- 
tail, including  flow  sheets,  consumption  of  chemicals,  costs,  and 
illustrations  of  the  plants. 

Chapters  XVIII  and  XIX,  pages  195  to  211,  are  on  the  mills 
of  Arizona,  describing  the  treatment  of  the  gold  ores  of  King- 
man, Oatman,  and  Wickenburg. 

The  book  should  be  well  received  by  cyanide  mill  men,  as  it 
contains  in  concise  and  convenient  form  the  detailed  descrip- 
tion of  the  cyaniding  of  all  of  the  typical  gold  and  silver  ores  of 
North  America.  However,  it  is  not  a  suitable  text  for  the 
technical  student,  as  it  does  not  embody  the  principles  of  cy- 

Taschenbuch  fiir  Gerberei-Chemiker.     By  H.  R.  Proctor,  with 
the  collaboration  of  E.  Stiasny  and  H.  Brumwell.     Trans- 
lated from  the  English  by  J.  Gettmar.     Published,  Dresden, 
by  J.  Steinkopff.     1914.     242  pages.     Price,  $1.25. 
The  object  of  this  handbook  is  not   to  replace  the  author's 
"Leather  Industries  Laboratory  Book  of  Analytical  and  Experi- 
mental Methods,"  but  to  contain  in  short  concise  form  the  ana- 
lytical methods  required  by  the  tannery  chemist  or  leather  man- 
ufacturer. 

The  second  revised,  enlarged  edition  of  the  Leather  Industries 
Laboratory  Book  appeared  in  1908;  since  then  newer  and  better 
methods  for  raw  materials,  factory  control,  leather,  etc.,  have 
appeared,  which  are  included  in  the  Pocket  Handbook. 

The  book  is  very  well  arranged,  giving  the  best  analytical 
methods,  explaining  the  essential  chemistry  involved  and  giving 
details  as  to  the  manipulation  and  interpretation  of  results. 

The  author  has  succeeded  in  producing  a  handbook  which 
upholds  the  excellent  standard  of  his  larger  volume  and  the 
value  of  which  will  be  appreciated  both  by  the  tanner>'  chemist 
and  leather  manufacturer.  /-v    Trope- 
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By   D.    D.   Bl?Kol.ZHiilMi;R,   Librar 

Asphalts,  Natural  and  Artificial,  The  Chemistry  and  Technology  of 

the.      By  KoBHi.BR  AND  Edmund  Graepe.     2nd  ed.     L.  8vo.     504  pp. 

Price,  S4.75.     Friedrich  Viewcg  &  Sohn,  Brunswick.      (German.) 
Cement,  Portland,  Manufacture.     By  C.  Naske.     3rd  ed.     Lex.  8vo. 

4')6  pp.      Price,  56.00.      Th.  Thomas,  Leipzig.      (German.) 
Chemical  Industry  of  Germany  1S8S  to  1913.     By  B.  Lepsius.     8vo. 

ICI7  pp       (',.  Stilke.   Herlin.      (German.) 
Clay  and  Pottery  Industries.      By  J.  W.  Mellor.     Demy.  8vo.     Price, 

53.75.      Charles  Griffin  &  Co..   London. 
Dyestufl    Chemistry,    Textbook    of.     By    Hans    T.    Bucherer.     8vo. 

Price.  55,50.      Otto  Spamer,  Leipzig.      (German.) 
Electrochemistry,   Principles  and  Applications  of.   Vol.  IV.     By  O. 

Dony-Henault,    H.    Gall    and    P.    A.     Guve.      8vo.      183    pp.      Price, 

56.00.      Ch,    BiJTanger,    Paris.      (French.) 
Enamelling  on  Metal,  The  Art  of.     By  W.  N.  Brown.     2nd  ed.    Cr.  8vo. 

58  pp       Price.  51.00.      Scott.  Greenwood  &  Co.,  London. 
Glue  and   Gelatin,   The  Manufacture  of.     By  I^.  Thiele.     Sm.  8vo. 

158  pp.      Price,  50.75.      Mat  Jaenecke.  Leipzig.      (German.) 
Inorganic    Chemistry,    The    Principles    of.     By    Wilhelm    Ostwa 

4th     ed.      8vo.      836     pp.      Price.     $4.50.      Macmillan     &     Co.,     Lond^ 

(Translation  in  English.) 
Inorganic  Compounds,  Lexicon  of  the.     Vol.  II.     By  M.  K.  Hoff 

.MANN.      L.  8vo.      1292  pp.      Price,  519.50.      J.  A.   Earth,  Leipzig.      (Gi 

Matter   and  Electricity,    Lectures   on   Kinetic   Theory  of.     By   M 

Planck,  P.  Debye,  W.  Nernst,  el  al.     L.  8vo.     196  pp.     Price,  $2.00 

B    G.  Teubner.  Berlin.      (German.) 
Metal    Statistics,    1914.     By    American    Metal    Market    and    Daily 

Iron    and    Steel    Report.     8vo.     288    pp.     Price,    50.50.     American 

Metal  Market  Co.,  New  York. 
Metallographie,   Textbook  of.     By  Gustav  Tammann      8vo.     390  pp. 

Price.  55  00.      Leopold  Voss,  Leipzig.      (German.) 
Steel    Analysis,    Modern.     By    J.    A.    Pickard.     8vo.      128    pp.     Price. 

SI  00.      J.  &  A.  Churchill,  London. 
Oils,    Essential:     Semi- Annual    Report   of   Schimmel    &    Co.     8vo. 
f-    148  pp.      Schimmel  &  Co..  Miltitz  (Leipzig). 
Oils,    Vegetables,     Manufacturing    and    Refining.     By    J.    Fritsch. 

2nded,      L.  8vo.      710pp.      Price.  53.75.      H.  Desforges,  Paris.      (French.) 
Organic  Chemistry,   The  Synthetic  Use  of  Metals  in.     By  Arthur 

J.  Hale.      8vo.      165  pp.      Price,  51.25.      J.  &  .\.  Churchill.  London. 
Organic  Chemistry,  Yearbook  of.       Vol.  VII    for    1913.     By    Julius 

Schmidt.     Bvo.      Price,  53.50.     Johannes  Woerner,  Leipzig.      (German. 1 
Potash  Industry,  The  Waste  Liquors  of  the.     By  J.  H.  Vogel.      8vo. 

Price.  51.75.     Gebrueder  Borntraeger,  Berlin.      (German.) 
Pumps   and    Compressors.     Vol.    I.     By    H.    Haeder.     3rd    ed.     8vo. 

424  pp.      Price.  52.00.      O.  Haeder.  Wiesbaden.      (German.) 
Silica    and    the    Silicates.     By    H.    LeChatelier.     8vo.     Price,    53.00. 

Herman  et  Fils.  Paris.      (French.) 
Specific   Gravity  Tables,   Baume  and.     By  Nat.   H.   Freeman.     8vo. 

E-  &  F.  N.  Spon,  London. 
Sugar    Industry,    Chemistry    of    the.     By    Oskar    Wohrysek.     8vo. 

Price.  $5.00.      Julius  Springer,  Berlin.      (German.) 
Technical    Chemistry,    Encyclopedia   of.     Vol.    I    ready.     By    Fritz 

Ullmann.      10  Vols.      L,  8vo.     Price,  580.00.     Urban  &  Schwarzenberg. 

Berlin.      (German.) 
Terpenes    and    Camphor.     By    O.    Wallach.     2nd    ed.     8vo.     Price, 

56.75.      Leipzig.      (German.) 
Thermodynamics,     Introduction    to.     By    R.     Blondlot.     2nd     ed. 

8vo.      100  pp.    Price,  $1.00.     Theodor  Steinkopff,  Dresden.     (Translation 

in  German.) 
Chemical   Technology,    Textbook   of.     By   H.    Ost.     8th   ed.     L.  8vo. 

Price.  $4  00.      Mat  Jaenecke,  Leipzig.      (German.) 
Geology,    A    Textbook    of.     By    James    Park      8vo      598    pp.     Price, 

$4.50.     J.  B.  Lippincott  Co.,  Philadelphia. 

RECENT  JOURNAL  ARTICLES 

Alloys,    Iron-Nickel,    Resistometric    Studies    on    Some.     By    A.    P. 

Schleicher  and   \V.   GuertlER.      '/.eilsthrift  fucr  Eicklrorhemic.  Vol.   20, 

1914,  No.  8,  pp,  237-252. 
Analysis :     Colorimetric    Determination    of    Cobalt,    Nickel,     Iron 

and  Copper.      Hy  C.  Hueltner.     Zeilschrifl  fuer  anorganische  Chemie, 

Vol.  86.  1914,  No.  4,  pp.  341-359. 
Analysis,     Volumetric,     A     New     Physico-Chemical     Method.     By 

Rene    Dubrisav.      Bullelin   de  la  Socicle  Chimique  de  France,   Vol.    (4) 

14    15.  1914,  No.  10,  pp.  444-451. 
Aluminum  Nitrid,  Production  of,  from  its  Elements.       By  Johannes 

Wolf.     Zeilschrifl  fuer  anorganische  Chemie.   Vol,    89.    1914.   No.  2,  pp, 

120-128 
Blast  Furnace  Construction,  American,  Three  Decades'  Advance  in. 


,n   The   Chemists'   Club,   New   York 

By   Herman  A.   Brassert.     Induslrial   World.   VoL   48.    1914,   No.   22, 

pp.  647-651  and  665. 
Bronze.      By   John    Dewrance.     Chemical    World.    Vol.   3,    1914.    No.    5, 

pp.  149-152, 
Cadmium,    Physico-Chemical    Studies    of.     By    Eenst    Cohbn    and 

W.  D.  Helderman      y.eilschrifl  fuer  physikalische  Chemie,  Vol.  87,  1914. 

No.  4.  pp.  409-418. 
Chromium  Determination,  Methods  of.     By  L.  Balderston.     Journal 

of  the  American  Leather  Chemists'  Association,  Vol.  9,   1914,  No.  6.  pp. 

255-258. 
Coal     Calorimeter.     By     A.     Macklow-Smith.     Chemical     Engineering 

and  the  Works  Chemist.  Vol.  4,  1914,  No.  36,  pp.  107-109. 
Coal,  Storage  of:     Its  Feasibility  and  Advantages.     By  C.  C.  Hall. 

Coal  and  Coke  Operator  and  Fuel   Magazine,   Vol.    12.    1914,   No.    21.   pp. 

323-329. 
Conveying  Sludge,  Acid,   Lye,  etc.,  by  Means  of  Compressed  Air, 

Compressed    Gas    or    Vacuum.     By    P.    Hirschfelder.     Chemische 

Apparatus.  Vol.  1,  1914,  No.  10,  pp.  148-150. 
Copper,  Physico-chemical  Studies  of.     By  Ernst  Cohsn  and  W.  D. 

Helderman.     Zeilschrifl  fuer  physikalische  Chemie.  Vol.  87,  1914.  No.  4. 

pp,  419-425, 
Dyeing,  A  Contribution  to  the  History  of,  with  Special  Reference 

to  Scotland.     By  Julius  Huebner.     Journal  of  the  Society  of  Chemical 

Industry,  Vol.  33,  1914,  No.  9,  pp.  452-466. 
DyestuSs,  The  Diffusion  of  Some.     By  R.  O.  Hbkzog  and  A.  Polotzkv. 

Zeilschrifl  fuer  physikalische  Chemie,  Vol.  87,  1914,  No.  4,  pp.  449^89. 
Explosives    and    Pyrotechnics    in    1913.     By    Chr.    Zahn.     Zeilschrifl 

fuer  angewandle  Chemie.  Vol,  27    I,   1914.  No.  38,  pp,  257-271. 
Fats:     Oleic  Acid,  Action  of  Halogens  on,  and  the  Determination 

of  the  lodin  Number  of  Fats.     By  W.  Meigen  and  A.  Winogradoff. 

Zeilschrifl  fuer  angeu-andle  Chemie.  Vol.  27/1,   1914.  No.  36,  pp.  241-244. 
Fuel:     Honey  Comb  and  Clinker  Formation.     By  S.  W.  Parr      Coal 

and  Coke  Operator,  Vol,   12.  1914,  No.  22,  pp.  337-339. 
Gas  Uses,  The  Development  of  Industrial.     By  Lucius  S.  Bigelow. 

Gas  Industry,  Vol.   14,   1914.  No.  5.  pp.  385-393. 
Gas  Purification,  Newer  Developments  in.     By  A.  Fuerth.     Chemische 

Apparalur,  Vol,    1.    1914,   No,  9.  pp.   129-134. 
Graphite,  Artificial,  its  Origin  and  Utilization  in  Machinery  Con- 
struction.     By     DiERFEtD.      Dingler's     Polytechnisches     Journal.     Vol. 

329,   1914.  No.  21,  pp,  321-324. 
Indigo    Syntheses,    New.     By    W.    Madelunq.     Annalen    der    Chemie, 

Vol.  405.  1914.  No.  1.  pp.  58-95. 
Iron:     Blast  Furnace   Stores.     By   J.    E.   Johnson,   Jr.     Metallurgical 

and  Chemical  Engineering.  Vol.  12,  1914.  No.  6,  pp.  395-411. 
Iron:     Malleable  Castings,  A  Study  of  the  Annealing  Process  for. 

By  Oliver   W.   Storey.     Metallurgical  and  Chemical   Engineering.   Vol, 

12,   1914.  No.  6,  pp.  383-389. 
Iron  and  Steel:     Crucible  vs.  Electric  Furnaces.     By  C.  T.  Nesbitt. 

Chemical  World.  Vol    3.  1914.  No    5.  pp,  131-132. 
Liquid    Air,    its    History.     By    George    F.    Jaubert.      Remie    generale 

de  Chimic  pure  et  appliquee.  Vol.  17,   1914.  No.  5.  pp.  77-79. 
Metals  and  Alloys,  A  Method  of  Obtaining  a  Measure  of  the  Color  of. 

By   Frank   C.    Thompson,     Chemical    World.   Vol.   3.    1914.   No,    5.   pp. 

132-135, 
Nickel,   Determination  of,   by  Means  of  Dimethylglyoxim.     By  O. 

Brunck.      Zeilschrifl  fuer   angewandle   Chemie.    Vol.    27/1.    1914,    No.    44, 

pp.  315-318. 
Oils,   Drying,   Researches  on  the.     By  J.   Newton   Friend.     Oil  and 

Colour   Trades  Journal.  Vol.  45,    1914,   Nos.  813  and  814.  pp.   1818-1820. 

1106-1908. 
Platinum  Vessels,  The  Resistance  of,  to  Hot  Nitric  Acid.      By  G.  P. 

Baxter  and  F.  L.  Grover.     Journal  of  the  American  Chemical  Society,  Vol. 

30,   19  14.  No,  6.  pp.   lf)89-1091. 
Potassium,  Studies  on  a  New  Method  for  the  Quantitative  Determina- 

nation  of.      By   Fr     Marshall.      Chemiker  Zeitung,   Vol.  38,    1914.   No. 

55.  pp.  585-587. 
Rubber,  Dyeing  Natural  and  Artificial.     By  Rudolf  Ditmar.      Kunst- 

sloffe.  Vol.  4.   1914.  No.   10.  pp.  181-183. 
Rubber  Solutions,   The  Viscosity  of.     By  R.  Gaunt.     Journal  of  the 

.Si),,,-(.v  of  Chemical  Industry,  Vol.  33.  1914.  No.  9,  pp.  446-452. 
Salt  Industry.     By  Geoffrey  Martin.     Chemical  World,  Vol.  3,   1914. 

No.  5,  pp.  135-139. 
Sewage,  Experiments  on  Oxidation  of,  without  the  Aid  of  Filters. 
.   By  Edward  .\rdern  and  Wm.  T.   Lockett.     Journal  of  the  Society  of 

Chemical  Industry.  Vol.  33.  1914.  No.  10.  pp.  523-539. 
Soaps,    Determination   of   the   Fatty   Acid   Content  of.       By   A.   A. 

Besson.      Chemiker  Zeitung.  Vol.  38,   1914,  No.  61,  pp.  645-647. 
Stirrer,    A    New    Mechanical.     By    Ludwig    Wickop.     Zeilschrifl  fuer 

angewandle  Chemie.  Vol.  27. 'I,  1914,  No.  44,  pp.  318-320. 
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Substitute  for  Vulcanite.  E.  Knoll,  March  3,  1914.  U.  S. 
Pat.  1,088,907.  A  gelatinous  mass  is  first  produced  by  boiling 
ground  rubber  refuse  with  oil.  This  is  mi.xed  with  powdered 
slate,  oil,-  and  sulfur  and  the  mixture  vulcanized.  The  vulcan- 
ized product  is  then  mixed  with  a  caoutchouc  substitute,  oil 
and  sulfur,  the  amount  of  rubber  being  not  materially  above 
2  per  cent  of  the  entire  mass,  and  the  resulting  mixture  is  vul- 
canized. 

Metallurgical  Method.  H.  Kuzel,  March  3,  1914.  U.  S. 
Pat.  1,088,909.  Refractory  metallic  oxids  such  as  zirconium 
oMids  are  reduced  by  the  action  of  metallic  calcium  in  an  inert 
environment. 

Vegetable  Glue.  F.  Lehmann  and  J.  Stocker,  March  3,  1914. 
U.  S.  Pat.  1,089,064.  Seaweed  is  boiled  in  water  and  the  solu- 
tion filtered.  Dilute  acid  and  an  astringent  are  then  added  to 
the  solution  and  the  mass  heated  for  a  prolonged  period. 

Synthetic  Preparation  of  Ammonia  from  Its  Constituents. 
A.  Matignon,  March  3,  1914.  U.  S.  Pat.  1,089,241.  A  nitro- 
gen and  hydrogen  mixture  under  pressure  is  passed  over  finely 
divided  tungsten  powder  spread  upon  an  asbestos  support. 

Bleaching  Fats  and  Oils.  F.  Mueller,  March  3,  1914.  U.  S. 
Pat.  1,089,253  The  fats  and  oils  are  treated  with  an  alkaline 
solution  of  sodium  hydrosulfite. 

Treating  Petroleum  OUs  with  Ultra-Violet  Light.  C.  Ellis, 
March  3,  1914.  U.  S.  Pat.  1,089,359.  Oils  containing  gum- 
forming  components  are  subjecred  to  the  action  of  ultra-violet 
light;  the  gum-forming  agents  become  polymerized  and  the 
treated  oils  become  adapted  for  use  as  lubricants. 

Refractory  Zinc-Lead  Ores.  P.  C.  C.  Isherwood,  March  10, 
1914.  U.  S.  Pat.  1,089,412.  Zinc  is  recovered  from  prepared 
refractory  zinc-lead  ore  by  heating  it  under  basic  conditions 
with  a  quantity  of  fresh  sulfuric  acid  less  than  that  necessary 
to  completely  dissolve  the  zinc  contained  in  the  ore  and  pro- 
ducing a  highly  basic  solution  of  zinc.  The  partially  extracted 
ore  is  then  leached  under  conditions  of  high  temperature  and 
pressure. 

Distilling  Crude  Pyroligneous  Acid.  M.  Klar,  March  10, 
1914-  U.  S.  Pat.  1,089,417.  Crude  pyroligneous  acid  is  heated 
to  a  relatively  high,  tar-forming  temperature  in  a  pre-heater. 
The  precipitate  formed  by  so  heating  the  crude  acid  is  removed 
and  the  purified  acid  distilled  at  a  lower  temperature. 

Tungsten  Manufacture.  T.  W.  Freeh,  Jr.,  March  10,  1914. 
U.  S.  Pat.  1,089,757.  Oxid  of  tungsten  for  subsequent  reduction 
to  tungsten  and  the  drawing  of  such  tungsten  into  incandescent 
lamp  filaments  is  produced  by  heating  tungsten-bearing  ma- 
terial with  a  relatively  small  amount  of  a  compound  of  thorium 
under  oxidizing  conditions. 

Decolorizing  Glycerin.  F.  Lindner,  March  10,  1914.  U.  S. 
Pat.  1,089,775.  The  glycerin  is  decolorized  by  the  action  of  a 
formaldehyde  sulfoxylate. 

Hydrating  Phosphorus  Pentoxid.  S.  Peacock,  March  10, 
19:4.  U.  S.  Pat.  1,089,784.  Phosphorus  pentoxid  is  subjected 
to  the  action  of  water  at  a  temperaure  above  900  C.  until 
sufficient  phosphoric  acid  is  formed  to  produce  a  solution  of 
substantially  1.2  Baume  and  then  maintaining  the  temperature 
of  the  material  above  1000°  C.  but  below  its  boiling  point  for  a 
prolonged  period. 


Saccharometer.  A.  Eppens,  March  10,  1914.  U.  S.  Pat. 
1,089,464.  In  this  apparatus  the  measuring  liquid  is  contained 
in  a  measuring  tube,  a,  in  the  rear  of  which  a 
graduation  may  be  provided.  Against  the  space 
b,  in  which  the  urine  sugar  is  subjected  to  fermen- 
tation, the  tube  o  is  closed  by  a  seal,  c,  which  is 
impermeable  to  the  measuring  liquid  but  is 
permeable  to  the  carbonic  acid  produced  by 
the  fermentation,  thus  preventing  the  measuring 
liquid  from  coming  into  any  contact  with  the 
urine  or  the  fermentation  agent.  The  measur- 
ing tube  is  likewise  closed  by  a  similar  seal,  d,  so 
that  the  apparatus  may  be  carried  about  with- 
out allowing  the  measuring  liquid  to  run  out. 
The  space  b  is  closed  by  a  plug,  /,  and  a  packing, 
g.  By  means  of  a  screw,  e,  acting  on  the  plug  the 
level  of  the  measuring  liquid  can  always  be  set  at 
zero  with  great  precision.  The  effects  in  the 
apparatus  caused  by  the  glycogen  of  the  fermen- 
tation substance  contained  in  a  glass,  i,  are  equal- 
ized by  the  provision  above  the  measuring  liquid  of  a  second 
fermentation  chamber,  /;,  charged  for  the  measuring  operation 
with  the  same  quantity  of  fermenting  substance  likewise  in  a 
glass,  k,  and  the  same  quantity  of  liquid  as  the  chamber  b,  the 
liquid  chosen  being  preferably  water.  The  quantity  of  carbonic 
acid  generated  in  the  chamber  h  is  thus  equal  to  that  produced 
in  chamber  b  by  the  glycogen  in  the  fermenting  medium  and 
their  actions  on  the  measuring  liquid  are  therefore  equalized. 

Titanium  and  Other  Alloys.  E.  Kraus,  March  10,  1914. 
U.  S.  Pat.  1,089,773.  Oxid  of  titanium  is  fused  and  aluminum 
is  introduced  into  the  fused  mass,  the  titanium  is  reduced  to 
the  metallic  state  and  caused  to  unite  with  the  aluminum  in 
the  form  of  an  ingot. 

Adhesive  Material  for  Gluing.  F.  Rampichini,  March  10. 
1914.  U.  S.  Pat.  1,089,960.  The  adhesive  consists  of  celluloid 
combined  with  a  suitable  solvent  and  oxalic  acid. 

Making  Alumina.  H.  T.  Kahnus  and  W.  L.  Savell,  March 
17,  1914.  U.  S.  Pat.  1,090,479.  Sulfitable  aluminous  material 
is  subjected  to  a  sulfiting  operation  by  the  action  of  sulfur  dioxid' 
and  water  to  transform  the  alumina  content  of  the  material 
into  a  relatively  unstabled  soluble  compound  of  alumina  and 
sulfur  dioxid.  The  solution  is  desulfited  to  break  down  the 
unstable  compound  of  alumina  and  sulfur  dioxid  and  to  thus 
precipitate  alumina  from  the  solution. 

Borax  and  Boric  Acid.  E.  L.  Fleming,  March  17,  1914.  U. 
S.  Pat.  1,090,526.  Borax,  boric  acid,  and  sodium  chlorate  are 
produced  by  reacting  upon  a  borate  of  an  alkaline  earth  metal 
with  a  solution  of  a  carbonate  and  separating  a  fraction  of  the 
borax  from  the  resulting  solution  by  crystallization.  The  mother 
liquor  which  still  contains  borax  is  concentrated  to  produce  a 
hot  concentrated  solution  of  borax.  On  treating  with  chlorin  gas, 
boric  acid  and  sodium  chlorate  are  crystallized  from  the  solution. 

Separating  Mixtures  of  Gases.  A.  Sinding-Larsen,  March 
24,  1914.  U.  S.  Pat.  1,091,023.  This  process  of  separating 
gases  is  based  upon  the  property  of  hemoglobin,  as  for  instance 
blood,  and  other  similar  substances  of  absorbing  various  gases 
and  giving  them  off  when  physical  conditions  are  changed. 

Gas  mixtures  to  be  separated  are  brought  into  contact  with  a 
solution  containing  hemoglobin  in  an  absorption  chamber. 
The  resulting  solution  is  then  subjected  to  fractional  evacuation 
to  successively  separate  the  different  oxygen-containing  gases 
contained  in  the  hemoglobin. 
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THE  FUTURE  OF  SCIENTIFIC  RESEARCH 

For  the  last  fifty  years  it  has  been  assumed  that  the 
proper  home  for  scientific  research  is  the  university, 
and  that  scientific  discovery  is  one  of  the  most  im- 
portant— if  not  the  most  important — function  which 
a  university  can  fulfill.  In  spite  of  this  only  a  few 
of  the  American  universities,  which  are  admittedly 
among  the  best  equipped  and  most  energetic  of  the 
world,  devote  a  very  large  portion  of  their  energies 
to  research  work,  while  quite  a  number  prefer  to  divert 
as  little  energy  as  possible  from  the  business  of  teaching, 
which  they  regard  as  the  primary  function  of  the 
university. 

This  neglect  of  research  work  by  the  universities  is 
generally  deplored  by  leading  scientific  men,  and  one 
of  the  objects  of  the  Committee  of  One  Hundred  on 
Scientific  Research,  appointed  by  the  American  As- 
sociation for  the  Advancement  of  Science,  is  to  assist 
the  universities  in  increasing  their  facilities  for  re- 
search work  and  the  inducements  which  they  offer 
to  young  men  to  enter  into  it.  But  it  seems  that  the 
time  has  come  for  us  to  consider  the  whole  question 
of  the  relation  of  scientific  research  to  the  university; 
how  far  that  relation  will  continue,  and  to  what  degree 
we  may  expect  it  to  be  modified  in  the  near  future. 
Looking  back  on  the  history  of  science  we  can  per- 
ceive that  so  far  as  research  work  has  been  associated 
with  institutions,  it  has  always  been  because  those 
institutions  required  the  results  of  the  research  for  the 
effective  performance  of  their  own  essential  duties; 
and  that  when  the  progress  of  science  ceased  to  be  an 
advantage  to  the  other  work  of  the  institution,  the 
furthering  of  that  progress  was  abandoned. 

The  earliest  scientific  men  were  ecclesiastics,  who 
regarded  the  knowledge  which  they  derived  from  their 
inquiries  as  a  means  of  developing  the  fullness  of  the 
religious  belief  both  of  themselves  and  of  those  whom 
they  taught,  and  who  felt  that  the  opening  up  of  the 
marvels  of  natural  science  was  a  fitting  part  of  worship. 
As  the  advance  of  knowledge  came  to  demand  more 
and  more  modification  of  creeds  and  dogmas,  so  that 
the  increase  of  knowledge,  instead  of  being  an  ad- 
vantage to  any  particular  religious  body,  was  a  danger 
in  that  it  might  introduce  dissention  and  doubt,  the 
ecclesiastical  world  abandoned  the  pursuit  of  natural 
science,  and  the  mantle  which  the  church  dropped  fell 
upon  the  university. 

The  readiness  of  the  university  to  accept  the  burden 
of  being  responsible  for  the  advancement  of  knowledge 
was  due  essentially  to  the  fact  that  the  results  obtained 
were  immediately  applicable  to  the  purpose  of  teaching, 
and  that,  indeed,  only  by  assiduous  investigation  and 
discovery  could  the  facts  of  natural  science  be  suffi- 
ciently correlated  to  make  it  possible  to  present  them 
in  orderly  manner,  so  that  they  could  be  understood 
by  the  immature  minds  with  which  a  university  has 
to  deal.  This  necessity  for  continual  investigation 
on  the  part  of  a  teacher  was  so  marked,  and  the  suc- 


cess of  teachers  who  themselves  were  engaged  in  fresh 
investigation  was  so  pronounced,  that  it  was  generally 
recognized  that  the  best  advanced  training  in  science 
could  be  obtained  only  under  a  man  who  was  himself 
actively  engaged  in  promoting  the  science  which  he 
taught.  But  of  recent  years  the  advancing  specializa- 
tion of  science  and  the  complexity  of  each  branch  have 
made  it  more  and  more  difficult  for  any  but  the  special- 
ists in  that  subject  to  appreciate  or  even  to  under- 
stand the  work  which  is  being  done  in  its  advancement 
until  the  new  results  obtained  through  the  pushing 
forward  of  the  ever  advancing  frontier  of  knowledge 
have  been  digested  and  brought  into  line  with  the  gen- 
eral scheme  of  the  subject;  and  as  it  becomes  more 
difficult  for  the  ordinary  learner  of  a  science  to  ap- 
preciate the  work  of  those  who  are  advancing  the 
science,  so'  the  value  of  contact  with  those  workers 
diminishes  until  now  it  is  even  thought  by  some  that 
the  ordinary  scientific  student  is  best  taught  by  those- 
who  are  specialists  in  teaching  rather  than  specialists 
in  research,  and  many  of  the  university  authorities  are 
beginning  to  feel,  even  when  they  do  not  actively  dis- 
play, distrust  of  the  research  specialist  in  his  capacity 
as  a  teacher. 

It  may  be  suggested  then  that  there  is  a  possibility 
that  as  the  progress  of  scientific  research  lessened  its 
usefulness  to  the  ecclesiastical  profession,  so  in  a  similar 
sense  its  further  progress  is  beginning  to  lessen  its 
usefulness  to  the  teaching  profession,  and  if  this  is  so, 
then  we  may  be  sure  that,  however  desirable  for  the 
community  at  large  it  may  be  for  the  progress  to  go 
on,  yet  the  universities,  whose  primary  and  essential 
business  is  teaching,  will  feel  less  and  less  at  liberty 
to  divert  energy  from  teaching  to  work  which  has  no 
direct  bearing  upon  their  own  chief  function. 

This  view  will,  of  course,  be  unwelcome  to  those  who 
hold — as  does  the  writer — that  the  progress  of  scien- 
tific research  is  the  progress  of  the  human  race,  and 
that  the  race  or  people  or  nation  which  devotes  the  most 
time  and  energy  to  the  furtherance  of  research  will 
itself  be  the  leader  in  civilization.  But,  however 
important  one  may  feel  the  progress  of  research  to  be, 
nothing  can  be  gained  by  merely  insisting  that  it  shall 
be  continued  by  institutions  to  whom  its  benefit  is 
diminished,  and  our  energies  should,  therefore,  be 
directed  towards  the  development  of  institutions 
which  will  prosecute  scientific  research  because  it  in 
turn  is  of  use  to  them  as  in  the  past  it  has  been  of  use 
to  the  ecclesiastical  and  to  the  teaching  professions. 

In  the  case  of  the  natural  sciences  the  usefulness  of 
investigation  to  the  teacher  still  continues,  so  that  in 
agricultvire  and  biology  and  in  such  subjects  as  phil- 
osophy or  psychology  the  universities  are  very  active 
in  advancing  the  frontiers  of  knowledge,  but  in  the 
physical  sciences  this  is  much  less  the  case,  and  it  is 
for  these  sciences  that  some  new  form  of  institution, 
which  is  actively  interested  in  the  results,  is  required 
to  supplement  the  activities  of  the  universities. 
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Fortunately,  it  seems  as  if  such  an  institution  is 
already  available  and  that  we  may  hope  before  long  to 
find  new  hands  prepared  to  take  up  the  responsibility 
for  the  execution  of  scientific  research,  as  the  uni- 
versities may  find  it  necessary  to  be  relieved  of  it. 

For  many  years  the  greatest  gainers  by  the  direct 
progress  of  scientific  knowledge  have  been  the  manu- 
facturing industries,  and  ever  since  their  start  they 
have  been  coquetting  with  the  idea  of  advancing 
scientific  progress  directly,  and  of  turning  it  into  those 
directions  which  seem  to  be  of  immediate  advantage 
to  themselves. 

When  research  laboratories  were  first  started  by 
industrial  corporations  the  men  employed  in  them  were 
expected  to  confine  their  attention  very  strictly  to 
the  immediate  requirements  of  the  industry  with  which 
they  were  associated,  and  general  investigation  even 
of  the  general  theory  of  the  industry  itself  was  dis- 
couraged, while  publication  of  original  work  done  in 
such  a  laboratory  was  regarded  as  almost  out  of  the 
question.  Wider  experience,  however,  has  shown 
that  the  more  general  the  work  done  by  the  research 
laboratory,  the  greater  are  the  results  reaped  -by  the 
industry  likely  to  be,  while  the  advantage  to  the  worker 
of  being  allowed  to  publish  any  results  of  general,  as 
opposed  to  technical,  interest,  has  become  so  obvious 
that  all  the  more  important  laboratories  permit  free 
publication  of  scientific  papers.  It  seems  likely  that 
the  proportion  of  purely  scientific  work  done  in  the 
research  laboratories  will  increase  rapidly  as  the  ad- 
vantages of  such  fundamental  theoretical  work  to 
industry  become  better  known,  and  it  would  not  seem 
too  much  to  hope  that  before  long  the  industries  will 
devote  themselves  to  scientific  research  with  a  definite 
enthusiasm  and  energy  which  must  make  them  the 
predominant  factors  in  the  production  of  new  knowl- 
edge. So  that  it  would  appear  that  it  is  to  the  in- 
dustrial research  laboratories  that  we  must  look  in 
the  future  for  progress  in  all  branches  of  science  which 
are  affiliated  in  any  way  with  manufacturing  industries. 

Organic  chemistry  has  for  some  years  been  advanced 
largely  through  the  work  of  men  associated  with  in- 
dustrial corporations;  analytical  chemistry  shows  every 
sign  of  following  in  the  same  path,  while  the  other 
branches  of  chemical  research  are  so  closely  associated 
with  industry  that  they  will  be  adequately  provided 
for   in   the   immediate  future.      In   physics,   electricity 


and  optics  are  already  directly  associated  with  large 
and  important  industries  maintaining  adequate  re- 
search laboratories,  and  the  other  branches  of  physics 
will  surely  be  associated  in  due  course  with  cognate 
industries. 

It  must  be  stated,  however,  that  there  are  some 
branches  of  science — and  these  by  no  means  the  least 
important  ones — which  have  so  little  direct  relation 
to  industry  that  the  industrial  laboratories  will  cer- 
tainly neglect  them  to  some  extent,  and  it  is  for  these 
branches  of  science,  which  may  be  termed  the  "non- 
paying"  ones,  that  special  provision  must  be  made. 

The  whole  argument  of  this  article  is  intended  to 
show  that  only  an  institution  which  benefits  by  the 
knowledge  which  is  developed  can  be  expected  ade- 
quately to  provide  for  the  furtherance  of  that  knowl- 
edge, and  if  the  industries  do  not  directly  profit  by 
the  advancement  of  some  branches  of  science,  and  yet 
the  progress  of  those  branches  is  essential  to  the 
welfare  of  the  people  as  a  whole,  it  is  the  people  as  a 
whole  that  may  be  justly  expected  to  provide  for  their 
advancement.  This  is  already  recognized  in  the  case 
of  some  branches  of  science  which  have  a  more  obvious 
and  direct  bearing  on  the  general  life  of  the  com- 
munity. Agriculture,  forestry — even  zoology  in  some 
of  its  phases,  such  as  entomology  and  pisciculture — 
are  already  provided  for  by  state  or  federal  institutions, 
but  new  institutions  are  urgently  required  for  theoret- 
ical physics,  theor,etical  chemistry,  mathematics  and 
some  other  branches  of  physical  science.  Astronomy 
is  provided  for  by  private  benefaction,  provision  for 
the  means  of  obtaining  knowledge  about  the  universe 
at  large  having  apparently  been  regarded  by  a  number 
of  wealthy  men  as  a  deserving  object  of  charity.  It 
would  seem,  therefore,  that  the  energies  of  those  who 
are  interested  in  the  furtherance  of  scientific  research 
should  be  directed  toward  obtaining  adequately  staffed 
and  equipped  institutions  for  the  prosecution  of  those 
sciences  which  have  little  direct  relation  to  industry, 
leaving  the  furtherance  of  the  branches  of  science 
directly  associated  with  manufacturing  processes  to 
the  industrial  laboratories,  which  are  now  rapidly 
springing  up  to  take  their  share  in  the  advancement 
of  knowledge. 

C.  E.   Kenneth  Mees 

Eastman  Kodak  Company 
Rochester.  N.  Y. 
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OZONE  IN  VENTILATION' 

By  J.  C.  Olsen  and  Wm.  H.  Ulrich 

In  spite  of  the  fact  that  a  great  many  investigations 
have  been  carried  out  in  recent  years  on  the  effect  of 
ozone  on  air  bacteria  and  odors  and  also  on  the  physi- 
ological effects  of  ozone,  the  most  diverse  conclusions 
have  been  reached  and  opinions  expressed  with  ref- 
erence to  the  questions  investigated.  This  confusion 
is    due    somewhat   to   faulty    scientific   technique    and 

'  Read  at  the  6th  Semi-annual   Meeting  of  the  American    Institute  of 
Chemical  Engineers,  Troy,  New  York,  June  17-20.  1914. 


deductions  from  improperly  chosen  experiments  as 
well  as  ex  parte  point  of  view.  The  most  recent 
criticisms  against  ozone  in  ventilation  are  found  in 
two  articles  which  were  published  in  the  issue  of 
September  27,  1913,  of  the  Journal  of  the  American 
Medical  Association,  one  by  Jordan  and  Carlson  and 
the  other  by  Sawyer,  Beckwith  and  Skolfield  on  the 
bactericidal,  physiologic  and  deodorizing  action  of  ozone. 
A  number  of  errors  in  the  methods  used  in  the  ex- 
periments given  in  these  articles  have  been  noted  and 
these  seem  so  serious  and  the  articles  have  been  so 
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widely  quoted  that  it  seems  desirable  to  correct  the 
misapprehensions  which  have  been  produced.  Both 
of  these  articles  refer  to  the  fact  that  exaggerated  claims 
were  made  by  agents  selling  ozone  machines. 

In  the  article  by  Jordan  and  Carlson,  it  is  stated,  on 
page  1 6,  that  the  concentration  of  ozone  is  determined 
by  drawing  the  ozonized  air  through  a  solution  of  po- 
tassium iodide  which  has  been  acidified  with  sulfuric 
acid.  The  liberated  iodine  is  then  titrated  with  thio- 
sulfate  solution.  It  is  well  known  among  chemists 
that  an  acidified  solution  of  potassium  iodide  is  readily 
oxidized  by  the  ordinary  oxygen  of  the  air,  and,  there- 
fore, if  an  acidified  solution  of  potassium  iodide  is 
used  for  the  determination  of  ozone,  the  results  will 
be  high.  The  amount  of  the  error  will  vary  with  the 
concentration  of  the  ozone  and  may  easily  give  results 
double  the  true  concentration  of  ozone.  This  error 
can  easily  be  demonstrated  by  drawing  air  free  from 
ozone  through  such  an  acidified  solution  of  potassium 
iodide.  It  is  evident,  therefore,  that  no  reliance  can 
be  placed  on  the  figures  given  for  the  concentrations 
of  ozone  which  are  reported  in  this  article.  In  the 
article  by  Sawyer,  Beckwith  and  Skolfield,  the  con- 
centrations of  ozone  were  not  determined. 

It  is  universally  recognized  by  ventilating  engineers 
who  are  familiar  with  the  use  of  ozone  that  it  is  of  the 
greatest  importance  to  regulate  the  concentration  of 
the  ozone  and  that  ozone  is  useful  only  when  employed 
in  the  proper  concentration.  This  well  known  prin- 
ciple seems  to  have  been  so  little  understood  by  these 
investigators  that  they  failed  to  make  careful  and 
accurate  determinations  of  the  concentrations  of  ozone 
used  and  therefore  many  of  the  conclusions  which  they 
reached  are  entirely  vitiated. 

Another  very  serious  error  in  experimental  procedure 
is  found  in  the  tests  which  were  made  on  the  effect  of 
ozone  on  odorous  substances.  A  considerable  number 
of  such  substances  were  experimented  with  and  the 
conclusion  was  reached  that  the  ozone  masks  these 
odors'  but  does  not  destroy  them  and  that,  therefore, 
ozone  is  not  useful  in  the  removal  of  such  odors. 

The  method  of  procedure  consisted  in  exposing 
the  substance  giving  ofl  the  odor  until  a  marked  odor 
was  noticed  in  the  small  closed  room  which  was  used 
for  the  experiments.  The  ozone  machine  was  then 
operated  until  a  strong  odor  of  ozone  was  produced. 
Observations  were  made  from  time  to  time  of  the  odor 
in  the  room  and  it  was  observed  in  a  good  many  cases 
that  the  ozone  odor  gradually  .disappeared  and  the  odor 
of  the  substance  experimented  upon  returned.  In 
some  cases  ozone  was  again  generated  until  its  odor 
was  pronounced  and  observations  again  made  with 
reference  to  the  disappearance  of  the  ozone  odor  and 
the  reappearance  of  the  odor  of  the  substance  ex- 
perimented upon.  The  conclusion  was  drawn  that 
the  ozone  did  not  destroy  the  substance  giving  the 
odor  but  masked  it;  this  conclusion  was  based  upon 
the  disappearance  of  the  ozone  odor  and  the  return 
of  the  other  odor.  No  other  evidence,  whatever,  on 
this  point  is  presented. 

In  these  experiments,  no  attempt  seems  to  have 
been   made   to   determine   the   amounts  of  the  odorous 


substances  which  were  present  in  the  air  except  by 
the  odor.  The  experimenters  apparently  did  not 
consider  the  fact  that  the  odors  of  substances  differ 
a  great  deal  in  intensity  and  that  the  quantities  of 
substances  which  would  be  present,  even  though  the 
intensity  of  the  odor  was  the  same,  would  differ  very 
much.  These  authors  also  failed  to  keep  in  mind  that 
the  destruction  of  odors  by  ozone  is  an  oxidizing 
process  and  that  this,  as  well  as  all  chemical  reactions, 
is  quantitative  in  the  sense  that  a  definite  amount  of 
oxygen  is  required  to  oxidize  a  definite  amount  of  an 
oxidizable  substance. 

The  following  reaction  takes  place  when  ozone  oxi- 
dizes hydrogen  sulfide: 

HoS  +  03  =  H.,0  -f  S  +  O2 
That  is,  34  parts  of  hydrogen  sulfide  would  require 
48  parts  of  ozone  for  their  oxidation.  When  the  hy- 
drogen sulfide  is  dissolved  in  water,  the  sulfur  liberated 
is  still  further  oxidized  by  the  ozone  to  sulfuric  acid 
which  would  require  a  still  larger  quantity  of  ozone, 
but  according  to  the  reaction  given,  a  somewhat 
larger  amount  of  ozone  than  hydrogen  sulfide  would 
be  nscessary  for  the  destruction  of  this  substance. 
Now,  if  the  intensity  of  the  ozone  odor  is  much  greater 
than  that  of  the  odor  of  hydrogen  sulfide,  the  hydrogen 
sulfide  would  be  oxidized  by  the  ozone  in  the  experi- 
ments reported  by  Jordan  and  Carlson  and  some  other 
authors  quoted,  and  the  hydrogen  sulfide  odor  would 
then  return  as  reported  by  these  investigators. 

In  order  1,0  verify  these  conclusions,  experiments 
were  carried  out  to  ascertain  the  amount  of  hydrogen 
sulfide  which  will  give  a  distinct  odor.  A  large  balloon 
flask  of  30  liters  capacity  was  used.  The  hydrogen 
sulfide  was  produced  by  treating  known  weights  of 
carefully  analyzed  iron  sulfide  with  dilute  sulfuric 
acid.  The  reacting  substances  were  placed  on  a  watch 
crystal  suspended  in  the  center  of  the  balloon  flask. 
In  addition  to  the  odor,  tests  were  made  with  lead 
acetate  paper. 

Intensity  of  Odor  op  Hydrogen  Sulfide 


MG.  H2S  PER 

Test  with  Lead 

Cubic  Meter 

Acetate  Paper 

Odor 

977 

Very  black 

Very  strong 

244 

Very  black 

Stroog 

61 

Very  black 

Distinct 

30 

Turned  black  slowly 

Fairly  distinct 

15 

Brown  on  edges 

Faint 

7.6 

Turned  brown  very  slowly 

No  odor 

While  to  obtain  a  distinct  odor  of  hydrogen  sulfide, 
61  parts  are  required,  the  odor  of  ozone  is  very  marked 
when  present  to  the  extent  of  one  part  per  million,  the 
limit  being  one-tenth  part  per  million.  In  the  ex- 
periments of  Jordan  and  Carlson,  the  concentration 
of  the  hydrogen  sulfide  must  have  been  from  30  to 
60  mg.  One  part  of  ozone  would  have  given  a  strong 
odor  which  could  mask  the  odor  of  the  hydrogen 
sulfide  until,  by  the  oxidation  of  the  latter,  the  ozone 
was  decomposed.  Less  than  one  part  per  million  of 
the  hydrogen  sulfide  would  be  destroyed  by  this  oxida- 
tion, leaving  a  sufficient  amount  of  hydrogen  sulfide 
to  give  a  very  distinct  odor.  On  again  generating 
ozone  until  a  strong  ozone  odor  was  obtained,  the  hy- 
drogen sulfide  would  be  again  "masked,"  and  when 
the  ozone  odor  had  disappeared  the  hydrogen  sulfide 
odor  would  reappear.      This  could  be  done  repeatedly 


Aug.,  1 9 14 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


621 


as  reported  by  Jordan  and  Carlson.  The  conclusion 
which  they  drew,  however,  is  entirely  unjustified, 
namely,  that  their  experiments  showed  that  the  hy- 
drogen sulfide  odor  was  merely  masked  and  hydrogen 
sulfide  not  oxidized  or  destroyed  by  the  ozone. 

In  order  to  verify  this  conclusion,  the  following 
experiment  was  carried  out:  A  concentration  of  25 
mg.  of  hydrogen  sulfide  was  treated  with  ozone  of  a 
concentration  of  35.6  mg.  per  liter.  In  these  con- 
centrations there  would  be  just  enough  ozone  to  oxidize 
the  hydrogen  sulfide.  In  this  experiment  the  ozone 
odor  was  at  first  very  pronounced  but  after  this 
odor  had  disappeared  there  was  no  hydrogen  sulfide 
odor.  A  slight  acidity  was  indicated  by  the  reddening 
of  blue  litmus  paper.  The  ozone  used  had  been  very 
carefully  tested  for  nitrous  oxides  but  none  were  found. 

Another  experiment  was  carried  out  in  which  the 
ozone  concentration  was  7.6  parts  per  million,  while 
the  hydrogen  sulfide  concentration  was  60.7  mg.  per 
cubic  meter  so  that  only  a  small  part  of  the  hydrogen 
sulfide  could  be  oxidized  by  the  ozone  present.  At 
first  only  the  odor  of  the  ozone  could  be  detected. 
The  hydrogen  sulfide  odor  gradually  returned  so  that 
within  one  hour  a  faint  and  after  two  hours  a  distinct 
hydrogen  sulfide  odor  was  detected  while  the  ozone 
odor  had  entirely  disappeared. 

This  experiment  could  be  repeated  three  or  four 
times,  as  reported  by  Jordan  and  Carlson  on  page  33 
of  their  article.  They  further  state:  "The  mecha- 
nism of  this  masking  action  of  ozone  does  not  concern 
us  here."  If  the  authors  had  considered  the  "mecha- 
nism" of  this  action,  they  might  have  reached  entirely 
different  conclusions  and  would  have  seen  that  their 
experiments  were  in  exact  accordance  with  the  theory 
that  ozone  oxidizes  hydrogen  sulfide  and  other  sub- 
stances. They  still  further  refer  to  the  fatigue  of  the 
olfactory  end-organs  by  the  ozone.  They  say  "Strong 
concentrations  of  ozone  rapidly  fatigue  or  anesthetize 
the  olfactory  epithelium."  One  wonders  why  the 
authors  did  not  make  this  statement  general  and  state 
what  every  chemist  has  frequently  observed  that 
hydrogen  sulfide  and  the  numerous  other  odors  which 
are  present  in  chemical  laboratories  produce  the  same 
effect  on  olfactory  epithelium  so  that  these  odors  are 
not  noticed  by  workers  in  the  laboratory. 

Hydrogen  sulfide  is  also  oxidized  by  the  air  as  is 
shown  by  the  fact  that  the  odor  slowly  disappeared 
in  a  duplicate  experiment  in  the  absence  of  ozone. 

In  some  cases  ozone  acts  as  a  catalytic  agent.  This 
was  shown  by  the  action  of  ozone  on  linseed  oil. 
Weighed  quantities  of  linseed  oil  were  exposed  to  air 
and  ozone.  The  oil  exposed  to  air  gained  17  mg.  while 
an  equal  quantity  exposed  to  the  action  of  ozone 
gained  no  mg.  during  the  same  time.  The  amount 
of  ozone  generated  was  1 1.4  mg.  The  ozone,  therefore, 
acted  as  a  catalytic  agent,  causing  the  absorption  of 
82  mg.  of  oxygen  which  is  nearly  five  times  as  much 
oxygen  as  was  absorbed  by  the  oil  exposed  to  air  alone. 
It  is  reasonable  to  suppose  that  ozone  would  act  as  a 
catalytic  agent  and  cause  the  oxidation  of  other  oils 
and  organic  substances  similar  to  linseed  oil. 

In   the   case   of   ammonia,   the   same   considerations 


apply.     Ammonia  is  oxidized  by  ozone  in  accordance 
with  the  following  equation: 

2NH3  +  3O3  =  N2  -F  3H-,0  +  3O2 
In  this  case,  one  part  of  ammonia  is  oxidized  by  about 
four  parts  of  ozone.     A  study  of  the  intensity  of  the 
odor  of  ammonia  gave  the  following  results: 

Intensity  of  the  Odor  of  .\mmonia 


Mg.  NH3  FEB 
Cubic  Meter 
1000 
659 
329 
165 
82 


Odor 


Test  with  Litmus  Paper 
Turns  blue  readily 
Turns  blue  slowly 
Turns  blue  slowly 
Turns  blue  very  slowly 
Turns  blue  very  slowly 
irns  blue  oi\  edges  very  slowly 
s  partially  blue  on  edges  very  slowly       Very  faint 
No  action  No  odor 


Fairly  strong 
Fairly  strong 
Fairly  strong 
Quite  distinct 


Experiments  were  carried  out  in  which  known 
amounts  of  ammonia  were  treated  with  definite 
amounts  of  ozone  and  the  ammonia  remaining  was 
determined  by  absorption  with  sulfuric  acid  and 
nesslerizing.  Ammonia  is  acted  upon  very  slowly  so 
that  24  hours  were  allowed  for  the  reaction.  The 
concentration  of  the  ozone  was  35.6  mg.  and  of  the 
ammonia,  125  mg.  per  cubic  meter.  After  24  hours, 
78  mg.  of  ammonia  remained  in  the  flask  containing 
air  and  75  mg.  in  the  flask  containing  ozone.  The 
quantity  of  ozone  present  was  sufficient  to  oxidize 
8V2  mg.  of  ammonia  per  cubic  meter.  The  experiment 
indicates  some  oxidation  of  ammonia  by  ozone.  Er- 
landsen  and  Schwartz'  state  that  their  results  showed 
no  action  of  ozone  on  ammonia. 

Experiments  were  also  carried  out  to  ascertain  the 
intensity  of  the  odor  of  oil  of  cloves.  It  was  found 
that  66  mg.  per  cubic  meter  would  give  a  strong  odor. 
The  amount  of  ozone  necessary  to  oxidize  oil  of  cloves 
cannot  be  calculated  exactly  but  it  would  probably 
require  several  times  more  than  an  equal  weight.  On 
subjecting  the  oil  of  cloves  vapor  in  a  concentration 
of  36.6  mg.  per  cubic  meter  to  the  action  of  ozone  of  a 
concentration  of  a  mg.  per  cubic  meter,  it  was  found 
that  at  first  a  distinct  odor  of  ozone  could  be  detected 
which  gradually  disappeared  and  was  replaced  by  a 
sweet  odor  which  had  no  resemblance  to  the  strong 
odor  of  the  oil  of  cloves.  Very  evidently  the  oil  of 
cloves  or  one  of  its  strong  smelling  constituents  is 
oxidized,  at  least  partially,  so  as  to  leave  an  organic 
compound  having  an  entirely  different  odor.  The 
flask  was  allowed  to  stand  a  total  of  21  hours  although 
the  reaction  was  practically  complete  within  2  to  3 
hours.  The  reaction  did  not  seem  to  be  entirely  regu- 
lar. The  experiment  was  repeated  several  times  and 
the  formation  of  the  sweet  aromatic  substance  re- 
peatedly observed  but  at  times  the  odor  of  cloves 
persisted.  Any  excess  of  ozone  was  removed  by  shak- 
ing with  10  per  cent  ferrous  sulfate  solution.  Control 
experiments  were  also  made  with  a  balloon  flask  con- 
taining oil  of  cloves  and  air  only.  Erlandsen  and 
Schwartz  have  made  a  similar  observation  with  respect 
to  skatol  and  indol.  They  state  that  these  substances 
are  completely  decomposed  by  ozone  with  the  formation 
of  pleasant  smelling  substances  similar  to  coumarin. 
They  also  state  that  mercaptan  is  rapidly  decomposed 
by  a  large  excess  of  ozone.  These  authors  also  found 
that   hydrogen  sulfide   is   oxidized   by   ozone.     Jordan 

1  Zeil.  of  Hyg.,  191S,  pp.  81-100. 


622 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.6,  No.  8 


and  Carlson  also  mention  the  work  of  Erlandsen  and 
Schwartz  but  state  that  the  results  of  the  latter  agree 
with  those  of  Jordan  and  Carlson  in  showing  that 
ozone  masks  odors  and  does  not  oxidize  the  substances 
discussed.  Jordan  and  Carlson  even  state  that  "The 
inability  of  ozone  to  oxidize  (to  any  appreciable  ex- 
tent) ammonia  vapor  and  oil  of  cloves  is  very  strik- 
ing." Franklin  gives  the  results  of  experiments  show- 
ing the  oxidation  of  a  great  many  organic  substances 
and  demonstrated  that  carbon  monoxide  is  oxidized 
to  carbon  dioxide.' 

Undoubtedly  many  of  the  conflicting  conclusions 
which  have  been  reached  are  due  to  the  failure  of 
experimenters  to  take  into  account  the  quantitative 
relations  between  ozone  and  the  substances  to  be  oxid- 
ized and  have  generally  failed  to  realize  that  on  account 
of  the  much  greater  intensity  of  the  odor  of  ozone  than 
that  of  other  substances  producing  odor  far  too  little 
ozone  has  been  employed  in  the  experiments.  The 
odor  of  ozone  is  at  least  loo  times  as  intense  as  that  of 
other  substances  having  a  pronounced  odor. 

The  common  method  of  using  ozone  to  destroy 
odors  seems  to  be  justified  by  these  considerations. 
The  ozone  machines  in  good  practice  are  operated  so 
that  a  very  small  concentration  of  ozone  in  the  air  is 
produced.  The  continued  renewal  of  this  small  amount 
of  ozone  oxidizes  the  odorous  substances  and  gives  the 
total  quantity  of  ozone  required  by  chemical  theory. 

Jordan  and  Carlson  undertook  to  prove  that  ozone 
does  not  destroy  smoke  by  coating  a  piece  of  glazed 
paper  uniformly  with  a  thin  film  of  lampblack  and 
subjecting  the  carbon  to  the  action  of  ozone  for  lo  hours 
and  state  that  there  was  no  effect  on  the  lampblack. 
They  regard  this  as  evidence  that  ozone  does  not  de- 
stroy smoke  although  they  state  that  smoke  also  con- 
tains carbon  monoxide,  sulfurous  acid,  etc.  They 
seem  to  have  made  no  attempt  to  study  the  effect 
of"  ozone  on  carbon  monoxide  and  sulfurous  acid  but 
state  that  the  assertion  that  "ozone  destroys  smoke" 
is  equivalent  to  a  deliberate  deception  because  ozone 
does  not  oxidize  carbon  particles  suspended  in  the  air. 
Not  being  chemists,  Jordan  and  Carlson  might  not 
have  known  that  carbon  is  extremely  difficult  to  oxidize 
but  they  should  have  known  that  carbon  monoxide 
and  sulfurous  acid  as  well  as  creosote  and  other  pungent 
and  aromatic  organic  substances  present  in  smoke 
produce  disagreeable  and  toxic  physiological  effects. 
It  is  just  these  constituents  of  smoke  which  are  easily 
oxidized  by  ozone.  The  carbon  which  is  not  acted 
upon  is  totally  inert  and  harmless. 

Jordan  and  Carlson  also  carried  out  investigations 
on  the  action  of  ozone  on  air  bacteria.  As  has  already 
been  stated,  their  determinations  of  the  concentration 
of  ozone  cannot  be  relied  upon  because  acidified 
solutions  of  potassium  iodide  were  used  which  give 
high  results.  The  authors  admit  that  the  plate  method 
which  they  used  was  not  an  exact  one  and  that  there- 
fore the  results  were  irregular.  They  obtained  a 
reduction  of  bacteria  from  64  to  38,  49  to  18,  61  to  67 
(increase),  78  to  34;  that  is,  the  bacteria  were  reduced 
to  40.6  per  cent,  63.3  per  cent  and   56.4  per  cent  in 

'  Heating  and  Ventilaling  Magazine,  10,  No.  II. 


three  tests,  while  in  the  fourth  there  was  an  increase 
to  109.8  per  cent.  Most  authors  would  discard  the 
fourth  test  and  consider  the  reduction  to  be  about 
55  per  cent.  Jordan  and  Carlson  then  tried  Winslow's 
more  exact  method  but  did  not  use  a  large  enough 
sample  for  the  test  (4.5  liters)  so  that  the  highest 
number  of  bacteria  counted  was  7.  It  is  not  good 
practice  in  bacteriological  work  to  rely  on  counts  of  so 
small  a  number.  Jordan  and  Carlson  draw  the  fol- 
lowing strange  conclusion  from  their  results: 

"2 — The  alleged  effect  of  ozone  on  the  ordinary  air 
bacteria,  if  it  occurs  at  all,  is  slight  and  irregular  even 
when  amounts  of  ozone  far  beyond  the  limit  of  human 
physiological  tolerance  are  employed." 

There  is  no  reason  to  suppose  that  the  ozone  used 
in  these  experiments  was  "Far  beyond  the  limit  of 
human  physiological  tolerance."  The  reduction  in 
the  number  of  air  bacteria  is  not  "slight  and  irregular." 
The  experimental  results  of  Jordan  and  Carlson  agree 
with  the  results  obtained  by  one  of  us'  in  New  York 
school  rooms  showing  a  reduction  in  air  bacteria  and 
moulds  of  75  per  cent,  91  per  cent  and  91  per  cent,  the 
greater  reduction  resulting  from  longer  exposure  to 
ozone.  No  ill  effects  were  observed  on  the  children 
and  adults  present  during  these  tests. 

Jordan  and  Carlson  (p.  34)  state:  "Some  bacteria 
are  undoubtedly  killed  by  ozone,  especially  if  they  are 
in  a  moist  condition."  This  statement  is  correct  as 
it  is  generally  recognized  that  ozone  destroys  moist 
bacteria  very  rapidly.  The  conclusion  drawn  by 
Jordan  and  Carlson  is  very  far  from  being  correct. 
They  say:  "In  practice,  however,  the  fact  is  of  very 
slight  importance."  The  works  of  Chapin,  Doty  and 
of  Winslow  and  Robinson  have  fairly  disproven  the 
belief  held  so  long  that  bacteria  existed  as  a  menace 
in  rebreathed  air.  It  has  been  shown  that  infection 
occurs  but  rarely  from  air-born  bacteria  and  then  only 
when  the  bacteria  are  in  the  moist  condition.  It  is  just 
these  virulent  bacteria  which  are  quickly  destroyed 
by  ozone  even  in  low  concentrations.  The  bacteria 
which  resist  the  ozone  are  powerless  to  transmit  dis- 
ease. 

It  is  by  no  means  necessary  to  show  that  ozone  is 
capable  of  sterilizing  the  air  in  order  to  show  that  it  is 
useful  in  ventilation.  There  is  in  fact  no  other  disin- 
fectant which  can  be  used  even  in  low  concentrations 
in  living  rooms.  All  other  known  disinfectants  are 
highly  dangerous  in  concentrations  high  enough  to  be 
at  all  effective.  Ozone  in  low  concentrations  will 
both  remove  odors  and  will  materially  reduce  the 
bacteria  content  of  the  air. 

Jordan  and  Carlson  attempted  to  show  that  ozone 
is  dangerous  by  subjecting  guinea  pigs  to  high  con- 
centrations until  the  animals  died.  They  also  forced 
strong  ozone  (10  parts  per  million)  directly  into  the 
lungs  of  dogs  and  rabbits  after  performing  tracheotomy 
under  ether  and  inserting  a  tube  well  below  the  larynx 
and  treating  the  wound  with  cocaine.  They  say  they 
did  this  because  at  least  three-fourths  of  the  ozone  is 
decomposed  by  the  mucous  membrane  of  the  respiratory 

'  "Puriecation  of  Air  and  Water  by  Means  of  Ozone."    Olsen,   Fourth 
International  Congress  of  School  Hygiene. 
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passages.  It  is  difficult  to  see  what  bearing  this  ex- 
periment can  have  on  the  use  of  ozone  in  ventilation. 
The  ozone  which  was  forced  into  the  lungs  must  have 
been  several  hundred  times  as  concentrated  as  it  is 
ever  used  in  ventilation.  It  would  have  been  quite 
as  logical  to  place  animals  in  pure  oxygen  or  even  in 
an  atmosphere  of  50  per  cent  oxygen  and  also  force 
these  gases  directly  into  the  lungs.  When  the  animals 
died  and  the  lungs  were  found  to  be  inflamed,  the 
conclusion  might  be  drawn  by  highly  academic  ex- 
perimenters that  it  is  dangerous  to  breathe  air  con- 
taining 20  per  cent  oxygen. 

Jordan  and  Carlson  carried  out  experiments  with 
what  might  be  called  low  concentrations  of  ozone. 
They  subjected  4  cats,  4  rabbits,  6  guinea  pigs  and 
12  rats  to  ozone  of  i  part  per  million  nine  hours  daily 
during  two  weeks  so  that  irritation  of  the  eyes  and 
nose  was  produced.  Body  weight,  appetite  and  general 
condition  were  noted.  No  ill  effects  on  appetite  and 
body  weight  or  general  condition  could  be  observed. 
The  conclusion  could,  therefore,  be'  drawn  that  ozone 
in  moderate  concentrations  is  harmless  but  Jordan 
and  Carlson  warn  us  that  this  conclusion  is  not  justified. 

They  say:  "We  desire  to  state,  however,  that  this 
test  does  not  warrant  the  conclusion  that  the  ozone  in 
concentrations  that  may  be  used  in  practical  ventilation 
is  harmless  to  man.  Two  weeks  is  a  short  time  in  the 
life  of  a  man.  If  ozone  in  ventilation  should  come  into 
general  use,  it  would  mean  in  the  case  of  office  and  shop 
workers  exposure  to  ozone  from  six  to  ten  hours  a  day,  six 
days  of  the  week,  from  nine  to  twelve  months  of  the  year 
for  from  twenty  to  fifty  years.  And  even  if  this  pro- 
longed exposure  to  ozone  should  prove  harmless  to  the 
robust  person,  what  about  the  unfortunate  person 
whose   lungs   have   only   slight   power   of   resistance?" 

Jordan  and  Carlson  seem  to  have  fallen  into  the 
error  of  assuming  that  because  they  have  not  tried  to, 
and  therefore  have  not  demonstrated  actually,  benefit 
from  the  use  of  ozone,  this  is  equivalent  to  having 
demonstrated  the  reverse,  i.  e.,  the  harmfulness  of 
ozone. 

If  the  facts  presented  in  this  paper  are  properly 
interpreted  they  will  be  found  to  be  in  accordance 
with  the  view  that  ozone  is  a  powerful  disinfectant 
and  deodorizing  substance,  which,  in  suitable  con- 
centration, is  without  any  injurious  effects  whatever. 
The  elimination  of  odor  is  by  no  means  the  least  im- 
portant function  of  ozone  and  there  is  no  other  agency 
available  except  dilution  with  fresh  air.  In  many 
cases  it  is  impossible  to  introduce  enough  air  for  this 
purpose  without  producing  annoying  and  dangerous 
drafts  of  air  not  to  mention  expense  of  blower  installa- 
tion and  operation  as  well  as  heating  the  air.  As  a 
matter  of  fact,  before  ozone  was  available,  disagreeable 
odors  have  often  been  considered  unavoidable  nuisances 
which  could  not  be  eliminated  or  overcome. 

With  reference  to  the  alleged  harmful  effects  of 
ozone,  no  single  instance  of  harm  to  a  person  from  the 
proper  use  of  ozone  in  ventilation  has  been  published 
but  all  adverse  opinions  have  been  deduced,  by  in- 
ference, as  in  the  paper  by  Jordan  and  Carlson,  from 


experiments  performed  with  very  high  concentrations 
while  all  efforts  to  produce  harm  experimentally  with 
weak  ozone  have  failed. 

Jordan  and  Carlson  report  that  twenty-six  animals, 
exposed  for  fourteen  days,  during  nine  hours  each  day, 
to  concentrations  high  enough  to  cause  irritation  of 
the  eyes  and  nose,  suffered  no  ill  effect  whatever. 
Hill  cites  the  cases  of  the  numerous  workers  in  the 
London  underground  tubes  who  have  shown  no  ill 
effect  in  three  years.  Gminder  cites  the  unharmed 
workers  in  the  spinning  mills  at  Reutlingen,  and  numer- 
ous similar  instances  of  prolonged  proper  use  of  ozone 
without  a  single  complaint  are  today  in  existence. 
The  Jordan  and  Carlson  report  is  the  most  elaborate 
and  convincing  laboratory  test  that  has  been  published. 

PoLYTBCHNic  Institute.  Brooklyn 


THE  FLUORESCENCE  OF  PETROLEUM  DISTILLATES' 

By  Benj.amin  T.   Brooks  and  Raymo.nd  F.  Bacon 

Fluorescence  is  one. of  the  most  striking  characteristics 
of  petroleum  distillates  but  its  cause  is  not  known,  at 
least  some  of  our  best  authorities  attribute  it  to  causes 
which  have  nothing  to  do  with  the  phenomenon.  The 
heavier  distillates  from  Pennsylvania  and  certain 
other  crude  petroleums  have  a  marked  greenish  fluor- 
escence, and  the  trade  has  come  to  associate  this  prop- 
erty with  Pennsylvania  oils.  For  some  uses  it  is  com- 
mon practice  to  "debloom"  the  oils  by  sun-bleaching 
or  by  the  addition  of  certain  "deblooming"  substances. 
The  subject  therefore  has  some  practical  as  well  as 
theoretical  interest. - 

Engler  considers  that  the  fluorescence  of  mineral 
oils  is  due  to  their  colloidal  character.  '  Crude  oils 
and  the  heavier  distillates  are  optically  nonhomo- 
geneous  and  show  a  marked  Tyndall  eft'ect,but  thisprop- 
erty  cannot  be  considered  as  indicating  colloidal  prop- 
erties since  many  organic  compounds  having  large 
molecular  weights  show  the  Tyndall  effect  when  in 
true  solution.  Schneider  and  Just^  claim  to  have 
observed  ultramicroscopic  particles  in  k  "yellow 
mineral  oil"  and  a  sample  of  "paraffin  oil."  Holde,'' 
studying  the  physical  condition  of  lime  soaps  in  grease, 
stated  that  colloidal  particles  are  not  discernible  as 
such  under  the  microscope.  It  is  probable,  however, 
from  the  researches  of  Holde  that  such  greases,  as  well 
as  oils  containing  asphaltic  or  resinous  matter,  are  to 
be  regarded  as  colloidal,  not  true  solutions.  Schulz' 
claimed  that  the  eft'ect  of  adding  "deblooming"  sub- 
stances, such  as  nitrobenzol  and  nitronaphthol,  was 
merely  that  of  adding  something  having  a  high  re- 
fractive index,  thus  making  the  oil  optically  homo- 
geneous. 

This  theory  of  the  fluorescence  of  mineral  oils  seemed 
very  plausible.  However,  since  many  examples  of 
nonfluorescent    oleo-resinous    solutions     and    mixtures 

'  Presented  at  the  49th  Meeting  of  the  American  Chemical  Society, 
Cincinnati,  April  6-10.  1914. 

=  Cf.  "Relations  between  Physical  Properties  and  Constitution," 
Kayser,  "  Handbuch  d.  Spectroscopic."  Vol.  IV,  p.  8,W;  Kauffmann. 
"  Beziehungen  zw.  Fluoreszenz  u.  Chem.  Konstitution. "  Samml.  Chem.  u. 
Chem.Uchn.   \'orlrage.  11,   1906. 

'  Z.  f.  7i'issensch.  Mikroscopie.  1906,  p.  489. 
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are  known  and  since  the  fluorescence  of  mineral  oils 
persists  after  repeated  distillation  and  is  quite  marked 
in  distillates  boiling  as  low  as  200°  C,  we  believed  that 
resinous  or  asphaltic  matter  could  not  be  a  contributing 
factor.  Our  experiments  have  shown  that,  in  general, 
oxidizing  agents  partially  or  wholly  destroyed  the 
fluorescence.  Certain  facts  suggested  to  us  that  sulfur 
or  carbon  in  colloidal  suspension  might  be  the  cause  of 
the  phenomenon.  Stable  colloidal  suspensions  of 
carbon,  in  water  and  various  organic  liquids,  have  been 
prepared'  and  described  as  nonfluorescent  and  brown 
to  black  in  color.  Sulfur,  on  the  other  hand,  often 
shows  bluish  colors  when  in  colloidal  degree  of  dispersion 
and  the  blue  color  of  ultramarine  blue  is  undoubtedly 
caused  by  so-called  colloidal  sulfur." 

We  have  succeeded  in  proving  that  colloidal  sus- 
pensions have  nothing  to  do  with  the  fluorescence  of 
mineral  oils. 

Working  on  the  theory  that  ultramicroscopic  par- 
ticles were  present,  100  cc.  of  a  highly  fluorescent 
lubricating  oil  were  diluted  with  kerosene  to  about 
500  cc.  in  order  to  decrease  the  viscosity.  The  solution 
was  placed  in  a  suitable  cell  containing  two  round 
copper  plates  spaced  2  cm.  apart.  The  oil  between 
the  plates  was  subjected  to  a  unit  direction  field  of 
30,000  volts  potential  difference  for  thirty  minutes 
without  any  visible  change  in  the  fluorescence  or 
flocking  out  of  any  kind  of  substance. 

A  sample  of  the  same  solution,  carefully  dried  by 
calcium  chloride,  was  filtered  through  the  finest  filter 
paper  and  examined  under  an  ultramicroscope  of  the 
Zsigmondy-Siedentopf  type  but  no  particles  whatever 
were  visible.  It  was  found  that  unless  the  oil  was 
carefully  dried  and  filtered,  particles  were  visible  in  the 
light  cone.  These  may  have  been  minute  drops  of 
wa,ter  or  dust.  The  fact  that  the  ultraviolet  light  cone 
is  made  visible  to  the  eye  with  bright  fluorescence  has 
no  significance  so  far  as  the  colloid  theory  is  concerned 
since  as  a  general  rule  the  wave  length  of  the  emitted 
fluorescent  light  is  always  greater  than  the  incident 
ray,  in  this  case  from  ultraviolet  to  visible  blue.  Fur- 
thermore, the  ultraviolet  cone  contains  a  certain  amount 
of  the  visible  rays.  No  more  rigid  proof  of  the  non- 
existence of  substances  in  colloidal  suspension  in  care- 
fully purified  fluorescent  mineral  oil,  could  be  desired. 
In  order,  further,  to  test  the  arrangement  and  effi- 
ciency of  our  instrument,  a  colloidal  gold  "solution" 
was  made  by  the  formaldehyde  reduction  method,  one 
of  platinum  by  the  Bredig  method,  and  one  of  palladium 
by  reducing  with  hydrogen  according  to  Paal,  and  the 
beautiful  results  characteristic  of  this  instrument  were 
obtained. 

Percolation  through  Fuller's  earth  is  an  excellent 
and  well  known  method  for  clarifying  and  bleaching 
oils.  A  sample  of  a  highly  fluorescent  lubricating  oil 
was  allowed  to  run  through  a  five  foot  tube  packed  with 
fine  Fuller's  earth.  The  resulting  oil  was  very  light 
in  color  but  highly  fluorescent  and  when  a  little  tarry 
matter,  which  gave  brown  nonfluorescent  solutions  in 

'  Thomae,  Koll.  Zischr..  11  (1912),  268;  Vanretti,  Koll.  Zlschr..  IS 
(1913),  6. 

■'  I.icsegang,  Koll.  Zlschr.,  7  (1910).  ,107;  HofTmann.  Cliem.  Zlg..  1910, 
p.  1079. 


kerosene,  was  added  to  the  oil  until  the  color  matched 
the  original  oil,  the  two  could  not  be  distinguished. 
The  fluorescent  material  is  therefore  only  slightly 
absorbed  by  Fuller's  earth  and  is  probably  not  of  very 
great  molecular  complexity. 

While  working  on  the  colloidal  suspension  theory, 
the  marked  solubility  of  sulfur  in  mineral  oils  was  noted. 
A  200  cc.  sample  of  a  light  machine  oil  was  heated  to 
ioo°  C.  with  an  excess  of  flowers  of  sulfur,  filtered  hot, 
and  on  cooling  about  0.5  gram  of  sulfur  crystallized 
out.  Guiselin'  states  that  benzine  dissolves  0.5  per 
cent  sulfur  at  20°  C.  It  is  extremely  improbable  that 
a  stable  colloidal  suspension  could  exist  in  which  the 
solubility  of  one  phase  in  the  other  is  as  great  as  in  the 
case  of  sulfur  and  petroleum  oils. 

Carbon  disulfide  added  to  a  fluorescent  lubricating 
oil  weakens  the  fluorescence  almost  to  the  point  of 
extinction;  what  remains  is  dark  greenish.  Before 
making  the  experiments  with  the  ultramicroscope,  this 
was  thought  to  favor  the  sulfur  suspension  theory,  or 
the  theory  of  Schulz  based  on  optical  homogeneity. - 

Further  experiments  with  other  solvents  showed 
that  the  character  of  the  fluorescence  was  affected  by 
the  various  common  solvents  in  the  same  way  as  in 
the  case  of  the  diamino  derivatives  of  terephthalic 
acid  methyl  esters,  studied  by  Kauffmann.'  The 
effect  of  the  various  solvents  was  even  more  marked 
with  solutions  of  the  purified  fluorescent  material  de- 
scribed below.  The  fluorescence  colors  observed  were 
as  follows: 

Amyl  alcohol Brilliant  sky-blue 

Aniline Very  faint  green,  no  blue^ 

Benzol Pure  clear  blue 

Carbon  bisulfide Faint  green,  no  blue 

Chloroform Bluish    green,    passing    into    green    on 

concentrating 

Ether Clear  blue 

Ligroin Blue 

Phenol Greenish  blue 

Pyridine Bluish  green 

In  most  cases  the  addition  of  small  amounts  of  sol- 
vents having  high  refractive  indices  has  practically 
no  effect  on  the  fluorescence.  The  effect  of  adding 
nitro  compounds  therefore  must  have' an  explanation 
different  from  that  offered  by  Schulz. 

The  introduction  of  a  nitro  group  into  the  molecule 
of  a  fluorescent  benzol  derivative,  such  as  the  tere- 
phthalic esters,  completely  destroys  its  fluorescence. 
It  appears  that  a  nitro  group  in  the  solvent  has  the 
same  effect  as  a  nitro  group  in  the  molecule  of  the  active 
compound  itself.  This  is  not  surprising  in  view  of  the 
marked  effect  of  other  solvents.  We  believed  that 
possibly  the  fluorescent  substance  in  mineral  oil  owed 
this  property  chiefly  to  the  presence  of  one  or  more 
amino  groups  as  auxochromes  but,  as  will  be  shown 
below,  this  cannot  be  the  case.  Although  we  have 
found  that  oxidizing  agents  destroy  the  fluorescence, 
it  is  probable  that  the  action  of  nitro  compounds  is 
purely  physical  since  we  have  added  N;04,  nitrated 
kerosene  or  nitrobenzol  to  fluorescent  lubricating  oils 
chilled  to  — 10°  C.  and  destroyed  the  fluorescence. 
It  is  highly  improbable  that  oxidation  of  any  hydro- 
carbons could  take  place  under  these  conditions  since 

'  Pelrokum.  1913,  p.  1309. 

'  The  refractive  index  of  carbon  bisulfide  is  Nd_20°  — 1.6276. 
Ann.  d.  Chtm.  (Liebig),  393  (1912).  I. 
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at  0°  C,  N2O4  merely  adds  on  to  ethylene  bonds  without 
oxidation.^  There  is  also  the  possibility  that  such  com- 
pounds as  picric  acid  and  nitrobenzol  form  non- 
fluorescent  addition  products,  or  double  compounds, 
such  as  is  the  case  with  pyrene  and  chrysene.  How- 
ever, the  simple  nitro  paraffines  are  not  known  to  form 
such  double  compounds  and  "nitro  kerosene"  is  fully 
as  efficacious  as  nitrobenzol  for  neutralizing  fluorescence. 
ThefoUowingexperiment  is  interestinginthisconnection: 
A  sample  of  a  highly  fluorescent  lubricating  oil  was 
"debloomed"  by  the  addition  of  nitrobenzol.  This  oil 
was  then  shaken  out  six  times  with  one-half  its  volume 
of  96  per  cent  alcohol,  after  which  treatment  the  blue 
fluorescence  had  reappeared  and  exactly  matched  a 
sample  of  the  same  oil  not  treated  with  nitrobenzol, 
but  shaken  out  with  alcohol  in  the  same  way  as  the 
first  sample.  Refining  such  a  "debloomed"  oil  with 
sulfuric  acid  yields  a  fluorescent  oil  identical  in  this 
respect  with  that  obtained  by  refining  the  original  oil. 
The  action  of  nitro  compounds  in  neutralizing  fluores- 
cence must  therefore  be  purely  physical  in  character. 

The  fact  that  exposure  to  the  atmosphere  for  some 
time  partially  destroys  and  changes  the  character  of 
the  fluorescence  suggested  that  what  took  place  during 
this  process  was  slow  autoxidation. 

Nitrous  acid  readily  neutralized  the  fluorescence  of 
lubricating  oils,  but  the  oils  gradually  became  dark 
colored  and  resinous.  Distillation  of  the  latter  dark 
colored  oil  in  vacuo  or  with  superheated  steam  yielded 
oil  having  a  bluish  fluorescence.  Repeated  washing 
with  alkali  removes  only  a  small  part  of  the  coloring 
matter.  Shaking  a  part  of  a  sample  of  pale  engine 
oil  with  nitrous  acid  for  three  minutes,  followed  by 
washing  with  water  and  filtering  through  Fuller's 
earth,  gave  a  less  resinous,  light  colored  oil,  very 
similar  to  that  obtained  by  sun-bleaching.  Oxides  of 
nitrogen,  generated  by  the  action  of  dilute  nitric  acid 
on  a  metal,  were  then  tried  and  it  was  found  that  the 
sun-bleached  oil  could  be  matched,  with  respect  to 
color  and  fluorescence,  provided  the  temperature  of  the 
oil  was  not  permitted  to  rise  above  10°  C,  before  wash- 
ing with  dilute  alkali.  At  low  temperatures  addition 
of  oxides  of  nitrogen  to  unsaturated  compounds  proba- 
bly results  as  shown  by  Jegorow.  Unless  the  oil  is 
chilled  before  passing  in  the  oxides  of  nitrogen,  oxida- 
tion appears  to  result,  accompanied  by  rise  in  tem- 
perature, darkening  in  color  and  formation  of  resinous 
material.  No  method  of  removing  the  resinous  color- 
ing matter  without  at  least  partially  restoring  the 
bluish  fluorescence  was  found.  The  effect,  on  the  color 
of  the  oil,  of  nitric  acid  in  sulfuric  acid  when  used  for 
refining  is  well  known  and  constitutes  one  of  the  ad- 
vantages of  acid  made  by  the  contact  process  over  that 
made  by  the  chamber  method. 

We  then  made  a  series  of  experiments  to  determine 
the  chemical  properties  of  the  fluorescent  substance. 
The  efficiency  of  sulfuric  acid,  particularly  fuming 
acid,  in  removing  fluorescence  is  well  known.  It 
was  found  that  the  wash  water  from  freshly  prepared 
acid  sludge  tar,  made  by  reflning  lubricating  stock, 
was     highly     fluorescent.     This     suggested     that     the 

'  Jegorow.  J.  prakt.  Chem..  86  (1912),  512. 


fluorescent  material  formed  water-soluble  sulfonic 
acids,  or  that  the  fluorescent  substance  was  a  base  and 
removed  as  a  soluble  sulfate.  The  latter  hypothesis 
can  hardly  be  true  since  dilute  acids  do  not  extract 
the  fluorescent  material  from  the  oil.  A  quantity  of 
such  fluorescent  aqueous  solution  was  made  alkaline 
and  extracted  with  ether  but  no  fluorescent  material 
was  obtained  indicating  that  the  substance  in  question 
is  not  a  base.  A  dilute  acid  solution  of  the  fluorescent 
substance  was  nearly  neutralized  with  lime  to  remove 
the  excess  of  sulfuric  acid.  The  filtered  aqueous 
solution  was  evaporated  nearly  to  dryness  and  the 
crystalline  residue,  containing  sulfate  of  lime,  extracted 
with  alcohol.  Twelve  liters  of  lubricating  distillate 
yielded,  in  this  way,  about  i  gram  of  an  impure  crystal- 
line residue  which  was  intensely  fluorescent  when  dis- 
solved in  the  different  solvents  named  above.  The 
amount  obtained  was  too  small  to  be  thoroughly  in- 
vestigated, but  we  hope  that  we  shall  have  an  oppor- 
tunity in  the  near  future  to  prepare  a  quantity  of  this 
highly  interesting  material  sufficient  for  further  work. 
The  above  results  were  enough  to  show  the  general 
character  of  the  substance.  The  crude  fluorescent 
substance  probably  contains  one  or  more  compounds 
of  the  benzene  series  resembling  or  perhaps  identical 
with  chrysene,  fluorene  or  pyrene.  Such  compounds 
are  known  to  be  formed  by  the  pyrogenic  decomposition 
of  many  organic  substances.  Klaudy  and  Fink,  in 
1900,  isolated  a  yellow  crystalline  substance,  giving 
highly  fluorescent  solutions  from  the  residuum  of  a 
cracking  still.     They  give  it  the  formula  C24H18. 

A  large  proportion  of  the  fluorescent  substance  or 
substances  is  formed  during  the  distillation  of  the 
crude.  This  was  shown  by  distilling  a  sample  of  Okla- 
homa crude  at  atmospheric  pressure  and  under  a  pres- 
sure of  s  mm.  of  mercury.  The  distillates  in  the  first 
series  were  very  much  more  fluorescent  than  the  latter. 
This  is  also  true  of  the  distillates  from  coal  when 
distilled  at  atmospheric  pressure  and  under  a  pressure 
of  5  mm.  Parallel  with  this  difference  it  should  be 
noted  that  substances  of  the  benzol  series  form  a  much 
greater  proportion  of  the  coal  tar  obtained  at  ordinary 
pressures,  paraffines  and  olefines  constituting  over  80 
per  cent  of  the  coal  tar  obtained  by  distilling  in  vacuo.'^ 
It  is  also  well  known  that  no  fluorescent  substances  are 
known  belonging  to  the  paraffin  series, 

Halogenation  destroys  the  fluorescence,  as  is  to  be 
expected,      Hydrogenation  also  destroys  it. 

MEL1.0N  Institute 
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THE  MANUFACTURE  OF  ETHYL  ALCOHOL  FROM  WOOD 

WASTE— PRELIMINARY  EXPERIMENTS  ON  THE 

HYDROLYSIS  OF  WHITE  SPRUCE 

By  F.  W.  Kressmann 
THE    PRESENT    V.A.LUE    OF    WOOD     W.\STE 

The  value  for  most  of  the  wood  waste  produced 
today  is  limited  to  its  fuel  value  for  the  production  of 
power  at  the  mill.  In  some  cases,  methods  of  closer 
utilization  have  been  worked  out,  but  compared  with  the 

1  Jones  and  Wheeler,  J.  Chem.  Soc.  (,London),  1914,  140. 
'  Presented  at  the  49th  Meeting  of  the   American   Chemical  Society, 
Cincinnati,  April  6-10,  1914. 
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total  amount  of  wood  waste  produced,  the  amount 
of  material  so  utilized  is  almost  negligible.  Further- 
more, most  of  the  large  lumber  mills  produce  waste 
greatly  in  excess  of  the  amount  necessary  for  power 
production  and  the  waste  burners  are  still  in  use, 
involving  not  only  a  loss  of  large  amounts  of  wood, 
but  also  a  definite  fixed  charge  to  get  rid  of  it.  The 
utilization  of  this  material  is  limited,  due  to  a  number 
of  considerations  which   may  be  classified  as  follows: 

1 — LARGE  BULK — The  bulkiness  of  the  waste  ma- 
terial makes  a  minimum  amount  of  handling  impera- 
tive and  almost  prohibits  its  transportation. 

2 — MECHANICAL  CONDITION  OR  FORM — The  me- 
chanical condition  or  form  of  the  waste  is  one  of  the 
greatest  stumbling  blocks  to  its  more  complete  utiliza- 
tion. Sawdust  and  shavings  are  too  finely  divided 
to  be  of  value  for  paper  and  pulp  production  or  for 
destructive  distillation.  For  the  former,  the  fiber 
length  has  not  only  been  reduced,  but  the  fibers  have 
also  been  torn  and  lacerated  much  as  in  the  production 
of  mechanical  ground  wood.  The  destructive  distilla- 
tion of  sawdust  and  shavings  is  not  practicable  for 
two  reasons:  First,  the  small  size  of  the  material 
makes  it  such  a  poor  conductor  of  heat  that  it  is  im- 
possible to  char  it  completely  in  the  ordinary  forms  of 
retorts  and  kilns  in  use;  second,  the  charcoal  produced 
is  so  finely  divided  that  it  is  difficult  to  cool  and  handle 
and  there  is  no  ready  market  for  it.  In  addition, 
the  waste,  as  it  comes  from  the  mill,  is  usually  a  mix- 
ture of  all  the  forms  enumerated  above  and  any  at- 
tempt at  a  separation  other,  perhaps,  than  a  simple 
blowing  or  screening  to  remove  the  very  fine  stuff 
will  increase  the  cost  of  the  raw  material  to  a  pro- 
hibitive figure,  as  shown  by  the  experience  of  several 
pulp  and  paper  mills  in  the  yellow  pine  region  of  the 
south.  A  satisfactory  process,  therefore,  for  the 
utilization  of  wood  waste  should  be  able  to  handle 
practically  any  and  all  forms  of  waste  as  they  happen 
to  come  from  the  mill. 

3 NON-HOMOGENEITY  AND  NON-UNIFORMITY Ex- 
cept in  some  cases,  as  in  factories  using  only  one  or 
two  species  of  wood  or  in  some  mills  manufacturing 
only  a  few  species,  as,  for  example,  the  "yellow  pine" 
(longleaf,  shortleaf,  loblolly)  mills  of  the  south,  the 
non-homogeneity  of  the  waste  has  operated  against 
its  efficient  utilization,  for  many  processes  such  as 
pulp  and  paper  or  destructive  distillation  require 
particular  species  to  give  a  yield  and  quality  of  product 
that    will    make   the    processes   commercially   feasible. 

THE    VALUE     OF     WOOD    FOR    ALCOHOL    PRODUCTION 

All  woods,  however,  have  one  point  in  common 
and  that  is  the  fact  that  they  all  contain  more  or  less 
cellulose  which  makes  up  the  fibers  of  the  wood  along 
with  an  incrusting  substance  called  "lignin."  Any 
process  which  could  chemically  utilize  this  cellulose 
would,  therefore,  overcome  the  objections  laid  down 
above  as  the  form  of  the  material,  length  of  the  fiber, 
species,  etc.,  would  not  be  k  consideration  since  finely 
divided  material  would  permit  of  a  qiiicker  and  more 
complete  reaction  and  coarse  material  could  readily 
be  reduced  to  a  finer  condition. 

The    production    of   sugars    and    ethyl    alcohol    from 


cellulosic  materials  such  as  straw,  linen,  cotton, 
peat  and  wood,  in  fact,  all  plant  fibers,  has  engaged 
the  attention  of  chemists  and  technologists  for  nearly 
a  century,  although  it  is  only  within  the  last  two 
decades  that  serious  attempts  have  been  made  to  utilize 
wood  waste  by  this  means. 

The  principal  sources  of  fermentable  sugars  from 
which  alcohol  is  derived  at  present  are: 

I — Hydrolytic  products  of  starch. 

2 — Sugars  from  fruits;  sugar  factory  residues,  such 
as  molasses,  etc 

The  cost  of  the  raw  material  for  alcohol  derived 
from  such  Sources,  however,  has  been  so  high  that 
alcohol  had  not  been  able  to  compete  in  certain  fields 
where  its  properties  and  worth  are  recognized.  The 
technical  application  in  the  arts  and  industries  is 
gradually  increasing,  due  to  a  rather  liberal  denaturing 
policy  which  has  permitted  special  denaturants  for 
special  industries,  but  its  use  in  this  country  as  a  source 
of  liquid  fuel  is  comparatively  limited  and  it  is  this 
field  that  oflfers  greatest  possibilities  in  the  future. 
A  study  of  the  motor  fuel  problem  will  show  that  the 
production  of  mineral  fuels  such  as  gasoline,  motor 
spirits,  etc.,  is  not  keeping  pace  with  modern  automobile 
production,  and  alcohol  appears  .to  be  the  only  solution 
of  the  problem,  for  if  alcohol  can  be  produced  from  wood 
waste  at  a  reasonable"  figure  a  tremendous  supply  of 
raw  material  is  not  only  available  at  present  but  will 
continue  to  be  so  in  the  future  from  a  natural  growing 
raw  material  which  is  not  a  foodstuff. 

PROCESS 

The  process  of  producing  ethyl  alcohol  from  wood 
consists,  in  general,  of  digesting  sawdust  or  hogged 
and  shredded  wood  with  a  dilute  mineral  acid  at  from 
6o  pounds  and  more  of  steam  pressure.  This  converts 
part  of  the  wood  into  a  mixture  of  pentose  and  hexose 
sugars.  The  latter  are  then  fermented,  producing 
alcohol. 

The  processes  using  concentrated  sulfuric  acid,  in 
which  the  wood  is  really  attacked  and  dissolved  by  the 
acid  as  in  the  Ekstrom'  process,  have  not  received 
commercial  attention,  notwithstanding  the  fact  that 
Flechsig,-  many  years  ago,  showed  that  cotton  cellu- 
lose could  be  converted  into  dextrose  and  alcohol 
almost  quantitatively  thereby.  The  more  recent  work 
of  Willstatter'  and  Feichmeister  has  confirmed  these 
results  with  fuming  hydrochloric  acid,  but  in  all  cases 
the  amounts  of  acid  have  been  so  large  compared  to 
the  procesess  in  which  the  acid  is  used  merely  as  a 
catalytic  agent,  that  the  large  initial'  and  recovery 
costs  for  acid  have  prevented  commercial  develop- 
ment. 

The  source  of  the  fermentable  sugar,  that  is,  whether 
derived  from  the  cellulose  or  lignin  of  the  wo9d,  has 
long  been  a  mooted  question  and  has  been  the  occasion 
of  considerable  investigation,  but  the  fact  remains 
that  a  wood  cellulose  like  soda  or  sulfite  pulp  will 
produce  about  twice  as  much  fermentable  sugar  and 


'  French  Patent  .^80..1,'i8.  G^ 
!  Z.  phys.  Chem..  1882. 
J  Ber..  1913,  2401. 


Patents  19.1.112.  207.354. 
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alcohol  as  the  original  wood,  the  yields  being  propor- 
tional to  the  cellulose  content. 

HISTORY 

The  earlier  work  in  the  field  from  the  time  of  Bra- 
connot  in  1810  until  the  work  of  Simonsen'  in  1898, 
although  exceedingly  interesting  historically,  may 
almost  be  disregarded  so  far  as  its  scientific  value  is 
concerned.  It  contains  many  inaccurate  and  impossible 
statements,  and  many  contradictions,  and  is  in  many 
cases  very  vague  in  regard  to  yields. 


Plate  I — Experimental  Alcohol  Apparatus 

Showing  digester  with  both  manhole  covers  off.  loaded  with  sawdust,  and 

also  tank  T  containing  condensing  coil  and  acid  tank  C. 

Simonsen  carried  out  the  first  systematic  investi- 
gation of  the  subject  in  which  the  effect  of  different 
variables  such  as  the  amount  of  water,  pressure,  tem- 
perature, amount  of  acid,  and  time  of  inversion  were 
studied  in  some  detail.  As  shown  later-  by  Neumann, 
Simonsen's  work  is  also  contradictory  in  some  cases, 
due  mainly  to  the  fact  that  only  a  single  experiment 
under  each  set  of  conditions  was  made.  In  his  work 
on  a  large  scale  he  was  in  general  unable  to  duplicate 
the  results  obtained  in  the  small  autoclave  cooks. 
The  yields  of  alcohol  varied  considerably,  although 
under  the  most  favorable  conditions  he  obtained  in 
a  few  exceptional  cases  yields  which  were  higher  than 
those  obtained  on  the  small  scale  (6  per  cent  of  dr)' 
weight  of  sawdust). 

Since  Simonsen  published  his  work  and  took  out 
patents  on  his  process  practically  all  over  the  world, 
the  production  of  ethyl  alcohol  from  sawdust  has  re- 
ceived considerable  attention  and  a  large  amount  of 
money  has  been  spent  in  its  technical  development. 
Four  plants  have  been  built  in  this  country,  but  none 
of  them  up  to  the  present  are  considered  to  have 
achieved  commercial  success. 

OUTLINE    OF    EXPERIMENTAL    WORK 

Although  other  investigators  have  duplicated  Simon- 
sen's  yield,  which  is  about  six  per  cent  by  weight  in 
alcohol  of  the  dry  weight  of  the  wood,  no  systematic 
study  has  been  made  reinvestigating  the  variables 
studied   by   Simonsen,   except   the   work   of   Cohoe    in 

'  See  E.  Simonsen.  Zeilschrifl  fiir  angewanJle  Chemie.  1898,  I^.S,  962, 
1007;  Theor  Korner,  Ibid.  1908.  2353;  Neumann.  Dissertation,  Dresden, 
1910. 

=  Neumann,  Dissertation,  Dresden,  1910. 


which    hydrochloric    acid    was    used    as    the    catalytic 
agent  instead  of  sulfuric. 

The  data  to  be  presented  in  this  paper  are  the  result 
of  the  first  part  of  a  systematic  study  of  the  variables 
in  this  process  carried  on  at  the  Forest  Products 
Laboratory  and  cover  the  first  two  of  the  follow-ing: 

I — The  influence  of  pressure  and  temperatures  of 
digestion. 

2 — Length  of  time  of  digestion. 

3 — Ratio  of  water  to  dry  sawdust. 

4 — Concentration  of  catalyzing  agent  in  the  water. 

5 — Ratio  of  catalyzing  agent  to  dry  sawdust: 

6 — Size  of  the  sawdust,  hogged  slabs,  etc. 

7 — Effect  of  adding  catalytic  agent  (acid)  after 
preliminary  heating  of  the  W'ood. 

8 — Effect  of  varying  amounts  of  bark  in  the  sawdust, 
or,  more  specifically,  tannins,  etc. 

9 — Special    chemical    treatments    other    than    acid 
catalysis  or  in  addition  to  acid  catalysis. 
lo — A  study  of  the  fermentation  variables. 
II — Steam  consumption  per  ton  of  sawdust  inverted. 
12 — Variations    of  yields  from    different  species  and 
mixtures. 

EXPERIMENTAL    APPARATUS    AND    PROCEDURE 

The  apparatus  used  and  method  of  procedure  in 
each   experiment   were   as  follows:     A   rotary   digester 
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consisting  of  thin  cast-iron  inner  shell  lined  with  acid- 
proof  enamel  and  an  outer  shell  of  steel,  the  two  being 
separated  by  several  inches  from  each  other,  was  used 
for  the  digestions.     The  internal  length  of  the   inner 
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shell  is  about  five  feet,  and  the  diameter  about  2V2 
feet,  making  a  total  capacity  of  about  22  cubic  feet. 
Steam  is  admitted  to  the  inner  shell  and  space  between 
the  inner  and  outer  shell  simultaneously,  the  digester 
being  similar  to  a  steam- jacketed  apparatus  except 
that  the  inner  shell  is  removable  and  can  readily  be 
taken  out  and  replaced.  After  a  cook  has  been  com- 
pleted the  digester  is  blown  off,  the  blow-off  vapors  being 
condensed  in  a  quartz  coil.  A  cast-iron  tank  also 
lined  with  acid-proof  enamel  is  connected  to  the  digester 
so  that  its  contents  may  be  introduced  into  the  digester 
when  the  latter  is  under  pressure.  This  tank  is  used 
for  acid  storage  and  mixing.  The  steam  flows  to  the 
inner  shell  and  space  between  the  two  shells  through 
separate  pipes;  the  one  leading  to  the  inner  shell  also 
connects  with  acid  tank.  All  pipes  in  contact  with 
acid  liquor  or  acid  vapor  are  enamel-lined  and  valves 
arc  of  special  bronze  so  as  to  reduce  corrosion  to  a 
minimum  and  to  avoid  complications  in  fermentations 
due  to  the  presence  of  iron,  copper,  and  zinc  salts. 
The  pressure  is  taken  by  means  of  a  gauge  protected 
from  the  acid  vapors  and  temperatures  are  taken  on 
a  recording  thermometer,  the  bulb  of  which  projects 
into  the  sawdust  in  the  digester. 

The  digester  is  filled  and  emptied  through  a  pair 
of  concentric  manholes  in  the  inner  and  outer  shell. 
The  usual  procedure  is  to  load  the  digester  with  suffi- 
cient sawdust  to  be  equivalent  to  about  100  pounds  of 
dry  dust.  The  exact  weight  and  moisture  content 
are  recorded.  The  diluted  acid  is  then  added,  the  man- 
hole covers  bolted  on,  steam  admitted,  and  rotation 
begun.  Before  the  temperature  reaches  100°  C, 
the  air  in  .the  inner  shell  and  space  between  the  two 
shells  is  vented  so  as  to  get  a  more  accurate  gauge 
reading.  The  admission  of  steam  is  continued  until 
the  desired  pressure  is  reached,  after  which  the  steam 
is  throttled  to  maintain  that  pressure  for  the  desired 
length  of  time. 

At  the  completion  of  the  latter  (or,  in  cooks  of  15 
minutes- or  more,  two  or  three  minutes  before  the  time 
was  up)  the  rotation  was  stopped  and  the  vapors  were 
then  blown  off  and  condensed  as  rapidly  as  possible. 
The  time  of  blow-off  varied  somewhat,  depending  on 
the  pressure  at  which  the  cook  was  made  and  the  total 
amount  of  liquid  and  sawdust  in  the  digester.  The 
condensing  and  cooling  capacity  of  the  coil  was  not 
equal  to  the  demands  placed  upon  it  so  that  the  blowing 
off  of  the  digester  took  much  longer  than  it  should 
(about  two  hours  from  7  to  S  atmospheres  to  atmos- 
pheric pressure). 

The  condensed  blow-off  was  weighed  and  analyzed. 
The  steam  which  condensed  between  the  two  shells 
was  drained  out  and  weighed.  It  was  also  tested 
qualitatively  for  dextrose  to  detect  any  leakage  from 
the  inner  shell.  The  liquor  in  the  inner  shell  was 
drained  out.  After  as  much  of  the  liquor  as  would  do 
so  had  drained  off  the  digester  was  rotated  so  that  the 
manholes  were  at  the  bottom  and  the  sawdust  was 
raked  out.  In  the  later  experiments  this  sawdust  was 
then  centrifuged. 

Both  the  digester  liquor  and  treated  sawdust  were 
weighed  and  analyzed  for  acidity,  total  solids,  dextrose, 
etc. 


The  treated  sawdust  was  next  placed  in  the  leaching 
tank,  where  the  remainder  of  the  sugar  was  extracted 
from  it  with  warm  water.  The  liquor  from  the  digester 
and  leaching  tank  was  then  neutralized  with  calcium 
carbonate  and  allowed  to  settle.  The  clear  liquor  was 
then  concentrated  in  a  single  effect  vacuum  evaporator 
to  a  concentration  of  10  to  15  per  cent  sugar  for  fer- 
mentation. The  liquors  were  usually  saved  until  the 
concentrations  from  two  or  three  runs  were  obtained. 
Where  possible,  these  were  divided  into  two  or  more 
parts  and  fermented  with  brewers'  yeast  under  varying 
conditions. 

RESULTS 

SUGAR  YIELDS — Figs.  I,  2  and  3  show  the  effect 
on  yield  of  varying  the  pressure  and  time  of  cooking. 
The  curves  give  the  yields  in  total  sugar  instead  of 
alcohol  since  the  fermentation  end  of  the  work  is  being 
taken  up  in  detail  at  present  and  was  not  standard- 
ized at  the  time  these  experiments  were  made  so  as 
to  give  check  results.     The  greatest  variation  on  dupli- 
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YIELD   IN   %  OF    TOTAL    SUGAR    ON    DRY    WEIGHT    OF  WOOD 

Fig.    1 — Showing    the    Vari.\tion    of    Yield    of    Tot.\l   Sugar    with 
Pressure  of  Digestion.     Cooking  Period,  IS  Minutes 

cate  digestions  made  with  sawdust  from  the  same  batch 
was  only  o.ii  per  cent  of  total  sugar,  so  the  sugar 
data  may  be  accepted  as  fairly  accurate. 

In  each  run  the  amount  of  sawdust  used  was  very 
nearly  equal  to  loo  pounds  dry  material;  the  amount 
of  acid  added  was  the  same  in  all,  2.00  pounds  of  90 
to  95  per  cent  sulfuric;  and  the  amount  of  water  in  all 
cases  at  the  end  of  the  cook  was  equal  to  four  or  more 
than  four  times  the  dry  weight  of  wood  used.  The 
ratio  of  acid  to  dry  wood  was  about  1.8  per  cent,  while 
that  of  water  to  dry  wood  was  400  per  cent  or  more. 
Many  of  the  charges  were  made  up  so  that  the  initial 
amount  of  water  present  was  exactly  four  times  the 
dry  weight  of  the  material.  These,  however,  showed 
no  change  from  others  in  which  the  amount  of  water 
added  was  allowed  to  vary  within  certain  limits. 

Fig.  I,  with  a  cooking  period  of  15  minutes,  shows 
a  decided  maximum  in  yield  at  a  temperature  equal 
to  7.5  atmospheres  steam  pressure. 

A  new  lot  of  sawdust  was  used  for  part  of  the  work 
which  included  the  cooks  at  7.5  atmospheres  and  which 
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probably  accounts  for  the  increase  in  yields  shown  at 
that  point  and  which  has  been  indicated  by  the  dotted 
lines. 

On  comparing  the  yields  shown  in  Fig.  i  with  those 
of  Simonsen  a  much  greater  decrease  in  yields  at  pres- 
sures above  7.5  atmospheres  was  noted.  From  the 
work  of  Neumann  it  is  known  that  dextrose  decompo- 
sition is  very  rapid  above   175°  C,  which  corresponds 
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2 — Showing    the;    Varia' 
Pressure  of  Digestion 


)N    OF    Yield    of    Total    Sugar    ' 
Cooking  Period,  Zero  Minutes 


very  closely  with  7.5  atmospheres  pressure;  in  addi- 
tion to  this  decomposition,  however,  the  reaction  seems 
to  be  reversible  at  this  pressure,  a  fact  which  has  not 
been  recognized  heretofore. 

Fig.  2,  with  a  cooking  period  of  zero  minutes  (blow- 
ing oflf  as  soon  as  the  pressure  is  reached),  shows  the 
same  pronounced  ma.ximum  at  the  same  pressure  and 
also  shows  a  smaller  decrease  in  yield  at  high  pressures. 
Using  the  pressure  of  7.5  atmospheres  as  a  constant 
(at  which  the  best    yields    were  obtained  as  shown  by 
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Fig.  3 — Showing  the  Variation  of  Yield  of  Total  Sugar  with 
Varying  Periods  of  Digestion.     Cooking  Pressure.  7.5  Atmospheres 

Figs.  I  and  2)  and  varying  the  time  of  cooking,  as 
shown  in  Fig.  3,  practically  no  increase  or  decrease 
in  yield  of  sugar  is  shown;  in  other  words,  the  rates 
of  formation  and  decomposition  of  the  sugars  formed 
at  this  temperature  are  the  same  and,  therefore,  main- 
tain  a   constant   yield  of   sugar.     At   higher  tempera- 


tures, however,  the  rate  of  decomposition  seems  to 
be  decidedly  greater  than  the  rate  of  formation  which 
was  shown  in  Figs,  i  and  2.  In  Fig.  i  the  curve  crosses 
the  abscissae  corresponding  to  9  atmospheres  at  a 
point  showing  a  yield  of  14  per  cent  of  sugar,  while 
in  Fig.  2  the  yield  of  9  atmospheres  was  21.29  per  cent 
of  sugar.  This  decided  difference  in  sugar  values 
shows  clearly  the  injurious  effect  of  increasing  the  time 
of  cooking,  especially  at  pressures  greater  ■  than  7.5 
atmospheres. 

The  injurious  effect  of  increased  time  of  cooking 
is  also  shown  in  several  other  ways;  the  sawdust, 
of  course,  is  rotated  longer  in  the  longer  cooks  and  more 
fine  stuff  is  formed  which  makes  leaching  and  handling 
more  difficult.  The  sawdust  is  also  more  friable  and 
larger  amounts  of  fine  stuff  were  formed  while  being 
stirred  in  the  leaching  tank.  And  finally,  as  shown, 
by  the  ratio  between  sugar  and  total  water-soluble 
solids,  more  of  the  sawdust  was  attacked  so  that  the 
amount  of  extraneous  water-soluble  material  other 
than  sugars  was  greater. 

Cohoe'    was   the   first   one   to   state   that   given    the 
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YIELD    IN  %   OF  FORHIC  ACID    ON    DRY   WEIGHT   OF    WOOD 

Fig.    4 — Showing    Variation    of    Formic    .\cid    Yield    with  Pressure 
OP  Digestion.     Cooking  Period.  Zero  Minutes 

proper  adjustment  of  the  various  phases  the  reaction 
is  practically  instantaneous  and  our  work  is  in  entire 
agreement  with  this  statement. 

VOLATILE  ACID  YIELDS — In  addition  to  the  sugars 
formed  as  a  result  of  hydrolysis,  acetic  and  formic  acid 
are  also  produced,  probably  from  a  splitting  off  of 
acetyl  and  formyl  groups  in  the  lignin  complex.  The 
yield  of  acetic  acid  has  been  fairly  constant  over  a 
wide  range  of  cooking  conditions  averaging  1.42  per 
cent  of  the  dry  weight  of  the  wood.  This  is  of  particu- 
lar interest  not  only  because  of  its  influence  on  the 
subsequent  fermentation  of  the  neutralized  extract 
but  also  because  it  is  practically  the  same  yield 
obtained  by  destructive  distillation  of  the  wood. 
Numerous  observers  such  as  Klason,  Biittner,  and 
Wislicenus  have  shown  that  this  decomposition  does 
not  take  place  until  a  temperature  of  280°  C.  or  more 
has   been   reached,    whereas   the   temperatures   of   hy- 

1  Jour.  Rot.  Chem.  Ind..  1912,  51.^. 
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drolysis  in  this  work  have  averaged  100°  C.  less  than 
that.  The  yield  obtained,  however,  is  in  very  close 
agreement  with  the  work  of  Bergstrom,'  although 
the  latter  used  no  acid,  merely  hydrolyzing  with  4 
parts  by  weight  of  water  at  6  atmospheres  pressure 
for  two  hours. 

The  yield  of  formic  acid,  however,  varies  with  the 
cooking  conditions  as  shown  by  Fig.  4,  the  amount 
increasing  with  increasing  cooking  pressures.  In- 
creasing the  time  of  cooking  also  materially  increases 
the  yield,  for  as  shown  at  7V2  atmospheres  and  a  zero- 
minute  cook  the  yield  is  about  0.2  per  cent,  while  at 
the  same  pressure  for  a  15-minute  cook  the  yield  is 
about  three  times  as  great  (0.58  per  cent).  This  in- 
crease in  formic  acid  production  also  shows  the  rate  of 
sugar  decomposition  since  formic  acid  and  levulinic 
acid  are  both  products  of  such  decomposition.  The 
exact  amount  hydrolyzed  from  the  wood  is  difficult 
to  determine  since  it  is  also  a  product  of  sugar  de- 
composition. Bergstrom  obtained  0.19  per  cent  at  6 
atmospheres  cooking  for  two  hours  with  water  alone, 
whereas  we  have  obtained  that  figure  at  7V2  atmos- 
pheres in  zero  minutes  but  only  0.105  per  cent  at  6.5 
atmospheres  in  zero  minutes.  Technically,  the  yield 
of  formic  acid  is  of  importance  because  of  its  in- 
fluence on  yeast  growth. 

Numerous  patents  granted  in  this  field  have  dis- 
cussed the  value  and  recovery  of  the  volatile  acids 
produced.  To  show  the  distribution  of  the  various 
acids,  the  amounts  actually  contained  in  the  liquor 
drained  from  the  inner  shell,  the  condensed  blow-off 
and  moist  sawdust,  were  calculated  in  percentages 
of  the  total  amount  of  each  acid  produced.  The 
results  are  given  in  the  following  table: 

Total  amt.  of 
Percentage  of  Total  Volatile  Acid  in  volatile  acid 
' ' s    in  per  cent  of 


Cook 


48.5 


XV... 
XVI.. 

XVII 37.8 

XVIII 40.2 

XIX 3.5.0 

XX 49.5 


Acetic  Fi 
62.0     62.1 


0.185 
0.220 
0.570 
0.598. 
0 .  443 
0.  105 


The  average  amount  of  acetic  acid  recovered  in  the 
blow-off  was  6.4  per  cent  of  the  total,  and  5.2  per  cent 
of  the  total  amount  of  formic  acid  produced. 

With  an  average  yield  of  1.42  per  cent  of  acetic  acid, 
this  would  be  equivalent  to  1.81  pounds  of  acetic  acid 
per  dry  ton  of  wood  and  since  the  average  concentra- 
tion of  acetic  acid  in  the  condensed  blow-oft"  was  only 
0.20  per  cent,  commercial  recovery  is  obviously  out 
of  the  question. 

ALCOHOL  YIELDS — As  mentioned  heretofore,  the 
fermentation  work  on  the  experiments  outlined  in  this 
paper  had  not  been  standardized.  Ordinary  brewers' 
yeast,  a  bottom  yeast,  has  been  used  without  at- 
tempting to  acclimate  it  to  the  mashes  used.  The 
main  difficulty  encountered  was  the  slowness  of 
fermentation  which,  in  some  cases,  permitted  infection 
of  the  mashes  with  wild  growth.  It  was  found,  how- 
ever, that  the  latter  could  be  controlled  and  excluded 
by  judicious  sulfiting  and  for  this  purpose  potassium 

>  Der  PapierfabrikanI,  2,  305. 


metabisulfite'  was  used.  Various  forms  of  organic 
and  inorganic  nitrogen  nutrients  were  used,  of  which 
freshly  killed  yeast  (boiling  for  two  minutes  in  part 
of  the  mash)  and  ammonium  nitrate  seemed  to  be  the 
best. 

The  following  table  gives  part  of  the  results  ob- 
tained: 

Yield  of 

Yield  of  alcohol  in 

Total  re-  alcohol  U.  S.  gallons 

ducing  sugars  per  cent  of  absolute 

per  cent        Per  cent  of  Fermenta-    by  weight  alcohol  per 

Cook             of  original      total  sugars  tion           of  original  dry  ton  of 

number           dry  wood       fermented  efficiency     dry  wood  original  wood 

II 21.50               68  63  89   59               6.76  20.35 

V 21.54               71.27  91.49               7.18  21.63 

XVII 22   95               69.27  88.70               7.22  21.70 

XVIII 22.85               55.5  96.2                 6.24  18.75 

XX 18.34             65.25  85.42              5.24  15.80 

XIII 18.81               59.20  83.93              4.78  14.90 

XIV 20.29               46.05  65.05               3.11  9.35 

XII 11.58               55.24  68.87               2.25  6.8 

Some  of  the  above  results,  however,  do  not  rep- 
resent the  yields  obtainable  under  ideal  conditions 
since  many  of  the  fermentations  were  retarded  or 
spoiled  entirely  due  to  experimentation  on  fermenta- 
tion conditions. 

Under  improved  conditions  with  a  yeast  specially 
propagated  the  yields  undoubtedly  could  be  materially 
increased. 

SUMMARY 

I — The  maximum  yield  of  sugar  was  obtained  at  a 
pressure  of  7.5  atmospheres  and  above  and  below  this 
point  yields  decreased  very  rapidly. 

II — A  cooking  period  of  zero  minutes,  that  is, 
blowing  off  from  7.5  atmospheres  as  soon  as  that 
pressure  is  attained,  was  the  most  advantageous  for 
sawdust. 

Ill — Increasing  the  time  of  cooking  did  not  in- 
crease the  yield  and  greatly  influenced  the  mechanical 
condition  of  the  sawdust  with  greater  subsequent 
difficulty  and  cost  of  handling.  Economically  speak-  ' 
ing,  the  yield  decreased  as  the  time  of  cooking  in- 
creased. 

IV — Using  white  spruce  sawdust  as  a  raw  material, 
from  22  to  23  per  cent  of  the  dry  weight  of  the  wood 
was  converted  into  sugar.  About  70  per  cent  of  this 
sugar  was  fermented  with  an  alcohol  yield  of  over  91 
per  cent  of  the  amount  theoretically  possible  to  ob- 
tain from  the  fermentable  sugars.  Calculating  these 
yields  to  a  tonnage  basis,  between  21.63  and  21.70 
U.  S.  gallons  of  absolute  alcohol  were  obtained  per  dry 
ton. 

V — Under  a  rather  wide  range  and  variation  of 
cooking  conditions  of  hydrolysis,  white  spruce  yielded 
about  1.4  per  cent  acetic  acid,  showing,  therefore,  a 
parent  substance  (lignin?)  of  a  comparatively  definite 
acetyl  content. 

VI — The  yield  of  formic  acid  varied  with  the  con- 
ditions of  hydrolysis.  In  cooks  longer  than  zero  time, 
the  formic  acid  yield  was  indicative  of  hexose  de- 
composition rather  than  increased  formyl  hydrolysis. 

Forest  Products  Laboratory 
I'"oKEST  Service.  V.  S.  Department  of  .Agriculture 
(In  Cotiperation  with  the  University  of  Wisconsin) 
Madison 

■  See  "Enological  Investigations."  F.   T.   Bioletti  and  W.   V.  Cruess. 
Hull.  230,  Agr.  Expt.  Sta..  Berkeley,  Cal. 
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THE  OIL  OF  PORT  ORFORD  CEDAR  WOOD  AND  SOME 

OBSERVATIONS  ON  (f-a-PINENE 

By  A.  W.  ScHOBGER 

Received  May  4,  1914 

The  Port  Orford  cedar  [Chamaecyparis  lawsoniana 
(Murr.)  Parlalore]  occupies  a  very  restricted  range. 
It  is  found  along  the  Pacific  coastal  region  from  Coos 
Bay  in  southwestern  Oregon  to  the  Mad  River  in  north- 
western California.  The  wood  contains  an  oil  having 
a  strong,  pleasant  odor,  and  a  pronounced  physio- 
logical action  on  the  kidneys.  Owing  to  the  effect  of 
the  inhaled  vapors  upon  the  workmen,  mills  cutting 
Port  Orford  cedar  do  not  operate  continuously  on  this 
species. 

Selected  "resinous-"  pieces  of  wood  on'  steam  dis- 
tillation yielded  lo  per  cent  of  oil  having  d^o  0.891, 
«D,jo  I -47 7-  On  distillation,  a  blood-red  residue  re- 
mained in  the  distilling  flask.  (The  distiller  of  this 
oil  was  physiologically  affected  in  the  usual  way.) 

The  oil  when  it  reached  the  author  was  four  years 
old  and  had  been  stored  in  a  tightly  stoppered  amber- 
colored  bottle.  The  constants  were  redetermined 
with  the  following  results:  dis  o.go6i,  Mdjco  1.4806. 
The  oil  was  rectified  by  shaking  with  10  per  cent 
Na2C03  solution  and  distilling  with  steam  over  soda 
solution.  By  this  treatment  the  oil  lost  16.4  per  cent 
by  volume.  In  the  subsequent  examinations  of  the 
oil  no  physiological  effects  were  noted  and  no  red  resi- 
due on  distillation.  It  is  possible  that  the  cause  of 
both  phenomena  was  destroyed  by  aging. 

EXPERIMENTAL 

The  rectified  oil  had  the  following  constants:  di5° 
0.8905;  Hd|3o  1.4758;  aojco  +39.60°;  acid  no.  0.30; 
ester  no.  32.8;  ester  no.  after  acetylation  71.57. 
The  ester  numbers  before  and  after  acetylation  are 
equivalent  to  11.48  per  cent  bornyl  acetate  and  10.90 
per  cent  of  free  borneol.  The  oil  distilled  as  follows: 
i5S^i57°>  60.5  per  cent;  157-170°,  3  per  cent;  170- 
180°,  4  per  cent;  100-130°  at  15  mm.,  20.5  per  cent; 
130—160°  at  15  mm.,  7  per  cent;  i6o-igo°  at  15  mm., 
I  per  cent.  When  distilled  at  normal  pressure  de- 
composition took  place  above  180°  with  the  splitting 
off  of  acetic  acid. 

a-piNENE — Preliminary  examination  of  the  a-pinene 
fractions  indicated  that  this  terpene  was  present  in 
an  exceptionally  pure  state  for  a  natural  product. 
By  fractionation  over  sodium  65  per  cent  of  the  a- 
pinene  fraction  was  obtained  in  a  pure  state.  The 
carefully  determined  constants  were  as  follows:  B.  p. 
156.0-156.1  (760  mm.);  dis^  0.8631;  «d,so  1-4684; 
specific  rotation  [ol\o  -1-51.52°.  The  molecular  re- 
fraction was  found  to  be  M  =  43.88;  calculated  for 
C10H16  |"~,  43-54-  The  highest  previously  recorded 
specific  rotations  for  a-pinene  are:  [alo  +48-4°  for 
rf-a-pinene  from  Grecian  turpentine  oil;'  [ajow 
— 48.63°  for  /-a-pinene  from  silver-top  stringy-bark 
eucalyptus  oil  {Eucalyptus  laevopinea).- 

Ten  grams  of  the  a-pinene  fraction  did  not  yield  a 
trace  of  crystalline  pinene  nitrosochloride.  One  hun- 
dred  grams   of   the   terpene    were   then   oxidized    with 

'  Vezes,  Bull.  soc.  chim.,   14]  5  (1909),  932. 

!  Smith,  Jour,  and  Proc.  Royal  Soc,  N.  .S.  W..  32  (1898).  195. 


233  grams  KMn04  in  1.5  liters  of  water  and  500  grams 
of  ice  in  an  ice  bath.  On  completion  of  the  oxidation 
25-3  grams  of  oil  were  recovered  by  steam  distillation- 
The  recovered  oil  after  standing  a  week  deposited  a 
few  fan-shaped  clusters  of  needles.  This  product  was 
evidently  pinol  hydrate,  since  it  melted  at  144-145° 
after  one  crystallfzation  from  water.  After  removal 
of  the  manganese  sludge  the  oxidation  liquor  was  evap- 
orated to  one  liter  and  extracted  several  times  with 
ether.  The  pinonic  acid  precipitated  by  dilute  sul- 
furic acid  was  extracted  with  chloroform  and  the  sol- 
vent removed  by  distillation.  The  residue  distilled 
between  185-190°  at  17  mm.,  mainly  between  187- 
188°.  The  distillate  weighing  34.8  grams  soon  crys- 
tallized on  standing  and  16.6  grams  of  the  crystalline 
keto-acid  were  obtained-  The  crystalline  (i-pinonic 
acid  melted  at  68-69°,  its  semicarbazone  at  203- 
205°.  The  specific  rotation  of  the  acid  [ajn  +92.69° 
was  determined  from  a  5.37  per  cent  chloroform  solu- 
tion. The  semicarbazone  of  the  liquid  pinonic  acid 
melted  at  203  °. 

DiPENTENE — The  fractions,  b.  p.  157-180°,  consisted 
mainly  of  dipentene.  The  portion,  b.  p.  170-180°, 
comprising  the  major  portion  of  the  oil  had  a  rotation 
aD23o  +51.16°.  Phellandrene  was  not  detected  an^ 
the  dihydrochloride  from  this  fraction  melted  at  48- 
49°.  On  bromination  a  tetrabromide  melting  at  124° 
was  obtained.  The  high  rotation  indicates  the  pres- 
ence of  active  limonene. 

BORNEOL — The  free  alcohol  obtained  by  saponifi- 
cation of  the  fraction,  b.  p.  100-130°,  at  15  mm.  dis- 
tilled between  205-230°  and  was  collected  in  5°  frac- 
tions. By  oxidation  with  acetic  and  chromic  acids 
on  the  water  bath  camphor  could  be  detected  in  each 
fraction.  The  oxidation  products  were  oils  with  a  strong 
camphor  odor.  On  treatment  with  semicarbazide  hy- 
drochloride, crystalline  semi-carbazones  were  obtained, 
melting  at  236-237°.  However,  by  oxidizing  the  oil, 
b.  p.  205-215°,  oiD^Qo  +32.16,  with  saturated  per- 
manganate solution  and  distilling  with  steam,  solid 
camphor  collected  in  the  receiver.  An  alcoholic  solu- 
tion of  the  camphor  was  i-rotatory. 

COMBINED  ACIDS — The  combined  acids  were  re- 
covered from  the  ester  saponification  liquor  by  dis- 
tillation with  phosphoric  acid.  A  small  amount  of 
oily  material  appearing  on  the  surface  of  the  distillate 
was  removed  by  extraction  with  ether.  The  solvent 
was  allowed  to  evaporate  spontaneously,  the  residue 
neutralized  with  caustic  soda  and  extracted  with  ether, 
to  remove  resinous  matter.  On  addition  of  AgNOa 
solution  a  precipitate  was  obtained  and  analyzed  as 
follows: 

0.0814  gram  silver  salt  gave  0.0313  gram  Ag  = 

38.45  per  cent  Ag. 
Silver  caprinate,  CgHigCOOAg,  requires  38.66 
per  cent  Ag. 
The  acids  in  the  aqueous  portion  of  the  distillate  were 
neutralized   with   caustic   soda   and   precipitated    with 
silver  nitrate.     The  precipitates  were  found  to  contain 
silver  formate,  as  shown  by  the  decomposition  on  at- 
tempting to  recrystallize  them  from  hot  water.     The 
silver  formate  was  accordingly  destroyed  by  alternate 


632 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.6,  Xo.  8 


heating   and    filtration   of   the    aqueous   solution    until 

decomposition     had     ceased.     The     shiny    leaflets    of 

silver  acetate  finally  obtained  were  analyzed  as  follows: 

0.1245  gram  silver  salt  gave  0.0802  gram  Ag  = 

64.42  per  cent  Ag. 
Silver  acetate,  CHj.COOAg,  requires  64.64  per 
cent  Ag. 
FREE  ACIDS — The  acids  recovered  from   the    liquors 
remaining   after   rectifying   the    oil    with    sodium    car- 
'  bonate    solution    and   steam    distillation    were   treated 
as  above.      The  acid  obtained  from  the  other  extract 
was  precipitated  in  two  fractions  and  their  silver  con- 
tent determined: 

(i)     0.0621  gram  silver  salt  gave  0.0241  gram 

Ag  =  38.81  per  cent  Ag. 
(2)     0.0836  gram  silver  salt  gave  0.0325  gram 
Ag  =  38.87  per  cent  Ag. 
Both  precipitates  evidently  consist  of  silver  caprinate 
since  this  salt  requires  38.66  per  cent  Ag. 

The  aqueous  portion  was  found  to  consist  of  acetic 
and  formic  acids.     In  this  case   the  formic  acid  was 
destroyed  by  heating  the  distillate  with  mercuric  oxide. 
Analysis  of  the  silver  salt  of  the  remaining  acid  follows: 
0-1993  gram  silver  salt  gave  0.1283  gram  Ag 
=  64.38  per  cent  Ag. 
CADINENE — The    fractions    boiling    above     130°     at 
15  mm.  contained  cadinene.     The  portion,  b.  p.  270- 
280°,  d|5o  0.9329,  ao^^o  +14.69,  yielded  the  character- 
istic   cadinene    dihydrochloride,    m.    p.    117-118°.     A 
6.04  per  cent  ether  solution  of  the  dihydrochloride  had 
the  rotation  ao-,^^  — 1-95°- 

SUMMARY 

The  rectified  oil  has  approximately  the  following 
composition:  i-a-pinene  60-61  per  cent;  dipentene 
6-7  per  cent;  free  /-borneol  11  per  cent;  ester  as  bornyl 
acetate  11.5  per  cent;  cadinene  6-7  per  cent;  losses  5 
per  cent.  The  combined  borneol  occurs  mainly  as 
bornyl  acetate,  but  also  evidently  as  the  esters  of  for- 
mic and  caprinic  acids.  In  the  old  oil,  formic,  acetic, 
and  caprinic  acids  occur  in  the  free  state. 

Forest  Products  Laboratory 
Forest  Service.  U   S.  Department  of  Agriculture 
{In  Cooperation  with  the  University  of  Wisconsin' 


THE  RELATION  BETWEEN  ALUMINUM  SULFATE  AND 
COLOR  IN  MECHANICAL  FILTRATION' 

By    Frank    K.    Hale 

The  older  literature,  especially  the  English,  fre- 
quently speaks  of  the  humic  acid  of  swamp  waters, 
particularly  in  Connection  with  the  solution  of  lead 
by  drinking  water.  In  recent  years  the  tendency  has 
been  to  consider  free  acidity  due  to  carbonic  acid  and 
to  be  rather  skeptical  of  the  existence  of  free  organic 
acid  in  water.  The  experiments  described  in  this 
paper  seem  to  prove  that  free  organic  acid  in  water 
is  no  myth,  but  actually  exists  as  a  property  of  the  color- 
ing matter,  and  in  all  probability  the  removal  of  color 
by  the  action  of  aluminum  sulfate  depends  upon  this 
acid  property.  The  acid  coloring  matter  combines 
with     the    base,    aluminum    hydrate,    and    in    definite 

'  Presented    at    the    49th    MeetinK   of  the   A.   C.   S  ,   Cincinnati.    April 
6-10.  1914. 


proportions,    the     ratio     varying     with    the     chemical 
character  of  the  color  in  diflferent  waters. 

This  theory  is  in  keeping  with  the  fact  that  prac- 
tically all  organic  coloring  matter  extracted  from  wood 
or  vegetable  growth  combines  with  almost  any 
hydrate,  e.  g.,  tin,  bismuth,  aluminum,  chromium, 
iron,  etc.  Recently,  at  Grand  Rapids,  Mich.,  in  the 
softening  of  water,  it  has  been  found  that  excellent 
decolorization  is  obtained  by  means  of  an  excess  of 
magnesium  hydrate.' 

THE    REACTION    BETWEEN    ALUMINUM    SULFATE    AND    THE 
ALKALINITY 

It  is  usually  stated  that  this  reaction  results  in  the 
formation  oi  aluminum  hydrate,  AI(0H)3.  In  ele- 
mentary courses  in  chemistry  it  is  taught  that  the 
reaction  between  aluminum  salts  and  sodium  carbonate 
results  in  the  cold  in  the  precipitation  of  basic  aluminum 
carbonate,  which  only  upon  boiling  changes  completely 
to  the  hydrate.  This  is  undoubtedly  the  reaction 
occurring  in  water  between  aluminum  sulfate  and 
calcium  bicarbonate.  Indeed,  judging  from  the  amount 
of  alkalinity  reacting  with  one  grain  per  gallon  of 
basic  aluminum  sulfate  and  from  the  amount  of  car- 
bonic acid  set  free,  there  is  good  reason  to  believe  that 
the    precipitate    formed   is    a    basic    sulfate-carbonate. 

The  usual  aluminum  sulfate  employed  is  a  basic 
salt  containing  about  i8  per  cent  alumina  (AI2O3).  The 
analyses  of  seventeen  samples,  representing  several 
years,  of  the  aluminum  sulfate  used  at  the  Brooklyn 
filters  were  as  follows: 

Percentages                      '  AliOi  SO, 

Average 18.2  39} 

Minimum 16.6  35.9 

Maximum 20.6  41    4 

The  sulfate  varied  from  a  few  per  cent  to  twenty  per 
cent  below  the  amount  theoretically  required  by  the 
alumina  to  form  a  neutral  salt.  The  average  de- 
ficiency was  II  per  cent.  This  average  salt  may  be 
expressed  by  the  formula  A1o(SO<)3.A1(S04)(6h), 
but  I  prefer  the  doubled  formula  2Al2(S04)3.Alo- 
(804)2(011)2,  since  when  written  graphically  it  better 
explains  the  probable  reactions  with  the  alkalinity. 
Theoretically  an  aluminum  sulfate  containing  18  per 
cent  alumina  requires  9  p.  p.  m.  calcium  carbonate 
to  react  completely,  thus: 

P   p.  m.  alkalinity  =  300/102  X  17.1  X  18   100  =  9 
in  which  300      is  the  molecular  weight  of  3CaCOj 
102       is  the  molecular  weight  of  Al.Oi 
17,1  is  the  p.  p    m.  equivalent  of  I  grain  per  gallon 
18       is  the  per  cent  of  alumina 

But  it  is  not  the  alumina  that  combines  with'the  al- 
kalinity. It  is  the  sulfate.  As  the  sulfate  is  1 1  per 
cent  short  in  the  average  aluminum  sulfate  the  maxi- 
mum alkalinity  that  can  react  with  the  average  co- 
agulant is  8.3  p.  p.  m.  It  will  vary  with  the  actual 
composition  and  is  also  governed  by  other  conditions 
such  as  a  low  or  a  high  alkalinity,  and  a  low  or  a  high 
turbidity.  With  a  high  alkalinity  the  figures  ap- 
proach the  upper  limit  but  with  a  low  alkalinity  they 
fall  short,  even  as  low  as  5.5;  in  fact  figures  have  been 
published  as  low  as  3.4,  using  alum  containing  18 
to  22  per  cent  alumina.  The  following  table  gives 
some  of  the  figures  found  in  practice: 

1  "Report  of  Committee  on  Water  Supplies."  .4m.  Jour.  Pub.  Health. 
3  0913).  1335. 
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S  o        k         3MjjsSi 

Location  >*  u  <  <  < 

Louisville  Water  Co.  (a) 1912  ..  55  1.18  8.5 

Eltnira  Water  Works  (6) 1907  20  52  1.55  7.4 

Springfield.  Mass.  (a) 1912  40  8  0.27  7.1 

Little  Falls,  N.  Y.  (a) Smooths  41  28  1  .  30  7 .  1 

Rensselaer.  N.  Y.  (6) 1901-1908  25-65      18-65      2   04  6.8 

Harrisburg.  Pa.  (6) 1906  17  27  0.95  6.4 

Harrisburg.  Pa.  (6) 1907  13  25  1.06  6.2 

Harrisburg.  Pa.  (a) 1910  4  49  0.61  5.4 

Harrisburg,  Pa.  (a) 1911  7  29  0.7  6.6 

Croton  water.  N,  Y.  City(c) 1912  25  35  1.0  6.2 

Brooklyn  water,  N.  Y.  City(c)    .  1912  5  12  1.0  6.0 

Baisley  Filter,  Brooklyn 1907  30  31  1.69  5.8 

Norwich,  N.  Y.  (ft)...' 1905-1908  12  20  0.54  5.6 

General  average 6.6 

(a)  Reports. 

(ft)  J.  A.  Caird,  Proc.  Am.  W.  W.  Assoc.  1908,  p.  371. 

(f)  Laboratory  experiments. 

In  many  careful  experiments  I  have  foun(i  an  average 
of  3.5  p.  p.  m.  carbonic  acid  set  free  by  one  grain  per 
gallon  of  basic  aluminum  sulfate  reacting  with  the 
bicarbonates  of  natural  waters.  This  is  also  about 
the  usual  figure  obtained  at  Little  Falls  (information 
obtained  from  Mr.  Geo.  W.  Puller,  Consulting  Engi- 
neer). 

Basing  a  reaction  upon  an  average  figure  of  one 
grain  per  gallon  of  aluminum  sulfate  (ii  per  cent  basic) 
reacting  with  six  alkalinity  and  setting  free  3.5  p.  p.  m. 
carbonic  acid,  the  following  equation  may  be  written: 
2Al,(S04)3.Al2(S04)2(OH)2  +  6(CaC03.H.,CO,,)  -|-  4H2O 
=  2Al2(C03)2(OH)2.Al2(S04)2(OH)2  +  6CaS04  + 
8H2CO3. 

In  this  equation  the  carbonate  reacts  only  with  the 
neutral  sulfate  to  form  a  monobasic  carbonate.  The 
basic  sulfate  portion  of  the  salt  does  not  react.  With 
waters  of  high  alkalinity  probably  all  of  the  sulfate 
is  changed  to  carbonate. 

These  salts  may  be  represented  graphically  in  part 
as  follows: 

,  (SO.)  ^  H  H 

/  \  00 

Al— CSO4)— Al  Al (SO4) Al 

/  \  /  \ 

(SO.)  (SO.)  (CO3)  (CO3) 

HOAl/  \a10H  HOA]/  \a10H 

(SO.)  (SO.)  (COj)  (CO3) 

\  /  \  / 

Al— (SOi)— Al  Al— (SO.)— Al 

\       /  00 

^  (SO.)^  H  H 

Basic  aluminum  sulfate  Monobasic  aluminum 

sulfate-carbonate 

It  may  be  conceived  that  all  of  the  sulfate  is  replaced 
by  carbonate  except  where  there  are  two  sulfate  radi- 
cles between  two  aluminum  atoms,  where  only  one 
is  replaced.  A  strain  is  thus  produced  at  this  point, 
the  carbonate  hydrolyzes  and  the  result  is  a  hydroxyl 
radicle  attached  to  each  aluminum  atom.  With 
high  alkalinity,  that  is,  a  large  excess  of  carbonate, 
the  remaining  sulfate  radicles  become  replaced. 

THE  REACTION  BETWEEN  THE  COLOR  AND  THE  ALUMINUM 
SALTS 

The  acid  coloring  matter  combines  with  the  hydroxyl 
radicles  of  the  above  and  is  removed  from  solution 
only  because  of  the  insolubility  of  the  carbonate  of 
aluminum. 

The  above  reactions  take  place  at  ordinary  tempera- 


tures. Mr.  G.  C.  Whipple'  in  a  comprehensive  dis- 
cussion of  decolorization  of  water  (page  161)  gives 
a  table  in  which  1.2  grains  per  gallon  of  aluminum 
sulfate  were  required  to  decolorize  a  water  of  50  color 
at  44°  F.,  and  0.8  grains  at  98°  F.  This  is  probably 
due  to  the  formation  of  a  dibasic  aluminum  carbonate 
[Al2(C03)(OH)4]  so  that  the  same  amount  of  aluminum 
sulfate  can  react  with  twice  the  amount  of  color. 
At  boiling  temperature,  however,  when  A1(0H).3 
is  formed  I  have  found  that  3  grains  per  gallon  of 
aluminum  sulfate  did  not  reduce  a  color  of  90  but 
intensified  it  to -130,  although  the  same  amount  in 
cold  reaction  reduced  the  color  to  36.  I  believe  this 
must  be  due  to  the  formation  of  a  compound  in  which 
the  aluminum  is  entirely  combined  with  the  coloring 
matter  and  that  this  compound  is  soluble.  This 
would  explain  the  fact  that  as  the  color  of  a  water 
increases  it  requires  more  aluminum  sulfate  to  reach 
the  starting  point  of  the  precipitation  and  color  re- 
moval, the  excess  color  at  first  having  a  solvent  action. 
This  is  in  line  with  the  fact  that  iron  in  combination 
with  coloring  matter  is  soluble. 

The  reactions  may  be  represented  as  follows,  letting 
HR  represent  the  coloring  matter  and  ignoring  the 
complex  combinations  when  sulfate  does  not  com- 
pletely react: 

A1(C03)0H    -t-    HR    =    A1(C03)R    +    H.O    (ordinary 

temperatures)  insoluble 

Al2(C03)(OH)4  +  4HR  =  Al2(C03)R2  +  4H2O  (100°  F.) 

insoluble 
A1(C03)0H  -t-  3HR  =  AIR3  +  H2O  -f  H2CO3  (boiling) 
soluble 

Likewise  A1(0H)2R  and  A1(0H)R2  should  be  in- 
soluble. 

On  pages  156  to  159  (previous  citation),  Mr.  Whipple 
discusses  a  direct  reaction  between  aluminum  sulfate 
and  coloring  matter  in  the  absence  of  all  alkalinity 
and  on  page  157  gives  a  chart  showing  greater  color 
removal  for  the  same  amount  of  alum.  It  must  be 
borne  in  mind,  however,  that  aluminum  sulfate  acts 
as  a  dilute  acid  upon  color,  changes  it  to  a  greenish 
hue  and  lightens  it  as  any  acid  will,  so  that  the  effect 
of  color  removal  is  heightened.  If  the  color  be  neu- 
tralized again  the  apparent  color  at  the  end  is  about 
doubled.  There  is,  however,  a  direct  reaction,  as 
shown  by  the  formation  of  a  precipitate  whether  alu- 
minum sulfate  is  added  to  a  neutral  water  or  added  in 
excess  to  an  alkaline  water.  It  is  probable  that  not 
all  of  the  color  is  of  acid  character  and  if  such  color 
is  represented  by  NaR  the  reaction  with  aluminum 
sulfate  to  acidify  the  color  may  be  written: 
Al2(S04)3  +  2NaR  -I-  2H2O  =  2A1(S04)0H  + 
2HR  +  Na.S04. 

The  precipitation  and  decolorization  may  be  written: 
Al2(S04)3  +  6NaR  -|-  2H2O  =  2A1(0H)R2  ■+  3Na2S04 
-|-  2HR.  .       insoluble 

residual  color 

It  will  be  noted  that  this  equation  requires  a  residual 
color  one-third  the  original  color.  Mr.  Whipple 
states,  on  page  161  (previous  citation),  that  such  resid- 

«  Trans.  Am.  Soc.  Civil  Eng..  46  (1901).  141-181. 
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ual  color  usually  resulted,  as  much  as  50  in  one  case 
of  300  original  color.  As  he  used  6.5  grains  per  gallon 
of  aluminum  sulfate,  this  reaction  was  probably  an 
excess  alum  reaction,  the  color  would  be  acid  in  charac- 
ter and  would  represent  about  100  original  color 
neutral,  or  one-third  of  the  original  total  color  if  that 
were  all  neutral.  In. my  experiments,  to  be  described 
later,  the  Great  Swamp  water  neutralized  had  a  color 
of  about  200.  In  the  acid  treatment  with  excess 
aluminum  sulfate  the  residual  color  was  25,  repre- 
senting when  neutralized  50  p.  p.  m.  or  one-fourth 
the  original  color  neutralized. 

During  the  last  two  years  this  acid  reaction  has 
had  practical  application  at  Springfield,  Mass.'  The 
supply  has  been  treated  with  excess  aluminum  sulfate 
for  a  definite  period  and  then  allowed  to  mix  and  react 
with  untreated  supply  for  another  definite  period. 
The  results  for  1912  are  summarized  in  the  following 
table: 

go  "red  a3  Reduction  per 

■3  .S  J2  '^  one  gr.  per 

^       ^  .S?  "ca  'C  gal-  alum. 

■=■    .is      .i'E    |a      ^  E         E 

I   !'!•    I"^  1=^     h     •s^      ^- 

■3        ■Ofe  ^El.        •JDh  3  •*  -50.  ^Cli 

Month  U  X  <  a  <  U  < 

Jan.  (o) 32  17  7.5  1.6  0,19  89  8.4 

Feb.  (o) .17  24  8.0  ...  0.29  83 

Mar 33  20  6.8  1.1  0.21  95  5.2 

Apr 34  21  6.4  1.5  0.22  95  6.8 

May 38  25  8.1  1.9  0.25  100  7.6 

June 38  21  11.0  2.5  0.25  84  10.0 

July 38  21  9.6  1.4  0.20  105  7.0 

Aug 36  19  9.5  1.9  0.19  100  10.0 

Sept 42  25  10.3  1.6  0.26  96  6.2 

Oct 50  32  9.3  1.2  0.27  119  4.4 

Nov 58  40  7.8  3;9  0.58  69  6.7 

Dec 46  31  6.5  3.2  0.38  82  8.4 

Average 40        25  8.4        2.0        0.27  93  7.3 

(o)  Days  included  only  when  alum  was  used. 

It  will  be  noted  that  double  the  usual  amount  of 
color  has  been  removed  per  grain  per  gallon  of  aluminum 
sulfate.  The  probable  reason  for  this  rests  in  the 
reactions  already  given  and  there  is  probably  pro- 
duced a  mixture  of  AlRoOH  and  A1(C03)R  and  possi- 
bly Al2(C03)R4.  The  acidifying  effect  of  the  aluminum 
sulfate  upon  the  neutral  coloring  matter  renders  it 
more  active  and  at  the  same  time  tends  to  produce 
apparently  an  aluminum  precipitate  containing  twice 
the  amount  of  color  that  is  combined  in  the  usual 
cold  reaction. 

With  waters  of  a  high  alkalinity  a  greater  amount 
of  aluminum  sulfate  is  required  to  decolorize  a  water 
by  the  usual  method  than  in  a  water  of  low  alkalinity. 
This  is  probably  due  to  a  solvent  effect  of  the  al- 
kalinity by  a  tendency  to  form  alkaline  aluminates 
and  in  fact  precipitation  will  not  take  place  in  many 
cases  until  sufficient  alum  is  added  to  neutralize  the 
excess  alkalinity.  I  have  noticed  this  especially  in 
trade  wastes  and  it  was  noted  at  New  Orleans  with 
a  natural  water. - 

It  might  be  advisable  to  call  attention  also  to  an 
article  on  "Hot  Water "  Problems,"^  in  which  con- 
siderable space  is  given  to  color  discussion  by  Mr. 
G.  C.   Whipple,  since  it  does  not  appear  in  the  title. 

>  Eng.  News.  70,  Nov.  (1913),  974;  Am.  Jour.  Pub.  Beallh,  S,  1333. 
'  Trans.  .4m.  Soc.  Civil  Eng.,  46  (1901).  168. 
'  Proc.  Am.  W.  W.  Assoc,  1911,  pp.  261-276. 


THE  ACIDITY  OF  COLORING  MATTER  IN  NATURAL  WATERS 

These  experiments  were  performed  upon  the  Great 
Swamp  water  of  the  south  and  upon  Charleston,  S.  C, 
water. 

The  Great  Swamp  water  had  an  alkalinity  of  g 
p.  p.  m.  and  a  color  of  ijo.p.  p.  m.  Using  200  cc. 
portions,  varying  amounts  of  aluminum  sulfate  solution 
were  added,  allowed  to  react  for  a  definite  period, 
usually  one-half  hour,  and  filtered  through  two  layers 
of  S.  &  S.  No.  58g  paper,  previously  washed  twice 
with  some  of  the  water  to  be  filtered.  The  amounts  of 
aluminum  sulfate  added  ranged  from  one  to  seven 
grains  per  gallon.  The  alkalinity  of  this  water,  on  a 
basis  of  6  p.  p.  m.  alkalinity  reacting  with  one  grain 
per  gallon,  could  react  with  i .  5  grains  per  gallon  of  alum. 
With  this  amount  no  apparent  reaction  took  place. 
There  was  no  precipitation  and  no  reduction  of  color 
upon  filtering.  That  there  was  a  reaction  with  the 
alkalinity,  however,  was  shown  by  an  increase  in  free 
carbonic  acid.  Beginning  with  1.75  grains  per  gallon, 
precipitation  commenced  and  rapidly  progressed  to 
2.5  grains,  then  slightly  more  color  was  removed  up 
to  4  grains,  when  further  reaction  ceased  with  a  residual 

GRAINS  PCR  GALLON,ALUMIf\IUM  SULPHATC 


Excess  Alum  Reaction — Great  Swamp  Water 

color  of  25  p.  p.  m.  This  reaction  of  coloring  matter  in 
the  presence  of  excess  aluminum  sulfate  was  practically 
the  same  phenomenon  mentioned  by  Whipple  and 
now  practiced  at  Springfield,  although  at  the  time 
these  experiments  were  performed  I  was  not  acquainted 
with  this  work  and  discovered  the  reaction  by  accident. 
I  desire  at  this  point  to  thank  Mr.  Geo.  W.  Fuller 
for  calling  my  attention  to  this  work  of  Whipple  and 
of  Lockridge. 

As  the  aluminum  sulfate  and  the  alkalinity  react 
in  colorless  waters  the  free  carbonic  acid  is  increased, 
an  average  of  i-i  p.  p.  m.  for  each  grain  of  alum  per 
gallon,  when  6  alkalinity  reacts  and  the  alum  contains 
18  per  cent  alumina,  due  to  the  setting  free  of  bicar- 
bonic  acid  and  a  small  part  of  the  neutral  carbonate. 
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The  equation  for  this  reaction  was  given  in  connection 
with  the  graphic  formulae.  With  the  highly  colored 
Great  Swamp  water  the  theoretical  increase  of  acidity 
was  produced  up  to  1.5  grains  per  gallon  of  alum  while 
no  color  was  being  removed,  but  as  the  color  was  re- 
moved a  certain  amount  of  the  expected  increase  of 
acidity  failed  to  appear  and  just  in  proportion  to  the 
amount  of  color  removed.  After  the  removal  of  color 
stopped,  the  theoretical  increase  of  acidity  commenced 
again.  The  accompanying  tables  and  charts  show 
this  strikingly.  The  expected  increase  of  acidity  after 
the  alkalinity  was  used  up  was  due  to  the  excess  of 
aluminum  sulfate  added.  The  acidity  removed  from 
the  solution  in  the  above  reaction  was  undoubtedly 
due  to  the  removal  of  acid  coloring  matter  with 
possibly  a  small  amount  of  included  alum.  Titration 
of  the  filtrate  with  N / ^o  sodium  carbonate  using 
lacmoid  and  boiling  indicated  about  one  and  two-thirds 
grains  per  gallon  of  aluminum  sulfate  reacting  and 
removed  from  the  solution  as  against  one  and  one- 
half  theoretical. 

GRAINS  PCR  GALLON.  ALUMINUM  SMPNATC 
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Neutral  Reaction — Great  Swamp  Water 

The  above  experiments  were  repeated  adding  as 
exactly  as  possible  neutral  sodium  carbonate  solution 
(A''/ 50)  to  supplement  the  alkalinity.  Again  the 
expected  increase  of  acidity  was  reduced  directly  pro- 
portional to  the  amount  of  color  removed,  but  the  lost 
acid  was  only  about  one-half  the  quantity  of  acid 
removed  in  the  previous  experiment.  This  was  un- 
doubtedly due  to  the  removal  of  acid  in  the  coloring 
matter  only  since  the  excess  of  aluminum  sulfate  was 
neutralized  by  the  sodium  carbonate.  The  color 
removal  in  neutral  solution  was  again  very  rapid 
between  1.5  and  3  grains  per  gallon  of  alum  and  pro- 
gressed slowly  up  to  7  grains,  at  which  only  a  color 
of  9  p.  p.  m.  was  left. 

About  40  p.  p.  m.  color  were  removed  per  grain  of 
aluminum  sulfate  per  gallon  and  about  7  p.  p.  m. 
color  possessed  i  p.  p.  m.  acidity,  expressed  as  CaCOs. 


The  water  of  Charleston,  S.  C,  possessing  an  al- 
kalinity of  15  p.  p.  m.  and  a  color  of  80,  was  tried  in 
the  same  way  with  similar  results,  the  removal  of 
expected  acidity  proportional  to  the  removal  of  color. 
With  this  water  about  30  p.  p.  m.  color  were  removed 
per  grain  of  aluminum  sulfate  per  gallon  and  5  p.  p.  m. 
color  possessed  i  p.  p.  m.  acidity. 

It  is  interesting  and  important  to  note  also  that  the 
amounts  of  color  removed  in  these  two  waters  bear 
a  relation  to  the  acidity,  e.  .?.,  30  :  40   =   5  :   7. 

Several  other  experiments  appear  to  confirm  the 
existence  of  free  organic  acid  in  natural  waters.  Free 
carbonic  acid  may  be  removed  from  water  by  blowing 
air  through  it  or  by  boiling.  The  Great  Swamp  water 
originally  contained  considerable  free  acid,  but  upon 
standing  the  free  acid  became  greatly  reduced  to  a 
point  at  which  it  became  practically  constant,  1.8  cc. 
iV/50  sodium  carbonate  per  100  cc.  water,  equivalent 
to  18  expressed  as  CaCOs.  This  residual  acidity  was 
probably  due  entirely  to  the  coloring  matter  and  agrees 
fairly  well  with  the  results  obtained  by  loss  of  ex- 
pected acidity  upon  removing  the  color,  17.  Charles- 
ton water  showed  the  same  phenomenon,  a  residual 
acidity  of  i  2  upon  standing'a  long  time,  against  a  loss 
of  expected  acidity  with  removal  of  color  of  10. 

Upon  aerating  the  Great  Swamp  water  when  it 
contained  an  acidity  of  34,  expressed  as  CaCOa,  for 
five  minutes  the  residual  acidity  was  14  p.  p.  m.,  upon 
aerating  for  one  hour  14,  upon  aerating  for  fifteen 
minutes  with  air  drawn  through  lime  water  14.  Upon 
boiling  one  hour  the  acidity  was  reduced  to  10,  the 
boiling  probably  causing  some  change  in  the  coloring 
matter. 

Upon  adding  dilute  acid  to  the  water  the  color  was 
greatly  decreased  and  brought  back  by  alkali.  Upon 
adding  alkali,  sodium  carbonate,  to  the  original  water 
the  color  was  considerably  increased.  Upon  neutraliza- 
tion Great  Swamp  water  increased  in  color  from  150 
to  192.  Upon  adding  4  cc.  excess  of  iV/so  sodium 
carbonate  the  color  became  212  and  8  cc.  excess  pro- 
duced no  further  increase  of  color.  To  a  portion  treated 
with  alum  and  soda  in  which  the  color  had  been  reduced 
to  13,  excess  soda  raised  the  color  to  26. 

Upon  neutralizing  exactly  the  residual  free  acidity 
of  Charleston  water  probably  due  entirely  to  color, 
with  either  soda  or  lime  water,  2  grains  of  alum  per 
gallon  reduced  the  color  to  only  68  and  70,  respectively, 
although  in  the  unneutralized  water  2  grains  reduced 
the  color  from  80  to  27  p.  p.  m.  The  setting  of  the 
color  in  presence  of  excess  alkali,  so  that  the  color  is 
more  difficult  to  remove  by  alum,  has  been  noted  at 
New  Orleans  (local  citation)  and  was  noticed  by  the 
author  during  investigation  of  corrosion  of  iron  pipes 
by  water.  This  effect  may  be  due  to  one  or  all  of 
three  causes:  (i)  Neutralization  of  the  acidity  of 
the  color  so  that  it  does  not  properly  react  with  the 
aluminum  sulfate;  (2)  increase  of  color  intensity  by 
the  neutralization;  (3)  formation  of  soluble  alkaline 
aluminates. 

It  is  well  known  that  iron  frequently  exists  in  organic 
combination  in  water  and  in  such  condition  is  very 
difficult    to    remove.     The    author   examined    a    series 
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of  samples  of  water  from  northern  New  York  state 
in  which  in  some  samples  the  color  could  not  be  re- 
duced beyond  about  15  p.  p.  m.  even  with  a  large  ex- 
cess of  alum  up  to  5-7  grains  per  gallon.  The  residual 
unremovable  color'  in  different  samples  was  found  to 
vary  almost  exactly  with  the  iron  content  as  follows: 

Residual  color  Iron  p.  p.  m. 

4  0 .  I  .S 

13  0.4.S 

16  0 . 60 

This  may  have  been  due  to  the  combination  of  the 
iron  with  the  acid  radicle  of  some  of  the  color  so  that 
it  could  not  react  with  the  alum.  In  this  water  also 
I  grain  per  gallon  of  alum  removed  only  12  p.  p.  m. 
color  and  the  precipitation  did  not  take  place  until 
about  two,  three  and  four  grains,  respectively,  were 
added.  This  water  had  an  alkalinity  of  about  75 
which  also  was  probably  partly  responsible  for  the 
slow  start  of  reaction. 

The  following  tables  and  charts  give  the  results  of 
these  experiments  with  Great  Swamp  water  and 
Charleston  water.  In  order  to  estimate  correctly 
the  expected  acidity,  experiments  were  made  which 
showed  that:  (i)  one  grain  per  gallon  of  the  aluminum 
sulfate  used  reduced  the  alkalinity  6  p.  p.  m.,  using 
either  methyl  orange  or  lacmoid  (boiling)  as  indicator; 

(2)  one  grain  per  gallon  of  aluminum  sulfate  (n  per 
cent  basic)  reacting  with  calcium  bicarbonate  produced 
an  acidity  to  phenolphthalein  of  0.8  cc.  iV/50  sodium 
carbonate  per  100  cc.  of  water,  equal  to  3.5  p.  p.  m. 
carbonic  acid  (CO2)  or  8  expressed  as  CaCOs  p.  p.  m.; 

(3)  one  grain  per  gallon  of  aluniinum  sulfate  in  ex- 
cess produced  an  acidity  to  phenolphthalein  of  1.8 
cc.  A'^/50  sodium  carbonate  per  100  cc.  of  water  or 
18  expressed  as  CaCOs-  This  last  reaction  may 
possibly  be  represented  by  the  following  equation: 
Al2(S04)3  +  SNasCOa  +  4H0O  =  2NaA10=  +  4(Na2- 
CO3.H2CO3)  +  3Na2S04. 

This  equation  is  equivalent  to  1.6  cc.  iV/50  sodium 
carbonate  per  100  cc.  water  when  one  grain  per  gallon 
of  basic  alum  reacts  with  6  alkalinity.  The  equation 
for  neutral  alum  as  expressed,  calls  for  2.4  cc.  of  the 
carbonate. 

RE.^CTI(JN  OF  Grea 
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It  was  also  assumed  that  one  grain  per  gallon  of 
aluminum  sulfate  reacting  with  neutral  sodium  car- 
bonate formed  a  monobasic  carbonate  of  aluminum 
in  the  precipitation  and  set  free  carbonic  acid  equivalent 
to  0.2  cc.  N/50  sodium  carbonate  per  100  cc,  of  water. 

1  Page  161,  local  citation. 


Expected  acidity  up  to  1.5  grains  per  gallon  of  alum 
was  due  to  carbonic  acid  set  free  from  q  p.  p.  m.  al- 
kalinity, after  that  due  to  excess  of  alum. 

The  ratio  of  color  to  acid  removal  in  this  reaction 
differs  from  the  following  neutral  reaction  value  and 
rightly  since  the  excess  alum  turns  the  color  greenish 
and  lightens  it  by  half.  Therefore,  the  color  equivalent 
to  one  acidity  is  about  half  that  in  the  following  table: 

Reaction  of  Great  Swamp  Water  with  Basic  Aluminum  Sulfate — 

AND  Added  Sodium   Carbonate  to   Produce  Just  Sufficient 

.Alkalinity  for  Reaction 


'J 


Cc. 


0 0.0  150  0.0  -3.4  3.4  0  0  .0 

1.5 0.0  150  1,2  4,6  4,1  5  0.0 

3 0.9  36  1.5  4.9  3.2  17  114  7        38 

4 1.5  20  1.7  5.1  3.0  21  130  6        35 

5 2,1  13  1.9  5.3  3.6  17  137  8        27 

6 2.7  II  2.1  5.5  3.9  16  139  9        23 

7 3,3  9  141  20 

Expected  acidity  after  1.5  grains  per  gallon  of  alum 
was  based  on  the  slight  amount  set  free  from  the  neutral 
sodium  carbonate. 

Reaction  of  Charleston  Water  (Alkalinity  15  p.  p.  M.)  with  Basic 
Aluminum  Sulfate 

E-S  S     .VSONaiCOi     3=        "o.a'^'tH       Sa 

per  100  cc. 


U 


w 


« 


Cc 


0 80  0.0  1.2  1.2          0  0  0 

•     1 80  0,8  2.0  2.0          0  0  0 

1.5 65  1.2  2,4  2,1          3  15  5        10 

2 27  1,6  2.8  1.8        10  53  5        26 

2.25 14  1,8  3.0  66  29 

2.5 8  2.0  3,2  ,,,,,,,  72  29 

3 8  2,9  4.1  .,,<">),,  72 

(a)Acid  to  lacmoid  showing  excess  alum. 

The  expected  acidity  removed  in  the  last  two  tables 
was   due   to   coloring    matter   alone   as   there    was   no 

complication  of  excess  alum. 

SUMMARY 

From  the  results  of  analyses  a  careful  study  has 
been  made  of  the  reactions  occurring  between  basic 
aluminum  sulfate  and  the  alkalinity  of  natural  waters 
on  the  one  hand  and  between  the  alum  and  the  color 
on  the  other. 

The  average  basic  aluminum  sulfate  from  analysis 
may  be  represented  by  the  formula  2Al2(SOj)3.Al2- 
(804)2(011)2,  a  mixture  of  two  parts  neutral  sulfate 
and  one  part  monobasic  sulfate. 

The  maximum  alkalinity  that  can  react  with  i  grain 
per  gallon  of  this  average  alum  is  8.3  p.  p.  m.  Practice 
for  waters  of  low  alkalinity  show  only  about  6  p.  p.  m. 
reacting.  High  alkalinity  waters  approach  the  upper 
figure. 

The  amount  of  carbonic  acid  set  free  by  one  grain 
per  gallon  of  alum  is  usually  about  3.5  p.  p.  m. 

Based  upon  this  amount  of  acid  produced  and  six 
alkalinity  used  up  the  equation  is  written  to  show  the 
precipitation  at  ordinary  temperatures  of  2Al2(C03)2- 
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(OH);.Al2(S04)2(OH)2,  a  mixture  of  two  parts  mono- 
basic carbonate  and  one  part  monobasic  sulfate. 
When  represented  graphically  these  reactions  seem 
explainable  by  uneven  stress. 

It  is  maintained  that  a  large  part  at  least  of  the 
color  is  of  acid  character.  The  color  combines  with 
the  hydroxyl  radicle  of  the  aluminum  precipitate 
and  is  removed  from  solution  merely  because  of  the 
insolublility  of  the  aluminum  carbonate,  or  hydrate. 
At  100°  F.  a  dibasic  carbonate  is  probably  formed 
and  twice  as  much  color  is  removed  for  the  same  amount 
of  alum.  At  boiling  temperature  the  aluminum  prob- 
ably is  completely  combined  with  the  color  forming 
a  compound  that  is  soluble  as  are  iron  compounds. 
At  boiling  temperature  no  precipitation  takes  place 
but  the  color  is  intensified.  This  is  in  line  with  the 
fact  that  with  highly  colored  waters  precipitation  and 
color  removal  does  not  begin  with  small  amounts  of 
alum,  the  excess  color  exerting  a  solvent  effect.  These 
compounds  are  represented  in  simple  form,  neglect- 
ing complex  sulfates,  as  A1(C03)R  insoluble,  Al2(C03)- 
R2  insoluble,  and  AIR3  soluble. 

The  direct  reaction  of  alum  upon  color  when  added 
to  water  in  excess  of  the  alkalinity  is  explained  by 
action  upon  the  neutral  color  to  acidify  it,  hydrolysis 
by  water  then  precipitating  two-thirds  of  the  color 
as  a  monobasic  aluminum  compound,  AlRaCOH). 
The  color  in  this  reaction  in  reality  acts  like  the  alka- 
linity. A  high  residual  color  when  water  is  treated 
with  excess  alum,  the  greenish  tint  produced  and  the 
lightening  of  the  color  as  by  an  acid  confirm  this 
theory.  The  application  of  this  reaction  of  excess 
coagulant  at  Springfield,  Mass.,  has  resulted  in  color 
removal  twice  that  produced  by  the  ordinary  reaction 
for  the  same  amount  of  alum. 

The  larger  amount  of  alum  necessary  to  use  with 
highly  alkaline  water,  especially  sodium  carbonate, 
is  probably  due"  to  formation  of  soluble  alkaline  alu- 
minates. 

Experiments  with  highly  colored  waters  have  shown 
a  removal  of  expected  acidity  exactly  in  proportion 
to  the  removal  of  color.  This  indicates  that  the  color 
is  of  acid  nature. 

The  amount  of  color  removed  per  grain  of  alum  per 
gallon  in  different  waters  was  found  to  be  proportional 
to  the  color  acidity. 

Aeration  of  these  highly  colored  waters  left  a  residual 
acidity  which  agreed  with  the  color  acidity.  Boiling 
failed  to  remove  the  acidity. 

Alkalies  deepen  the  natural  color  of  waters,  while 
acids  lighten  them. 

Neutralization  of  the  color  acidity  by  soda  prevented 
decolorization  with  as  small  amounts  of  alum  as  be- 
fore neutralization. 

Residual  colors  which  cannot  be  removed  by  large 
amounts  of  alum  are  frequently  explained  by  com- 
bination with  iron,  the  iron  preventing  the  alum  from 
combining. 

The  fact  that  definite  amounts  of  alum  remove  defi- 
nite and  proportional  amounts  of  color  points  to  a 
definite  chemical  reaction  rather  than  a  physical  in- 
clusion. 


The  recent  successful  removal  of  color  at  Grand 
Rapids,  Mich.,  by  excess  magnesium  hydrate  also 
points    conclusively    to    the    acid    character    of    color. 

Laboratory  Division 
Department  Water  Supply.  Gas  and  Electricity 
New  York  City 


SOME    FURTHER    RESULTS    OF    THE    HYPOCHLORITE 
DISINFECTION  OF  THE  BALTIMORE  CITY  WATER 
SUPPLLES^A  COMPARISON    OF   THE  REDUC- 
TION OF  THE  DIFFERENT  MEMBERS 
OF  THE  B.  COLI  GROUP' 

By  J.   Bosley  Thomas  and  Edgar  A.  Sandman 

We  have  shown  in  a  previous  paper-  some  of  the 
results  obtained  in  the  hypochlorite  disinfection  of 
the  Baltimore  City  Water  supplies  during  191 2, 
when  the  disinfectant  was  applied  at  the  effluent 
of  the  impounding  reservoir.  During  1913  the  treat- 
ment was  continued,  pending  the  completion  of  a 
filtration  plant,  but  the  chemical  was  applied  at  the 
effluent  of  the  first  storage  reservoir,  after  the  water 
had  been  subjected  to  a  longer  period  of  sedimenta- 
tion, and  had  received,  during  periods  of  high  turbidity, 
a  preliminary  treatment  with  aluminum  sulfate. 
After  receiving  the  hypochlorite  treatment  the  water 
passes  through  about  a  mile  of  conduit  to  a  second 
storage  reservoir  where  it  is  retained  for  a  period  of 
from  five  to  seven  days  before  entering  the  distribution 
system. 

In  addition  to  the  use  of  the  water  from  this  supply, 
known  as  the  Gunpowder  River,  another  supply, 
which  was  seldom  used  during  the  previous  year,  was 
brought  into  senvice  again.  The  water  from  this 
supply,  known  as  the  Jones  Falls,  was  treated  at  the 
impounding  reservoir,  from  which  it  flows  through 
about  a  mile  of  conduit  to  the  first  of  two  storage  reser- 
voirs. 

The  amounts  of  available  chlorine  applied  to  these 
supplies  varied  between  0.65  and  2.00  parts  per  million 
parts  of  water.  The  averages  per  month  are  shown 
in  Tables  I,  II  and  III. 

As  in  the  work  of  the  previous  year,  the  B.  coli 
averages  were  obtained  from  daily  tests  made  with 
portions  of  water  varying  by  a  multiple  of  ten  from 
o.ooi  cc.  to  100  cc,  sufficient  tubes  being  used  in  each 
case  to  secure  at  least  one  negative  and  one  or  more 
positive  tests,  excepting  when  no-iffermentation  was 
obtained  with  100  cc.  Lactose  bilej[was  used  as  an 
initial  medium  and  Endo's  agar  for  isolating  the  B. 
coli-Vike  organisms  in  pure  culture.  In  our  previous 
work  no  differentiation  was  madeJi^in  the  members 
of  this  group,  butjiater  these  organisms  were  divided 
into  four  sub-groups  by  the  use  of  dulcite  in  addition 
to  the  commonly  used  sugars  and  gelatin.  For  the 
purpose  of  this  classification  those  organisms  causing 
gas  production  in  lactose,  dulcite,  saccharose  and  dex- 
trose without  liquefaction  of  gelatin  were  considered 
to  be  B.  coli  communior;  those  causing  gas  production 
in  lactose,  dulcite  and  dextrose  without  liquefaction 
of  gelatin  were  classified  as   B.   coli  communis;  those 

1  Read  before  the  Section  of  Water.  Sewage  and  Sanitation  at  the  49th 
Meeting  of  the  American  Chemical  Society.  Cincinnati,  April  6-10,  1914. 
:  This  Journal.  S,  476. 
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First  Storage  Reservoir 


G.  per  gal. 

coagulant  Tur- 

added  bidity 

January 11 

February 9 

March 8 

April 0.692  49 

May 0.532  .18 

Tune 0.803  44 

July 0.931  85 

August 1.237  80 

September 1.207  95 

October 1.144  80 

November 0.633  45 

December 0.604  19 


Bacteria  per  c< 
growing  at 


55 
36 
1,100 
600 
170 
280 
470 
850 
750 


20°  C. 
2,800 
5,500 
1  ,900 
8,500 

13,000 
1,100 
950 
7.000 
6.500 
850 

15,000 

31.000 


P.  p.  m.  Tur- 
avatlable  bid- 
chlorine  ity 
0.65  9 
0.80  7 
0.85  6 
0 .  80  8 
0.80  7 
0.85  6 
1. 00  8 
I  .50  8 
1.75  8 
2.00  7 
1.75  7 
1.50          6 


Bacteria  per  c 
growing  at 


20°  C. 

27.000(a) 

750 

1.200 

4.800 

1  ,800 

450 

180 

90 

140 

110 

2,100 

28,000 


Bacteria  per  c 
growing  at 


37°  C.     20°  C. 


Bacteria  per  c< 
growing  at 


ity     37°  C. 


20°  C. 
14,000(0) 

14 
39.000 
11,000 
2.100 


(a)  After-growths  resulting  from  treatment  formerly  conducted  at  the  impounding 


causing  gas  production  in  the  three  sugars  but  not  in 
dulcite  with  or  without  liquefaction  of  gelatin  as 
B.  laciis  aerogenes;  and  those  causing  gas  production 
in  lactose  and  dextrose  only  were  called  B.  acidi  laciici. 
It  should  be  borne  in  mind  that  this  is  but  a  general 
classification,   and  it  cannot   be  claimed  that  the  or- 


Table  II — Monthly  A.v 


OF  Bacterial  Counts  of  the  Baltimore   City    Wate 
Supply 
Reservoir  First  Storage  Reservoir 

Effluent  Influent 


many  of  the  liquefactions  occurred  after  the  first 
two  weeks  and  that  some  showed  only  slight  signs  of 
liquefaction  at  the  end  of  a  month.  And,  again,  it 
is  an  open  question  whether  the  B.  acidi  lactici  is  a 
true  type  or,  after  all,  only  a  form  of  B.  coli  communis. 
It  is  not  within  the  province  of  this  paper  to  consider 

Supplies    before    and    after    Treatment — Jones    Falls 


Bacteria 

per  cc. 

Bacteria 

per  cc. 

growing  at 

G.  per  gal. 

growl 

3g  at 

coagulant 

37°  C. 

20°  C. 

added 

37°  C. 

20°  C. 

390 

10,000 

0.617 

100 

2,800 

75 

490 

0.664 

36 

36 

150 

2.100 

0.585 

90 

480 

430 

5,000 

0.938 

240 

1,800 

160 

650 

0.581 

95 

ISO 

110 

470 

0.000 

65 

250 

220 

950 

0.000 

110 

1,300 

800 

1  .100 

0.753 

80 

160 

850 

4.100 

0.719 

95 

95 

600 

4,200 

0.694 

55 

23 

210 

1,800 

0.430 

50 

450 

140 

18,000 

0.000 

35 

800 

available  bid- 
chlorine  ity 

January 1  .50  23 

February 1   50  11 

March 1.50  22 

April 1.50  40 

May 1  .50  30 

June 1.35  13 

July 1.50  17 

August 1.75  22 

September 2.00  35 

October 2.00  29 

November 1.75  12 

December 2.00  15 

ganisms  in  all  cases  were  strains  identical  with  the 
classical  types.  Some  of  the  cultures  classified  as 
B.  laciis  aerogenes  A3,  in  accordance  with  the  last 
report  of  the  Committee  of  the  American  Public  Health 
Association  on  standard  methods  of  water  analysis, 
no  doubt,  were  species  of  cloacae  capable  of  causing 

Table  III^Yearly  Averages  of  Bacterial  Counts  and   B.  Coli  Tests  of  the  Baltimore  City  Water  Supplies  before  and  after  Treat.ment 


r 

Second 

Storage  Reservoir 

FLUE! 

JT 

Effluent 

Bacteria  per  cc. 

Bacteria 

per  cc. 

growing  at 

growing  at 

Tur- 
bidity 

57°  C 

20°  C. 

37°  C. 

20°  C. 

95 

6,500 

22 

100 

3,800 

22 

12 

7 

27 

15 

45 

130 

''1 

43 

190 

250 

750 

34 

130 

420 

70 

140 

8 

29 

55 

140 

2,000 

7 

45 

500 

170 

1,000 

7 

23 

370 

180 

460 

7 

28 

130 

000 

25,000 

7 

95 

220 

600 

2,500 

6 

38 

100 

50 

15,000 

4 

13 

600 

43 

430,000 

6 

13 

20,000 

this  matter  further,  but  we  would  say  that,  although 
some  of  the  strains  of  so-called  B.  acidi  lactici  undoubt- 
edly show  signs  of  motility,  there  seems  to  be  a  funda- 
mental difference  between  them  and  the  classical  type 
of  B.  coli  communis  in  that  they  cannot  be  made  to 
cause  gas  formation  in  dulcite. 


Gunpowder  River  Supply 


Jones  Falls  StJPPLY 


Second  storage 


G.  per  gal.  coag 0.865 

P.  p.  m.  avail.  CI 1.19 

Turbidity 47  7 

Bact.  per  cc.  at  37° 600  85 

Per  cent  reduction 86 

Bact.  per  cc.  at  20° 8,000  3,600w) 

Per  cent  reduction 55 

B.  coli  communis ' 1.638  0.219 

Per  cent  reduction 86 

B.  coli  communior 5.034  0.389 

Per  cent  reduction 92 

B.  lactis  aerogenes 5  .  363  0 .  467 

Per  cent  reduction 81 

B.  acidi  laciici 3.181  0.459 

Per  cent  reduction 85 

(a)  Eleven  months'  average,  January  being  excluded  on  account  of  afte 


85(6) 

22 

99(6) 


Impounding 
reservoir 
efSuent 

i'65 

350 

4,660 

0^263 


Infl. 
0.498 


700 


83 


18 
1.100((i) 

40i  600(1:) 

o!oi6 


(6)  Based  upon  first  storage 

(c)  After-growths  during  several  mon 

(d)  After-growths  during  September. 


efflu 


nd   therefore   showing   reductii 


0.001 

99(6)  ...  ...         60 

0.009  3.030  ...  0.143 

98(6)  ...  ...        96 

0.010  3.177  ...  0.231 

98(6)  ...  ...        93 

0.012  1.373  ...  0.112 

97(6)  ...  ...                       92 

esulting    from  treatment    formerly   conducted    at    the 

due  to  hypochlorite. 


14 
49 

2^260 

o!668 

98 
0.004 

99 
0.073 

97 
0.048 

97 


gas  production  in  lactose,  while  some  others  which 
at  first  could  cause  no  gas  production  in  lactose  were 
found,  after  repeated  rejuvenation,  to  produce  this 
change.  Furthermore,  it  is  doubtful  whether  four 
weeks  is  long  enough  time  for  the  observance  of 
liquefaction.  We  made  readings  at  the  end  of  two 
weeks   and    again    after   four    weeks,    and    found    that 


The  enumeration  of  bacteria  was  made  upon  stand- 
ard agar  at  37°  C.  and  at  20°  C.  The  ratio  of  the 
yearly  average  of  those  organisms  growing  at  37°  C. 
to  those  growing  at  the  lower  temperature  was  about 
I  to  10,  with  a  somewhat  higher  ratio  in  the  winter 
months.  The  organisms  growing  at  20°  C.  suffered 
a  greater  percentage  reduction  from  the  effect  of  the 
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hypochlorite  than  those  growing  at  37°  C,  which  may 
be  due,  in  part,  to  the  fact  that  there  was  a  greater 
number  originally  present, '  and  because  the  saphro- 
phytic  organisms  may  be  rr.ore  vulnerable  to  the  treat- 
ment. These  reductions  were  99  per  cent  and  85 
per  cent,  respectively,  in  the  Gunpowder  River  supply, 
and  83  per  cent  and  76  per  cent,  respectively,  in  the 
Jones  Falls  supply.  On  the  other  hand,  the  prelim- 
inary storage  and  sedimentation  with  rather  constant 
use  of  a  coagulant  effected  a  reduction  of  only  55  per 
cent  of  the  organisms  growing  at  20°  C,  whereas  the 
organisms  growing  at  the  higher  temperature  were 
reduced  by  86  per  cent.  The  four  sub-classes  of  the 
B.  coli  group  were  all  reduced  by  nearly  an  equal 
amount  which  varied  between  97  per  cent  and  99  per 
cent.  The  B.  lactis  aerogenes  and  B.  acidi  lactici 
suffered  the  least  reduction,  but  the  difference  is  so 
slight  that,  although  based  upon  some  fifteen  hundred 
isolations,  the  results  do  not  warrant  any  conclusion 
that  these  types  are  any  less  vulnerable  to  the  treat- 
mentthanthetrue  B.  coli  communis  or  B.  coli  communior. 

During  the  time  when  the  amount  of  available 
chlorine  applied  exceeded  1.50  parts  per  million  there 
was  frequently  observed  in  the  water  from  the  city 
taps  an  odor  of  chlorine,  or  an  odor  apparently  due 
to  chlorine,  and  the  presence  of  residual  chlorine 
could  be  demonstrated  by  chemical  tests;  but  with  the 
use  of  1.50  parts  or  less  few  complaints  were  received, 
although  trouble  was  still  encountered  by  the  ice  com- 
panies using  this  water  for  the  manufacture  of  ice. 
The  odor  was  most  noticeable  in  the  core  ice  where 
it  becomes  segregated  as  the  water  freezes,  and  as 
distillation  of  the  water  before  freezing  does  not  remove 
this  odor,  it  would  seem  that  the  chlorine  is  in  some 
organic  combination  that  passes  over  with  the  distillate. 

The  number  of  cases  of  typhoid  fever  occurring  in 
Baltimore  during  1913  was  seventeen  per  cent  less 
than  an  average  of  the  number  of  cases  occurring  during 
the  five  years  from  1906  to  1910  before  the  treatment 
was  instituted. 

Water  Department.  Baltimore 


A  SANITARY  SURVEY  OF  WHITE  RIVER' 

By  John   C.   Diggs 

During  the  summers  of  1908  and  1910  the  Water 
Department  of  the  Indiana  State  Board  of  Health  made 
investigations  of  the  sanitary  condition  of  the  waters 
of  the  southern  end  of  Lake  Michigan  and  of  the  Calu- 
met River.  These  surveys  disclosed  such  grossly 
polluted  conditions  that  it  seemed  wise  to  continue 
similar  work  on  the  other  streams  of  the  State.  In 
191 1  that  portion  of  the  Ohio  bordering  Indiana  was 
studied  and  in  191 2  attention  was  given  to  the  Wabash 
River.  These  investigations  proved  both  of  these 
streams  to  be  seriously  polluted  by  domestic  sewage 
and  manufacturing  wastes. 

In  1913  the  west  fork  of  White  River,  a  stream  rising 
in  and  traversing  its  entire  course  through  Indiana, 
was  selected  for  study.  White  River  is  not  a  large 
stream,  but  it  is  of  great  importance  as  a  source  of 
water  supply  for  many  Indiana  cities. 

1  Presented   at   the   49th   Meeting   of   the   American    Chemical  Society. 
Cincinnati,  .\pril  6-10.   1914. 


The  watershed  of  the  west  fork  of  this  stream  has 
an  area  of  5,034  square  miles  (one-seventh  of  the  total 
area  of  the  State).  The  population  of  the  drainage 
basin  is  approximately  638,000.  The  rural  population 
is  275,000  and  the  urban  363,000.  The  average  popu- 
lation for  the  entire  basin  is  127  per  square  mile. 
The  highest  density,  664  per  square  mile,  is  in  Marion 
County,  the  seat  of  Indianapolis. 

Although  the  valley  of  the  river  is  only  275  miles  in 
length,  the  course  of  the  stream  covers  388  miles,  due 
to  meanderings  and  many  short  curves.  Throughout 
the  upper  portion,  the  river  is  small  and  very  rapid, 
but  from  Indianapolis  to  its  mouth  it  is  sluggish  and 
flows  in  a  wide  channel. 

In  the  study  of  the  conditions  of  the  stream,  atten- 
tion was  given  to  the  following  features: 

1 — General  features  of  drainage  basin. 

a — Topography  and  geology. 

b — Principal  tributaries. 

c — Gradient. 

d — River  stages  and  river  flow. 

e — Precipitation. 

/ — Population  of  watershed. 
2 — Water  works  system. 
3 — Sewage  systems  and  sewage  disposal. 
4 — Disposal  of  garbage  and  night  soil. 
5 — Manufacturing  wastes. 
6 — Oil  well  wastes. 
7 — Typhoid  fever. 

8 — General  sanitary  condition  of  cities. 
9 — Sanitary  condition  of  White  River. 
10 — Chemical  and  bacterial  analyses. 

a — From  White  River,  including  study  of  cross  river  and 
depth  of  samples. 

b — Samples  from  tributaries. 

c — Samples  from  cities  and  towns. 

(i)     Public:     (a)  surface  supplies;  (6)  ground  waters. 
(2)     Private:     (a)  wells;  (b)  springs;  (c)  cisterns. 

The  upper  portion  of  the  stream  was  surveyed  on 
foot  and  by  means  of  a  row  boat.  Samples  were  col- 
lected at  frequent  intervals  from  the  river  and  sent  ^o 
the  laboratories  of  the  State  Board  of  Health  at  In- 
dianapolis for  analysis.  From  Martinsville,  a  point 
43  miles  below  Indianapolis,  to  the  mouth  of  the  river 
the  work-  was  conducted  from  a  floating  laboratory. 
This  was  a  house  boat  40  feet  long  by  13  feet  wide, 
stern  wheel  paddle,  equipped  with  room  for  laboratory, 
living  and  sleeping  quarters.  The  surveying  party 
consisted  of  four  to  five  men  made  up  partially  of  stu- 
dents taking  scientific  courses  in  the  State  Universities. 

Samples  were  collected  at  points  in  the  river  as  the 
boat  moved  down  stream.  Stops  of  several  days  were 
made  at  towns  bordering  on  the  river.  At  these  places 
samples  were  collected  from  public  and  private  water 
supplies  and  sanitary  surveys  of  the  towns  conducted. 
During  the  course  of  the  work  a  total  of  779  samples 
of  water  were  collected  and  analyzed  (391  river  sam- 
ples and  388  from  private  water  supplies,  driven  wells, 
dug  wells,  cisterns  and  springs);  45  per  cent  of  this 
number  were  good,  40  per  cent  bad  and  15  per  cent  of 
doubtful  quality. 

Of  the  197  dug  wells  which  were  examined,  only  50 
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or  25  per  cent  were  good,  58  per  cent  were  bad  and  i6 
per  cent  classed  as  doubtful;  11,  or  72  per  cent,  of  the 
154  driven  wells  examined,  were  found  to  be  good,  12 
per  cent  were  bad  and  16  per  cent  of  doubtful  quality. 
Of  7  springs  examined,  3  were  good,  3  bad,  and  i  doubt- 
ful. 

At  the  time  of  the  collection  of  the  samples  special 
notice  was  given  to  the  sanitary  condition  of  the  back- 
yard in  which  the  well  or  cistern  was  located.  In 
some  places  as  many  as  half  a  dozen  wells  and  a  dozen 
privies  (the  unsanitary  type)  occurred  within  a  radius 
of  100  ft.  In  most  cases  the  soil  was  made  up  largely 
of  gravel,  allowing  at  least  a  fair  filtering  material. 
In  one  instance,  Gosport,  Indiana,  the  wells  occurred 
in  a  stratum,  locally  known  as  Mitchell  limestone. 
This  is  a  very  extensively  fissured  material  and  quite 
soluble.  Practically  all  the  wells  of  the  town  draw 
their  supply  from  the  same  vein,  or  underground 
stream  of  water.  When  one  owner  cleans  out  his  well, 
the  neighboring  wells  are  muddied.  From  the  analyses 
of  these  supplies  it  was  quite  evident  that  this  same 
underground  stream  served  the  double  duty  of  water 
supply  and  sewerage  system. 

In  carrying  on  the  investigations  in  towns,  coopera- 
tion of  local  health  officers  was  obtained.  Many  of 
the  unsanitary  conditions  were  remedied  and  polluted 
wells  abandoned. 

This  paper  can  hope  to  give  no  more  than  a  mere 
outline  of  the  work  done.  Detail  of  the  methods  em- 
ployed will  be  found  in  the  19 13  report  of  the  Indiana 
State  Board  of  Health. 

From  the  inspection  of  local  conditions,  study  of 
water  supply  (public  and  private)  and  methods  of 
sewage  disposal  much  information  has  been  obtained 
which  will  be  of  great  value  to  the  public  of  the  State. 

White  River  is  a  comparatively  small  stream,  yet  it 
is  used  as  a  source  of  public  water  supply  and  sewage 
disposal  for  over  300,000  people.  It  is  seriously  pol- 
luted and  in  many  places  a  great  detriment  not  only 
to  the  health  of  persons  using  it  as  a  supply,  but  in 
some  places  to  persons  living  along  its  banks. 

Many  private  supplies  of  the  State  are  seriously 
polluted.     This  especially  applies  to  dug  wells. 

This  survey  shows  need  of  legislative  power  to  be 
vested  in  central  authority,  naturally  the  State  Board 
of  Health,  whereby  the  rivers,  our  natural  resources, 
can  be  saved  for  the  future  generations.  The  public 
is  beginning  to  realize  that  it  is  not  properly  conserving 
its  resources  when  it  permits  the  streams  of  its  State 
to  be  defiled  by  the  refuse  of  its  cities.  But  public 
opinion  is  slow  to  form  and  the  need  of  education  is 
<lecidedly  apparent.  To  collect  data  regarding  the 
unsanitary  conditions  of  the  streams,  to  determine  the 
tremendous  amount  of  waste  which  goes  into  them 
and  to  point  out  to  the  public  the  number  of  deaths 
and  amount  of  sickness  which  may  be  traced  back  to 
the  polluted  water,  become  the  duties  of  health  de- 
partments. But  education,  in  many  cases,  will  not 
cause  the  packer  to  cease  dumping  his  offal  into  the 
streams.  Then  it  becomes  the  duty  of  the  health 
authorities  to  present  to  the  legislative  bodies  facts 
concerning  the  unsanitary  conditions  and  their  causes, 


that  the  health  of  the  public  may  be  sought  before  the 
financial  gain  of  an  individual. 


.  State  Boakd  of  He 
Indianapolis 


AN  INVESTIGATION  INTO  THE  CHEMISTRY  OF 
LAUNDERING' 

By  W.  F.   Faraciier 
Received  April  17.   1914 

The  laundry  industry  is  one  of  a  group  which  are 
not  usually  classified  as  strictly  chemical  industries, 
but  which,  nevertheless,  depend  in  large  measure  upon 
the  proper  control  of  chemical  reactions  for  their 
successful  operation.  The  list  includes,  among  others, 
bakeries,  glass  factories,  brick  plants,  brass  and  iron 
foundries,  confectioneries,  tanneries  and  creameries. 
Although  the  laundry  industry  is  one  of  the  most  im- 
portant, both  in  point  of  the  nature  of  the  service  it 
renders  modern  civilized  communities  and  of  the  num- 
ber of  employees  and  the  capital  invested,^  it  is  per- 
haps the  last  to  avail  itself  of  the  benefits  to  be  de- 
rived from  an  extensive  adoption  of  the  methods  and 
teachings  of  chemical  and  engineering  science. 

A  great  deal  of  ingenuity  has  been  displayed  in 
bringing  the  processes  and  machinery  employed  to 
their  present  state,  but  investigation  shows  that  before 
the  industry  may  rightfully  be  classed  as  an  efficient 
one,  much  improvement  is  necessary,  especially  in 
the  case  of  the  chemical  processes  which  occur  either 
as  essential  parts  of  the  operation,  or  as  harmful 
accompanying  reactions. 

As  a  result  of  the  study  given  to  the  production  of 
high-grade  laundry  work  by  the  more  progressive  men 
engaged  in  the  industry,  empirical  methods  are  now 
quite  generally  employed  in  the  best  plants  which 
leave  little  to  be  desired  as  far  as  the  appearance  of 
the  finished  articles  is  concerned.  But  for  the  purpose 
of  investigating  the  possibility  of  introducing  more 
scientific  methods,  which  would  improve  conditions  by 
prolonging  the  period  of  usefulness  of  the  articles 
laundered  and  also  by  reducing  the  cost  of  production 
of  the  work,  the  experiments  to  be  described  were 
carried  out. 

The  work  of  the  laundry  is  necessarily  complex, 
but  may  be  conveniently  divided  into  a  number  of 
parts.  Exclusive  of  the  collection  and  delivery  of 
the  bundles,  and  of  the  marking  and  listing  of  the 
articles  in  each  bundle  to  make  possible  their  return 
to  the  respective  owners,  the  following  operations  may 
be  enumerated:  sorting,  washing,  extracting,  that  is, 
the  removal  of  excess  water  by  means  of  centrifugal 
machines,  starching,  drying,  dampening,  ironing,  and 
finally  finishing  or  folding  into  neat  cpmpact  form, 
and  sorting  into  lots  to  be  tied  up  later  into  bundles. 

'  These  data  represent  a  part  of  the  work  done  during  the  author's 
tenure  of  the  Alden  Speare  Fellowship  (September,  1907.  to  December, 
1909).  The  work  was  carried  out  under  the  direction  of  the  late  Dr  Robert 
Kennedy  Duncan,  to  whom  the  author  owes  much  for  valuable  advice  and 
encouragement.  The  author  wishes  also  to  express  his  appreciation  for  the 
helpful  assistance  rendered  by  Dr.  Hamilton  P.  Cady. 

'■  The  census  of  1910  included  power-laundries  for  the  first  tin  e.  The 
number  of  plants  reported  is  .S184.  This  does  not  include  the  laundries 
in  hospitals,  public  institutions  and  shirt  and  collar  factories.  \  careful 
study  of  conditions  in  Chicago  indicates  an  annual  volume  of  bu 
to  $3,000,000. 
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Obviously,  many  of  these  operations  have  little 
to  do  with  chemical  processes,  and  it  is  only  with  the 
washing  that  these  experiments  are  concerned.  In 
fact,  it  is  this  part  of  the  process  alone  which  is  dis- 
tinctively chemical,  and  which  seems  most  largely 
responsible  for  the  complaints  now  made  against  the 
results  obtained  in  well  managed  laundries. 

On  account  of  the  great  variety  of  articles  brought 
to  the  washroom,  it  is  evident  that  different  treatment 
must  be  accorded  to  the  different  kinds  of  fabrics. 
The  only  classes  which  are  of  great  importance  are 
those  consisting  of  articles  made  from  cotton,  linen, 
silk  and  wool.  Greater  diversity  is  caused,  however, 
by  the  very  large  list  of  dyestuffs  which  are  now  em- 
ployed on  all  of  the  above  groups. 

In  the  case  of  undyed  fabrics  of  cotton  or  linen, 
the  treatment  employed  is,  perhaps,  the  most  drastic, 
and  it  is  largely  on  account  of.  the  too  early  disinte- 
gration of  articles  of  this  class  that  complaints  are 
justly  and  so  frequently  made.  Since  all  articles 
are  submitted  to  the  less  harmful  operations  employed 
in  the  case  of  these  undyed  articles,  the  experiments 
were  carried  out  in  accordance  with  the  modern  practice 
of  handling  such  articles  as  are  made  from  cotton  and 
linen  only,  and  which  have  not  been  dyed.  This 
seems  justifiable,  because  these  articles  form  the  largest 
part  of  the  work  done,  and  also  because  the  effects 
produced  are  necessarily  similar  in  so  far  as  the  various 
operations  are  duplicated  in  the  case  of  the  other 
classes  of  articles.  This  does  not  apply  to  the  effect 
on  the  dyestuffs,  but  rather  to  the  weakening  of  the 
fabrics.  The  former  problem  was  not  taken  into  con- 
sideration here. 

In  the  sorting  room,  all  articles  are  separated  into 
lots,  according  to  the  kind  of  fabrics,  the  nature  of 
the  dyestuffs,  and  finally  the  extent  to  which  the  arti- 
cles are  soiled.  Since  these  different  lots  are  to  be 
washed  differently,  this  separation  is  preserved  through- 
out the  whole  course  of  treatment. 

WASHING    MACHINES    USED    IN    LAUNDRIES 

The  machines  in  which  the  washing  is  done  consist 
of  two  concentric  cylinders  separated  by  a  space  of 
several  inches.  The  outer  cylinder  is  stationary  and 
is  carried  on  a  metal  stand  for  securing  the  whole 
machine  in  position.  It  is  provided  with  the  necessary 
boxing  and  gearing  for  causing  the  inner  cylinder  to 
revolve  and  to  reverse  automatically  after  several 
revolutions  in  one  direction.  It  has  also  pipes  for 
introducing  hot  and  cold  water  and  live  steam,  and 
a  drain  pipe  for  discharging  the  liquids  after  they  have 
done  their  work.  The  inner  cylinder  into  which  the 
articles  are  placed,  is  perforated  so  that  the  liquids 
may  have  free  access  to  the  fabrics.  Both  cylinders 
are  provided  with  suitably  hinged  doors,  so  that  the 
articles  may  be  readily  introduced  and  removed.  The 
sizes  of  the  machines  vary  from  small  ones,  washing 
fifty  shirts,  to  very  large  ones,  which  can  handle  five 
hundred  shirts  at  one  time.  After  the  articles  are 
placed  in  the  machine  they  are  not  removed  until 
they  have  been  cleansed  and  given  the  proper  color 
by  means  of  detergents,  bleaches  and  bluing  materials. 
The   different   solutions   are   introduced   in   order   and 


run  off  after  they  have  performed  their  respective 
functions. 

The  principle  upon  which  the  washing  is  effected 
is  simple.  By  the  revolution  of  the  inner  cylinder, 
the  articles  are  carried  part  way  up  the  sides,  and  then 
fall  down  into  the  solutions,  causing  the  latter  to  be 
forced  through  the  fabrics,  and  thus  insuring  intimate 
contact  between  the  detergents  and  the  substances 
to  be  removed. 

LAUNDRY    PROCESS    IN    GENERAL    USE 

In  order  to  proceed  with  the  problem  in  hand,  the 
first  step  was  the  investigation  of  the  process  in  general 
use,  in  order  to  determine  what  parts  were  defective, 
and  the  causes  for,  as  well  as  the  nature  of  the  harmful 
results  produced. 

The  machine  of  average  size  will  permit  the  washing 
of  about  one  hundred  shirts,  weighing  about  seventy- 
five  pounds.  The  volume  of  the  different  solutions 
used  in  such  a  machine  is  approximately  twenty-five 
gallons.  The  method  of  washing  is  as  follows:  Cold 
or  luke  warm  water  is  admitted  and  the  machine  is 
allowed  to  run  for  from  five  to  ten  minutes.  Very 
frequently  sufficient  sodium  carbonate,  or  so-called 
neutral  washing  soda,'  is  added  to  make  from  '/<  to 
I  per  cent  solution.  The  water,  or  weak  alkaline 
solution,  removes  some  of  the  starch  from  starched 
goods,  carries  off  surface  dirt  and  dissolves  stains  of  an 
albuminous  character,  which  otherwise  might  be  set 
by  coagulation  of  the  albuminous  substances,  if  hot 
water  were  used  at  once. 

Warm  water  is  next  admitted  and  soap  added  to- 
gether with  some  alkaline  substange,  such  as  sodium 
carbonate,  neutral  washing  soda,  caustic  soda  or  borax. 
The  first  two  are  the  ones  most  frequently  used.  The 
soap  is  used  in  from  V4  to  1V4  per  cent  solution,  and 
the  alkaline  substance  in  about  the  same  strength. 
Steam  is  then  admitted  and  the  temperature  brought 
to  the  boiling  point  in  from  ten  to  twenty  minutes. 
The  time  of  running  in  this  solution  is  usually  from 
twenty  to  thirty  minutes. 

This  solution  is  discharged  and  another  of  from 
'2  to  ^/a  the  strength  of  the  first  is  added.  In  some 
instances  a  hot  rinse  is  given  between  the  two  solutions 

1  These  sodas  are  mixtures  of  sodium  bicarbonate  and  sodium  car- 
bonate.    Analyses  which  are  perhaps  typical  for  articles  of  this  kind  are: 

NajCOa 46.3  36,  1 

NaHCOa 37.7  .SO.O 

HiO  and  impurities 16.0  13  9 

100.0  100.0 

These  articles  find  large  sale  because  they  do  not  yield  as  strongly  alkaline 
solutions  as  when  sodium  carbonate  alone  is  used.  The  hydrolysis  of  the 
sodium  carbonate  is  less  extensive  in  the  presence  of  the  bicarbonate  than 
when  alone.  Theoretically,  it  is  possible  to  prepare  a  solution  from  sodium 
carbonate  which  will  have  the  same  concentration  of  hydroxyl  ions  as  is 
present  when  a  given  concentration  of  these  neutral  sodas  (so-called)  is 
employed.  The  weight  of  sodium  carbonate  is  in  every  case  less  than  that 
of  the  neutral  soda,  and  as  the  price  of  the  two  products  is  nearly  the  same, 
a  material  saving  can  thus  be  effected.  The  difficulty  met  with  in  the 
laundries  seems  to  be  attributable  to  the  fact  that  in  replacing  a  neutral 
soda  by  sodium  carbonate,  the  same  weight  is  used,  owing  to  ignorance 
of  the  above  conditions,  and  this  naturally  yields  a  solution  which  is  too 
strongly  alkaline.  Several  plants  have  been  induced  to  decrease  the  quantity 
of  sodium  carbonate  to  half  (or  even  less)  of  that  used  in  the  case  of  the 
neutral  sodas,  and  results  have  been  obtained  which  are  satisfactory  in  every 
respect.  Summer  soda  crystals  have  also  been  used  as  a  neutral  soda 
(Na!CO.i.NaHC03.2H!0). 
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in-order  to  carry  off  the  remaining  dirty  suds.  The 
bleach  is  also  added  in  this  second  suds,  and  the  whole 
run  for  about  the  same  length  of  time  as  the  previous 
one.  The  bleach  used  is  prepared  by  adding  sufficient 
sodium  carbonate  to  bleaching  powder  to  convert 
the  calcium  salts  into  the  more  soluble  sodium  salts. 
This  has  the  advantage  that  none  of  the  soap  is  de- 
composed with  the  formation  of  lime  soap,  as  would 
be  the  case  if  bleaching  powder  itself  were  used.  The 
quantity  of  bleach  used  varies  from  the  equivalent 
of  V4  to  '/4  of  a  pound  of  commercial  bleaching  powder. 
The  bleach  liquor  is  generally  added  at  the  beginning 
of  the  run,  the  steam  being  admitted  so  as  to  bring 
the  temperature  to  the  boiling  point  in  from  fifteen 
to  twenty  minutes.  The  boiling  is  continued,  and  the 
whole  time  of  run  made  from  twenty  to  thirty  minutes. 
From  two  to  four  hot  rinses  follow  this  suds-bleach 
treatment. 

The  next  solution  is  an  acid  bath.  The  acids  most 
frequently  used  are  acetic  and  oxalic.  Sufficient 
acid  is  added  to  make  the  solution  about  N / $0  (equiva- 
lent). This  acid  is  used  for  the  purpose  of  neutralizing 
any  alkaline  substances  which  have  not  been  rinsed 
out,  and  to  cause  the  aniline  blue,  which  is  used  subse- 
quently, to  produce  an  even  color.  If  the  blue  is 
not  added  in  the  acid  bath,  it  is  used  in  the  next  water. 
From  one  to  four  rinses,  sometimes  hot,  sometimes  cold, 
are  given  after  the  bluing. 

After  the  above  course  of  treatment  the  articles  are 
removed  from  the  machine  and  placed  in  the  basket 
of  a  centrifugal  machine,  in  order  to  remove  the  excess 
of  water.  Articles  which  need  no  starching  are  usually 
ironed  at  once  after  removing  from  the  centrifugal 
machine,  while  the  others  are  sent  to  the  starch  room. 
After  starching,  all  articles  are  dried  by  being  placed 
in  a  drying-room  heated  to  100°  C.  by  steam  coils, 
and  provided  with  a  ventilating  fan  for  removing  the 
moist  air.  After  dampening  to  the  proper  degree, 
the  ironing  and  shaping  are  next  done. 

PRELIMINARY     EXPERIMENTS     ON     DIFFERENT     PARTS     OF 
ABOVE    PROCESS 

The  first  plan  adopted  for  comparing  the  harmful 
effects  of  the  different  parts  of  the  process  outlined 
above,  was  to  take  four  series  of  turnover  collars, 
five  to  a  series,  and  submit  each  series  to  one  of  the 
above  parts  of  the  washing  process,  that  is,  one  series 
to  the  soap-alkali,  one  to  the  bleach,  one  to  the  acid 
and  one  to  water  only,  in  order  to  have  a  check  on  the 
mechanical  effects  produced  in  the  washer  and  in  the 
ironing  machines.  After  each  treatment  in  the  labora- 
tory wash  machine,  under  conditions  as  nearly  as 
possible  like  those  obtaining  as  an  average  in  general 
practice,  the  collars  were  rinsed  (except  in  the  case 
of  the  acid  series),  then  taken  to  a  custom  laundry  to 
be  starched  and  ironed.  The  plan  was  to  repeat  this 
treatment  in  each  case  until  the  edges  of  the  collars 
broke,  thus  showing  the  relative  harmfulness  of  the 
different  treatments. 

The  quantities  of  soap  and  soda  ash  used  were 
190  grams  soap  and  95  grams  of  soda  ash  per  gallon 
of  solution.  These  quantities  are  larger  than  those 
generally  employed,  but  wore  chosen  rather  than  quanti- 


ties below  the  average.  The  soap  used  was  a  neutral 
soap  made  from  good  red  oil  or  commercial  oleic  acid, 
and  analyzed  as  follows: 

Water 20.7 

Na20  as  soap 9.3 

Fatty  acid  anhydrides 69.5 

Soda  ash 0.1 

NaCl 0.2 

Unsaponified 0.1 

The  soda  ash  was  analyzed  and  found  to  be  a  good  com- 
mercial product,  containing  only  a  small  percentage 
of  soluble  and  insoluble  impurities. 

The  bleach  solution  was  made  by  taking  12.5  grams 
of  bleaching  powder  and  8.2  grams  of  soda  ash  per 
gallon  of  water.  It  was  necessary  to  add  sufficient 
cloth  so  that  the  ratio  of  the  weight  of  cellulose  to  the 
weight  of  the  solution  might  be  comparable  to  that  in 
practice.  The  bleaching  powder  was  analyzed  and 
found  to  contain  26.8  per  cent  available  chlorine. 
It  was  a  sample  obtained  from  a  custom  laundry  and 
was  of  poor  grade.  The  acid  used  was  oxalic  and  a 
sufficient  amount  of  it  was  added  to  make  the  solution 
approximately  N / ^o.  As  has  been  stated  above,  no 
rinse  was  given  after  the  acid  was  used,  although  most 
laundries  now  rinse  at  least  once.  However,  at  that 
time  many  plants  were  found  which  did  not  rinse 
subsequently,  and  this  more  severe  test  was  made 
in  order  to  compare  its  effects  with  the  bleaching  which 
was  expected  to  prove  quite  harmful.  The  results 
obtained  were  as  follows: 

Bleach  Series:  Two  broke  on  "th  time;  one  on  8th;  all  on  9th  time. 
Acid  Series:  One  broke  on  5th  time;  one  on  6th;  two  on  7th;  all  on  9th 
time. 

Soap  and  Alkali:  All  intact  15th  time. 
Water:  All  intact  I5th  time. 

The  last  two  series  were  lost  on  account  of  an  accident 
in  the  laboratory,  but  they  had  run  sufficiently  long 
to  establish  the  fact  that  under  the  conditions  of  the 
tests  the  acid  and  the  bleach  are  the  most  destructive 
chemicals  employed.  Other  series  which  were  com- 
parable to  the  soap-alkali  series  were  later  run  as  high 
as  twenty-five  times  before  a  break  occurred,  showing 
that  the  conclusions  drawn  above  were  justified. 

THREAD    ADOPTED    FOR    TEST    PIECES 

The  above  method  was  not  considered  satisfactory 
for  further  comparisons,  because  of  the  length  of  time 
necessary  to  carry  it  out  and  also  because  of  the  un- 
certainty of  being  able  to  give  all  of  the  collars  the 
same  treatment  during  the  starching,  ironing  and  finish- 
ing. For  this  reason  the  method  of  determining  the 
breaking  strengths  of  test  pieces  before  and  after  the 
various  treatments  was  adopted.  On  account  of  the 
difficulty  encountered  in  attempting  to  use  test  pieces 
in  the  form  of  strips  of  cloth  or  skeins  of  yarn,  for  the 
reason  that  it  is  almost  impossible  to  distribute  the 
strain  equally  throughout  the  pieces,  the  use  of  single 
threads  as  test  pieces  was  decided  upon.  It  was  thought 
that  the  warp  or  weft  threads  of  a  good  grade  of  muslin 
or  linen  cloth  might  be  used,  but  these  were  found  to 
be  too  irregular  to  make  their  use  advisable.  The 
most  suitable  material  that  could  be  found  was  a  good 
grade  of  white  thread.  ^ 

TESTING    MACHINE    USED 

The  testing  machine  used  was  designed  and  made 
in  the   University   Instrument   Shop.     It  is  similar  in 
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principle  to  the  machines  which  are  in  general  use 
for  determining  the  tensile  strength  of  paper.  The 
test  piece,  about  five  inches  in  length,  is  fastened 
between  two  clamps,  and  the  force  is  applied  by  causing 
a  weighted  arm,  to  which  one  end  is  clamped,  to  move 
through  an  arc  by  turning  a  geared  wheel  which  moves 
a  slow-motion  screw  to  which  theotherclamp  is  fastened. 
A  scale  graduated  by  means  of  known  weights  is  placed 
in  front  of  the 'weighted  arm,  and  the  position  of  the 
arm  at  the  time  of  breaking  is  marked  by  a  light 
rider  which  is  caused  to  move  along  the  scale. 

METHOD    OF    TESTING 

Because  of  the  fact  that  thread  is  not  uniform 
in  cross-section  and  in  the  twist,  that  is,  the  number 
of  turns  per  inch  due  to  the  spinning,  the  breaking 
strengths  of  pieces  from  the  same  spool  show  large 
variations.  Numerous  tests  showed  that  the  strength 
for  a  No.  20  thread  ranged  from  1300  to  1900 
grams.  On  account  of  this  great  variation  it  is  neces- 
sary to  employ  a  large  number  of  test  pieces  in  each 
series,  in  order  that  the  mean  value  may  be  significant. 
The  thread  was  sampled  by  taking  every  twentieth 
length  of  five  inches  for  twenty  series  of  one  hundred 
test  pieces  each. 

Experiments  made  with  a  number  of  these  series, 
after  the  sizing  materials  had  been  removed  by  boiling 
the  threads  for  an  hour  in  i  per  cent  sodium  carbonate 
solution,  showed  that  the  different  mean  values  agreed 
satisfactorily,  usually  well  within  one  per  cent.  With 
this  agreement,  the  method  seems  well  adapted  for 
making  comparisons  of  the  effects  of  different  chemicals, 
used  under  various  conditions,  upon  the  tensile  strengths 
of  cotton  thread.  It  is  evident  that  the  breaking 
strength  is  closely  related  to  the  wearing  qualities  of 
threads,  and  hence  of  pieces  of  fabric,  under  the  condi- 
tions to  which  they  are  subjected  in  use. 

It  was  found  that  diff^erent  spools  of  thread  differed 
from  one  another  more  than  the  series  of  threads  from 
one  spool  differed  from  each  other.  For  this  reason 
it  is  necessary  to  determine  the  breaking  strength  for 
each  lot  of  threads  prepared. 

COMPARISON     OF     METHOD     WITH     PRELIMINARY     E.XPERI- 

MENTS 

Tests  were  run  upon  threads,  employing  solutions 
of  the  same  kinds  and  of  the  same  strengths  as  were 
used  in  the  experiments  on  the  collars.  After  each 
of  the  processes  had  been  repeated  ten  times  the 
breaking  strengths  were  determined.  The  conditions 
were  made  as  nearly  the  same  as  possible,  both  as 
regards  the  times  of  treatment  and  ratios  of  the  weights 
of  solutions  to  the  weights  of  cellulose.  The  results 
were  as  follows: 

Original  breaking  strength,  ave 1724  g.  (1722,  1723, 

1724,  1726) 

Soap-alkali  series I86I    g. 

Bleach  series 181    g. 

Oxalic  acid  series 265  g. 

The  probable  error  in  the  original  figured  by  method  of 
least  squares  is  ±7  grams.  These  figures  confirm 
the  results  of  the  practical  tests  with  collars,  and  the 
agreement  speaks  in  favor  of  the  use  of  the  new  method 
which  is  more  rapidly  carried  out  and  is  more  easily 
controlled. 


As  has  been  stated  above  these  results  do  not  per- 
mit the  drawing  of  conclusions  concerning  the  actual 
amount  of  damage  done  in  the  different  processes  in 
the  best  plants.  The  figures  do,  however,  indicate 
the  parts  wherein  most  care  must  be  exercised  and  in 
which  improvements  are  most  needed. 

The  soap-alkali  treatment  is,  perhaps,  the  least 
harmful  of  all  the  different  operations.  Experiments 
showed,  however,  that  if  the  quantities  of  alkaline 
substances  were  not  kept  low,  the  threads  were  at- 
tacked and,  although  the  breaking  strength  was  not 
affected  as  greatly  as  in  the  bleach  and  acid  series, 
the  appearance  suffered,  owing  to  the  formation  of 
a  woolly  coating  of  loose  ends  of  fibers.  The  damage 
done  in  the  acid  bath  is  easily  made  less  than  in  the 
case  of  the  tests,  for  thorough  rinsing  will  remove  the 
acid  and  prevent  its  doing  damage  in  the  dry  room  or 
in  the  ironing  machines. 

REACTIONS    OF    CELLULOSE 

Cellulose,  which  is  chemically  one  of  the  most  in- 
active of  the  carbohydrates,  is  nevertheless  extensively 
attacked  by  acids,  alkalies  and  bleaches  under  condi- 
tions which  often  exist  in  laundries.  In  the  presence 
of  hydrogen  ions,  cellulose  is  converted  into  another 
substance,  hydrocellulose,  which  differs  from  the  former 
in  many  ways.  The  most  important  difference  for 
the  purpose  in  hand  is  that  hydrocellulose  is  a  friable 
substance  and,  therefore,  is  valueless  under  the  condi- 
tions to  which  fabrics  are  subjected  in  use. 

The  acid  solutions  employed  in  laundry  work  are 
relatively  dilute,  and  the  extent  to  which  the  cellulose 
is  acted  upon  while  in  these  solutions  is  small.  It 
is  essential,  however,  that  the  acid  be  thoroughly 
removed  because  when  the  articles  are  placed  in  the 
drying  room,  or  are  caused  to  pass  over  the  heated 
surfaces  in  the  ironing  machines,  the  dilute  acid  is 
concentrated  and  this,  together  with  the  high  tempera- 
ture, produces  rapid  conversion  of  the  cellulose.  This 
practice  of  rinsing  after  the  acid  is  discharged  is  now 
quite  general  and  is  a  decided  advance  in  the  right 
direction. 

The  velocity  of  this  reaction  is  proportional  to  the 
concentration  of  hydrogen  as  ion  present,  and  is  also 
greatly  accelerated  by  rise  in  temperature,  in  accordance 
with  the  general  rule  for  the  effect  of  temperature  on 
chemical  reactions. 

REAGENTS    USED    IN    TESTS 

As  has  been  stated,  the  soap  and  soda  ash  used  were 
of  good  quality.  Very  different  results  have  been 
obtained  by  others  when  the  soaps  and  sodas  used 
were  adulterated.  Dr.  Kind'  has  carried  out  a  large 
number  of  experiments  and  has  proved  conclusively 
that  detergents  which  contain  large  percentages 
of  silicate  of  sodium  cause  a  rapid  deterioration  in 
cotton  and  linen  fabrics.  Kind  attributes  this  effect 
to  the  action  of  the  hydroxyl  ions  formed  by  the  hy- 
drolysis of  the  silicate  and  to  the  deposition  in  the 
fibers  of  silicic  acid,  and  also  of  insoluble  silicates  which 
are  formed  when  hard  water  is  used.  These  deposits 
are  shown  to  be  very  extensive  under  some  conditions, 

'  "Die    Wirkung    der    Waschmittel    auf    Baumwolle    und    Leinen,"   A. 
Ziemsen  Vcrlag,  Wittenberg.  1909. 


644 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING   CHEMISTRY       Vol.6,  Xo.  8 


amounting,  in  one  case  where  a  series  of  test  threads 
were  washed  thirty  times  in  a  2  per  cent  solution  of 
38°  Bd.  sodium  water  glass,  to  14.2  per  cent.  The 
water  glass  analyzed  27  per  cent  silicic  acid  and  0.12 
per  cent  free  caustic  soda.  These  threads  were  brittle 
owing  to  the  presence  of  the  encrusting  substances 
which  did  not  allow  the  fibers  to  yield  when  subjected 
to  a  bending  strain,  and  the  threads  were  also  weak 
■on  account  of  the  disintegration  caused  by  the  loosening 
up  and  separation  of  the  fibers  composing  the  thread. 
Kind's  work  shows  that  the  action  is  more  severe  in 
the  case  of  linen  than  of  cotton. 

In  the  case  of  soaps  and  sodas  which  contain  per- 
oxides and  perborates,  Leimdoerfer'  has  shown  that 
the  harmful  effect  is  also  great. 

The  presence  of  rosin  in  soaps  has  been  shown  to 
1)6  objectionable  because  of  the  fact  that  the  rosin 
acids  which  are  formed  by  hydrolysis  of  the  soap 
settle  in  the  fibers  and  produce  a  decided  yellow 
cast  in  the  finished  products.  Professor  Herbert 
Jackson''  has  shown  that  soaps  which  contain  as 
little  as  s  per  cent  rosin  are  objectionable  for  this  reason. 

Many  sodas  have  been  found  to  contain  adulterants: 
some  harmful,  as  sodium  silicate  and  caustic  soda, 
and  some  inactive,  such  as  common  salt  and  sodium 
sulfate.  It  seems  certain  from  the  above  tests,  how- 
ever, that  if  pure  soap  and  pure  alkalies  are  used  in 
quantities  no  larger  than  are  necessary,  the  weakening 
of  the  fibers  treated  is  not  very  great. 

ACTION    OF    ALKALI 

The  following  experiments  were  performed,  using 
solutions  of  sodium  carbonate  which  are  much  stronger 
than  those  used  in  practice.  The  threads  were  sus- 
pended from  cords  in  the  boiling  solutions  and  were 
provided  with  glass  weights  to  keep  them  immersed. 
The  boiling  was  done  in  open  beakers  and  the  water 
removed  by  evaporation  was  replaced  at  regular 
short  intervals.  The  times  of  boiling,  strength  of 
solutions  and  position  of  the  test  threads  were  as 
indicated. 

The  reason  for  exposing  some  of  the  series  to  the 
action  of  both  the  alkaline  solutions  and  the  air, 
was  to  determine  whether  or  not  the  weakening  pro- 
duced was  greater  under  these  conditions  than  when 
oxygen  was  excluded  by  complete  immersion.  Text 
books  describing  the  manufacture  of  textile  fabrics 
generally  state  that  cellulose  must  not  be  exposed 
to  the  air  when  it  is  being  boiled  in  alkaline  solutions 
because  the  oxidation  of  cellvilose  which  occurs  under 
these  conditions  will  render  the  fabrics  tender. 

Original  breaking  strength,  ave 1696  (169.^.  1  709. 

1696.  1684) 

Boiled  in  I  per  cent  NajCOj  5  hrs  ,  one-half  ex- 
posed to  air  and  one-half  immersed  in  the 

solution 1711-1666 

Same  as  above,  but  completely  immersed 1634,  1634 

Boiled    in    2.5    NaiCOj,    for   3.5    hrs.    half   im- 
mersed   1648 

Same  as  one  above  but  completely  immersed...  1636 

Boiled  in  5  per  cent  NajCOi  for  3  5  hrs.,  im- 
mersed completely 1625,  1622 

Same  as  above,  except  half  immersed 1627,  1610 

These  results  show  that  even  if  much  stronger  solu- 
tions  than   those   ordinarily   used   are   employed,    the 

•  "Wasch-,    Bleich-,    Blau-,    Staerke-    und    Glanz-mittel,"    L.    .Andes. 

1909.  Hartlehen,  Wien.  p.  14. 

:  Cantor  Lectures  for  1907,  p.  12. 


damage  done  is  not  excessive.  The  color,  however, 
is  not  so  clear,  and  the  same  roughening  of  the  threads 
mentioned  above  is  noticed.  The  formation  of  lint 
is  also  greatly  increased  when  large  quantities  of  alkali 
are  used. 

Since  the  boiling  of  threads,  even  in  quite  strongly 
alkaline  solutions,  does  not  produce  great  deterioration, 
it  was  thought  well  to  determine  the  effect  of  alkalies 
which  are  not  completely  rinsed  out.  The  tests  were 
made  by  dipping  the  test  pieces  into  a  i  per  cent 
sodium  carbonate  solution,  squeezing  dry  by  hand 
to  about  the  same  extent  as  would  be  the  case  in  a 
centrifugal  machine,  and  then  placing  in  a  drying 
oven  heated  to  ioo°.  This  process  was  repeated  ten 
times,  rinsing  with  distilled  water  between  each  treat- 
ment, and  the  breaking  strength  determined.  Re- 
peated weighing  of  the  dry  threads  and  also  of  those 
which  had  been  wrung  after  dipping  into  the  solutions 
showed  that  a  weight  of  the  solution  about  equal 
to  that  of  the  threads  was  retained.  It  was  possible 
to  get  the  amount  of  solution  retained  to  agree  to 
within  about  two  per  cent.     The  result  was  as  follows: 

Original  strength 1 696 

After  ten  treatments 1420 

It  is,  therefore,  very  necessary  that  the  alkali  be 
removed  by  rinsing  and  by  the  acid  bath  which  is 
given  later,  as  otherwise  both  the  color  of  fabrics  and 
their  wearing  qualities  suffer  markedly. 

RINSING 

HOT  WATER — The  advantage  of  using  hot  water  for 
rinsing  is  obvious,  for  if  cold  water  is  used  and  soap 
is  present  in  the  hot  fabrics  in  quantities  larger  than 
are  soluble  in  the  cold  water,  this  soap  will  be  pre- 
cipitated and  will  redissolve  slowly.  All  of  the  sub- 
stances which  are  to  be  removed  are  more  soluble 
in  hot  water  than  in  cold,  and  in  addition  diffuse 
more  rapidly  with  rising  temperature.  Consequently 
hot  water  is  the  more  desirable. 

HARD  WATER — Since  hard  water  forms  difficultly 
soluble  calcium  and  magnesium  soaps  with  the  soluble 
sodium  soap  remaining  after  the  washing  process  and 
as  these  do  not  form  a  suds,  rinsing  appears  to  be  more 
quickly  and  efficiently  done  with  hard  water  than 
with  soft.  In  order  to  test  this  assumption  which 
is  general  among  launderers,  the  following  experi- 
ments were  made; 

Pieces  of  cloth  of  about  the  same  size  were  weighed 
under  the  same  atmospheric  conditions,  when  air- 
dry.  These  pieces  were  then  dipped  into  and  washed 
about  in  the  soap  solution  such  as  has  been  used  through- 
out this  work.  Some  of  the  pieces  were  then  rinsed 
three  times  in  tap  water  and  some  in  distilled  water, 
care  being  taken  to  give  the  test  pieces  the  same  me- 
chanical treatment.  The  tap  water  analyzed  14.5 
degrees  of  hardness.  After  standing  .until  air-dry 
the  pieces  were  reweighed  under  the  same  atmospheric 
conditions.     The  results  were  as  follows: 

Weight  in  grams  •    No.  1  No.  2 

Of  cloth  after  rinsing  in  soft  water 22.074         21,510 

Of  cloth  air-dry  at  start 21.877         21.396 

Of  substances  retained 0.197  0.114 

Of  cloth  after  rinsing  in  hard  water 22.230         21.643 

Of  cloth  air-dry  at  start 21.895         21.394 

Of  substances  retained 0.335  0.249 
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DISTILLED  WATER — The  last  rinse  water  in  the  case 
of  the  pieces  rinsed  in  distilled  water  was  soapy  and 
considerable  suds  was  formed.  However,  the  weighings 
show  that  the  rinsing  was  much  more  efficient  in  the 
case  of  the  distilled  water  series.  This  is  due  to  the 
fact  that  the  insoluble  soaps  which  are  formed  in  the 
fibers  when  hard  water  is  used  are  very  difficult  to 
remove. 

Upon  drying  the  different  pieces  in  an  oven  at 
100°  for  thirty  minutes,  the  pieces  rinsed  in  soft  water 
were  of  much  better  color  than  the  others.  Pieces 
which  were  allowed  to  dry  at  room  temperature  showed 
after  several  weeks  a  much  yellower  color  in  those 
rinsed  with  hard  water  than  in  those  rinsed  with  soft 
water. 

That  rinsing  with  soft  water  is  advantageous  is 
shown  by  the  observation  that  the  color  of  articles 
laundered  in  plants  where  this  is  the  custom  is  uni- 
formly better  than  that  obtained  in  other  plants. 

DEPOSITION    OF    SALTS    IN    FIBERS    OF    FABRICS 

A  reason  for  the  breaking  of  threads  in  fabrics 
which  is  thought  by  launderers  to  be,  perhaps,  the  most 
frequent  is  the  deposition  in  the  fibers  of  calcium  car- 
bonate and  lime  soaps  or  the  crystallization  of  soluble 
salts  such  as  sodium  chloride  or  sodium  sulfate. 

A  saturated  solution  of  slaked  lime  was  neutralized 
with  acetic  acid.  Threads  were  dipped  into  this 
solution,  then  into  a  0.6  per  cent  solution  of  sodium 
carbonate.  They  were  then  well  rinsed  in  distilled 
water  and  dried  for  thirty  minutes  at  100°.  This 
operation  was  repeated  ten  times.  In  one  case  the 
calcium  carbonate  was  allowed  to  accumulate,  while 
in  another  it  was  removed  after  each  treatment  by 
means  of  cold  dilute  acetic  acid  followed  by  rinsing 
in  distilled  water. 

Original  strength 1 696 

Calcium  carbonate  accumulated 1656 

Calcium  carbonate  removed  each  time 1633 

Two  other  series  were  treated  with  solutions  of 
sodium  sulfate,  allowing  the  salt  to  crystallize  out 
after  removing  the  excess  of  solution  as  was  done  in 
the  experiments  with  sodium  carbonate.  The  threads 
were  dried  for  thirty  minutes  at  ioo°,  and  rinsed  well 
between  treatments.  Ten  treatments  were  given 
each  series. 

Original 1696 

5  per  cent  sodium  sulfate 1584 

10  per  cent  sodium  sulfate 1614 

These  tests  seem  to  indicate  that  this  cannot  be 
considered  a  large  factor  in  the  disintegration  of 
laundered  articles. 

ACTION    OF    ACIDS 

MINERAL  ACIDS — Owing  to  the  high  price  of  oxalic 
and  acetic  acids  it  was  thought  advisable  to  determine 
whether  or  not  cheaper  acids  could  be  substituted. 
Sulfuric  and  hydrochloric  acids  were  chosen  as  the  most 
desirable  ones,  and  a  series  of  tests  was  run  to  com- 
pare the  harmful  effects  produced. 

The  test  threads  were  dipped  into  iV/so  (equivalent) 
solutions,  wrung  dry,  as  has  been  described  above,  then 
dried  in  an  oven  at  ioo°  for  thirty  minutes.  This  was 
repeated  ten  times  in  each  case,  rinsing  with  distilled 


water  after  each  operation  to  remove  the  acid  left  in 
the  threads. 

Original  strength 1717    Mean  of  (1706,  1680, 

1718,  1716, 
1767) 

Acetic  acid ...      1611.  1610 

Oxalic  acid 682,    676 

Sulfuric  acid Less  than  10 

Hydrochloric  acid Less  than  10 

The  results  show  clearly  that  the  use  of  the  cheaper 
acids  should  not  be  recommended  for  general  adoption 
because  the  wash-room  help  cannot  be  depended  upon 
to  rinse  sufficiently  to  remove  the  excess  of  acid  em- 
ployed. If  the  rinsing  were  sufficient,  however,  these 
strong  acids  might  be  used  with  entirely  satisfactory 
results,  as  will  be  explained  below. 

USE    OF    ACID    NECESSARY 

It  would  seem  that  the  use  of  acids  might  be  dis- 
pensed with,  or  at  least  be  made  much  less  objection- 
able than  at  present.  There  are  two  facts,  however, 
which  seem  to  make  the  use  of  some  acid  indispensable. 
The  small  quantity  of  alkaline  substances  which  is 
not  removed  by  rinsing  would  have  but  little  effect 
in  weakening  the  fabric  even  if  the  articles  were  placed 
in  the  dry  room  or  were  passed  over  the  heated  rolls 
of  an  ironing  machine.  This  alkali  is  objectionable, 
however,  because  it  forms  a  bright  yellow  product 
with  the  oxycellulose  which  is  produced  by  the  action 
of  the  bleaching  solution  on  the  cellulose.  Very 
small  quantities  of  alkali  are  able  to  produce  an  un- 
desirable color  in  a  piece  of  bleached  cloth,  as  will 
be  shown  later.  Some  acid  is  necessary,  too,  for  the 
purpose  of  removing  colored  compounds  of  iron  which 
are  present  as  individual  stains  or  as  a  general  dis- 
coloration which  results  from  the  use  of  water  or  of 
supplies  containing  even  small  quantities  of  iron  salts. 

These  tests  indicate  that  by  the  use  of  acetic  acid 
the  damage  done  may  be  made  almost  negligible. 

Acetic  acid  being  a  weak  acid,  that  is  one  only  slightly 
dissociated,  yields  relatively  small  concentrations  of 
hydrogen  as  ion,  and  consequently  the  conversion  of 
cellulose  into  hydrocellulose  is  effected  by  it  less 
rapidly  under  corresponding  conditions  than  when  the 
stronger  acids  are  used.  The  volatility  of  acetic  acid 
also  makes  it  less  harmful  than  any  of  the  other  acids 
experimented  with.  It  is  interesting  to  note  that  the 
order  in  which  the  acids  attack  cellulose  and  decrease 
the  breaking  strength  of  the  threads  is  the  same  as 
that  in  which  they  are  found  to  be  dissociated  into 
their  ions.  In  many  localities,  however,  oxalic  acid 
is  the  only  substance  which  will  remove  the  iron  com- 
pounds sufficiently,  and  for  this  reason  must  be  used. 
The  troublesome  iron  compounds  are  either  oxides 
or  basic  salts  of  iron,  which  are  soluble  in  the  presence 
of  sufficiently  large  concentrations  of  hydrogen  as 
ion.  Oxalic  acid  possesses  the  additional  property  of 
forming  a  complex  ion  with  iron  as  ion,  and  consequently 
is  a  more  efficient  solvent  for  these  colored  products 
than  is  acetic  acid.  Under  these  circumstances  it 
has  been  found  possible  to  effect  an  improvement  by 
using  acetic  and  oxalic  acids  together,  using  only  as  much 
oxalic  as  is  required  to  correct  the  discoloration,  and 
the  acetic  for  making  up  the  bulk  of  the  acid.  Careful 
rinsing  is,  of  course,  necessary  in  any  case. 
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A  series  of  threads  was  boiled  in  N/10  sulfuric  acid  not  only  on  the  objectionable  colored  substances,  but 

for    two    and    a    half    hours,    and    the    final    breaking  also  upon  the  cellulose  of  the  fabric,  changing  it  into 

strength   was  found  to  be    216.     It   is  evident,   then,  the   brittle   compound,    oxycellulose.     This   formation 

that   with   the   weaker  solutions  of   the   weaker   acids  of   oxycellulose   not   only   weakens   the    fibers   to   the 

used,  and  at  the  lower  temperatures,  the  damage  done  extent  to  which  they  are  thus  attacked,  but  the  oxy- 

while  the  articles  are  in  the  machine  is  not  great.  cellulose    is    objectionable    for    a    number   of    reasons. 

POSSIBLE  SUBSTITUTES  FOR  ACIDS  It    is    Well    known   that    oxycellulose   is    more   readily 

Acid    sodium    sulfate    is    a    cheap    substance    which  dyed  by  basic  dyestuffs  than  is  cellulose  itself,  and  for 

might    be    used    for    the    acid    bath.     Theoretically,  this  reason  any  oxycellulose  which  is  not  removed  is 

however,    it    ofTers   little   advantage    over   the    use    of  more  deeply  colored  than  the  other  parts.     The  be- 

sulfuric    acid    itself,     because    the    concentration    of  havior  of  oxycellulose  in  the  presence  of  alkalies,  which 

hydrogen  as  ion  from  acid  sodium  sulfate  is  relatively  has  been  spoken  of,  is  also  a  frequent  source  of  trouble. 

large.     This  is  so  because  sulfuric  acid  is  a  strong  di-  ^^  ^^^^^  ^^  determine  whether  or  not  this  behavior 

basic  acid,  and  the  bisulfate  ion   is,  therefore,  largely  .^  ^^^  ^^^^^  ^^^  ^^^  yellowing  of  certain  lots  of  clothes 

dissociated  m  weak  solutions.  .^^  ^^^  laundry  and  also  of  those  which  are  stored  after 

An    acid    sold    under    a    trade    name    was    analyzed  >       ■       u         i         1       j    ^t,    f  u      • 

,r            T  having  been  laundered,  the  following  experiments  were 

and  found  to  be  commercial  acid  sodium  sulfate.     It  f     m  d  ■ 
was  said  to  be  absolutely  harmless  for  laundry   use. 

From  the  above  considerations,  this  statement  seemed  Some    pieces    of    bleached    muslin    and    of    cambric 

very   improbable.     To  test  this   assertion   a   series   of  were   procured   on  the   market   and   used   as   the   test 

threads  was  treated  with  an  N / so  solution  of  the  bi-  Pieces.     Parts  of  each  of  these  were  bleached  to  the 

sulfate  in   the   same   way  that  the   experiments   were  extent  of  five  treatments  in  the  laundry,  and  parts  to 

made    with    the    other    acid    solutions.     The    results  the  extent  of  ten  such  treatments.     Test  pieces  about 

show  that  the  claims  for  this  article  were  not  founded  three  inches  square  were  cut  and  treated  as  described 

fact  below.     The  pieces  were  dipped  into  standard  solutions 

„..    ,^     ,.      .       ,.                                                  ,,,,  of  reagents  and  then  the  excess  of  the  solution  squeezed 

Original  breaking  strength 1/1/  °  ^ 

After  ten  treatments  with  JV/50  bisulfate 170  from  them  by  hand.     After  standing  at  room  tempera- 

The   bisulfate   is   somewhat  less   harmful   than   sul-  ture  the  pieces  were  examined  at  intervals  to  compare 

furic    acid,  owing  perhaps   to   the   fact   that   the    salt  their  color  with  that  of  the  original  untreated  samples, 

crystallizes    out    during    the    drying    process.     It    is  The  sizing  was  removed  from  all  of  the  cloth  by  boiling 

more   conveniently  handled  than  sulfuric   acid,   which  in  distilled  water. 

is  a  liquid,  but  certainly  the  launderer  should  know  From  these  tests  it  is  evident  that  the  yellow  color 

that  he  is  dealing  with  a  very  strongly  acid  substance,  is  greatest  for  a  given  concentration  of  the*  carbonate 

and  not  with  some  harmless  acid,  as  is  often  claimed  in  the  case  of  the  pieces  which  have  been  most  strongly 

in  advertisements.  bleached,    that    is,    which    contain    most    oxycellulose. 

BLEACHING  The    presence    of   even    minute    quantities    of   sodium 

Since    the    bleaching    is    unquestionably    the    most  carbonate  is  able  in  time  to  cause  a  very  noticeable 

Effect  of  Alkali  on  Color 

Strength  Time 

of  sod.  carb.  after  removing       Condition 

No.     Kind  of  Cloth                                                                                      solution  used  from  solution    after  treatment 

1          Original  muslin AT/IO  3  hrs.            Slightly  yellow 

->         Muslin,  bleached  medium  (Muslin  A) N/\0  3  hrs.            Very  yellow 

,1         Muslin,  bleached  strongly  (Muslin  B) 2V/10  3  hrs.            Yellower  than  2 

4  Muslin  B                    2V/10   rinsed  3    times 

with  distilled   water             3  hrs.  Yellower  than  1 

5  Original  muslin itf/10  3  hrs.  I^ess  yellow  than  1 

6  Muslin  A ? AT/IO  3  hrs.  About  like  2 

7  Muslin  B        JV/10  3  hrs.  .^bout  like  3 

8  Cambric,  medium  bleached  (Cambric  A) JV/10  3  hrs.  Yellower  than  6 

9  Cambric,  strongly  bleached  (Cambric  B) N/IQ  3  hrs.  Yellower  than  7 

10  Original  muslin N/50  16  hrs.  Slightly  yeUow 

1 1  Muslin  A N/50  16  hrs.  Much  less  yellow  than  ? 

1 1  Muslin  B  N/iO  1 6  hrs.  Less  than  3 

13  Original  muslin iV/100  72  hrs.  Slightly  yellow 

1 4  Muslin  A   Af/100  -  2  hrs.  \  ellower  than  I 

1,5  Mushn  B? N/\00  72  hrs.  Yellower  than  4 

16  Original  cambric iV/100  72  hrs. 

17  Cambric  A iV/100  72  hrs.  Yellower  than  4 

after  52  days  Much  yellower  than  blank 

15  Cambric  13 N/lOO  after  72  hrs.  Much  yellower  than  blank 

after  52  days  Much  yellower 

ly  Muslin  A A^/250  *  after  52  days  Much  yellower  than  blank 

''0         Muslin  B     .*.'.'..'. '. N/250  after  52  days  Much  yellower  than  blank 

21  Original  muslin N/500  after  52  days  Same  as  blank 

TT  Muslin  A      iV/500  after  52  days  Same  as  blank 

73  Muslin  B  N/500  after  52  days  Yellower  than  blank 

24         Muslin  B .V/1000  after  52  days  Very    little    yellower    than 

blank 

harmful  of  all  the  parts  of  the  washing  process,  and  it  yellowing  in  articles  which  have  been  strongly  bleached., 

seems  impossible  to  produce  a  sufficiently  white  color  Test    pieces    which    were    treated    with    oxalic    acid 

to  satisfy  the  trade  when  no  bleaching  agent  is  used,  under  varying  conditions,  some  of  which  were  boiled 

a  great  deal  of  experimenting  was  done  with  a  view  to  in   iV/io  oxalic  acid  for  an  hour,   did  not  develop   a 

improving  this  operation.     The  objection  to  the  method  yellow  color  even  after  .the  expiration  of  five  months. 

now  employed  is  that  the  hypochlorite  solution   acts  This  shows  that  no  colorless  compounds  were  formed 
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by  reduction,  which  subsequently  yielded  the  original  was  used  along  with  the  soap.     Although  the  cost  of 

colored  substances  by  the  oxidizing  action  of  the  air.  the  hydrosulfite  was  high,  it  was  considered  possible. 

The  yellowing  of  articles  on  standing  has  often  been  to  produce  it  at  a  sufficiently  low  price  to  justify  its 

attributed  to  this  latter  cause.  use  if  it  proved  satisfactory  in  other  respects. 

BLEACHING  IN  SEPARATE  SOLUTION — For  the  purpose  A  test  on  a  series  of  threads  showed  that  very  little 

of  determining  whether  or  not  it  would  be  better  to  .  decrease  in  their  breaking  strength  was  caused  when 

bleach  in  the  second  soap   solution   or  in   a  separate  they    were    boiled    in    relatively    strong    hydrosulfite 

solution  after  the  washing  was  finished,  the  following  solutions.     The  solution   was  made  up    10  grams  per 

experiments  were  performed.  gallon,   and  the   boiling  continued   for  two   hours,   to 

A   soap-alkali   solution   of   about   the   strength    used  correspond  to  ten  treatments. 

in  the  collar  tests  was  heated  to  boiling.      No  cellulose  Original  strength i696 

was  used  in  this  test.     Sufficient  bleach  solution  was  '"''  ^"■=°Bt  i685 

added  to  make  the  concentration  of  the  hypochlorite  This  process  was  tried  out  on  a  large  scale  in  two 

the  same  as  that  used  in  the  above  tests.     The  boiling  custom   laundries.     After   a   large   number   of  runs   it 

was    continued    after    the    addition,    and    the       hypo-  was  found  that  although  a  considerable  bleaching  was 

chlorite    was    found    to    have    disappeared    after    18  effected,  the  color  was  not   as  good  as  when  the  old 

minutes.     Another  quantity  of  the  bleach  solution  was  method    was    used.      The    quantities    of    hydrosulfite 

diluted  so  that  it  had  the  same    concentration    as    in  used  for  a  hundred  shirts  {75  lbs.  of  cellulose)  in  twenty- 

the   soap   solution.      The  proper  quantity  of  cellulose  five  gallons  of  the  solution  were  varied  from  V4  to  I'/a 

was  weighed  out  and  added,  so  that  the  ratio  of  the  lbs.     The  bleaching  eflfected  by  the  smaller  quantity 

weights  of  the  cellulose  and  the  solution  might  be  the  was  good,  but  owing  to  the  fact  that  whiter  work  could 

same  as  in  the  previous  tests  on  collars  and  threads,  be  gotten  by  the  use  of  hypochlorites  the  method  was 

The  boiling  was  continued  and  the  hypochlorite  found  abandoned,  as  it  was  not  thought  likely  to  be  generally 

to  have  disappeared  in  about  the  same  length  of  time  accepted, 
as  above — 18  to  19  minutes.  On   account   of   the   failure   of   the   reducing   agents 

A  solution  of  the  hypochlorite  with  no  soap  or  cellu-  to    produce    work    that    would    compare    in    whiteness 

lose    was    evaporated    to    dryness.      Water    was    then  with   that   obtained   in   practice,   attention    was   again 

added  to  redissolve  the  salts,  the  volume  being  made  turned  to  other  oxidizing  agents.      It  was  hoped  that 

equal  to  that  of  the  original  solution.      This  process  an  oxidizing  agent  plight  be  found  which   would  not 

was  again  carried  out  and  after  the  third  evaporation  attack  cellulose  as  much   as  do  the   bleaches  now  in 

a    strong    test    for    available    chlorine    was    obtained.  use,  and  which  would  effect  the  desired  whitening  of 

Lunge'   has   shown  that   a  neutral   solution   of   hypo-  the  article  to  be  treated. 

chlorite,    or    one    which    is    slightly    alkaline,    can    be  magnesium  and  sodium  hypochlorites 

boiled   for   two   hours   with    a   disappearance   of   only  ,,,  „■    „    u  t.i     -.^  ^  •   j 

^    ,  .,   ,  ,       ,,     .  T.  •         -J     :  Magnesium    hypochlorite    was    tried,    as    was    also 

24.6  per  cent  of  the  available  chlorine.     It  is  evident,  j.     1    „   j-    „    1.  t_i     -.^         o-  ^1  ■  ,     ■ 

,7^      ^         .,    ^  ^,      ,  ,  ,     .,  ^  J      ■,,    .,,  neutral  sodium   hypochlorite.     Since  the  oxidation   is 

therefore,  that  the  hypochlorite  reacted  with  the  soap  j  u     iu     u  1,1     -.^     •  j  ^1 

,    ^,     '      ,   ,  .^,         ,  ^  ,  ^  caused  by  the  hypochlorite  ion,  and  the  concentration 

and    the    cellulose    m    the    above   tests,    and    was    not        r  ..i,-  j     .^i.  -^i  .       /■     ,       , 

, ,  .  ,    .  of  this   was   made  the   same   with   each   of  the   hypo- 

decomposed  by  the  high  temperature  to  which  it  was        ui     •*         ^i.  1        u  r  ,-rr 

.     ^  ■'  ^  ^  chlorites,    the    only    chance    for    a    difference   in    their 

J  ■,  .  ,    ,    ,     ,  ,  actions  was  the  possibility  that  the  concentration  of  hv- 

trom   these   tests   it    was   concluded   that   the   soap  j  i  ■  ■   -^4.  ■    a  ^.i  ^-       ,  ,, 

^     ,     ,    ,         ,       ,  ,  ,     .  ,       ^  ,.,  droxyl  ion  might  influence  the  reaction  between  cellu- 

was   attacked   by  the   hypochlorites   about  as  readily  ,  ]     .^t,       1.  1  i     -.^       •  o- 

^,  ,,   ,  ,    -r  \,  •  ^,  ,,  '0S6     ^■"d    ^"^    hypochlorite    ion.     Since     magnesium 

as  the  cellulose,   and  if  this  were  the  case   a  smaller  ,      ,       ...     ,.~.     ,.,         ,    ,  ,      -^  ■     .  .,  ,     - 

,  ,  ,    '      .  ^  ^,         ^,    ^  ,      .,,    ^,  hydro.xide  is  difficultly  soluble,  it  is  impossible  for  the 

quantity  of  bleaching  agent  than  that  used  with  the  „  .  ,  1  ,     •.  ,   ^-        j.  ^   ■ 

,,,,,,    J^    ,^,  ,    -r         J  magnesium   hypochlorite   solution   to   contain    a   large 

soap  should  be  able  to  do  the  same  work  if  used  sepa-  *     <-■         c  i,    j  1  • 

,         ^,  .  ,   .  concentration  of  hydroxy!  ion. 

rately.     This  was  tried  both  in  the  laboratory  and  in  ,,  <.tui  ^.-^i..^^  1 

,   ,         ,  .  ,   ,      .  ,         .        .  r  r  Many  text  books  contain  the  statement  that  mag- 

several  laundries,  and  besides  a  saving  of  from  one-  .  ,  t.i     •..     t.  '  ^    ,         ,         t  ,      r^ 

,    ,-   ^      ^        ^,  .   '        ,   ^,       ,  ,       ,  .         ^     •  ,     ,    ...  nesium   hypochlorite   has   a   much   less   harmful   effect 
half   to   two-thirds   of   the   bleaching   material,   better  ..  ,   ,.  r  u  •       .1.  1  ■ 

...  ,  ....  "  on  cotton  and  linen  fabrics  than  calcium   or  sodium 

looking  work  was  obtained  m  every  case.  ,  ui     ■*  \   ^\.  l  t.  .1  ,      1      ,- 

^  •'^    ,        ,  .       .        .,  hypochlorites.     A  thorough  search  through  the  htera- 

REDuciNG  agents — On  account  of  the  objectionable  ,  ,  a   ^v.   ^   ^.-i.-       ^  ^  .    •  •    ,   r 

,,    ,           .                 ,         ,          ,    •     ,  ,  ture  showed  that   this  statement  is  copied  from  the 
properties   of    oxycellulose,   it    was   thought    advisable  .      .  -t-     ^-  ,-,,,,        tt        •      , 
f    /    ,,              ^       ,      .                    .            ,    7  ,          •  ,.  •  patent  specification  submitted  by    Hermite,"-  concern- 
to  try  the  use  of  reducing  agents  instead  of  the  oxidizing  ■        ,•                    c  ■  .         ,  ,,     . 

;       ,  .  ,  ,,  J       o    ,•         u    J         ^cJ^  '"g  "'S  process  for  preparing  magnesium  hypochlorite 

agents  which  are  generally  used.     Sodium  hydrosulfite  ,        1     .     1     •    r  ,    .  •  r  .  ,  ,     .  , 

,  ,    .         ,      ■'  ,.,    ,  .  .by  electrolysis  from  a  solution  of  magnesium  chloride. 

was  chosen  as  being  the  one  most  likely  to  give  satis-  -Kf     a  ^  ■         ■  ^     r  ^i.-    \  ^  ^  •       ,  ■ 

,     ^  ,^  ,  ,  T    ,        ^  J^o  '^^ta  3-re  given  in  support  of  this  statement  in  this 

factory    results    at     a    reasonable    cost.     Laboratory  ,      .  -c     ^-  I  1  i  /•         ,    . 

.         ^       ,  ,      ,  ...  ,  ,  patent    specification,    and    none    have    been    found    in 

experiments   showed   that   this   substance    when   used  .,         , 

.  .      ,  ,  ,.  any  other  place. 

in    quantities   chemically   equivalent   to   the    ordinary  t?        1'         •   v.        r    .t         ,  1       •  1 

,  ,       ,         ,    ,.  ,         ,  ■      ^  ,  Lqual    weights    of    threads    were    used    with    equal 

bleach    solutions    gave    results    that    promised    to    be  ,  ,    ,,        ,.„         ^    ,  ,  ,     -^  ... 

^'-  r     ^  n^,       ,  ,  ,      .       ,       ,  volumes    of    the    different    hypochlorites,    which    were 

satisfactory,      ihe    best    results    were    obtained    when  ,         -  ■      ,     ^      ,  ,  ~,  ,.  . 

.u      I.    J         1^..  1      ^        .,  J        J        1  made    of    equivalent    strengths.     The    conditions    of 

the   hydrosulfite   was  used  after  the  second  suds,   al-  ,     ...       .r.    .,.,,•       ,,  , 

^,         ,  ,       ,  ,.,,,,.,,  boiling  the  threads  m  all  cases  were  the  same, 

though   a   good  color   was   obtained   when  the   bleach 

Original  strength 1696 

'  J.  Soc.  Chem.  Ind.,  4,  722;  also.  "Manufacture  of  Sulfuric  Acid  and  Sodium  hypochlorite 468,  488 

.■\lkalies,"  second  edition.  Gurney  and  Johnson,  London.   1896.  pp.  417  and  Magnesium  hypochlorite 474.  492 

■119.  >  English  Patent  U.929,  J.  Soc.  Chem.  Ind  .  4,  673. 
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OZONE    FOR    BLEACHING 

Ozone  is  another  oxidizing  agent  which  was  experi- 
mented with,  and  it  was  chosen  because  the  only 
decomposition  product  which  could  be  formed  is  oxygen 
and  this,  of  course,  is  not  objectionable.  Preliminary 
tests  indicated  that  the  bleaching  could  be  done  satis- 
factorily, and  if  precautions  were  taken  to  prevent 
the  simultaneous  formation  of  oxides  of  nitrogen  or 
to  remove  them  if  formed,  the  strength  of  threads 
was  not  greatly  decreased  after  several  successive 
treatments. 

Original  strength 1696 

Exposed  to  current  of  ozone,  oxides  of  nitrogen  not 

removed less  than  5 

Oxides   of    nitrogen    removed    by    tower    filled    with 

slaked  lime 575 

Oxides  removed  by   bubbling  ozonized  air  through 

water 937 

The  percentage  of  ozone  by  volume  was  1.2,  and  the 
temperature  of  the  room  22.5°  C.  The  time  of  passing 
the  current  of  ozonized  air  was  three  and  a  half  hours. 
The  threads  were  introduced  moist,  about  as  they 
would  have  come  from  a  laundry  centrifugal  machine. 
It  could  not  be  decided,  however,  by  the  use  of  the 
small  laboratory  apparatus  whether  the  process  was 
sufficiently  economical  and  the  bleaching  action  suffi- 
ciently rapid  to  be  practical. 

The  laboratory  ozonizer  used  was  the  regular 
Siemens- Halske  apparatus,  composed  of  five  cells. 
By  varying  the  rate  of  flow  of  the  air  it  was  possible 
to  get  a  mixture  which  analyzed  from  0.5  to  1.5  per 
cent  by  volume,  of  ozone.  The  quantity  of  air  thus 
furnished  varied  from  0.5  to  2  cu.  ft.  per  hour.  The 
concentration  of  the  ozone  was  determined  by  titrating 
the  iodine  liberated  by  a  known  volume  of  ozonized 
air  from  a  neutral  potassium  iodide  solution.  It  was 
necessary  to  add  acid  to  decompose  any  iodates  which 
might  have  been  formed  before  the  titration  was  made 
with  standard  thiosulfate.  A  gas  meter  was  connected 
ahead  of  the  ozonizer  to  show  the  rate  at  which  the 
air  passed  through  the  apparatus.  The  air  was  care- 
fully dried  with  calcium  chloride  and  concentrated 
sulfuric  acid,  in  order  to  reduce  the  quantity  of  oxides 
of  nitrogen  formed. 

The  first  plan  tried  was  to  pass  the  current  of  ozonized 
air  into  the  drying  room  either  before  the  drying  was 
commenced  or  while  it  was  in  progress.  To  test  this 
method  some  starched  collars  which  had  not  been 
bleached  previously  were  placed  in  a  large  glass  desic- 
cator through  which  the  ozonized  air  was  led.  After 
half  an  hour,  the  color  of  the  collars  was  very  satis- 
factory, being  better  than  that  obtained  in  the  usual 
way.  When  these  collars  were  ironed,  however,  a 
very  yellow  color  developed  which  was  due,  perhaps, 
to  the  fact  that  part  of  the  starch  had  been  converted 
into  dextrine  and  this  developed  a  yellow  color  at  the 
high  temperature  because  of  the  alkaline  substance 
which  had  not  been  removed  by  rinsing.  It  was 
evident  that  this  method  could  not  be  used  unless  the 
bleaching  were  done  before  the  articles  were  starched. 
As  this  would  necessitate  an  extra  handling  of  the 
pieces,  and  would  lengthen  the  time  of  treatment, 
the  method  was  abandoned.  The  ozone  was  then 
used  in   a  different   way,   which   also  gave  satisfactory 


results  in  regard  to  color.  The  current  of  ozonized 
air  was  led  into  the  washer  while  the  washing  was 
being  done.  Tests  were  run  on  a  series  of  threads 
which  were  boiled  for  five  hours,  with  the  same  strength 
soap-alkali  solution  as  was  used  in  the  tests  described 
above,  and  a  strong  current  of  ozonized  air  passed 
through  continuously.  This  corresponded  to  the 
effect  of  ten  successive  treatments  such  as  were  to 
be  used  in  practice. 


In  order  to  test  the  commercial  efficiency  of  the 
latter  method,  a  large  ozonizer  furnished  by  the 
Gerard  Ozone  Process  Co.  was  installed  in  a  custom 
laundry.  The  current  of  ozonized  air  was  led  into^ 
the  washer  by  means  of  a  perforated  brass  pipe,  and 
allowed  to  bubble  through  the  fabrics  while  they  were 
being  run  in  the  machine.  This  large  ozonizer  was 
rated  to  furnish  a  current  of  air  containing  from  0.5 
to  0.7  per  cent  ozone  by  volume  at  a  rate  of  25  cu.  ft. 
per  hour.  Tests  were  run  in  which  the  ozone  was 
admitted  at  all  possible  times  during  the  regular 
washing  process. 

The  results  obtained  when  the  ozone  was  passed 
into  the  soap-alkali  solution  were  not  satisfactory. 
Fruit  and  coffee  stains  were  not  removed  sufficiently 
well  to  make  the  method  serviceable.  This  was- 
thought  to  be  due  in  part  to  the  fact  that  the  ozone 
was  largely  decomposed  by  the  hot  water  before  it 
came  into  contact  with  the  stains. 

In  order  to  overcome  this  difficulty,  the  ozone  was. 
used  with  the  clothes  in  luke-warm  water  either  before 
or  just  after  the  Washing  with  soap  was  done.  The 
color  of  the  articles  was  not  satisfactory  in  either  case,, 
although  the  passage  of  ozone  was  continued  in  some 
cases  for  forty  minutes.  Because  of  the  expense  of 
operating  the  apparatus,  and  also  because  of  the  length 
of  time  necessary  to  do  the  bleaching,  the  method  was 
abandoned  as  not  practical. 

ACTION    OF    HYDROGEN    PEROXIDE 

Some  preliminary  experiments  were  performed  with 
hydrogen  peroxide,  but  it  was  found  that  even  with 
solutions  of  considerable  strength  the  action  was- 
very  slow.  Very  satisfactory  results  were  obtained 
with  hydrogen  peroxide  in  bleaching  woolens,  and 
this  method  is  being  extensively  used  for  treating 
fine  woolen  articles.  The  solution  is  made  slightly 
alkaline' with  ammonia  in  the  latter  case. 

DISCUSSION    OF    USE    OF    BLEACH 

The  fact  that  colored  articles  last  much  longer 
than  undyed  ones  made  from  the  same  kind  of  material, 
is  proof  that  the  use  of  excessive  quantities  of  alkalies- 
and  bleach  is  responsible  for  the  greater  part  of  the 
damage  done  in  the  wash  room.  It  is  general  experi- 
ence that  a  colored  shirt  will  outlast  a  white  one  by 
considerable,  and  the  reason  would  seem  to  be  that 
in  the  case  of  the  colored  shirt  alkalies  and  bleaches 
must  be  used  very  sparingly  or  not  at  all. 

A  great  advance  would  be  made  if  all  laundries 
used  much  I6ss  bleach  than  they  do  at  present.  If 
bleach  is  used  once  on  a  piece  of  fabric,  it  is  necessary 
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to  use  it  every  time  the  article  is  laundered.  This 
is  because  the  oxycellulose  formed  the  first  time 
bleach  is  used  yields  the  objectionable  yellow  substance 
already  spoken  of  when  alkalies  are  used  subsequently, 
and  the  use  of  more  bleach  becomes  necessary. 

These  experiments  with  bleaching  agents  seem  to 
show  that  if  excessive  damage  is  to  be  avoided,  some 
sacrifice  in  the  color  of  the  finished  articles  will  need 
to  be  made.  This  might  be  accomplished  either  by 
using  hydrosulfites,  or  other  reducing  agents,  or  by 
using  much  smaller  quantities  than  are  now  considered 
necessary,  of  some  of  the  oxidizing  agents  in  use  at 
the  present  time. 

CONCLUSIONS 

I — The  bleaching  and  treatment  of  fabrics  with 
acids  are  the  most  harmful  parts  of  the  process  now 
in  general  use  in  steam  laundries.  The  bleaching  not 
only  weakens  the  fabrics,  but  also  produces  oxy- 
cellulose, which  yields  an  objectionable  yellow  substance 
when  treated  with  even  dilute  solutions  of  alkalies. 
The  hydrolysis  of  cellulose  produced  by  the  hydrogen 
as  ion  in  acid  solutions  weakens  the  fibers.  Thorough 
rinsing  is  essential  to  remove  as  much  of  the  acid  used 
as  possible.  The  quantities  of  bleaching  solution 
and   acid   used   should   be   kept   as   small    as   possible. 

2 — The  use  of  alkalies  in  excess  affects  prejudicially 
the  color  and  strength  of  fabrics,  and  leads  to  the  forma- 
tion of  much  lint. 

3 — Contrary  to  the  common  belief  of  launderers, 
soft  water  is  superior  to  hard  water  for  all  purposes, 
rinsing  included. 

4 — The  deposition  in  the  fibers  of  insoluble  salts  or 
the  crystallization  of  soluble  salts  does  not  greatly 
affect  the  wearing  qualities  of  fabrics. 

5 — The  use  of  mineral  acids  in  the  laundry  cannot 
be  generally  recommended,  because  of  the  extent  to 
which  they  attack  cellulose  if  they  are  not  thoroughly 
removed  by  rinsing. 

6 — One  cause  for  the  yellowing  of  fabrics  composed 
of  cellulose  on  standing  is  the  formation  of  yellow 
products  by  the  action  of  hydroxyl  ions  on  the  oxy- 
cellulose which  is  formed  during  the  bleaching  process. 

7 — A  saving  in  the  quantity  of  bleaching  solution 
required  and  an  improvement  in  the  color  produced  are 
possible  when  the  bleaching  is  done  as  a  separate  process. 
The  usual  practice  is  to  combine  washing  and  bleaching. 

8 — Hydrosulfites  may  be  used  for  effecting  the  bleach- 
ing, but  the  color  obtained  is  not  as  good  as  that  pro- 
duced by  hypochlorites. 

g — Magnesium  hypochlorite  solutions  present  no 
advantages  over  the  slightly  alkaline  solutions  of  so- 
dium hypochlorite  now  employed,  as  far  as  their  de- 
structive actions  are  concerned. 

10 — Ozone  produces  a  satisfactory  color  when  al- 
lowed to  act  on  fabrics  before  or  during  the  drying 
which  is  effected  in  the  drying  rooms.  The  fabrics 
are  less  attacked  than  in  the  present  method,  but  the 
ozone  process  is  not  well  received  by  the  trade  because 
it  necessitates  extra  handling  of  the  articles,  and 
increases  unduly  the  length  of  time  necessary  to  com- 
plete the  laundering  operation. 

Department  of  Industrial  Chemistry 
University  of  Kansas,  Lawrence 


AND  ENGINEERING  CHEMISTRY  649 

A  PRACTICAL  METHOD  FOR  THE  PREPARATION  OF 

DRY  STARCH,  SOLUBLE  IN  COLD  WATER,  FOR 

USE  AS  AN  INDICATOR' 

By  Robert  M.  Chapin 
Received   April    18,    1914 

When,  several  years  ago,  the  necessity  arose  for  pre- 
paring a  large  quantity  of  dry  starch  which  should  be 
readily  soluble  in  cold  water  and  appropriate  for  use 
as  an  indicator  in  iodine  titrations,  no  description  of 
a  sufficiently  practical  method  of  preparation  could 
be  found. 

Wroblewski^  prepared  the  desired  form  of  starch  by 
running  a  concentrated  solution  of  soluble  starch,  in 
a  thin  stream,  and  with  vigorous  stirring,  into  a  large 
excess  of  alcohol,  followed  by  washing  with  absolute 
alcohol  and  ether,  and  drying  in  vacuo.  He  stated  the 
resulting  product  to  be  soluble  in  cold  water  up  to  about 
4  per  cent,  and  to  yield  a  pure  blue  with  iodin.  His 
original  soluble  starch  was  prepared  by  digesting  rice 
starch  "with  i  per  cent  caustic  potash  solution. 

In  the  present  work,  Wroblewski's  method  of  pre- 
cipitation, etc.,  was  found  eft'ective,  but  for  the  prep- 
aration of  the  original  soluble  starch,  Lintner's^  method 
of  digestion  with  acid  proved  more  satisfactory.  The 
first  preparations,  made  in  191 1,  were  of  good  quality, 
but  were  obtained  through  a  series  of  tedious  and  ex- 
pensive processes.  Since  that  time,  through  the  re- 
peated preparation  of  large  quantities  of  the  material, 
the  process  has  become  so  simplified  and  standardized 
that  it  is  believed  to  be  worthy  of  publication. 

Into  a  5-liter  round  flask  with  a  long  neck  are  brought 
400  grams  potato  starch,  2300  cc.  distilled  water,  and 
lastly,  80  cc.  normal  hydrochloric  acid.  The  flask  is 
well  shaken  to  wet  and  distribute  the  starch  thoroughly, 
and  is  floated  in  a  kettle  of  water  previously  brought 
to  vigorous  boiling.  The  neck  of  the  flask  rests  con- 
veniently on  the  side  of  the  kettle  at  an  angle  of  about 
4  5°,  and  as  soon  as  the  flask  is  brought  into  the  bath 
it  is  smoothly  and  continuously  rotated  about  its 
longitudinal  axis.  As  the  flask  becomes  hot  the  starch 
forms  an  evenly  distributed  uniform  jelly,  which,  in 
about  seven  minutes  from  the  time  of  starting,  begins 
to  liquefy  and  to  fall  away  from  the  wall  of  the  flask. 
When  this  stage  is  reached  the  mouth  of  the  flask  is 
loosely  closed  with  an  inverted  beaker  and  the  flask 
left  in  the  boiling  bath  with  an  occasional  rotation  until 
the  mobile  liquid  shows  no  lumps  of  gelatinized  starch 
remaining — i  to  1V2  hours.  The  flask  is  then  rapidly 
cooled  in  running  water  until  it  can  be  comfortably 
handled  (about  50°  C),  then  methyl  orange  is  added, 
followed  by  concentrated  ammonia  to  alkaline  reaction. 
Next  is  immediately  added  800  cc.  of  95  per  cent  al- 
cohol, and,  after  thorough  mixing  and  standing  for  a 
few  minutes  to  allow  air  bubbles  to  separate,  the  liquid 
is  strained  through  moderately  coarse  muslin.  The 
addition  of  this  proportion  of  alcohol  notably  reduces 
the  viscosity  and  increases  the  permanence  of  the  solu- 
tion. Starch  will  separate  some  time  after  the  solution 
has  become  cold,  but  with  proper  management  ample 
time  remains  for  the  subsequent  operations.     In  fact, 

I  Printed  by  permission  of  the  Secretary  of  .Agriculture. 
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after  experience  has  been  gained,  the  amount  of  water, 
and  in  due  ratio  the  total  amount  of  alcohol,  may  be 
somewhat  reduced.  The  solution,  still  at  40  to  45°  C, 
is  run  through  a  number  of  fine  jets  into  four  liters  of 
95  per  cent  alcohol,  with  continuous  stirring.  The 
whole  is  left  for  at  least  48  hours  with  an  occasional 
thorough  stirring  after  which  most  of  the  supernatant_ 
alcohol  is  decanted  and  the  rest  used  to  transfer  the 
starch  to  a  two-quart  percolator  provided  with  a  filter 
plate  which  is  covered  with  filter  paper  or  cloth.  Here 
it  is  percolated  with  95  per  cent  alcohol,  being  stirred 
up  with  a  stick  at  intervals  to  prevent  the  formation 
of  clumps  or  fissures,  until  alcohol  comes  through  the 
percolator  of  a  specific  gravity  indicating  a  strength  of 
90  per  cent.  The  starch  is  then  transferred  to  a  Buch- 
ner  funnel,  well  drained  with  suction  and  spread  out 
to  dry  in  a  moderately  warm  place. 

The  resulting  product  is  a  fine  white  voluminous 
powder,  more  or  less  compacted  to  friable  lumps  which 
completely  disintegrate  under  slight  pressure.  In 
less  than  a  minute,  a  little  of  it  thrown  into  cold  water 
dissolves  sufficiently  to  yield  a  good  blue  upon  the  addi- 
tion of  potassium  iodide  and  iodine.  Moistened  with 
water  or  dilute  alcohol,  it  becomes  gummy  and  sub- 
sequently dries  out  to  a  horny  mass,  very  slowly  soluble 
in  cold  water.  The  efficiency  of  the  preparation, 
therefore,  resides  largely  in  its  fine  state  of  subdivision 
and  care  must  be  taken  during  the  process  of  prepa- 
ration not  to  expose  it  to  air  until  after  thorough  diges- 
tion with  alcohol  of  90  per  cent  strength.  After  drying 
it  should  be  preserved  from  moist  air,  though  it  is  not 
injured  by  exposure  to  ordinary  atmospheric  condi- 
tions. 

The  advantages  of  the  material  for  iodine  titrations 
made  in  the  field  with  a  portable  outfit  are  sufficiently 
obvious.  It  is  also  a  very  convenient  substance  to 
have  about  a  laboratory,  although  for  highly  accurate 
titrations  it  is  somewhat  inferior  in  sensitiveness  and 
delicacy  to  a  properly  prepared  fresh  solution  made 
from  raw  starch. 

Since  the  above  described  process  was  worked  out, 
Fernbach'  has  described  very  similar  observations; 
namely,  that  a  dilute  starch  paste  or  solution  run  in 
a  fine  stream  into  a  large  excess  of  absolute  alcohol  or 
acetone,  produces  a  finely  divided  precipitate  which  is 
soluble  in  cold  water.  He  apparently  attributes  the 
soluble  qualities  of  the  resulting  product  to  the  dehy- 
drating action  of  the  alcohol  or  acetone.  Inasmuch  as 
the  horny  form  of  precipitated  starch  previously  men- 
tioned, and  indeed  raw  starch  as  well,  becomes  soluble 
in  cold  water  when  finely  ground,  the  present  writer 
believes  that  the  prime  factor  which  determines  the 
readiness  with  which  precipitated  starch  dissolves  in 
water  is  simply  the  degree  of  fineness  of  its  mechanical 
subdivision.  It  was  early  found  that  the  more  dilute 
the  original  starch  solution  and  the  greater  the  excess 
of  alcohol,  the  finer,  more  voluminous  and  more  readily 
soluble  in  water  became  the  resulting  product,  but  nat- 
urally, the  less  practical  became  the  process. 

BiocHEMic  Division,  Bureau  of  Animau  Industry 
U.  S.  Department  op  Agriculture,  Washington 
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DETERMINATION  OF  SILVER  AND  BASE  METAL  IN 

PRECIOUS  METAL  BULLION' 

By  Frederic  P.  Dewey^ 

Received  May  IS.  1914 

The  determination  of  silver  in  gold  bullion  by  cupel- 
lation  methods  is  such  a  simple  matter  and  so  easily 
executed  that  it  has  long  been  the  standard  and  almost 
universally  accepted  method,  but  the  investigations 
described  in  this  paper  show  that  it  has  most  serious 
and  incurable  defects.  In  making  an  assay  of  gold 
bullion  for  base  metal,  which  is  the  basis  for  the  silver 
determination,  the  base  metal  is  not  entirely  removed 
from  the  button,  and  no  means  are  at  present  available 
for  insuring  the  presence  of  even  approximately  the 
same  amount  of  remaining  base  metals  in  duplicate 
buttons.  The  judgment  of  the  cupeller  is  the  only 
guide  in  the  matter.  The  amount  of  gold  and  silver 
absorbed  by  the  cupel  may  vary  greatly  in  duplicates. 
The  proofs  are  subject  to  the  same  variations  as  the 
assays,  and  it  is  purely  a  matter  of  chance  whether 
they  give  the  proper  correction  figures  or  not,  and  they 
may  fall  far  short  of  doing  so. 

These  difficulties  are  inherent  in  the  work  of  any 
one  assayer,  but  when  different  assayers  work  upon 
the  same  sample,  particularly  in  different  laboratories, 
the  opportunities  for  variation  are  multiplied;  when 
they  work  upon  different  samples  of  the  same  bullion, 
there  is  no  telling  how  widely  they  may  differ  in 
their  reports,  even  upon  apparently  docile  bullion. 

There  is  urgent  need  for  a  better  method,  but  a 
thoroughly  better  one  is  not  yet  available  and  undoubt- 
edly the  cupellation  method  will  remain  in  use  for  many 
years  to  come.  This  paper  further  describes  an  at- 
tempt to  establish  a  better  method  by  means  of  fusion 
with  cadmium  and  titration  with  sulfocyanate,  which, 
while  not  entirely  successful,  is  very  promising.  Com- 
parative tests  by  cadmium  fusion  and  Gay-Lussac 
titrations  are  also  described. 

During  the  fiscal  year  ended  June  30,  1912,  the  Mint 
service  of  the  United  States  Treasury  purchased 
74,179  deposits  and  redeposits  of  bullion,  most  of 
which  contained  more  or  less  silver.  In  the  vast 
majority  of  cases  the  fineness  of  the  silver  in  the  bars 
was  not  determined  directly,  but  by  a  method  of 
differences  based  upon  cupellations  by  which  the  fine- 
ness of  gold  and  base  metal  present  were  determined, 
the  difference  between  these  two  actual  determina- 
tions and  1000  being  called  the  silver  fineness. 

There  are  two  general  methods  of  arriving  at  the 
silver  result.  The  actual  assaying  work  in  both  cases 
is  the  same,  but  the  methods  of  calculating  the  results 
differ.  In  both  of  them  the  gold  fineness  is  first 
determined  by  a  separate  assay.  Then,  in  one  method 
of  calculating,  the  combined  gold  and  silver  fineness 
are  determined  by  a  second  assay  and  the  gold  figure 
subtracted  from  the  combined  gold  and  silver  figure 
to  give  the  silver  fineness.  In  the  second  method 
of  calculating,  the  result  of  the  second  cupellation  is 
stated  as  the  loss  on  cupellation,  or  base  metal,  and  the 
sum  of  this  determination  and  the  gold  determination 
is   subtracted!  from    looo   to   give   the   silver   fineness. 

'  Published  by  permission  of  the  Director  of  the  Mint. 
-  .-Vssayer.  Bureau  of  the  Mint. 
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Many  of  these  deposits  were  purchased  at  the  smaller  weighed.     The   difference   between  the   weight   of   the 

assay  offices  of  the  United  States,  scattered  all  over  button  of  gold  and  silver,  when  corrected  by  the  proof, 

the   country,    and    were   subsequently   shipped   to   the  and  the  sample  taken,  is  called  base   metal  that  has 

larger  oflficas  to  be  refined.      These  larger  oflfices  neces-  been    driven    off    or    absorbed    by    the    cupel.     Aside 

sarily   treated   the   smaller   ones   just   as   though   they  from  carelessness,  there  appear  to  be  but  few  chances 

were  outsiders,  making  their  own  weights  and  assays  for  variation  in  the  operation,  but  I  shall  show  that 

and  often  remelting  the  bullion  before  accepting  the  some  of  these  chances  are  exceedingly  potent, 
bar.      Naturally  there  are  at  times  differences  between  It  is  a  fair  assumption  that  the  chances  of  error  in 

purchasing  and  redeposit  offices.      Taking  the   figures  weighing  the  assay  sample   and  the   resulting   button 

of  the  purchasing  offices  as  a  basis,  Table  I  shows  the  will   be   approximately   the   same   as  in    weighing   the 

relation  between  the  silver  determinations  of  the  pur-  sample  and  cornet  in  the  gold  assay.     In  view  of  the 

chasing  offices  and  those  of  the  redeposit  offices  upon  wide  errors  that  may  occur  further  on  in  the  work  it 

579  redeposits  last  year  which   were  not  remelted  at  is  safe  enough  to  put  down  the  vitiation  of  the  silver 

the   redeposit   offices.      It   gives   the   number   of  times  determination  from  this  cause  as  being  negligible  for 

they    agreed    in    their    silver    determinations    and    the  the  present. 

number  of  times  they  differed  in  fineness  by  the  amount  In  the  actual  cupellation  in  the  furnace  for  removal 

stated.  of  the  base  metal,  the  first  point  to  attract  attention 

Table  I — Silver  Assays  on  579  Redeposits 

Redeposit  office  agreed  with  purchase  office 59 

Redeposit  office  differed  from  purchase  office 520 

Difference  in  fineness ','2  1        1  Vi       2       2'A       3  S'A       4     4'/!       5     51/1       6     6'/=       ?     8     81/2       10     IO1/2       12 

Above 57       56     44  28     32  21  12  II      5  6     6  2     2  4      11  4        1  1      294 

Below 44        59     43  41      21  7        6  ..4  ..1  ..226 

Totals 101       115      87  69      53  28  18  11      9  6      7  2      2  4      11  4        1  1      520 

From  Table  I  it  is  apparent  that  the  general  tendency  as  bearing  upon  the  chances  for  loss  and  variation  in 

of  the  redeposit  office  is  to    get  higher    results  on  the  the  result  is  the  possible  volatilization  of  the  precious 

silver  than  the  purchasing  office.     It  is  barely  possible  metals    during    cupellation.      Much    has    been    written 

that  a  very  few  of  the  results  at  one  redeposit  office  upon  this  subject,  but  most,  if  not  all,  of  the  numerical 

were  not  obtained  by  cupellation.  conclusions   announced   have   been   based   upon   either 

Of  course,  some  of  the  differences  shown  are  due  to  insufficient  data,  or  upon  tests  made  under  conditions 

differences  in   the   samples  used  for  the   aSsay   work,  which  do  not  at  all  occur  in  actual  assaying.      There 

but  the  differences  are  still  much  too  large  in  many  is  no  question  that  gold  and  silver  are  volatile  at  suffi- 

cases  and  call  for  improvement  in  the  assaying  or  for  ciently  elevated  temperatures,  but  it  is  an  open  ques- 

the  substitution  of  some  other  method  for  determin-  tion  how  much  they  do  volatilize  in  actual  assaying, 

ing  the  silver.  It  is  still  more  uncertain  as  to  whether  it  is  necessary 

It  is  evident  that  the  silver  result  is  naturally  open  to   carry   on   the   assay   work   under  conditions   which 

to    considerable    variation,    because    its    accuracy    is  produce  or  even  favor  the  volatilization  of  the  precious 

dependent  upon  the  accuracy  of  the  two  determinations  metals. 

which  are  actually  made.     When  the  net  errors  of  the  It  is  by  no  means  an  easy  matter  to  obtain  the  data 

two  actual  determinations  are  opposite  it  may  happen  required  to  answer  this  question  with  any  certainty, 

that  the  silver  figure  will  be  close  to  the  truth,  but  when  It  is  necessary  to  know  the  amount  of  precious  metal 

they  are  both  on  the  same  side  the  error  in  the  silver  going  into  the  assay,  the  amount  absorbed  by  the  cupel 

determination  may  be  quite  large.  and  the  amount  actually  remaining  in  the  final  button 

I  have  published  two  papers' dealing  with  the  accuracy  as  weighed.  This  last  determination  requires  much 
of  the  determination  of  gold  in  bullion,  showing  that  careful  and  painstaking  analytical  work.  As  a  prac- 
the  accuracy  often  claimed  for  this  determination  is  tical  fact,  the  only  way  to  arrive  at  this  figure  is  to 
not  generally  obtained  and  that  in  some  bullions  the  make  wet  determinations,  with  special  precautions, 
gold  determination  cannot  be  depended  upon  within  of  the  other  metals  remaining  iij  the  buttons  and  then 
one  fine.  In  the  presence  of  certain  elements,  such  call  the  balance  precious  metals.  I  have  done  con- 
as  arsenic  and  antimony  and  in  the  case  of  very  im-  siderable  work  of  this  character  and  am  in  the  habit 
pure  bullion,  such  as  some  cyanide  bars  and  some  jew-  of  speaking  of  it  as  "hen's-tooth  "  analysis.  I  have 
elry  scrap,  the  gold  assay  is  subject  to  much  wider  made  several  attempts  to  determine  the  volatiliza- 
variations  and  is  entirely  unsatisfactory  of  itself,  tion  loss  in  the  cupellation  assay  for  gold  only,  but  the 
to  say  nothing  of  its  baneful  influence  upon  the  silver  results  obtained  are  unconvincing  and  their  value 
determinations  by  cupellation  differences.  seems  hardly  commensurate  with  the  labor  involved. 

The   cupellation   for   base    metal   in   gold  .bullion   is  After  going  through  the  work,  one  may  get  a  figure 

a  ridiculously  simple  operation  and  may  be  described  showing  a  slight  loss  which  may  be  due  to  volatiliza- 

in  a  very  few  words.     The  assay  sample  of  the  bullion  tion,  but  it  will  be  loaded  with  all  the  errors  of  a  large 

is   weighed,   wrapped  in  the   proper  amount   of  sheet  amount    of    analytical    work.     On   the    other   hand    it 

lead  and  cupelled,  accompanied  by  the  proper  proofs,  may  easily  happen  that  a  slight  gain  will  be  shown, 
to  a  button  of  gold  and  silver,  which  is  cleaned  and  ^y  personal  opinion  is  that  in  the  vast   majority 

'  "The  Assay  and  Valuation  of  Gold  Bullion,"  Trans.  A.  1.  M.  E..  40,  of  cases  and  with  the  exception  of  bullion  high  in  copper 

780.    A«n.  Kept..  Director  of  the  Mint,  iwi-9, -p.  25.    "The  Sampling  of  ^^^    certain    exceptional    classes    of    bullion,    such  as 

Gold  Bullion,"   Trans.  A.  I.   M.  E.,  44,  853.     Orig.  Com..  Sth  Int.  Congr.  ...  ,  .  ,  ,       ... 

Atpi.  chem .  1,  155.  those  containing  arsenic  and  antimony,  the  volatiliza- 
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tion  of  precious  metals  in  properly  conducted  base 
metal  assays  is  insignificant. 

The  Bureau  records  contain  various  cases  of  exces- 
sive loss  in  base  metal  proofs  which  might  seem  to 
indicate  volatilization  of  gold  and  silver  during  the 
cupellation,  but  in  the  cases  where  the  cupels  have 
been  assayed,  as  far  as  the  records  now  show,  the  ab- 
sorption of  precious  metals  by  the  cupels  has  always 
been  more  than  sufficient  to  account  for  the  high-proof 
loss,  so  that  it  is  by  no  means  necessary  to  turn  to 
volatilization  to  explain  the  excessive  loss  of  the  proofs. 
Specific  illustrations  of  this  will  be  given  further 
along. 

It  has  been  known  for  a  very  long  time  that  the 
button  obtained  in  the  base-metal  assay  is  by  no  means 
pure  gold  and  silver.  The  work  of  Tillet  (1761— 1769) 
showed  that  the  weight  of  a  silver  cupel  button  added 
to  the  weight  of  silver  absorbed  by  the  cupel  exceeded 
the  weight  of  the  silver  taken  in  test  cases  and  that 
the  excess  was  made  up  of  copper  and  lead  retained 
by  the  button.  It  has  been  stated  on  the  authority 
of  Tillet  and  D'Arcet  that  1000  parts  of  a  silver  button 
may  contain  4  parts  of  foreign  metals.  As  already 
explained,  when  treating  of  volatilization,  the  accurate 
determination  of  the  very  small  amount  of  copper  and 
lead  in  a  base  metal  assay  button  presents  unusual 
difficulty.  On  one  occasion,  however,  I  had  an  accu- 
mulation of  base  buttons  from  two  laboratories  suffi- 
cient in  amount  to  work  with  comfortably.  One  set 
was  from  the  assaying  of  a  single  sample  of  standard 
gold  and  the  other  was  from  assaying  three  closely 
related  samples  of  standard  gold.  I  found  much  more 
than  4  parts  of  copper  and  lead,  per  1000  partsof  button. 
In  both  cases  the  bullion  was  only  about  2  fine  in  silver, 
and  98  fine  in  copper,  so  that  the  work  is  not  strictly 
comparable  with  Tillet's.  The  following  results  were 
obtained: 

Bash  Metal  Remaining  in  Cupel  Buttons 
Mg.  per  gram 
First  Second 

laboratory  laboratory 

Lead 3.09  2.04 

Copper 12,62  20.84 

On  various  occasions  I  have  examined  the  nitrate 
of  silver  solutions  resulting  from  parting  gold  coin 
assays  in  sets  in  the  Bureau  laboratory.  The  gold 
and  silver  buttons  in  the  gold  assays  may  be  treated 
as  quite  similar  to  the  base-metal  assay  buttons, 
although  not  strictly  the  same,  and  by  analyzing  the 
solution  from  a  set  of  assays  there  was  sufficient  lead 
and  copper  to  work  with.  It  is  not  possible  to  state 
the  relation  between  the  lead  and  copper  retained  and 
the  weight  of  the  buttons  exactly,  because  neither  the 
parting  silver  nor  the  buttons  were  weighed.  In  each 
case,  however,  the  buttons  weighed  approximately 
1450  mg.  each.  In  six  cases  of  regular  work  the  pro- 
portion of  both  lead  and  copper  retained  by  the  but- 
tons was  much  less  in  most  instances  than  in  the  base 
buttons  given  above,  the  average  amounts  retained 
per  button  being  as  follows: 

Lead  and  Copper  Retained  by  Gold  Assay  Buttons 
Average  per  Button  of  Approximately   1450  Mg. 

Lead     Mg.       Copper     Mg.        Lead     Mg.  Copper     Mg. 

0.51  1.43  0.99  1.12 

0.84  1.18  1.06  1.73 

0.89  1.65  1.63  2.36 


In  five  cases  the  assays  were  intentionally  run  at 
an  unusually  low  temperature  and  the  retention  of 
lead  and  copper  was  greatly  increased  as  shown  by 
the  following  results: 

Lead  and  Copper  Retained  by  Gold  Assay  Buttons 
Average  per  Button  op  Approximately  1450  Mg. 
Lead     Mg.  Copper     Mg. 

1.252  6.789 

1.511  7.344 

1.533  6.98 

2.179  7.79 

2.626  8.167 

In  the  case  of  a  set  of  fine  gold  assays  the  buttons 
weighed  approximately  1625  mg.  each  and  they  aver- 
aged to  contain  0.38  mg.  lead  and  2.07  mg. 
copper. 

Since  writing  the  above,  Liddell,'  in  comparing 
bone  ash  with  cement  cupels,  has  uttered  a  timely 
warning  against  assuming  the  cupel  bead  to  be  free 
from  base  metals. 

When,  however,  we  take  up  the  question  of  the  cupel 
loss,  or  absorption,  the  case  becomes  quite  difTerent. 
At  this  point  there  are  opportunities  for  wide  varia- 
tions which  may  be  readily  determined.  These  varia- 
tions not  only  affect  the  results  obtained  by  different 
assayers  when  working  upon  the  same  bullion,  but 
they  also  affect  duplicate  assays  by  one  worker. 

In  considering  the  question  of  loss  of  precious  metals 
in  the  cupel,  some  sharp  distinctions  should  be  drawn, 
although  they  cannot  yet  be  rigidly  applied.  There 
is  a  true  and  actual  absorption  of  these  metals  into 
the  body  of  the  cupel,  which  may  easily  be  demon- 
strated by  filing  off  a  portion  of  the  used  cupel  far 
away  from  the  button  of  metal  and  assaying  it.  There 
is  an  entanglement  of  one  or  more  individual  beads, 
often  plainly  visible,  upon  the  surface  of  the  cupel. 
There  may  also  be  a  shower  of  microscopic  beads 
scattered  over  a  portion  of  the  surface  of  the  cupel. 
In  the  course  of  my  investigations  I  have  assayed 
several  thousand  cupels  that  have  been  made  and  used 
under  most  varied  conditions,  and  hope  soon  to  pub- 
lish the  results.  At  this  time  I  propose  to  deal  with 
the  general  aspect  of  the  cupel  in  a  brief  manner  only, 
as  directly  applicable  to  the  base-metal  assay. 

The  true  absorption  of  a  cupel  depends  upon  a  wide 
variety  of  conditions.  The  entanglement  of  individual 
beads  may  be  due  to  the  character  and  composition 
of  the  ash  or  the  manufacture  of  the  cupel  or  it  may 
be  due  to  imperfections  in  wrapping  the  assay  sample 
in  the  sheet  lead  in  making  up  the  package  or  packet. 
A  rain  of  microscopic  beads  in  the  cupel  may  be  due 
either  to  the  composition  of  the  bullion  or  the  tempera- 
ture of  the  muffle.  It  may  also  possibly  be  due  to 
the  presence  of  an  undue  amount  of  salt  in  the 
bone  ash. 

It  is  a  good  plan  to  form  the  habit  of  always  examin- 
ing the  used  cupels  for  beads  and  when  there  is  a  wide 
difference  between  duplicate  assays,  such  an  examina- 
tion is  essential  for  good  work.  Whenever  beads, 
either  individual  or  microscopic,  appear  in  a  cupel, 
it  must  rest  in  the  judgment  of  the  assayer  whether 
he  will  accept  the  original  result  or  repeat  the  work. 
The  amount  of  the  true  absorption  is  not  visibly  shown 

1  Ens.  ^li"    J-.  96  (1913),  7. 
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by  the  cupel  and  can  be  determined  only  by  assaying 
the  used  cupel.  There  is  seldom  sufficient  time  to 
do  this  in  a  busy  commercial  laboratory  and  it  is  gener- 
ally assumed  that  it  will  be  properly  corrected  by  the 
proof.  This,  however,  is  often  not  even  approximately 
true.  Two  cupels  of  identical  manufacture  standing 
side  by  side  in  the  muffle  may  show  wide  differences 
in  the  amount  of  gold  and  silver  absorbed  when  the 
same  bullion  is  run  in  them  and  there  are  many  cases 
where  the  proof  is  only  approximately  like  the  bullion 
being  assayed,  while  such  differences  may  materially 
affect  the  relative  absorptions.  When  the  cupels 
are  separated  in  the  furnace  the  differences  may  be 
augmented. 

Some  illustrations  to  show  the  effect  of  cupel  ab- 
sorptions in  every-day  work  may  be  given.  In  these 
the  figures  stated  are  intended  to  represent  true  ab- 
sorptions except  as  noted.  Some  of  the  illustrations 
are  taken  from  actual  commercial  assaying  for  the 
purpose  of  showing  the  real  conditions.  Some  of  them 
are  from  regular  work,  which  was,  however,  carried 
out  so  as  to  illustrate  and  investigate  some  particular 
point  in  the  routine  work,  while  some  few  are  from 
specific  investigating  tests. 

In  one  of  the  small  offices  the  cupel  absorption  of 
gold  and  silver  in  duplicate  base-metal  assays  of  the 
A  sample  were  2.62  and  2.68  mg.,  but  on  the  B  sample 
they  were  1.63  and  1.87  mg.'  On  another  bullion 
the  absorptions  were  3.75  and  3.95  mg.  On  a  third 
they  were  4.81  and  6.03  mg.  This  is  a  most  excellent 
illustration  of  every-day  assaying.  There  was  ab- 
solutely no  discretion  used  in  selecting  the  cupels  to 
be  assayed.  They  represent  a  run  of  assays  on  a  day 
when  the  writer  happened  to  be  making  an  examination 
of  the  institution. 

The  cupels  from  the  base-metal  assays  of  five  de- 
posits at  another  small  office  were  forwarded  to  the 
Bureau  and  assayed  there,  showing  the  following 
absorptions: 

Cupel  Absorptions  (Mg.)  at  Small  Offices 

Fineness  of  bullion                  Sample          Gold  Silver  Total 

Gold      905.5 A  1.00  1.01               2.01 

Silver      92.0 B  0.94  0.97              1.91 

Base         2.5 

Gold      826 A  1.19  1.19               2.^8 

Silver    119 B  1.11  1.45              2.56 

Base        55 

Gold      786.25 A  1.02  1.42              2.44 

Silver     121.5 B  1.16  1.60               2.76 

Base        92.25 

Gold     608 A  0.57  3.35               3.92 

Silver    319.5 B  0.50  3.12               3.62 

Base        72.5 

Gold      537.5 A  0,54  4.30               4.84 

Silver    440.5 B  0.53  3.99              4.52 

Base        22... 

The  general  conditions  in  one  of  the  largest  labora- 
tories in  the  service  are  illustrated  by  Table  II  which 
gives  the  cupel  absorptions  in  base-metal  assays  on 
a  wide  range  of  bullions. 

'  For  convenience  in  the  Mint  service  a  special  set  of  assay  weights  is 
employed,  known  as  "gold  weights"  and  generally  designated  as  "GW," 
based  upon  500  mg.  equal  to  1000  GW  so  that  1  mg.  equals  2  GW.  In 
general  1000  GW  of  bullion  are  used  for  making  a  base-metal  assay,  so  that 
the  GW  of  the  button  as  weighed  gives  the  fineness  of  the  bullion  assayed. 
In  a  few  cases  in  the  paper  it  is  noted  that  only  a  half  charge,  or  500  GW. 
was  employed  for  the  assay.  In  considering  the  data  in  this  paper  it 
should  be  remembered  that  1  mg.  means  2  in  the  fineness  on  a  full  charge 
and  4  on  the  half  charge. 


Table    II — Cupel    Absorptions    (Mg.)    Base-metal    Assays    in  Large 


Laboratory 

Gold 

Silver 

Total 

Gold 

Silver 

Total 

0.97 

0.78 

1.75 

0.81 

2.24 

3.05 

0.75 

I  .07 

1.82 

1.02 

2.13 

3.15 

1.13 

0.85 

1.98 

1.65 

1.57 

3.22 

I  .58 

0.58 

2.16 

1.75 

1.76 

3.51 

1.17 

1.04 

2.21 

1.64 

1.91 

3.55 

1  .06 

1.25 

2.31 

1.70 

1.94 

3.64 

1.34 

0.97 

2.31 

1  .51 

2.  15 

3.66 

0.91 

1.43 

2.34 

1.05 

2.62 

3.67 

1.01 

1.38 

2.39 

1.81 

1.97 

3.78 

1.09 

1.36 

2.45 

1.58 

2.24 

3.82 

0.28 

2.25 

2.53 

1.95 

1.88 

3.83 

1.03 

1.51 

2.54 

1.63 

2.36 

3.99 

1.23 

1.36 

2.59 

0.42 

3.59 

4.01 

0.90 

1.72 

2.62 

1.93 

2.  10 

4.02 

1.08 

1.73 

2.81 

2.10 

2.15 

4.25 

1.12 

1.78 

2.90 

2,24 

2.27 

4.51 

2.49 

4.32 

6.81 

These  cupels  were  made  on  a  power  press  from  bone 
ash  of  the  following  screen  composition: 

On     40  mesh 4.75  per  cent 

On    60  mesh ..  10.75 

On    80  mesh 23.0 

On  100  mesh 7.5 

Through  100  mesh 54.0 

100.00  per  cent 

A  bullion  high  in  copper  that  was  very  troublesome 
to  assay  and  the  composition  of  which  is  given  approxi- 
mately only  at  457  fine  in  gold  and  160  fine  in  silver 
yielded  the  following  cupel  absorptions  in  a  set  of 
base-metal  assays  using  10  grams  of  lead: 


Cupel  .\bsorptions  (Mg.)   Bullio.n 
Gold  Silver 

3.48  3.49 

3.68 


IN  Copper 
Total 
6.97 


5.74 
6.14 


4.17 
4.29 


As  a  general  illustration  of  what  may  occur  with  a 
rain  of  microscopic  beads,  accompanied  in  some  cases 
by  separate  beads,  six  such  cupels  that  had  been  used 
in  a  purchasing  office  were  assayed  at  the  Bureau  with 
the    following    results: 


Metal  Recovered 
Silver  Total 

2 . 49  6 . 04 


;.)  FROM  Beaded  Cupels 
Gold  Silver 

3.28  2.34 

2.8!  4.87 

2.16  4.56 


Five  base-metal  assays  each  were  made  on  two  high- 
grade  bullions,  accompanied  by  two  proofs.  The 
cupels  were  made  on  a  hand-lever  machine  from  the 
same  bone  ash  as  the  cupels  of  Table  II.  The  cupels 
were  arranged  in  the  muffle  in  three  rows  of  four  with 
the  proofs  in  Nos.  2  and  3  of  the  middle  row.  The 
cupels  showed  the  following  absorptions: 


COMP 

No.  1  Bullion: 

Gold  898.5  fine 
Silver  89.0  fine 
Base     12.5  fine 

No.  2  Bullion: 

Gold  895.5  fine 

Silver  98.5  fine 

Base  6  fine 


Absorptions 

(Mg.) 

Gold 

Silver 

1.86 

1  .08 

1.97 

1  ,02 

2.21 

1  .  KJ 

2,54 

1.  19 

2.48 

1.19 

2,02 

1,03 

1.74 

1.09 

2.  12 

1.24 

2.42 

1.30 

2.60 

1  .29 

2.94 
2.99 
3.31 


3 .  05 
2.83 
3.36 


Two  somewhat  similar  bullions  from  the  same  office 
were  treated  in  the  same  way  with  the  following  results: 
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Cupel  Absorptions  (Mr,.) 

Composition                                 Gold  Silver  Total 
1st  Buluon: 

Gold    823.0    fine                 1.18  1.48  2.66 

Silver  164.25  fine                  1.29  1.72  3.01 

Base       12.75                          1.44  1.69  3.13 

2.01  2.13  4.14 

•1.99  1.91  3.90 

2nd  Bullion: 

Gold    884      fine                   1,29  1.12  2.41 

Silver  113.5  fine                     1.32  1.07  2.39 

Base         2.5                              1.62  1.27  2.89 

1.99  1.37  3.36 

2.35  1.50  3.85 

Proofs; 

Gold  425  mg.                        1.73  1.58  3.31 

Silver  70  mg.                         1.49  1.60  3.09 

The  cupels  were  made  on  a  hand-lever  machine  from 
bone  ash  of  the  following  composition: 

On     40  mesh None 

On     60  mesh 10      per  cent 

On    80  mesh 24 

On  100  mesh 6.5 

Through  100  mesh 59.5 

100. 0 

Eight  samples  of  miscellaneous  bullion  were  cupelled 
in  duplicate  at  one  time  upon  a  plate  in  one  of  the 
large  offices,  the  duplicates  being  widely  separated 
in  the  furnace.  The  used  cupels  were  assayed  at  the 
Bureau  and  showed  the  following  absorptions: 

Table    III — Miscellaneous    Bullion.     Cupel    Absorptions    (Mg.)    in 

one  Set 

Composition                    Assay  Gold  Silver  Total 

Gold      350 1st  2.09  2.44  4.53 

Silver    120 2nd  1.23  1.86  3.09 

Base      530 

Gold      440 1st  1.57  1.94  3.51 

Silver    150 2nd  1.41  2.11  3.52 

Base      410 

Gold     520 1st  1.35  1.56  2.91 

Silver    140 2nd  1.90  1.74  3.64 

Base      340 

Gold     530 1st  1.09  1.99  3.08 

Silver    210 2nd  1.34  2.19  3.53 

Base      260 

Gold      690 1st  1.03  0.96  1.99 

Silver    100 2nd  1.69  1.23  2.92 

Base      210 

Gold     800 1st  1.03  0.91  1.94 

Silver    120 2nd  1.30  1.05  2.35 

Base        80 

Gold     890 1st  1.94  0.58  2.52 

Silver      20 2nd  1.32  0.49  1.81 

Base        90 

Along  with  these,  two  samples  were  run  side  by  side, 
but  the  duplicates  were  cupelled  in  a  different  make 
of  cupel,  also  side  by  side  and  separated  from  the  orig- 
inals on  the  plate.  The  used  cupels  g'ave  the  following 
absorptions: 

Cupel  Absorptions  (Mc)   Bullion  in  Diffkrent  Cupels 
Composition  Cupel  Gold  Silver  Total 

Silver    190 1st  1.39  2.17  3.56 

Base      350 2nd  1.59  2.38  3.97 

Gold      440 

Silver     180 1st  1.40  2.1/  3. .57 

Base      380 2nd  1.59  2.22  3.81 

Gold      460 ..  .. 

Eight  base-metal  assays  were  made  in  duplicate  on 
various  samples  of  a  ■  bullion,  a  proof  being  placed 
between  each  pair  of  duplicates,  and  the  following 
absorptions  (Group  I)  of  gold  and  silver  were  shown 
by  the  cupels. 

Other  samples  of  the  same  bullion  assayed  in  a 
different  cupel  and  slightly  hotter  part  of  the  muffle 
yielded  the  absorptions  given  as  Group  II: 

Gold  and  Silver  Absorbed  (Mg.) 

Group  I  Group  II 

1st  Assay  Proof  2nd  Assay        1st  Assay  Proof       2nd  Assay 

1.55  1.71  1.75  2.18  2.26  2.00 

1.73  1.88  1.76  2.23  2.36  2.46 

1.81  1.82  1.75  2,19  2.41  2.35 

1.80  1.88  1.76  2.32  2.44  2   28 

2.43  2.47  2.42  2.96  3.11  3.10 

2.37  2.66  2.44  3.22  3.26  3.00 

2.67  2.66  2.61  3.34  3.28  3.16 

2.67  2.62  2.60  3.41  3.60  3.14 

This  bullion  was  757  fine  in  gold,  iq6  fine  in  silver  and 
47    fine   in    base.      'I'he    t-upels   were    made   in    a   hand- 


lever  machine  from  bone  ash  of  the  following  screen 
analysis: 

1st  Cupel  2nd  Cupel 

On    40  mesh 1.0  per  cent  1  .  25  per  cent 

On    60  mesh 2.5  11.00 

On    80  mesh 6.0  21.50 

On  100  mesh 7.5  13.75 

Through  100  mesh 83.0  52.50 

100.0  per  cent     100.00  per  cent 

Two  Other  comparisons  on  a  different  bullion  were 
similar  to  the  last  two  runs,  but  the  relative  positions 
of  the  cupels  were  reversed  and  in  this  comparison 
No.  I  cupel  was  run  slightly  hotter  than  No.  2. 

Gold  and  Silver  Absorbed  (Mg.) 
Hotter  Runs  on  No.  1  Cupel      Cooler  Runs  on  No.  2  Cupel 

1st  Assay  Proof       2nd  Assay      1st  Assay  Proof       2nd  Assay 

1.98  2.27  1.97  1.97  2.13  1.89 

2.16  2.30  2.14  2.00  2.07  2.07 
2.33  2.66  2.37  2.21  2.31  2.18 
2.72  2.96  2.91  2.46  2.76  2.98 
2.84  2.85  2.90  2.60  2.53  2.51 
3.07  2.99  3.00  2.66  2.53  2.51 

3.17  3.34  3.30  2.76  2.64  2.77 
3.27  3.22  3.05  2.86  2.74  2.72 

This  bullion  was  712  fine  in  gold,  202  fine  in  silver  and 
86  fine  in  base. 

Four  sets  of  quadruplicate  assays  were  made  on 
various  samples  of  a  bullion,  a  proof  being  used  be- 
tween each  two  assays,  making  six  cupels  in  each  set, 
arranged  in  two  rows  of  three  in  the  furnace,  and  the 
following  absorptions  were  shown: 

Gold  and  Silver  Absorbed  (Mg.) 

Assays            Proof  .Assays  Assays  Proof           Assays 

First  Set  Third  Set 

2,44               2.34  2.44  2.49  2.52               2.38 

2.82               2.72  2.67  2.82  2.61               2.22 

Second  Set  Fourth  Set 

2.36               2.35  2.38  2.55  2.93               2.54 

2.72               2.81  2.67  3.04  2.82               2.96 

In  each  set  the  first  row  of  figures  represents  the  front 
row  of  cupels  in  the  furnace.  This  bullion  was  770 
gold,  214  silver  and  16  base.  The  cupels  were  made 
on  a  hand-lever  machine  from  bone  ash  of  the  following 
screen  composition: 

On    40  mesh 1 .  00  per  cent 

On    60  mesh 4.25 

On    SOmesh 12.75 

On  100  mesh 10.0 

Through  100  mesh 72.0 

100.00  per  cent 

Two  sets  of  samples  of  miscellaneous  bullion  were 
run  in  different  cupels,  with  the  following  results: 

Table  IV — Gold  and  Silver  .Absorbed  (Mg.)  Miscellaneous  Bullion 
1st  Cupel  2nd  Cupel 

Composition                Gold       Silver       Total           Gold  Silver  Total 

Gold      742.5                0.62          0.90          1.52            0.91  1.23  2.14 

Silver    161.5                0.67          0.91           1.58            0.98  1.21  2.19 

Base        96                   0.71          0.98          1.69             1.03  1.48  2.51 

0.79           1.19          1.98             1    0()  1.38  2.44 

0,82  1,05  1.87 

0,94  1.19  2.13 

1.06  1.30         2.36 

1.09  1.28     •    2.37 

Gold      559                  0.29         2.12         2.41            0.41  2.31  2.72 

Silver    405                  0.36         2.53         2.84           0.51  2.67  3.18 

Base        36                  0.49         2.85         3.34           0.54  2.95  3.49 

0.50         2.90         3.40           0.60  3.00  3.60 

0.72  3.52  4.24 

0.71  3.60  4.31 

Gold     486.25             0.27         2.60         2.87            0.28  2.36  2.64 

Silver    471.0               0.35         3.01          3.36           0.29  1.98  2.27 

Base        42.75             0.56         3.86         4.42           0.41  3.33  3.74 

0.59         3.72         4.31            0.43  3,50  3.93 

0,51  3.74  4.25 

0,51  3.85  4.36 

Gold      245                    0.10          4.06          4    16            0.15  4.73    '      4.88 

Silver    666                  0.11          4.24         4.35            0.17  5.44  5.61 

Base         89                    0.12          4.75          4.87            0.18  5.22  5.40 

0.17         4.98         5.15           0.19  4.70  4.89 

0.20  3.65  3.85 

a.  20  5.16  S.36 

Gold      242.75             0.09         3.65         3.74           0.13  4.53  4.66 

Silver    675.0               0.10         3.56         3.66           0.14  4.56  4.70 

Base        82.25             0.16         4.93         5.09           0.15  3.24  3.39 

0.15  4.96  5.11 

0.16  4.55  4.71 

0.17  5.31  5.48 
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These  cupels  were  made  on  a  hand-lever  machine 
from    bone    ash    of  the  following  screen  composition: 

No.  1  Cupel  No.  2  Cupel 

On    40  mesh 1.50  per  cent  percent 

On     60  mesh 2.75  9.25 

On    80  mesh 7.00  22.00 

On  100  mesh 8.50  14.00 

Through  100  mesh 80.25  54.75 

100.00  per  cent  100.00  per  cent 

A  cyanide  bullion  884  fine  in  gold,  6  in  .silver  and  no 
base,  being  mainly  zinc  and  cadmium,  with  practi- 
cally no  copper,  yielded  the  following  absorptions: 

Table  V — Gold  and  Silver  Absorbed  (Mg.)  Cyanide  Bullion 
Gold  Silver  Total  Gold  Silver  Total 

0.79  0,07  0.86  0.91  0.09  1.00 

0.81  0.06  0.87  0.92  0.11  1.03 

0.82  0.09  0,91  0.98  0,07  1.05 

0.82  0.09  0.91  1.01  0.08  1.09 

This  cupel  was  made  on  a  hand-lever  machine  from 
bone  ash  of  the  following  screen  composition: 

On    40  mesh Slight  trace 

On    60  mesh 6 .  00  per  cent 

On    80  mesh 11,75 

On  100  mesh 10.0 

Through  100  mesh 72.25 

100.00  per  cent 

A  very  low-grade  bullion,  no  fine  in  gold,  52  in 
silver  and  838  base,  whic"h  was  mainly  lead,  yielded 
the  following  absorptions  in  the  same  cupel  as  that 
used  in  the  above  cyanide  bullion: 

Table  VI — Gold  and  Silver  Absorbed  (Mg.) — Very  Leady  Bullion 
Gold  Silver  Total 

0.28  0.83  1,11 

0,29  0,58  0,87 

0.33  0.81  1.14 

0.37  0.49  0.86 

The  Mint  service  does  not  pay  for  silver  where  it  is 
less  than  8  fine  in  the  bullion.  The  cupels  used  on 
three  such  bullions  showed  the  following  absorptions: 

Cupel  Absorption  (Mg.) 

Composition  Gold       Silver       Total 

No.  1  Bullion: 

Gold      892,25  fine Proof  A                  ,,.               ..            2.28 

Silver        7.5  fine B                 2.25         0.19         2.44 

Base      100.25 

No.  2  Bullion: 

Gold      988.25 987  A                   1.80          0.23          2.03 

Silver        6,5 13  B                  1,91          0,12          2,03 

Base           5,25 Proof                1,88          0,13           1,94 

No,  3  Bullion: 

Gold      985,75 987  A                  1,84         0,11           1,95 

Silver        7.0 13  B                 2.14         0.21          2.35 

Base          7.25 Proof              2.05         0.15          2.20 

A  fourth  bullion  was  assayed  in  three  different 
cupels,  but  unfortunately  I  do  not  know  the  screen 
composition  of  the  ashes  used.  The  following  ab- 
sorptions were  shown: 

Cupel  Absorption 
No.   1   Cupel 

Gold  Silver  Total 

Composition  Mg,  Mg,  Mg. 
Bullion                         Proof 

Gold      987,75             990                        A  2,19  0,15  2.34 

Silver        6.0                   5                         B  1.70  0,12  1,82 

Base          6,25                 5                     Proof  2,15  0,09  2,24 
No.  2  Cupel 

A  1.38  0.10  1   48 

B  1.42  0.13  1.55 

Proof  1.17(?)  0.29  1.46 

A  1.81  0.09  1,90 

B  2,02  0,12  2,14 

Proof  1,99  0,18  2,17 

A  special  series  of  synthetic  alloys  or  proofs  contain- 
ing 8  and  lo  GW  silver  and  varying  amounts  of  gold 
and  copper  were  cupelled  with  varying  amounts 
of  lead  at  one  of  the  mints  and  the  used  cupels  were 
assayed  at  the  Bureau.  Table  VII  summarizes  the 
data.  The  column  "Button  losses"  gives  the  basis 
for  the  corrections  that  would  have  been  applied  to 
the  base  metal  determinations  if  these  alloys  had  been 
used  as  regular  proofs  in  assaying.     This  column  also 


illustrates  the  higher  losses  to  be  e.xpected  with  in- 
creasing amounts  of  copper,  accompanied  as  they  must 
be  by  more  lead  and  higher  temperatures  of  cupellation. 

Table  VII — Synthetic  Alloys 

Metals  taken                            Lead  Button  Cupel  absorptions  (Mg.) 

GW                                      used  losses  . * > 

All,  silver  8                             Grams  GW  Gold  Silver  Total 

Gold        980 2.6  12  2.60  o!o7  2.67 

Copper      10 11  2.34  0.07  2.41 

Gold        910 3.2  23  2.35  0.17  2.52 

Copper     20 20  2.32  0.10  2.42 

Gold        820 3.9  46  4.50  0.09  4.59 

Copper     40 45  4.20  0.12  4.32 

Gold        700 2.6  8  2.42  0.10  2.52 

Copper       5 10  3.03  0,07  3,10 

Gold        700 6.5  86  5.87  0.13  6.00 

Copper     80 86  6.20  0.23  6.43 

Gold        600 2.6  9  2,58  0,14  2,72 

Copper       5 11  3,31  0,15  3,46 

Gold        500 2,6  10  3,01  0,46  3,47 

Copper        5 11  3,19  0,22  3,41 

All.  silver  10 

Gold        600 3,9  54  4,66  0,30  4,96 

Copper      50 57  6,29  0,45  6,74 

Gold        500 7,8  98  5,69  0,29  5,98 

Copper     90 98  5.91  0.30  6.21 

Gold        400 10.4  150  6,17  0,19  6,36 

Copper    140 148  5,34  0,26  5,60 

The  surface  of  several  of  the  cupels  was  considerably 
eaten  away  and  some  beads  were  entrained. 

From  what  has  gone  before  it  is  evident  that  while 
there  are  not  many  opportunities  for  variations  in  the 
base-metal  assay,  these  opportunities  open  the  way  for 
very  large  variations  in  the  result.  It  is  generally 
assumed  that  the  proof  assays  will  correct  for  these 
variations,  at  least  approximately,  but  if  the  condi- 
tions of  the  work  lead  to  variations  in  the  assay  itself, 
they  must  do  the  same  for  the  proofs,  and  it  is  quite 
possible  for  the  proofs  to  be  very  misleading.  As 
a  matter  of  fact,  the  base-metal  proof  question  is  an 
exceedingly  troublesome  one  to  deal  with  and  requires 
the  exercise  of  much  thought  and  caution. 

Substantially  the  same  proof  may  lead  to  widely 
differing  corrections  when  the  work  is  performed  under 
supposedly  similar  conditions  in  the  same  laboratory. 
Under  differing  conditions  in  the  same  laboratory, 
and  still  more  so  under  differing  conditions  of  different 
laboratories,  the  proofs  may  give  corrections  differ- 
ing astonishingly.  Three  samples  of  standard  gold, 
substantially  goo  gold  and  loo  copper,  but  with  a 
trifle  of  silver  replacing  the  copper,  were  cupelled 
for  base-metal  in  six  laboratories.  This  would  seem 
to  be  the  simplest  and  easiest  kind  of  a  case,  and  should 
show  a  close  agreement  among  the  proofs,  but  it  did 
not  turn  out  so.  One  laboratory  reported  the  proof 
conditions  as  follows: 

Base  Proofs  on  Standard  Gold.     One  Laboratory 

0,0  2,0-1-  4,2-1- 

0,2-1-  2,24-  4,54- 

0,34-  2,34-  4,84- 

0,54-  3,74-  6,84- 

0,64-  3.84-  7,24- 

0,94-  4,0-1-  7,34- 

The  Other  five  laboratories  reported  the  following 
proofs: 

Base  Proofs  Standard  Gold 
Laboratories 


I 

2 

3 

4 

5 

A  charge 

Va  charge 

1      4- 

1,5 — 

5     — 

1  + 

5     — 

2     4- 

0 

\     — 

14- 

5     — 

4     4- 

1      + 

0 

24- 

3.9— 

5     4- 

1,54- 

0 

24- 

3,9— 

6.54- 

1.54- 

2.84- 

24- 

3,9— 

6.54- 

2     4- 

2.84- 

3  + 

3,3— 

7      4- 

3.3— 

9.54- 

3.3— 

11.5  + 

2.5— 
2.5— 
1.7— 
1.7— 
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The  long  row  of  minus  proofs  from  the  fifth  labora- 
tory is  especially  noticeable  and  indicates  too  high  tem- 
perature in  the  cupelling.  The  sign  +  shows  that 
the  proof  button  obtained  weighed  more  than  the 
precious  metals  going  into  the  proof,  while  —  means 
that  it  weighed  less.  In  applying  the  corrections  to 
the  assay  buttons  the  signs  must  be  reversed.  These 
three  samples  were  known  to  differ  slightly  in  silver 
and  it  is  scarcely  profitable  to  tabulate  the  silver 
results  reported. 

Another  sample  of  standard  gold  was  sent  to  five 
of  the  above  laboratories,  several  times  to  each.  The 
laboratory  individually  quoted  above  refused  to  commit 
itself,  as  to  the  copper  and  silver  present,  upon  its 
cupellation  results.  The  other  four  laboratories  num- 
bered as  above,  reported  the  following  proofs: 

Base  Proofs  Standard  Gold 
Laboratories 

12  3  4 

Va  charge  V2  charge 

4     —  2     —  I     —  4 — 

3     —  1     —  1     —  3— 

1  —  1  —  I  —  1  — 
0  0  0  8—  1  — 
0 .  7  -t-  1.5+  0 .  6—  0 

2  +  ...  0  3  + 

These  four  laboratories  reported  58  determinations  of 
silver  and  base  metal,  copper,  in  this  sample,  summa- 
rized as  follows: 

Tablb  VIII — Silver  and  Base  Metal  in  Standard  Gold 
Silver  Silver  Base  Metal  Base  Metal 

Fine  Assays     Fine  Assays  Fine  Assays  Fine         Assays 

0.25  8  5.0  6  92.0  2  97.0              4 

0.50  1  5.5  4  92.5  1  97.5               3 

1.0  1  6.0  2  93.0  5  98  0              6 

1.5  1  6.5  1  94 . 0  !  98 . 5               I 

2.0  2  7.0  4  94.5  2  99.0               2 

2.5  5  7.5  2  95.0  9  100.0              9 

3.0  4  8.0  1  95.5  1  — 

3.5  4  8.5  1  96.0  11  58 

4.0  4  —  96.5  1 

4.5  7  58 

In  the  above  case  it  was  a  very  simple  matter  for 
the  assayer  to  make  his  proof  to  correspond  very  closely 
in  composition  to  the  metal  being  assayed,  but  the 
case  of  miscellaneous  and  unknown  bullion  is  often 
further  complicated  by  the  fact  that  the  assayer  has 
to  rely  on  his  best  judgment  in  making  up  his  proofs. 
An  experienced  assayer  can  generally  form  a  fairly 
good  estimate  for  the  proof  from  inspection  and  the 
preliminary  assay,  but  small  amounts  of  impurities 
may  be  present  without  being  properly  adjusted  in 
the  proofs,  and  some  of  these  smaller  impurities  may 
have  undue  influence  upon  the  course  of  the  assay. 
Again,  in  a  busy  commercial  laboratory  it  is  often 
necessary  to  group  closely  related  bullions  under  one 
proof  composition  which  may  be  a  cause  of  further 
variations. 

In  comparing  the  assays  of  miscellaneous  bullion 
with  the  proofs,  I  wish  also  to  illustrate  the  influence 
of  the  relative  position  of  the  cupel  in  the  muffle  upon 
both  the  proof  and  the  assay.  In  the  following  table 
each  horizontal  line  of  figures  represents  a  row  of  cupels 
as  they  stood  in  the  furnace  and  the  figures  are  the 
gold  weights  of  the  buttons  resulting  from  the  cupella- 
tions.     There  is  no  relation  between  the  rows: 

Assays  and  Proofs  in  ^ngle  Rows 

Assay  Proof  Assay  Proof 

No.  1 995.7  997  996  996. S 

No.  2 994.6      995        995  995 

No.  3, 994.3      995        990  993.4 

No.  4 633.3  638.3  634.8  636.3 


Composition  op  Proofs 

No.  I  No.  2  No.  3  No.  4 

Gold 605  488  488  268 

Silver 395  512  512  375 

Copper .    .  ...  220 

Zinc ...  ...  100 

The  high  losses  on  the  proofs  in  Xos.   i,   2  and  3  are 
especially  noticeable. 

In  five  cases  quadruple  determinations  of  base  metal 
were  made  and  were  run  in  two  rows  of  four,  one 
immediately  behind  the  other,  with  varying  arrange- 
ment for  the  assays  and  proofs.  In  the  table  the  top 
row  of  figures  in  each  set  represents  the  front  row  of 
cupels  and  the  figures  are  the  button  weights  in  GW. 
The  assays  and  proofs  are  indicated  by  "A"  and  "P" 
respectively. 

Assays  and  Proofs  in  Double  Rows 

No.  1 A945.0  P946.I  A945.3  P946.7 

A  944.8  P  945.1  A  944.8  P  946.9 

No.  2 P  996.9  A  997.0  P  996.0  A  995.2 

A  994.9  P  996.3  A     ...  P  996.5 

No.  3 P880.8  A  875   8  P882.1  A875.5 

A  871.0  P  880.8  A  874  P  882.0 

No.  4 A961.7  P  962   3  A964.0  P  963  .  1 

P  961.3  A  960.3  P  962.4  A  962.0 

No.  5 A827.8  P831.7  A827.1  P832.2 

P  833.0  A  827.0  P  831.5  A  826.3 

Composition  op  Proofs 

No.  I        No.  2     No.  3  No.  4  No.  5 

Gold 765          865          675  723  590 

Silver 181           135          210  245  245 

Copper 54          ...             15            32  25 

Zinc 100  .    .  140 

In  a  sixth  set  the  front  and  back  proof  differed  slightly. 

P975.8  A975   4  P976.0  A975.3 

P970.8  A974   2  P  970.0  A973.8 

Proofs 

Front  Back 

Gold 81S  815 

Silver 165  160 

Quadruple  base-metal  assays  were  made  with  two 
sets  of  samples  from  two  high-grade  bullions.  Each 
set  of  four  assays  was  run  by  itself  with  a  proof  between 
each  pair  of  assays.  The  arrangement  of  figures 
in  the  table  represents  the  arrangement  of  the  cupels 
in  the  furnace,  the  top  row  representing  the  front  row 
of  cupels  in  each  set.  The  fineness  figures  represent 
the  combined  gold  and  silver  finenesses  shown  after 
correcting  the  button  weights  by  the  proof  figures  in 
the  middle. 

Table  IX — Assays  with  Middle  Proofs,  in  Double  Rows 

1st  Bullion 

1st  Samples  2nd  Samples 

Gold  and  Gold  and  Gold  and  Gold  and 

silver                                   silver            silver  silver 

fineness  Proof  fineness  fineness  Proof  fineness 

912.3  2.5  —  912.8  910.4  0.2-1-  909.3 

909.7  1.9—  911.3  910.2  0.4 —  910.3 

909.1  2.3—  908.3  907.5  0.4-|-  907.1 
909.7  2.8  —  909.8  908.6  0  908.3 
909.9  2.6  —  911.1  911.8  0.9-1-  911.5 

910.5  3.3  —  912.3  911.5  0.4-t-  911.5 

907.6  2.4  —  913.5  907.7  0.9-1-  909.0 
909.3            2.5  —           909.8           905.9            1.3-1-  905.4 

2nd  Bullion 

953.3  1.69—  957.5  964.0  0.5-1-  952.2 

953.2  2.30 —  953.0  952,6  0.2—  952.9 
954.0            1.37—           953.9           960.8  OH-  952.6 

954.2  2.25—  954.2  958.8  0.4 —  959.2 

957.7  1.04—  952.2  947.2  3.9-1-  953.6 

955.3  1.75—  953.6  958.0  0.4 —  952.2 
958.2  1.19—  957.6  957.7  1.8-1-  957.2 
956.6            2.15-            956.3            947.8            2.1-1-             953.0 

Composition  of  Bullions  and  Proofs 

Bullions  Proofs 

No.  1  No.  2  No.  1  No.2 

Gold 713.75  758  714  760 

Silver 198.0  196  200  200 

Base 88.25  46  Copper  30 
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These  assays  were  all  made  in  one  laboratory  by  one 
assayer.  The  first  samples  were  run  at  one  time  and 
the  second  at  another.  A  part  of  the  differences  shown 
are  undoubtedly  due  to  differences  in  samples. 

This  table  is  worthy  of  most  careful  study.  It 
discloses  both  the  remarkable  agreement  and  the  utter 
unreliability  of  results  at  times  yielded  by  this  method 
of  assay. 

Early  in  the  investigation  a  series  of  synthetic  bul- 
lions was  prepared  for  the  purpose  of  elucidating  the 
influence  of  the  composition  of  the  bullion  upon  the 
assay  results.  The  samples  were  distributed  to  nine 
laboratories  throughout  the  service  and  nearly  every 
one  was  assayed  in  four  laboratories.  The  results 
reported,  as  shown  in  the  next  table,  indicate  that 
whatever  influence  the  composition  may  have  had  on 
the  assaying  was  masked  by  other  influences  in  most 
cases. 


Table   X- 

-Base 

AND    SiLVE 

R   IN  Synthetic 

Bullions 

Bullion  No.  1 

Bullion  No.  2 

Bullion  No.  3 

BuiLION  No.  4 

Base 

Silver 

Base 

Silver 

Base 

Silver 

Base      Silver 

4..'i 

105 

1.0 

387 

1  .0 

508 

I.O 

123 

BO 

105 

3.0 

387 

1.5 

509 

1.0 

128 

9.5 

105 

4.0 

389 . 5 

1.5 

509 . 5 

2.5 

129.5 

9.5 

105 

5.5 

390.5 

2.0 

509.5 

4.0 

130 

10  0 

105.5 

6.0 

392 

2.5 

511 

5.0 

131 

10  0 

106 

5.0 

132 

10.5 

106 

7.5 

134 

10   5 

107.5 

U.O 

134 

1  1  ,0 

111 

Gold 

865 

Gold 

884.75 

Gold  607 

Gold  489 

Bullion  No.  5 

Bullion  No.  6 

Bullion  No.  7 

Bullion 

No.  8 

Base 

Silver 

Base 

Silver 

Base 

Silver 

Base 

Silver 

19 

356 

20.5 

160 

19.5 

443.5 

30 

239 

23 

356.5 

20.5 

161.5 

23 

447 

31.5 

240 

23.5 

358 

23 

162 

23 

447 

32 

241 

24 

358 

23.5 

162 

23 

448 

35.5 

242 

24 

358 

24 

162.5 

23.5 

448 

37 

244 

24 

358 

24.5 

164.5 

24 

448 

37 

244.5 

26 

359 

25.5 

165 

24 

448 

37 

247.5 

26 

363 

28 

452 

Gold 

618.25 

Gold 

814 

Gold 

529 

Gold 

722' 

BULLIC 

N  No.  9 
Silver 

Bullion  No.  10 
Base       Silver 

Bullion  No.  1 

Bullion  No.  12 

Base 

Base 

Silver 

Base 

Silver 

50 

181 

152 

494 

161 

240 

356 

362 

50 

181.5 

158 

495.5 

167 

240 

359 

362 

50.5 

181.5 

159 

498 

168 

240 

360 

368 

50.5 

185 

159 

499 

168 

240.5 

363 

368 

52 

185 

159 

499 

168 

242 

364 

368 

52 

186 

159. 

5      499 

171 

242 

364 

371 

54,5 

186 

161 

500 

171 

243 

368 

373 

55 

187 

164 

501 

171 

243 

370 

376 

Gold 

763.75 

164 

507.5 

171 

249.5 

Gold 

341.5 

Gold       590 

Gold 

268 

Bullion  No.  4  contained  a  small  amount  of  arsenic, 
about  I  fine,  No.  8  contained  about  the  same  of  anti- 
mony. No.  9  was  nearly  saturated  with  iron,  N'o.  6 
contained  both  antimony  and  iron  and  Nos.  11  and  12 
were  high  in  zinc. 

Two  samples  containing  arsenic  are  very  interesting. 
One  was  approximately  785  fine  in  gold,  107.5  in  silver, 
100  in  copper  and  7.5  in  arsenic.  The  gold  assays 
(65)  varied  from  779.7  to  792.4,  a  variation  of  12.7 
in  the  fineness.  The  base  assays  (24)  varied  from  loi 
to  117,  a  variation  of  16  in  the  fineness.  The  second 
was  approximately  675  fine  in  gold,  200  in  silver,  100 
in  zinc,  24  in  lead  and  copper  and  only  i  in  arsenic. 
The  gold  assays  (62)  varied  from  671.4  to  681.4, 
a  variation  of  10  in  the  fineness,  but  the  base  assays 
(8)  varied  less  than  the  gold  assays.  The  base  assays 
varied  from  120  to  127,  showing  a  variation  of  only 
7  in  the  fineness.  Evidently  both  of  these  bullions 
are  hopeless  as  assaying  propositions. 

Two  special  cases  will  be  mentioned  here,  although 
they  will  also  be  used  further  along  in  this  paper.      The 


Mint  service  does  not  pay  for  silver  in  deposits  when 
it  is  less  than  8  fine  in  the  bullion.  A  deposit  884 
fine  in  gold  was  cupelled  16  times  in  5  laboratories 
for  base  metal  and  12  of  the  results  gave  the  silver 
below  8  fine.  The  4  at  8  fine  and  above  were  all  from 
one  laboratory.  Also  the  Service  does  not  buy  bullion 
over  800  fine  in  base  metal,  but  a  synthetic  bullion 
containing  about  838  base,  most  of  which  was  lead, 
was  cupelled  for  base  16  times  in  4  laboratories  and 
1 2  of  the  results  ranged  from  840  to  836,  while  a  group  of 
four  from  one  laboratory  were  from  4  to  7  lower  in 
base  than  the  lowest  of  the  12.  The  following  tables 
summarizes  the  reports: 


Base 

Metal 

Gold  884 

Base 

Assays 

Silver 

111 

1 

5 

110.25 

1 

S.-jf 

110 

5 

6     * 

109.75 

2 

6.25 

109.50 

2 

6.50 

109 

1 

7.0 

108 

1 

8.0 

N  Special 

Cases 
Gold  110 

Base 

Assays  Silver 

840 

2 

50 

839.5 

1 

50.5 

839 

2 

51 

838.5 

1 

51.5 

838 

2 

52 

837.75 

1 

52 .  25 

837 

1 

53 

836 

2 

54 

832 

1 

58 

831 

1 

59 

830 

1 

60 

829 

1 

61 

A  few  more  direct  comparisons  will  be  given  here, 
and  several  others  will  be  found  in  the  sulfocyanate 
portion  of  this  paper  (see  September  issue). 

Various  samples  of  two  bullions  were  assayed  for 
base  metal  in  five  laboratories  with  the  following  results. 
Possibly  some  of  the  differences  shown  were  due  to 
differences  in  samples. 


1st  Bullion 


2nd  Bullion 


438 
442 
443 
444 
445 
446 
448 
449 
.453 


Base  metal 
484 


488 
489 
490 
492 


A  further  exceptional  illustration  is  afforded  by  three 
bars  from  each  of  which  two  samples  were  cut  and 
a  single  assay  made  on  each  sample  at  the  purchasing 
office.  These  three  bars  were  included  in  one  shipment 
of  redeposits.  The  redeposit  office  remelted  the  bars 
and  reported  much  more  silver,  even  after  allowing 
for  loss  of  base  metal  in  remelting.  The  purchasing 
office  samples  were  then  submitted  to  two  other 
laboratories  in  the  Service  and  duplicate  assays  were 
made  on  each  sample  in  each  laboratory.  The  results 
reported  were  as  follows: 

Bar  I                     Bar  2              Bar  3  Bar  4 

Samples                     A          B                A           B         A           B  A           B 

Original 526.25   526  412          412  331        331.5  284.5    284 

1st  Lab 539.5     539.5  423.5     423  345.5  344.5  286.5 

541.5      540  423.25   423  343.5   347  288.5 

2nd  Lab 537          537  422          424  336        338  286.5 

536  536  421  423  338        336  

Gold 303.50                     265                          215  220.75 

Having  shown  that  the  method  is  often  liable  to 
give  erratic  results,  attention  should  in  justice  be  di- 
rected to  the  large  number  of  satisfactory  agreements 
shown  in  Table  I.  This,  also,  however,  raises  a  most 
important    physiological    and    psychological    question 


658 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  6.  Xo.  8 


which  is  approached  with  some  hesitation,  tnit  the 
whole  object  of  the  investigations  upon  which  this 
paper  is  founded  is  for  the  purpose  of  improving  our 
assaying  methods  as  necessarily  carried  out  under 
commercial  conditions,  and  before  this  can  be  intelli- 
gently undertaken  or  successfully  accomplished  it  is 
essential  to  consider  all  the  conditions  surrounding 
our  present  methods  and  their  application.  It  he- 
comes,  therefore,  essential  to  consider  the  human  as- 
pect of  the  work,  since  a  large  laboratory  is  liable  to 
contain  a  variety  of  personalities.  Without  going  into 
details,  three  chief  factors  may  be  mentioned  under 
this  head:  pure  carelessness,  laziness  and  the  domina- 
tion of  one's  own  or  an  outside  will  or  intellect.  The 
■  first  one  may  cause  agreement  or  disagreement,  but 
the  second  two  may  surely  be  counted  on  to  unify  the 
results. 

One  of  the  best  assayers  I  have  ever  known,  who  was 
also  big  and  strong  enough  to  be  frank,  once  said  to  me: 
"Why  I  can  see  any  weight  at  the  balance  that  I 
want  to."  The  records  of  the  Bureau,  particularly 
the  older  ones,  show  far  too  many  cases  of  remarkable 
agreement  in  the  reported  results  to  be  explained  simply 
upon  the  general  theory  of  chance. 

In  one  case  a  sample  was  sent  to  an  institution  on 
two  occasions  and  assayed  in  quadruple  each  time. 
Everyone  of  the  eight  results  reported  was  o.  25  fine  in  sil- 
ver. The  same  sample  was  sent  again  and  the  duplicate 
results  were  both  given  as  4  line  in  silver.  It  was  sent 
again  and  all  four  results  were  stated  as  5  fine  in  silver. 
In  the  case  of  the  arsenical  bullion  already  mentioned 
one  laboratory  reported  the  silver  at  105,  105,  106  and 
107,  but  on  another  occasion  it  was  reported  by  the 
same  laboratory  at  106,  log,  no  and  114.  i  In  all, 
24  determinations  of  silver  were  made  on  this  sample 
in  five  laboratories  and  they  varied  from  loi  to  117. 
Another  laboratory  shows  surprising  agreement  be- 
tween duplicates  all  along  the  line.  A  difference  of 
0.5  in  the  base-metal  duplicates  is  rare,  but  when  their 
samples  are  sent  to  other  institutions  for  assay,  much 
wider  differences  are  reported,  and  on  one  occasion 
in  this  laboratory  a  proof  composed  of  580  gold, 
400  silver  and  20  copper  lost  20,  while  a  companion 
proof  of  the  same  composition  lost  only  8.  Also  a 
sample  of  proof  gold  was  once  sent  to  this  institution, 
under  the  name  of  fine  gold  simply,  and  the  report 
showed  999.5,  999.6,  999.7  and  999.7  fine  in  gold.  Finally 
in  various  comparisons  the  results  from  this  institution 
form  a  closely  agreeing  group  of  figures  at  one  or  the 
other  extreme  of  all  the  reports  in  the  comparison. 
In  one  instance  a  docile  weigher  sitting  by  the  side 
of  a  domineering  personality  turned  in  many  consecu- 
tive reports  agreeing  absolutely  with  the  figures  of  his 
associate. 

CONCLUSIONS     REGARDING     THE     CUPELLATION     METHOD 

Determinations  by  difference  are  always  objection- 
able since  all  the  errors  of  the  other  determinations 
are  thrown  upon  the  final  one.  This  allows  a  wide 
margin  for  differences  between  duplicates  and  leaves 
the  question  of  the  actual  amount  of  the  estimated 
material  present  in  doubt. 

The  mass  of  data  here  presented  warrants  the  fol- 


lowing conclusions  regarding  the  cupellation  for  base 
metal:  There  are  two  chief  sources  of  operative  error 
in  this  determination,  the  absorption  of  gold  and  silver 
by  the  cupel  and  the  retention  of  base  metal  by  the 
precious  metal  button.  At  present  we  do  not  have 
the  means  of  controlling  either  of  these  with  any  cer- 
tainty, or  of  readily  ascertaining  their  extent  in  com- 
mercial work.  These  errors  may  balance  each  other, 
but  they  often  fail  to  do  so.  A  low  cupel  absorption 
may  be  accompanied  by  either  a  high  or  a  low  button 
retention,  or  a  high  cupel  absorption  by  either  kind 
of  button  retention,  and  the  relations  may  be  reversed 
in  the  duplicates.  A  third  defect  arises  from  the  fact 
that  the  proofs  are  subject  to  the  same  uncontrollable 
errors  as  the  assays,  and  the  proof  corrections  may  be 
fallacious. 

Notwithstanding  the  defects  pointed  out  in  this 
paper,  which  render  the  method  unsatisfactory,  the 
simplicity  and  ease  of  execution  of  the  cupellation 
method  commend  its  use  and  undoubtedly  it  will 
be  extensively  employed  for  many  years  to  come.  It 
is  also  evident  that  the  defects  are  inherent  and  that 
there  is  no  apparent  way  of  overcoming  them  in  the 
present  state  of  our  knowledge.  It,  therefore,  becomes 
necessary  to  seek  for  a  better  method,  and  preferably 
a  direct  determination  of  the  silver. 

Moreover,  aside  from  the  ordinary  errors  of  manipu- 
lation, the  presence  in  a  bullion  of  members  of  the  plat- 
inum group  of  metals,  which  are  soluble  in  nitric 
acid  when  alloyed  with  silver,  further  complicates 
the  determination  of  the  silver  by  cupellation.  Such 
bullions  are  not  uncommon  in  Mint  work,  although 
much  of  the  platinum  occurs  in  scrap  material  pur- 
chased. 

(To  be  concluded) 


THE  DETERMINATION  OF  CHROMIUM  AND  MAN- 
GANESE IN  IRON  AND  STEEL 

By    Fred   C.    T.    Daniels 
Received  May  6,  1914 

In  Steel  furnace  operations  it  is  frequently  necessary 
to  include  chromium  among  elements  to  be  determined 
in  the  preliminary  analysis.  The  following  20-minute 
method  has  been  worked  out  to  fill  this  necessity. 
It  has  been  in  constant  use  for  the  past  two  years  and 
is  sufficiently  accurate  to  be  used  as  a  daily  routine 
method,  and  it  occupies  but  little  of  the  chemist's 
actual  working  time. 

The  method  for  chromium  is  an  adaptation  of  the 
persulfate  method  for  the  manganese  determination 
in  iron  and  steel. 

The  method  for  manganese  is  the  persulfate  method 
except  that  the  sum  of  the  manganese  and  chromium 
is  obtained  in  this  titration  and  the  manganese  calcu- 
lated by  difference,  using  the  results  from  the  chromium 
determination.  The  objection  to  the  usual  persulfate 
method  for  manganese,  in  the  presence  of  chromium, 
is  that  a  varying  quantity  of  the  chromium  is  reduced 
along  with  the  manganese  by  the  ferrous  ammonium 
sulfate  or  sodium  arsenite.  If  determined  colori- 
metrically,  the  chromium  gives  the  solution  a  different 
shade,    which    is    difficult    to    compare.      This    may    be 
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overcome  by  using  for  a  standard  a  steel  containing 
approximately  the  same  amount  of  chromium  as  the 
sample.  A  still  more  convenient  way  is  to  add  the 
chromium  as  potassium  bichromate,  using  a  standard 
solution,  so  that  i  cc.  would  equal  0.0005  gram  of 
chromium,  i.  c,  0.25  per  cent  chromium  for  a  0.20 
gram  charge  of  the  sample.  This  solution  is  added  to 
the  standard  after  the  solutions  have  been  transferred 
to  the  color  comparison  tubes. 

CHROMIUM — Weigh  I  gram  of  the  sample  into  a 
300  cc.  Erlenmeyer  flask  (Jena  glass),  add  100  cc. 
nitric  acid  (1.135  specific  gravity),  place  on  the  hot 
plate,  and  when  solution  is  complete,  boil  oflf  all  nitrous 
fumes.  (The  volume  of  the  solution  should  not  be  less 
than  75  cc.  It  is  unnecessary  to  filter  off  the  silicon 
and  graphite  residue  if  the  solution  is  complete.  When 
the  sample  is  high  in  combined  carbon,  it  is  well  to 
add  a  few  crystals  of  ammonium  persulfate  when  the 
solution  is  complete  and  boil  a  moment  longer  to  des- 
troy the  combined  carbon.)  Remove  the  flask  from 
the  hot  plate,  add  75  cc.  silver  nitrate  solution  (2.00 
grams  per  liter),  and  immediately  5  grams  of  am- 
monium persulfate  crystals.  Replace  flask  on  the 
hot  plate  and  bring  gently  to  boiling.  Boil  vigorously 
for  a  minute,  and  while  still  boiling  add  dilute  hydro- 
chloric acid,  drop  by  drop,  until  the  permanganate 
color  is  completely  destroyed.  Continue  the  boiling 
for  one  minute  and  then  cool  the  flask  immediately 
in  water.  Titrate  by  adding  an  excess  of  tenth- 
normal ferrous  ammonium  sulfate  solution  above  that 
required  to  reduce  the  chromium,  and  titrate  back 
with  tenth-normal  potassium  permanganate  solution. 
The  number  of  cubic  centimeters  of  the  ferrous  am- 
monium sulfate  oxidized  by  the  chromate,  multi- 
plied by  0.00174,  gives  the  weight  of  chromium  in  the 
sample. 

MANGANESE  IN  THE  PRESENCE  OF  CHROMIUM Pro- 
ceed according  to  the  above  directions  for  the  deter- 
mination of  chromium  except  that  after  the  ammonium 
persulfate  is  added,  only  heat  until  the  solution  just 
comes  to  boiling,  then  cool  immediately  and  titrate 
as  before,  this  time  adding  enough  ferrous  ammonium 
sulfate  to  reduce  both  the  manganese  and  chromium. 
The  number  of  cubic  centimeters  of  ferrous  ammonium 
sulfate  used,  minus  the  number  used  in  the  chromium 
determination,  multiplied  by  0.0055,  equals  the  weight 
of  manganese  in  the  sample. 

The  ultimate  value  of  the  solutions  may  be  used  in 
calculations  as  above.  In  this  case  it  is  advisable 
to  carry  along  a  blank  with  a  sample  containing  no 
chromium  and  subtracting  the  blank.  The  standard- 
ization of  the  solutions  against  a  standard  steel  is  the 
most  satisfactory  procedure. 
Wheeling  Mold  &  Foundry  Co. 
Wheeling.  West  Virginia* 


PRINTING  INKS  AND  THEIR  ANALYSIS' 

By  J.  B.  TnTTLE  and  W.  H.  .Smith 
Received  April  i6.  1914 

There  will  be  published  shortly  by  the  Bureau  of 
Standards,  two  papers  on  the  subject  of  printing  inks: 
one,  a  technologic  paper  on  "The  Analysis  of  Printing 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 


Inks,"  and  the  other  a  circular  of  general  information 
on  this  subject.  The  length  of  these  papers  is  such 
as  to  make  it  unwise  to  attempt  to  present  either  of 
them  in  full  at  this  time,  but  it  is  desired  to  give  some 
idea  of  their  scope. 

The  first  paper  treats  the  subject  from  an  analytical 
point  of  view.  Four  types  of  ink  have  been  investi- 
gated: web  press,  flat-bed,  job,  and  half-tone  inks. 
These  included  a  number  of  colored  as  well  as  the  more 
common  black  inks.  The  method  of  analysis  has 
been  in  use  for  several  years  for  the  testing  of  supplies 
delivered  to  the  Government  Printing  Office,  and  has 
been  found  very  satisfactory  for  this  purpose. 

Using  as  the  solvent  a  mixture  of  benzene  and  ethyl 
ether,  the  oil  is  separated  from  the  pigment  by  means 
of  a  centrifuge.  In  some  cases  petroleum  ether  may 
be  used  as  the  solvent.-  This  method  gives  an  effective 
separation,  and  the  pigment  may  be  determined  with 
a  fair  degree  of  accuracy. 

The  oil  fraction,  after  evaporating  off  the  solvent, 
is  analyzed  for  unsaponifiable  oils  (rosin  and  mineral 
oils),  rosin,  hard  gums  and  linseed  oil. 

In  the  black  inks,  the  pigment  is  ignited  and  the  ash 
tested  for  driers  and  ferric  oxide,  the  latter  being  the 
residue  left  on  the  ignition  of  Prussian  blue.  A  quali- 
tative test  for  Prussian  blue  is  given,  which  will  de- 
tect less  than  one  per  cent  of  this  material  in  the  pig- 
ment. If  aniline  dyes  are  present,  they  may  be  de- 
termined by  extraction  by  means  of  alcohol,  unless 
preliminary  examination  shows  that  the  dye  is  insoluble 
in  this  solvent.  In  the  latter  event,  a  suitable  solvent 
must  be  found. 

The  colored  inks  require  a  preliminary  examination 
to  determine  the  nature  of  the  pigment  used,  and  the 
method  of  attack  depends  largely  upon  the  results  of 
these  tests.  Some  of  the  mineral  pigments,  such  as 
vermilion  (mercuric  sulfide)  and  chrome  green  {i.  e.. 
the  material  known  commercially  as  Brunswick  or 
Milori  Green),  may  be  determined  quantitatively 
according  to  the  procedure  outlined  in  the  original 
article.  If  the  coloring  matter  consists  of  aniline 
dyes  or  lakes,  it  will  usually  be  found  sufficient  to 
determine  whether  or  not  these  colors  are  fast  to  light. 
Two  methods  for  this  test  are  given. 

A  table  is  given  showing  how  closely  one  may  expect 
duplicate  determinations  on  the  same  sample  to  check. 
These  figures  are  the  result  of  testing  several  hundred 
samples  of  ink  by  at  least  half  a  dozen  analysts,  so 
that  they  may  reasonably  be  taken  as  a  fair  measure 
of  the  accuracy  of  the  method. 

The  paper  also  includes  a  brief  discussion  of  the 
relation  of  these  laboratory  tests  to  the  practical  tests 
which  may  be  made  by  the  printer.  It  is  not  the  in- 
tention that  the  latter  shall  be  supplanted  by  the  for- 
mer, but  that  the  two  shall  supplement  each  other  in 
order  to  obtain  the  grade  of  ink  which  is  the  most 
suitable  for  the  purpose. 

The  second  paper  is  the  circular  of  information  on 
the  general  subject  of  printing  inks.  It  gives  a  brief 
description  of  some  of  the  materials  used  in  the  manu- 
facture of  ink,  and  also  treats  broadly  some  of  the 
problems    concerning    the    relation    between    the    ink 
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and  the  paper.  While  the  first  paper  will  probably 
be  of  more  particular  interest  to  chemists,  this  circular, 
it  is  hoped,  will  appeal  to  all  those  who  may  desire 
some  general  information  on  the  subject.  It  will 
include  at  first,  only  the  same  classes  of  ink  covered 
by  the  technologic  paper,  but  it  is  proposed  to  revise 
this  circular  from  time  to  time,  adding  to  it  other 
classes  of  ink  as  rapidly  as  accurate  and  reliable  in- 
formation about  them  can  be  obtained. 

Anyone  who  is  interested  in  the  subject  of  printing 
inks,  may  obtain  either  one,  or  both  of  these  publica- 
tions, on  application  to  the  Bureau  of  Standards, 
Washington,  D.  C. 

Bureau  of  Standards.  Washington 


THE  OCCURRENCE  OF  MANGANESE  IN  KENTUCKY 
SOILS  AND  ITS  POSSIBLE  SIGNIFICANCE 

By  O.  M.  Shedd 

Received  April  22.  1914 

HISTORICAL 

Although  manganese  is  not  generally  regarded  as 
one  of  the  essential  elements  of  plant  food,  never- 
theless numerous  experiments  have  shown  that  its 
compounds  are  invariably  present  in  soils  and  in  a 
large  variety  of  plants  and  animals  which  necessarily 
derive  their  sustenance  from  the  soil.  The  fact  having 
been  generally  proven  that- it  is  universally  present 
in  plants  has  caused  considerable  work  and  discussion 
as  to  what  function  it  performs  and  whether  or  not  the 
application  of  some  manganese  salts  will  prove  bene- 
ficial to  plant  growth. 

In  the  analysis  of  23  Italian  soils  of  various  kinds 
(sandy,  volcanic,  clay  and  calcareous),  Contino' 
found  that  manganese  was  always  present  in  amounts 
varying  from  a  trace  to  as  much  as  0.48  per  cent 
Mn304,  the  average  being  0..17  per  cent  MnjOj. 

De  Sornay^  has  shown  in  the  analyses  of  37  Mauritius 
soils  that  the  manganese  varies  from  0.03  to  0.41  per 
cent,  the  average  being  from  0.15  to  0.20  per  cent. 
He  also  found  that  some  plants  contain  considerable 
manganese  in  their  ash,  the  proportion  in  the  natural 
plants  being  usually  less  than  o.oi  per  cent  but  is 
universally  present  indicating  that  plants  assimilate 
it  naturally.  These  results  have  been  confirmed  by 
Boname^  who  found  as  much  as  1.26  per  cent  of  man- 
ganese in  arrowroot  grown  in  Mauritius  soils. 

In  this  country,  Sullivan  and  Robinson''  have  found 
that  of  26  American  soils  recently  analyzed,  all  contain 
manganese  (MnO)  in  proportions  ranging  from  o.oi 
to  0.51  per  cent.  The  average  content  is  0.20  per  cent, 
or  about  8000  pounds  per  acre  foot. 

Gortner  and  Rost^  have  found  in  a  few  Nebraska 
soils  that  the  average  manganese  content  is  about 
o.ii  per  cent  MnO. 

Jadin  and  Astruc'^  give  the  results  of  analyses  of 
about  65  species  of  plants  in  which  it  is  shown  that  this 

'  Staz.  Sper.  Agar.  Hal..  44  (1911),  51  55;  J.  Chem.  Six.  (London), 
1911,  Aii.  p.  649. 

-  J.  Chem.  Soc.  (London).  1912,  Aii,  p.  1089. 

»  Expcr.  .Sta.  Rec.  21  (1909),  717. 

'  U.  S.  D.  A..  Bur.  Soils.  Circ.  76,  p.  i;  Exper.  Sta.  Ret..  28  (I9I.1),  523. 

s  This  Journal,  4  (1912).  522. 

=  Compt.  rend.  .Acad.  Sci.  (Paris).  166  (1913),  26,  2023-24;  Expcr.  Sta. 
Rec.  29  (1913),  28,  628. 


element  is  widely  distributed  in  the  plant  kingdom. 
The  amount  present  was  found  to  vary  with  the  differ- 
ent organs  of  the  plant  examined.  The  manganese 
content  of  different  plants  belonging  to  the  same 
family  could  not  be  taken  as  indicative  of  the  average 
content  to  be  expected  in  other  members  of  the  order. 
The  chlorophyll  portions  were,  as  a  rule,  richer  in  this 
element  than  the  subterranean  parts  and  the  per- 
centage was  greater  in  the  older  leaves,  especially  when 
the  fresh  weight  is  taken,  but  often  the  reverse  if  the 
ash  weight  is  considered. 

McHargue'  has  determined  the  manganese  in  a 
variety  of  plants  and  his  results  confirm  those  of  Jadin, 
Astruc  and  others  who  might  be  mentioned,  that  this 
element  varies  considerably  in  the  different  organs  of 
the  same  plant  and  of  course  in  different  plants. 

Furthermore,  Bertrand  and  Medigreceneau'  have 
found  traces  of  this  element  in  about  60  species  of  wild 
and  domestic  animals  and  it  is  therefore  thought  that 
its  presence  has  some  physiological  significance  and  is 
not  merely  accidental  as  is  commonly  supposed. 

Experience  has  shown  that  the  presence  of  excessive 
manganese  compounds  in  the  soil  are  very  injurious 
to  vegetation  as  they  act  directly  on  the  chlorophyll 
and  cause  bleaching  or  yellowing  of  the  leaves.  For 
instance,  Kelley'  has  found,  in  Hawaii,  that  certain 
black  lands  on  which  pineapples  did  not  grow  well, 
showed  the  presence  of  from  2.43  to  9.74  per  cent 
MnaOj  and  indicated  a  close  relation  between  the 
manganese  content  of  the  soils  and  the  general  appear- 
ance and  growth  of  the  pineapples.  Other  areas  in 
close  proximity  in  which  they  thrived,  contained  con- 
siderably less  manganese;  otherwise  the  soils  were  the 
same.  Moreover,  it  was  found  that  when  an  attempt 
was  made  to  grow  other  plants  in  these  soils,  there  in- 
variably occurred  a  yellowing  of  the  leaves  and  prema- 
ture falling  of  the  lower  ones.  His  conclusions  were 
that  soils  that  contain  over  4  per  cent  of  manganese 
are  not  suitable  for  the  growth  of  pineapples. 

Guthrie  and  Cohen^  also  found  that  bare  patches  of 
grass  soil  showed  0.254  per  cent  MnjOa,  while  other 
portions  of  the  soil  in  which  the  grass  was  growing  well, 
contained  much  less.  No  other  differences  were  found. 
They  suggest  that  the  element  was  present  originally 
in  innocuous  form  which  became  toxic  by  oxidation. 
It  is  interesting  to  note  in  both  cases  that  the  applica- 
tion of  soluble  phosphates  had  a  tendency  to  correct 
these  toxic  conditions  and  in  the  case  of  the  grass, 
restored  its  growth. 

EwelP  gives  another  illustration  in  reporting  the 
results  of  an  examination  of  a  soil  which  failed  to  grow 
legumes  and  which  was  found  to  contain  considerable 
amounts  of  manganese  compounds  soluble  in  water, 
more  in  fact  than  of  lime. 

It  has  been  claimed  that  rnanganese  serves  no  useful 
purpose  in  plants  but  that  it  is  merely  taken  from  the 

'  Ky.  .Agr.  Exper.  Sta. 

-Compt.  rend.  Acad.  Sci.  (Paris).  164  (1912).  15.  941-3;  22.  1450-52; 
Expcr.  .Sta.  Rec.  27  (1912).  670. 

'  Hawaii  Sta..  Press  Bull.  SS,  14;  Rept..  1909,  pp.  58-63;  1910,  pp. 
14-16.  41-43,  45-50. 

•  Asr.  Caz.  .V.' .S.  Wales.  1910,  21,  219-222;  1911,  22.  I.  70;  J.  Chem. 
Soc  (London),  1910,  Aii.  444;  Exper.  Sla.  Rec.  26,  122. 

s  Science.  X.  .Str  .  16  (1912),  339,  291;  Exper.  Sta.  Rec.  14,  231. 
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soil  as  are  some  other  non-essential  elements,  and  from 
plants  finds  its  way  into  the  animal  organism.  This 
view  has  led  a  number  of  investigators  to  conduct 
experiments  to  determine  if  manganese  compounds 
would  have  any  practical  use  in  agriculture  and  the 
opinion  of  the  majority  is  that  under  certain  conditions 
they  may  have  a  decided  value. 

From  their  work  with  water,  sand  and  soil  cultures, 
Salomone,'  Stoklasa,-  Leidreiter,'  Katayama,*  Loew' 
and  Aso*  have  come  to  the  conclusion  that  small 
amounts  of  manganese  are  decidedly  beneficial  to  some 
plants,  while  large  amounts  are  toxic.  In  these  ex- 
periments, the  manganese  salts  used  included  the 
phosphate,  carbonate,  nitrate,  sulfate  and  others  and 
were  tried  on  a  variety  of  plants  such  as  oats,  wheat, 
potatoes,  sugar  beets,  rice  and  a  large  number  of 
vegetables. 

In  pot  and  field  experiments  on  different  crops, 
using  manganese  salts,  very  favorable  results  have  been 
obtained  provided  the  right  quantities  are  used,  but 
here  as  in  the  above  trials,  it  has  again  been  demon- 
strated that  large  quantities  are  injurious. 

Bertrand'  has  made  experiments  on  a  clay  soil 
containing  0.057  per  cent  of  manganese  soluble  in 
hydrochloric  acid  and  0.02  per  cent  soluble  in  boiling 
acetic  acid.  Oats  were  grown  on  2  plots  of  20  acres, 
both  of  which  had  the  usual  manures  and  one  pure 
manganese  sulfate  at  the  rate  of  44  pounds  per  acre. 
The  manganese  salt  resulted  in  a  gain  of  17  per  cent 
of  grain  and  26  per  cent  of  straw.  The  grain  from 
both  plots  contained  the  same  amount  of  the  element. 

In  plot  tests  with  grain,  using  different  manganese 
compounds,  Stranipelli'  obtained  increased  yields  due 
to  their  effect,  the  greatest  increase  resulting  from  the 
use  of  the  sulfate. 

Ray  and  Pradier'  have  found  that  the  use  of  man- 
ganese sulfate  on  apricots  produced  a  more  luxuriant 
vegetation  and  increased  the  size  of  the  fruits. 

Stoklasa'"  increased  the  yield  of  sugar  beets  from 
30  to  50  per  cent  by  adding  about  8  pounds  of  man- 
ganese and  4  pounds  of  aluminum  per  acre,  in  the 
form  of  sulfates,  to  a  complete  basal  fertilizer.  The  as- 
similable aluminum  salt  apparently  corrected  the  toxic 
action  and  promoted  the  stimulating  effect  of  the 
manganese. 

Very  good  results  have  been  obtained  by  BouUanger" 
with  manganese  fertilizers  on  potatoes,  oats,  peas, 
clover  and  some  truck  crops. 

Extending  its  use  somewhat  further,  Sanning  and 
Tosatti'^  report  results  indicating  that  manganese 
sulfate  tends  to  increase  the  yield  of  grapes  considerably 

'  Chem.  Zentr.,  1906,  ii,  532;  J.  Chem.  Soc,  (London)  1906,  Aii.  792. 

^Compt.  rend.,  162  (1911),  1340-42:  J-  Chem.  Soc.  (London),  1911, 
Aii,  643. 

"  Bied.  Zenlr.,  40  (1911),  531-35;  J.  Chem.  Soc,  1911,  Aii,  923. 

'  Bull.  Coll.  Agr.  Tokyo  Imp.  Univ.,  7  (1906),  91-93. 

>Ibid..  5  (1902),  161-172. 

'Ibid..  6  (1902),   177-185 

'  Compt.  rend.  Acad.  Sci.  (Paris).  141  (1905),  26,  1255-57;  Exper. 
Sta.  Rec.  17,  954. 

«  AUi.  6  Cone.  Inter.  Chem.  Appl..  4  (1906).  14-17. 

9  Exper.  Sla.  Rec.  22  (1910).  718. 

'»  Ibid..  26  (1912),  225. 

"  Ibid..  29  (1913).  838. 

«/6»U.  »9  (1913).  838. 


while  McCallum'  has  obtained  remarkable  results  in 
the  growth  of  potatoes  by  preliminary  treatment  of 
the  tubers  with  manganese  chloride.  Seed  potatoes 
thus  treated,  while  showing  no  difference  in  the  growth 
of  foliage,  exhibited  a  most  pronounced  acceleration  in 
the  formation  of  tubers. 

Loew  and  others  referred  to  above,  who  are  con- 
nected with  the  Tokyo  Imperial  University,  have  for 
a  number  of  years  made  numerous  experiments  in 
Japan  on  the  effect  of  manganese  salts  on  various  crops. 
They  have  obtained  some  very  favorable  and  interest- 
ing results,  especially  with  rice. 

Others  might  be  mentioned  who  have  experimented 
with  manganese  fertilizers  and  while  the  results  of 
some  are  indifferent  or  negative,  still  those  of  the 
majority  are  favorable.  This  of  course  is  to  be  ex- 
pected in  work  of  this  character,  which,  being  only  in 
its  experimental  stage,  involves  many  unknown  factors 
such  as  the  amount  and  kind  of  material  used,  the 
character  and  location  of  the  soil  and  the  crop  grown 
on  it. 

While  the  experiments  have  covered  a  wide  field 
and  included  a  large  number  of  investigators,  it  is 
interesting  to  note  that  identical  conclusions  regarding 
the  use  and  function  of  manganese  compounds  in 
plants  have  been  independently  agreed  upon  by  several 
of  the  workers.  Briefly  stated,  these  conclusions  are 
as  follows: 

I — Small  applications  of  manganese  compounds  are 
in  many  cases  beneficial,  while  large  applications  are 
invariably  toxic. 

2 — The  presence  of  manganese  plays  a  very  important 
part  in  the  formation  of  chlorophyll  in  the  leaf  and 
hence  performs  an  important  function  in  carbon 
assimilation  by  promoting  rapid  photosynthesis  in  the 
chlorophyll  apparatus. 

3 — When  small  amounts  of  manganese  compounds 
occur  in  natural  soils,  it  is  believed  that  a  two-fold 
function  in  plant  growth  is  performed.  One  is  that 
they  act  catalytically,  increasing  the  oxidation  in  the 
soil  and  accelerating  auto-oxidation  in  plants,  and 
furthermore,  they  tend  to  modify  the  absorption  of 
lime  and  magnesia  by  partially  replacing  them  from 
insoluble  combinations  and  to  exert  a  direct  effect  on 
the  osmotic  absorption  of  both. 

4 — That  manganese  is  invariably  associated  with  the 
oxidases  in  plants  and  stimulates  their  action  has  been 
proven  by  Bertrand  and  others,  while  Loew  considers 
it  probable  that  very  fertile  soils  are  characterized 
by  the  presence  of  readily  available  compounds  of 
this  element. 

EXPERIMENTAL 

As  a  considerable  number  of  carefully  selected  soils 
had  been  used  by  the  writer  in  some  former  work  in 
comparing  the  amount  of  total  sulfur  in  continuously 
cultivated  soils  and  subsoils  with  the  corresponding 
virgin  samples,  it  was  thought  that  it  might  prove  of 
interest  to  use  these  for  total  manganese  determina- 
tions, in  order  to  find  out  what  effect  continuous 
cultivation  might  have  on  this  element.  A  description 
of  the  locality  where  the  samples  were  taken,  the  ro- 

'  Aril.  Sla.  Repl.,  1909,  pp.  584-86. 
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tation  and  number  of  years  of  cultivation,  together 
with  the  yields  of  crops  usually  produced  on  the  old 
and  new  land  were  given  in  a  former  publication.' 
It  is  not  necessary  to  repeat  these  data  here,  except 
it  might  be  stated  that  in  a  large  majority  of  instances 
the  soils  had  been  continuously  cultivated  for  a  con- 
siderable number  of  years  and  no  stable  manure  or 
commercial  fertilizer  had  been  used. 

The  procedure  used  for  the  determination  of  total 
manganese  was  practically  the  same  as  that  employed 
by  Gortner  and  Rost  in  their  work  referred  to  above 
and  consisted  of  what  is  commonly  known  as  the 
sodium  bismuthate  method.  They  have  shown  that 
their  method  which  consists  in  fusing  the  soil  with 
sodium  carbonate  to  obtain  the  manganese  in  solution 
and  its  subsequent  oxidation  to  permanganic  acid 
with  sodium  bismuthate  gives  higher  and  more  con- 
cordant results  on  Nebraska  soils  than  Walters' 
method  in  which  ammonium  persulfate  is  employed 
as  the  oxidizing  agent.  The  Walters  method^  had, 
until  this  time,  been  regarded  as  the  most  accurate 
method,  either  gravimetric  or  volumetric,  known  for 
this  purpose  and  was  adopted  by  Hillebrand'  and 
Washington''  for  the  determination  of  total  manganese 
in  rocks. 

It  is  only  necessary  to  examine  the  results  obtained 
by  Gortner  and  Rost  to  be  convinced  that  their  method 
is  simpler  and  more  accurate  than  that  of  Walters; 
in  fact  Blair'  and  Brinton"  have  recognized  the  superi- 
ority of  the  sodium  bismuthate  oxidation  by  stating 
that  "for  samples  containing  not  over  2  per  cent  of 
manganese,  the  bismuthate  is  the  most  accurate  method 
known." 

The  method  as  used  in  this  work  is  as  follows:  One 
gram  of  soil  is  intimately  mixed  with  4  grams  of  man- 
ganese-free, dry,  sodium  carbonate  and  fused  in  a 
20  cc.  platinum  crucible  over  a  blast  lamp  until  the 
melt  is  quiet  or  for  about  ten  minutes.  The  liquid 
mass  is  then  poured  into  a  100  cc.  platinum  dish  and 
the  dish  rotated  in  order  to  obtain  the  melt  in  a  thin 
film,  thus  providing  for  more  rapid  solution.  The 
melt  and  crucible  are  then  treated  with  about  100  cc. 
of  distilled  water  and  heated  on  the  water  bath  until 
the  fused  product  is  completely  disintegrated,  which 
requires  about  an  hour  or  two.  The  crucible  is  then 
removed  from  the  dish,  any  adhering  solution  washed 
oflf,  and  the  mixture  acidified  with  130  cc.  of  35  per  cent 
(by  weight)  sulfuric  acid  and  diluted  to  250  cc.  Should 
there  be  a  heavy  precipitate  of  silica  at  this  point  it  is 
advisable  to  filter,  using  a  Buchner  funnel  and  filtering 
by  suction.  This  is  seldom  necessary,  however,  for  in 
most  cases  the  silica  does  not  precipitate  to  any  extent, 
but  merely  produces  a  slight  opalescence  which  does 
not  interfere  with  the  permanganate  readings.  One 
hundred  cc.  of  this  solution  are  then  placed  in  an 
Erlenmeyer  flask,  the  contents  brought  to  boiling, 
cooled,  and  0.50  gram  Baker's  C.  P.  sodium  bismuthate 

1  Ky.  A«r.  Exper.  Sta.  Bull.,  174. 
:  Chem.  News.  83  (1901).  76;  84  (1901),  239. 
»  Bull..  422,  116.  U.  S.  Geol.  Survey. 

'  ■The  Chemical  .Analysis  of  Rocks,"  Wiley  &  Sons,  N.  Y.,  1910. 
^  "Chemical  Analysis  of  Iron."  7th  ed.,  p.   121;  J.  Amir.  Chem.  .Soc, 
26.  79,1. 

•  This  JouRNAi.,  3  (1911),  237, 


added.  The  amount  of  bismuthate  to  be  added,  of 
course,  depends  on  the  quantity  of  manganese  present 
and  might  vary  from  0.25  gram  to  i  gram.  It  is  ad- 
visable not  to  add  any  large  excess  so  that  the  bismuth 
salts  will  remain  in  solution.  It  has  been  found  that 
0.25  gram  of  bismuthate  is  sufficient  where  the  man- 
ganese content  does  not  exceed  0.20  per  cent.  The 
oxidation  mixture  is  then  heated  just  to  boiling  and 
continued  only  until  the  liquid  has  the  true  perman- 
ganate color,  which  requires  only  a  min'ute  or  two. 
The  solution  at  this  point  may  have  a  slight  foreign 
red  color  but  this  will  disappear  on  cooling.  Excessive 
heating  of  the  solution  is  to  be  avoided  as  this  tends 
to  destroy  the  permanganate  color  and  gives  low  re- 
sults. After  cooling,  the  solution  is  made  to  its  original 
volume,  or  100  cc,  shaken  thoroughly  and  if  any  bis- 
muthate salts  precipitate,  it  is  allowed  to  stand  for 
some  minutes  in  the  dark  until  these  settle.  If  it  is 
found  necessary  in  order  to  obtain  a  clear  solution,  it 
can  be  filtered  through  properly  prepared  asbestos, 
but  as  soon  as  possible  the  solution  is  read  in  a  colorim- 
eter or  Nessler's  glasses  against  a  standard  solution  of 
permanganic  acid  which  has  been  prepared  by  reducing 
a  solution  of  potassium  permanganate  in  20  per  cent 
(by  weight)  sulfuric  acid  by  the  cautious  addition  of 
sulfurous  acid,  and  reoxidizing  with  bismuthate. 
The  standard  solution  should  contain  about  0.2  mg. 
of  MnO  per  10  cc.  From  the  ratios  thus  obtained,  the 
quantity  of  manganese  in  the  original  sample  is  cal- 
culated. 

The  writer  in  this  work  used  a  Duboscq  colorimeter 
and  the  standard  was  prepared  as  described  above  and 
compared  every  day  with  a  freshly  prepared  potassium 
permanganate  solution,  10  cc.  of  which  =  0.2  mg. 
MnO.  The  standard  permanganic  acid  solution  was 
found  to  deteriorate  gradually  in  strength  and  as  a 
potassium  permanganate  solution  of  the  same  man- 
ganese strength  was  found  to  have  the  same  color,  a 
factor  could  be  used  on  the  true  standard.  The  potas- 
"sium  permanganate  standard  could  just  as  well  be 
used  as  a  standard  but  as  it  was  thought  best  to  have 
both  the  standard  and  unknown  solution  prepared  in 
the  same  manner,  the  permanganic  acid  standard  was 
employed  throughout  the  work. 

It  might  also  be  mentioned  here  that  a  potassium 
permanganate  solution  of  this  weak  strength  gradually 
deteriorates,  so  the  plan  followed  was  to  make  the 
permanganate  solution  daily,  by  the  proper  dilution  of 
a  N/  10  solution,  and  the  permanganic  acid  standard, 
every  four  or  five  days.  In  both,  boiled  distilled  water 
was  used  to  which  a  few  drops  of  wea-k  permanganate 
were  added  until  just  faintly  colored. 

Gortner  and  Rost  used  the  permanganate  reduced 
with  sulfurous  acid  as  a  stock  solution  which  they 
found  to  be  stable  and  from  which  they  made  their 
standard  as  needed,  but  the  writer  prefers  the  other 
plan  since  the  exact  strength  of  the  standard  can  be 
determined  with  very  little  trouble. 

The  method  has  given  very  good  duplicate  results 
on  independent  fusions  while  it  might  be  mentioned 
that  blank  determinations  showed  no  manganese 
present  in  the  chemicals  used. 
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In  the  following  tables,  the  samples  in  which  the 
results  are  strictly  comparable,  both  in  the  surface  and 
subsoil  of  the  virgin  and  cultivated  areas,   are  given 


Table  I — Totai,  Manganese  in  Kentucky  Soils 
TAGBs  AND  Pounds  Per  Acre 
Eastern  Coal  Fields  Area 

Surface  Soil 

Virgin  Cultivated 

%     Lbs.       %      Lbs. 

0.152  3040  0.072   1440  0. 

0.077   1540      . 

0.050  1000 

0.068   1360 

0.050  1000      0 

0.  148  2960      

0.078  1560  0.067  1340  0 
0.060  1200  0.027  540  0 
0.125  2500  0.078   1560  0 


No.  County 

669-72 Wolfe 

700-  1 Magoffin 

702—  3 Johnson 

704—  5 Johnson 

763—  4 Johnson 

706        Floyd 

707-10 Perry 

715-18 Law 

731-  4 Pike 


Subsoil 

Virgin  Cultivated 

%      Lbs.  %       Lbs. 

22  2440  0.054   1080 

..  0.051    1020 

..  0.031      620 

. .  0.076   1520 

009     180  


063  1260  0.036  720 
037  740  0.009  180 
095    1900  0.063   1260 


Average 0.102  2043  0.063    1254  0.065    1304  0.046     914 


St.  Louis — Chester  Area 

681-  2 Lyon 

683-  4 Metcalfe 

685        Adair 

759-60 Lincoln 

806-  9 Warren 

813-  4 Metcalfe 

815-  6 Metcalfe 


0.026 
0.050 
0.101   2020      . . . 
0.134   2680      . . . 
0.065    1300  0.033 
In  first  18  inches 
In  first  18  inches 


660  0.063 
..  0.192 
..      0.080 


1260  0.031  620 
3840  0.089  1780 
1600  0.094  1880 


Average 0.100  2000  0.036     727  0.063   1260  0.024     473 


Washing- 
ton 

771        Washing- 

ton 

772        Washing- 

ton 

773(6) Mason 

775(6) Mason 

774(6) 


0.094   1880  0.053 

0.320  6400  0.159 

0 . 204 

0.136 

0.215 

0.215 

0.248 


Average 0.207  4140  0.176 

Western  Coal  Fields  Area 

692-5 Webster       0.027     540  0.017 

821-  4 Henderson  0.099   1980  0.076 

Muhlen- 
841-4 berg  0.308  6160  0.205 


1060 

3180 

4080 

2720 
4300 
4300 
4960 


4100  0.116 
1987  0.059 


Average 0.145  2893  0.099 

Keokuk-Waverly  Area 

686        Adair  0.031     620      ... 

723-6 Adair  0.005      100  0. 019     380  0.002 

688-91 Rockcastle  0.011     220  0.029     580  0.010 

696-9 Green  0.177  3540  0.166  3320  0.132 


2320  0.062   1240 
1173  0.036     720 


40  0.015  300 
200  0.012  240 
2640  0.115  2300 


Average 0.064   1287  0.061    1225  0.048     960  0.047     947 


Quaternary  Area 

719-22 Graves         0.246  4920  0.216  4320  0.072 

Mc- 
845-  8 Cracken  0. 148  2960  0.225  4500  0.046 


1440  0.024     480 
920  0.091    1820 


Average 0.197  3940  0.221  4410  0.059  1180  0.058  1150 

Trenton  Area 

^5^  ^1 Clark  0.258  5160  0.182  3640  0.264  5280  0.160  3200 

751-2 Clark(c)  0.245  4900      0.198  3960 

755-6 Fayette        0.228  4560  0.215  4300 

765-  8 Woodford  0.273  5460  0.225  4500  0.254  5080  0.225  4500 

837-40 Madison  0.252  5040  0.227  4540  0.227  4540  0.139  2780 


Average 0.253  5055  0.219  4376  0.248  4967  0.181   3610 


0.147  2940  0.142  2840  ... 
0.047  940  0.065  1300  . . . 
0.012     240  0.007      140  0.003 


Devonian  Area 

727-  8 Clark 

761-  2 Marion 

833—  6 Madison 

Average.... 0.069   1373  0.071    1427  0.003       60  0.002 

Silurian  Area 

817-20 Jefferson 

829-32 Madison 


Average 0.094  1880  0.108  2160  0.063   1250  0.076  1510 

River  Alluvial  Area 

676-7 Daviess       0.218  4360  0.163  3260 

678-80 Daviess        0.166  3320  0.131  2620 

679        Daviess((i) 0.031  620 

711-14 Jefferson      0.331   6620  0.215  4300  0.163  3260  0.105  2100 

825-8 Henderson  0.038     760  0.038  760  0.032     640  0.022     440 


Average 0.188  3765  0.137  2735  0.098   1950  0.064   1270 

(o)  Nos.  769  to  772  were  taken  on  the  same  farm  but  Nos.  771  and  772 
had  been  cultivated  for  a  longer  time. 

(6)  All  on  the  same  farm  but  the  number  of  years  that  each  had  been  in 
cultivation  was  as  follows:  No.  773,  62  years;  No.  775,  33  years;  and  No. 
774,  9  years. 

(c)  Taken  from  the  same  field  as  the  one  just  above  it.  In  this  particular 
area  the  tobacco  was  a  failure  while  in  the  remainder  of  the  field  it  was 
growing  well.  No  material  differences  in  the  chief  plant  food  elements 
which  might  account  for  it  were  found  from  a  chemical  analysis. 

(d)  Omitted  from  the  average.  This  soil  is  of  a  peaty  character  and 
the  river  overflows  it  three  or  four  times  a  year. 


in  the  same  horizontal  line.  In  computing  the  per- 
centages of  manganese  to  pounds  per  acre,  the  cal- 
culations were  made  by  assuming  the  surface,  or 
first  6V2  to  7  inches  of  soil  as  weighing  2,000,000 
pounds,  and  the  second  6  inches  or  subsoil,  as  weighing 
the  same.  The  pounds  per  acre  of  manganese  given 
for  the  subsoils  approximately  represent  the  second 
6  inches,  or  from  6V2  to  12V2  inches,  although  the 
subsoil  samples  were  usually  taken  from  6  to  18  inches 
in  depth.  This  of  course  assumes  that  the  second 
and  third  6  inches  of  soil  will  have  about  the  same 
manganese  content  and  they  probably  will  be  close 
enough  so  that  the  differences  which  are  shown  in  the 
tables  between  the  surface  soils  and  subsoils,  taken 
to  these  depths,  will  not  be  materially  changed. 

The  soils,  with  the  amount  of  manganese  reported 
as  the  element,  have  been  arranged  according  to  the 
geological  areas  to  which  they  belong  and  all  the  areas 
found  in  this  state  are  more  or  less  represented  in 
Tables  I  and  II. 

Table  II — Average  Number  of  Pounds  Per  Acre  of  Manganese  in 

the  Geological  Areas  of  Kentucky  and  Percentage  Loss  Due 

to  Cultivation 

Surface 

Virgin    Cult.  Loss  Subsoil     Loss 

Area                            Lbs.      Lbs.       %  Virgin  Cult.     % 

Eastern  coal  fields 2043      1254     39  1304       914     30 

St.  Louis-Chester 2000       727     64  1260       473     62 

Cincinnatian 4140      3514      15  

Western  coal  fields 2893      1987     31  1173        720     39 

Keokuk-Waverly 1287      1225       5  960       947        1 

Quaternary 3940     4410      12(a)  1180      1150        3 

Trenton 5055     4376     13  4967     3610     27 

Devonian 1373      1427       4(a)  60         40     33 

Silurian   1880     2160     15(a)  1250     1510     21(o) 

River  Alluvial 3765     2735     27  1950     1270     35 

(a)  Increase. 

DISCUSSION 

The  various  amounts  of  manganese  found  in  the 
different  samples  disclose  some  very  interesting  facts 
when  the  known  fertility  of  the  areas  is  considered, 
the  chief  of  which  is  that  the  best  agricultural  areas 
contain  the  largest  amounts  of  this  element,  as  they 
do  of  some  of  the  essential  elements  of  plant  food. 

The  geological  areas  in  Tables  I  and  II  are  arranged 
according  to  their  size,  the  Eastern  Coal  Field  occupy- 
ing the  greatest  territory.  If  a  comparison  now  be 
made  of  the  areas  containing  from  the  largest  to  the 
smallest-  number  of  pounds  per  acre  of  sulfur  and 
phosphorus  found  in  these  soils,  in  the  earlier  work, 
with  the  amount  of  manganese,  there  is  seen  to  be  an 
interesting  relation  existing  between  these  three  ele- 
ments. To  illustrate  this  Table  III  is  given,  the  areas 
in  which  are  abbreviated,  and  commencing  at  the  top 
of  the  column,  under  each  element,  the  area  is  first 
given  which  was  found  to  have  the  largest  number  of 
pounds  per  acre  of  that  element  and  so  on  down  the 
column  for  the  other  areas  in  regular  order  according 
to  the  diminishing  amounts  found.  In  this  connection 
it  might  be  mentioned  that  of  the  three  elements, 
sulfur  was  usually  found  in  the  smallest  and  manganese 
in  the  largest  amounts  in  these  soils. 

From  the  standpoint  of  the  store  of  fertility  in  the 
soils  of  the  different  areas  and  their  agricultural  value, 
the  Trenton  undoubtedly  occupies  first  place  and  the 
Cincinnatian  second.  The  approximate  order  of  im- 
portance of  the  remainder  might  be  classified  as  follows: 
River  Alluvial,  Devonian,  St.  Louis-Chester,  Silurian, 
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Quaternary,  Eastern  and  Western  Coal  Fields  and 
finally  the  Keokuk-Waverly,  which  is  generally  re- 
garded as  the  poorest  of  all. 

In  a  majority  of  the  samples,  the  cultivated  surface 
as  well  as  the  subsoils  show  considerable  losses  of 
manganese  when  compared  with  the  corresponding 
virgin.  Furthermore,  the  surface  soils  of  both  generally 
contain  more  of  this  element  than  their  respective 
subsoils. 

The  counties  in  which  the  soils  were  collected  for 
this  work  were  Wolfe,  Graves,  Warren,  Henderson 
and  Madison;  also  Nos.  813  to  820  from  Metcalfe 
and  Jefferson,  or  a  total  of  forty  samples.  The  above 
holds  true  in  all  with  respect  to  the  manganese  content 
of  the  surface  compared  with  its  subsoil,  while  in  three 
instances  the  virgin  surface  contained  less  and  in  two  the 
same  amounts  of  manganese  as  the  cultivated  samples. 

The  remainder  of  the  samples  were  generally  selected 
from  those  sent  in  by  the  residents  of  the  state  for 
chemical  analysis  and  as  it  is  sometimes  difficult  to 
obtain  the  accurate  history  of  a  field  for  several  years 
past,  since  in  certain  sections  much  of  the  land  is 
rented  to  tenants,  it  would  have  been  better  to  collect 
all  for  this  work,  but  this  would  have  caused  consider- 
able delay. 

In  the  Keokuk-Waverly  area,  commercial  fertilizers 
were  used  while  in  some  of  the  others  it  is  very  probable 
that  commercial  fertilizers  or  manure  had  been  used 
in  former  years.  This  may  partly  account  for  the 
fact  that  the  manganese  content  has  been  maintained 
in  the  soils  of  this  area  as  well  as  in  some  of  the  others. 

The  large  losses  of  manganese  in  some  of  the  culti- 
vated soils  are  hardly  to  be  explained  as  due  to  the 
amounts  removed  by  the  different  crops  grown  on  them 
for  the  accumulated  analyses  show  that  the  ordinary 
crops  do  not  contain  sufficient  amounts  of  this  element 
to  justify  this  conclusion.  It  may  be  that  cultivation 
converts  the  manganese  compounds  into  soluble  forms 
which  are  readily  leached  out  and  thus  lost  in  the  drain- 
age water.  This  is  a  matter  that  needs  further  in- 
vestigation, and  the  writer  desires,  as  soon  as  an 
opportunity  affords,  to  examine  some  of  the  surface 
and  deeper  drainage  waters  of  the  different  areas  in 
order  to  determine  to  what  extent  this  element  is  present. 

SUMMARY 

I — It  has  been  proven  by  different  observers  that 
manganese  is  universally  present  in  soils,  plants  and 
many  animals. 

II — -The  majority  of  the  experiments  show  that  the 
application  of  certain  manganese  compounds,  par- 
ticularly the  sulfate,  to  some  crops,  is  decidedly  bene- 
ficial. These  experiments  have  further  shown  that 
while  small  applications  are  in  many  cases  beneficial 
to  plants,  large  applications  are  generally  harmful. 


Ill — In  a  large  majority  of  the  soils  examined,  the 
writer  found  considerably  less  manganese  in  the 
cultivated  surface  than  in  the  corresponding  virgin 
samples.     The  same  holds  true  for  the  subsoils. 

IV — In  practically  every  case,  the  surface  soils  of 
the  virgin  and  cultivated  areas  contain  larger  amounts 
of  this  element  than  their  respective  subsoils. 

V — When  some  former  work  on  these  samples  is 
considered,  it  is  found  that  a  majority  of  the  soils 
contain  considerably  more  manganese  than  phosphorus, 
but  many  samples  have  much  less,  while  the  losses  of 
manganese  in  the  cultivated  areas  are  usually  greater 
than  of  phosphorus. 

VI — There  are  large  differences  in  the  manganese 
content  of  the  soils  of  the  different  geological  areas  and 
sometimes  in  those  from  the  same  area.  The  amounts 
found  in  the  surface  soils  vary  from  0.005  to  0.331 
per  cent,  and  in  the  subsoils  from  0.002  to  0.264  per 
cent. 

VII — As  a  rule,  the  better  agricultural  areas  contain 
much  larger  amounts  of  manganese  than  the  inferior 
areas. 

Kentucky  Agricultural  Experiment  Station 
State  University,  Lexington 


ON  THE  COMPOSITION  AND  VALUE  OF  BAT    GUANO 

By  C.   F.  Miller 
Received  April  20,  1914 

At  various  points  in  this  country,  especially  in  the 
warmer  regions,  caves  exist  which  are  frequented  by 
bats  in  such  numbers  that  their  excrement  or  "bat 
guano"  has  accumulated  in  amounts  sufficient  to  give 
it  some  commercial  importance  as  a  fertilizer. 

Generally,  the  amount  of  guano  is  rather  limited  in 
any  one  deposit  and  in  the  aggregate,  the  entire  quan- 
tity now  in  sight,  or  probably  to  be  discovered  in  this 
country,  is  not  sufficient  to  appreciably  affect  the  fer- 
tilizer industry.  On  the  other  hand,  such  a  deposit 
may  represent  a  considerable  fortune  to  the  individual 
discoverer  or  owner,  and  the  frequency  with  which 
these  small  deposits  occur,  justifies  a  short  discussion 
of  their  composition  and  value. 

The  following  table  containing  the  results  of  analyses 
of  bat  guano  samples  sent  to  this  Bureau  from  time  to 
time,  shows  their  composition  as  well  as  the  locality 
from  which  they  were  taken. 

Bat  Guano  Analyses 
Results  in  percentages,  based  on  air-dry  sample 
Location  N(o)  PiOs  KiO  Volatile       Analyst 

Near  Carlsbad,  N.  M 4.24  2.31    1.28 

Guadeloupe  Mts..  N.  M 1.77  2.68  0.41 

Torreon,  N.  M 10.82   1.08   1.01 

Oregon  Co..  Mo 8.10  2.06  0.58 

San  Juan,  Porto  Rico(l)) 1.00  3.40  0.21 

San  Juan,  Porto  Rico(6) 0.50  2.40  0.29 

El      Fondo,    Santo    Domingo, 

Haiti 11.84  4.80   1.61 

(a)  Determined  by  Mr. 

(b)  Both  of  these  sampl 
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90.0  C.  F.  Miller 
,  C.  Trescott.  of  the  Bureau  of  Chemistry, 
contained  considerable  calcium  carbonate. 
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Both  potash  (K2O)  and  phosphoric  acid  (PjOs)  were 
determined  by  the  official  method  for  fertilizers,  the 
former  by  treatment  with  concentrated  sulfuric  acid, 
ignition  and  extraction  with  dilute  hydrochloric  acid; 
the  latter  by  treatment  with  a  solution  of  magnesium 
nitrate,  evaporation,  ignition  and  a  similar  extraction. 

A  glance  at  the  table  shows  that  a  wide  variation 
exists,  not  only  in  the  percentages  of  the  fertilizer  con- 
stituents present,  but  also  in  the  ratios  of  nitrogen  to 
phosphoric  acid,  nitrogen  to  potash  or  phosphoric  acid 
to  potash.  This  large  variation  is  attributable  to 
either  one,  or  both  of  two  things:  (i)  The  presence 
of  considerable  extraneous  matter  such  as  rock  debris, 
etc.,  or  (2)  the  removal  of  some  of  the  more  available 
constituents  by  leaching,  or,  in  the  case  of  nitrogen, 
by  decomposition  of  the  material  and  subsequent 
volatilization  as  ammonia. 

It  may  be  said  in  this  connection,  that  in  the  more 
recent  deposits,  nitrogen  is  the  most  valuable  constit- 
uent, phosphoric  acid  and  potash  following  in  the  order 
given;  but  on  "aging,"  the  nitrogen  content  decreases 
very  rapidly  since  most  of  it  is  present  in  an  available 
form.' 

The  writer  wishes  to  place  particular  stress  on  the 
sample  from  Haiti  as  it  represents  uncontaminated  and 
practically  undecomposed  bat  guano  which  is  very 
likely  of  recent  origin,  since  thousands  of  bats^  spend 
their  days  in  the  cave  at  the  present  time.  As  received 
in  the  laboratory,  it  consists  of  a  dry,  dark  brown  pow- 
der, in  which  the  wings  and  other  parts  of  insects  can 
be  seen  by  the  naked  eye.' 

Over  90  per  cent  of  the  phosphoric  acid  present  is 
water-soluble  as  is  also  the  greater  part  of  the  potash; 
and  if  the  high  percentage  of  nitrogen,  together  with 
the  large  amount  of  organic  matter  (as  shown  by  the 
volatile  determination),  are  reckoned  with  these  facts, 
it  is  evident  that  the  substance  is  very  valuable. 

It  has  been  calculated  from  data  concerning  the 
Haitian  cave  (which  had  not  been  fully  explored  at  the 
time)  that  it  contains  approximately  seven  hundred 
tons  of  bat  guano.  Based  on  the  market  prices  of 
20  cents  per  pound  for  nitrogen,*  and  s  cents  per  pound 
for  phosphoric  acid  and  potash,  the  material  is  worth 
(not  considering  the  organic  matter,  which  is  a  big 
factor)  very  close  to  $40  per  ton,  or  approximately 
$30,000  for  the  entire  deposit.  Whether  or  not  this 
is  a  representative  example  is  a  matter  for  conjecture, 
but  very  likely  it  is  above  the  average  in  quantity  and 
it  certainly  is  in  quality. 

No  specific  data  on  the  extent  of  the  American  de- 
posits already  discovered,  are  available.  In  several 
instances,  however,  they  were  reported  as  being  of 
considerable  size. 

The  facts  given  in  this  paper  warrant  the  suggestion 
that   a  further  search  for  bat  guano  be   made,   since 

1  Thompstone.  E.,  "Bat  Guano  in  Burma,"  Agr.  J.  India.  4  (1909), 
379-81. 

'  It  has  been  reported  that  the  "flight  of  the  bats  on  leaving  the  cave, 
in  rope-like  formation,  as  large  in  diameter  as  an  ordinary  street  car,  re- 
quires over  an  hour,  by  actual  timing." 

3  For  further  description  see.  Tod.  W.,  "  Ueber  Fledermausguano," 
Landw.  vers.  Station,  1  (1859),  264-268. 

•"Quotation  on  Nitrogen  of  Bat  Guano,"  Bull.  Texas  Exp.  StatioH, 
160,  July.  1913,  p.  10. 


there  is  a  possibility,  or  even  a  probability,  of  the  exist- 
ence of  other  valuable,  and  as  yet  undiscovered  de- 
posits in  this  country. 


Bureau  of  Soils 

U-  S.  Department  of  Agriculture 

Washington 


STUDIES   IN  SYNTHETIC  DRUG  ANALYSIS— I.  ESTIMA- 
TION OF  ACETANILIDE  AND  PHENACETIN 
IN  ADMIXTURE 

By   W.  O.   EmerV 
Received  April  30.  1914 

INTRODUCTION 

During  the  past  few  years,  more  particularly  since 
llie  inception  of  both  federal  and  State  drug  enact- 
ments, attor^'on  has  been  directed  repeatedly  to  the 
dearth  of  adequately  tested  methods  for  detecting 
and  estimating  medicinal  agents.  The  need  of  these 
methods  was  most  keenly  felt  in  connection  with  cer- 
tain inhibited  substances  of  synthetic  character  like 
acetanilide  and  its  derivatives,  antipyrin,  cocaine, 
codeine,  heroin  and  other  similarly  potent  drugs, 
which  find  extended  application  in  many  of  our  pro- 
prietary medicines. 

Aside  from  these  considerations,  however,  there 
existed  in  the  case  of  acetanilide  and  phenacetin  (acet- 
phenetidin)  additional  cause,  on  the  part  of  drug 
analysts  at  least,  for  desiring  quantitative  methods. 
The  relatively  low  cost  of  acetanilide,  taken  in  connec- 
tion with  its  pronounced  physical  resemblance  to  phen- 
acetin, has  already  suggested  to  the  unscrupulous 
the  possibility  of  partial  or  even  complete  substitution 
of  the  former  drug  for  the  latter,  and  indeed  several 
flagrant  instances  of  such  practice  are  on  record. 
Accordingly,  much  time  and  effort  have  been  expended 
in  various  quarters  in  the  hope  of  devising  a  quanti- 
tative separation,  though  hitherto  apparently  without 
marked  success.  It  is  evident,  however,  that  any 
procedure,  calculated  to  determine  even  approximately 
the  relative  proportions  of  acetanilide  and  phenacetin 
in  admixture,  thus  blocking  the  ways  of  the  sophisti- 
cator,  must  prove  welcome  to  officials  and  chemists 
engaged  in  drug  control. 

Ordinarily,  the  preliminary  or  gross  separation  of 
these  two  drugs  from  complex  mixtures  presents  no 
unusual  difficulties,  being  easily  effected  by  extraction 
with  chloroform.  It  is  in  the  subsequent  quantitative 
partition  of  the  mixture  thus  isolated  where  the  real 
problem  begins,  since  no  purely  physical  method, 
involving,  for  example,  water  or  any  of  the  commonly 
available  organic  solvents,  lends  itself  to  a  sharp 
separation.  A  partial  separation  may  indeed  be  effected 
according  to  WilP  with  water  about  as  follows:  If 
I  gram  of  a  mixture  of  equal  parts  of  acetanilide  and 
phenacetin  be  shaken  with  200  cc.  of  water,  all  of  the 
acetanilide  goes  into  solution  together  with  0.13  g. 
of  phenacetin,  the  remainder  being  unaffected.  This 
latter  portion  is  then  filtered  and  weighed.  Its 
weight,  corrected  by  the  addition  of  0.13,  represents 
the    phenacetin    originally    present    in    this    particular 

'  Chief,  Synthetic  Products  Laboratory. 
«  Pharm.  J..  [3]  21,  (1890),  377. 
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mixture.  In  two  similar  experiments,  but  involving 
slightly  different  proportions  of  the  two  constituents, 
it  was  found  that  the  weight  of  the  undissolved  phen- 
acetin  augmented  by  0.13  corresponded  to  the  quantity 
of  this  drug  present  in' the  mixture.  It  is  quite  evi- 
dent, however,  that  such  a  procedure,  while  having  a 
legitimate  place  in  proximate  determinations,  could 
hardly  form  the  basis  for  the  quantitative  separation 
of  unknown  mixtures. 

In  the  method  presently  to  be  described,  advantage 
is  taken  of  the  fact  that,  when  an  aqueous  solution 
of  phenacetin  is  added  to  a  solution  of  iodine  and 
potassium  iodide  containing  a  mineral  acid,  an  iodine 
addition  product  or  pcriodide  separates,  at  first  in 
an  apparently  emulsified  condition,  later  assuming 
with  greater  or  less  rapidity — depending  on  tempera- 
ture, concentration,  and  other  undetermined  factors — 
the  form  of  brilliant  bronze-colored  leaflets,  practically 
insoluble  in  the  resulting  menstruum,  and  having  the 
composition'  (C2H50.C6H4NH.COCH3)2.HI.l4. 

Acetanilide  under  like  treatment  yields  no  insoluble 
periodide,  though  there  may  be  and  doubtless  is  pres- 
ent in  the  resulting  solution  an  iodine  addition  product 
of  corresponding  forra,^  (C6H5NH.COCH3)2.HI.l4.  If, 
therefore,  the  precipitation  of  the  periodide  is  effected 
in  a  measured  volume  of  standard  iodine  and  the  in- 
soluble addition  product  then  removed  by  filtration, 
it  readily  becomes  possible  to  determine  volumetric- 
ally  the  quantity  of  iodine  thus  withdrawn  from  solu- 
tion and,  by  means  of  appropriate  factors,  calculate 
the  phenacetin  present  in  the  mixture.  The  phen- 
acetin may  also  be  determined  gravimetrically  after 
liberation  from  its  periodide  and  subsequent  extrac- 
tion with  chloroform.  The  acetanilide  is  estimated 
in  an  aliquot  of  the  filtrate  from  the  insoluble  periodide 
by  extraction  with  chloroform — the  free  iodine  having 
been  first  discharged  with  a  sulfite — followed  by  hy- 
drolysis with  dilute  sulfuric  acid  and  final  titration  of 
the  resulting  aniline  sulfate  with  standard  potassium 
bromide-bromate. 

EXPERIMENTAL 

In  practice,  the  mixture  of  acetanilide  and  phen- 
acetin dissolved  in  very  dilute  acetic  acid  is  added  to 
standard  iodine  contained  in  a  graduated  glass-stop- 
pered flask,  in  preference  to  the  reverse  operation, 
the  resulting  liquid  being  then  acidified  with  hydro- 
chloric acid.  This  order  of  procedure  is  the  outcome 
of  results  obtained  in  a  variety  of  experiments  and  based 
on  the  following  considerations; 

The  chemical  and  physical  properties  of  the  periodide 
are  such  that  the  determination  to  be  quantitative 
must  be  made  in  a  relatively  restricted  volume,  that 
is,  in  rather  concentrated  solution,  but  on  the  other 
hand,  owing  to  the  very  slight  solubility  of  phenacetin 
in  aqueous  media,  the  transfer  of  this  substance  in 
solution  to  that  of  iodine  in  the  graduated  flask, 
as    also   its    retention    therein    in    dissolved    condition, 

1  A  more  detailed  description  of  the  properties  of  this  addition  product 
— which  was  first  described,  though  incorrectly  interpreted,  by  Scholvien, 
Phiirm.  ZentralhaUe,  32  (1891).  311 — will  appear  shortly  in  a  paper  entitled 
"Periodides  of  Phenacetin,  Methacetin  and  Triphenin." 

:  Wheeler  and  Walden.  Am.  Chem.  J..  18.  89 


is  a  matter  requiring  very  nice  manipulation,  since 
any  premature  separation  of  phenacetin  as  such  from 
the  resulting  menstruum  would  necessarily  lead  to  a 
corresponding  loss  in  periodide  formation  and  thus 
vititate  the  determination.  The  small  quantity  of 
acetic  acid  employed  not  only  facilitates  solution  of 
both  phenacetin  and  acetanilide,  but  also  inhibits 
latent  hydrolytic  tendencies  affecting  the  acetyl  group. 
Now  it  so  happens  that  phenacetin  yields  with  iodine 
and  hydriodic  acid  not  only  the  periodide, 

(C,oH:3NO,)2.HI.l4  (I) 

on  the  formation  of  which  the  separation  of  acet- 
anilide and  phenacetin  is  based,  but  under  certain 
conditions  also  a  less  insoluble  addition  product,  con- 
taining one-half  as  much  iodine, 

(C,oH,3N02)2.HI.l2  (2) 

While  the  former  of  these  two  periodides  represents 
the  optimum  in  iodine  addition,  constituting  as  it 
does  the  sole  or  major  portion  of  the  addition  product 
as  ordinarily  obtained,  the  more  the  iodine  content 
of  the  reacting  medium  is  reduced  by  the  separation 
of  the  favored  type  (i),  the  greater  the  tendency  for 
the  formation  of  type  (2).  Furthermore,  since  the 
separation  of  any  periodide  of  the  phenacetin  type  is 
conditioned  on  the  presence  of  free  hydriodic  acid 
(or  what  amounts  to  the  same  thing,  potassium  iodide 
and  hydrochloric  acid),  it  is  quite  evident  that  a  maxi- 
mum homogeneity  In  the  precipitated  product  can 
result  only  by  first  bringing  the  phenacetin,  iodine  and 
potassium  iodide  into  such  uniform  distribution  and 
intimate  relationship  that,  on  the  rapid  addition  of 
hydrochloric  acid,  an  immediate  liberation  of  hydriodic 
acid  required  to  complete  the  combination  will  take 
place  simultaneously  throughout  the  entire  mass. 
With  due  regard,  therefore,  for  the  conditions  set 
forth  above,  as  also  for  errors  naturally  inherent 
in  iodometric  operations,  it  becomes  possible  to  re- 
duce to  a  minimum  certain  of  these  disturbing  elements 
which  might  otherwise  seriously  impair  the  eflBciency 
of  the  method. 

In  order  to  determine  experimentally  the  most 
favorable  conditions  under  which  to  operate,  in  any 
analytical  procedure,  it  became  necessary  to  carry 
through  several  hundred  estimations,  both  singly  and 
in  series,  a  few  of  which  appear  below.  With  excep- 
tion of  Series  2,  in  which  25,  30,  and  35  cc.  of  standard 
iodine  were,  respectively,  used  in  the  three  determina- 
tions, 25  cc.  of  iodine  were  invariably  employed. 


Seri( 


Phen-    Glacial  lodin                  Phenacetin 

acetin     AcOH  Cone.  Excess  Expended       recovery 

No.                            Gram        Cc.       HCl  Cc.          Cc.  Gram     Per  cent 

1 0.2000      1,00     3  cc.  19.23      21.84  0.1959     97.95 

2 0.2000     0,75      3  cc.  19.20     21.90  0.1964     98.20 

3 0.2000     0.50     3  cc.  19.20     21.90  0.1964     98.20 

HjS04 

4 0,2000      1.00     2  cc.  19,15      22.00  0.1973     98.65 

H.P04 

5 0.2000      1.00     2  cc.  19.45      21.40  0.1932     96  60 

Series  2 

lodin         Phenacetin  .\cetanilide 
Phen-      Acet-  Glacial  Cone.  Ex-       Ex-        recover}-  recovery 

acetin    anilide   AcOH  HCl    cess    pended  Per  Per 

No.       Gram     Gram     Cc.     Cc.       Cc.       Cc.      Gram     cent  Gram     cent 

1 0.1200  0.0960     3  5        20.90   11.25   0.1197  99.75  0.0940  97.92 

2....   0.1200  0.0960     3         5       25.81    11.08  0.1179  98.25  0.0944  98.33 

3 0.1200  0.0960     3         5       31.02   11.110.1182  98.50  0.0952  99.17 
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Phen- 
acetin 
Gram 
0.2000 
0 . 2000 
0.2000 
0.2000 
0.2000 
0.2000 
0.1500 
0. 1000 
0.0500 


Series  4 

1 0.2000 

2 0.2000 

3 0.2000 

4 0.2000 

5 0 . 2000 

6 0.2000 

7..,..  0.2000 

8 0.1000 

9 0.0667 

10 0.0500 

11 0.0400 

Series  5 

1 0.2000 

2 0.2000 

3 0.2000 

4 0.2000 

5 0.2000 

6 0.2000 

7 0.2000 

8 0.1000 

9 0.0500 

Series  6 

1 0.2000 

2 0.2000 

3 0,2000 

4 0.2000 

5 0.2000 

6 0.2000 

7 0.2000 

8 0.2000 

9 0.1500 

10 0.1000 


cial  Cone. 

AcOH  HCl 

Ratio  Cc.     Co. 


0.0500 
0.1000 
0.1500 
0 . 2000 
0 . 2000 
0 . 2000 
0 . 2000 


0 . 0400 
0.0500 
0.0667 
0.1000 
0 . 2000 
0.2000 
0 . 2000 
0.2000 
0 . 2000 


0 .  0400 
0.0500 
0.0667 
0.1000 
0.2000 
0 . 2000 
0 . 2000 


0.0200  10 

0 . 0400  5 

0.0500  4 

0.0667  3 

0.1000  2 

0 . 2000  1 

0 . 2000  3 

0.2000  J 


11. 


0.0500     0.2000      1:4      2 


1 0.2000 

2 0.2000 

3 0.1800 

4 0.1600 

5 0.1400 

6 0.1200 

7 0.1000 

8 0.0800 

9 0.0600 

0.0400 
0   0200 


11. 

Series  8 

1 0.2000 

2 0.2000 

3 0.1800 

4 0.1800 

5 0.1600 

6 0.1600 

7 0.1400 

0. 1400 
0. 1200 
0.1200 
0.  1000 
0. 1000 
0.0800 
0.0800 
0 .  0600 
0.0600 


16. 

Series  9 

1 0 . 2000 

2 0.2000 

3 0.1800 

4 0.1800 

5 0.1600 

6 0.1600 

7 0.1400 

8 0.1400 

9 0.1200 

10 0.1200 

11 0.1000 

12 0.1000 

13 0.0800 

14 0.0800 

15 0.0600 

16 0.0600 

17 0.0400 

18 0.0400 


0 . 0200 
0 , 0400 
0 . 0600 
0.0800 
0.1000 
0.1200 
0.1400 
0. 1600 
0.1800 


0.0200 
0.0200 
0 . 0400 
0 . 0400 
0 . 0600 
0 . 0600 
0 . 0800 
0.0800 
0. 1000 
0. 1000 
0.1200 
0. 1200 
0. 1400 
0, 1400 


0.0200 
0.0200 
0 . 0400 
0 . 0400 
0.0600 
0.0600 
0 . 0800 
0.0800 
0. 1000 
0.1000 
0. 1200 
0. 1200 
0.1400 
0.1400 
0.1600 
0. 1600 


Gram 
19.02 
19.25 
19.18 
19.  10 
18.98 
18.90 
21.76 
24.50 
27.60 


19.00 
19.25 
19.06 
19.05 
19.06 
18.94 
18.70 
24.38 
26.42 


19.01 
19.22 
19.10 
19.02 
19.02 
18.91 
18.75 
24.32 
27.40 


19.02 
19.15 
19.10 
18.98 
18.95 
18.90 
18.76 
18.60 
21.25 
24.25 
27.60 


16.12 
16.22 
17.08 
18.02 
18.94 
19.93 
20.90 
21.80 
22.80 
24.02 
25.32 


16.30 
16.40 
17.15 
17.30 
18.12 
18.20 
18.93 
19.12 
19.93 
20.02 
20.98 
21.00 
21.90 
22.05 


16.20 
16.22 
17.30 
17.05 
18.18 
17.98 
19.17 
18.96 
20.00 
19.90 
20.92 
20.90 
22.  12 
21.90 
23.00 
22.90 
24.85 
24.22 


Per 
cent 
21.83 
21.37 
21.51 
21.67 
21  .91 
22.07 
16.35 
10.87 
4.67 


21  .87 
21.37 
21.75 
21.77 
21.75 
21.99 
22.47 
U.U 


21  ,85 
21.43 
21.67 
21.83 
21,83 
22.05 
22.37 
11.23 
5.07 


21.83 
21.57 
21.67 
21.91 
21.97 
22.07 
22.35 
22.67 
17.37 
11.37 
4.67 


19.26 
19.06 
17.34 
15.46 
13.62 
11.64 
9.70 


18.70 
17.20 
16.90 
15.26 
15.  10 
13.64 
13.26 
11.64 
11.46 


Gram 
0.1976 
0. 1934 
0.1947 
0.1961 
0. 1983 
0.1994 
0.1480 
0.0984 
0.0423 


0.1977 
0. 1932 
0. 1966 
0.1968 
0. 1966 
0.1988 
0.2028 
0. 1004 
0.0636 
0 . 0466 
0.0326 


0,1975 
0,1937 
0,1959 
0, 1973 
0. 1973 
0.1993 
0.2022 
0.1015 
0.0458 


0, 1973 
0, 1950 
0.1959 
0.1981 
0.1986 
0.1995 
0.2020 
0.2049 
0.1570 
0,1028 
0,0422 


0, 1978 
0,1957 
0.1781 
0.1588 
0.1399 
0.1195 
0.0996 


1      23.04        5.42 


19.  10 
19.06 
16.90 
17.40 
15.14 
15.54 
13.16 
13.58 
11.50 
11.70 
9.66 
9.70 
7.26 


ill 


0. 1941 
0. 1921 
0. 1766 
0.1756 
0.1567 
0.1551 
0. 1401 
0, 1362 
0.1195 
0, 1177 
0,0980 
0,0976 
0,0791 
0,0760 
0,0575 
0,0557 


0, 1962 
0,1957 
0.1736 
0.1787 
0. 1555 
0.1596 
0.1352 
0.1395 
0.1181 
0.1202 
0.0992 
0.0996 
0.0746 
0.0791 
0.0566 
0.0585 
0.0185 
0.0314 


cent 
98.83 
96.70 
97.35 
98.50 
99.15 
99.70 
98.67 
98.40 
84.60 


98 .  85 
96.60 
98 .  30 
98.40 
98.30 
99.40 
101.40 
100.43 
95.30 
93.20 
81.50 


98.75 
96.86 
97.95 
98.67 
98.67 
99.67 
101. 11 
101.52 
91.55 


98.67 
97.50 
97.95 
99.05 
99.30 
99.75 
101.02 
102.46 
104.67 
102.78 
84.43 


98 .  93 

99 .  23 
99.93 
99 .  62 
99.62 

101.41 
100.99 
88.83 
44.  16 


97.05 
96.05 
98.13 
97.53 
97.95 
96.92 
100.06 
97.27 
99.62 
98.08 
97.98 
97.57 
98.85 
94.99 
95.85 


98.10 
97.85 
96.42 
99 .  28 
97.17 
99.75 
96.54 
99.62 
98.42 
100.13 
99.21 
99 .  62 
93.20 
98.85 
94.  14 
97.56 
46.21 
78.56 


INTERPRETATION    OF    RESULTS 

As  the  title  of  this  paper  implies,  the  procedure 
comprehends  in  its  entirety  not  only  the  separation 
but  the  estimation  as  well  of  both  acetanilide  and  phen- 


acetin.  Accordingly,  several  of  the  mixtures  exam- 
ined were  treated  with  this  object  in  view,  namely, 
the  recovery  of  both  ingredients,  as  embodied  in  Series 
2.  As  a  rule,  however,  analysis  ended  with  the  recovery 
of  phenacetin,  since  this  was  believed  to  represent 
the  more  important  phase  of  the  problem  under  investi- 
gation. Examination  of  the  data  presented  in  the 
several  series,  as  also  that  of  other  series  not  here 
shown,  leads  to  the  following  conclusions: 

Any  mineral  acid  unaffected  by  iodine  or  hydriodic 
acid  under  the  conditions  of  the  experiment  can  ap- 
parently be  employed,  although  hydrochloric  acid 
is  perhaps,  on  account  of  its  physical  properties,  the 
one  best  suited  to  the  purpose  in  hand.  It  will  be 
noted  that  an  increase  of  this  acid  within  reasonable 
limits  operates  favorably  on  phenacetin  recovery. 
In  the  estimation  of  this  substance  alone,  not  more 
than  200  mg.  should  be  taken  for  every  25  cc.  of  stand- 
ard iodine  of  specified  strength,  while  the  amount  of 
acetic  acid  used  in  each  determination  should  not  ex- 
ceed 1  cc,  in  which  event  the  recovery  will  fall  within 
3  to  5  mg.  of  the  quantity  taken  or  actually  present. 
In  admixture  with  acetanilide,  however,  the  total 
amount  of  both  ingredients  taken  for  analysis  should 
likewise  not  exceed  200  mg.,  but  more  acetic  acid  may 
be  advantageously  employed,  since  such  increase 
tends  to  counteract  an  apparent  tendency  on  the  part 
of  acetanilide  to  augment  unduly  the  quantity  of  phen- 
acetin recovered.  Whatever  the  cause  of  such  excess 
recovery,  whether  due  to  occlusion  or  adsorption  of 
iodine  as  such  or  in  form  of  acetanilide  periodide  on 
the  part  of  phenacetin  periodide,  the  limit  of  useful- 
ness of  the  method  appears  to  lie  between  the  ratios 
I  :  3  and  i  :  4  of  phenacetin  to  acetanilide.  In  order 
to  observe  what  influence,  if  any,  freshly  boiled  dis- 
tilled water  might  have  on  phenacetin  recovery,  all 
estimations  recorded  in  Series  9,  with  the  exception 
of  No.  I,  were  made  with  water  thus  treated.  A 
comparison  of  recoveries  noted  under  estimations  Nos. 
I  and  2  reveals  a  slight  difference,  it  is  true,  apparently 
in  favor  of  ordinary  distilled  water,  that  is,  that  from 
which  the  air  had  not  been  expelled,  but  such  differ- 
ence, conceivably  due  to  the  action  of  dissolved  atmos- 
pheric oxygen  or  hydriodic  acid,  may  have  been  the 
result  of  entirely  different  influences. 

METHOD 

PHENACETIN — Into  a  small  (50  cc.)  lipped  Erlen- 
meyer  introduce  0.2  g.  of  the  phenacetin-acetanilide 
mixture,  add  2  cc.  of  glacial  acetic  acid,  heat  gently 
over  wire  gauze  to  complete  solution,  then  dilute  with 
40  cc.  water  previously  warmed  to  70°.  Transfer 
the  clear  acetous  liquid  by  pouring  and  careful  washing 
of  flask  with  two  10  cc.  portions  of  warm  (40°)  water 
to  a  glass  stoppered,  graduated  100  cc.  flask,  into 
which  have  been  previously  run  from  a  burette  25 
cc.  of  standard  iodine,  of  a  strength  slightly  above 
0.2  N,  and  warmed  to  40°.  Rotate  the  resulting  men- 
struum to  uniformity,  the  flask  being  closed  mean- 
while, then  add  3  cc.  of  concentrated  hydrochloric 
acid,  close  flask  anew  and  continue  rotation  until 
copious  crystallization  is  apparent,  then  set  the  prod- 
uct aside  to  cool.     If  the  ratio  of  phenacetin  to  acet- 
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anilide  is  equal  to  or  greater  than  i,  the  formation  of 
crystalline  scales  will  be  almost  immediate  on  the  addi- 
tion of  acid.  As  the  proportion  of  acetanilide  increases, 
however,  the  periodide  is  not  only  more  inclined  to 
maintain  the  liquid  state,  with  the  result-  that  crys- 
tallization becomes  proportionately  slower,  but  its 
separation  also  from  the  menstruum  itself  is  in  a  meas- 
ure apparently  retarded.  In  such  cases,  gentle  agita- 
tion of  the  liquid  or  rotation  of  the  flask  in  water  warmed 
to  40°  or  less  tends  to  promote  the  formation  of  crys- 
tals. When  the  contents  of  the  flask  have  assumed  the 
room  temperature,  fill  with  water  to  within  2  to  3  cc. 
of  the  mark,  rotate  to  uniformity  and  allow  to  stand 
overnight.  Fill  to  mark  with  water,  mix  thoroughly, 
then  after  standing  one-half  hour  withdraw  a  50  cc. 
aliquot  of  clear  liquid  by  passing  through  a  small 
(5.5  cm.)  dry,  closely-fitted  filter  into  a  graduated 
50  cc.  fiask,  rejecting,  however,  about  15  cc.  of  the 
first  runnings,  the  latter  being  received  in  any  conve- 
nient container  for  eventual  later  use,  along  with  addi- 
tional filtrate,  for  the  recoverj'  of  acetanilide.  Trans- 
fer the  50  cc.  aliquot  by  pouring  and  washing  to  a 
200  cc.  Erlenmeyer  and  titrate  with  o.i  ^V  sodium 
thiosulfate. 

If  reference  is  had  to  the  composition  of  the  insolu- 
ble addition  product,  constituting  the  basis  for  the 
foregoing  separation, 

(C2H50.C6H4NH.COCH3)2.HI.l4, 

it  will  be  noted  that,  for  every  molecule  of  phenacetin 
involved,  two  atoms  of  iodine  are  required,  hence 
from  a  titrimetric  standpoint  one  atom  of  iodine  is 
equivalent  to  one-half  molecule  of  phenacetin.  If, 
therefore,  the  quantity  of  iodine  expended  in  the  forma- 
tion of  insoluble  periodide  is  ascertained  as  the  result 
of  such  titration,  the  quantity  of  phenacetin  thereby 
involved    is    readily    calculated    from    the    expression, 

phenacetin  =  1(0.008890  X  N), 
in  which  0.008890  represents  the  quantity  of  phenacetin 
in  I  cc.  of  a  0.1  N  solution  of  this  substance,  N  the 
normality  of  standard  thiosulfate  employed,  while 
I  represents  the  number  of  cubic  centimeters  of  such 
thiosulfate  corresponding  to  the  iodine  entering  into 
combination  with  phenacetin  isolated  as  periodide. 
The  gravimetric  determination  of  phenacetin  may, 
if  desired,  be  effected  substantially  as  follows:  In 
the  operation  of  filtering  off  the  periodide,  the  latter 
is  collected  on  the  filter  and  washed  with  10  to  15  cc. 
of  standard  iodine  solution,  preferably  by  suction, 
then  transferred  together  with  filter  (likewise  any 
particles  of  precipitate  eventually  remaining  in  the 
graduated  flask)  to  a  separatory  funnel,  using  for  the 
purpose  not  over  5°  cc.  of  water.  After  discharging 
both  free  and  added  iodine  with  a  few  small  crystals 
of  sodium  sulfite,  the  liquid  is  extracted  with  three 
so  cc.  portions  of  chloroform,  each  portion  being  sub- 
sequently washed  in  a  second  separatory  funnel  with 
5  cc.  of  water.  After  washing  and  clearing,  withdraw 
solvent  through  a  small  (5.5  cm.)  dry  filter  into  a 
200  cc.  Erlenmeyer,  distill  off  most  of  the  chloroform, 
transferring  the  residual  5  to  10  cc.  by  pouring  and 
washing   with   fresh   solvent   to   a   small   tared   beaker 


or  crystallizing  dish.  Evaporate  to  dryness  on  steam 
bath,  cool,  and  weigh. 

ACETANILIDE — Should  the  combined  weight  of  the 
phenacetin-acetanilide  mixture  be  known,  that  of 
the  latter  constituent  can  be  determined  by  difference, 
or,  if  necessary,  estimated  directly  from  a  second  ali- 
quot of  filtrate  from  the  phenacetin  periodide. 

To  this  end,  transfer  to  a  separatory  funnel  by  means 
of  a  pipette  25  to  30  cc.  of  the  clear  liquid,  decolorize 
with  sufficient  solid  sodium  sulfite,  add  solid  sodium 
bicarbonate  in  slight  excess,  follow  with  1  to  2  drops 
of  acetic  anhydride,  then  extract  with  three  60  cc. 
portions  of  chloroform,  passing  solvent  when  cleared 
through  a  small,  dry  filter  into  a  200  cc.  Erlenmeyer, 
from  which  the  chloroform  is  distilled  by  the  aid  of 
gentle  heat  down  to  about  20  cc.  Now  add  10  cc.  of 
dilute  sulfuric  acid  (1  cc.  of  concentrated  acid  to  10 
cc.  of  water)  and  digest  product  on  steam  bath  until 
the  aqueous  residue  has  been  reduced  one-half,  add 
20  cc.  of  water  and  continue  digestion  one  hour,  add 
a  second  20  cc.  portion  of  water  and  10  cc.  of  concen- 
trated hydrochloric  acid,  then  titrate  very  slowly, 
drop  by  drop,  with  standard  potassium  bromide- 
bromate  (i  cc.  of  which  is  equivalent  to  5  to  10  mg. 
of  acetanilide),  until  a  faint  yellow  coloration  per- 
sists. While  adding  this  reagent,  the  flask  should 
be  rotated  sufficiently  to  agglomerate  the  precipitated 
tribromoaniline  and  thus  clarify  the  supernatant  liquid. 
The  number  of  cubic  centimeters  of  standard  bromide 
solution  required  to  complete  the  precipitation,  multi- 
plied by  the  value  of  i  cc.  in  terms  of  acetanilide,  will 
give  the  quantity  of  this  substance  present  in  the 
aliquot  taken. 

COMMENT    AND    SUGGESTIONS 

The  preliminary  or  gross  separation  of  phenacetia 
and  acetanilide  from  complex  mixtures  is  materially 
lengthened,  if  the  preparation  contains,  in  addition 
to  those  substances,  caffeine  or  antipyrin  or  both, 
in  which  event  it  would  be  necessary  first  to  subject 
the  mixture  of  four  ingredients  to  hot  digestion  with 
dilute  sulfuric  acid  in  order  to  convert  phenacetin  and 
acetanilide  to  phenetidine  and.  aniline  sulfates,  respec- 
tively, from  which  caffeine  and  antipyrin  may  be  easily 
separated  by  means  of  chloroform,  after  which  opera- 
tion phenacetin  and  acetanilide  should  be  regenerated 
by  treating  the  aqueous-acid  solution  of  the  corre- 
sponding sulfates  with  solid  sodium  bicarbonate  in 
slight  excess,  thereupon  with  a  few  drops  of  acetic 
anhydride,   followed   by   extraction    with    chloroform." 

In  the  operation  of  transferring  the  acetous  solution 
of  phenacetin-acetanilide  mixture  to  the  graduated 
flask  containing  standard  iodine,  great  care  must  be 
exercised  to  the  end  that  none  of  the  dissolved  sub- 
stances crystallize  out  as  such  during  or  after  the 
transfer,  either  in  the  liquid  or  about  the  neck  of  the 
Erlenmeyer,  since  any  undissolved  phenacetin  intro- 
duced into  the  iodine  reagent  would  fail  in  obtaining 
its  full  complement  of  iodine,  thus  vitiating  the  de- 
termination. The  necessary  transfer  is  most  con- 
veniently effected,  and  indeed  without  loss,  by  the 
use  of  an  Erlenmeyer  provided  with  a  lip,  a  form  easily 

'  Proc.  A.  0.  A.  C  U   S.  Dept.  .\gr..  Bur.  Chem  ,  Bull.  162  (1912).  197. 
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made  in  the  laboratory  from  the  ordinary  type  by 
heating  the  neck  of  flask  in  a  moderate  blast  flame,  then 
by  the  aid  of  a  file  or  other  suitable  instrument  pulling 
down  the  rim  to  the  desired  pitch.  Thus  modified, 
the  flask  delivers  aqueous  solutions  with  little  or  no 
tendency  to  run  down  on  the  outside  of  neck. 

The  standard  solution  of  iodine  employed  in  the 
foregoing  separation  and  the  one  giving  the  best  re- 
sults has  a  strength  slightly  above  0.2  N,  that  is,  a 
solution  containing  30  g.  of  iodine  and  40  g.  of  po- 
tassium iodide  to  the  liter.  To  prepare,  dissolve 
the  potassium  iodide  in  the  least  possible  quantity  of 
water,  add  the  iodine  and  after  complete  solution, 
dilute  to  I  liter.  Twenty-five  cc.  of  this  reagent,  the 
volume  taken  for  each  determination,  are  standardized 
with  a  solution  of  sodium  thiosulfate  containing  30 
g.  to  the  liter,  the  value  of  which  has  in  turn  been 
ascertained  by  titration  with  very  carefully  purified 
iodine.  The  end  point  is  best  observed  by  adding 
to  the  liquid  toward  the  close  of  titration  i  to  2  drops 
of  freshly  prepared  starch  solution.  In  measuring 
off  the  standard  iodine,  make  readings  by  the  aid  of 
transmitted  light.  This  is  easily  done  by  holding 
an  electric  bulb  just  back  of  the  burette,  thus  bringing 
into  sharp  relief  the  lower  meniscus. 

For  this  and  similar  iodometric  operations,  very 
pure  iodine  was  prepared  by  dissolving  the  commercial 
resublimed  product  in  concentrated  aqueous  potassium 
iodide,  pouring  the  clear  liquid  into  a  large  volume  of 
water,  filtering  and  washing  the  finely  precipitated 
iodine  on  a  porous  plate  several  times  with  water,  then 
drying  first  in  the  air  and  finally  in  a  desiccator  over 
sulfuric  acid,  where  it  is  kept  for  future  use  in  a  glass- 
stoppered  weighing  tube.  To  standardize  the  sodium 
thiosulfate,  weigh  out  in  a  small  glass  capsule  (about 
V2"  high  and  ^/i"  diameter),  provided  with  a  closely- 
fitting  glass  cap  or  stopper,  about  0.3  g.  of  pure  iodine, 
which  together  with  capsule  and  cover  are  transferred 
to  a  200  cc.  Erlenmeyer,  containing  0.5  g.  of  potas- 
sium iodide  dissolved  in  10  cc.  of  water.  After  com- 
plete solution,  titrate  the  iodine  with  sodium  thio- 
sulfate, using  I  to  2  drops  of  starch  solution  as  indicator. 

In  the  qualitative  examination  of  preparations  or 
mixtures,  of  which  phenacetin  alone  is  a  known  or 
declared  ingredient,  suitable  tests  should  be  applied 
in  order  to  verify  the  presence  or  absence  of  acetanilide, 
such  as  are  prescribed  in  the  U.  S.  Pharmacopoeia 
or  described  in  Allen's  "Commercial  Organic  Analysis." 
For  the  identification  of  phenacetin,  either  alone  or 
in  admixture  with  acetanilide,  the  following  test  in 
addition  to  those  ordinarily  employed  for  this  sub- 
stance will  be  found  of  value:  To  i  to  2  mg.  of  sample 
in  a  test  tube  add  a  drop  of  acetic  acid,  0.5  cc.  of  water 
and  I  cc.  of  o.i  N  iodine,  warm  mixture  to  about  40°, 
then  add  a  drop  of  concentrated  hydrochloric  acid. 
Almost  immediately  if  phenacetin  alone  is  present, 
or  on  cooling  and  agitating  the  liquid  if  sample  con- 
sists in  large  part  of  acetanilide,  the  iodine  addition 
product  of  phenacetin  separates  in  the  form  of  reddish 
brown  leaflets  or  needle-like  crystals.  In  the  pres- 
ence of  considerable  acetanilide,  the  periodide  first 
separates  as  minute  oily  globules,  which  on  vigorous 


shaking  gradually  become  crystalline  aggregates.  This 
test  is  so  delicate  that  as  little  as  0.5  mg.  of  phenacetin 
may,  if  alone,  be  detected  in  form  of  its  characteristic 
periodide. 

Synthetic  Products  Laboratory,  Bureau  of  Chemistry 
Department  of  Agriculture,  Washington 


COMMERCIAL  PAPAIN  AND  ITS  ASSAY 

By  H.   M.   Adams 
Received  April  24,  1914 

A  recent  article  by  William  Mansfield'  gives  a  clear 
idea  of  the  cultivation,  preparation  and  adulteration 
of  the  commodity  papain.  The  adulteration  from  the 
commercial  standpoint  is  especially  interesting,  in 
view  of  the  fact  that  about  50  per  cent  of  the  samples 
received  were  found  to  possess  so  little  digestive  power 
that  they  are  practically  worthless.  It  has  long  been 
noticed  in  this  laboratory  that  the  dark,  lumpy  samples 
invariably  give  the  best  digestive  strength.  It  seemed 
that  the  darker,  the  more  crude  the  appearance,  the 
better  they  were.  Occasionally  a  comparatively  light 
colored  sample  would  show  a  fair  degree  of  activity, 
but  such  an  occurrence  was  very  rare  indeed.  This 
led  to  an  investigation,  with  the  result  that  in  the  poor 
samples  starch  was  always  found  to  be  present  in  very 
marked  quantities,  while  good  samples  showed  no 
perceptible  trace.  Mansfield  corroborates  this  with 
his  statement  that  a  large  portion  of  the  papain  on 
the  market  is  adulterated  by  adding  wheat  or  rye 
bread  crumbs  or  by  pouring  the  papain  juice  over  the 
breads  and  then  grinding. 

This  discovery  of  starch  instituted  a  preliminary 
test,  which  was  applied  to  every  sample  of  papain  re- 
ceived. A  small  portion  of  the  finely  ground  sample 
was  placed  on  a  white  porcelain  surface  and  a  few  drops 
of  a  weak  solution  of  iodine  added.  The  presence  of 
starch  was  thus  immediately  noted  by  the  appearance 
of  a  blue  color  and,  with  a  little  experience,  a  rough 
estimate  could  be  made,  by  the  intensity  of  this  color, 
as  to  the  digestive  value  of  the  sample. 

To  further  illustrate  this,  a  few  experiments  were 
carried  out,  showing  the  digestive  strength  of  the  papain 
and  the  amount  of  starch  present.  In  these  experi- 
ments a  high-grade  papain  was  used  as  a  standard 
and  called  100  per  cent.  The  others  are  given  in  terms 
of  this  standard.  The  digestion  was  carried  on  at 
55°  C,  with  frequent  shaking  for  five  hours.  Finely 
ground  beefsteak  was  used  as  the  material  to  be  digested 
and  distilled  water  as  a  medium. 

Cc.  of  Percentage 

residue  as  com-             Per- 

standing  pared  with  centage 

Sample                                                1  hour  standard  starcti 

Standard 5.25  100 

1 15  35  57.4 

2 12.5  42  57.1 

3 13  40  58.7 

4 13  40  58.3 

5 13  40  55 

6 6  85.7  20 

7 5.25  100 

It  was  observed  in  the  above  experiments  that  when 
large  amounts  of  starch  were  present,  the  lower  por- 
tion of  the  residue  was  white  in  color  instead  of  having 
a  greenish  tinge  as  in  the  good  samples. 

Besides  starch,  pepsin  is  sometimes  used  as  an  adul- 

'  J.  Am.  Pharm.  Assoc,  1914,  p.  169. 
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terant  and  is  rather  more  difficult  to  detect.  When 
tested  in  an  acid  solution  a  small  amount  of  pepsin 
apparently  greatly  increases  the  strength  of  the  papain; 
however,  if  a  neutral  or  slightly  alkaline  solution  is 
used,  the  action  of  the  pepsin  is  inhibited  or  checked 
completely  and  the  true  digestive  value  of  the  papain 
is  thus  obtained.  This  point  is  shown  by  the  following 
e.xperiments,  in  which  a  high-standard  papain  was 
used  and  known  quantities  of  pepsin  added.  The 
digestion  was  carried  on  as  stated  before. 

Sample                                   Pepsin  added  Residue 
0.325  gram                                       (1   :  3000)                                  standing  1  hour 

papain                                              Gram               Medium  Cc 

1 Neutral  5'/i 

2 0.1  Neutral  S'/i 

3 0.2%  HCl  24 

4 0.1  0.2%  HCl  13 

There  appear  in  the  late  literature  but  two  methods 
for  the  assay  of  papain,  one  by  H.  Graber'  and  the 
other  by  Rippetoe.^ 

Graber's  method  differs  from  the  one  used  by  the 
author  in  only  one  pqint.  He  uses  a  0.3  per  cent 
solution  of  hydrochloric  acid  as  a  medium,  instead  of 
a  neutral  solution.  This,  however,  proves  to  be  a 
decided  difference,  for  as  shown  by  all  the  following 
experiments,  no  very  satisfactory  results  were  obtained 
in  an  acid  medium.  It  is  true  there  is  some  digestion, 
but  the  residue  is  large  and  seems  to  hang  in  suspension 
throughout  the  tube  in  such  a  way  that  it  makes  the 
readings  rather  indistinct.  The  residue  settles  very 
slowly  and  has  a  decidedly  different  appearance  than 
in  either  neutral  or  alkaline  solution,  having  a  dark 
brown  color  instead  of  having  a  greenish  tinge  as  in 
the  others. 

Rippetoe  supports  this  inhibitory  action  of  an  acid 
solution  in  his  article,  and  Martin  in  1883  states  that 
hydrochloric  acid  above  0.05  per  cent  destroys  the 
digestive  activity  completely.  This  latter  statement, 
however,  is,  in  the  opinion  of  the  author,  much  too 
severe,  for,  as  the  following  experiments  will  show, 
there  appears  to  be  considerable  digestion  in  a  o.i 
per  cent  acid  solution,  which,  however,  decreases  as  the 
strength  of  the  acid  is  increased.  In  these  experiments 
both  meat  and  whites  of  eggs  were  used  as  the  material 
to  be  digested. 

Residue 

10                Papain  used         100  cc.  Residue  1  hour  overnight 

grams  of                 Gram             medium  Cc.  Cc. 

Beef None  0.3%  HCl  33  31 

Beef 0.325  0,3%  HCl  28  indistinct  30 

Beef 0.325  0.3%  HCl  26  indistinct              30 

Beef 0.325  Neutral  6' ',                              5'/4 

Egg None  0.3%  HCl  34  33 

Egg 0.325  0.3%  HCl  33  291/2 

Egg 0.325  0.2%  HCl  30  28V« 

Egg 0.325  0.1%  HCl  28  26 

Egg 0.325  Neutral  15                                    14 

Rippetoe  used  in  his  method  the  whites  of  eggs  pre- 
pared as  for  the  pepsin  assay  in  the  U.  S.  P.  He  also 
uses  40  cc.  of  a  0.1  per  cent  caustic  soda>solution  as  a 
medium.  There  appear  to  be  no  serious  objections 
to  this  method  except  that  it  seems  to  be  a  large  amount 
of  unnecessary  work  and  gives  no  better  results.  The 
residues  are  larger  than  with  meat  and  the  readings 
indistinct  even  after  an  hour's  standing.  In  fact  the 
author   obtained    more    definite,    clearer    results,    with 

'  Tms  Journal.  S  (1911).  120. 
■'  Ibid.,  i  (1912).  517. 
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egg,  if  a  medium  of  distilled  water  was  used  instead  of 
an  alkaline  solution. 

The  following  experiments  were  made  to  illustvate 
this  and  also  the  advisability  of  using  40  cc.  of  solution 
as  a  medium  instead  of  100  cc.  It  is  shown  that  with 
meat  40  cc.  has  a  deleterious  effect  but  with  egg  it  is 
slightly  advantageous. 

0.325  gram  of  papain  used 

Medium                        Residue  Residue 

10                              ^ ' ^  after  1  hotu*  overnight 

grams  of                                                       Cc.                  Cc.  Cc. 

Beef Neutral              100           6'/i  5"A 

Beef Neutral                40  15  9'/i 

Egg Neutral              100  15  14 

Egg Neutral               40  14  13 

Egg 0.l%NaOH      100  24  indistinct  17'/j 

Egg 0.1%  NaOH       40  15  13 

The  method  found  to  be  suitable  to  all  samples  and 
which  has  proved  itself  satisfactory  by  a  great  many 
trials,  is  outlined  as  follows: 

Add  0.325  gram  of  the  powdered  sample  of  papain 
to  10  grams  of  fresh,  lean,  raw  beef,  which  has  been 
finely  chopped  or  passed  through  a  sausage  grinder  and 
placed  in  a  6-ounce  wide  mouth  bottle.  Now  add 
100  cc.  of  distilled  water,  stopper,  and  shake  the  bottle 
with  contents  thoroughly  until  the  meat  is  entirely 
disintegrated.  Place  in  a  water  bath  at  50-55°  C., 
for  5  hours,  shaking  gently  i  minute  every  15  minutes. 
Pour  the  contents  of  the  bottle  into  a  long,  graduated 
tube  and  allow  the  residue  to  settle. 

Due  to  various  changes  in  the  conditions  in  carrying 
on  this  digestion  (such  as  a  different  lot  of  meat  or  a 
fluctuation  of  the  temperature  of  the  bath)  the  same 
sample  on  different  days  was  found  to  give  a  variable 
residue  of  from  s  to  7  cc.  Therefore  a  papain  shown 
to  possess  a  high  digestive  strength  was  chosen  as 
standard  and  two  bottles  containing  the  required 
amounts  of  this  standard  were  placed  in  the  bath  with 
the  samples  to  be  tested  and  thus  definite  results  could 
be  obtained,  the  unknowns  being  reported  in  terms  of 
the  standard,  as  for  instance,  if  the  standard  gave  a 
residue  of  6.3  cc.  and  the  prospective  sample  7  cc,  it 
was  reported  as  90  per  cent  papain. 

Below  are  given  comparative  results  of  the  three 
methods  discussed,  Graber's,  Rippetoe's  and  the  above 
method. 

0.325  gram  of  papain  used — 6  hours  digestion 

Residue 

SoLU-       SuBSTANCB        1  hour  -night 
Method  Solutions         tion         digbstsd  Cc.       Cc. 

Graber's 0.3%  HCl  100     Beef  {  ^g  30 

Rippetoe's 0.1%NaOH       40     White  of  egg  j  }*  5      }| 

X Neutral  100     Beef  {    ^,5      \\ 

SUMMARY    AND    CONCLUSIONS 

Commercial  papain  is  sometimes  adulterated  with 
starch  or  pepsin.  The  presence  of  starch  is  shown 
with  iodine  solution  and  the  pepsin  by  digestion  of 
meat  in  a  weak  acid  solution. 

Neutral  solutions  give  the  most  satisfactory  results 
with  either  meat  or  whites  of  eggs. 

Meat  appears  to  be  the  best  material  to  be  digested 
on  account  of  its  easy  preparation  and  also  because 
of  the  small  residue  left  after  digestion. 

Analvticai,  Departmknt.  Parkk,  Davis  &  Co. 
Detroit 
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A  METHOD  FOR  THE  ESTIMATION  OF  PODOPHYLLUM 
RESIN 

By  W.  M.  Jenkins 
Received  April  24,  1914 

It  seems  to  be  a  generally  acknowledged  fact  that 
the  therapeutic  activity  of  Podophyllum  is  due  to  the 
resin  which  it  contains.  While  this  resin  is  recognized 
in  the  United  States  Pharmacopoeia,  and  its  proper- 
ties and  solubilities  are  well  described,  it  must  be  re- 
membered that  the  resin  is  not  a  simple  substance,  but 
a  mixture  of  substances,  the  most  important  of  which 
is  a  crystalline  body  called  Podophyllotoxin.  Prom 
a  therapeutic  standpoint,  however.  Podophyllum 
Resin,  U.  S.  P.,  is  a  well  known  substance  and  the  dose 
is  well  defined.  It  would  seem  therefore  that  any 
attempts  at  assaying  or  standardizing  the  drug  should 
be  in  terms  of  Podophyllum  Resin,  U.  S.  P.  It  was 
with  this  idea  in  view  that  the  work  described  in  this 
paper  was  undertaken. 

All  previous  methods  for  the  determination  of  Podo- 
phyllum Resin  have  been  based  on  the  idea  that  the 
resin  is  insoluble  in  water,  and  that  by  pouring  an 
alcoholic  solution  of  the  resin  into  a  large  volume  of 
acidulated  water  the  resin'  would  be  completely  pre- 
cipitated and  could  be  collected  and  weighed.  Through 
long  experience  with  this  precipitation  method,  how- 
ever, it  has  been  found  that  the  results  are  very  un- 
reliable and  greatly  affected  by  the  conditions  of  the 
method,  viz.,  the  volume  and  temperature  of  the  acid- 
ulated water,  the  amount  of  alcohol  used  and  the 
amount  of  sample  taken.  The  only  way  to  get  re- 
sults which  were  at  all  concordant  was  to  adhere  strictly 
to  the  same  amounts  of  alcohol,  water,  acid  and  sam- 
ple; the  results  were  thus  purely  arbitrary. 

The  reason  for  these  variable  results  was  later  found 
to  be  the  fact  that  Podophyllum  Resin  is  slightly  sol- 
uble in  water  and  that  this  solubility  is  increased  by 
small  percentages  of  alcohol,  and  hence  the  recovery  of 
the  full  amount  of  resin  by  the  precipitation  method 
is  impossible.  Thus  it  was  found  that  by  dissolving 
0.4  gram  of  U.  S.  P.  Podophyllum  Resin  in  lo  cc.  of 
alcohol  and  precipitating  the  resin  in  600  cc.  of  water 
acidulated  with  10  cc.  of  hydrochloric  acid,  only  75 
per  cent  of  the  resin  was  recovered. 

Podophyllum  Resin  is  only  partly  soluble  in  chloro- 
form but  is  readily  soluble  in  a  mixture  of  i  part  of 
alcohol  and  2  parts  of  chloroform.  Hence  it  was 
thought  that  a  mixture  of  alcohol  and  chloroform  might 
be  used  for  extracting  the  resin  quantitatively  from  an 
alcohol  solution  which  had  been, diluted  with  water. 

When  equal  volumes  of  alcohol,  chloroform  and  water 
are  mixed,  this  mixture  separates,  on  standing,  into 
two  layers.  The  upper  portion  consisting  approxi- 
mately of  one  part  of  alcohol  and  two  parts  of  water, 
and  the  lower  layer  of  one  part  of  alcohol  and  two  parts 
of  chloroform. 

By  keeping  the  proportions  of  alcohol,  chloroform 
and  water  constant,  it  was  found  that  over  99  per  cent 
of  resin  was  recovered  by  three  extractions  with  the 
alcohol  chloroform  mixture  when  working  with  U.  S.  P. 
Podophyllum  Resin. 

1  J.  Chem.  Soc.  [Trans.).  1898,  p,  209, 


When  this  method  was  applied  to  the  fluidextract, 
however,  and  the  resulting  resin  compared  with  the 
U.  S.  P.  Podophyllum  Resin,  it  was  found  to  be  darker, 
more  hygroscopic,  less  soluble  in  alcohol  and  more 
soluble  in  water.  Thus  it  was  necessary  to  modify 
the  method  in  some  way  in  order  to  obtain  a  resin 
identical  with  the  official  resin.  This  was  accomplished 
by  washing  the  alcohol  chloroform  extract  with  acid- 
ulated water.  The  resin  obtained  by  this  modification 
was  found  to  conform  to  the  United  States  Pharma- 
copoeia requirements  for  Podophyllum  Resin,  viz.: 

Soluble  in  alcohol  in  all  proportions. 
86.4  per  cent  soluble  in  ether. 
69.1  per  cent  soluble  in  chloroform. 
21.3  per  cent  soluble  in  boiling  water. 
0.1  per  cent  ash. 

By  this  procedure  from  0.4  gram  Podophyllum 
Resin  U.  S.  P.  dissolved  in  alcohol,  0.394  gram  was 
recovered,  corresponding  to  98.4  per  cent. 

Accordingly  the  following  method  for  estimating 
the  amount  of  Podophyllum  Resin  in  Fluidextract 
Podophyllum  is  suggested. 

Measure  5  cc.  of  Fluidextract  Podophyllum  into  a 
separatory  funnel,  add  5  cc.  of  alcohol,  10  cc.  of  chloro- 
form and  10  cc.  of  acidulated  water  containing  0.6 
per  cent  hydrochloric  acid  (2  cc.  HCl  in  100  cc.  water). 
Shake  and  allow  the  mixture  to  separate.  Draw 
off  the  lower  layer  into  another  separatory  funnel; 
repeat  the  extraction  twice,  using  15  cc.  of  a  mixture 
of  one  part  of  alcohol  and  two  parts  of  chloroform, 
each  time,  and  add  these  extractions  to  the  first. 
Shake  the  combined  extractions  with  10  cc.  of  the 
acidulated  water  and  allow  the  mixture  to  separate. 
Draw  off  the  lower  layer  into  a  tared  flask,  and  repeat 
the  extraction  twice,  using  15  cc.  of  the  alcohol  chloro- 
form mixture  each  time.  Evaporate  the  combined 
extractions  and  dry  the  residue  to  constant  weight  at 
100°  C. 

For  comparison  a  number  of  fluidextracts  were 
assayed  by  this  method,  and  by  the  usual  precipitation 
method  with  the  following  results: 

Rksin  in  Fluidextracts 

Precipitation  method  Shake-out  method 

G.  in  10  cc.  Per  cent  G.  in  5  cc.  Per  cent 

1 0.424  4.2  0.3480  6.9 

2 0.420  4.2  0.3130  6.2 

3 0.420  4.2  0.2895  5.7 

4 0.458  4.5  0.3430  6.8 

In  assaying  the  drug,  lo  grams  in  a  No.  60  powder 
are  placed  in  an  Erlenmeyer  flask,  and  25  cc.  of  alcohol 
are  added.  The  flask  is  then  fitted  with  a  stopper 
through  which  is  inserted  a  glass  tube  about  two  feet 
long  for  a  condenser  and  left  on  a  sand  bath  at  80°  C. 
for  three  hours. 

The  contents  of  the  flask  are  then  transferred  to  a 
small  percolator  and  washed  with  alcohol  until  about 
50  cc.  of  percolate  are  obtained.  When  cooled  to 
room  temperature,  the  solution  is  made  up  to  exactly 
SO  cc.  Of  this  solution,  10  cc,  representing  2  grams  of 
the  drug,  are  used  for  assay,  which  is  carried  out  in 
exactly  the  same  way  as  described  for  the  fluidextract, 
with  the  exception  of  the  addition  of  the  5  cc.  of  alcohol, 
which  is  omitted. 

It  was  found  that  it  required  at  least  48  hours  macer- 
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ation  with  cold  alcohol  to  exhaust  the  drug,  and  hence 
the  hot  maceration  is  advisable. 

Six  different  samples  of  Podophyllum  were  assayed 
by  this  method,  and  from  the  same  samples  fluid- 
extracts  were  made  according  to  the  directions  in  the 
United  States  Pharmacopoeia,  and  were  also  assayed. 
The  results  are  given  below: 

Grams  resin  in  Grams  resin  in 

100  grams  drug  100  cc.  fluidextract 

1 5.03  4.96 

2 ,5.24  5.16 

3 4.65  4.66 

4 4.92  4.89 

5 4.73  4.83 

6 6.82  6.71 

These  results  show  that  the  method  gives  vefy  con- 
cordant results  on  the  assay  of  the  drug  and  fluidex- 


tract and  much  higher  results  than  the  precipitation 
method.  If  the  method  gives  equally  good  results  in 
the  hands  of  other  workers,  then  it  would  be  advisable 
that  fluidextract  of  Podophyllum,  U.  S.  P.,  be  assayed 
and  standardized.  As  good  lots  of  Podophyllum  drug 
contain  5  per  cent  of  resin,  a  standard  of  5  per  cent 
resin  for  the  fluidextract  is  suggested. 

The  method  can  also  be  applied  to  the  assay  of  solid 
and  powdered  extracts  of  Podophyllum  by  dissolving 
weighed  quantities  of  the  extracts  in  sufficient  alcohol 
to  render  the  solutions  of  about  the  same  strength  as 
fluidextract. 

Analytical  Department 
Parke,  Davis  Sl  Co..  Detroit 


LABORATORY  AND  PLANT 


STUDIES  ON  FILTRATION' 

By  J.   W.   Bain  and  A.  E.  Wigle 

In  connection  with  factory  operation  quite  recently, 
one  of  the  authors  had  to  form  an  estimate,  in  advance, 
of  the  amount  of  moisture  which  would  be  retained 
by  a  finely  divided  solid  on  a  vacuum  filter.  A  search 
among  the  usual  sources  of  information  yielded  no 
serviceable  data.  When  the  filters  were  in  actual 
operation,  their  performance  in  this  respect  was  very 
much  better  than  had  been  anticipated,  and  had 
this  fact  been  known  in  advance  some  economy  in 
construction  might  have  been  effected. 

With  a  view  to  gaining  information  on  this  point, 
the  authors  investigated  the  literature  at  their  dis- 
posal, and  with  the  exception  of  the  interesting  and 
valuable  paper  by  Hatschek,^  they  were  unable  to 
find  any  useful  data.  When  the  experimental  work 
had  progressed  to  a  certain  extent,  an  accident  drew 
our  attention  to  the  exhaustive  monograph  of  King 
and  Slichter,  "Principles  and  Conditions  of  the  Move- 
ments of  Ground  Waters,"'  from  which  we  have 
drawn  freely  in  this  discussion. 

In  the  problem  which  is  here  under  investigation, 
the  solid  is  assumed  to  be  bathed  by  a  liquid  in  which 
it  is  insoluble,  such  as,  for  instance,  the  mother  liquor 
of  a  crystalline  magma.  It  is  proposed,  therefore,  to 
investigate  the  amount  of  liquid  retained  by  a  mass 
of  finely  divided  solid  when  filtration  is  carried  out 
under  atmospheric  or  other  pressure  and  also  in  the 
centrifuge. 

The  experimental  work  was  considerably  simplified 
by  the  condition  laid  down  above,  which  permitted 
the  use  of  a  solid  insoluble  in  water.  A  quantity  of 
pure  well-rounded  lake  sand  was  carefully  sieved, 
and  the  grains  which  were  retained  on  the  40  mesh 
screen  but  which  passed  the  30  mesh,  are  referred  to 
throughout  as  40  mesh  sand.  The  screens  used  were 
not  of  very  good  quality  in  the  regularity  of  the  mesh 
opening,  as  will  be  seen  from  the  data  given  later, 
but  this  point  is  of  no  particular  significance  in  this 
investigation. 

•  Presented  at  the  6th  Semi-annuat  Meeting  of  the  A 
Chemical  Engineers,  Troy.  New  York,  June  17-20,  1914 
"-  J.  Soc.  Chem    Ind..  1908,  p.  5,^8. 
"  Nineleenth  Ann.  Report.  U.  S.  Geol.  Survey. 


The  rate  of  flow  of  a  given  liquid  under  a  constant 
head  through  a  filter-mass  of  a  finely  divided  solid 
will  obviously  be  dependent  upon  the  amount  of  space 
which  is  not  occupied  by  the  grains,  i.  e.,  what  is 
commonly  called  the  "pore  space."  On  first  considera- 
tion, it  would  appear  that  the  pore  space  would  vary 
a  good  deal  according  to  the  size  of  the  grains  com- 
posing the  mass,  and  the  results  of  computation  and 
experiment  are  an  astonishing  contradiction  to  this 
idea.  The  pore  space  is  almost  independent  of  the 
size  of  the  grains,  and  the  arrangement  of  the  latter 
is  of  chief  importance.  By  considering  a  number  of 
small  spheres  of  uniform  diameter  packed  as  closely 
as  possible  in  a  given  space,  it  is  possible  to  arrive 
at  a  mathematical  formula  from  which  the  pore  space 
may  readily  be  calculated. 

Slichter'  has  shown  that  if  the  spheres  are  so  arranged 
that  their  centers  lie  at  the  corners  of  a  cube,  the  pore 
space  will  be  47.64  per  cent;  while  if  the  centers  of 
the  spheres  lie  at  the  corners  of  a  rhombohedron  which 
permits  the  closest  possible  packing,  the  pore  space 
is  25.95  per  cent.  Between  these  limits  we  may  ex- 
pect to  find  the  porosities  of   all  ordinary   materials. 

With  actual  materials,  in  the  case  where  the  grains 
are  of  approximately  equal  size,  the  pore  space  and 
also  the  diameter  of  the  particles  may  be  readily  de- 
termined by  counting  a  number  of  the  grains,  de- 
termining their  combined  weight  and  the  specific 
gravity  of  the  material;  the  total  volume  may  be 
ascertained  by  adding  the  sand  in  small  quantities 
to  a  cylinder,  tapping  gently  with  a  flat-faced  pestle 
until  no  further  decrease  in  volume  takes  place.  The 
results  of  this  procedure  on  our  sands"  are  presented 
in  Table  I. 

Table  I 

Mesh  No.  of         Total        One  grain  Sp.     Pore  space  Diam. 

screen         grains      wt.  grra.    grm.  X  10-'  gravity    per  cent      Mm. 


(300  0.0307  10.23  1 

(300  0.0316  10.36  t 

(400  0.0251  6.3     ( 

1400  0.0253  6.3     1 

(400  0.0182  4.55  1 

I  SOO  0,0246  4.92  t 

(800  0.0238  2.97  1 

1600  0.0172  2.87) 

1800  0.0202  2.52  1 

1600  0.0156  2.60  ( 


2.74  35.4  0.420 

2.68  34.1  0.354 

2.73  36.4  0.318 

2.82  36.8  0.269 

2.85  37.7  0.257 


The    comparatively    slight    variation    in    pore   space 

'  Loc.  cit..  p.  309. 
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is  worthy  of  note;  and  it  may  be  added  at  this  point 
that  mixtures  of  small  and  large  grains  show  a  sur- 
prising similarity  in  their  porosity  to  that  of  either 
taken  alone.  For  all  practical  purposes,  the  pore 
space  of  masses  of  crystals,  such  as  are  commonly 
produced  by  rapid  cooling,  may  be  placed  at  37  per 
cent  of  the  total  volume  occupied. 

FILTRATION    UNDER    ATMOSPHERIC    PRESSURE 

This  part  of  the  subject  has  been  so  carefully  worked 
out  by  King^  that  it  suffices  to  reproduce  some  of  the 
results,  slightly  modified  to  suit  the  present  purpose. 
Cylinders  8  feet  long,  5  inches  in  diameter,  were 
filled  with  special,  sorted  sands,  wire  gauze  being  used 
as  a  support  at  the  bottom.  Water  was  introduced 
from  below,  and  when  the  tubes  were  full,  percolation 
was  allowed  to  commence,  and  the  water  which  drained 
away  was  collected  and  weighed  at  intervals. 


FILTRATION    WITH    VACUUM 

Experiments  were  carried  out  by  the  authors  with 
the  idea  of  approximating  to  factory  conditions. 

The  sand  was  poured  into  a  Buchner  funnel  pro- 
vided with  a  piece  of  wire  gauze,  and  gently  tamped 
down  with  a  flat-faced  pestle;  the  depth  of  the  layer 
was  1V4  inches.  The  top  of  the  funnel  was  closed 
by  a  glass  plate  ground  to  fit  and  provided  with  a 
central  aperture  through  which  air  could  be  admitted. 
To  avoid  the  error  of  surface  evaporation  during  filtra- 
tion, this  air  was  drawn  through  a  tower,  down  which 
water  trickled  slowly.  The  funnel  was  placed  in 
a  suction  flask  and  a  simple  gauge  enabled  the  vacuum 
to  be  read.  When  the  sand  had  been  under  vacuum 
for  a  given  period,  it  was  thoroughly  mixed  and  a 
sample  removed;  water  was  once  more  poured  on  and 
the  vacuum  was  maintained  for  a  longer  period.  The 
results  are  given  in  Table  III. 

Table  III 
Moisture  at  the  end  of 


It  is  seen  from  these  results  that  the  moisture  con- 
tent increases  inversely  as  the  diameter  of  the  grains 
of  sand.  In  each  experiment  the  water  pump  was 
worked  at  full  capacity,  and  as  might  be  predicted, 
the  vacuum  increases  slightly  as  the  size  of  the  grains 
decreases. 

By  way  of  comparison,  a  single  experiment  with 
sand  of  mesh  50  may  be  quoted.  Water  was  poured 
on  the  layer  and  no  vacuum  was  used;  after  15  minutes' 
standing,  the  moisture  content  was  found  to  be  27.4 
per  cent  against  the  7.50  per  cent  under  vacuum. 

The  amount  of  liquid  retained  by  dift'erent  portions 


of  a  mass  of  grains  in  a  filter,  becomes  important  when 
the  question  of  washing  away  an  impure  mother  liquor 
has  to  be  considered.  A  series  of  experiments  was 
performed  with  the  object  of  ascertaining  the  amount 
of  water  retained  in  the  sands  at  different  levels  while 
under  vacuum. 

To  carry  this  out,  a  tube  about  80  cm.  long  and  pro- 
vided  with   side   tubes   closed   with   corks   at    10   cm. 
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intervals,  was  filled  with  each  sand,  and  connected 
as  has  been  described  in  the  case  of  the  Buchner  funnel. 
A  powerful  water  pump  was  run  to  full  capacity  and 
the  pressure,  as  before,  varied  with  the  size  of  the  grain. 
The  results  are  given  in  Tables  IV  and  V. 


Table  IV- 

—Percentage  Moisture  at  End 

OF   15 

Minutes 

Pressure 

Depth  of  sample  from  top 

ncm. 

Mean 

1  mercury 

10         20         30         40 

50 

60 

70       moisture 

4.5 
4.0 
6.5 
7.0 

3.13  3.78     3.77     4.28 
3.82      4.10     4.33      4.08 
3.90     4.40     5.00     4.80 

4.14  4.95      5.32      5.20 

3.56 
4.08 
5.30 
5.20 

4.13 
5.08 
5.60 
5.63 

4.90       3.97 
6.45       4.60 
7.60       5.30 
6.60       5.30 

Table  V- 

-Percentage  Moisture  at 

End 

OF  30 

Minutes 

4.5 
5.0 
6.5 
7.0 

2  84     3.08     3.10     3.31 

3  03     3.24     3.30     3.76 
3   40      4.00     4.50     4.65 
3.58     4.37      4.56     4.60 

3.19 
3.83 
4.95 
4.60 

3.51 
4.20 
5.00 
4  65 

4.56       3.35 
5.13       3.85 
6.50        4.70 
5.75        4.70 

These  results  were  plotted  and  curves  were  drawn 
as    shown    in    the    accompanying    illustrations.       The 
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individual  points  were  sometimes  decidedly  off  the 
curves,  but  although  the  experiments  were  repeated 
in  these  cases,  no  better  agreement  could  be  obtained; 
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the  accurate  determination  of  small  amounts  of  moisture 
in  these  sands  proved  to  be  difficult,  probably  owing 
to  sampling.  The  average  per  cent  of  moisture  was 
determined  by  measuring  the  areas  under  the  curve, 
and  dividing  this  by  the  height  which  gave  the  width 
of  the  rectangle  of  equal  area. 

FILTRATION    WITH    CENTRIFUGE 

This  well-known  method  of  separating  solids  from 
liquids  was  next  subjected  to  test  for  the  sake  of  com- 
parison with  the  previous  experiments. 

A  small  hand  centrifugal,  4'/4  inches  inside  diameter, 
was  used;  it  could  be  run  at  5°°°  r-  P-  rn.  without 
any  trouble.  A  cylinder  of  wire  gauze,  I'A  inches 
in  diameter,  was  placed  over  the  axis  of  the  machine 
and  the  sand  was  poured  into  the  annular  space  thus 
formed;  the  layer  had,  therefore,  a  thickness  of  1V4 
inches  which  was  the  same  as  that  in  the  Buchner 
funnel. 

As  a  preliminary  experiment,  the  sand  was  thoroughly 
wetted,  and  the  centrifugal  run  at  2000  r.  p.  m.  for 
2  minutes.  The  percentages  of  moisture  are  given 
in  Table  VI. 


Table  VI — Percentages 
Mesh  screen  Vacuum  15  min. 

50  7.50 


titrifugal  2  i 
2.56 
2.55 


The  marked  efficiency  of  the  centrifugal  is  note- 
worthy and  the  method  of  procedure  was  altered  to 
show  this  more  forcibly. 

Sand  was  placed  in  the  Buchner  funnel,  wetted 
and  vacuum  applied  for  5  minutes.  After  sampling, 
the  sand  was  placed  while  still  moist,  in  the  centrifugal 
which  was  then  run  for  2  minutes  at  2000  r.  p.  m. 
Table  VII  shows  the  percentages  of  moisture. 

Table  VII — Percentages  of  Moisture 
Mesh  screen         Vacuum  5  min.  Centrifugal  2  min. 

•*"  17.12  2.20 

40  ''■•50  1.93 

*"  17.60  2.30 

,n  18.70  2.56 

^  18.60  2.80 

60  9-«  2.36 

°  18.40  2.65 

80  '■''•'  2.49 

**"  19.56  2.46 

It  is  seen  from  the  above  results,  that  the  moisture 
content  under  vacuum  varies  inversely  as  the  diameter 
of  the  grains;  the  moisture  content  after  centrifuging, 
however,  is  nearly  the  same  for  the  finer  as  it  is  for 
the  coarser  sands. 

The  distribution  of  the  water  at  several  points  in 
the  annulus  of  sand  was  also  investigated  and  Table 
VIII   presents  the  results  in  percentage  of  moisture. 

Table  VIII — Percentage  of  Moisture 

Distance  from  center  of  basket 

Mesh  screen  Va"  1"  I'A' 

40  2.9  2.72  2.43 

50  3.0  2.90  2.76 

The  variation,  while  sufficient  to  permit  measure- 
ment, is  small  and  might  be  neglected  for  practical 
purposes. 

The  objection  may  be  raised  that  these  results, 
obtained  in  the  laboratory  with  a  small  centrifugal, 
are  of  little  value  for  comparison  with  the  larger 
machines  used  in  the  factory.  While  with  the  hand 
centrifugal,  the  diameter  is  small,  the  speed  is  high, 


and  we  have  calculated  that  a  weight  of  i  lb.  revolving 
at  a  2  inch  radius  at  2000  r.  p.  m.  is  subjected  to  prac- 
tically the  same  centrifugal  force  as  a  weight  of  i  lb. 
revolving  at  a  radius  of  i  2  inches  at  600  r.  p.  m.  The 
comparison  is,  therefore,  justifiable  and  a  good  idea 
of  the  behavior  of  a  moist  mass  when  centrifuged  in 
the  factory,  may  be  obtained  beforehand  in  the  labora- 
tory. 

Using  the  formula  given  by  Griscom,'  we  have  cal- 
culated the  pressure  as  the  periphery  of  the  4V<  inch 
centrifugal  running  at  2000  r.  p.  m  and  find  it  to  be 
7.66  lbs.  per  sq.  in. 

THEORETICAL    CONSIDERATION 

Hatschek^  has  discussed  the  behavior  of  very  finely 
divided  substances  on  the  filter,  and  has  pointed  out 
the  value  of  a  microscopic  examination  in  this  connec- 
tion. The  probable  arrangement  of  the  particles, 
with  respect  to  the  pores  of  the  septum,  are  pointed 
out,  and  the  influence  of  the  flexibility  of  the  latter  is 
taken  into  consideration. 

The  retention  of  small  quantities  of  liquid  in  the 
mass  of  fine  grains  is  due,  undoubtedly,  to  capillarity. 
The  extraordinary  difficulty  in  removing  the  last 
few  per  cent  is  well  known  and  is  again  set  forth 
above.  In  considering  the  reasons  for  this,  it  seemed 
to  be  worth  while  to  calculate  what  would  be  the  thick- 
ness of  the  film,  if  all  the  residual  water  were  assumed 
to  be  distributed  uniformly  over  the  superficies  of 
the  grains.  For  this  purpose,  sand  of  30  mesh  with 
6  per  cent  moisture  was  selected;  the  thickness  of  the 
film  of  water  on  each  grain  was  found  to  be  0.0116  mm. 

It  would  be  interesting  to  calculate  what  stress 
must  be  applied  to  a  grain  thus  coated,  to  overcome 
the  surface  tension  of  the  liquid  in  so  far  as  to  allow 
the  removal  of  at  least  part  of  the  water;  such  a 
computation,  if  it  could  be  effected,  might  furnish 
a  scientific  basis  for  the  prediction  of  the  behavior 
of  finely  divided  solids  on  centrifuging.  The  authors 
have  been  unable  to  find  time  to  carry  this  out,  but 
hope  to  do  so  in  the  future. 

The  above  discussion  assumes  that  all  the  water  is 
present  on  the  superficies  of  the  grains,  but  the  capil- 
lary action  of  the  small  spaces  between  the  grains  is 
undoubtedly  of  great  importance.  In  the  case  of 
the  sand  just  quoted,  which  has  a  pore  space  of  35.4 
per  cent,  the  moisture  present  would  fill  30  per  cent 
of  this;  that  is,  70  per  cent  of  the  pore  space  is  filled 
only  with  air.  This  gives  some  idea  of  the  compara- 
tively poor  performance  of  the  ordinary  filter  and  of 
the  vacuum  filter;  in  each  case,  air  channels  form  and 
the  downward  pressure  on  the  water-filled  pores  is 
thus  relieved.  In  the  case  of  the  centrifugal,  each 
particle  of  water  experiences  practically  the  same 
stress,  and  only  the  capillarity  of  the  finest  pores 
and  the  surface  tension  of  the  films  on  the  grains  are 
sufficient  to  resist  its  action. 

SUMMARY 

I — The  pore  space  in  a  mass  of  fine  grains  averages 
about  37  per  cent  of  the  total  volume. 

1  Metal,  and  Chem.  Eng..  April.  1913. 
•  Loc.  cit. 
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2 — The  amount  of  water  retained  when  an  ordinary 
filter  is  used  varies  from  11  per  cent,  with  20  mesh 
material,  to  20  per  cent  with  100  mesh  material,  one 
hour  being  allowed  for  drainage. 

3 — The  amount  of  water  retained  on  a  filter  with 
2  in.  vacuum  averages  7  per  cent  after  15  minutes 
for  material  varying  from  30  to  80  mesh. 

4 — In  a  layer  of  material  70  cm.  deep  on  a  filter, 
with  5  in.  vacuum,  the  top  layer  will  average,  after 
IS  minutes,  4  per  cent  moisture,  and  the  bottom 
6.5  per  cent;  the  size  of  the  grains  is  not  of  importance 
within  the  limits  discussed.  If  the  vacuum  be  main- 
tained for  15  minutes  longer,  the  above  figures  will 
be  reduced  by  another  half  per  cent. 

5 — By  the  use  of  a  centrifugal,  the  percentage  of 
moisture,  in  all  the  materials  employed,  may  be  re- 
duced to  an  average  of  2.5  per  cent. 

6 — In  the  case  of  a  sand  of  30  mesh  with  6  per  cent 
moisture,  if  all  the  water  be  distributed  over  the  sur- 
face of  the  particles,  each  grain  would  have  a  film 
0.0116  mm.  thick;  or  the  water  would  fill  30  per  cent 
of  the  pore  space. 

Faculty  of  Applied  Science 
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SCRUBBER  FOR  CHEMICAL  LABORATORY  VACUUM 
SYSTEM' 

By  Charles  Baskerville 

In  order  to  protect  the  vacuum  pump  of  our  labora- 
tory from  the  corrosive  action' of  the  gases  drawn  there- 
in, I  devised  the  installation  described  herewith. 
The  pump — an  improved  Packard  Vacuum  Pump, 
2  cylinder,  12  in.  diam.,  motor-belt  driven — has  been 
in  more  or  less  continuous  service  for  seven  years 
without  any  expenditure  thereon  for  repairs,  as  a 
result  of  this  protection.  It  seemed  safe,  therefore, 
to  present  an  account  of  it. 

The  installation  is  an  application  of  the  simple 
principles  usually  applied  on  a  small  scale  with  glass 
apparatus  in  the  laboratory. 

The  towers  are  made  of  cast  iron,  porcelain-lined, 
and  set  into  the  system  with  a  by-pass,  which  we  have 
used  only  during  the  short  time  necessary  for  recharg- 
ing. The  towers  are  connected  by  hard  rubber  pipes 
(2  in.  internal  diameter).  At  the  bottom  of  each  tower 
is  a  hard  rubber  drain  cock,  bolted  to  a  flange.  At 
the  top  of  B  and  C  are  plates  bolted  to  flanges,  which 
may  easily  be  removed.  The  opening  is  of  sufficient 
size  to  admit  dropping  a  strung  incandescent  bulb 
for  inspection. 

Tower  B  is  three-quarters  filled  with  pumice  stone 
in  egg-size  pieces.  The  pumice  is  thoroughly  saturated 
with  concentrated  sulfuric  acid.  I  believe  lead  pipe 
would  be  better  in  this  cylinder  as  the  hard  rubber 
softened  on  contact  with  the  acid.  So  far,  however, 
the  weight  of  the  pumice  and  acid  has  not  been  suf- 
ficient to  cause  the  hard  rubber  pipe  to  collapse.  The 
decomposition  of  the  rubber  compound  became  so 
pronounced  with  the  drain  cock  in  a  short  while  that 
it  was  replaced  by  a  lead  plate,  which  has  proven  satis- 

^  Presented  at  the  6th  Semi-annual  Meeting  of  the  American  Institute 
of  Chemical  Engineers,  Troy,  New  York,  June  17-20.  1914. 


factory.  Incidentally,  it  may  be  stated  that  all  efforts 
to  get  the  hard  rubber  people  to  provide  a  material 
which  would  stand  up  against  cold  concentrated  sul- 
furic acid  have  been  futile.  Hence,  it  may  be  well 
to  warn  others  as  to  their  claims  in  this  respect.  A 
pear-shaped  screen  of  copper  gauze  was  placed  in  the 
opening  of  Tower  B  leading  to  Tower  A  to  prevent 
clogging,  in  the  event  a  rushing  action  of  the  pump 
sucked  pieces  of  the  pumice.  We  draw  off  and  re- 
plenish the  acid  once  or  twice  a  year. 

Tower  A  is  half  filled  with  angular  pieces  of  com- 
mercial caustic  soda,  in  size  from  a  hazel  nut  to  an 
The  mass  rests  upon  a  copper  wire  gauze  screen 


Scrubber  for  Chemical  Laboratory  Vacuum  System— Scale,  1  in.  =  2  ft. 
A— Caustic  Soda;  B— Sulfuric  Acid  and  Pumice;  C— Trap 

supported  on  and  by  the  tapering  bottom  of  the  tower. 
The  drain  cock  admits  of  drawing  off  any  liquefied 
caustic  which  may  accumulate.  A  metal  pipe  leads 
from  the  top  to  the  pump. 

Tower  C  is  a  safety  reservoir  to  catch  the  fluid 
from  B  in  the  event  of  a  leak  beyond  or  other  cause 
for  increase  in  pressure  on  the  pump  side  in  the  line. 
So  far,  no  indication  of  its  real  need  has  been  apparent, 
as  the  maximum  and  minimum  contacts  of  the  auto- 
matic regulator  of  the  motor  have  never  failed. 

A  gauge  in  the  system  beyond  the  scrubber  serves, 
by  comparison  with  the  gauge  on  the  pump,  to  show 
leaks  in  the  scrubber.  None  was  observed  until  the 
hard  rubber  drain  cock  on  Tower  B  failed,  and  none 
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has    been    noted    since    the    change    described    above, 
over  six  years  ago. 

The  whole  installation  is  supported  on  angle  iron, 
painted  with  a  rust-proof  paint  and  may  be  inspected 
by  members  of  the  Institute  any  time. 

CoLLEOE  OF  THE  CiTY  OF  NBW  YORK 

NEW  APPARATUS  FOR   DETERMINATION    OF   HYDRO- 
GEN SULFIDE  IN  WATER  -PART  I 
By  Geo.   B.  Frankforter 
Received  May  18,  1914 

Hydrogen  sulfide  has  been  known  with  absolute 
certainty  since  the  15th  century.  It  was  first  rec- 
ognized in  natural  water  under  the  name  "sulfur  va- 
pors" and  the  water  was  known  as  "sulfur  water." 
It  was  known  to  Paracelsus  who  studied  sulfur  care- 
fully and  used  it  extensively  in  his  medical  work.  He 
must  have  known  of  its  presence  in  certain  natural 
waters. 

Scheele,  however,  was  the  first  to  give  exact  knowl- 
edge concerning  its  properties.  He  designated  it  as 
a  compound  of  sulfur,  phlogiston  and  heat,  and  made 
an  effort  to  determine  the  amount  of  sulfur  in  the  gas. 

Since  Bertholet's'  classical  work  on  its  composition 
many  methods  have  been  employed  for  its  quantitative 
determination.  In  general  the  methods  of  analysis 
are  grouped  into  two  classes,  gravimetric  and  volu- 
metric. The  first  exact  method  for  its  determination 
was  given  by  Bunsen,^  in  which  he  used  iodine.  Bun- 
sen  recognized  some  of  the  difficulties  in  the  method, 
for  he  states  that  the  quantity  of  iodine  used  must  be 
small  for  good  results.  He  also  noticed  for  the  first 
time  that  hydrogen  sulfide  decomposes  very  readily 
so  that  the  estimation  is  often  not  very  exact.  Since 
Bunsen's  time  the  iodine  or  iodometric  method  has 
been  modified  so  as  to  meet  the  different  conditions 
under  which  the  gas  occurs.  For  instance,  special 
apparatus  and  special  modifications  in  the  iodine 
method  are  necessary  for  its  determination  in  illumi- 
nating gas,  and  special  apparatus  is  necessary  or  at 
least  highly  desirable  for  its  rapid  determination  in 
natural  water  as  it  decomposes  when  exposed  to  the 
air  and  light. 

My  attention  was  called  to  the  fact  that  water  from 
a  sulfur  spring,  after  it  had  stood  for  a  day  or  so  in 
a  clear  glass  bottle — whether  directly  exposed  to  air 
and  light  or  not — showed  but  a  trace  of  gas,  although 
it  was  present  in  the  water  in  appreciable  quantities 
when  the  sample  was  taken.  I  was  aware  that  the 
gas,  when  dissolved  in  water  containing  air,  readily 
decomposes  liberating  free  sulfur,  but  I  could  hardly 
believe  that  the  sulfur  water  hermetically  sealed  would 
change  very  rapidly  if  the  water  contained  dissolved 
air. 

In  the  cas§  of  a  spring  water  containing  approxi- 
mately I  cc.  per  liter,  the  gas  was  entirely  dissociated 
in  six  hours  after  the  sample  had  been  taken  from  the 
spring.  So  rapid  was  the  dissociation  in  this  particular 
spring  that  it  was  quite  impossible  to  obtain  concordant 
results  without  making  the  analysis  right  at  the  spring. 

I  .4(1)1.  Mm..  1791. 

=  Ann.  Chem.  PItarm..  86,  265. 


In  order  to  do  this,  however,  it  was  found  necessary 
to  carry  considerable  apparatus  along,  making  the 
whole  method  quite  unsatisfactory.  I  therefore  ex- 
perimented with  a  number  of  different  forms  of  ap- 
paratus which  could  be  carried  around  without  diffi- 
culty, and  which  would  simplify  the  process  in  such  a 
way  that  it  might  be  used  for  field  service.  After 
trying  out  a  number  of  forms  the  two  following  were 
found  to  give  perfectly  satisfactory  results. 

Figure  I  consists  of  a  flask,  "A",  which  holds  exactly 
500  cc.  of  water  when  filled  to  "G".  "C"  is  a  burette 
with  a  stopper,  "D,"  connected  with  flask  "A"  by 
means  of  a  three-way  cock,  "B".  "F"  is  a  funnel  tube 
also  connected  with  "A"  by  means  of  a  three-way  cock 
"E". 

Manipulation  is  as  follows:  The  three-way  cock 
"E"  is  turned  so  that  the  opening  in  the  end  of  the 
cock  is  directly  connected  with  "A."     "B"  is  likewise 
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turned  so  that  the  opening  in  the  end  of  the  cock  is 
connected  with  "A."  The  flask  is  then  thrust  into  the 
water  to  be  examined.  Water  enters  "E"  forcing  the 
air  out  through  "B"  until  the  flask  is  full.  On  re- 
moving the  flask,  "E"  acts  as  a  siphon  allowing  the 
water  to  run  out  to  the  level  "G."  .  By  this  means 
exactly  500  cc.  of  water  can  be  measured.  Cock 
"E"  is  now  turned  a  quarter  way  around,  connecting 
funnel  "F"  with  "A."  One  cc.  of  starch  solution  is 
introduced,  "E"  is  closed  and  the  water  is  titrated  with 
standard  iodine  solution  from  burette  "C."  From 
the  amount  of  iodine  solution  used  the  quantity  of 
hydrogen  sulfide  may  be  calculated  according  to  the 
following  equation: 

H.S  -I-  I,  =   2  HI  -f-  S 
In  rapid  work,  and  especially  in  field  work,  it  is  very 
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essential  that  the  quantity  of  gas  be  read  off  directly 
without  calculations.  In  working  out  this  method, 
therefore,  a  standard  solution  was  so  prepared  that  i 
cc.  of  the  iodine  solution  would  be  equivalent  to  exactly 
1  cc.  of  hydrogen  sulfide  gas,  under  normal  conditions. 

Figure  II  is  the  form  which  was  finally  adopted  as 
giving  most  satisfactory  results.  It  consists  of  a 
bulb,  "A,"  which  acts  as  the  receiver,  and  which  is 
connected  at  the  bottom  with  a  tube,  "I,"  which  ex- 
tends up  into  the  bulb  so  that  when  cock  "H"  is  open 
bulb  "A"  will  hold  a  definite  quantity  of  water.  The 
quantity  which  "A"  will  hold  when  exactly  perpen- 
dicular is  quite  constant,  at  least  enough  for  all  ordi- 
nary purposes. 

"B"  is  a  stopcock  connecting  ''A"  with  burette 
"C."  "F"  is  an  outlet  necessary  for  filling  the  flask 
and  for  introducing  starch  solution  as  an  indicator. 
"D"  is  a  stopcock  on  the  upper  end  of  the  burette  con- 
nected with  a  funnel  tube,  "E."  The  latter  is  neces- 
sary for  filling  the  burette  and  also  for  enclosing  the 
standard  iodine  solution  so  that  the  apparatus  may  be 
shaken  or  even  turned  upside  down  without  losing  any 
of  the  solution. 

The  manipulation  is  as  follows:  Cocks  ''H"  and 
''G"  are  opened,  the  apparatus  is  grasped  by  the 
burette  and  "A"  is  thrust  into  the  water  to  be  ex- 
amined  and   held   there    until   the   bulb   is   full.      It   is 


then  withdrawn,  held  perpendicular  until  the  water 
is  on  a  level  with  the  top  of  the  tube  "I."  The  quan- 
tity of  water  is  therefore  automatically  measured, 
the  tube  being  so  adjusted  that  it  measures  250  cc. 
Stopcock  "H"  is  then  closed  and  i  cc.  of  starch  solu- 
tion introduced  through  "F."  "G"  is  then  closed  and 
the  water  titrated  with  standard  iodine  solution  from 
burette  "C". 

Calculations  were  made  in  the  same  manner  as  was 
described  above  for  Fig.  I. 

With  either  of  these  forms,  a  sample  of  water  may 
be  taken  directly  from  the  spring  or  source  of  supply 
and  a  determination  of  hydrogen  sulfide  made  in  less 
than  one  minute. 

As  has  already  been  stated,  it  was  found  that  hy- 
drogen sulfide  decomposed  much  more  readily  than 
Jiad  been  supposed.  In  some  cases  decomposition 
began  in  a  few  moments  after  taking  the  sample,  as 
was  indicated  by  opalescence  due  to  free  sulfur. 

In  order  to  test  out  the  above  forms  of  apparatus  a 
great  number  of  analyses  were  made.  In  addition 
to  testing  the  apparatus,  data  concerning  the  rate  of 
decomposition  were  obtained.  Several  series  of  ex- 
periments extending  over  a  wide  range  I  hope  may 
appear  in  This  Journal  in  the  near  future. 

ScHooi,  OF  Chemistry 
University  of  Minnesota,  Minne.\polis 
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THE  PRESENT  PATENT  SITUATION' 

By  Maximilian  Toch 

On  February  i,  1913,  the  new  rules  for  procedure  in  patent 
litigation  became  effective,  and  after  fifteen  months  a  calm 
review  of  the  benefits  derived  from  the  new  rules  is  opportune. 
To  those  who  are  unacquainted  with  these  new  rules  let  me 
state  briefly  that  the  old  custom  of  patent  litigation  was  in  taking 
of  testimony  before  a  Master  in  the  office  of  either  the  defendant's 
or  the  plaintiff's  attorney,  and  this  Master  came  in  to  swear  in 
each  new  witness,  but  never  remained,  and  even  if  he  did  remain 
he  had  no  authority  to  decide  upon  the  propriety  of  the  questions 
asked.  The  testimony  was  taken  down  invariably  in  long-hand. 
The  costs  were  appalling,  for  the  fees  of  a  patent  attorney  are 
from  $50  to  Sioo  per  day,  the  fees  of  the  experts  are  the  same, 
the  cost  of  printing  or  typewriting  is  very  great,  and  although 
it  has  often  been  said  that  no  poor  man  can  litigate  a  patent  I 
know  that  no  man  in  medium  circumstances  can  fight  one  either, 
for  in  six  months  $20,000  can  disappear  faster  than  ice  under  the 
midsummer  sun. 

The  new  rules  in  themselves  are  excellent.  They  provide 
that  the  testimony  shall  be  taken  in  open  court  before  a  judge; 
they  provide  that  the  testimony  shall  be  taken  in  shorthand, 
and  a  very  important  case  can  be  finished  in  nineteen  working 
days  and  even  less;  and  if  a  Judge  is  not  overwhelmed  nor  over- 
burdened with  work  he  can  render  a  decision  within  a  month 
thereafter.  An  excellent  feature  of  the  new  rules  is  that  upon 
petition  the  opposing  experts  will  be  required,  within  a  certain 
number  of  days  after  the  case  has  been  put  at  issue,  to  file  their 
expert  opinions  in  the  form  of  an  affidavit,  so  that  each  side  will 
have  these  affidavits  before  them  as  a  basis  for  preparing  for 
cross-examination  of  the  expert  witnesses  in  open  court,  and  to 
enable  them  to  see  each  other's  positions,  as  far  as  these  affidavits 

^  Presented  at  the  6th  Semi-annual  Meeting  of  the  American  Institute 
of  Chemical  Engineers,  Troy,  New  York,  June  17-20.  1914. 


will  disclose  them,  in  order  to  enable  them  to  produce  such  fact 
witnesses  as  they  may  deem  it  necessary  to  produce  to  meet  the 
attacks  which  the  affidavits  may  indicate  will  arise.  This,  to  a 
considerable  extent,  relieves  the  new  practice  from  the  surprises 
that  may  be  sprung  at  the  trial,  and  which,  the  nature  of 
surprises  in  the  expert  side  of  the  case  would  make  it  almost 
impossible  for  the  opposing  party  to  meet,  since  such  matters 
frequently  require  experimentation.  The  affidavit  of  the  com- 
plainant's expert  witness,  of  course,  is  required  to  be  put  in  first, 
and  a  certain  number  of  days  afterwards,  that  of  defendant's 
expert.  The  cross-examination  of  the  experts  is  conducted  in 
open  court. 

My  plaint  is  that  we  are  suffering  under  the  regime  of  a  par- 
simonious republic.  In  the  great  Southern  District  of  New  York 
there  are,  at  this  writing,  but  four  judges  who  are  available  for 
patent  work:  one  of  them  has  resigned,  one  of  them  is  on  leave  in 
Europe,  and  the  other  two  are  staggering  under  a  mass  of  litiga- 
tion. Nor  is  it  to  be  assumed  by  any  means  that  a  Federal 
Judge  is  a  patent  Judge  only,  for  in  one  day  I  have  heard  motions 
on  questions  of  immigration,  bankruptcy,  interstate  business 
relations,  injunctions  in  matters  already  decided,  trademarks, 
copyrights,  and  patents;  so  that  a  Judge  must  needs  be  keen  of 
eye  and  ear,  clear  of  mind,  and  in  the  finest  physical  and 
mental  condition  possible  to  withstand  the  terrific  onslaughts 
that  are  made  upon  what  should  be  otherwise  a  man  of  mental 
equipoise. 

In  the  parsimony  of  our  republic  the  Attorney-General  of  the 
United  States  has  decided  that  the  vacancy  which  exists  in  this 
district  shall  not  be  filled  with  a  new  Judge,  for  the  S7500  meagre 
and  insignificant  salary  can  be  saved  if  a  Judge  from  some  other 
district  will  occasionally  come  down  and  sit  in  the  place  of  the 
one  who  resigned.  In  the  meantime,  infringements  go  on,  in- 
justice is  meted  out  right  and  left,  decisions  cannot  be  had  on 
cases  pending  on  account  of  the  overwhelming  amount  of  work 
which  crowds  the  dockets — all  because  our  parsimonious,  and, 
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in  this  instance,  penurious  Government  seeks  to  save  a  sum  so 
insigniiicant  in  the  business  affairs  of  this  Goverimicnt,  that  it  is 
hardly  worth  mentioning.  If  it  were  a  real  saving,  nobody  could 
criticize  it,  but  it  is  not  even  a  saving — it  is  a  hardship,  and  has  a 
destructive  influence  on  the  intellectual  property  of  this  country. 
I  do  not  advise  the  building  of  one  battleship  less  per  year,  but 
the  building  of  only  one  battleship  less  for  all  time  would  give  a 
fund  sufficiently  great  to  give  us  a  new  patent  office  building, 
which  is  so  sorely  needed,  even  though  the  money  is  at  present 
available,  and  the  interest  on  the  balance  at  four  per  cent  be- 
tween the  cost  of  this  building  and  the  cost  of  a  battleship  and 
its  equipment,  and  the  saving  in  the  cost  of  maintenance  of  such 
a  battleship,  would  give  us  fifty  more  Judges  throughout  the 
United  States  at  a  decent  living  wage,  and  place  this  country 
in  the  position  that  it  should  have  been  placed  in  years  and 
years  ago. 

It  is  absurd  that  the  United  States  Government  should  issue  a 
patent  for  a  consideration  after  making  its  usual  objections  and 
a  more  or  less  thorough  search,  and  then  repudiate  its  own  action; 
but  after  spending  a  fortune  and  getting  a  decision  it  will  cover 
only  ONE  circuit  in  the  United  States.  Even  the  man  who  has 
recovered  a  decision  on  appeal  coiild  only  sing,  "One-ninth  of 
my  country  'tis  of  thee,  sweet  land  of  liberty,"  for  such  a  man 
stands  in  danger  of  having  a  Judge  in  another  circuit  overthrow 
what  was  done  in  the  one;  and  where  the  philosophy,  the  justice, 
the  reason,  the  sense  and  the  equity  come  in,  I  fail  to  see,  for 
if  the  United  States  Government  is  a  sponsor  for  a  patent  it 
should  be  a  sponsor  for  the  entire  United  States,  for  it  was  so 
incorporated  in  the  bond  that  was  made  between  the  fathers  of 
this  country  and  the  people  who  sought  their  freedom  and  inde- 
pendence that  each  man  shall  have  the  right  to  pursue  in  peace 
his  trade,  and  the  exclusive  right  for  a  limited  time  shall  be  given 
to  every  inventor. 

All  that  inventors  want  is  the  same  protection  that  is  given  to 
real  property  or  other  personal  property.  If  you  buy  a  piece 
of  real  property  in  the  United  States,  a  search  is  made  and  title 
passed,  and  once  you  have  it  it  is  almost  impossible  for  any  one 
to  deprive  you  of  your  ownership.  In  the  purchase  of  other 
personal  property  the  title  is  implied,  for  you  are  accustomed 
to  buy  from  reputable  people,  and  only  in  the  case  of  stolen  goods 
can  the  dispute  of  ownership  be  had;  but  when  a  man  makes  a 
new  and  useful  invention  it  costs  him  almost  all  that  he  has  to 
prove  that  the  invention  is  his,  and  even  after  he  has  proved  it 
he  cannot  collect  damages  excepting  by  due  process  of  law. 
Let  us  hope  that  within  a  reasonable  time  the  ownership  of  a 
patent  will  be  the  equivalent  to  the  ownership  of  real  property 
or  other  personal  property. 

It  is  puerile  for  any  one  to  say  the  whole  trouble  with  the 
patent  situation  today  is  the  fault  of  President  Wilson  or  Mr. 
Oldfield.  or  ex-President  Taft.  As  a  matter  of  fact,  it  is  no  one 
man's  fault.  Ex-President  Taft  sat  in  judgment  on  many  a 
patent  case  when  he  was  a  Supreme  Court  Judge  of  the  State 
of  Ohio,  and  he,  better  than  any  one  else,  was  aware  of  the  short- 
comings of  the  patent  situation;  and  under  his  administration 
I  believe  it  was  largely  by  reason  of  his  personal  interest  and 
experience  on  the  bench,  tliat  the  new  equity  rules  were  pro- 
mulgated. Inasmuch  as  this  is  not  a  one-man  Government  it 
is  not  within  the  province  of  any  one  to  make  any  personal 
criticisms.  It  is  as  much  your  fault  as  it  is  mine.  What  we 
are  trying  to  do  is  to  amend  the  situation  by  showing  up  the 
weaknesses  that  exist. 

In  closing,  I  recognize  that  my  wail  for  the  present  is,  more 
Judges.  Some  other  battle-scarred  veteran  of  the  patent  court 
wants  the  German  system  of  six  months  publicity;  a  third  man 
wants  a  Patent  Commission;  and  so  it  goes  on,  but  let  me  say 
that  if  every  one  of  us  had  his  wish,  and  that  were  the  only 
improvement  and  remedy  for    the  present,   it    would    help    a 


great  deal,  but  just  as  long  as  the  Constitution  provides  that 
Congress  shall  make  these  laws  so  long  will  our  voices  fall  on 
the  desert  air. 

320  Fifth  Avenue,  New  York 

SOME   ECONOMIC   ASPECTS    OF   INDUSTRIAL 

CHEMISTRY' 

By  Bernbard  C.  Hesse 

In  considering  this  subject  the  difficulty  lies  not  in  a  scarcity 
of  material,  but  principally  in  keeping  the  discussion  of  the  vol- 
uminous matter  within  a  small  compass. 

The  expression  "industrial  chemistry"  has  no  universally 
accepted  meaning  and  the  reason  seems  to  lie  in  the  fact  that, 
while  a  process  may  be  essentially  dependent  upon  a  chemical 
reaction,  yet  the  proportion  of  attention  given  or  required  of 
the  chemist  is  small  when  compared  with  the  other  details  of 
manufacture  and  control.  For  example,  metallurgical  operations 
require  a  chemical  change  in  the  ore  before  it  yields  the  metal 
in  its  commercial  form,  yet  few,  if  any,  consider  metallurgy  a 
branch  of  industrial  chemistry.  It  forms  a  distinct  subject 
by  itself,  most  likely  because  the  mechanical  and  engineering 
requirements  and  details  absorb  more  attention  than  the  chem- 
icals which  have  been  worked  out  to  what  may  be  considered 
for  our  purposes  as  their  final  form,  while  the  handling  of  ma- 
terial and  the  other  mechanical  problems  call  for  constant  su- 
pervision and  scrutiny. 

INDUSTRIAL   CHEMISTRY   IN   THE   U.    S.    CENSUS 

Taking  the  thirteenth  census  of  the  United  States  as  a  guide 
in  ascertaining  what  is  regarded  by  the  Census  as  industrial  chem- 
istry, it  will  be  found  that  in  the  division  of  chemical  and  allied 
products,  metals  and  all  metallurgical  operations  are  excluded, 
as  well  as  the  production  of  refined  petroleum,  and  a  host  of 
other  large  industries  such  as  glass,  soap,  pottery,  sugar,  starch 
and  the  fermentation  industries  which  depend  upon  chemical 
reactions  and  chemical  control  for  their  successful  execution. 

The  Census  of  the  United  States  includes  under  chemicals  and 

allied  products  nine  principal  divisions: 

1 — Paint  and  varnish.  6 — Sulfuric,  nitric  and  mixed  acids. 

2 — Chemicals.  7 — Wood  distillation    (not   including 

3 — Fertilizers.  rosin  and  turpentine). 

4 — Explosives.  8 — Essential  oils. 

5 — Dyestuffs  and  extracts.  9 — Bone,  carbon  and  lampblack. 

For  the  present,  these  nine  divisions  of  the  Census  will  be  con- 
sidered. Having  arrived  at  a  tentative  conclusion  as  to  the 
scope  of  the  subject  matter,  this  subject  matter  will  be  con- 
sidered from  the  two  following  aspects: 

I — The  relationship  of  these  industries  to  the  manufacturing 
industry  of  the  United  States  as  a  whole. 

II — The  position  of  the  United  States  in  those  respects  as  a 
buying  and  selling  nation. 

The  volume  and  distribution  of  foreign  trade  of  the  United 

States  in  the  fiscal  year  of  19 13  is  given  by  the  Department  of 

Commerce  as  follows ; 

Exports $2,428,506,358 

Imports 1,812,978,234 

Total 4,241.484,592 

Excess  of  exports 615,528, 124 

In  order  to  obtain  a  conception  of  the  relationship  of  these 
nine  branches  of  chemical  industry  to  the  manufacturing  indus- 
tries of  the  United  States  as  a  whole,  Table  I  will  be  helpful. 

The  story  told  by  Column  D  is  encouraging  in  some  respects, 
and  is  not  so  encouraging  in  others.  Compared  with  otlier  man- 
ufacturing industries,  the  chemical  and  allied  industries  do  not 
so  easily  lend  themselves  to  small  units.  It  takes  3.3  times  as 
much  capital  for  the  average  chemical  plant  as  for  the  average 
manufacturing  plant.  This  is  the  discouraging  feature  from  the 
individual  point  of  vie%v. 

•  Lecture  delivered  at  the  College  oT  the  City  of  New  York,  May   1, 
l')14. 
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Table  I — Comparison  of  Chemical 


General  Manufacturing  in  Continental  U.  S. 
Manufacturing  establishments 


Items 

Number  of  establishments 

Persons  enga^d  in  manufactures. 
Proprietors  and  firm  members. . . . 

Salaried  employees 

Wage  earners  (average  No.) 

~  '       ry  horsepower. 


Total 


268,491 

7,678,578 

273,265 

790,267 

6,615,046 

18,680,776 

Capital 518.428,270,000 

Expenses 18,453.080,000 

Services ' 4,365,613,000 

Salaries 938,575,000 

Wages 3,427,038,000 

Materials 12,141,791,000 

Miscellaneous 1 ,  945 ,  676 ,  000 

Value  of  products 20,672,052,000 

Value   added   by   manufacture    (value  of  products 

less  cost  of  materials) 8,530,261,000 


Chemical  and 
allied  products 

2,140 
88,097 

1,155 
16,516 

70,426 

398,880 

$483,729,410 

359,425,126 

62,700,767 

24,042,566 

38,658,201 

258,115,975 

38,608,384 

425,084,540 


0.79 
1.15 
0.42 
2.09 
1.06 
2.14 
2.62 
1.95 
1.44 
2.56 
1,13 
2.13 
1.98 


D(a)  E(i.) 

Average  Average  in 

chem^plant.  chemical  plants 
Av.  general  for  $1  invest- 
manuf.  plant         ment 


1.44 
0.53 
2.64 
1.34 
2.71 
3.31 
2.46 
1.82 
3.24 
1.43 
2.69 
2.51 
2.61 


{a)   Values  obtained  by  dividing  separate  items  in  C  by  Item  1  in  C. 

From  the  broader  point  of  view.  Column  D,  however,  is  very 
encouraging.  The  average  chemical  plant  requires  50  per  cent 
more  help  than  the  average  manufacturing  plant;  it  employs 
over  two  and  a  half  times  as  many  salaried  employees  as  does  the 
average  manufacturing  plant,  but  unfortunately  only  34  per 
cent  more  than  the  average  number  of  wage-earners.  The  aver- 
age chemical  plant  bears  much  more  than  its  propoi  tionate 
share  of  expenses,  whether  in  the  shape  of  salarie.s,  wages,  ma- 


(6)    Valu 


166,968,565  1.96 

5  obtained  by  dividing  separate  iter 


0.16 
0.80 
0.40 
0.82 

0^74 
0.55 
0.98 
0.43 
0.81 
0.76 
0.79 

0.75 


in  C  by  Ite 


invested  in  chemical  industry,  it  will  be  found  on  inspecting 
Column  E  that  a  dollar  is  not  so  productive  in  the  chemical  and 
allied  industries,  average  against  average,  as  in  the  other  branches 
of  manufacturing  endeavor.  The  disbursements  for  salaries, 
materials,  power,  value  of  product  and  expenses  of  miscellaneous 
nature  are  each  about  three-quarters  of  the  average  of  the  same 
items  for  the  other  branches  of  manufacture,  and  the  enhance- 
ment in  value  is  only  75  per  cent  of  the  average  enhancement 


Paint 


Varnish  Industry 


Table  II — Analysis  of  Chemical  and  Allied  Products  by  Divisions 
Percentage 
Value  of  Total 

IN  Dollars         Division 


Pigments 

Paints  in  oil 

Varnishes  and  Japa 

Fillers 

Water  paints  and  k 

Linseed  oil 

Bleached  shellac. . . 
All  other  products. 

Total 


16,985,588 

56,763,296 

31,262,535 

3,126,271 

1,979,007 

1,912,594 

578,650 

12,281,481 


Chemicals 

.\cids 

Sodas 

Potashes 

Alums 

Coal  tar  products 

Cyanides 

Bleaching  material 

Chemical  products  made  by  the  aid  of 

electricity 

Plastics 

Compressed  and  liquefied  gases 

Fine  chemicals 

Chemicals  not  elsewhere  specified .  .  . 

Total 

Fertilizers 

Fertilizers 

Superphosphates 

Ammoniated  fertilizers 

Concentrated    phosphate    fertilizers.. 

Complete  fertilizers 

Other  fertilizers 

Sulfuric  acid  for  sale  (as  50*  B^.  acid) 

Other  acids  for  sale 

All  other  products 

Total 

Explosives 

Dynamite 

Permissible  explosives 

Nitroglycerin 

Blasting  powder 

Gunpowder 

Other  explosives -. 

Materials  not  elsewhere  specified.  .  .  . 


Total. 


40,139,661 


13.6 
45.4 
25.0 

2.5 


124,889,422 

11,926,389 

10.1 

21,417.982 

18.1 

88,940 

0.7 

2,578,842     ' 

2.2 

2,675,327 

2.3 

1,941,893 

1.6 

1,635.046 

1.4 

17,968.277 

15.2 

7,180,172 

6.1 

4,969,805 

4.2 

10.956,666 

9.3 

34.349,548 

29.1 

117,688.422 

92,369,631 

88.8 

13,318,529 

(12.8) 

10,061 , 193 

(  9.7) 

3,638,210 

(  3.5) 

57,243,899 

(55.0) 

8, 107,800 

(  7.8) 

923,492 

0.9 

611 ,288 

0.6 

10,055,802 

9.7 

103,960,213 

18,699,746 

46.6 

863,209 

2.2 

,   3,162,434 

7.9 

9,608,265 

24.9 

1,736,427 

4.3 

3,913.787 

9.7 

2,155,793 

5.4 

terials,  or  miscellaneous  expenditures;  in  the  value  of  the  prod- 
uct produced  per  unit  of  chemical  plant  the  average  chemical 
plant  produces  161  per  cent  more  than  its  average  share. 

If  the  principal  object  of  manufacture  be  the  enhancement  of 
value  of  the  outgoing  material  over  the  incoming  material, 
then  the  fact  that  the  average  chemical  plant  enhances  its  raw 
material  148  per  cent  more  than  its  average  share  is  a  matter  for 
congratulation  and  of  encouragement. 

Turning  now  to  the  .question  of  productive  power  of  capital 


Dyestuffs  and  Extracts 

Artificial  dyestuffs 

Extracts  for  dyeing 

Value 
in  Dollars 

3.462,436 
991,974 

6,449,105 
625,401 
99,797 

2,418,652 
344,761 

1,562,448 

Percentage 
OP  Total 
Division 

21.6 
6.2 

40.4 

Other  tanning  materials. . 
Mordants 

4.0 
0.6 
hS.O 

Ground  and  chipped  woods,  etc 

2.2 
9.7 

xed  Acids 

Total 

Sulfuric,  Nitric  and  M 
Sulfuric  acid 

15,954,574 

5,629.496 

499,303 

1,438,475 

2.316,783 

57.0 
5.1 

14.6 

All  other  products 

ON 

rpentine) 

23.5 

Total 

Wood  Distillat 
(not^including  rosin  and  tu 
Wood  alcohol: 

Crude 

Refined 

9,884,057 

1,627,878 

2,901,709 

1,981,220 

2,351,644 

249,526 

357.290- 

267,731 

16.7 
29.8 
20.3 

Charcoal 

Turpentine 

All  other  wood  distillation 
All  other  products 

products.  . 

24.0 
2.6 

3.7 
2.8 

Total 

Bone.  Carbon  and  La 

Bone  black 

Carbon  black 

Lampblack 

9,736,998 

1,070,333 
625,514 
439,707 

50.0 
29.3 
20.6 

Total 

Essential  Oils 
Oil,  peppermint 

2,135,554 

519,079 
102,045 
83.283 
68.983 
335,213 
412,322 
216,309 

29.8 
5.9 

Oil,  spearmint 

Oil,  wintergreen 

4.8 
3.9 
19.3 

23.7 

AU  other  products 

12.4 

Total 

J, 737, 234 

produced  by  unit  capital  investment  in  the  other  branches  of 
manufacture.  The  dollar  so  invested  employs  fewer  wage 
earners,  salaried  or  otherwise,  than  a  dollar  otherwise  invested 
in  manufacturing  enterprise.  This,  of  course,  is  merely  a  natural 
consequence  of  the  high  initial  cost  of  plant,  the  large  size  unit 
of  plant  required  and  the  close  markets. 

Turning  to  the  value  of  products  in  Column  B,  it  is  to  be 
noted  ttiat  the  percentage  participation  of  each  of  the  nine 
divisions  in  that  title  is  as  follows: 
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Paint  and  varnish 29 . 4 

Chemicals 27.4 

Fertilizers 24.5 

Explosives 9.4 

Dyestuffs  and  extracts .'i.S 


Sulfuric,   nitric   and    mixed 

acids 2.3 

Wood  distillation 2.i 

Essential  oils 0.3 

Bone,  carbon  and  lampblack  0.4 


The  thirteenth  census  of  the  United  States  has  distributed 
the  participation  of  these  nine  divisions  in  this  amount 
of  product  with  considerable  detail,  which  does  not  lend  itself 
very  well  to  discussion.  The  not  specifically  described  items 
amount  to  $73,563,059  or  17  per  cent  of  the  total.  For  the 
purpose  of  obtaining  a  better  understanding  of  the  relationship 
of  the  various  principal  items  under  each  of  these  nine  divisions. 
Table  II  has  been  prepared. 

Within  the  nine  divisions  given,  the  United  States  is  in  a 
large  measure  self-sustaining,  although  it  is  necessary  for  it 
to  obtain  much  of  the  raw  material  from  abroad.  In  the  di- 
vision of  dyestuffs  and  extracts,  and  particularly  that  portion 
of  it  dealing  with  artificial  dyestuffs,  it  is  to  be  noted  that  during 
1913,  the  total  importation  into  the  United  States  of  artificial 
dyestuffs,  exclusive  of  alizarine  dyes  and  indigo,  amounted  to 
$7,105,284;  during  the  census  year  of  1910,  this  country  manu- 
factured $3,462,436  worth  of  such  artificial  dyestuffs  which 
amounts  roughly  to  32  per  cent  of  this  country's  entire  con- 
sumption of  the  so-called  coal-tar  dyes;  no  doubt,  since  the 
census  year  19 10,  the  domestic  production  of  coal-tar  dyes  has 
increased.  However,  much  of  the  coal-tar  raw  material  used  in 
such  manufacture  comes  to  us  from  abroad,  particularly  from 
Germany  and  England. 

In  the  fertilizer  division  we  are,  of  course,  dependent,  for  our 
potash  requirements,  upon  Germany,  and  these  amount  in  round 
numbers  to  $1,000,000  per  month.  In  the  same  division,  we 
are  dependent  upon  Europe  for  much  of  the  ammonia  entering 
into  the  fertilizers,  amounting  in  1910  to  over  $4,000,000.  It 
will  probably  not  be  long  before  most  of  our  ammonia  require- 
ment is  supplied  by  our  own  by-product  coke-ovens. 

INDUSTRIAL    CHEMISTRY    IN    ITS    BROAD   ASPECT 

However,  industrial  chemistry  or  chemical  industry  is  much 
broader  in  scope  than  is  indicated  in  the  thirteenth  Census  of 
the  United  States  on  chemicals  and  allied  products.  From  the 
point  of  view  of  the  person  with  chemical  training,  every  indus- 
trial operation  which  calls  for  chemical  control  is  a  branch  of 
industrial  chemistry  or  of  chemical  industry,  the  two  terms 
being  used  interchangeably. 

In  Germany  the  official  classification  of  material  connected 
with  chemical  industry  is  as  follows: 
I — Malt,  oil  fruits,  plants,  etc. 
2 — Industrial  or  medicinal  vegetable  products. 
3 — Tanning  extracts. 
4 — Resins,  gums  and  adhesives. 
5 — Caoutchouc  and  camphor. 
6 — Animal  and  vegetable  fats  and  oils. 
7 — Animal  products. 
8 — Starch  and  sugar. 
9 — Alcohol,  acetic  acid,  mineral  waters. 
10 — Mineral  and  fossil  raw  materials. 
1 1 — Ores,  iron  and  slags. 
12 — Fossil  fuels. 

13 — Mineral  oils  and  like  fossil  raw  materials. 
14 — Coal-tar  oils  and  products. 
15 — Waxes. 

16 — Soap  and  fat  products. 
17 — Chemical  and  pharmaceutical  products. 
18 — Miscellaneous  chemical  and  pharmaceutical  products. 
19 — Dyes  and  dye  materials. 
20 — Ethers  and  alcohols. 

21 — Volatile  oils,  synthetic  perfumes,  toilet  articles. 
22 — Artificial  fertilizers. 
23 — Explosives  and  combustibles. 
24 — Wood  fiber  and  chemical  paper. 
25 — Metals. 


These  twenty-five  large  classes  or  divisions  comprise  four  hun- 
dred and  forty-two  sub-classes. 

An  examination  of  the  records  of  imports  and  exports  into 
and  from  the  United  States  dttring  the  fiscal  year  1913,  discloses 
a  total  business  of  $4,241,484,592;  of  this,  not  less  than  $1,302,- 
274,994  or  30  per  cent  deal  with  products  of  chemical  industry 
or  materials  used  in  the  products  of  chemical  industry,  and  of 
these  $759,193,688,  or  18  per  cent  of  the  total  represent  imports 
and  $543,081,306,  or  12  per  cent  of  the  total  represent  exports, 
leaving  a  balance  of  trade  against  the  United  States,  $216,112,- 
382. 

Large  Items  in  Chemical  Trade  of  the  U.  S.  for  1913. 
Imports  Exports 

Sugar $204,212,581      Refined  petr  o  1  e  u  m 

„..            ...                      ,,,   ,„,    ,..          and  its  products ...   $139,882,905 
Hides  and  skins 1 17.386.  W4     Copper  as  metal 120.605.914 

Unmanufactured  B«'    ="">    hoS   P'od- 

Indiarubber 101.333.158         ""^t^ ??'f?9?;.A 

Leather 42. .384.  199 

Paper  and  paperstock       27,706.697     ^^yj^}.^^°'^j  ■_.■;■■  ■        ??ili'l'i 
Potash  CQinpounds. 


5465.046,734 


S429.458.282 


Information  as  to  the  distribution  of  the  exports  and  imports 
just  given  as  to  countries  of  destination  and  countries  of  origin 
is  not  readily  accessible,  since  it  would  be  a  never  ending  task 
for  the  officials  of  the  Department  of  Commerce  to  rearrange 
all  of  this  vast  information  from  the  various  points  of  view  pos- 
sible. 

MOVEMENT    OF   CHEMICAL   PRODUCTS   BETWEEN    GERMANY   AND 
THE   UNITED   STATES 

However,  fragmentary  information  is  accessible  with  respect 
to  the  relationship  between  the  United  States  and  Germany 
as  regards  the  interchange  of  chemical  products  between  the 
two  countries.  This  information  is  based  upon  German  official 
publications. 

From  the  point  of  view  of  values,  information'  is  at  hand  for 
only  the  year  1904.  In  that  year  Germany  sent  to  the  United 
States  $i6,993;200  worth,  and  the  United  States  sent  to  Germany 
during  that  time  $38,194,240,  or  an  excess  in  favor  of  the  United 
States  of  $21,201,040,  which  means  about  $1,800,000  per  month. 

With  regard  to  the  tonnage  movement  between  those  two 
countries,  information  for  the  year  1913  is  at  hand,-  and  it  shows 
that  during  that  period  a  total  of  3,430,564  metric  tons  of  com- 
modities of  the  chemical  industry  passed  between  the  two  coun- 
tries, of  which  1,917,430  metric  tons  passed  from  the  United 
States  to  Germany,  and  1,513,134  metric  tons  passed  from  Ger- 
many into  the  United  States;  that  is,  the  United  States  sent  to 
Germany  an  excess  of  404,000  tons  over  what  it  took  from  Ger- 
many in  1913. 

FREIGHT   MOVEMENTS    IN    THE    UNITED    STATES 

In  191 1  the  total  freight  movement  over  the  railroads  of  the 
United  States  amounted  to  967,233,991  tons;  of  these  about 
14  per  cent  comprised  manufactured  goods,  and  about  28,000,- 
000  tons  of  the  total  freight  moved  was  composed  of  products 
of  chemical  industry,  that  is,  about  3  per  cent  of  the  total  freight 
movement  of  this  country  is  represented  by  products  of  chemical 
industry.  The  three  and  a  half  million  tons  gross  above  referred 
to  between  the  United  States  and  Germany,  therefore,  represent 
about  12  per  cent  of  the  probable  total  freight  mo\cment  of 
products  of  chemical  industry  in  this  coimtry. 

EFFICIENCY   OF    AMERICAN    INDUSTRIAL    CHEMISTRY 

An  examination  of  the  relative  exports  and  imports  of  prod- 
ucts of  chemical  industr>'  from  and  into  the  United  States  shows 
that  there  is  little,  if  any,  ground  for  criticism  of  American 
chemists  in  not  utilizing  their  opportunities.  It  is  safe  to  say 
that  the  American  chemical  industry  is  developing  its  own  natural 
resources  with  a  degree  of  foresight  and  success  very  favorably 

*  This  Journai..  6,  2. 

'■Ibid..  6,  274. 
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comparable  with  that  accomplished  by  chemists  in  other  lands. 
Much  is  heard  in  criticism  of  American  chemists  for  not  de- 
veloping a  coal-tar  chemical  industry,  but  I  do  not  believe  such 
criticism  to  warrant  a  wholesale  belief  in  the  backwardness  of 
American  chemists.  There  can  be  no  question  that  the  chemical 
work  involved  as  well  as  the  engineering  work  involved  in  the 
production  of  a  useful  and  usable  illuminating  oil,  or  a  medicinal 
preparation  from  crude  petroleum,  compares  very  favorably 
with  the  chemistry  involved  and  the  engineering  involved,  in 
the  production  of  the  majority  of  so-called  coal-tar  dyes.  The 
relative  economic  value  of  the  two  products  is,  of  course,  in  favor 
of  the  products  of  petroleum.  It  will  be  sufficient  to  say  Ger- 
many is  supreme  in  the  coal-tar  dye  industry,  because  (ij  Ger- 
many was  the  home  of  the  industry;  (2)  the  industry  itself  is 
so  dependent  upon  interlocking  chemicals  and  the  growth  of  this 
interlocking  dependence  has  been  as  fast  as  economic  develop- 
ment warrants  and  has  now  reached  such  a  stage  of  complexity 
and  interdependence  that  it  is  difficult  of  transplantation  as  a 
whole;  {3)  there  are  relatively  few  so-called  staple  articles  among 
the  coal-tar  dyes — by  staple  is  meant  those  which  are  consumed 
in  quantities  to  be  measured  by  tons — many  of  those  few  are 
so  interlocked  with  subsidiary  or  by-products  that  the  trans- 
plantation of  the  work  out  of  Germany  would  be  economically 
unprofitable.  Wherever  it  has  been  profitably  transplantable 
to  this  country,  the  manufacturing  of  such  staples  has  been 
done,  and  with  considerable  success  even  thou.gh  the  raw  material 
supply  is  still  provided  by  Europe. 

THEORY   AND    PRACTICE 

The  chemical  industry,  probably  more  than  any  other  indus- 
try, is  dependent  upon  the  application  of  much  theoretical 
work,  /.  ('.,  scientific  work  to  every-day  conditions,  and  in  order 
that  the  chemical  industry  may  grow,  it  is  necessary  that  there 
should  be  brought  to  bear  upon  the  manufacture  of  each  and  all 
of  the  products  the  highest  chemical  training  available  under  the 
circumstances.  The  beneficial  interaction  of  practice  upon 
theory  and  theory  upon  practice,  is  evident  in  almost  every 
branch  of  industrial  chemistry.  It  has  been  brought  to  its  highest 
efficiency,  however,  in  the  organic  division,  and  more  particularly 
that  dealing  with  coal-tar  dyes  and  synthetic  medicinals  and 
pharmaceuticals.  However,  the  chemist  can,  with  profit, 
follow  Mr.  Kerr's  excellent  advice  to  engineers  when  a  difficulty 
is  encountered:  "Go  as  far  as  you  can  see  and  then  see  how 
far  you  can  go." 

The  simplification  brought  about  in  organic  chemistry  through 
the  creation  of  the  Kekule  conception  of  the  structure  of  benzol, 
made  the  development  of  the  coal-tar  dye  industry  in  its  early  stages 
possible,  or  at  any  rate  immeasurably  facilitated  it.  In  return, 
the  coal-tar  dye  industry  has  enriched  scientific  or  theoretical 
organic  chemistry  with  a  wealth  of  information  and  facts  with 
respect,  not  only  to  benzol,  but  to  naphthalene,  anthracene  and 
the  higher  aromatic  hydrocarbons;  the  two  working  together 
have  developed  a  very  large  number  of  new  classes  of  organic 
compounds,  for  example :  the  azines,  oxazines,  numerous  classes 
of  azo  compounds,  and  the  wealth  of  oxy  and  oxyamido  deriv- 
atives in  all  the  classes.  New  methods  of  sulfonation,  chlor- 
ination  and  nitration  have  been  developed  almost  without  num- 
ber, and  in  turn,  theoretical  organic  chemistry  has  supplied  the 
industry  with  many  useful  methods  of  the  same  kind. 

To  contemplate  the  results  of  this  interaction  is  to  view  one 
of  the  greatest  of  intellectual  triumphs.  It  is  this  very  fact 
that  has  misled  so  many  to  ascribe  to  the  coal-tar  dye  industrj' 
an  economic  efTect  far  beyond  its  actual  and  to  belittle  the  eco- 
nomic effect  of  the  so-called  inorganic  industry.  It  is  per- 
fectly safe  to  say  that  the  money  value  of  the  inorganic  exceeds 
the  money  value  of  the  dye  industry  by  at  least  15  to  i. 

From  1877  down  to  the  close  of  191 2  there  were  taken  out 
in  Germany  5,675  German  patents,  or  158  per  year,  dealing  with 
the  utilization  of  coal-tar  hydrocarbons  and   their  by-products; 


it  has  been  estimated  that  not  more  than  one  out  of  every  hun- 
dred has  secured  financial  returns  for  its  owners.  During  the 
years  1895  to  1903,  382  German  patents,  or  at  the  rate  of  48 
per  year,  were  taken  out  in  the  inorganic  chemical  industries. 

It  would  be  an  interesting  subject  for  speculation  to  consider 
the  intellectual  effort  involved  in  the  5,675  coal-tar  patents 
as  compared  with  the  intellectual  effort  required  for  the  382 
inorganic  patents.  It  would  also  be  of  interest  to  consider  the 
difficulties,  financial  and  otherwise,  in  the  way  of  creating  those 
respective  patents.  .  A  far-reaching  experiment  can  be  made 
in  the  coal-tar  industry  for  a  very  little  expenditure  of  material 
and  labor,  but  in  the  inorganic  industry  the  expenditure  of  ma- 
terial and  labor  is  inordinately  greater.  You  can  make  a  coal- 
tar  dyestuff  and  determine  whether  there  are  any  probabilities 
of  its  having  commercial  utility  at  an  infinitely  slighter  expense 
than  you  can  determine  whether  certain  alterations  in  the  con- 
struction of  a  bleach-chamber  in  the  production  of  bleaching 
powder  will  or  will  not  be  profitable;  on  the  other  hand,  as  you 
approach  the  more  highly  developed  and  almost  completed 
manufacturing  phase  of  coal-tar  dye  chemistry,  you  immediately 
come  into  about  the  same  difficulties  and  embarrassments  that 
you  do  in  the  inorganic  field,  and  for  precisely  the  same  reason, 
namely,  that  in  both  cases  you  are  endeavoring  to  develop  re- 
finements, and  refinements  are  much  more  difficult  of  detection, 
elaboration  and  application  than  is  the  question  of  determining 
whether  you  have,  or  have  not,  a  new  and  probably  useful  dye- 
stuff. 

By  way  of  illustration,  there  are  probably  fewer  than  35,000 
compounds  listed  in  Beilstein,  but  it  will  be  no  difficulty  whatever 
to  find  a  dozen  different  patents  on  coal-tar  dyes,  each  and  every 
one  of  which  covers  several  million,  even  several  hundreds  of 
millions  of  different  and  distinct  dyestuffs.  Of  course,  to  dis- 
cover a  new  type  of  a  dyestuff  is  almost  as  difficult  as  it  is  to 
discover  a  refinement  in  the  almost  fully  developed  inorganic 
industry,  but  once  the  type  is  given,  there  is  no  difficulty  in 
creating  a  new  dyestuff  under  that  type. 

THE   FUNCTION    OF   THE    CHEMIST    AS   AN    INDIVIDUAL 

Now,  the  function  of  the  chemist  in  the  production  of  things 
is  twofold.  Take  the  apparently  most  humble  position,  namely, 
that  of  analyst.  Upon  his  accuracy  of  manipulation  depends, 
in  a  large  measure,  the  profitableness  of  the  undertaking.  If 
an  analyst  makes  a  mistake  of  i  per  cent  in  determining  copper, 
on  the  $120,000,000  worth  that  we  export  annually,  that  would 
mean  a  loss  of  $100,000  per  month.  Therefore,  analytical  con- 
trol, in  order  to  be  of  value,  must  be  accurate,  since  inaccuracies 
can  easily  run  into  large  sums  of  money. 

But  the  chemist's  contribution  does  not  stop  merely  with 
control;  he  does  create  a  great  many  new  uses  for  old  things,  and 
he  does  create  new  things  and  find  uses  for  them.  To  be  able 
to  do  these  things  to  the  best  advantage,  he  must  be  thoroughly 
versed  in  what  has  been  done,  must  know  what  tools  are  at  his 
command,  must  be  able  to  use  those  tools  and  to  tell  wlien  they 
shall  be  used,  must  possess  also  the  merchant's  instinct  of  values, 
if  he  desires  to  rise  to  the  highest  effjciency  in  industrial  chem- 
istry. Of  course,  he  must  know  how  to  handle  men,  and  how- 
to  get  results  with  what  is  at  his  command,  as  must  anyone  who 
attempts  to  conduct  any  business  enterprise. 

He  must  be  alert,  and  he  must  overcome  any  disdain  that 
he  may  naturally  have  for  small  things,  for  in  industrial  chemistry, 
perhaps  oftener  than  in  any  other,  it  is  the  small  thing  that  has 
pointed  the  way  to  achievement  and  success. 

It  is  an  old  story  how  the  production  of  benzol  from  coal  gas 
was  brought  about  by  a  mistaken  notion  that  oxalic  acid  could 
be  made  from  coal  gas  and  nitric  acid.  An  alert  and  very 
observant  chemist  in  repeating  this  attempted  synthesis  found 
not  only  that  oxalic  acid  was  not  formed,  but  that  nitrobenzol 
was  produced  with  benzol  dissolved  therein.  That  was  the 
beginning  of  the  recovery  of  benzol  from  coal  gas,  and  the  ad- 
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dition  to  the  sources  of  benzol  of  a  source  much  greater  and 
more  dependable  than  any  theretofore  available. 

The  neglect  of  a  laboratory  boy  to  maintain  the  temperature 
he  was  directed  to  keep  in  a  certain  vessel,  taught  that  labor- 
atory boy  nothing,  but  the  chemist  in  charge  following  up  this 
result,  finally  ended  up  with  a  method  of  substituting  sulfuric 
acid  for  bromine,  thereby  reducing  the  cost  of  production  by 
over  50  per  cent.  In  both  of  these  cases,  it  is  very  doubtful 
if  a  man  having  no  training  beyond  that  required  in  the  pro- 
duction of  the  things  with  which  he  was  directly  concerned, 
would  ever  have  made  those  discoveries.  The  attempt  to  make 
oxalic  acid  would  have  resulted  in  failure,  and  would  have  been 
so  reported,  the  result  of  the  laboratory  boy's  negligence  would 
have  been  dumped  into  the  sewer,  and  a  new  start  made  along 
the  original  lines. 

CONCLUSION 

I  have  shown  how,  in  a  national  sense,  the  chemical  industry 
contributes  a  very  substantial  portion  to  our  national  welfare 
and  the  useful  part  it  plays  in  this  work-a-day  world,  in  the 
employment  of  persons,  materials  and  of  capital;  how  in  a 
broader  sense  it  touches  almost  every  field  of  human  activity; 
how  it  is  interwoven  with  the  means  required  for  the  gratifi- 
cation of  all  our  personal  needs  and  desires. 

It  needs  merely  to  be  mentioned  in  order  to  bring  about  a 
full  appreciation  of  the  importance  of  the  chemical  industry 
to  refer  to  the  important  part  it  plays  with  respect  to  agricul- 
tural chemistry.  The  chemical  methods  of  investigation  and 
research  applied  to  agricultural  problems  indicate  the  require- 
ment of  certain  materials  by  the  soil,  and  these  materials  are 
supplied  by  the  chemical  industry.  In  that  way  the  chemical 
industry  contributes  to  the  activity  of  the  soil  and  the  increased 
output  per  unit  area  of  agricultural  products. 

Conversely,  as  in  the  case  of  alizarin  and  indigo,  hundreds 
upon  hundreds  of  square  miles  of  the  earth's  surface  were  de- 
voted to  the  cultivation  of  the  plants  necessary  to  produce 
these  articles.  This  very  large  area  is  no  longer  required  for 
that  purpose,  and  it  is  safe  to  say  that  in  the  chemical  factories 
now  producing  these  things  the  combined  working  area  is  under 
four  square  miles.  Right  or  wrong,  I  have  always  personally 
felt  that  had  the  botanist  devoted  the  necessary  attention  to 
the  growth  and  cultivation  of  indigo  plant  when  the  first  syn- 
thesis of  indigo  was  announced  in  1880,  the  displacement  of 
vegetable  indigo  between  1897  and  1900  by  synthetic  indigo 
would  not  have  taken  place,  or  at  any  rate,  it  would  not  have  been 
accomplished  after  so  brief  a  struggle.  The  botanist  has  assisted 
wonderfully  in  increasing  the  alkaloidal  content  of  cinchona 
barks,  and  in  the  discovery  of  a  large  number  of  new  plants 
capable  of  producing  a  latex  suitable  for  India  rubber  production 
and  he  has  also  contributed  greatly  to  the  development  of 
plantations,  wherein  the  yield  per  unit  area  is  much  increased. 

While  at  the  present  day  it  may  not  be  commercially  profit- 
able to  'produce  synthetic  rubber,  or  synthetic  camphor,  or 
synthetic  nitric  acid,  or  synthetic  ammonia,  yet  it  is  perfectly 
true  that  the  very  existence  of  these  possible  synthetic  sources 
of  these  materials  renders  it  less  and  less  likely  tliat  there  will 
be  any  undue  advance  in  the  cost  to  the  consumer  of  these  ar- 
ticles; at  any  rate,  the  cost  will  not  be  advanced  beyond  a  figure 
where  the  synthetic  process  can  achieve  a  reasonable  profit. 

Chemical  industry,  therefore,  not  only  provides  for  our  present 
needs,  but  acts  as  safety  device  against  famine,  shortage  or  undue 
monopolization  of  a  number  of  vegetable  and  mineral  products. 
90  William  St.,  New  York 

CHEMICAL  STUDIES  OF  THE  POLLUTION  OF  THE 
OHIO  RIVER' 
By  Earlk  B.  Phelps 
The  extensive  investigation  of  the  Ohio  river  now  being  under- 
I  Presented  at  the  49th  Meeting  of  the  American   Chemical  Society. 
Cincinnati,  April  6-10,  1914. 


taken  by  the  U.  S.  Public  Health  Service  under  the  direction  of 
Passed  Assistant  Surgeon  Wade  H.  Prost  has  a  twofold  object. 
It  is  desired  to  learn  primarily  the  extent  and  character  of  the 
pollution  now  entering  the  Ohio  river,  the  capacity  of  that  river 
to  receive  and  dispose  of  pollution,  and  the  effect  of  such  pollu- 
tion upon  the  waters  of  the  river  and  upon  the  health  and  com- 
fort of  the  riparian  dwellers.  Secondarily,  and  possibly  of  equal 
ultimate  importance,  it  is  hoped  to  establish  certain  basic  data 
necessary  to  a  general  discussion  of  the  principles  of  the  self- 
purification  of  streams. 

No  such  comprehensive  investigation  of  a  great  rirer  system 
has  ever  been  made.  In  addition  to  chemical,  biological  and 
bacteriological,  and  hydrographic  studies  of  the  river  itself  and 
of  the  polluting  waters,  the  investigation  will  include  sanitary 
surveys  and  epidemiological  studies  of  the  bordering  communi- 
ties and  engineering  studies  of  water  supplies  and  sewerage 
systems. 

River  pollution  may  be  regarded  from  the  point  of  view  of 
the  river  itself  or  of  the  health  of  the  people  dwelling  upon  its 
banks.  The  sanitary  qualities  of  a  drinking  water,  and  the 
effect  of  pollution  upon  riparian  dwellers  is  essentially  a  bio- 
logical question  to  be  studied  by  biological  methods,  supple- 
mented at  times  by  chemical  methods.  The  question  of  nui- 
sance in  a  stream,  although  it  deals  with  biological  agencies,  is 
essentially  chemical  and  necessitates  chemical  or  biochemical 
studies. 

The  present  paper  deals  solely  with  the  chemical  part  of  this 
investigation,  as  applied  to  the  pollution  and  self-purification 
of  the  stream.  It  will  be  pertinent,  therefore,  to  present  first, 
a  general  statement  of  the  problem  as  it  appears  in  the  light  of 
modern  sanitary  chemistrj'. 

The  self-purification  of  streams  is  in  no  way  a  unique  or  re- 
markable process.  It  is  essentially  like  the  oxidation  anij  de- 
struction of  organic  matter  by  the  soil.  In  the  case  of  a  polluted 
stream,  however,  purification  by  oxidation  is  assisted  by  other 
factors,  such  as  dilution  and  sedimentation,  which  together 
with  the  ideal  conditions  for  oxidation  which  may  exist,  combine 
to  produce  such  improvement  that  the  phenomenon  has  ever  been 
regarded  as  one  peculiar  to  itself. 

The  reactions  involved  in  this  process  are  biochemical  reactions. 
For  their  occurrence  it  is  necessary  to  bring  together  oxidizable 
organic  matter,  oxygen  and  oxidizing  bacteria.  The  first  and 
last  are  necessarily  present  in  polluted  waters.  The  questions 
of  stream  purification  and  prevention  of  nuisance,  therefore, 
reduce  to  one  of  oxygen  supply. 

The  ultimate  source  of  the  oxygen  available  for  this  work  is 
the  atmosphere.  Jnder  normal  atmospheric  conditions  and  at 
any  given  temperature,  water  dissolves  a  specified  quantity  of 
oxygen  which,  unfortunately,  is  known  as  the  saturation  value. 
This  incorrect  usage  has  resulted  in  serious  misconceptions  of 
the  true  solubility  relations  of  oxygen.  Since  the  solubility  of 
any  gas  is  proportional  to  the  partial  pressure  of  that  gas  in 
the  atmosphere  above,  it  follows  that  the  solubility  of  oxygen  in 
water  is  approximately  five  times  as  great  imder  an  atmosphere 
of  pure  oxygen  as  it  is  under  a  normal  atmosphere.  Hence 
"supersaturation"  is  readily  obtainable.  Tt  is  of  frequent 
occurrence  in  nature  in  the  neighborhood  of  green  plant  life 
where  the  oxygen  content  of  the  immediate  atmosphere,  or  of 
the  gases  rising  through  the  water, "is  greater  than  in  the  normal 
atmosphere.  It  would  be  eminently  desirable  to  refer  the  solu- 
bility of  oxygen  to  a  pure  oxygen  atmosphere  in  which  case  the 
accepted  saturation  value  would  be  reduced  to  approximately  20 
per  cent;  but  usage  has  sanctioned  the  present  metliod  which 
makes  it  necessary  for  us  to  deal  with  "supersaturation." 

A  saturated  water  will  obviously  dissolve  no  more  oxygen. 
Atmospheric  oxygen  tends  to  re-enter  the  water  in  proportion 
as  the  oxygen  content  of  the  water  is  lowered  by  the  oxidation 
of  organic  matter.     The  intensity  of  the  driving  force  of  re- 


Aug.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


683 


aeration  is  a  direct  function  'of  the  lowering  of  this  oxygen  con- 
tent. It  is  at  a  maximum,  in  a  completely  deoxygenated  water 
and  this  is  the  condition  of  rra-  imum  oxidizing  work  in  any 
stream.  This  condition,  howcvtr,  is  also  one  of  maximum  nui- 
sance and  is  not  to  be  tolerated.  Such  an  anaerobic  stream  gives 
off  foul  odors  and  is  black  and  unsightly  in  appearance. 

It  becomes  a  matter  of  some  importance,  therefore,  to  deter- 
mine tlie  miminum  value  which  the  dissolved  oxygen  of  the 
stream  may  reach  before  conditions  approach  the  nuisance 
stage.  This  point  practically  fixes  the  capacity  of  the  stream 
in  question  to  care  for  pollution.  The  lower  the  permissible 
oxygen  concentration  the  greater  the  proportion  of  the  initial 
dissolved  oxygen  of  the  water  available  for  the  oxidizing  reaction, 
and  the  greater  the  capacity  of  the  stream  to  reabsorb  oxygen 
from  the  atmosphere. 

Upon  this  question  of  permissible  oxygen  reduction  there  are 
many  diverse  opinions  and  very  little  real  knowledge.  It  has 
even  been  held  that  any  oxygen  whatever  will  prevent  conditions 
of  serious  nuisance.  The  present  writer's  experience  has  not 
tended  to  confirm  this  view.  That  condition  of  nuisance,  for 
example,  which  makes  a  river  undesirable  for  canoeing  on  a  quiet 
summer  evening  by  reason  of  sewage  odors  emanating  therefrom 
has  been  found  to  result  from  a  reduction  to  fifty  per  cent  of 
saturation.  Extremely  offensive  conditions,  with  foul  odors 
and  black  appearance,  have  been  found  to  be  associated  with 
38  per  cent  of  saturation.  On  the  other  hand  certain  streams 
which  have  ranged  from  60  to  75  per  cent  of  saturation  have 
given  to  the  senses  no  direct  evidences  of  pollution.  This  point 
needs  further  study  and  discussion.  It  is  merely  desired  to 
draw  attention  at  this  time  to  its  importance  as  one  of  the  funda- 
mental factors  of  the  problem. 

The  second  and  most  important  factor  is  the  re-aeration. 
The  rate  of  re-aeration  of  water  depends  not  only  upon  the  oxygen 
concentration  existing  at  the  time  but  upon  the  vertical  distri- 
bution of  that  concentration.  Assume,  for  example,  that  the 
water  is  uniformly  mixed  and  quiescent.  Absorption  at  the  sur- 
face leads  to  a  downward  diffusion  which  in  time  establishes  a 
gradient  ranging  from  essential  saturation  in  the  upper  film  to 
the  initial  concentration  at  some  point  below.  The  diffusion 
process  becomes  slower  as  the  curve  of  distribution  of  oxygen 
becomes  flatter.  In  practice,  quiescent  water,  even  though  it 
start  with  zero  oxygen  concentration  at  all  points,  will,  except 
in  shallow  layers,  come  to  a  condition  of  practical  equilibrium 
with  very  low  average  oxygen  concentration.  Beyond  this  point 
the  diffusion  process  is  so  exceedingly  slow  as  to  be  quite  negli- 
gible. Mixing  of  the  water,  after  such  a  condition  has  become 
established,  reestablishes  the  even  distribution  and  allows  the 
absorption  to  proceed  toward  a  new  condition  of  equilibriu  n. 
It  is  apparent,  therefore,  that,  as  conditions  depart  more  and 
more  from  the  condition  of  complete  quiescence,  the  rate  of  re- 
aeration  is  increased  accordingly.  The  departures  from,  quies- 
cence may  be  definitely  stated,  and  are  more  easily  conceived, 
as  the  average  time  between  uniform  mixings.  This  form  of 
expression  is  used,  not  only  because  it  gives  a  workable  state- 
ment of  the  degree  of  agitation  in  a  stream,  but  because  such  a 
time  factor  appears  in  any  formula  for  re-aeration  derived  from 
the  laws  of  solubility  and  of  diffusion.  Such  a  formula  was  de- 
veloped by  William  M.  Black,  Colonel,  Corps  of  Engineers, 
U.  S.  A.,  and  the  writer  in  an  investigation  of  the  pollution  of 
New  York  Harbor.'  In  that  case  it  was  possible  to  determine 
the  average  time  between  mixings  from  a  study  of  the  mixing 
effect  of  winds,  vessels  and  tidal  currents.  The  re-aeration  cal- 
culated from  this  theoretical  formula,  using  the  determined  time 
factors,  was  in  close  agreement  with  the  actual  values  found 
during  the  subsequent  year  and  thus  gave  satisfactory  confir  na- 
tion of  the  accuracy  of  the  method.     With  the  deep  and  rela- 

1  Report  of.Coloncl  William  M.  Black,  U.  S.  A.,  and  Earle  B.  Phelps, 
on  the  "  Discharge  of  Sewage  into  New  York  Harbor,"  March.  1911. 


tively  quiescent  waters  of  New  York  harbor  re-aeration  was 
found  to  be  almost  a  negligible  factor.  The  capacity  of  such  a 
body  of  water  to  oxidize  pollution  is  practically  limited  by  the 
amount  of  available  oxygen  brought  in  from  the  ocean  with  each 
tide. 

Under  river  conditions  matters  are  directly  reversed.  The 
initial  volume  of  available  oxygen  is  small  compared  with  the 
total  capacity  of  the  stream  to  oxidize  pollution.  Re-aeration 
in  rivers  is  the  chief  factor.  The  time  between  mixings,  in- 
stead of  being  measured  in  hours,  is  probably  measiu-ed  in  min- 
utes, so  that  its  actual  determination  from  direct  observations 
cannot  be  made  with  even  workable  precision.  It  becomes 
necessary,  therefore,  to  reverse  our  process  of  reasoning,  to  learn 
by  suitable  methods  the  actual  extent  of  re-aeration,  and,  from 
those  data,  to  derive  the  time  factor  in  the  original  aeration 
formula.  This  factor  will  vary  with  the  depth,  character  of  the 
river  bed,  and  rapidity  of  flow.  It  will  differ,  therefore,  for 
various  rivers  and  for  various  sections  of  each  river  but  should 
be  similar  for  similar  types  of  stream.  If  it  can  be  determined 
for  a  sufficiently  large  number  of  typical  stream  stretches, 
it  may  be  possible  to  deduce  general  formulas  which  will  be  ap- 
plicable to  other  streams  of  similar  type.  This,  then,  is  the  sec- 
ond important  factor  to  be  investigated  in  our  stream  studies 
and  if  it  can  be  satisfactorily  determined  it  should  be  possible 
to  estimate  the  capacity  of  a  given  river  to  dispose  of  pollution 
without  objectionable  results,  or,  conversely,  the  effect  of  any 
stated  pollution  upon  a  river  of  given  type. 

The  actual  rate  of  re-aeration  in  a  polluted  stream  cannot, 
unfortunately,  be  determined  directly.  In  spite  of  re-aeration 
a  stream  at  any  given  point  may  be  losing  oxygen,  or  it  may  be 
in  oxygen  equilibrium,  since  at  all  times  the  biochemical  reaction 
tending  to  reduce  the  oxygen  is  opposed  to  the  actual  re-aeration. 
It  is  necessary  therefore  to  develop  suitable  chemical  methods 
for  the  separation  of  these  opposing  tendencies. 

Consider  first  an  ideal  situation  with  two  sampling  stations 
on  the  stream  between  which  stations  there  is  no  increment 
either  to  the  pollution  or  to  the  volume  of  the  stream.  These 
conditions  cannot,  as  a  rule,  be  obtained  and  it  is  necessary  to 
make  suitable  correction  for  the  interference  of  additional  pol- 
lution or  additional  dilution.  The  oxidizing  reaction  has  been 
studied  in  the  laboratory  sufficiently  to  show  that  it  follows  a 
fairly  definite  course  and  like  all  biochemical  reactions  is  essen- 
tially monomolecular  in  its  order.  This  means  that  it  proceeds 
at  a  constant  rate  or  velocity  so  that  the  concentration  of  oxi- 
dizable  material  decreases  ^s  a  logarithmic  function  of  the  ti  ne. 
A  sample  of  the  water  from  the  upper  station  is  submitted  to 
study  for  the  determination  of  three  things;  (i)  The  available 
oxfgcn  which  it  contains;  (2)  the  total  amount  of  o.xygen  which 
will  be  required  for  the  completion  of  the  oxidizing  reaction, 
known  as  the  oxygen  demand;  (3)  and  the  velocity  with  which 
that  reaction  proceeds.  The  sample  from  the  lower  station  is 
submitted  to  the  same  examination.  Since  any  loss  of  available 
oxygen  by  oxidation  must  give  rise  to  an  equivalent  loss  in  the 
oxygen  demand,  the  difference  of  these  two  terms  would  remain 
constant  throughout  the  course  of  the  reaction,  in  the  absence 
of  re-aeration.  Any  increase  in  dissolved  oxygen  at  the  lower 
station  over  the  value  calculated  from  the  results  of  examina- 
tions at  the  upper  station  is  therefore  due  to  aeration.  Cor- 
rection for  additional  pollution  or  dilution  between  the  stations 
is  next  made  by  means  of  the  velocity  of  reaction  determinations. 
From  the  determination  at  the  upper  station  and  the  known 
time  required  for  water  to  pass  from  one  station  to  the  other, 
the  concentration  of  reacting  substance  at  the  lower  station  is 
calculated.  With  increasing  dilution  the  concentration  is  de- 
creased, while  with  increasing  pollution  it  is  increased.  Any 
change  in  the  concentration,  calculated  from  an  assumed  con- 
stant velocity  of  reaction  indicates  an  equivalent  change  in 
dilution  or  pollution  between  these  stations.     It  is  obvious  that 
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these  two  factors  are  opposed  to  one  another  in  a  phis  and  minus 
sense  and  that  if  the  added  water  were  of  the  same  character 
relative  to  its  pollution  as  the  water  under  investigation,  the  cor- 
rection factor  would  disappear.  In  brief,  from  the  known  con- 
stant velocity  of  reaction,  stated  in  terms  of  physical  chemistry, 
are  determined  changes  in  the  concentration  of  the  reacting 
substance,  namely,  pollution. 

The  actual  laboratory  technique  of  these  determinations  is 
simple.  The  usual  dissolved  oxygen  determinations  are  made 
upon  a  freshly  collected  sample;  a  second  sample  is  incubated 
at  2o°  C.  and  a  dissolved  oxygen  determination  made  upon  it 
at  the  end  of  any  convenient  period,  usually  24  or  48  hours. 
The  difference  between  these  two  results  is  the  oxidation  that 
has  taken  place  in  the  interval.  Knowing  the  form  of  the  re- 
action curve  one  computes  from  this,  first,  the  velocity  coeffi- 
cient of  the  reaction  and  then,  by  extrapolation  to  a  very  long 
time,  the  total  oxygen  demand  of  the  polluting  organic  matter. 
These  two  determinations  at  each  station  furnish  the  required 
data,  but  there  are  many  points  that  require  special  attention. 
It  is  necessary  in  the  first  place  to  secure  an  adequate  sample 
of  the  entire  cross  section  of  the  stream.  This  involves  the  care- 
ful selection  of  sample  stations  and  the  sampling  of  a  stream  at 
various  points  in  the  cross  section  both  vertically  and  hori- 
zontally. It  is  desirable  in  the  second  place  to  select  stretches 
involving  a  minimum  correction  for  additional  pollution  or  di- 
lution and  it  is  quite  necessary  finally  to  consider  the  effect  of 
sedimentation.  This  can  be  arrived  at  only  by  a  study  of  the 
surface  of  the  river  bottom.  A  special  apparatus  is  necessary 
for  the  withdrawal  of  the  surface  deposit  from  a  given  area  of 
bottom  and  it  is  necessary  to  make  a  careful  survey  of  the  river 
bottom  between  stations  from  time  to  time.  A  new  reaction 
velocity  must  be  determined  for  this  deposited  material  and  suit- 
able correction  made  to  the  average  findings  in  the  water  above 
for  the  period  between  the  two  bottom  mud  surveys.  Finally 
the  temperature  of  the  river  is  not  that  at  which  the  incubations 
are  made.  The  temperature  coefficient  of  the  reaction  must  be 
known  and  suitable  correction  applied. 

It  will  perhaps  be  noticed  that  no  attention  has  been  given 
in  the  foregoing  discussion  to  the  supposed  relation  between 
concentration  of  sewage  in  water  and  probable  nuisance.  This 
factor  has  heretofore  been  the  chief  theme  in  any  discussion  of 
stream  pollution  and  self-purification.  Recognized  authorities 
have  variously  estimated  stream  flows  of  from  2.5  to  3.5  cubic 
feet  per  second  per  thousand  persons  contributing,  as  the  danger 
line.  A  still  less  correct  statement  is  often  made  in  that  sewage 
dilutions  of  from  i  in  16  to  i  in  23  will  undoubtedly  produce 
nuisance.  A  little  consideration  of  the  true  factors  of  self- 
purification  will  show  that  any  such  form  of  statement  is  entirely 
incompatible  with  the  facts.  A  deep  quiescent  swimming  pool 
may  become  putrescent  even  with  the  slight  amoimt  of  organic 
pollution  which  it  receives.  A  one  per  cent  dilution  of  sewage 
in  water  will  often  putresce  under  laboratory  conditions.  Deep 
and  slow-moving  bodies  of  water  such  as  are  found  in  canals  or 
in  rivers  behind  dams,  especially  if  they  be  protected  against 
wind  action,  have  very  little  capacity  for  re-aeration  and  are 
in  consequence  much  more  affected  by  sewage  than  rapidly 
running  and  relatively  shallow  streams.  The  maximum  ox- 
idizing work  occurs  under  conditions  of  minimum  depth  and  max- 
imum agitation.  Any  di.scussion,  therefore,  of  permissible 
concentration  of  sewage  in  water  without  reference  to  the  char- 
acter of  the  stream  in  question  is  futile  and  misleading. 

It  is  proposed  to  study  by  the  methods  outlined  the  rate  of  re- 
aeration  of  the  Ohio  river  at  a  great  many  points,  but  particularly 
below  the  three  points  of  greatest  pollution,  namely,  Pittsburg, 
Cincinnati  and  Louisville.  In  none  of  these  cases  are  the  con- 
ditions ideal  and  it  will  be  necessary  to  do  a  large  amount  of 
work  to  obtain  results  of  satisfactory  precision.  As  an  additional 
check  upon   results  it  is   also   proposed   to  make  as   thorough 


a  study  as  practicable  of  the  actual  polluting  material  entering 
the  river  at  these  three  points.  The  total  oxygen  demand  and 
the  velocity  of  the  oxidizing  reaction  will  be  determined  upon 
this  initial  pollution  in  a  manner  similar  to  that  which  has  been 
described.  In  case  of  concentrated  organic  matter,  the  methods 
are  modified  by  first  diluting  in  suitable  proportions  with  aerated 
water.  Further  checks  upon  the  work  involve  similar  studies 
upon  the  tributaries  and  upon  pollution  from  smaller  communi- 
ties between  stations.  Moreover,  instead  of  the  two  stations 
which  have  been  used  in  illustration,  the  work  will  actually 
comprise  a  chain  of  stations  for  regular  study.  In  addition, 
connecting  data  will  be  obtained  by  means  of  house  boat  labora- 
tories. The  three  regions  of  maximum  pollution  are  fortunately 
of  three  distinct  types.  The  river  below  Pittsburg  is  a  series 
of  short  pools  separated  by  shallow  water  flowage.  Below  Cin- 
cinnati there  is  a  long  quiescent  stretch  in  which  sedimentation 
will  be  an  important  factor.  At  Louisville  there  are  rapids 
giving  a  minimum  of  sedimentation  and  a  maximum  of  aeration. 
Certain  special  minor  points  ^ch  as  the  effect  of  low  temperature 
upon  aeration  and  the  effect  of  long  quiescent  stretches  upon 
sedimentation  will  also  receive  special  study. 

It  is  anticipated  as  a  net  result  of  this  chemical  portion  of  the 
Ohio  river  investigation  that  sanitarians  will  be  in  a  position 
to  discuss  with  much  more  assurance  than  at  present  the  general 
principles  which  underlie  the  phenomenon  of  the  self-purifi- 
cation of  streams. 

Hygienic  Laboratory 
U.  S.  Public  Health  Service 
Washin 


THE  APPLICATION   OF  PHYSICAL   CHEMISTRY  TO  IN- 
DUSTRIAL PROCESSES' 

By  Walter  F.  Rittman 
The  luxury  of  today  is  the  necessity  of  tomorrow;  likewise  the 
theory  of  today  is  the  practice  of  tomorrow.  Gayley's  process  of 
drying  air  for  a  steel  furnace,  the  various  nitrogen-from-air 
processes,  the  contact  process  of  manufacturing  sulfuric  acid, 
synthetic  indigo,  synthetic  tanning  materials — all  were  in  the 
field  of  abstract  theory  but  a  few  years  ago.  Today  they  are 
practical  realities.  Similarly,  many  of  the  theoretical  principles 
and  processes  of  today  will,  in  all  probability,  be  realities  a  few 
years  hence. 

The  invasion  of  chemistry  by  physics,  and  the  production  of 
what  is  known  as  physical  chemistry,  promises  to  be  a  most 
important  basis  for  progress  in  the  field  of  applied  chemistry. 
Whereas  physical  chemistry  is  often  looked  upon  as  one  of  our 
most  theoretical  subjects,  it  will  be  found  to  be  one  of  our  most 
practical  as  well.  Its  principles  are  useful  regardless  of  the 
materials  involved  in  the  reactions,  whether  copper,  steel,  soap, 
glass,  cement,  gas,  textile,  or  any  other  chemical  product. 
Physical  chemistry  is  described  as  that  branch  of  chemistrj- 
which  has  for  its  object  the  study  of  the  laws  governing  chemical 
phenomena.  When  these  laws  and  their  application  to  a  re- 
action or  process  are  once  understood  it  is  a  relatively  easy  matter 
to  select  the  most  favorable  physical  conditions.  The  task  of 
the  chemical  engineer  is  to  produce  these  most  favorable  working 
conditions  in  an  apparatus  which  operates  on  an  industrial  scale. 
A  further  advantage  of  a  knowledge  of  theoretical  principles  and 
perhaps  one  to  be  more  frequently  applied  is  the  aid  such  knowl- 
ledge  gives  in  avoiding  fantastic  so-called  improvements. 

The  chemical  engineer  rarely  creates  new  products;  he  deals 
with  processes  and  machinery  which  produce  quantities  econom- 
ically.. Obviously  his  problems  often  differ  from  those  of  the 
laboratory  chemist.  The  fact  that  a  reaction  is  slightly  exo- 
thermic or  endothermic  is  of  secondan.'  consequence  in  laboratory 
experiments,   but   in  applied   engineering   this   fact   at   once   de- 

"  Presented  at  the  6th  Semi-annual  MeetinR  of  the  American 
of  Chemical  Engineers,  Troy.  New  York,  June  17-20.  1914. 
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termines  whether  the  reaction  should  be  carried  out  in  a  cooled 
or  in  a  heated  apparatus.  The  amount  of  heat  given  off  in  a 
reaction,  such  as  the  hydrogenation  of  a  vegetable  oil,  is  of  no 
serious  consequence  in  laboratory  experiments,  but  where  tons 
are  handled  the  accumulated  heat  is  sufficient  to  ruin  any  pro- 
cess which  does  not  provide  for  its  disposal.  Latent  heat  of 
fusion  or  of  evaporation  is  not  important  in  the  laboratory 
where  there  is  always  an  excess  of  heat  or  cold,  but  in  many 
cases  this  heat  of  fusion  or  of  evaporation  becomes  all  important 
in  its  influence  on  the  cost  of  an  industrial  operation.  The  cost 
of  the  heat  absorbed  by  an  endothermic  reaction  seldom  concerns 
the  laboratory  chemist;  but  it  is  profit  or  loss  to  the  chemical 
engineer.  The  percentage  of  yield,  and  the  cost  per  unit,  are 
the  vital  questions  to  the  engineer;  they  are  usually  not  vital 
to  the  laboratory  chemist,  however  valuable  and  constructive 
his  work  may  be. 

It  sometimes  seems  as  if  the  inertia  of  years  has  limited  the 
temperature  imagination  of  many  engineers  and  some  chemists. 
Theoretical  considerations  might  suggest  the  broad  field  which 
comprises  the  several  thousand  available  degrees  above  the 
boiling  point,  as  well  as  the  273  degrees  below  the  freezing  point 
of  water.  Likewise,  we  are  prone  to  overlook  the  great  ad- 
vantages which  sometimes  may  be  derived  from  the  application 
of  pressures  greater  or  less  than  the  one  atmosphere  which 
surrounds  us  and  with  which  we  are  so  familiar. 

Because  of  the  numerous  possibilities  in  "the  application  of 
physical  chemistry  to  industrial  processes,  I  must  greatly  re- 
strict myself  in  dealing  with  the  subject.  Some  of  the  most 
interesting  parts  deal  with  equilibrium  relationships,  phase  rule 
applications,  radioactivity,  energy  considerations  and  electrolytic 
reactions.  Excellent  examples  illustrating  the  successful  ap- 
plication of  each  can  be  found,  but  today  I  shall  deal  in  some 
detail  only  with  the  one  mentioned  first,  ;'.  e.,  equilibrium  re- 
lationships. 

I  shall  not  attempt  to  deal  with  every  branch  of  modern  pro- 
duction which  involves  the  equilibrium  relations  of  physical 
chemistry,  nor  shall  I  attempt  to  advance  speculations  as  to 
future  applications  of  equilibrium  relations  in  industry.  The 
attempt  will  be  confined  to  successful  present-day  applications, 
by  way  of  examples.      However  familiar  these  processes  may  be. 

1  hope  that  there  will  be  at  least  something  interesting,  if  not 
new,  in  pointing  out  that  these  familiar  processes  have  a  purely 
theoretical  aspect.  In  fact,  dealing  with  them  historically 
indicates  that  they  have  all  developed  out  of  the  most  abstract 
theoretical  reasoning  into  the  practical  machinery  of  economical 
production. 

OXIDATION    OF    NITROGEN    FROM   AIR 

It  is  known  that  at  room  temperature  there  is  no  perceptible 
union  of  the  nitrogen  and  oxygen  of  air;  it  is  known  that  at 
temperatures  as  high  as  3000°  C.  only  a  partial  union  takes 
place;  it  is  known  that  the  amount  which  does  unite  is  a  function 
of  the  temperature;  that  is,  at  each  temperature  there  is  a 
definite  percentage  of  nitric  oxide  formed,  and  equilibrium  exists 
between  the  combined  and  uncombined  constituents.  In  other 
words,  the  tendency  of  the  uncombined  constituents  to  combine 
at  any  particular  temperature  is  exactly  counterbalanced  by 
the  tendency  of  the  combined  constituents  to  separate  at  that 
temperature.  There  is  a  true  equilibrium.  Experiment  has 
proven  that  when  air  analyzing  79.1  per  cent  N-j  and  20.9  per  cent 

02  is  brought  to  equilibrium  at  2400°  C.  the  resultant  mixture 
analyzes  2.23  per  cent  NO,  77.98  per  cent  N2  and  19.78  per  cent 
O2;'  i.  e.,  1. 116  per  cent  of  an  atmosphere  each  of  nitrogen  and 
oxygen  have  disappeared  in  the  formation  of  nitric  oxide.  Fur- 
ther, let  it  be  clear  that  this  2.23  per  cent  of  NO  obtained  at 
2400°  C.  is  not  an  accidental  figure;  it  will  always  be  the  same 
when   air  of  the   above  composition  is  brought  to  equilibrium 

'  Nernst-Finckh,  Z.  anorg.  Chcm..  1906,   p.   116;  Ibid..  1906,   pp.  2\2. 


at  2400°  C.     This  fact  makes  it  possible  to  calculate  the  equi- 
librium constant  for  nitrogen,  oxygen  and  nitric  oxide  at  2400°  C. 
N-.  +  O2  "^~"*'  2NO  —  43200  cal 

p'tio  (0.0223)2 

A2400°C.  =  .     ^      =    , —7 ~  =  0.0032 

Pi^2pOi        (o-7798)(o.i978) 

where  p  represents  the  partial  pressures  of  each  of  the  three 
constituents;  i.  e.,  the  part  of  the  whole  pressure  exerted  by  each. 
The  constant  K  which  joins  these  partial  pressures  has  a  definite 
numerical  value  for  each  definite  temperature.  The  square  of 
the  partial  pressure  of  NO,  divided  by  the  product  of  the  partial 
pressure  of  N2  multiplied  by  the  partial  pressure  of  0«,  for  any 
mixture  of  these  three  constituents  in  equilibrium  at  2400°  C. 
will  be  equal  to  0.0032.  Through  the  application  of  thermody- 
namic principles,'  it  is  possible  to  calculate  the  value  of  A''  for 
any  other  temperature  from  the  above  experimentally  determined 
value  of  K  for  2400°  C.  From  this  value  of  K'  for  any  other 
temperature,  as  3000°  C,  for  example,  it  becomes  a  simple 
matter  to  calculate  the  yield  of  NO  which  will  be  obtained  from 
any  initial  mixture  of  nitrogen  and  oxygen  brought  to  equi- 
librium at  that  temperature.  Percentages  of  N2,  O2,  and  NO 
which  satisfy  the  equilibrium  relationship  for  any  temperature 
will  always  be  obtained  when  these  constituents  are  brought  to 
equilibrium  at  that  temperature.  Further,  the  reaction  is  re- 
versible, and  reaches  the  same  results  from  either  direction. 
A  number  of  values  for  equilibrium  constants  of  this  reaction  at 
different  temperatures  have  been  calculated.  From  these  values 
the  percentage  yield  of  NO  from  air  has  been  calculated,  and 
the  calculations  have  been  checked,  as  follows:' 

Table  I — Comparison     of    CALCtn.ATBD    and    Observed     Values    of 
Equiubrium  Constants  for  the  Ni  -t-  O2    *    y    2NO  Reaction 

NO  .                       NO 
Temperature                               (calculated  from  values  of  K)        (observed) 

°  C.                                                        Per  cent  Per  cent 

1538 0.35  0.37 

1604 0.43  0.42 

1760 0.67  0.64 

1922 0.98  0.97 

2307 2.02  2.05 

2402 2.35  2.23 

3060 5.00 

It  is  observed  that  until  3000°  C.  is  exceeded  the  yield  of  NO 
is  below  5  per  cent.  The  above  clearly  indicates  how  theoretical 
considerations  show  the  limits  of  a  reaction  as  well  as  the  most 
favorable  conditions  for  its  industrial  application.  The  oxida- 
tion-of-nitrogen  process  obviously  is  limited  in  practical  appli- 
cation to  localities  where  large  quantities  of  cheap  electric  power 
are  available. 

CONTACT  PROCESS  OF  MANUFACTURING  SULFURIC  ACID 

The  contact  process  of  manufacturing  sulfuric  acid,  con- 
sidered from  the  equilibrium  view  point,  can  be  expressed  by  the 
equations ; 

SO2  -I-  '/2O2  "7'*'  SO3  +  22600  cal. 

A-=      >^°'-„ 
PsOz  PCh 
A  few  values  of  A'  follow:' 

Table  II — Constants  for  Contact  Process  of  Manufacti:ring  Sul- 
furic Acid 
Temperature  °  C.  Kp  (experimental) 

400 580  (calculated) 

450 188 

515 65.4 

60d 14.9 

800 1.81 

900 0.57 

Upon  calculating  the  maximum  yields  of  SO3  obtainable  at 
the  different  temperatures  from  the  various  values  of  K.  it  is 

'  Nemst.  "Theoretical  Chemistry."  7th  German  edition,  pp.  5iS-6; 
Morgan.  "Elements  of  Physical  Chemistry.  '  5th  edition  in  press. 

-Nemst,  Z.  anorg.  Chem..  1906,  pp.  213-228;  Z.  f.  EUktroch.,  1906, 
pp.  257.  529;  Jellinek,  Z.  anorg.  Chem..  1906,  pp.  229-276;  Nernst-Finckh. 
y..  ar.org.  Chem..  1905,  p.  116. 

=  Knietsch,  Ber  .  1901,  p.  4069;  Bodliinder.  u.  Koppen  Z.  /  Eleklro- 
(hem.,  1903,  p.  787;  Bodenstein  u.  Pohl,  Ibid.,  1906,  p.  373. 
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observed  that  the  yield  rapidly  decreases  as  the  temperature 
increases.  This  is  in  contrast  to  the  nitric  oxide  illustration 
where  the  yield  of  NO  from  N2  and  O2  increases  with  the  tem- 
perature. As  the  temperature  increases  in  the  SO2  +  O2  re- 
action the  values  of  the  equilibrium  constants  decrease  rapidly. 
At  temperatures  below  400°  C,  however,  the  union  of  SO2 
and  O2  is  too  slow  for  an  industrial  process.  At  this  temperature 
there  is  but  a  slight  sacrifice  of  the  percetitage  of  SOj  and  O2 
combination. 

Temperature,  however,  is  not  the  only  thing  which  influences 
a  reaction  of  this  nature.  Without  entering  into  a  mathematical 
discussion  of  the  influence  of  pressure  we  can  recall  LeChatelier's 
principle:  that  pressure  stimulates  those  reactions  involving 
contraction,  while  vacuum  encourages  those  reactions  involving 
expansion. 

Further,  temperature  and  pressure  do  not  complete  the  factors 
influencing  chemical  reactions  where  equilibriums  are  involved. 
The  third  and  important  factor  is  the  relative  concentration  of 
the  various  reacting  elements.  The  SO3  reaction  furnishes 
an  excellent  example  showing  the  influence  of  the  concentration 
of  the  combining  reagents.  Observing  the  mathematical  ex- 
pression for  the  equilibrium  relationship, 

^      ~     ^  1        'I-  °^  A ~     ^^P02 

PSOi     POi  -  PsOt 

it  becomes  evident  that  the  relative  yield  of  SO3,  with  respect  to 
SO2,  increases  as  the  partial  pressure  of  oxygen  increases,  since 
the  value  of  K  for  any  given  temperature  does  not  change. 
This  can  best  be  observed  by  giving  K  the  arbitrary  value  200, 
and  assigning  to  O2  the  partial  pressures  0.25,  0.50,  i.oo  and  2.00: 
Then 

— r  =  200  V  partial  pressure  O2 

•and  the  ratios  desired  are  given  below: 

Table  III — Effect  of  Changing  the  Concentration  of  One  of  the 
Constituents  in  an  Equilibrium 
Partial  pressure  Ratio  of 

of  oxygen  SO3  to  SOs 

0.25 100 

0.50 141 

1.00 200 

2.00 282 

This  influence  of  an  excess  of  oxygen  is  of  practical  value  and 
is  used  in  the  commercial  manufacture  of  SO3. 

SYNTHESIS    OF   AMMONIA    FROM   HYDROGEN    AND    NITROGEN 

Another  illustration  of  the  factors  entering  into  chemical 
equilibriums  involving  temperature,  pressure,  and  concentration 
is  the  Haber  method  of  manufacturing  ammonia  fro  nitrogen 
and  hydrogen.'  The  synthesis  of  ammonia  from  nitrogen  and 
hydrogen  depends  upon  the  equilibrium  represented  by  the 
■expression, 

'ANj  +  V2H2  :^     NHs  +  1300  cal. 

2  volumes  1  volume 

K   =         ^NH3 

^N2     Phi 

A  few  investigated  values  for  K  follow  :2 

Table  IV — Equilibrium  Constants  for  the   Ammonia  Synthesis 
Temperature  **  C.  K  (experimental)       K.  (calculated) 

700 0.00068 

800 0.00033         0.00036 

1000 0.000148        0.000145 

Haber'  found  that  as  the  temperature  rises  above  500°  C,  the 
yield  of  NH3  is  low,  while  below  500°  C,  the  rate  of  reaction  is 
too  slow.  He  eventually  so  perfected  his  experimental  apparatus 
that  his  yields  of  NH3  permitted  him  to  calculate  K  from  ex- 
perimental data  and  compare  the  same  with  Iheoretica!  values. 

1  Zeilsch.  f.  FJek.,  1913,  p.  53. 

"  F.  Haber,  "Thermodynamics  of  Technical  Gas  Reactions." 

•  F.  Haber,  This  Jourmal.  6  (1914).  325. 


The  close  correspondence  of  the  theoretical  and  actual  values 
indicates  how  experiment  reinforced  by  theory  will  often 
show  what  can  be  expected  in  practice  better  than  imperfect 
experimental  results  without  theory.  Without  theorj-,  in  fact, 
Haber  would  never  have  known  whether  his  experimental  work 
was  perfect,  imperfect,  or  worthless. 

In  this  ammonia  reaction,  equilibrium  relations  are  such  that 
when  the  reaction  is  practiced  under  atmospheric  pressure  the 
maximum  yield  is  not  sufEcient  to  warrant  industrial  applica- 
tion. A  yield  of  less  than  one-quarter  of  one  per  cent  is  of  little 
more  than  scientific  interest.  Through  the  introduction  of 
increased  pressures,  however,  the  contraction  from  two  volumes 
to  one  volume  is  greatly  favored  and  the  process  yielding  twelve 
per  cent  at  once  becomes  of  decided  commercial  interest.  In  the 
oxidation-of-nitrogen  process,  on  the  other  hand,  there  is  no 
change  in  the  number  of  volumes,  and  pressure  is  without  in- 
fluence on  the  reaction.  This  pressure  influence  in  connection 
with  equilibrium  relations  is  strikingly  shown  in  Table  IV.' 

Table  V — Percentage  of  NH3  in  the  Equilibrium  of  the  Reaction 
Ni  -f  3H2  -^~»'  2NHi 

Temperature  °  C. 

Pressure  . ^ 

in  atmospheres  550  650  750  850  950 

1 0.0769      0.0321      0.0159     0.0089     0.0055 

100 6.70  3.02  1.54  0.874        0.542 

200 11.9  5.71  2.99  1.68  1.07 

OTHER    APPLICATIONS   OF   EQUILIBRIUM   RELATIONS 

The  equilibrium  relationship  between  reacting  agents  persists 
throughout  all  chemical  phenomena.  The  relative  amoimt  of 
CO2  to  CO  issuing  from  a  furnace  is  primarily  a  function  of 
temperature  and  pressure,  and  is  influenced  by  the  machine  only 
in  so  far  as  the  machine  influences  these  variables.  The  equi- 
librium between  CO2  and  CO  in  the  presence  of  carbon  for  any 
temperature  is  reached  regardless  of  whether  one  starts  with 
CO  or  with  CO2,  or  with  any  mixture  of  the  two. 
CO2  -f  C  ~Z^  2CO 

PCOi 

Table  VI' — Equilibrium  Relations  between  CO  and  CO2  in  Presence 
OF  Carbon 

Per  cent  by  volume 

Temperature  °  C.  CO  COj 

450 2  98 

750 76  24 

1050 99  6  0.4 

Typical  examples  of  this  relationship  are  found  in  the  kitchen 
stove,  the  factory  boiler,  the  blast  furnace,  the  gas  machine  or 
the  open  hearth  furnace.  Doubling  the  size  of  the  blast  fiuTiace 
changes  the  relative  amounts  of  CO2  and  CO  only  so  far  as 
doubling  the  size  of  the  furnace  influences  the  temperature  in 
the  various  reacting  zones.  With  increasing  temperature  the 
percentage  of  CO  increases,  witli  decreasing  temperature  the 
percentage  of  CO2  increases.  In  the  blast  furnace,  for  instance, 
not  only  are  the  CO  and  CO2  in  equilibrium,  but  the  various 
oxides  of  iron  are  likewise  in  equilibrium  with  carbon,  CO  and 
CO2,  as  well  as  with  one  another.  Consider  the  blast  furnace 
reactions: 

2CO  :^     C         -f  "CO2 
.  FeaOa  +    CO  T^     FeaO,  +  CO2 
FeaOj  +     CO  7~^  jFeO     +  CO2 
FeO    +    CO  "7^  Fe         +  CO. 
from  the  equilibrium  point  of  view;  there  is  found  to  be  a  vital 
relationship  between  them.     On  first  sight  a  series  of  equations 
of  such  a  nature  looks  very  complex,  but  on  the  application  of 
equilibrium   relationships,   formulated   by   means  of  the   phase 
rule  diagram,  it  is  found  to  be  relatively  simple  and  clear.     Ex- 
perimental work-  has  been  done  on  these  relationships,  from  which 
it  is  possible  to  plot  the  diagram  of  equilibriums. 

1  J.  Mellor.  "Modern  Inorganic  Chemistry."  p.  713. 

'  Baur  und  Glaessner,  Z.  physik.  Clicm..  1903,  p.  354. 
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All  of  the  reactions  are  reversible,  their  direction  is  entirely 
a  function  of  temperature.  From  the  diagram,  the  fields  of 
stability  of  Fe,  FeO  and  FeaOj  in  the  presence  of  CO  and  CO2 
for  the  temperatures  shown  can  be  observed.  It  can  be  noted 
for  example,  that  FeO  at  650°  C.  is  not  stable  in  the  presence 
of  more  than  65  per  cent  or  less  than  43  per  cent  CO2.  It  be- 
comes evident  that  in  the  reduction  of  FeO  to  Fe  a  maximum  of 


BLAST  FURNACE 
EQUILIBRIUM  DIAGRAM 


FeO 


Degrees  Centigrade 


CO2  in  the  flue  gases  is  obtained  when  the  reaction  takes  place 
at  about  675°  C,  and  that  this  percentage  of  COj  decreases 
as  the  temperature  increases.  The  diagram  indicates  that  most 
of  the  reduction  takes  place  in  the  cooler  part  of  the  furnace. 

COEFFICIENT    OF    PARTITION    OR    DISTRIBUTION 

Equilibrium  conditions  also  prevail  in  the  more  purely  physical 
world  as  well  as  in  chemistry.  A  solute  which  divides  itself 
between  two  immiscible  solvents  will  always  be  found  in  a  definite 
concentration  in  both  solvents,  and  there  will  always  be  a  definite 
ratio  between  the  concentration  in  each.  This  ratio  is  known 
as  the  partition  or  distribution  coefficient.  I  will  cite  first  the 
laboratory  example  dealing  with  iodine,  water  and  carbon  di- 
sulfide. Iodine  is  slightly  soluble  in  water  and  much  more  soluble 
in  carbon  disulfide,  while  water  and  carbon  disulfide  are  prac- 
tically insoluble  in  each  other.  Suppose  we  have  both  water 
and  carbon  disulfide  in  one  vessel  and  add  some  iodine.  It 
has  been  observed  from  experiments  that  the  concentration  of 
iodine  in  the  carbon  disulfide  is  588  times  the  concentration  of 
iodine  in  water.     In  other  words, 

CcSj  .00 


A'lodine    = 


CH2O 


In  similar  manner,  iodine  divides  itself  between  ether  and  water 
so  that  the  concentration  of  iodine  in  the  ether  is  200  times  the 
concentration  of  iodine  in  the  water. 

A-Iodine    =     'i''^     =   200 
t' water 

Similar  examples  can  be  found  in  the  distribution  of  acetic  acid 

between  benzene  and  water,  benzoic  acid  in  benzene  and  water, 

succinic  acid  in  ether  and  water,  acetic  acid  in  chloroform  and 

water,  saccharin  in  ether  and  water,  acetanilid  in  ether  and  water, 

vanillin  in  ether  and  water,  or  acetanilid  in  chloroform  and  water. 

This  aspect  of  equilibrium  is  finding  application    in   analytical 

chemistry,  more  especially  in  that  branch  dealing  with  alkaloids.' 

'  J.  W.  Marden,  This  Journal,  6  (1914),  315. 


Through  its  application  the  haphazard  washing  out  process  in 
alkaloid  work  is  replaced  by  one  of  mathematical  precision. 
Technical  application  can  be  found  in  Parke's  process  for  ex- 
tracting silver  from  lead.  Silver  is  very  much  more  soluble  in 
zinc  than  in  lead,  whereas  lead  and  zinc  are  only  slightly  soluble 
in  each  other.  The  lead  containing  silver  is  melted  and  thor- 
oughly mixed  with  a  small  proportion  of  zinc.  The  zinc  floats 
to  the  top,  carrying  with  it  in  solution  practically  all  of  the  silver, 
and  on  cooling  solidifies  while  the  lead  is  still  molten.  The  zinc- 
containing  the  silver  is  then  skimmed  off,  and  these  two  con- 
stituents separated. 

Lack  of  time  forbids  the  consideration  of  the  equilibrium  re- 
lationships existing  in  the  ionization  of  acids,  bases  and  salts^ 
Their  application  in  analytical  chemical  methods  is  today  a 
reality;  their  technical  application  promises  much. 

EQUILIBRIUM  RELATIONS  ARE  OF   GENERAL  APPLICATION 

The  equilibrium  or  kinetic  relationship  is  accepted  and  used  by 
theoretical  chemists,  and  is  believed  to  prevail  in  practically  all 
fields' of  chemistry.  When  considered  in  mathematical  units 
it  changes  qualitative  suggestion  into  quantitative  information. 
Equilibriums  deal  with  yields  in  terms  of  percentages  or  weights, 
they  deal  with  temperature,  pressure  and  concentration  in 
numerical  terms.  When  so  applied,  they  are  concrete  and 
cease  to  be  morf  theoretical  than  any  other  mathematical  state- 
ment. 

Equilibriums  exist  between  reacting  agents  in  solution;  between 
reacting  liquids;  between  liquids  and  vapors;  solids  and  liquids;: 
solids  and  gases ;  between  gases  which  react  chemically ;  between 
the  concentrations  of  a  solute  divided  between  two  immiscible 
solvents;  in  the  ionization  of  acids,  bases  and  salts,  in  hydrolysis; 
and  saponification;  in  fact  in  all  the  chemical  and  physical 
phenomena  with  which  the  chemist  or  the  chemical  engineer 
deals.  The  industrial  development  and  application  of  physical 
chemistry,  including  this  equilibrium  principle,  is  only  partially 
realized  today;  its  further  development  and  application  seem  to 
depend  largely  upon  competition  and  necessity,  and  the  stimulus 
they  offer  to  the  inventive  faculties  of  chemical  engineers  as  the 
leading  specialists  in  this  most  promising  field  of  our  science. 
Chemical  Engineering  Laboratory 
Columbia  University 
New  York 


STANDARDS  OF  FOOD  AND  DRUG  CHEMISTS' 

By   Edw.^rd  C.udeman 

The  Food  and  Drug  chemists  are  those  who  today  are  and 
should  be  vitally  interested  and  concerned  with  the  health  and 
well-being  of  the  inhabitants  of  communities,  state  and  nation. 
What  is  the  standing  of  the  chemists  in  the  United  States,  not 
as  we  see  ourselves  but  as  others  see  us?  In  fact  do  we  as  a 
profession  exist  at  all?  Have  we  any  rights  or  standing  and  if 
so,  where,  what  are  they,  how  do  we  get  them  and  what  do  they 
amount  to,  outside  of  our  own  family  circle? 

I  broached  this  matter  before  our  local  Chicago  Section  and 
was  told  that  my  remarks  were  funny,  which  recalled  to  me  what 
a  great  German  poet  and  philosopher  said — "Die  Sache  ware 
lacherlich,  ware  sie  nicht  so  fiirchterlich,"  freely  translated  as — 
"The  matter  would  be  laughable,  were  it  not  so  terrible." 

Have  you  recognized  that  every  great  discovery  or  advance- 
ment, made  within  the  last  decade  or  two,  that  directly  affects 
the  health  and  well-being  of  the  human  race,  depends  directly 
on  chemistry  and  its  apphcation?'  All  advances  and  progress 
in  biology,  physiology,  medicine,  pharmacy,  dentistr>%  veterinary 
practice,  sanitation  and  health  protection  of  the  individual  or 
community  is  directly  based  on  a  chemical  foundation.  Let 
me  illustrate  with  a  recent  publication,  Science,  March  27,  1914, 
"Action  on  Vital  Stains,  Etc,"  by  Evans  and  Schulemann, 
'  Presented  at  the  49th  Meeting  of  the  American  Chemical  Society. 
Cincinnati.  April  6-10.  1914. 
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giving  the  results  of  biological,  physiological,  medical  research 
work  affecting  the  human  body,  based  directly  on  the  most 
modern  branch  of  chemistry,  that  of  the  colloids.  Not  alone 
internal  medicine,  but  surgery  of  today  uses  chemical  substances 
to  act  on  the  nerves  or  nerve  centers  to  overcome  "shock." 
Arc  we  not  today,  in  the  chemical  laboratories,  separating  and 
manufacturing  the  substances  that  cause  toxic  and  anti-toxic 
effects?  Do  we  not  know  today  that  digestion  is  not  due  to 
"organs"  or  a  "vital"  force,  but  that  it  is  a  direct  analytical  or 
synthetic  chemical  process?  Do  we  not  produce  today  outside 
of  the  animal  body  the  exact  products  that  are  produced  in  the 
body?  I  am  certain  that  many  diseases  will,  within  a  reasonable 
time,  be  greatly  benefited  by  direct  chemical  treatment.  As 
a  special  example  I  wish  to  cite  the  use  of  sulfurous  acid  fumes 
and  chemical  anti-toxic  serums  in  the  treatment  of  the  early 
stages  of  tuberculosis. 

We  use  many  descriptive  adjectives  in  connection  with  our 
profession,  such  as  medical,  biological,  physical,  electrical, 
pharmaceutical,  sanitary  and  XYZ  chemistry,  making  our 
profession  the  handmaid  to  the  other  professions.  Let  us  see 
where  the  agricultural,  food  or  drug  chemist  stands  today 
compared  with  other  professions,  such  as  the  medical,  phar- 
maceutical, veterinary  and  legal  professions.  Is  it  not  true 
that  to  practice  any  of  these  professions  in  most  states  or  com- 
munities, a  diploma  from  a  recognized  institute  of  learning  is 
required,  besides  a  special  license  or  permission  to  practice? 
Is  not  such  license  issued  only  by  some  board  or  commission  or 
committee,  on  whom  is  conferred,  often  by  legislative  act,  the 
right  to  issue  such  permit?  The  granting  of  such  license,  with 
or  without  special  examination,  carries  with  it  the  legal  right  to 
kill  or  cure,  the  right  of  depriving  you  of  your  liberty  for  a 
greater  or  lesser  time.  All  these  professions  have  conferred  on 
them  the  legal  or  public  right  to  render  their  verdict  of  "to  be 
or  not  to  be."  Where  does  the  chemist  come  in?  We  do  not 
even  get  the  leavings.  "  There  ain't  no  core  "  for  us,  as  the  other 
professions  are  individually  or  collectively  the  whole  thing,  and 
we  chemists  are  the  bung-hole  of  the  barrel,  a  perfect  nothing. 

It  is  true  that  a  limited  number  of  chemists  have  some  "rec- 
ognized" standing.  I  refer  to  the  so-called  "official"  chemists. 
Who  are  they  as  a  body,  and  what  makes  them  "official," 
and  what  does  the  designation  "official"  mean?  Anybody  or 
any  concern,  any  school,  college  or  university,  private  or  in- 
corporated, can  attach  to  itself  a  chemist  and  immediately  such 
chemist  becomes  the  "official"  chemist  of  the  party,  concern  or 
institution,  and  remains  such  official  chemist  as  long  as  he  re- 
mains on  the  payroll;  with  the  loss  of  the  position  goes  the 
"official"  standing.  I  am  not  against  the  "official"  chemist 
as  I  have  to  admit  that  I  am  one  myself. 

Now  what  standing  has  an  "official"  chemist?  Many  of 
you  may  agree  or  disagree  with  me,  that  as  soon  as  one  qualifies 
in  court  as  an  "official"  chemist,  more  weight  is  given  to  the 
testimony,  than  to  that  of  the  non-official  chemist,  without  due 
consideration  to  the  ability  or  capability  of  the  chemists  involved. 
Often  the  qualification  as  an  "EX  Official"  gives  extra  weight 
to  the  testimony.  Often  official  chemists  from  the  same  labora- 
tory testify  on  collaboration  work,  thereby  getting  the  double 
advantage  of  that  due  to  the  "official"  standing  and  the  pre- 
ponderance of  testimony.  It  is  unfortunate  that  the  courts 
often  hold  the  testimony  of  the  "official"  chemist  as  being 
neutral  and  unprejudiced,  and  the  testimony  of  the  non-official 
chemist  as  that  of  a  partisan.  This  applies  more  especially  to 
official  chemists  connected  with  city,  state  or  national  bodies. 
My  own  observation  has  been  that  there  are  as  many  non- 
partisan non-official  chemists  as  there  are  partisan  official 
chemists,  and  I  have  also  found  that  change  from  ' '  official ' ' 
to  "non-official"  chemist  often  carries  with  it  a  quick  and 
radical  reversal  of  opinion. 

The  chemical  profession  is  not   recognized   as  it  should  be, 


since  we  have  no  legal  or  legislative  standing,  such  as  have  the 
other  professions  mentioned.  It  is  a  fact  that  in  the  State  of 
Illinois,  you  cannot  run  an  automobile  or  an  engine,  nor  a 
barber-shop,  nor  can  you  be  a  boot-black,  nor  an  undertaker, 
without  having  a  special  city  or  state  Hcense  to  practice  these 
professions,  and  in  many  cases  a  special  examination  is  required 
to  obtain  the  license.  I  am  perfectly  aware  that  many  "official" 
chemists  qualify  through  having  passed  civil  service  examina- 
tions. Those  of  us  who  have  passed  this  ordeal  and  gone 
through  this  farce,  will  also  agree  that  the  less  said  about  these 
examinations  the  better  for  the  chemical  profession. 

Bills  introduced  into  our  legislative  bodies,  city,  state  or 
nation,  are  good  barometers  indicating  the  standing  of  our 
profession  in  the  eyes  of  our  law  makers.  I  shall  take  up  only 
one  such  bill,  a  Federal  bill,  as  it  is  fully  up  to  the  average. 
This  bill  defines  the  term  "drug"  as  any  substance  to  be  used 
for  the  cure,  mitigation  or  prevention  of  disease  of  man  or  other 
animals,  and  includes  among  the  drugs  also  soda  and  potash 
lye,  cosmetics,  tobacco,  snuff,  tobacco  substitutes  and  all  other 
tobacco  products.  The  bill  then  shows  up  the  chemists  by  re- 
quiring "*  *  *  *  *  *  or  any  other  drug  or  medicinal 
preparation  which  is  not  marked  to  show  that  it  has  been 
MANUFACTURED  Or  COMPOUNDED  by  a  legally  registered  or 
qualified  practitioner  of  medicine  or  pharmacy  who  holds  an 
unsuspended  or  unrevoked  license  issued  by  the  Secretary  of 
Agriculture  both  in  the  state  in  which  said  physician  or 
pharmacist  resides  and  in  the  state  in  which  the  said  remedy 
is  to  be  sold      *****•• 

Also:  "All  these  articles  or  preparations  when  offered  for  sale, 
except  prescriptions  of  licensed  practitioners  of  medicine  or 
DENTAL-SURGERY  Or  VETERINARY  SITRGEONS  in  the  Course  of 
their  personal  practice  shall  bear  a  label  containing  not  only  the 
name  by  which  they  are  known  but  also  the  names  of  the  parent 
substances  from  which  they  are  derived." 

This  bill  creates  a  monopoly  for  the  medical  man  and  the 
pharmacists  in  the  manufacture  of  food  and  drug  products. 
There  are  some  very  good  points  in  the  bill,  as  tobacco,  snuff 
and  other  tobacco  products  must  come  up  to  a  fixed  standard. 
You  must  be  sure  that  you  do  not  handle  any  smoking,  chewing 
or  snuffing  tobacco  that;  "consists  in  whole  or  in  part  of  filthy, 
decomposed  or  putrid  animal  or  vegetable  matter."  It  may 
be  on  account  of  the  animal  matter  in  tobacco  that  the  bill 
recognizes  the  veterinary  profession.  The  exclusion  of  some 
kinds  of  vegetable  matter  from  tobacco  may  help  reduce  the 
high  cost  of  living,  by  forcing  back  into  its  natural  food  channel — 
cabbage.  Another  excellent  point  in  this  bill  is  that  it  does 
away  with  the  misunderstanding  as  to  "like  substances"  found 
in  the  Food  and  Drugs  Act  of  June  1906.  This  new  bill  does  not 
recognize  that  term  and  replaced  it  with  the  easily  understood 
term  of  "similar  substances." 

As  I  do  not  want  to  start  any  discussion  on  State  Rights, 
I  have  selected  a  bill  introduced  into  Congress  by  a  member 
from  Illinois. 

Does  it  not  strike  you  as  peculiar,  to  use  a  very  mild  ex- 
pression, to  find  legislative  acts,  enumerating  a  large  number  of 
drugs  and  chemical  products,  or  derivatives  of  parent  chemical 
l)roducts,  pure  chemicals  and  synthetic  products  of  the  chemical 
laboratories,  all  full-fledged  children  of  chemistn,',  not  even 
half-orphans,  and  the  chemists,  the  natural  parents  or  guardians 
of  their  offsprings,  absolutely  ignored,  and  the  manufacture 
and  sale  directly  placed  under  the  supervision  of  only  distant 
relatives,  those  belonging  to  the  medical,  pharmaceutical  or 
VETERINARY  professions:"  What  is  the  reason?  Is  it  due  or 
partly  due  to  the  fact  that  anybody  can  call  himself  a  chemist 
in  the  united  states  and  get  away  with  it?  Is  it  because  the 
standard  or  quality  of  any  food  or  drug  can  be  passed  on  by 
anybody?  Is  it  not  time  for  the  chemists,  especially  those  who 
are  interested  in  the  health  and  welfare  of  their  fellow  beings, 


Aug..  1014 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


689 


to  do  something,  to  get  the  recognition  due  them  and  to  place 
the  profession  on  the  high  plane  which  it  should  occupy?  In 
Illinois  the  only  two  scientific  professions  that  can  be  followed 
by  anyone  without  license,  or  permit,  or  qualification  to  practice, 
are  those  of  cooks  and  chemists.  What  shall  we  do  and  what 
is  the  cure,  remedy  or  prevention?  Is  it  not  time  for  the 
CHEMIST  to  take  a  stand  for  a  standard  of  the  chemist? 
Postal  TeliiGr.\ph  Building,  Chicago 


THE  CHEMIST,  A  GROWING  FACTOR  IN  MERCHAN- 
DIZING' 

By  A.   V.   H.   MoRv 

That  the  chemist  has  for  some  time  been  a  very  important 
factor  in  manufacture  is  everywhere  well  recognized.  On  the 
other  hand,  his  employment  by  the  consumer  has  been  practically 
limited  to  the  extent  that  the  manufacturer  is  also  a  consumer. 
Until  recently  the  small  consumer  has  enjoyed  the  benefits  of 
chemical  control  only  to  the  extent  that  control  of  raw  materials 
and  improvement  of  processes  of  manufacture  work  indirectly 
to  his  advantage. 

Under  the  old  trade  maxim,  "Let  the  buyer  beware,"  the  need 
for  more  than  off-hand  inspection  of  purchases  on  the  part  of 
the  small  consumer  has  been  great,  but  his  ability  to  afford  such 
inspection  plainly  negligible. 

At  an  early  day  little  protection  was  needed  by  the  consumer 
since  many  of  the  necessities  of  life,  and  such  luxuries  as  were 
afforded,  were  produced  at  home.  Later,  when  the  factory 
began  to  replace  the  kitchen,  the  churn,  the  spinning  wheel  and 
the  loom,  and  powdering,  mixing,  coating,  coloring,  flavoring 
and  preserving  frequently  made  the  original  raw  material  well- 
nigh  unrecognizable,  sophistication  became  increasingly  difficult 
of  detection.  With  the  introduction  of  package  goods  and  the 
necessary  label  came  also  the  opportunity  and  temptation  to 
misrepresent. 

It  is  well  to  remember  in  this  connection,  however,  that  the 
beginnings  of  adulteration  and  misbranding  were  certainly  the 
work  of  only  a  relatively  small  class  in  the  community — the  unfair 
minority — though  it  must  be  admitted  that  with  unfair  compe- 
tition thus  set  up,  the  relatively  honest  majority  too  often  felt 
the  necessity  of  meeting  such  competition  in  kind. 

The  introduction  of  these  abuses  was  naturally  a  gradual 
process,  as  was  also  the  development  of  resentment  on  the  part 
of  the  consumer,  but  the  latter  finally  began  to  feel  that  under 
our  form  of  government,  in  which  the  majority  is  at  least  en- 
titled to  rule,  the  interest  of  the  consumer,  who  is  in  the  vast 
majority,  is  certainly  the  matter  of  first  consideration.  This 
awakening  public  sentiment  has  caused  the  enactment  of  com- 
modity laws,  which  though  designed  originally  to  protect  the 
consumer,  are  bound  to  result  through  the  elimination  of  unfair 
competition  in  great  good  to  the  majority  of  producers  and  dis- 
tributors as  well. 

This  "business  honesty"  legislation  began  with  laws  govern- 
ing the  character  and  description  of  commodities  related  in  part 
to  the  matter  of  public  health,  viz.,  foods  and  drugs,  but  has 
already  been  supplemented  by  laws  regulating  the  character 
.and  description  of  other  commodities  and  is  rapidly  spreading 
in  its  application  to  the  whole  business  fabric.  The  public 
sentiment  that  is  bringing  this  about  is  no  doubt  being  influenced 
ty  the  fact  that  the  enforcement  of  these  food  and  drug  laws  has 
uncovered  more  of  simple  fraud  than  of  injury  to  health.  As 
greatly  to  be  desired,  therefore,  as  is  the  protection  of  the  health 
of  the  people,  still,  where  health  is  not  involved,  there  is  no  logic 
m  requiring  a  higher  standard  of  honesty  for  one  class  of  com- 
modities than  for  another.  As  there  can  be  no  doubt  of  the 
permanency  of  these  initial  laws,  we  may  expect  the  future  to 
give  us  laws  designed  to  eliminate  fraud  not  only  from  foods  and 
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drugs  but  from  commodities  in  general.  A  beginning  made  in 
the  case  of  insecticides,  paints,  and  honest  weights  and  measures, 
is  destined  soon  to  be  extended  to  include  textiles,  metals  and 
other  commodities  whose  off-hand  valuation  is  difficult  or  im- 
possible. 

Again  since  the  individual  consumer  has  little  or  no  oppor- 
tunity to  protect  himself  when  off-hand  inspection  is  inade- 
quate, we  are  coming  to  recognize  that,  as  representing  the  vast 
majority  of  the  people,  he  is  entitled  to  the  protection  that  comes 
from  placing  the  responsibility  as  to  quality  and  description 
upon  the  producer  and  distributor.  And  so  it  is  that  the  old 
rule  of  trade,  "Let  the  buyer  beware,"  is  giving  place  to  the 
more  logical  and  fair  requirement,  "Let  the  seller  beware,"  a 
principle  which  finds  its  natural  expression  in  the  commodity 
law. 

Though  this  new  rule  of  trade  is  coming  in  through  the  demand 
of  the  buyer,  still  the  far-sighted  seller  is  beginning  to  look 
upon  it  as  more  of  an  as.set  than  a  liability.  He  knows  that 
permanent  success  must  rest  on  the  continued  satisfaction 
of  the  buyer,  and  that  this  satisfaction  may  be  depended 
on  to  continue  only  so  long  as  he,  the  seller,  is  willing  to 
take  upon  himself  the  obligation  of  seeing  that  the  quality,  as 
well  as  the  price,  is  right.  Furthermore,  he  knows  that  the 
degree  of  the  buyer's  satisfaction  depends  not  entirely  on 
value,  since  the  buyer  may  not  be  a  good  judge  of  values,  but 
depends  rather  on  the  ratio  between  realization  and  expecta- 
tion— a  fact  suggesting  the  disadvantage  of  extravagant  adver- 
tising. Accordingly,  the  merchant  is  coming  to  believe  that 
the  only  permanent  basis  of  successful  merchandizing,  at  least  in 
this  day  and  age,  lies  in  the  sale  of  none  but  dependable  goods, 
and  that  through  a  medium  of  advertising  that  is  both  truthful 
and  accurate. 

The  notion  that  the  merchant's  obligation  is  fulfilled  when  he 
sells  his  wares  simply  for  what  they  are  represented  to  him  to  be 
is  rapidly  passing,  along  with  the  fallacy  that  the  press  has  no 
responsibility  for  the  character  of  its  advertising  matter.  Like- 
wise the  merchant  who  hides  behind  the  excuse  that  he  has  no 
way  of  knowing  whether  or  not  his  goods  are  what  they  are  rep- 
resented to  him  to  be,  is  going  to  have  to  give  way  to  the  merchant 
who  acquires  means  of  finding  out. 

It  is  here  that  the  chemist  makes  his  entrance.  His  is  the 
work  of  appraising  value  when  off-hand  inspection  proves  inad- 
equate— the  work  of  finding  the  small  percentage  of  cotton  in 
the  "all  wool"  suit,  an  adulterant  which  the  touch  of  the  expert 
might  fail  to  reveal;  of  finding  the  same  cheaper  fiber  that  may 
lessen  the  value  of  the  linen  table  cloth  and  the  silk  dress;  of 
determining  whether  or  not  the  filled  gold  watch  is  indeed  worthy 
of  the  name;  whether  the  linseed  oil  is  true  to  name  and  the 
turpentine  not  obtained  in  part  from  mother  earth  or  from 
another  cheap  source.  Indeed  the  merchandise  chemist's  prob- 
lems may  well  be  many,  if  he  turn  his  attention  to  all  that  might 
be  improved  through  his  criticism.  If  his  work  lie  in  the  field 
of  foods,  drugs,  insecticides,  or  in  any  other  covered  by  inspec- 
tion laws,  he  has  the  added  responsibility  of  protecting  his  em- 
ployer from  the  bad  advertising  that  even  being  the  distributor 
of  illegal  goods  is  likely  to  entail.  The  guaranty  of  the  seller 
may  be  depended  on  to  forestall  prosecution,  but  ignorance  as 
an  explanation  of  the  possession  of  contraband  goods  cannot 
be  expected  to  satisfy  the  customer.  There  is  therefore  a  growing 
suspicion  that  the  safe  course  lies  in  criticizing  one's  own  product 
more  severely  than  any  public  official  would  have  the  heart  to. 

Possibly  some  may  be  thinking  of  our  merchandise  chemist 
as  an  analyst,  pure  and  simple,  but  he  must  be  more  than  this. 
To  be  sure,  analysis  must  precede  criticism,  but  criticism,  which 
is  the  interpretation  of  analysis — the  rendering  of  an  opinion 
as  to  value — is  the  service  really  required. 

As  value  is  a  purely  relative  matter,  no  opinion  worth  while  is 
possible  without  a  standard  for  comparison.     The  selection  of 
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suitable  standards  is  a  work  of  first  importance,  therefore,  and 
one  of  no  little  difficulty.  Much  along  this  line  has  been  and  is 
being  done  by  various  organizations,  but  a  much  greater  part 
remains  to  be  done.  With  the  advent  of  commodity  laws  has 
naturally  come  greater  attention  to  standards  as  a  necessary 
basis  .of  criticism  of  both  product  and  label,  and  much  of  value 
is  to  be  expected  from  this  source. 

We  turn  aside  to  observe,  in  this  connection,  that  these  com- 
modity laws  can  scarcely  serve  the  consuming  public  better  than 
through  the  establishment  of  standards  specifying  properties 
and  constituents,  and  even  origin  and  method  of  production 
when  necessary,  since  the  general  adoption  of  such  standards 
will  tend  in  the  long  run  not  only  to  improve  quality  but  to  re- 
duce the  cost  to  the  consumer.  We  hear  much  of  the  advantage 
by  way  of  uniformity  of  quality,  that  is  associated  with  pro- 
prietorship and  the  "coined  name,"  but  this  advantage  too  often 
costs  the  public  much  more  than  it  is  worth.  The  justice  of 
rewarding  the  author  of  a  new  and  useful  idea,  as  voiced  in  our 
patent  laws,  is  easily  granted,  but  the  collection  of  tribute 
through  the  employment  of  secrecy  and  much  advertising  is 
quite  another  matter.  When  superiority  is  measured  largely 
or  entirely  in  terms  of  printer's  ink,  the  consumer  pays  the 
printer  and  gets  little  or  nothing  but  misinformation  for  his 
added  expenditure.  The  remedy  for  such  abuses  must  ccme, 
in  part  at  least,  through  the  adoption  of  commodity  standards. 

In  this  work  of  the  preparation  of  standards,  in  fact,  wherever 
opportunity  offers,  the  merchandise  chemist  may  logically  join 


hands  with  those  engaged  in  the  enforcement  of  commodity 
laws,  since  such  laws  are  now  generally  acknowledged  to  give 
expression  to  the  principles  underlying  permanent  success  in 
his  own  field.  He  must  furthermore  keep  in  close  touch  with 
all  the  laws  that  affect  his  goods,  for  he  must  conform  to  the  letter 
as  well  as  to  the  spirit  of  the  law. 

It  is  plaiiJy  this  necessity  of  meeting  the  requirements  of 
commodity  laws,  present  and  to  come,  that  is  largely  respon- 
sible for  the  growing  demand  for  the  chemist  in  the  field  of  mer- 
chandizing. It  is  important  to  note  in  this  connection  that 
though  our  present  commodity  laws  have  come  through  the  de- 
mand of  the  consumer,  our  future  laws  of  this  sort  are  likely  to 
be  welcomed  (as  is  the  continuance  of  our  present  laws  desired) 
by  the  business  world,  which  is  coming  to  look  upon  success  as 
something  to  be  attained  through  serv^ice  rather  fhan  through 
exploitation,  and  is  tending  to  be  guided  by  an  enlightened  self- 
interest  that  welcomes  the  law  that  commands  strict  obedience 
to  basic  principles  of  honesty,  since  thereby  comes  the  elimination 
of  unfair  competition. 

That  we  are  destined  to  have  general  commodity  laws  in  the 
not  distant  future  appears  certain.  Even  without  the  necessity 
of  law  obedience  a  broad  merchandizing  policy  is  already  finding 
much  need  for  the  chemist.  With  the  coming  of  general  com- 
modity laws  there  will  be  added  many  new  fields  in  which  the 
importance  of  the  chemist's  work  will  amount  to  a  necessity. 
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CHEMICAL  INDUSTRY  AND  TRADE  IN  AMERICA  IN  1913 

In  an  article  in  Chemie,  June  6,  1914,  a  large  amount  of  sta- 
tistical data  concerning  chemical  trade  in  this  country  appear. 
It  is  as  yet  too  early  to  gain  from  these  data  any  precise  informa- 
tion as  to  the  permanent  eiTect  of  the  new  tariff  on  this  branch 
of  foreign  trade,  but  it  is  stated  that  the  imports  of  chemicals, 
drugs,  dyes  and  medicines  in  November  and  December  of  last 
year  were  about  five  million  dollars  less  than  in  the  same  months 
of  the  previous  year,  while  the  value  of  these  articles  imported 
during  the  whole  of  1913  was  in  round  numbers  $101,000,000 
as  compared  with  $87,000,000  in  1912.  Of  these  materials, 
goods  to  the  value  of  $67,000,000  came  in  duty-free.  The 
exports  of  these  classes  of  articles  amounted  to  $27,000,000 
in  1913  and  $26,000,000  in  1912. 

In  general,  chemical  technology  is  not  as  advanced  in  this 
country  as  in  Europe,  and  it  is  those  things  that  are  manufactured 
by  comparatively  simple  methods,  such  as  sulfuric  acid,  soap, 
cement,  petroleum  products,  and  vegetable  oils  that  form  the 
bulk  of  American  chemical  manufactures.  While  the  manu- 
facture of  complicated  organic  products  like  artificial  perfumes 
has  increased  greatly  in  the  last  few  years,  the  inorganic  and 
electro-chemical  fields  are  the  most  highly  developed. 

The  petroleum  trade  in  its  relation  to  Germany  is  shown  in 
the  following  table: 

Oil  Exports  to  Germany 

1911  1912  WM 

Light  oils $,5,510,000  $.'). 502,000  $4,526,000 

atine  and  heavy  paraffin 

2,628,000  3,284,000  3,661,000 


Exports  of  gasoline  have  increased  enormously  but  the  amount 
sent  to  Germany  is  not  given  in  the  statistics.  In  1913,  Belgium 
imported  $276,000  and  Holland  $905,000  worth,  while  to  the 
rest  of  Europe  the  United  States  sent  $4,600,00  worth. 

The  chemical  and  related  imports  into  and  exports  from  the 
United  States  in  1913  were  as  follows: 


CHEMICALS 
Arsenic  and  arsenic  sulfide. 

Calcium  chloride 

Calcium  nitrate 

lodii 


1912 

S     247,000 

597,000 

689.000 

737,000 

Magnesite 1 .266,000 

706.000 

.     51.000 

372.000 

404.000 

217,000 


Acids 

Carbolic 

Acetic 

Oxalic 

Other  acids,  duty  free. 
Other  acids,  dutiable. . 


POTASSIUM   SALTS 

Potassium  carbonate $658,000 

Caustic  potash 366,000 

Caustic  potash,  not  less  than  15  per  cent 

caustic  soda .... 

Potassium  cyanide 170,000 

Potassium  chloride 7,229,000 

Potassium  sulfate 1.770.000 

Saltpeter,  crude 216.000 

Other  salts :  317.000 

SALT.S 


AMMONIUM    S.^LTS 

1  chloride S     553,000 

1  sulfate 3.447.000 

Sulfur .■ .  495,000 

Iron  pyrites 3.861 .000 

Tartar,  crude 2,526.000 


Opiu 
Opiu 
Opiu 


MEDICINES,    DRUGS,    ETC. 

(at  least  9  per  cent  morphine) 

from  England 

from  Turkey 

bark 

Quinine,  all  forms 

Medicinal  preparations 

Amyl  alcohol 

Hops 

Licorice 

Vanilla  beans 

Mineral  water 

FERTILIZERS 


$2,220,000 

489,000 

1.614,000 

310,000 

482,000 

1 .642.000 

1 . 336 , 000 

2,592,000 

1 ,806,000 

2. 528.000 

967,000 


Guano  S     336.000 

Bone  meal 847,000 

Kainite                                    2.386.000 

Salts. . . . .', 1 .795.000 

Other  fertilizers 3.528,000 


1913 

5     276,000 

510.000 

500,000 

521,000 

1:669.000 

558.000 

365 ! 000 
383.000 
533.000 


89.000 

105.000 

7,120,000 

1,633.000 

263.000 

555,000 


S  466.000' 
3.957,000 
278,000 
3,611.000 
2,779,000 


$2,391,000- 

269,000 

1.910.000 

367,000 

562,000 

1.430.000 

1,087,000 

2,946,000 

1 .775,000 

2,530,000 

993,000 


$  538.000 
837,000 
2,207,000 
2,150,000 
4,996.000' 
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OILS,    WAXES,    ETC.  1912 

Ethereal  oils: 

Lemon  oil ?     511,000 

Other  ethereal  oils,  duty-free 2 ,  542  ,  000 

Other  ethereal  oils,  dutiable 1 .064.000 

Plant  oils: 

Cocoa  butter 1 ,2.')8,000 

Cocoanut  oil.  crude 3  ,865  ,000 

Linseed  oil 193,000 

Cottonseed  oil 117, 000 

Peanut  oil 670 .  000 

Chinese  nut  oil 2,829,000 

Olive  oil.  technical 469,000 

Olive  oil.  table  oil 7.147,000 

Rapeseed  oil 698  ,000 

Palm  oil 3,443,000 

Palm  oil,  from  seed 2,139,000 

Soya  bean  oil 1,361.000 

Fish  and  codliver  oil 882,000 

Mineral  oils,  crude 4 ,  656 ,  000 

Benzine,  gasoline,  naphtha 1  ,218,000 

Other  oils 159,000 

Wax,  mineral 489 ,  000 

Wax,  vegetable 1 ,088,000 

Glycerine,  crude 3,655,000 

Olive  oil  residue 925  .000 

Other  fats  and  oils 706.000 

Gelatin 129,000 

DYES    AND   TANNING    MATERIALS 

Alizarine  and  alizarine  dyes $1 ,504,000 

Coal  tar  dyes 7,317,000 

From  Germany 6,001  ,000 

From  England 222,000 

From  Switzerland 835  .  000 

From  other  countries 258  ,  000 

Aniline  salts 354,000 

Indigo,  natural  and  synthetic 1,212. 000 

Paints,  pigments,  varnishes 512  ,000 

Logwood 512. 000 

Dye  woods 44 .  000 

Mangrove  bark 395  .  000 

Quebracho  wood 1  ,039.000 

Sumach 380 ,  000 

Dye  and  tanning  extracts 1  .  789  .  000 

■Other  tanning  materials 339  .000 

Pencils  and  pencil  leads 535,000 

GUMS    AND    RESINS 

Camphor,  crude  and  natural $     747  ,000 

Camphor,  refined  and  artificial 84.000 

Chicle :  3,646.000 

Copal,  Kauri  and  Dammer 2,081 ,000 

Gambir 876,000 

Shellac 2,472.000 

Other  resins,  duty-free 2,204,000 

Other  resins,  dutiable 188.000 

RUBBER    AND    RUBBER    SUBSTITUTES 

Balata $     668,000 

<3uahule 5,625.000 

Guttajulatong 2.215.000 

Gutta-percha 157  ,000 

Caoutchouc 99.567.000 

Caoutchouc,  waste 2,973. 000 

Caoutchouc  substitutes 92.000 

Origin  of  caoutchouc  imports: 

Belgium 6,091,000 

Germany 7,073. 000 

England 35,358,000 

France 3  ,  398 .  000 

Portugal 1 ,  102,000 

Brazil 32,133,000 

East  Indies 9 ,  040 .  000 

Mexico 1  .734,000 

MISCELLANEOUS    IMPORTS 

.Asbestos $\  ,456,000 

Asbestos  goods 364 ,  000 

"Graphite 1,709.000 

Mica 745.000 

Platinum,  crude 1.717, 000 

Platinum,  in  blocks,  sheets,  etc 2.618.000 

Platinum,  laboratory  apparatus 160,000 

Coal  tar  preparations  not  otherwise  listed, 

duty-free 1  ,  004 .  000 

Coal  tar  preparations,  dutiable ' 661 .000 

Creosote  oil 2 .  908 .  000 

Glue 1 7 1 , 000 

Glue,  crude 1,733.000 

Perfumes  and  toilet  articles 1.810. 000 

Soap,  Marseilles 408,000 

Other  soaps 411, 000 

Photographic  paper 1,147, 000 

Photographic  plates  and  films 621 .000 

Explosives 614.000 

Matches 649 ,  000 

Artificial  silk 1  ,869,000 

Cement ,  .  94,000 

EXPORTS 

CHEMICALS.    DRUGS.    ETC. 

Calcium  carbide $     960 ,  000 

Calcium  acetate 1 .891  .000 

Sulfuric  acid 94  ,  000 

Other  acids 372^000 

Copper  sulfate 325  '  000 

Sulfur 1.076, 000 

Methyl  alcohol 594  .  000 

Dyes US  ,000 

Tan  bark  extract 4'M  .  01  ti  1 

Baking  powder 784  ,  00(1 

Washing  powder 40' ' .  1  h  11 ) 

Vaseline,  etc 247  , 000 

Ginseng 1 ,606.000 

Roots,  herbs,  barks,  etc 447  .  000 

Patent  medicines 7,608.000 


?  721.000 
2 . 804 , 000 
1,196,000 

1,223,000 

6,258,000 

87,000 

724,000 

I ,038,000 

2,370.000 

369.000 

6.777.000 

712,000 

3.631 ,000 

2,445,000 

693 , 000 

834 , 000 

10.945,000 

1,472,000 

580.000 

555.000 

1, 146.000 

4,695,000 

7 1 7 . 000 

439 , 000 

624,000 

SI, 493, 000 

7,111,000 

5,778,000 

239.000 

839.000 

256.000 

324.000 

1.138.000 

469,000 

469,000 

86,000 

245,000 

990.000 

2 1 8 . 000 

2,221 .000 

401 ,000 

599,000 

51,118.000 

211,000 

5.120.000 

3. 193,000 

658.000 

3.058,000 

1,615.000 

269,000 

f,     792,000 

2,130,000 

1 ,766.000 

200,000 

76.821,000 

3,193.000 

97.000 

4,983.000 

4.270.000 

31 ,754.000 

1 . 690 . 000 

239,000 

19,867,000 

1 1 , 004 , 000 

921,000 

$1,929,000 

390 . 000 

2, 1 10,000 

981.000 

I .979.000 

2.969.000 

105.000 

I  , 035 . 000 
782.000 

4.081 .000 
907.000 

1 .852.000 

2.044,000 
348 , 000 
402.000 

1 .275.000 

1 ,056,000 
723.000 
758,000 

2,877.000 
134.000 


?  946.000 

2, 158.000 
104.000 
381 .000 
212.000 

1,600.000 
827.000 
357,000 
508,000 
866,000 
506,000 
635,000 

1,480,000 
476,000 

6.966.000 


PAINTS.    VARNISHES,    ETC.  1912 

Zinc  oxide. I  .248,000 

White  lead 481  .000 

Lamp-blacky.  . 659.000 

Ready  mixed  paints 589  ,000 

Lacquers  and  varnishes 1  ,  230  000 

Other  related  articles 2*8^2000 

Printer's  ink [V.  '424;000 

Other  mks 214,000 

g'^'^k'ng 775  ,000 

Pe"<="'s 292,000 

NAVAL   STORES 

Turpentine 9  .^70  OOO 

Rosin.               lfi,'376.'000 

Tar.  pitch,  etc 217. 000 

OILS 
Vegetable  oils: 

Cottonseed  oil 21  .928,000 

Exported  to  Germany 1,150  000 

Cpr"  oil   :■ '.  1  ;428;000 

nl 'i!.?fil°„  „■■. 279,000 

Other  like  oils   353  ,  000 

Animal  oils,  total j  ,  3,39  ,  qqq 

Fish  oil  (not  codliver  oil) "330'  000 

Mineral  oils  and  crude  oil 6,770  000 

Illuminating  oil 62,'o84'oOO 

Lubricating  and  paraffine  oils 28  "^97  000 

Naphtha  and  other  Hght  distillates:  '"      ' 

Gasoline      . $4,672,000 

Other  light  oils 15,788,000 

Gas  and  fuel  oil 4, 1 1 1  .000 

Other  like  oils 2,488.000 

Paraffine 9.603.000 

SOAPS    AND    TOILET   ARTICLES 

Toilet  soaps 2 ,  006  ,  000 

Other  soaps 2,635,000 

Perfumes,  etc 1 .  280 .  000 

Raw  materials  for  soap  manufacture .....  4,619, 000 

EXPLOSIVES 

Cartridges 2,507,000 

Dynamite i,,3oi  ,000 

Gunpowder 352  ,  000 

Other  explosives ,^. 904,000 

MISCELLANEOUS    EXPORTS 

Mercury 13  .  000 

Celluloid 1  .880.000 

Waste  rubber 869  000 

Graphite 343,000 

Cellulose 543  .000 

Glue 289 , 000 

Candles 257,000 

Coke 3 , 003 , 000 

Cement 6, 160,000 


1913 

1,136,000 

905.000 

470,000 

1 . 167.000 

1.107.000 

1,819.000 

435.000 

197,000 

698.000 

611 ,000 


8,158.000 

13,563,000 

529.000 


17,991,000 

889.000 

I  .219,000 

784,000 

418.000 

1 .250.000 

319,000 

8 . 448 , 000 

72,042,000 

29 , 609 , 000 

f 17.419,000 
10,674.000 
9.990,000 
I ,134.000 
8,177.000 

2,185,000 
2,672,000 
1 ,575,000 
5 , 1 1 7 , 000 

3,015.000 

1 ,498,000 

360,000 

652.000 

44,000 

1,3)7,000 

768,000 

392,000 

738,000 

260 . 000 

253,000 

3,310.000 

4.271 ,000 


CANADA'S  FOREIGN  TRADE  IN  CHEMICAL  AND  RELATED 
PRODUCTS 

Not  strictly  comparable  with  the  figures  of  yie  previous  ar- 
ticle, but  similar  enough  for  a  restricted  comparison  are  the  data 
of  Canada's  chemical  exports  and  imports  during  the  "Rech- 
nungsjahr,"  1912-1913,  which  appeared  in  an  article  in  Chemiker 
Zeitung,  38  (1914).  643.  During  this  period  the  total  imports 
into  Canada  rose  23  per  cent  from  $547,500,000  in  the  previous 
year  to  $675,500,000;  of  this  amount  Germany  sent  $14,200,000 
worth,  an  increase  of  $11,100,000. 

The  value  of  imports  classified  as  drugs,  dyes,  chemicals  and 
medicines  in  the  year  1912-1913  amounted  to  $17,029,000  as 
compared  with  $12,360,000  in  the  previous  year;  $788,000 
worth  of  this  came  from  Germany  as  compared  with  the  previous 
years'  $512,000,  an  increase  of  54  per  cent.  The  imports  in 
this  class  from  the  United  States  amounted  to  $8,997,000. 

la  the  above  mentioned  class  of  imports  the  most  important 
are  the  following: 


Imports  1911-1912 

Potassium  salts  (total) $     333  ,000 

Caustic  potash 30 ,  000 

Potassium  chlorate 42,000 

Potassium  chloride  and  sulfate  (crude) .  .  117, 000 

Potassium  bichromate 21  .000 

Potassium  f erro-  and  f erricyanides ....  1 3  i  000 

Saltpeter 109,000 

Sodium  salts  (total) 1 ,91  7  ,000 

Caustic  soda 274,000 

Sodium  carbonate 390^000 

Sodium  bicarbonate 52,000 

Sodium  chlorate 55  [ooO 

Sodium  sulfate  (crude) 9 1  [  000 

Sodium  silicate  (solid  and  dissolved) ...  63  000 

Chili  saltpeter 857,000 

Acids  (total) 292  .000 

Tartaric  acid  (crystalUne) 60 .  000 

Alum 122.000 

sulfate 11  .000 

nitrate 40.000 


1912-1913 

$     428.000 

30,000 

57,000 

195,000 
26,000 
21,000 
88 . 000 
2,834,000 

303,000 

458,000 
62,000 
20,000 

108,000 

77.000 

1 ,642.000 

441 ,000 
75,000 

176,000 
16.000 

102.000 
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(for  explosives) . 

(raw) 

(not  classified) . , 


CU-la 
r.lyc 
Clyc 
C.lyc 

chSe'^m ;;:::::::::::::::::;::: 

Oambir 

Medicines  and  chemical  preparations  (dry) 

Medicines  and  chemical  preparations  (non- 
alcoholic)   

Medicines  and  chemical  preparations  (all 
others) 

Linaments.  etc 

Disinfectants  (non-alcoholic) 

Bacteriological  preparations 

'  coal  tar  dyes  (total) 


Ge 


1911-1912 

1912  I9H 

J   39,000 

S   56.00(1 

122,000 

113,000 

122,000 

107,000 

275,000 

276.000 

96,000 

155,000 

61 ,000 

78.000 

466,000 

760,000 

88,000 

132,000 

130.000 

126,000 

133,000 

145,000 

943,000 

906,000 

129,000 

159,000 

46,000 

23,000 

434,000 

534,000 

2,005,000 

3,052,000 

110,000 

136,000 

923,000 

1 .105.000 

61 ,000 

1 03 . 000 

132,000 

1 45 . 000 

155,000 

198,000 

59.000 

74,000 

96 , 000 

128,000 

467,000 

555,000 

187,000 

228,000 

209 , 000 

77,000 

28,000 

18.000 

16.000 

683.000 

97  7.000 

1 62 . 000 

1 7 1 . 000 

'  United  States 

From  Great  Britain 

From  Switzerland 

Indigo  (paste  and  extract) 

Ivxtracts  of  logwood,  quebracho,  etc. 
Dyes  and  tanning  materials  (crude) . 

The  following  imports  were  not  included  in  the  above  classifi- 
cation but  are  of  a  similar  character: 


Fertilizers  (total) 

Artificial  fertilizers. 

Bone  meal.  ash.  etc 
Kainite  and  othi 

Phosphates 

Paints  and  pigments  (total) 


potash  (salts) . 


rt^hite 

Lampblack 

Paris  green 

Pigments  (not  classified) 

Metal  pigments — cobalt,  copper  j 
zinc  oxide 

Liquid  fillers,  protective  paints,  etc. 

Inks  (including  printer's  ink) 

Varnishes,  lacquers,  etc 

Turpentine 

Waxes 

vSoap  (total) 

Laundry  soap 

Castile  soap 

Pearline  and  other  soap  powders.  ,  .  , 

Sapolio  and  sand  soaps 


Toilet  : 


Perfumes  and  toilet  articles 

Ethereal  oils 

Celluloid,  xylenite,  etc 

Guttapercha,    caoutchouc 
tured  articles  of  rubber. . 

Coke 

Glue,  paste,  etc 

Explosives 

Cement 

Sugar,  molasses,  etc 


1911-1912 

1912-1913 

$  620.000 

$  663.000 

445.000 

540,000 

103.000 

123.000 

7.000 

300 

1.767.000 

1,997.000 

1 .767,000 

1,997,000 

219.000 

260 , 000 

341 .000 

465,000 

80.000 

93,000 

101 ,000 

131,000 

248.000 

308.000 

118,000 

138.000 

407 , 000 

497,000 

148,000 

160,000 

163.000 

190,000 

629.000 

576,000 

262,000 

263,000 

1 .121 .000 

1,333.000 

339.000 

386,000 

191 .000 

176,000 

109.000 

138,000 

128.000 

197,000 

351,000 

416,000 

547,000 

667,000 

261,000 

350,000 

225,000 

246,000 

8,103,000 

11.153,000 

1 ,637,000 

2.023,000 

284,000 

363,000 

1 . 68 1 . 000 

1,230.000 

945,000 

1,955.000 

18.152,000 

19,226,000 

The  total  exports  from  Canada  amounted  to  $393,200,000  in 
the  year  1912-1913  and  $315,300,000  in  1911-1912,  an  increase 
of  25  per  cent.  In  these  two  years  the  exports  of  "Chemicals 
and  Drugs"  amounted,  respectively,  to  $4,968,000  and  $4,034,000, 
of  which  Canada's  own  products  amounted,  respectively,  to 
$1,447,000  and  $1,677,000. 

In  the  following  list  are  given  the  amounts  exported  of  the 
more  important  home  products  of  chemical  or  related  industries. 

Exports 

Calcium  acetate 

Calcium  carbide 

Lye 

Phosphorus 

Chicle  gum 

Hemlock  barlf  extract . 

Hops 

Senega  root 

Ca     " 


All  other  drugs,  etc. 


Creosote  oil 

Paints,  etc.  (total). 
Mineral  pigments. . 


nd  mineral  products: 


Asbestos 2  .  098  .  000 

Corundum 

Mica 

Graphite 


1911-1912 

1912-1913 

S  218,000 

$  3 1 1 , 000 

200,000 

199.000 

33,000 

39 .  000 

91 ,000 

(>3  .  000 

5,000 

14.000 

17,000 

36.000 

24.000 

42.000 

74.000 

143.000 

38,000 

15.000 

965,000 

991.000 

945,000 

1,678,000 

74,000 

109,000 

156,000 

35.000 

27,000 

129.000 

188.000 

101 ,000 

82.000 

108,000 

2.098.000 

2,487,000 

131.000 

196,000 

258,000 

319. 000 

66,000 

79.000 

Exports  1911-1912 

Graphite  products S       27  .000 

Pyrites 1  10.000 

Coke 66.000 

Gypsum  (crude) 423  .  000 

Wood  pulp  (chemically  treated) 1 ,588  .000 

Wood  pulp  (mechanically  ground) 3 ,  507  .  000 

Press  cake 659  .  000 

Matches 11. 000 

Sugar  and  sugar  products  (total) 171. 000 

Maple  sugar 1 10,000 
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1913 

S        52,000 

7,000 

269,000 

439,000 

2,101,000 

3,409,000 

1,075,000 

1,000 

151,000 

104,000 


RECENT  INCREASE  IN  PRODUCTION  OF  LIME  NITROGEN 

The  following  are  interesting  figures  from  the  report  in  Carbid 
and  Acetylene  of  a  lectiu-e  on  artificial  fertilizer  materials  and 
their  significance  to  agriculture,  by  Conrad  Kubierschky,  of 
Eisenach,  before  a  recent  meeting  of  the  Society  of  German 
Chemists  at  Breslau. 

The  Cyanamid  produced  from  the  beginning  of  the  industry 
is  as  follows: 


1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Tons 
500 
2,200 
8,300 
16,000 
30,300 
52,000 
95 ,  000 

97,000  (estimated) 
208,000  (estimated) 


The  increase  in  production  of  fertilizer  materials  within  the 
last  few  years  is  as  follows: 


Cyanamid 1907-1912 

Norway  saltpeter 1903-191  1 

Ozeanien  phosphate  1901-1911 

Tunis  phosphate 1901-191 1 

Florida  phosphate 1901-1911 

Potash 1901-1911 

Ammonium  sulfate 1901-1911 

Potash 1891-1900 

Thomas  phosphate 1900-1910 

Superphosphate 1900-1910 

Crude  phosphate 1901-1911 

Chili  saltpeter 1901-1911 

Guano 1901-1911 

Algerian  phosphate 1901-191 1 


.\verage  annual 
per  cent  i 

212.0 
170.0 
28.0 
24.0 
17.4 
11.0 


2.0 


FURTHER  HYDRO-ELECTRIC  POWER  UNDERTAKINGS 
IN  NORWAY 

The  exploitation  of  water-power  in  Norway  has  recently 
received  a  tremendous  impetus;  reports  of  new  companies  organ- 
ized to  control  and  develop  water-power  rights  appear  with 
unusual  frequency.  An  account  of  this  development  and 
comment  on  its  probable  outcome  form  the  subject  of  an  editorial 
article  in  Engineering  (London),  98  (1914).  18. 

Among  the  most  important  projects  is  a  large  power-station 
with  a  capacity  of  some  50,000  horse-power  which  is  being  laid 
out  at  the  Folia  River,  an  auxiliary  to  the  Surna,  in  the  Surendal. 
It  will  be  necessary  to  construct  a  tunnel  3  km.  long  through 
the  Sande  mountain,  whereby  a  satisfactory  fall  will  be  obtained. 
The  station  will  be  located  at  a  place  with  good  harbor  ac- 
commodation and  sites  for  new  industries.  In  the  absence  of  a 
natural  reservoir  it  will  be  necessary  to  construct  a  dam  across 
a  flat  valley,  between  the  steep  mountains  of  the  Troldheimen, 
and  the  wall  across  the  Folia  Valley  is  to  be  20  meters  high. 
This  large  undertaking  is  controlled  by  the  owner  of  the  water- 
power  of  the  Heane  River,  in  the  Southern  Drentheim  district, 
which,  duly  exploited,  will  represent  some  15,000  horse-power, 
and  this,  it  is  understood,  will  be  applied  to  electric  ore-smelting. 
At  Folia  there  are  large  deposits  of  limestone  which  have  been 
secured. 

The  building  of  another  hydro-electric  power-station  has- 
just  been  decided  upon,  the  cost  of  exploitation  and  transmission 
amounting  to  about  $975,000.  The  power  will  be  derived  from 
the  Hogfos  Falls,  and  will  amount  to  some  25,000  horse-power, 
which  is  to  be  transmitted  to  the  town  of  Risor,  a  distance  of 
some  thirty  miles.  The  fact  that  the  power  can  be  utilized  in 
an  existing  town,  instead  of  works  and  dwellings  having  to  be 
built  in  an  entirely  desolate  countn,',  as  is  the  case  with  so  many 
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large  power-stations,  means  a  very  material  saving.  The 
Akershus  district  has  just  purchased  the  Raanaasfos  Fall;  the 
price  for  the  waterfall  is  $275,000. 

The  Arendal  Water- Power  Company,  which  is  already  in  opera- 
tion, is  to  be  greatly  extended,  at  an  outlay  of  some  $1,200,000, 
and   the   Bjolvo   waterfall  is  to  be  exploited. 

A  Norwegian  journal  of  some  standing  has  recently  given 
expression  to  some  apprehension  as  regards  an  over-production 
of  hydro-electric  power-stations,  more  especially  as  far  as  the 
electro-chemical  industry  is  concerned.  Only  a  few  years  ago 
it  was  difficult  to  find  uses  for  capacities  of  5000  to  10,000  horse- 
power in  this  industry,  but  such  capacities  no  longer  count  for 
anything.  Now  the  installations  and  projected  schemes  com- 
prise capacities  of  50,000  and  100,000,  or  even  several  hundred 
thousand  horse-power,  in  Norway,  Italy,  Spain,  Savoy,  Canada, 
and  even  in  Iceland.  As  far  as  Norway  goes,  not  only  are  the 
installations  already  in  operation  at  Rjukan,  Tysse,  Arendal, 
etc.,  being  extended  on  a  large  scale,  but  schemes  are  being  ad- 
vanced at  Sande,  Matre,  Tyin,  Aura,  Take,  Lysefjord,  Bolve, 
Hojangen,  Osa,  Glomfjord,  etc.  If  only  half  of  the  projects 
just  enumerated  are  completed  within  the  first  few  years,  the 
question  presents  itself  as  to  how  all  this  power  shall  be  applied. 

It  is  a  well  known  fact  that  the  old  electro-chemical  products, 
aluminum,  carbide,  ferro-alloys,  all  have  very  limited  areas  of 
consumption,  which  no  doubt  grow  every  year,  but  even  a  small 
overproduction  leads  immediately  to  a  decline  of  prices  and  to 
crises.  Such  have  already  arisen  twice  during  the  comparatively 
short  span  of  fifteen  to  twenty  years  which  has  passed  since 
these  manufactures  commenced,  and  experts  are  already  prophe- 
sying a  third  crisis,  with  ruinous  prices  below  the  cost  of  pro- 
duction, as  being  near  at  hand.  It  will  be  remembered  that 
during  the  former  crisis  at  least  two  Norwegian  carbide  manu- 
factories had  to  stop;  the  losses  were  heavy,  as  the  factories  had 
to  be  sold  for  a  song. 

On  the  other  hand,  the  opinion  is  often  expressed  that  the 
new  electro-technical  nitrogen  industries  have  an  unlimited 
scope  for  the  sale  of  their  products.  But  this  view  must  as- 
suredly be  accepted  with  considerable  reserve.  In  the  market 
for  artificial  fertilizers  the  consequences  of  overproduction  are 
already  felt.  The  quotation  for  Chili  saltpeter  has  dropped 
from  10.50  marks  in  the  beginning  of  March  to  9.55  marks  in 
the  beginning  of  May,  the  market  having  been  unable  to  receive 
the  offered  quantities  of  Chili  saltpeter  and  artificial  fertilizers. 
Nor  does  the  position  of  sulfate  of  ammonia  offer  any  encourage- 
ment, as  German  reports  show.  Also  the  demand  for  cyanide 
shows  signs  of  falling  off. 

In  addition  to  all  this,  new  methods  have  been  discovered  by 
which  nitrogenous  fertilizers  can  be  manufactured  chemically, 
without  the  aid  of  electricity  (as,  for  instance,  the  Haber  system) 
so  there  seems  every  reason  not  to  embark  too  light-heartedly 
on  the  wholesale  exploitation  of  water-power. 


and  in  household  tests  of  from  two  to  six  months  no  unpleasant 
effects  of  any  kind  were  observed. 


HYDROGENATED  FATS  AS  FOODSTUFFS 

A  series  of  experiments  on  fats  hardened  by  hydrogenation 
(peanut  oil,  sesame  oil  and  cottonseed  oil)  has  been  carried  out 
by  Professor  Lehmann  of  the  Institute  of  Hygiene  of  the  Uni- 
versity of  Wiirzburg,  to  determine,  first,  the  amounts  of  nickel 
present  (from  the  hydrogenation  in  contact  with  nickel)  and 
whether  these  amounts  are  harmful;  second,  whether  the  fats 
are  easily  assimilable.  Analysis  showed  that  the  fats  contained 
a  maximum  of  6  mg.  and  a  minimum  of  a  little  less  than  o.  i  mg. 
per  kilogram  [Chem.  Zig.,  38  (1914),  708].  Since  the  author's 
previous  experiments  have  .shown  that  much  larger  amounts — 
at  least  100  mg.  per  day — have  never  been  known  to  be  harmful 
to  human  beings,  and  that  in  animal  experiments  6-10  mg.  per 
kilogram  of  body  weight  have  caused  no  ill  effects,  toxic  action 
from  this  source  in  hydrogenated  fats  is  not  to  be  feared. 

In  animal  experiments,  too,  the  fats  proved  easily  assimilable 


AMMONIUM  SULFATE  AND  SODIUM  NITRATE  IN  19 13 
The  figures  for  the  ammonium  sulfate  exports  of  Germany 
and  England  in  the  last  two  years  were  published  in  This  Jour- 
nal, 6  (1914),  597.  The  whole  situation  is  commented  on  in 
Engineering  (London),  97  (1914),  760.  The  international 
market  for  ammonium  sulfate  and  Chili  saltpeter  was,  in  1913, 
unfavorably  influenced  by  the  conditions  of  the  preceding 
autumn.  Although  the  spring  of  19 13  encouraged,  on  the  whole, 
the  use  of  fertilizers,  the  demand  fell  off  in  the  latter  part  of  the 
year,  and  more  material  remained  finally  stored  than  had  been 
on  hand  at  the  beginning  of  this  year.  This  is  true  both  of 
ammonium  sulfate  and  sodium  nitrate  and  its  substitutes. 
The  world's  production  of  ammonium  sulfate  is  steadily  on  the 
increase,  and  had,  in  1913,  risen  to  1,365,700  tons,  against 
1,214,400  tons  in  1912.  Germany  leads  in  this  production  with 
549,000  tons  in  1913;  the  LTnited  Kingdom  comes  next  with 
420,000  tons;  then  follow  the  United  States  with  177,000  tons, 
and  France  with  75,400  tons.  We  take  these  figures,  which  do 
not  include  British  India,  from  the  report  of  the  German  Am- 
moniak  Verkaufs-Vereinigung  for  19 13.  As  regards  consumption 
the  lead  of  Germany  is  still  more  striking,  the  figures  being  for 
1913:  Germany  460,000  tons.  United  States  335,000  tons, 
Japan  115,000  tons,  England  97.000  tons.  Thus  German 
consumption  is  much  higher,  especially  for  agricultural  purposes, 
than  that  of  any  other  country;  but  the  United  vStates  is  rapidly 
following  that  country,  both  as  regards  production  and  demand. 
This  is,  of  course,  an  important  factor  in  the  international 
market.  One  feels  some  doubt  about  the  future  of  the  nitrolini 
and  the  synthetic  ammonia  processes,  considering  that  the  re- 
covery of  ammonia  from  coal-gas,  the  demand  for  which  is  not 
likely  to  decrease,  is  becoming  more  and  more  perfect.  The 
manufacture  of  synthetic  ammonia  passed  into  the  practical 
stage  last  year;  some  50,000  tons  of  nitrolim  and  about  30,000 
tons  of  Nor  saltpeter  were  supplied  last  year.  But  the  ex- 
periments on  the  oxidation  of  nitrogen  by  long  electric  arcs, 
which  seemed  so  promising,  have  been  given  up,  and  whether 
the  other  electric  oxidation  processes  will  be  able  to  stand  the 
competition  of  the  old-established  products  seems  doubtful, 
though  the  further  development  of  electric-power  application 
and  distribution  may  turn  the  scale  in  favor  of  electric  processes. 
The  production  of  Chili  saltpeter,  for  the  first  time  almost  since 
1885,  decreased  last  year  from  2,552,770  tons  in  1912  102,450,000 
tons. 

AMERICAN  COKE 

The  United  States  Geological  Survey  reports  that  all  records 
in  American  coke  production  were  broken  last  year,  the  output 
of  the  twelve  months  having  been  46,3 1 1 ,369  tons,  valued  at 
$128,951,430.  This  was  an  increase  over  the  19 12  output  of 
2,327,770  tons  in  quantity  and  $17,146,317  in  value. 


LABOR  CONDITIONS  IN  GERMANY 

According  to  the  Reichsarbeilsblatt  the  number  of  workmen 
applicants  in  Germany  per  hundred  vacancies  amounted  in 
March  last  to  173,  as  against  218  in  February,  and  234  in  Januarj'. 
The  figure  for  March  of  last  year  was  168.  The  figures  for  the 
current  year  point  to  an  improvement.  The  situation  has 
slightly  improved  in  the  building  trades,  leading  to  better  con- 
ditions in  the  brick  and  tile  industries  and  in  wood-working. 
The  samccould  be  said  for  the  textile  industry,  although  cotton- 
spinning  and  weaving  firms  complained  of  lack  of  orders.  There 
was  a  slackening  in  the  activity  in  coal  and  lignite  mining,  as 
also  in  that  of  the  iron  and  steel  industry  and  engineering,  ex- 
cept in  the  case  of  special  machinery.  The  electrical  and  chemi- 
cal trades  continued  to  be  satisfactorily  employed. 
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A  SUBSTITUTE  FOR  GALVANIZED  IRON 

It  is  a  well  known  fact  that  the  purer  iron  is,  the  less  liable  it  is 
to  pitting  and  corrosion,  chemically  pure  iron  being  practically 
rustless.  A  new  process,  described  in  Engineering  (London), 
97  (1914),  828,  has  just  been  brought  out,  termed  "ferro-zincing" 
or  "ironizing;"  it  turns  this  fact  to  account  by  coating  the  steel 
surface  with  almost  pure  iron,  the  only  impurity  of  any  signifi- 
cance being  hydrogen.  The  addition  of  hydrogen  is  an  advantage, 
for  the  reason  that  it  makes  the  iron  slightly  more  electro-positive 
to  the  underlying  steel  than  it  would  otherwise  be,  so  that  it 
forms  a  better  protective  coating. 

Another  advantage  of  the  coating  of  electrolytic  iron  is  that 
the  coating  is  homogeneous,  and  is  not  under  unequal  strain 
caused  by  mechanical  operations  such  as  drawing  or  hammering, 
and  has  not  been  subjected  to  any  heat  or  mechanical  treatment 
which  of  necessity  causes  impurities  to  be  absorbed  by  the  metal 
so  treated. 

It  is  found  in  practice  that  it  is  advantageous  to  coat  the 
electrolytic  iron  surface  with  zinc,  as  a  zinc  coating  with  an 
intermediate  layer  of  pure  iron  hydrogen  alloy  gives  a  greatly 
increased  life  to  an  ordinary  steel  tube  or  plate  for  the  reasons 
already  given. 

The  inventor  of  the  process,  Mr.  S.  Cowper-Coles,  has  granted 
a  license  to  the  British  Mannesmann  Tube  Company  for  the 
protection  of  boiler  tubes,  and  is  applying  the  process  to  a  num- 
ber of  other  purposes. 

OPEN-HEARTH  AND  BESSEMER  RAILS  IN  AMERICA 

In  Engineering,  84,  688,  it  was  pointed  out  how  the  gradual 
working  out  of  the  good  Bessemer  ores  in  this  country  had  led 
to  the  production  of  rails  dangerously  high  in  phosphorus.  It 
was  also  then  suggested  that  the  future  would  see  a  considerable 
change  over  from  Bessemer  to  open-hearth  rails  for  this  reason. 
Figures  quoted  at  the  time  showed  that,  in  1905,  of  3,375,929 
tons  of  rails  rolled  in  the  United  States,  only  183,264  tons  were 
of  open-hearth  steel,  the  remainder  being  Bessemer.  The  fig- 
ures, recently  available,  for  1913  ILoc.  cit.,  97  (1914),  786]  are 
a  confirmation  of  the  forecast.  Last  year  3,502,780  tons  of  rails 
were  rolled  in  the  United  States,  of  which  no  less  than  2,527,710 


tons   were   open-hearth,    the    Bessemer   production   having,    of 
course,  fallen  off  in  proportion. 

COMBUSTION  ON  GOLD  AND  SILVER  SURFACES 

Among  the  papers  presented  or  reported  at  the  51st  Annual 
Meeting  of  the  Institution  of  Gas  Engineers  at  Liverpool,  the 
proceedings  of  which  are  reported  in  full  in  the  Jour.  Gas  Lighting 
and  Water  Sup.,  126  (1914),  879  fl.,  is  one  on  "The  Electrical 
Condition  of  Gold  and  Silver  .Surfaces  during  the  Absorption  of 
Gases  and  Their  Catalytic  Combustion,"  by  H.  Hartley.  The 
results  of  the  investigation  {loc.  cit.,  p.  912)  may  be  summarized 
in  the  following  conclusions: 

I — A  gold  surface  acquires  a  negative  charge  during  the  cata- 
lytic combustion  of  gases  in  contact  with  it. 

2 — This  electrical  effect  is  probably  antecedent  to  the  actual 
combustion,  and  is  primarily  due  to  "occlusion"  phenomena. 

3 — The  metal  becomes  negatively  charged  during  the  occlusion 
of  the  combustible  gas  (hydrogen  or  carbon  monoxide),  and 
positively  charged  during  the  occlusion  of  oxygen. 

4 — Such  electrical  effects  are  probably  due  to  occluded  gas 
which  is  leaving  (rather  than  entering)  the  metal.  Any  cause, 
such  as  a  sudden  lowering  of  temperature,  or  a  sudden  increase 
in  pressure,  which  would  momentarily  check  the  outflow  of  oc- 
cluded gas,  will  likewise  diminish  the  intensity  of  the  charge, 
or  may  even  momentarily  stop  it  altogether.  Conversely,  a 
sudden  diminution  in  the  outside  gaseous  pressure  in  the  vicinity 
of  the  metal,  which  would  increase  the  rate  of  outflow  of  the 
occluded  gas  from  the  metal,  will  temporarily  increase  the  in- 
tensity of  the  electrical  effect. 

5 — Such  temporary  disturbances  in  the  intensities  of  the 
electrical  elTects  as  are  described  in  (4)  are  probably  due  to  the 
fact  that  a  change  in  either  temperature  or  pressure  of  the  system 
is  accompanied  by  a  change  in  the  dynamic  equilibrium  between 
the  in-going  and  out-flowing  gas  at  the  surface  system,  which 
change  lags  behind  the  exciting  cause. 

The  investigation  of  the  subject  is  being  extended  to  other 
surfaces  by  Professor  Bone,  in  the  new  Department  of  Chemical 
Technology  at  the  Imperial  College  of  Science  and  Technology, 
London. 


NOTL5  AND  CORRL5PONDLNCL 


RELATION  OF  COMPOSITION  OF  ASH  IN  COAL  TO  ITS 
FUSING  TEMPERATURE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Your  April  number  contains  an  article  by  Mr.  Oscar  W. 
Palmenberg  on  "The  Relation  of  Composition  of  Ash  in  Coal 
to  Its  Fusing  Temperature."  The  Engineering  Department  of 
the  Crucible  Steel  Company  has  had  this  subject  under  consid- 
eration for  some  time,  and  has  made  some  investigations,  but 
as  they  are  not  yet  so  numerous  as  Mr.  Palmenberg's,  we  are 
glad  to  get  the  information  contained  in  his  article  and  have 
given  it  a  great  deal  of  study,  but  draw  somewhat  different 
conclusions. 

The  substance  of  the  article  may  be  best  stated  by  quoting 
the  two  following  extracts: 

"To  show  that  there  is  no  relation  between  the  clinkering 
quality  of  a  coal  and  the  sulfur  or  iron  content,  the  writer  has 
made  this  investigation." 

"Therefore  a  chemical  analysis  is  of  no  value  to  arrive  at  a 
conclusion  regarding  the  clinkering  quality  of  a  coal.  It  may 
be  noted  that  although  coals  having  an  ash  with  a  very  low  iron 
content  seem  to  give  the  highest  fusing  ash,  no  definite  fusing 
temperature  fits  a  definite  percentage  and  when  the  iron  con- 
tent goes  beyond  10  per  cent  the  fusing  temperature  cannot  be 
judged   at   all.     That    the    sulfur   content    of    the   coal  has  no 


bearing    whatsoever    upon  the    fusibility    of    the    ash   is    also 
apparent." 

The  two  accompanying  charts  have  been  prepared  from  Mr. 
Palmenberg's  tables,  and  an  examination  of  them  will  show  at 
least  that  there  is  reason  for  questioning  the  finality  of  his  con- 
clusions. 
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CHART  I — In  Chart  I' the  abscissae  are  based  on  the  tempera- 
ture Fahrenheit  at  which  the  ash  fused,  and  the  ordinates  on 
the  iron  content.  This  chart  shows  that  an  ash  containing  less 
than  10  per  cent  of  iron  does  not  fuse  at  a  temperature  lower  than 
2550°  F.,  and  that  when  the  iron  content  exceeds  20  per  cent 
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the  fusing  temperature  is  never  higher  than  2550°  F.  Between 
10  per  cent  and  20  per  cent  of  iron  the  fusing  temperature  varies 
over  a  wide  range. 

A  chart  based  on  the  sulfur  content  of  the  coal  was  made  from 
the  same  tables  and  was  found  to  give  identically  the  same  re- 
sults as  stated  above,  substituting  i  per  cent  and  2  per  cent 
of  sulfur  content  for  10  per  cent  and  20  per  cent  of  iron. 
There  were  no  exceptions.     This  chart  is  not  reproduced. 

CHART  II  goes  a  step  further  and  shows  a  combination  made  by 
adding  the  sulfur  to  the  iron — having  first  reduced  the  iron  to 
its  percentage  as  referred  to  the  coal  instead  of  to  the  ash.     From 


«  I  I  I 
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this  it  will  be  noticed  that  under  3  per  cent  of  sulfur  plus  iron 
the  fusing  temperature  is  above  2550°  F.,  and  over  3  per  cent 
it  is  below  that  point.  To  this  there  are  only  three  exceptions 
out  of  forty -five  observations;  and  all  .three  lie  close  to  the  3 
per  cent  line. 

It  is  true,  as  Mr.  Palmenberg  says,  that  "no  definite  fusing 
temperature  fits  a  definite  percentage,"  but  if  the  correctness  of 
Chart  II  is  not  successfully  attacked,  it  has  considerable  value, 
inasmuch  as  it  indicates  that  the  ash  of  coals  containing  more 
than  3  per  cent  of  sulfur  plus  iron  will  fuse  at  a  temperature 
less  than  2550°  F.  This  is  a  point  below  which  it  may  be  said  in 
general  that  it  is  undesirable,  and — with  even  moderately  hard 
driving — impossible  to  keep  the  heat  of  a  boiler  furnace. 

John  H.  K.  Burgwin 
Pittsburgh,  May  29,  1914 


THE  EFFECTS    OF   THE  ENSILAGE   PROCESS    ON   THE 
SOLUBILITY  AND  METABOLISM  OF  FLOATS 

The  letter  by  H.  B.  Forbes,  published  in  This  Journal,  6,  605, 
contains  a  statement  which  we  find  difficult  to  reconcile  with 
the  idea  gained  by  us  from  a  careful  perusal  of  his  original 
article.  Mr.  Forbes  says,  "In  order  to  correct  an  impression 
given  by  Professor  Mooers'  article  we  would  state  that  our  especial 

interest  in  the  subject  was  as  applying  to  animal  feeding " 

The  opening  paragraphs,  however,  of  their  original  article  read 
as  follows:  "One  of  the  standard  methods  of  adding  floats 
to  the  soil  is  through  its  addition  to  manure,  and  the  effect  of 
the  fermentation  of  manure  on  the  solubility  of  floats  has  been 
the  subject  of  discussion  and  experiment." 

"  It  has  occurred  to  the  writers  that  perhaps  we  might  profitably 
add  a  part  of  the  floats  to  the  plant-food  two  steps  further  from 
the  soil  by  introducing  it  into  the  silo  with  the  fodder  corn, 
thus  gaining  two  opportunities  for  increasing  the  solubility 
of  the  floats,  first  in  the  ensilage  process,  and  second  in  the  diges- 
tive tract  of  the  animal;  and  further,  giving  to  the  animal  such 


benefit  as  it  might  be  able  to  get  from  the  rock  phosphate  in 
its  passage  through  the  body.  We  do  not  mean  to  suggest, 
however,  that  all  of  the  floats  which  one  might  desire  to  add  to 
the  soil  could  in  this  way  be  passed  through  the  silo  and  the 
animal." 

These  paragraphs  are  the  only  ones  preceding  the  experi- 
mental data  and  the  reader  can  easily  come  to  an  opinion  as  to 
whether  or  not  we  were  justified  in  the  impression  that  the  main 
object  was  plant-food  rather  than  animal  feeding.  Further- 
more, while  data  were  presented  as  to  the  effect  of  the  ensilage 
process  upon  the  solubility  of  rock  phosphate  no  data  were  given 
by  them  in  regard  to  the  acceptance  of  livestock  of  treated  en- 
silage as  food. 

We  stand  corrected  for  overlooking  the  composition  of  the 
phosphate  rock,  the  total  phosphorus  in  which  we  find  reported 
in  the  article  by  Forbes  and  Fritz. 

Mr.Forbescontinues,"  We  do  not  follow "  the  "conclu- 
sion that  in  the  process  of  animal  digestion  there  was  reversion  of 
the  P2O6  made  soluble  by  the  ensilage  process."  Our  position 
was  briefly  this:  if  all  the  phosphorus  eaten  was  voided  in  the 
dung  then  the  relative  availability  of  the  phosphate  which  had 
passed  through  the  animal  could  be  determined  by  means  of  a 
weak  acid  solvent.  As  the  availability  when  determined  in 
this  way  proved  decidedly  less  than  that  obtained  by  Forbes 
and  Fritz  in  their  ensilage  work,  we  stated  that  reversion  during 
the  process  of  digestion  was  "indicated"  and  by  no  means  did 
we  draw  the  conclusion  that  such  was  certainly  the  case.  Far 
more  extensive  investigations  would  be  required  in  order  to  get 
conclusive  evidence. 

In  regard  to  another  part  of  our  work,  Mr.  Forbes  states, 
"It  is  also  assumed  that  the  rations  involved  in  the  compari- 
son differed  only  in  regard  to  the  presence  of  rock  phosphate, 
but  the  data  submitted  show  marked  differences  in  the  propor- 
tionate amounts  of  the  other  components."  The  table  shows 
that  the  animals  of  each  group  were  given  the  same  amount  of 
cotton-seed  meal  and  that  there  were  placed  before  them  the 
amounts  of  ensilage  that  they  had  in  a  preliminary  trial  been 
found  to  eat  without  waste.  The  amounts  were  practically  the 
same  for  each  group  per  1000  pounds  of  live  weight.  Of  course 
the  refusal  of  the  animals  to  eat  all  of  the  phosphated  silage 
was  unavoidable,  and  might  give  rise  to  minor  differences  in 
the  analytical  results.  However,  with  the  marked  differences — 
amounting  to  more  than  500  per  cent  on  the  average — between 
the  P2O5  content  of  the  manure  from  the  animals  fed  plain 
ensilage  and  those  fed  phosphated  ensilage  no  great  error  would 
be  expected.  Further  proof  of  this  is  supplied  by  the  facts 
that  the  increase  of  the  soluble  P2O5  per  100  pounds  of  rock 
phosphate  was  calculated  to  be  1.17  lb.  for  the  heifer,  which 
ate  about  84  per  cent  of  her  fuU  silage  ration,  and  0.93  lb. 
for  the  cow,  which  ate  only  about  61  per  cent  of  her  silage  ration. 

In  conclusion,  Mr.  Forbes  asks  this  question,  "Is  it  not  more 
likely  that  the  cows  absorbed  and  assimilated  the  soluble  phos- 
phate than  that  it  'reverted'?" 

In  reply  we  would  say  that  since  both  of  the  animals  which  ate 
the  phosphated  ensilage  lost  in  weight — as  was  shown  in  a  table 
of  our  article — we  considered  the  probability  to  be  against  the 
retention  of  any  of  the  added  phosphate. 

C.  A.  Mooers 
Dbpartment  op  Chemistry  and  Agronomy 
Tennessee  Agricui,tural  Experiment  Station 
Knoxvills,  July  13,  1914 

ON  ANALYSIS  OF  COPPER,  TIN  AND  SILICON  ALLOYS 

We  recently  had  occasion  to  analyze  several  alloys  of  copper, 
tin  and  silicon,  and  found  that  the  usual  metliods  of  procedure 
would  not  answer.  The  reasons  were  quite  obvious,  and  be- 
sides the  alloys  were  insoluble  in  nitric  acid.  The  following 
scheme  of  procedure  was  worked  out  and  found  to  give  entirely 
satisfactory  results.     The  method  is  given  in  detail  below.     No 


696 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY       Vol.  6,  No.  8 


claim  is  made  for  originality  other  than  adaptation  to  the  work 
in   hand; 

SILICON — Weigh  out  o .  5  gram  of  alloy  into  a  4fX)  cc.  Erlen- 
meycr  flask  and  cover  with  20  cc.  of  water;  add  15  cc.  HCl  and 
5  cc.  HNO3.  Boil  until  completely  decomposed.  Carefully 
add  20  cc.  concentrated  H2SO4  and  boil  until  sulfuric  anhydride 
fumes  are  freely  evolved.  The  silica  is  now  completely  separated 
and  is  dehydrated.  Cool  and  carefully  add  75  cc.  of  water. 
Boil  until  all  sulfates  are  in  solution  and  filter,  catching  the  fil- 
trate in  a  200  cc.  volumetric  flask.  Wash  with  hot  water  nearly 
to  mark  and  place  the  flask  in  ice-water  to  cool,  being  careful 
to  have  the  contents  near  the  temperature  of  calibration  of  the 
flask,  when  it  is  finally  made  to  the  mark.  Ignite,  weigh  the 
residue  as  Si02  and  calculate  to  silicon. 

TIN — When  the  flask  has  cooled  make  up  to  the  mark  with 
water,  and  transfer  100  cc.  to  a  400  cc.  Erlenmeyer  flask, 
add  0.15  gram  of  finely  powdered  metallic  antimony, 
dissolved  in  5  cc.  concentrated  H2S04,  35  cc.  of  concen- 
trated HCl,  and  i  gram  of  iron  filings.  Boil  until  the 
iron  is  nearly  all  in  solution  and  then  connect  the  flask  by  means 
of  a  three-hole  rubber  stopper  which  carries  a  right  angle  tube 
dipping  into  the  liquid,  to  a  carbon  dioxide  generator.  The 
second  hole  in  the  stopper  is  fitted  with  an  exit  tube  which  con- 
nects to  a  small  flask  holding  a  saturated  solution  of  sodium 
bicarbonate  which  acts  as  a  seal.  The  third  hole  is  fitted  with 
a  glass  plug  and  serves  to  admit  the  burette  tip  during  titration. 
The  flask  is  now  heated  to  boiling  while  CO2  is  passing  until 
all  iron  is  in  solution  and  reduction  is  complete:  20  to  30  minutes 
arc  usually  sufficient.  The  flask  is  now  removed  from  the  flame 
and  set  in  cold  water  to  cool  as  rapidly  as  possible.  The  glass 
plug  is  now  removed,  a  small  funnel  inserted,  about  5  cc.  starch 
solution  poured  in,  and  the  plug  replaced.  When  the  contents 
of  the  flask  are  below  40°  C,  the  generator  is  shut  ofT,  the  flask 
detached,  and  the  tin  rapidly  titrated  with  N/io  iodine  solu- 
tion which  has  been  standardized  against  pure  tin.  Air  must 
not  enter  the  flask  and  the  flask  with  the  bicarbonate  seal  re- 
mains in  place  during  the  titration. 

COPPER — -The  other  100  cc.  portion  is  made  alkaline  with 
ammonia,  then  acid  with  nitric  acid  and  allowed  to  digest  on 
the  hot  plate  for  an  hour.  The  stannic  acid,  which  should  now 
be  white,  is  filtered  off  and  washed  well.  To  the  filtrate  5  cc. 
HiSOi  are  added  and  it  is  boiled  down  to  fumes,  cooled,  diluted 
with  water,  neutralized  with  ammonia,  made  acid  with  7  cc.  of  a 
mixture  of  2  parts  50  per  cent  nitric  acid  and  one  part  50  per 
cent  sulfuric  acid,  washed  into  a  150  cc.  beaker  and  the  copper 
determined  by  electrolysis. 

E.   D.   KoEPPiNG 
The  Electric  Smelting  and  Ah^minum  Co. 
LOCKPORT.  N.  Y.,  May  9,  1914 

ON  THE  RAPID  DETERMINATION  OF  COPPER  IN   OPEN 
HEARTH  AND  ALLOY  STEEL  OR  IN  CAST  IRON 

The  prevailing  method  of  determining  copper  in  steel  by  pre- 
cipitation with  hydrogen  sulfide  with  subsequent  incineration 
in  porcelain,  digestion  with  nitric  acid  and  transfer  of  the  solu- 
tion to  platinum,  where  it  is  again  evaporated  with  hydrofluoric 
and  sulfuric  acids  to  remove  silica,  and  re-solution  in  sulfuric 
acid  is  tedious  and  becomes  even  more  so  in  the  presence  of 
molybdenum. 

The  following  modification  of  Low's  method  will  be  found 
to  give  entire  satisfaction,  and  is  much  more  rai)id  and  conve- 
nient where  many  samples  are  to  be  run  than  the  well  known 
method  outlined  above  or  any  modification  which  involves 
electrolysis. 

METHOD — From  3  to  10  grams  of  steel  are  dissolved  in  35 
cc.  of  I :  I  HCl  or  1 : 5  H2SO4  and  tlien  diluted  with  3,s  cc.  of 
water.       A    strip     of    sheet    aluminum,'     with     the     corners 

'  Tlie  use  of  cast  pieces  is  to  be  avoided  as  tlley  usually  contaiu  some 
copi  cr. 


bent  up  so  that  it  will  not  lie  flat  on  the  bottom  of  the  beaker, 
is  then  dropped  in  and  the  solution  boiled  vigorously  for  20 
minutes. 

Remove  from  the  hot  plate  and  wash  down  the  cover  glass  and 
the  sides  of  the  beaker  with  hot  water.  Filter  through  a  1 1  cm. 
S.  &  S.  filter  and  wash  thoroughly  with  hot  water.  Puncture 
the  filter  and  wash  the  precipitated  copper  into  a  300  cc.  Erlen- 
meyer flask.  Over  the  strip  of  aluminum  in  the  beaker  pour 
3  cc.  HNOj  and  7  cc.  water,  warm  and  pour  through  the  paper, 
giving  the  beaker  and  paper  a  final  wash  with  hot  water. 

The  volume  of  the  solution  in  the  beaker  should  now  be  about 
30  cc.  Boil  15  minutes  to  remove  any  nitrous  fumes.  Add  7 
cc.  NH4OH  and  boil  until  the  deep  blue  fades  to  a  very  light 
blue  and  the  odor  of  ammonia  is  faint.  Add  10  cc.  of  80  per 
cent  acetic  acid  and  boil  one  minute.  Cool,  add  10  cc.  of  30 
per  cent  KI  solution  and  titrate  with  standard  thiosulfate 
solution,  using  starch  indicator. 

THIOSULFATE  SOLUTION — About  5  grams  of  the  pure  crys- 
tallized salt  to  one  liter  of  water  gives  a  solution,  i  cc.  of  which  = 
0.00125  gram  of  copper,  approximately. 

The  solution  should  be  standardized  against  a  bichromate 
solution  of  known  iron  value,  or  against  pure  copper  foil  or  a 
standard  copper  solution,  the  copper  content  of  which  has 
been  accurately  determined  by  electrolysis.  A  better  method 
than  any  of  the  foregoing,  to  the  writer's  mind,  is  the  use  of  a 
standard  steel  from  the  Bureau  of  Standards. 

STARCH  INDICATOR' — The  Starch  solution  is  prepared  by  al- 
lowing raw  starch  to  soak  in  o .  i  per  cent  hydrochloric  acid  for 
24  hours.  The  acid  is  then  poured  off  and  the  starch  washed 
with  cold  water  until  free  of  acid.  The  starch  is  then  dried  at 
32°,  occasionally  stirring  to  break  up  the  pieces,  and  finally  dr\'- 
ing  at  100°  for  several  hours.  One  gram  of  the  starch  prepared 
in  this  way  boiled  in  loo  cc.  of  water  and  filtered  will  give  a  clear 
solution  which  will  keep  indefinitely  and  will  give  a  brilliant 
transparent  blue.  E.  D.  KoEpping 

Electric  Smelting  and  Aluminum  Co. 
LocKPORT.  N.  Y.,  May  9,  1914 

TIN  PLATE  AND  STEEL  MILL  OPERATIONS  IN  JULY 

During  July  the  tin  plate  mills  ran  at  between  85  and  90''  f  of 
capacity,  one  or  two  interests  being  to  about  50*^  f,  while  the 
others  ran  full.  The  Jones  and  Laughlin  Steel  Company  operated 
thirty-two  tin  mills  at  its  Woodlawn,  Pa.,  plant  having  added 
eight  mills  to  this  plant  in  the  record  period  of  two  months. 
The  .Woodlawn  plant  is  now  the  largest  in  the  United  States, 
having  during  the  week  of  July  13th  wrested  the  honor  from  the 
Shenango  plant  at  New  Castle,  Pa.,  which  held  first  place  for 
more  than  fifteen  years.  The  third  largest  plant  is  the  American, 
at  Elwood,  Ind.,  with  twenty-eight  mills,  while  the  fourth  in  out- 
put is  the  National  at  Monessen   Pa.,  with  twenty-five  mills. 

In  July,  steel  mill  operations  in  the  Pittsburg  District  averaged 
between  65  and  70%  of  the  full  capacity,  while  the  average  for  the 
country  at  large  was  close  to  65 '^  of  capacity.  The  production 
is  somewhat  larger  than  in  the  late  part  of  May  and  this  showing 
is  looked  upon  as  a  favorable  one  by  experts  because  ordinarily 
the  production  is  much  reduced  in  July.  A  slight  improvement 
was  noted  in  the  demand  for  wire  products. 

W.  .\.  Hamor 


PLATINUM  IN  WESTPHALIA 

A  report  of  a  general  meeting  of  the  Deutscher  Platinwerke, 
held  recently  in  Diisseldorf,  given  in  the  London  Mining  Journal, 
says  that  a  platinum  ingot  of  about  500  grams,  obtained  from  the 
ore  occurrences  near  Wenden  in  Westphalia,  was  shown.  Dr.  W. 
Hommel,  of  the  Clausthal  Milling  Academy,  made  an  interesting 
report  on  the  ore  deposits,  in  which  he  laid  stress  on  the  statement 
that  the   metal  occurs  with   lead,   zinc,   antimony   and   nickel. 

■  Chnn.  Abs.,  4,  2617. 
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A  sensation  was  caused  when  Dr.  Hommel  exhibited  a  lump  of 
pure  platinum,  which  was  obtained,  he  stated,  by  smelting 
I  ton  of  concentrates  obtained  from  25  tons  of  crude  ore.  In 
addition  to  the  platinum,  the  concentrates  gave  about  10  to  12 
per  cent  nickel.  The  cost  of  production  including  mining  would 
be  about  $4.76  per  ton,  and  ores  containing  no  more  than  5 
grams  platinum  would  be  payable. 

CHEAPER  PIG  IRON 

The  Interstate  Commerce  Commission  handed  down  on  July 
7th  a  decision  of  great  importance  to  the  pig  iron  business  of 
the  country. 

The  decision  put  into  effect  a  substantial  reduction  on  the 
■freight  rates  on  pig  iron  from  Alabama,  Tennessee  and  other 
Southern  points  to  all  Northern  and  Eastern  consuming  points. 
This  will  enable  the  Southern  producers  to  effectively  compete 
with  the  big  pig  iron  producers  of  Ohio,  Pennsylvania,  Michigan 


and  Illinois.  In  substance  the  commission  has  cut  the  rate 
approximately  35  cents  a  ton  on  all  rail  and  something  like  45 
cents  on  rail  and  water  hauls.  The  commission's  order  goes  into 
effect  on  Octobor  ist,  19 14. 

The  protestants  stated  that  the  decision  would  force  a  general 
readjustment  of  prices  on  pig  iron.  Ohio  and  Pennsylvania 
furnace  operators  will  be  compelled  to  cut  the  price  of  their 
product  in  order  to  meet  the  new  competition. 

The  decision  was  handed  down  on  a  complaint  brought  by  the 
Sloss-Sheffield  Steel  and  Iron  Company  and  others  in  the  Birm- 
ingham and  Tennessee  districts.  After  it  was  filed,  foundries 
and  other  users  of  Southern  pig  iron  located  in  the  North,  East 
and  West  intervened  on  behalf  of  the  complainants.  Furnace 
operators  in  Ohio,  Pennsylvania,  Illinois,  Michigan,  Wisconsin 
and  Minnesota  made  an  organized  effort  to  have  the  present  rates 
maintained.  The  case  has  been  pending  for  more  than  a  year 
and  the  commission  made  an  exhaustive   investigation. 

W.    A.    H.\MOR 


PERSONAL  NOTL5 


Dr.  Arthur  H.  Elliott  received  the  honorary  degree  of  Master 
of  Science  on  the  occasion  of  the  50th  anniversary  of  the  found- 
ing of  the  School  of  Mines,  Columbia  University,  May  29th. 
Dr.  Elliott  is  at  present  abroad  and  is  representing  the  American 
Gas  Institute  at  various  gas  association  meetings  advancing  the 
interests  of  the  International  Gas  Congress. 

Dr.  Edward  Dyer  Peters,  Gordon  McKay  Professor  of 
Metallurgy  at  Harvard  University,  has  received  the  honorary 
degree  of  Doctor  in  Engineering  from  the  Royal  School  of 
Mines,  Freiberg,  Saxony.  The  degree  was  conferred  upon 
Professor  Peters  in  recognition  of  his  academic  and  practical 
services  and  writings  on  the  metallurgy  of  copper. 

A  license  agreement  has  been  made  between  the  Pittsburgh 
Iron  and  Steel  Foundry  Company  of  Midland,  Pa.,  and  the 
United  Engineering  and  Foundry  Company  of  Pittsburgh,  Pa., 
by  which  the  latter  concern  will  be  permitted  to  manufacture 
"adamite"  steel  rolls  for  rolling  mills.  "Adamite"  is  a  patented 
alloy  which  has  been  owned  by  the  former  corporation  for 
several  years. 

At  its  recent  commencement  Wesleyan  University  conferred 
the  degree  of  Doctor  of  Science  on  Dr.  Walter  P.  Bradley,  who 
has  this  year  retired  from  the  professorship  of  chemistry  which 
he  had  held  since  1893. 

Dr.  Jokichi  Takamine  entertained,  on  July  8th  at  the  Nippon 
Club,  a  number  of  friends  at  a  Japanese  dinner  given  in  honor 
of  Dr.  L.  H.  Baekeland  on  the  eve  of  his  departure  for  Japan. 
Dr.  Takamine  officiated  as  toastmaster.  Ellwood  Hendrick 
directed  to  the  guest  of  honor  a  characteristic  and  brilliant 
poem  on  the  catalysis  of  friendship  and  good  fellowship.  The 
other  speakers  at  the  dinner  were  Charles  F.  McKenna,  Charles 
Baskerville,    Dr.   H.  Noguchi,  M.  C.  Whitaker  and  H.  S.  May. 

The  U.  S.  District  Court  at  Buffalo,  Judge  Hazel  presiding, 
sustained  Patent  No.  939,757  of  the  Williams  Patent  Crusher  & 
Pulverizer  Co.,  in  their  suit  against  the  Kinsey  Manufacturing  Co. 

Dr.  Hans  Goldschmidt,  the  inventor  of  the  Thermit  Process 
and  President  of  the  Goldschmidt  Thermit  Co.,  is  now  paying 
his  annual  visit  to  the  United  States  in  order  to  keep  in  touch 
with  his  numerous  interests  in  this  country. 

Dr.  William  L.  Dudley,  Dean  of  the  Medical  Department 
and  Director  of  the  chemical  laboratories  of  Vanderbilt  Uni- 
versity, Nashville,  Tenn.,  had  conferred  upon  him  the  degree 
of  LLD.  by  the  University  of  Cincinnati  at  its  recent  com- 
mencement. 

The  Pittsburgh  Iron  and  S  eel  Foundry  Company  is  erecting 
additional  open-hearth  furnaces  and  plans  to  make  other  im- 
portant extensions  to  their  plant  at  Midland,  Pa. 


Dr.  Jerome  Alexander  is  convalescing  from  a  serious  illness 
which  has  confined  him  to  his  home  for  the  past  two  months. 

Keuffel  &  Esser  announce  the  removal  of  their  Chicago  head- 
quarters to  a  new  seven-story  building  which  they  have  pur- 
chased, at  516-520  South  Dearborn  Street,  Chicago.  The  main 
portion  of  the  building,  which  is  centrally  located  near  the 
Buren  "loop"  between  Van  Buren  and  Harrison  Streets,  will  be 
occupied  by  their  stockrooms  and  offices. 

Dr.  Ross  A.  Gortner,  since  1909  resident  investigator  in 
biological  chemistry  at  the  station  for  experimental  evolution 
of  the  Carnegie  Institution  of  Washington,  has  been  appointed  as- 
sociate professor  of  soil  chemistry  in  the  University  of  Minnesota. 

President  Francis  P.  Vcnable  has  retired  from  the  presidency 
of  the  University  of  North  Carolina  and  has  assumed  the  chair 
of  the  Francis  Preston  Venable  Professorship  of  Chemistry  in  the 
University  of  North  Carolina. 

The  Tagliabue  Manufacturing  Company  have  announced 
the  issue  of  a  Codex  giving  full  information  about  industrial 
thermometers. 

Ralph  W.  Perry,  Ph.B.  announces  that  he  has  severed  his 
connection  with  the  Michigan  Central  Railroad  as  Chemist  and 
Engineer  of  Tests,  in  which  capacity  he  has  served  them  during 
the  construction  of  the  Detroit  River  Tunnel,  the  New  Station 
and  subsequent  improvements  to  their  terminal  in  the  City  of 
Detroit.  Mr.  Perry  has  leased  the  laboratory  used  in  the  above 
work  for  a  general  Chemical,  Inspecting  and  Testing  business 
to  be  known  as  the  "Perry  Testing  Laboratory." 

Professor  J.  Miller  Thomson,  F.R.S.,  is  retiring  at  the  end  of 
this  session  from  his  position  as  Vice-principal  of  King's  College, 
London  and  head  of  the  chemical  department  of  the  college, 
after  a  service  of  forty-three  years. 

J.  U.  N.  Dorr  was  given  the  honorary  degree  of  Mining 
Engineer  at  the  recent  commencement  of  Rutgers  College,  New 
Brunswick,  N.  J.,  in  recognition  of  his  contributions  to  gold  and 
silver  metallurgy. 

Archibald  F.  Law,  Vice-President  and  General  Manager  of 
the  Temple  Iron  Company,  which  controls  furnaces  at  Temple, 
Pa.,  died  at  Scranton,  Pa.,  on  July  19,  1914,  aged  58  years. 
Mr.  Law's  grandfather,  Charles  Law,  introduced  underground 
(shaft)  mining  in  Pennsylvania. 

Mr.  C.  M.  Means,  Electrical  Engineer,  of  Pittsburgh,  Pa.,  has 
been  appointed  Consulting  Electrical  Engineer  with  the  V .  S. 
Bureau  of  Mines. 

Mr.  Wm.  W.  Clark  has  resigned  as  Chief  Chemist  for  the 
American  Vanadium  Co.,  and  has  accepted  the  position  of  Metal- 
lurgist with  the  Seymour  Manufacturing  Co.,  Seymour,  Conn. 
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Joseph  Soisson,  aged  85,  the  pioneer  manufacturer  of  fire- 
brick used  in  the  construction  of  coke  ovens,  died  at  his  home 
in  Connellsville,  Pa.,  on  July  19,  1914.  Mr.  Soisson  began  the 
manufacture  of  firebrick  sixty-five  years  ago,  and  at  the  time 
of  his  death  was  the  president  of  the  Soisson  Fire  Brick  Company. 

The  manufacturing  plant  of  the  Leicester  Rubber  Co.,  at 
Catasauqua,  Pa.,  was  totally  destroyed  by  fire  on  July  19,  1914, 


with  a  loss  of  $75,000.     The  principal  stockholders  of  the  com- 
pany reside  at  Trenton,  N.  J. 

Plans  are  maturing  at  Sebring,  Ohio,  for  the  erection  of  a 
new  pottery  plant.  There  are  five  potteries  in  operation  there 
now,  having  a  combined  capacity  of  42  kilns  The  new 
pottery  will  be  of  either  six  or  nine  kilns,  and  will  add  about 
$12,000  to  the  monthly  pay-roll  of  Sebring. 


GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBridb.  Bureau 
NOTICE — Publications  for  which  ]jrice  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar ^subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

HOUSE  OF  REPRESENTATIVES 

Utilization  of  Alaskan  Coal.  The  Naval  appropriation  act 
of  Aug.  22,  1912,  provided  for  a  survey  and  testing  of  coal 
from  the  Alaskan  fields  with  a  view  to  its  availability  for  use 
by  the  ships  of  the  U.  S.  Navy.  The  report  resulting  has  been 
printed  as  House  document  876,  63rd  Congress.  It  is  unfavor- 
able to  the  use  of  Alaskan  coal  under  existing  conditions.  The 
elaborate  report  fills  a  pamphlet  of  123  pages  illustrated  by 
many  plates  and  maps. 

PUBLIC  HEALTH  SERVICE 

The  Pollution  of  Tidal  Water.  By  Hugh  S.  Cumming. 
Reprint  181  from  the  Public  Health  Reports.  This  is  an  ad- 
dress given  before  the  Maryland  Conservation  Association, 
February  25,  19 14.  It  discusses  the  bearing  of  tidal  water 
pollution  upon  health  and  the  importance  to  the  State  of  its 
control.  The  subject  is  developed  primarily  from  the  hygienic 
standpoint,  but  is  of  interest  also  in  connection  with  sewage 
disposal,  water  supply,  and  the  shell-fish  industn,-. 
DEPARTMENT  OF  AGRICULTURE 

Identification  of  Commercial  Fertilizer  Materials.  By 
William  H.  Fry.  Department  Bulletin  97.  13  pages.  Paper, 
5  cents.  This  bulletin,  which  is  contributed  from  the  Bureau 
of  Soils,  "gives  methods  for  identifying  the  carriers  of  the  various 
fertilizing  ingredients,  and  is  intended  to  serve  as  a  laboratory 
guide  to  those  studying  this  phase  of  the  fertilizer  question." 

Arsenate  of  Lead  as  an  Insecticide  against  the  Tobacco 
Horn-worms  in  the  Dark-Tobacco  District.  By  A.  C.  Morgan 
and  D.  C.  Parman.  Farmers'  Bulletin  595.  8  pages.  This 
bulletin  from  the  Bureau  of  Entomology  is  primarily  of  interest 
in  the  tobacco  growing  industry  of  Kentucky  and  Tennessee. 
It  indicates,  however,  a  probable  outlet  for  the  chemical  product 
suggested. 

Economic  Waste  from  Soil  Erosion.  By  R,  O.  E.  Davis. 
Separate  624.  18  pages.  5  cuts.  This  pamphlet  is  an  excerpt 
from  the  19 13  yearbook;  it  is  a  contribution  from  the  Bureau  of 
Soils. 

Hemp.  By  Lvster  H.  Dewey.  Separate  628.  63  pages. 
15  cents.  This  excerpt  from  the  19 13  yearbook  gives  an  ex- 
tended report  which  is  developed  largely  from  the  standpoint 
of  the  fiber-plant  investigator. 

BUREAU  OF  FISHERIES 

Fishery  Industries.  By  Fred  M.  Chamberlain  and  Ward 
T.  Bower.  This  article  is  included  as  one  of  the  special 'papers 
in  the  report  of  the  commissioner  of  fisheries  for  the  year  ending 


of  Standards,  Washington 

June  30,   1913.     It  is  of  interest  as  giving  a  general  summary 
of  this  industry. 

BUREAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 

Cottonseed  Products  and  their  Competitors  in  Northern 
Europe.  By  Erwin  W.  Thompson.  Special  Agents'  Series  84. 
93  pages.  Paper,  10  cents.  Part  i  of  this  report  is  already 
issued;  it  deals  with  cake  and  meal.  Part  2,  which  is  to  follow 
shortly,  will  deal  with  oils. 

Utilization  of  Potatoes  in  Europe.  By  Robert  P.  Skinner 
and  other  Consular  Officers.  Special  Consular  Report  64. 
44  pages.  10  cents.  This  report  is  of  interest  in  connection 
with  the  starch  and  alcohol  industries  as  the  statistics  given 
indicate  the  consumption  of  potatoes  in  the  various  European 
districts  not  only  as  food  and  feeding  material,  but  also  in 
their  industrial  application. 

BUREAU  OF  STANDARDS 

Standard  Analyzed  Samples — General  Information.  Supple- 
ment to  accompany  Circular  25.  5  pages.  In  this  pamphlet 
are  given  the  certificate  analyses  for  the  standard  samples 
of  iron,  steel,  ores,  calorimetric  materials,  etc.,  which  are  issued 
by  the  Bureau  of  Standards. 

United  States  Specification  for  Portland  Cement.  Second 
edition  of  Circular  No.  a.  28  pages.  The  revised  edition  of 
this  Circular  includes  only  minor  changes  and  additions  from 
the  ist  edition  which  was  issued  in  July,  1913. 

Flame  Standards  in  Photometry.  By  E.  B.  Rosa  and  E.  C. 
Crittenden.  Scientific  Paper  222.  40  pages.  This  paper 
is  a  revision  of  one  published  in  19 10  (Transactions  of  the  Il- 
luminating Engineering  Society,  5,  753-78),  entitled  Report 
of  Progress  on  Flame  Standards.  Further  experiments  are 
reported,  but  these  have  not  materially  changed  the  conclusions 
previously  stated  and  many  of  the  tables  stand  as  in  the  original. 
The  effect  of  atmospheric  conditions  upon  several  types  of 
standard  lamp  is  fully  discussed  and  certain  suggestions  made 
as  to  the  development  of  a  primary  standard  for  photometr\-. 

Special  Studies  in  Electrolysis  Mitigation. — No.  2.  Elec- 
trolysis from  Electric  Railway  Currents  and  Its  Prevention; 
an  Experimental  Test  on  a  System  of  Insulated  Negative  Feeders 
in  St.  Louis.  By  E.  B.  Rosa,  Burton  McCollum  and  K.  H. 
Logan.  Technologic  Paper  32.  34  pages.  This  paper 
gives  experimental  data  obtained  during  the  practical  working 
out  of  a  system  in  St.  Louis.  In  general  no  chemical  factors 
are  considered,  the  problem  being  treated  from  the  electrical 
engineering  viewpoint. 

Combustion  Method  for  the  Direct  Determination  of  Rubber. 
By   L.   G.   Wesson.     Technologic  Paper  35.     11    pages.     This 
paper  was  printed  in  full  in  This  Journal,  6,  pages  459-62. 
GEOLOGICAL  SURVEY 

Useful  Minerals  of  the  United  States.  Compiled  by  Samuel 
Sanford  and  Ralph  W.  Stoxe.  Bulletin  585.  250  pages. 
Paper,  20  cents.  This  bulletin  contains  first,  a  list  of  the  oc- 
currences for  all  commercially  important  deposits  of  minerals 
arranged  alphabetically  under  each  State;  second,  a  glossary 
of  over  400  names.  This  glossary  includes  in-  addition  to  the 
definitions,  a  list  of  the  states  in  which  the  mineral  occurs; 
it  is,  therefore,  virtually  an  index  to  the  first  part.     .\  general 
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statement  of  the  occurrences  of  the  minerals  is  given  with  the 
idea  of  making  this  publication  useful  to  the  manufacturer, 
miner,  or  student  of  economic  conditions  rather  than  to  the 
professional  mineralogist.  The  more  extensive  deposits  of 
some  common  mineral  products  such  as  clay,  coal,  and  iron  ore 
are  mentioned  only  in  general  terms.  This  is  the  first  publica- 
tion of  the  Government  giving  a  general  summary  of  the  mineral 
resources  since  1887.  However,  Geological  Survey  Bulletin 
507,  "The  Mining  Districts  of  the  Western  United  States,"  and 
one  chapter  of  the  1912,  "Mineral  Resources,"  give  limited 
information  of  similar  character  and  these  two  sources  are  of 
interest  in  connection  with  the  present  bulletin. 

Production  of  Copper  in  the  United  States  in  1913.  By 
B.  ,S.  Butler.  This  advance  statement  gives  the  first  full 
summary  of  statistics  prepared  for  the  comprehensive  report 
on  the  copper  industry.  The  full  report  will  be  published  later 
by  the  Geological  Survey  as  a  part  of  the  general  review  of  the 
industries  of  gold,  silver,  lead,  zinc,  and  copper.  The  following 
data  appear  in  this  advance  statement: 

Production  of  Primary  Copper  in   1913 

Domestic  Foreign 
Primary  production: 

Electrolytic 1,022,497,601  378,243,869 

Lake 155,715,286  

Casting 22,606,040  

Pig ■. 36,004,986  


1,236,823,913  378,243,869 

Total  primary 1  ,615,067,782 

Secondary  production: 

Electrolytic 14,862,577 

Casting 22,360, 182 


Total  secondary 37,222,759 

Total  output 1,652,290,541  lbs. 

From  the  above  statistics  and  the  stock  of  copper  on  hand 

at  the  beginning  and  end  of  the  year  and  the  export  of  copper, 

the  apparent  consumption  of  new  refined  copper  and  secondary 

copper  and  copjjer  in  alloys  is  found  to  be  1,085,000,000  pounds. 

SUPERVISING  ARCHITECT,  TREASURY  DEPARTMENT 

Specification  for  Lubricating  Oils.  As  a  part  of  the  informa- 
tion given  to  bidders  proposing  to  furnish  cylinder,  engine, 
and  motor  oils  for  use  in  buildings  under  the  control  of  the 
Treasury   Department   the   following  specification   is   included: 

"Quality — The  oils  furnished  must  be  of  a  suitable  quality 
to  give  proper  lubrication  without  the  use  of  excessive  quantities. 
They  must  be  free  from  mineral  acids  and  must  not  contain 
such  an  amount  of  orgamic  acid  as  to  indicate  improper  refining 
or  inferior  stock.  Cylinder  oil  must  flow  at  a  temperature  of 
50°  F.  The  custodian  of  the  building  for  which  the  oil  is  ordered 
shall  be  the  judge  as  to  whether  it  gives  proper  lubrication." 
CONSULAR  REPORTS,  JUNE 

Large  soap  factories  are  in  operation  in  Hong-Kong  and 
Shanghai,  using  cocoanut  oil  from  Manila,  soda  from  Germany 
and  Great  Britain,  and  rosin  from  the  United  States.     (P.  12 12.) 

Asphalt-paper  pipes  are  being  used  in  Austria  as  it  is  claimed 
that  they  can  replace  clay  and  iron  pipes  for  most  purposes. 
(P.  1213.) 

Petroleimi  has  been  struck  in  Venezuela,  on  the  eastern  coast 
of  Lake  Maracaibo.     (P.  12 14.) 

The  magnesite  deposits  of  Greece  are  mostly  found  in  ser- 
pentine rocks.  Much  of  it  is  calcined  directly  at  the  mines; 
large  amounts  of  magnesia  and  magnesite  brick  are  exported 
from  Greece  to  the  United  States,  where  the  only  commercial 
supply  is  located  in  California.     (P.  1239-41.) 

Soap  makers  of  Venezuela  are  endeavoring  to  have  the  im- 
port duty  on  cottonseed  oil  reduced,  so  that  this  oil  can  be 
profitably  used.     (P.  1255.) 

A  very  active  radium  spring  has  been  discovered  at  GoUitz, 
Bohemia.     (P.  1257.) 

The  International  Association  of  Silk  Dyers  at  Lyons,  France, 
has  increased  the  price  of  dyeing  silk  owing  to  increase  in  cost 


of  materials  and  labor.  No  responsibility  is  assumed  for  dyeing 
previously  weighted  silks.     (Pp.  1258-9.) 

A  German  inventor,  Johannes  Marschall,  has  patented  a 
furnace  containing  a  series  of  thermopiles,  from  which  he  claims 
to  produce  electricity  directly  from  coal  at  a  cost  below  regular 
practice.     (P.  1278.) 

The  Greek  government  has  just  signed  a  contract  with  the 
Standard  Oil  Company  of  New  York  for  93,000  cases  of  petroleum 
oil.     (P.  1294.) 

The  Belgian  cement  industry,  especially  exports,  shows  a 
decline.     (P.  1295.) 

A  new  plate  glass  factor>'  is  to  be  established  at  Jorda,  Hungary, 
using  natural  gas.     (P.  1359.) 

The  production  and  use  of  kelp  in  the  United  Kingdom  for 
fertilizer  and  for  iodine  are  described.     (Pp.  1402-5.) 

A  large  beet-sugar  factory  is  to  be  built  at  Winnipeg,  Canada. 

(P.  1409-) 

Asphalt  of  good  quality  has  been  discovered  in  the  Philippines. 
(P.  1422.) 

A  factory  for  briquetting  slack  coal  is  to  be  erected  at  Nanaimo, 
near  Victoria,  Canada.     (P.  1426.) 

Statistics  of  the  World's  production  of  raw  silk  are  given. 

(P.  I434-) 

The  mineral  products  of  the  Philippine  Islands  include  iron, 
silver,  gold,  coal,  clay  products,  lime,  sand,  stone,  salt,  and 
mineral  water.     (P.  1456.) 

The  dry-milk  industry  of  Norway  is  in  a  transition  stage, 
but  soon  new  processes  will  be  installed  in  which  the  milk  will 
be  dried  as  a  film  instead  of  by  spraying.     (Pp.  1480-1.) 

Methyl  alcohol  to  be  used  in  the  manufacture  of  formaldehyde 
is  exempted  from  the  manufacturing  tax  in  Italy,  if  denatured 
by  the  addition  of  formaldehyde.     (P.  1516.) 

Birmingham,  England,  conducts  four  municipal  industries, 
viz.,  water,  gas,  electricity  and  street  railways.  The  average 
cost  of  gas  for  1913  was  given  as  38.8  cents  per  1000  cubic  feet. 

(P.  1539.) 

Water  hyacinth  is  being  investigated  in  Judo,  China,  as  a 
source  of  fiber.  This  fiber  has  about  the  same  quality  as  jute; 
it  dyes  readily  and  is  strong.      (P.  1543.) 

The  output  of  mineral  products  in  Chili  has  increased,  es- 
pecially sodium  nitrate,  copper,  coal,  borax  and  phosphate. 
(P.  1582.) 

A  new  oil-bearing  nut  has  been  found  in  the  Philippines, 
from  a  tree  supposed  to  belong  to  the  genus  Amoora  or  Dy- 
soxylum.  The  nut  contains  45  per  cent  of  a  new  edible  oil 
which  has  been  found  useful  in  the  manufacture  of  soap,  but 
not  as  a  drying  oil.     (P.  1615.) 

Mills  in  Judo,  China,  for  the  production  of  paper  pulp  from 
bamboo  have  not  been  very  successful,  but  are  being  reorganized. 
(P.  1627.) 

A  new  high-power  explosive,  sabulite,  to  be  manufactured  at 
Coquitlam,  British  Columbia,  for  blasting  is  claimed  to  be 
three  times  as  efficient  as  dynamite,  to  be  safe  in  handling, 
not  to  be  effected  by  temperatures  from  — 75°  F.  to  +258°  F., 
and  to  evolve  no  poisonous  fumes  on  explosion.     (P.  1641.) 

A  committee  of  experts  has  been  appointed  in  Sweden  to 
investigate  the  possibilities  of  the  production  of  mineral  oil 
and  sulfiu'  from  Swedish  deposits  of  "alum  shale"  or  alum 
slate"  which  is  a  mixture  of  pyrite,  aluminum  silicate  and 
bituminous  matter.     (P.  1707.) 

The  Hong-Kong  Exporters  Association  is  endeavoring  to  es- 
tablish standards  of  quaUty  for  their  exports,  especially  wood 
oil,  cassia,  and  cassia  oU.     (P.  1710.) 

A  cargo  of  Spanish  sugar-beet  pulp  has  been  shipped  to  Boston 
and  New  Orleans  for  feeding  cattle.     (P.  171 1.) 

The  txuT)entine  industry  in  India  is  being  increased.     (P.  1712.) 

The  production  of  petroleum  in  the  Caucasus  has  decreased 
in  the  last  decade.     (P.  1717.) 
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Thi-  petroleum  output  of  Peru  is  largely  used  as  fuel  oil, 
especially  iu  Diesel  motors.      (P.  1729.) 

By-product  coke  ovens,  mostly  of  the  Coppe,  Carway  and  Otto 
types,  are  largely  replacing  the  bee-hive  type  in  Russia.  (Pp. 
1732-3) 

The  peppermint  industry  in  Japan  is  increasing,  the  principal 
products  being  peppermint  oil  and  menthol.     (P.  1738.) 

The  statistics  of  the  areas  planted  in  sugar  beets  in  Kurope 
show  an  increase.     (P.  1773.) 

The  conditions  of  the  following  industries  in  France  are  dis- 
cussed, viz.,  brewing,  phosphates,  coal,  iron  and  steel,  artificial 
silk,  sugar,  and  alcohol.     (Pp.  1841-5.J 

lifforts  are  being  made  to  develop  a  large  cottonseed-oil 
industry  in  India,  the  second  largest  cotton-producing  country 
in  the  world.     (Pp.  1866-7.) 

E.xperiments  at  Croydon,  England,  indicate  that  the  addition 
of  one  seven-hundredths  grain  of  radium  per  ton  of  soil,  causes 
marked  increase  in  the  rate  of  plant  growth.  Radium  residues 
may  be  used  as  the  source  of  radium.     (P.  1871.) 

Gunpowder  for  the  Swedish  government  is  made  in  a  govern- 
ment factory,  the  principal  explosives  used  being  nitroglycerine, 
and  nitrocellulose,  with  smaller  amounts  of  trinitrotoluol. 
(P.  1890.) 

Soya  bean  oil  is  being  refined  in  Germany  to  be  used  in  the 
manufacture  of  artificial  butter  and  lard,  and  as  salad  oil.  (P. 
1908.) 

The  manufacture  of  aluminum  ware  in  India  is  increasing, 
and  the  possibility  of  producing  the  metal  is  being  considered. 
(P.  1924.) 

The  oil  of  the  cohune  nut  is  in  great  demand  in  Europe  as 
a  hardening  ingredient  in  margarin.  Great  difficulty  is  ex- 
perienced in  cracking  the  nuts  by  machine  without  damaging 
the  kernels.     (Pp.  1930-1.) 

Discovery  of  petroleum  in  Calgary,  Canada,  has  caused  con- 
siderable prospecting.     (P.  1957.) 

The  sea-weed  industry  of  France  includes  its  use  for  fertilizer 
and  for  the  manufacture  of  iodine  and  potash  (Pp.  1988-90.) 

The  sisal  produced  in  Bahamas  is  mostly  shipped  to  the 
United  States.      (P.  1994.) 

Removal  of  the  duty  on  charcoal  has  made  possible  the  im- 
portation, of  charcoal  from  China  to  the  United  States.  (P. 
1997) 

Statistics  and  other  information  regarding  exports  from  various 
localities  to  the  United  States  will  be  found  as  follows: 

Belfast — Fusel  oil,  hides,  paper  stock,  toWj  and  whiskey. 
(P.  1209.) 

Florence — Hemp,  marble,  porcelain,  hides,  raw  silk,  terra 
cotta,  and  wine.     (P.  1285.) 

Cuba — Hides,  copper,  molasses,  sugar,  wax,  alcohol,  and  as- 
phalt.    (P.  1289.) 

Rouen,  France — Tanning  liquor,  fusel  oil,  ruliber  substitute, 
lubricating  oil  and  paper  stock.     (P.  1308.) 

Aleppo,  Turkey — Gum  tragacanth,  licorice  root,  and  hides. 
(P-  I334-) 

Jaffa,  Turkey — Hides,  sesame  seeds  and  oil,  olive  oil,  and 
wines.      (P.  I345-) 

Smyrna — Chrome  ore,  emery,  gum  mastic,  gum  tragacanth, 
laurel,  licorice  root,  olive  and  sesame  oil,  opium,  and  hides. 
(P.  1373-) 

Singapore — Benzine,  copra,  cubebs,  gambler,  gums,  gutta 
jelutong,  gutta  percha,  hides,  spices,  cocoanut  oil,  wood  oil, 
patchouli  leaves,  rubber,  stick  lac,  tin,  and  paraffin.     (P.  1396.) 

\'alencia,    Spain — Coal,    mineral    phosphate,    and   petroleum. 


Moscow — Drugs,  furs,  hides,  mineral  oils,  spirits,  and  wines. 
(P.  1466.) 

Bombay — Beeswax.     (P.  1468.) 

Munich — Beer,  chemicals,  glue,  metal,  paper,  pumice,  rennet, 
scientific  apparatus,  and  skins.     (P.  1474.) 

Hongkong — Aniseed  oil,  ca.ssia  and  cassia  oil,  tin,  and  peanuts. 
(P.  1483  and  1786.J 

Carlsbad — Beer,  uranium,  color,  chemical  glassware,  glue, 
kaolin,  lenses,  lupuline,  mineral  water,  rennet,  mineral  salts, 
artificial  silk,  and  zinc  oxide.      (P.  1495.) 

Prague  and  Reichenberg — Beer,  potassium  carbonate,  barium 
chloride,  zinc  oxide,  potassium  permanganate,  coffee  substitute, 
gelatin,  glue,  graphite,  paraffin,  sod  oil,  and  tool  steel.  (Pp. 
1500-5.) 

Calgary,  Canada — Fertilizer,  glycerine,  hides,  and  oil  cake. 
(P.  15"-) 

Dundee  and  Aberdeen,  Scotland — Flax,  hemp,  jute,  gauge 
glass,  paper  stock,  spirits,  horn,  and  iron  grit.     (Pp.  1528-32.) 

Leghorn  and  Carrara,  Italy — Alabaster,  argols,  beeswax, 
boracic  acid,  glass  bottles,  glue  stock,  glycerine,  hemp,  hides, 
juniper  berries,  marble,  mercury,  olive  oil,  pumice  stone,  sienna, 
soap  stock,  talc,  umber,  and  wine.     (Pp.  1536-7.) 

Valparaiso — Beeswax,  coal,  copper  and  copper  ore,  skins, 
gold,  sodium  nitrate,  quillaja  bark  (soap  bark),  and  silver. 
(P.  1589.) 

Riga  and  Liban,  Russia — Drugs,  flax,  hemp,  glue  stock,  hides, 
linseed,  mineral  oil,  rennet,  wood  pulp,  fusel  oil,  and  turpentine. 
(P.  1632.) 

New  Zealand — Hides  and  kauri  gum.     (P.  1647.) 

Barcelona — Antimony  oxide,  argols,  bones,  cork,  glycerine, 
licorice,  olive  oil,  fusel  oil,  oleo  stearin,  saffron,  sugar  beet 
pulp,  skins,  mineral  water,  and  wine.     (P.  1658.) 

Brunswick,  Germany — Asphalt,  paints,  optical  glass,  scientific 
instruments,  potash,  quinine,  and  sugar.     (P.  1670.) 

Rosario,  Argentine — ^Bones,  hides,  copper  ore,  linseed  and 
quebracho.     (P.  1686.) 

Batum,  Russia — Licorice,  manganese  ore,  potassium  car- 
bonate, and  hides.     (P.  171 7.) 

Southampton — Scientific  instruments,  metals,  skins,  spirits, 
cocoa,  drugs,  gum,  gutta  percha,  mica,  and  rubber.  (Pp. 
1728-9.) 

Guayaquil,  Ecuador — Gold,  hides,  irory,  nuts,  kapok,  and 
rubber.     (P.  1755.) 

Costa  Rica — Gold,  rubber,  silver,  and  sugar.     (P.  1759.) 

Ontario — Artificial  abrasive,  beet  pulp,  beet  sugar  residue, 
bones,  gold,  silver,  carbons,  ammonia,  arsenic,  glycerine,  cya- 
nide, sulfuric  acid,  coal,  coal  tar,  coke,  diamonds,  gas  liquor, 
glue  stock,  grease,  gum  chicle,  hides,  lime  juice,  milk  powder, 
feldspar,  graphite,  mica,  silica,  talc,  cottonseed,  creosote,  fusel 
and  petroleum  oils,  ores  of  cobalt,  copper,  nickel,  corundum, 
gold,  iron,  pyrite,  and  silver;  paper  stock,  rubber,  flaxseed,  soap 
stock,  steel,  tallow,  tan  bark,  paraffin,  and  whiskey.     (P.  1885.) 

Stettin,  Germany — Amber,  cellulose,  drugs,  dextrin,  ceramics, 
glycerine,  palm  oil,  rapeseed  oil,  potash  and  wood  pulp.  (P. 
1911.) 

Newcastle-on-Tyne — Antimony,  asphalt,  barium  carbonate, 
coal,  coke,  paint  materials,  copper  matte,  hides,  ceramics,  fluor- 
spar, pig.  iron,  silica  ware,  steel,  and  ammonium  sulfate.  (P. 
1950.) 

West  Hartlepool,  England — Diamond  grit,  ferromanganese, 
fertilizer,  pig  iron,  linoleum,  salt,  slag  blocks,  spiegeleisen,  and 
steel.     (P.  1952.) 

Uruguay — Bones,  casein,  fertilizer,  glue  stock,  guano,  and 
hides.     (P.  1954) 

Nagasaki — Coal,  graphite,  and  vegetable  wax.     (P.  1976.) 
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BOOK  REVIEWS 


Welding  and  Cutting  of  Metals:  Oxyacetylene  Process.  Pub- 
lished by  the  Vulcan  Process  Company,  MinneapoHs.  86 
pages.     Cloth-bound.     Price,  $i.oo. 

This  little  book  contains  drawings  and  descriptions  of  the 
various  appliances  used  in  the  oxyacetylene  welding  operations, 
together  with  a  description  of  the  methods  of  application.  It 
also  contains  a  number  of  illustrations  of  successful  welds  and 
tabular  data  covering  the  range  of  application.  The  book  will 
be  useful  to  anyone  interested  in  construction  and  repair  work 
coming  within  the  range  of  this  process. 

M.  C.  Whitaker 

The  Synthetic  Use  of  Metals  in  Organic  Chemistry.  By- 
Arthur  J.  Hale,  B.Sc.  (Lond.),  A.I.C.  Pp.  xii  +  169.  P. 
Blakiston's   Son    &   Co.,   Philadelphia.      1914.     Price,   $1.50. 

Many  reactions  and  .syntheses  of  organic  chemistry  in  which 
metals  and  their  compounds  take  part  are  presented  in  this 
book.  The  chapters  include  reactions  involving  sodium  and 
potassium,  copper  and  silver,  magnesium,  calcium  and  barium, 
zinc  and  mercury,  aluminum,  tin  and  lead,  iron,  nickel  and  plat- 
inum, followed  by  six  appendices  containing  experiments  ex- 
emplifying a  number  of  the  methods  mentioned  in  the  text. 

This  work  is  based  upon  a  course  of  lectures  to  advanced 
students,  and,  to  judge  from  the  text,  presupposes  a  rather  thor- 
ough knowledge  of  elementary  organic  chemistry.  The  num- 
ber of  reactions  taken  up  is  surprisingly  large  for  a  book  of  this 
size.  A  detailed  discussion  of  any  one  of  them  is  therefore 
obviously  impossible.  The  weakness  of  the  presentation  lies 
in  the  lack  of  a  systematic  classification  of  the  material.  A 
systematization  of  the  reactions  as  a  whole,  at  which  at  least 
an  attempt  might  have  been  made,  would  have  added  greatly 
to  the  value  of  the  book,  especially  in  connection  with  reactions 
of  inorganic  chemistry.  As  a  further  result  of  the  concise  treat- 
ment, the  student  is  left  in  doubt  as  to  the  value  of  the  reac- 
tions from  a  practical  standpoint  except  in  the  case  of  those 
for  which  experimental  details  are  given  in  the  appendices. 

In  a  book  of  this  nature,  some  slips  are  inevitable,  but  on 
the  whole  fewer  are  apparent  than  would  ordinarily  have  been 
expected.  Some  of  the  reactions,  such  as  the  preparation  of 
triphenyl  methyl,  etc.,  for  example,  might  have  been  brought 
more  up  to  date.  While  other  minor  criticisms  might  be  made, 
this  book  should  prove  of  value  to  those  chemists  who  wish  a 
summary  of  the  reactions  of  organic  chemistry  in  which  metals 
or  metallic  compounds  take  part. 

K.  G.  Falk 

Modem  Steel  Analysis.  A  Selection  of  Practical  Methods  for 
the  Chemical  Analysis  of  Steel.  Bv  J.  A.  Pickard,  B.Sc, 
A.R.C.Sc,  A.I.C,  Carnegie  Research  Scholar  of  the  Iron 
and  Steel  Institute,  Fellow  of  the  Chemical  Society  of  London. 
Pp.  viii  +  128.  Illustrated.  i2mo.  Cloth,  $1.25,  post-paid. 
P.  Blakiston's  Son   &  Co.,  publishers,  Philadelphia. 

The  author  states  in  the  Preface  that  he  has  "endeavored 
to  condense  into  a  small  space  practical  methods  for  the  exact 
estimation  of  all  those  constituents  of  steel  which  are  of  fairly 
common  occurrence.  No  attempt  has  been  made  to  give  a  com- 
prehensive description  of  all  the  processes  used  in  the  analysis  of 
steel,  but  the  methods  detailed  have  been  selected  for  their 
practical  utility. 

The  first  section  of  the  book  is  on  General  Procedure.  This 
is  an  admirable  feature  of  the  book,  wherein  the  author  gives 
practical  suggestions  relative  to  weighing,  precipitation,  filtra- 
tion, evaporation  and  baking,  absolute  value  of  results,  arrange- 
ment of  work,  sampling,  and  useful  apparatus.     Under  weighing 


precipitates  the  following  is  given  as  an  example  of  a  very  prac- 
tical suggestion:  "A  good  many  precipitates,  such  as  silica, 
barium  sulfate,  aluminum  oxide,  are  most  conveniently  weighed 
by  brushing  out  of  the  crucible,  into  the  balance  scoop,  taking 
precautions  against  loss  by  performing  the  operation  over 
smooth  paper.  *****  Xhis  procedure  is  to  be  recom- 
mended not  only  on  the  ground  of  speed  and  convenience,  but 
also  for  its  accuracy." 

Methods  for  the  following  elements  in  steel  are  given  in  their 
alphabetical  order:  Aluminum,  Arsenic,  Carbon,  Chromium, 
Cobalt,  Copper,  Hydrogen,  Manganese,  Molybdenum,  Nickel, 
Nitrogen,  Oxygen,  Phosphorus,  Silicon,  Sulfur,  Titanium, 
Tungsten,  Uranium  and  Vanadium.  This  is  followed  by  Ap- 
pendix I,  Solutions;  Appendix  II,  Analysis  of  Different  Steels 
and  Alloys. 

The  methods  given  are,  in  general,  those  in  practice  in  iron  and 
steel  laboratories.  We  note  with  regret  the  absence  of  Dr. 
Drown's  well-known  method  for  the  determination  of  silicon  in 
steel ;  that  ' '  SiOj  contains  46  93  per  cent  Si, "  and  that  the  author 
uses  the  word  "estimation"  throughout  the  book  as  a  heading 
before  giving  the  method. 

William  Brady 

Underground   Waters   for   Commercial   Purposes.     Bv   Frank 

L.  Rector.     98  pp.     8  figs.     John  Wiley   &  Sons,  New  York. 

1913.     Price,  $1.00. 

The  first  thirty-one  pages  of  this  book  reviews  for  us  our 
"Physical  Geography"  lesson  on  "Water  and  Its  Occurrence." 
We  learn  that,  "   .  thermal  springs  and  geysers  exist  in 

widely  separated  parts  of  the  universe;"  that,  "its  (water's) 
specific  gravity  is  i  at  15°  C.,"  etc.,  etc.  Then  follow  two  very 
interesting  chapters.  The  one,  on  "Watershed"  (8  pages), 
more  especially  concerned  with  the  relation  of  the  watershed 
to  epidemics;  the  other,  on  "Mineral  Water"  (9  pagesj,  gives 
us  ten  definitions  of  the  term  by  as  many  different  authorities 
and  cites  various  classifications  of  mineral  waters.  Just  as  we 
are  becoming  interested  in  "Underground  Waters"  we  find 
that  the  author  has  grown  weary  of  his  task  and  has  filled  out 
his  book  with  a  compilation  of  analytical  methods  and  tables. 
The  analytical  methods  are  given  too  briefly  to  be  of  assistance 
to  the  analyst  and  too  technically  for  the  lay  reader. 

A.   M.   Bus  WELL 

Sugars  and  their  Simple  Derivatives.     Bv  John  E.  Mackenzie. 

J.   B.   Lippincott  Co.,   Philadelphia.      1914.     xvi    -f   242   pp. 

Price,  $2.25,  net. 

This  book  is  based  on  a  course  of  lectures  given  by  the  author 
to  a  class  of  students,  some  in  pure  chemistry  and  others  inter- 
ested in  medicine,  brewing,  distilling,  the  manufacture  of  sugar, 
etc.  The  more  important  physical  and  chemical  properties 
of  most  of  the  simple  carbohydrates  are  given,  and  considerable 
space  is  devoted  to  a  description  of  methods  for  the  determina- 
tion of  their  structural  formulae  and  stereochemical  configura- 
tions. Special  chapters  on  subjects  like  the  manufacture  of 
cane  sugar,  fermentation,  and  the  metabolism  of  the  sugars 
are  presented  in  a  brief  way. 

The  form  of  the  book  does  not  lend  itself  very  well  to  connected 
reading  and  it  probably  will  be  most  used  as  a  companion  to 
works  on  physiological  and  analytical  chemistry  and  brewing, 
where  no  very  complete  references  on  the  subject  are  necessary. 

Since  E.  F.  Armstrong's  "The  Simple  Carbohydrates  and  the 
Glucosides"  has  already  appeared,  there  seems  to  be  little  rea- 
son why  a  second  book  so  similar  in  character  should  have  been 
published. 

J.  M.  Nelson 
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3y  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Building,  Washington,  D.  C. 


Manufacturing  Nitrogen  Compounds.     T.  Fujiyama,   March 
17,    1914.     U.    S.    Pat.    1,090,391. 

This  apparatus  is  designed  for  pro- 
ducing nitrogen  compounds  from 
carbids  by  the  action  of  nitrogen. 
In  the  chamber  i  is  mounted  roller 
12  made  of  fire-proof  material. 
Carbon  rods  13  capable  of  producing 
electric  arcs  or  carbon  resistors  are 
arranged  in  an  annular  scries  for 
heating  the  chamber.  The  material 
is  brought  on  to  roller  1 2  from  pipe 
2  and  is  said  to  absorb  nitrogen 
while  moving  to  the  discharge  pipe 
5  which  is  water-jacketed  to  prevent 
decomposition  of  the  nitrogen  com- 
pounds produced. 

Synthetic  Caoutchouc.  C.  K.  F.  L.'  Gross,  March  24,  1914. 
U.  S.  Pat.  1,090,847.  Isoprene  is  heated  in  contact  with  Irioxy- 
methylene  until  a  viscous  mass  is  obtained. 

Potash  from  Feldspar.  H.  P.  Bassett,  March  24,  1914.  U. 
S.  Pat.  1,091,034.  Feldspar  is  mixed  with  sodium  acid  sulfate, 
sodium  chlorid,  and  a  reducing  agent,  the  reducing  agent  being 
employed  in  such  quantity  as  to  reduce  only  a  part  of  the  sul- 
fate to  sulfid.  The  mixture  is  heated  to  a  bright  red  heat  for 
from  one  to  two  hours  and  the  water-soluble  portion  of  the  re- 
maining mass  is  separated  and  the  potash  recovered  from  it. 

Treating  Metals.  E.  G.  Gilson,  March  24,  1914.  U.  S.  Pat. 
1,091,057.  Metals  are  heated  in  a  non-oxidizing  atmosphere 
in  contact  with  aluminum,  aluminum  oxid  and  a  chlorid  in  order 
to  render  them  inoxidizable. 

Extracting  Potassium  and  Sodium  Compounds  from  Silicates 
which  Contain  Alkalis.  A.  Messerschmitt,  March  24,  1914. 
U.  S.  Pat.  1,091,230.  Soluble  sodium  and  potassium  com- 
pounds are  produced  from  feldspar  and  similar  materials  by 
finely  dividing  such  material  and  mixing  it  with  a  slime  contain- 
ing undried  precipitated  calcium  carbonate  resulting  from  a 
soda  manufacturing  process.  The  mixture  is  heated  to  a  de- 
composing temperature  and  lixiviated. 

Sulfur  Dioxid.  H.  K.  Moore  and  R.  B.  Wolf,  March  31,  1914. 
D.  S.  Pat.  1,091,689.  Sulfur-bearing  materials  are  burned  and 
the  products  of  combustion  passed  through  a  circulating  body 
of  refrigerated  solvent  for  the  sulfur  dioxid  gas  such  as  an  aqueous 
calcium  chlorid  solution  maintained  at  a  temperature  of  ap- 
proximately 32  °  F.  The  sulfur  dioxid  gas  is  extracted  in  vacuo 
from  the  solvent  and  refrigerated  in  vacuo  to  liquefy  it. 

Ammonia  Production.  S.  Peacock,  April  7,  1914.  U.  S. 
Pat.  1,092,167.  Ammonia  is  produced  from  a  higher  iron  hy- 
drid  in  the  presence  of  free  nitrogen  by  causing  the  iron  hydrid  ' 
to  split  off  a  portion  of  its  hydrogen  at  a  temperature  suitable 
for  the  nascent  hydrogen  thus  produced  to  combine  with  the 
free  nitrogen  to  form  ammonia.  Free  hydrogen  is  simultaneously 
fed  to  the  mass  to  reform  the  higher  iron  hydrid  as  fast  as  the 
ammonia  is  produced. 

Making  Catalyzers.  C.  Ellis,  April  7,  1914.  U.  S.  Pat. 
1,092,206.  An  arc  is  formed  between  nickel  electrodes  in  the 
presence  of  water  and  the  finely  divided  nickel  containing  pre- 
cipitate resulting  from  the  eroding  action  of  the  arc  is  collected. 

Process  of  Making  Chlorates.  G.  Kolsky,  April  7,  1914. 
U.   S.  Pat.   1,092,369.     Chlorates  are   produced  by  passing  an 


electric  current  through  a  suitable  electrolyte  between  electrode 
surfaces  separated  only  by  the  electrolyte.  Such  evolution 
of  gas  at  the  electrodes  is  maintained  as  will  suffice  to  induce  an 
active  circulation  of  the  electrolyte  past  the  electrodes  and  effect 
depolarization,  the  lines  of  flow  of  the  electrolyte  passing  elec- 
trodes of  opposite  polarity  in  rapid  succession. 

In  the  use  of  the  apparatus  illustrated  for  the  jnanufacture  of 


potassium  chlorate,  a  considerable  body  of  liquid  is  subjected 
to  electrolytic  action  for  several  hours  or  until  the  percentage 
of  chlorate  has  risen  to  a  desired  degree,  whereupon  the  liquid 
is  withdrawn  and  replaced  by  fresh  electrolyte.  There  is  no 
continuous  flow  of  electrolyte  into  and  from  the  apparatus, 
the  circulation  of  liquid  being  due  solely  to  the  evolution  of 
hydrogen  at  the  electrodes. 

Composition  for  Use  in  Matches.  H.  Staler,  April  7,  1914. 
U.  S.  Pat.  1,092,408.  \  substitute  for  yellow  phosphorus  in 
the  manufacture  of  match  compositions  is  produced  by  thor- 
oughly mixing  red  phosphorus,  a  metallic  sulfid  and  sulfur  in 
the  proportions  by  weight  of  six  parts  of  red  phosphorus,  two 
parts  of  metallic  sulfid  and  three  parts  of  sulfur.  The  mixture 
is  heated  to  a  temperature  of  about  500°  F.,  washed  with  water 
at  a  high  temperature  and  dried. 

Precipitation  of  Metals  from  Cyanid  Solutions.  C.  Butters, 
April  7,  1914.  U.  S.  Pat.  1,092,765.  Precious  metals  have  been 
precipitated  from  cyanid 
solutions  by  the  action  of 
aluminum  in  the  form  of 
dust.  To  avoid  the  expense 
of  reducing  aluminum  to 
dust  form,  the  patentee  em- 
ploys aluminum  in  granular 
form,  disposed  within  a  ro- 
tating mill  through  which 
the  cyanid  solution  is  con- 
ducted. The  attrition  to 
which  the  granular  pieces 
are  continually  subjected 
prevents  the  formation  upon 
their  surfaces  of  a  deposit 
which    would  arrest    the    chemical  action. 

Hardening  or  Treatment  of  Steel.  A.  W.  Machlet,  April  14, 
1914.  U.  S.  Pat.  1,092,925.  The  iron  or  steel  under  treatment  is 
heated  to  at  least  a  red  heat  in  an  atmosphere  of  ammonia  which  has 
been  passed  or  filtered  through  kerosene  and  then  in  an  atmos- 
phere of  ammonia  alone. 


MARKET  REPORT 
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MONTREAL  MLLTING  POSTPONED 


The  postponement  of  the  Montreal  Meeting,  just 
announced  by  the  officers  of  the  Society,  will  be  a 
great  disappointment  to  the  many  chemists  who  have 
been  looking  forward  to  this  event  with  keen  anticipa- 
tion and  pleasure.  Many  have  scarcely  realized  the 
far-reaching  effects  of  the  war  in  Europe,  while  the 
seriousness  of  the  situation  is  pressing  heavily  and 
in  an  ever-increasing  variety  of  forms  upon  other 
members  of  our  profession. 

Conditions  in  Canada  which  necessitated  the  post- 
ponement may  be  best  conveyed  by  the  following 
letter  to  Secretary  Parsons  from  Prof.  R.  F.  Ruttan, 
Chairman  of  the  Montreal  Committee: 

Dear  Dr.  Parsons: 

The  declaration  of  war  between  Germany  and  England 
found  me  at  Metis  Beach,  500  miles  down  the  St.  Lawrence, 
playing  golf  with  a  feeling  of  relief  that  our  organization  for  the 
meeting  was  so  complete. 

We  had  a  meeting  of  all  the  Executive  Committee  in  town 
this  afternoon,  and  with  profound  regret,  fully  realizing  what 
it  meant  to  you  and  the  Society,  decided  that  the  meeting  could 
not  be  made  a  success  in  British  territory  this  autumn.  I 
wired  you  at  once  as  follows: 

"Canada  is  sending  the  first  contingent  of  20,000  very  soon 
and  a  second  and  third  will  follow. 

"Montrealers  feel  that  we  are  at  war  with  Germany  and 
Austria,  and  are  behaving  as  if  the  enemy  were  threatening  us. 

"The  Harbor,  canals,  etc.,  are  under  Martial  Law.  The 
excursions  were  oflf,  as  the  company  canceled  our  contract 
for  the  steamers  for  the  rapids  and  harbor. 

"No  German  member  of  the  Society  would  naturally  come 
to  British  soil  and  all  with  German  names  would  be  questioned 
at  the  boundary.  Many  are  even  now  turned  back.  We 
felt  that  the  exclusion  of  so  many  prominent  members  of  the 
Society  was  a  high  price  to  pay  for  a  meeting  here. 

"Any  foreigners  would  be  subjected  to  disagreeable  formalities 
and  conditions  on  coming  here  just  now. 

"It  would  be  impossible  to  attract  to  the  Convention  the 
slightest  public  interest  in  Montreal,  outside  a  few  dozen  chem- 
ists. No  one  would  come  to  the  Conversazione  or  the  garden 
parties  we  had  arranged,  and  while  there  would  surely  be  the 
feeling  of  good  fellowship  among  ourselves,  it  would  be  over- 
shadowed by  the  tragic  war  we  are  in  at  present." 

It  is  sad  to  look  over  the  wreck  of  our  hopes  of  a  big  and 
successful  meeting.     Everything  was  organized  and  under  way 


even  to  rehearsing  for  the  Smoker.  The  toastmaster  and  speakers 
for  the  banquet,  the  chemical  and  other  scientific  "stunts"  for 
the  Conversazione  were  arranged  and  the  hall  for  the  exhibits 
prepared,  which,  by  the  way,  would  have  been  of  exceptional 
interest.     We  feel  very  sad  about  it  all  today  I  assure  you. 

The  Principal  and  Vice-Principal  (of  McGill  University) 
and  Sir  Wm.  Osier,  who  had  promised  to  speak  at  the  banquet, 
are  in  Europe,  as  well  as  many  of  our  staff.  Their  return  is 
uncertain.  Everything  was  against  the  meeting  and  only  our 
desire  to  give  you  the  hand  of  good  fellowship  and  the  advanced 
state  of  the  preparations  made  us  hesitate  at  all  about  calling 
everything  off. 

I  hope  you  appreciate  our  situation  and  that  we  have  your 
sympathy. 

I  came  up  this  morning  feeling  sure  the  meeting  would  go, 
but  have  been  convinced  it  could  not  be  made  more  than  an 
apology  for  a  convention,  which  it  would  be  a  waste  of  time  to 
attend. 

When  things  settle  down  again  we  shall  once  more  extend 
you  an  invitation,  and  hop*  you  wiU  do  us  the  honor  of  accepting 
it. 

I  am,  with  kindest  regards. 

Sincerely  yours, 

(Signed)  R.  F.  Ruttan- 

The  officers  of  the  Society  acted  promptly  upon 
the  advice  of  the  committee  and  issued  notice  of  in- 
definite postponement  of  the  Annual  Meeting  of  1914. 

It  now  seems  improbable  that  any  meeting  of  the 
Society  will  be  held  this  fall. 

The  question  of  transferring  the  convention  to  an- 
other place  was  considered  but  in  view  of  the  tre- 
mendous influence  of  events  now  pending  and  the 
important  duties  which  will  devolve  upon  the  chemical 
profession,  alike  in  neutral  and  in  involved  countries, 
it  was  the  almost  unanimous  opinion  of  the  officers 
of  the  Society  that  it  will  be  impossible  to  arrange  for 
a  successful  meeting  early  in  the  fall  and  that  business 
conditions  throughout  the  country  render  it  improb- 
able that  it  would  be  advisable  to  have  a  meeting  later 
in  the  year.  This  latter  point,  however,  will  be  defi- 
nitely decided  later  and  any  notice  that  may  become 
necessary  will  appear  in  the  October  or  November 
journals. 

We  believe  the  decision  of  the  officers  will  be  unani- 
mously approved  by  the  membership  of  the  Society. 


ORIGINAL  PAPERS 


SYNTHETIC    CELITE    AND    LARGE    CRYSTALS    OF 
TRICALCIC  SILICATE 

By  Edward   D.  Campbeul 
Received  June  26,  1914 

"Tornebohm  and  Le  Chatelier  as  early  as  1897 
described  'alite'  as  the  crystalline  material  separating 
out  from  an  inter-cryStalline  magma  'celite.'  Torne- 
bohm' further  lays  stress  on  the  fact  that  celite  is 
fusible  at  the  ordinary  clinkering  temperature  and 
promotes  the   crystallization   of  the   alite.     No   claim 

'  Tomtv.tuslrie  Z.,  21  (1897),  1148. 


is  made  that  alite  is  a  definite  chemical  or  mineralogical 
entity  and  it  is  according  to  this  interpretation  of 
the  terms  that  they  are  used  in  this  article." 

In  the  work  done  last  year'  discs  of  well  burned 
clinker,  made  from  the  raw  material  from  one  of  the 
leading  cement  mills  in  the  Lehigh  Valley,  were  placed 
between  discs  of  pure  magnesium  oxide,  MgO,  and 
the  pile  so  constrticted  heated  to  various  tempera- 
tures ranging  from  1475°  to  1575°  C.  The  portion 
of   the   clinker   constituting   the   celite    as   defined   by 

'  This  Journal,  S.  6J7. 
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Tornebohm  and  Le  Chatelier  and  amounting  to  from 
twenty  (20)  to  twenty-seven  (27)  per  cent  of  the 
weight  of  the  clinker  was  liquefied  and  absorbed  by 
the  magnesium  oxide,  MgO,  discs.  Prom  analyses 
of  the  discs  saturated  with  celite  the  percentage  compo- 
sition of  this  latter  and  its  molecular  ratios  could  be 
calculated.     The  results  are  given  in  the  following  table: 

Table  I 
Tempera-  Per  Percentage  composition 

Experi-  ture     Time      cent * . 

ment                         °  C.      Hrs.      celite        SiOz      AI3O3     FejOj      CaO  MgO 

Ai 1475      13         20.87     11,21      19.28     8.30     55.89  5.32 

11.22      19.36     8.37      55.73  5.31 

Aj 1510   3    21.40   13.63   18.24   7.99  55.20  4.95 

13.64      18.11      7.94     55.36  4.96 

A) 1575   2'/3  26.25   14.46   17.36  8.12  55.91  4.15 

14.39      17.34      8.22     55.91  4.15 

B< 1575   8    20.80   9.13   19.89  8.87  59.18  2.92 

9.07   19.86  8.99  59.15  2.93 

The  molecular  ratios  of  the  celite  calculated  from 
the  means  of  the  analyses  in  Table  I  and  reduced  to 
the  basis  of  one  hundred  (loo)  molecules  of  R2O3- 
(AI2O3  +  FezOa)  are  given  in  Table  II. 

Table  II — Ratios  in  Celite  Absorbed 
100  RjOj 

Experiment  AhOs  FeiOj  SiOi  CaO  MgO  RO 

Ai 78.4  21.6  77.1  413  54.65  467.65 

As 78.1  21.9  99.3  433.5  53.9  487.4 

A4 76.9  23.1  108.2  451.5  46.5  498.0 

B< 77.7  22.3  58.9  426.5  29.0  455.5 

It  has  seemed  better  to  calculate  the  molecular 
ratios  given  in  Table  II  to  a  basis  of  loo  molecules 
of  R2O3,  (AI2O3  +  Fe203)  instead  of  to  a  basis  of  loo 
molecules  of  AI2O3  alone,  on  account  of  some  of  the 
conclusions  which  were  drawn  last  year  and  which 
were  as  follows:  (i)  "That  although  the  proportion 
of  ferric  oxide,  Fe^Os,  to  the  alumina,  AI2O3,  is  a  little 
higher  in  the  celite  than  in  the  alite,  the  difference 
is  not  very  marked  and  the  assumption  that  the  ferric 
oxide  is  molecularly  equivalent  to  alumina  so  far  as 
the  formation  of  celite  goes  seems  justifiable  although 
the  hydraulic  properties  of  the  aluminates  and  ferrites 
differ  in  degree."  (2)  "With  a  given  basicity  of  the 
mass  as  a  whole  the  proportion  of  silica  to  alumina 
and  ferric  oxide  in  the  celite  increases  with  the  tempera- 
ture." (3)  "With  a  given  temperature,  the  proportion 
of  silica  to  the  alumina  and  ferric  oxide  in  the  celite 
decreases  as  the  basicity  of  the  mass  as  a  whole  in- 
creases." 

The  hypothesis  was  also  advanced  at  that  time, 
"That  alite  consists  essentially  of  a  calcium  aluminate 
fusible  at  a  little  above  1400°  and  capable  of  dissolving, 
when  liquid,  calcium  orthosilicate  and  calcium  oxide, 
this  latter  being  the  more  readily  soluble,  and  that 
the  solubilities  of  the  orthosilicate  and  calcium  oxide 
follow  laws  parallel  to  those  which  govern  the  solu- 
bilities of  salts  in  liquid  solution.  No  evidence  is 
yet  forthcoming  to  enable  the  chemical  constitution  of 
the  pure  fusible  aluminate  to  be  given  so  that  no  chem- 
ical formula  is  suggested  for  it." 

The  experimental  work  described  in  the  present  paper 
was  carried  on  under  the  author's  direction  by  R.  A. 
Price  and  H.  Y.  Tang.  The  object  of  this  work  was 
to  obtain  perfectly  fluid  materials  of  the  same  molecular 
ratios  as  the  celites  obtained  last  year  and  thus  obtain 
experimental  evidence  which  should  test  the  correct- 
ness of  the  proposed  hypothesis.' 

^  This  Journal,  6,  627. 


In  order  to  reduce  the  problem  to  its  simplest  terms 
it  was  thought  best  to  select  materials  as  free  as  prac- 
ticable from  ferric  oxide,  Fe203,  and  magnesium  oxide, 
MgO.  The  materials  decided  upon  were  a  carefully 
washed  kaolin,  pure  aluminum  oxide,  AI2O3,  finely 
ground  and  washed  quartz  sand  and  chemically  pure 
calcium  carbonate.  These  materials  thoroughly  dried 
and  analyzed  were  accurately  weighed  and  mixed 
in  the  proportions  of  kaolin  400  grams,  AI2O3  (pure) 
470  grams,  c.  P.  CaCOs  2151  grams.  The  weighed 
materials  were  placed  in  a  porcelain  jar  mill  and  re- 
volved for  three  hours  in  order  to  insure  uniform  mix- 
ture. This  base  mixture  was  calculated  to  give  on 
fusion  a  material  of  the  following  percentage  composi- 
tion: Si02  9.17,  AI2O3  30.91,  Fe203  0.23,  CaO  59.61, 
undetermined  0.07  and  molecular  ratio,  calculated 
to  the  basis  of  100  molecules  of  R203(Al203  +  Fe203): 
AI2O3  99.54,  Fe203  0.46,  Si02  50,  CaO  350,  which  re- 
duced to  its  lowest  terms  would  give  an  empirical 
formula  of  2R2O3.SiO2.7CaO.  By  using  this  "C" 
mixture  and  adding  pure  silica,  Si02,  and  calcium 
carbonate,  CaCOj,  the  ratio  of  silica  and  calcium  oxide 
to  alumina  could  be  easily  made  the  same  as  that 
found  to  exist  in  any  of  the  celites  recovered  from  ce- 
ment clinker.' 

It  was  found  by  experience  that  it  was  necessary  to 
use  a  large  platinum  crucible  in  order  to  retain  the 
fluid  celite.  The  crucible  used  was  a  flat-bottomed 
cylindrical  one  47  X  50  mm.  and  capable  of  holding 
about  100  grams  of  the  raw  mixture  so  that  the  weight 
of  material  after  fusion  was  in  the  neighborhood  of 
60  grams. 

The  fusions  were  effected  in  a  furnace  substantially 
the  same  as  the  one  described  in  our  previous  article, 
the  temperatures  being  controlled  and  measured  by 
the  same  methods  that  were  employed  in  our  former 
experiments.  If  an  oxidizing  atmosphere  is  main- 
tained in  the  furnace  the  deterioration  of  the  thermal 
couple  is  not  great,  amounting  in  the  present  case  to 
only  one  (i)  per  cent  after  two  years'  use.  The  ac- 
companying temperature  readings  have  been  corrected 
for  this  change.  The  dense  vitreous  mass  found  in 
the  bottom  of  the  crucible  after  each  fusion  could 
be  removed  only  by  shattering  with  a  steel  chisel 
and  tapping  the  outside  to  loosen  the  pieces  from  the 
platinum. 

Fusions  were  made  of  the  "C"  mixture  alone  and 
also  of  a  mixture  made  by  adding,  in  accurately  weighed 
amounts,  pure  silica,  SiO?,  and  pure  calcium 
carbonate,  CaC03,  to  the  "C"  mixture  in  such  pro- 
portions that  the  molecular  ratios  were  the  same 
as  those  found  by  analysis  of  the  A3  celite  (Table  II), 
the  only  difference  being  that  in  the  Ci  celite  the  R2O3 
was  practically  all  AI2O3  and  the  RO  all  CaO.  This 
would  give  for  the  Ci  celite  the  following  percentage 
composition:  Si02  13.74,  AI2O3  23.35,  Fe203  0.17, 
CaO  62.74.  The  molecular  ratio  would  then  be 
99.54  AlzOs,  0.46  Fe203,  99.3  SiOj,  487.4  CaO. 

In  preparing  the  Ci  fusions  the  raw  mixture  was 
placed  in  the  platinum  crucible  and  the  furnace  heated 
over   night   by   an   ordinary    !^Icker,   the   temperature 

'  This  Journal,  6,  627. 
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reaching  over  1150°  by  morning,  when  the  Meker 
blast  was  put  on  and  the  temperature  raised  to  well 
above  the  fusion  point,  1585 "-1590°,  at  which  tempera- 
ture it  was  held  for  from  2-3  hours;  when  it  was  judged 
that  the  solution  was  complete  the  temperature  was 
gradually  lowered,  from  4-6  hours  being  required  to 
bring  the  temperature  down  to  about  1415°,  after 
which  the  burner  was  turned  out  and  the  openings  in 
the  furnace  closed  and  the  whole  allowed  to  cool  over 
night. 

The  fusions  of  the  C  mixture  alone  were  not  cooled 
by  gradually  lowering  the  temperature  but  merely 
by  closing  up  the  furnace  and  letting  it  cool.  That 
this  method  of  slow  cooling  between  the  highest 
temperature  of  fusion  and  1415°  produced  well  defined 
crystals  is  shown  by  the  slightly  magnified  photograph 
of  a  section  of  one  of  the  pieces  of  CiC  celite  in  Plate  I. 


The  crystals  of  the  Cid  celite  which  was  the  most 
slowly  cooled  from  the  maximum  temperature  were 
even  larger  than  those  of  CiC  celite. 

To  study  the  hydraulic  properties  some  of  the  Cb 
celite  &.nd  CiC  celite  was  ground  to  pass  through  a 
200  mesh  sieve.  On  mixing  with  water  the  material 
takes  a  flash  initial  set  and  takes  its  final  set  under 
a  Gilmore  needle  in  from  10—12  minutes.  If  after 
adding  water  enough  for  normal  consistency  the  material 
is  worked  for  4  or  5  minutes  under  the  spatula  it  be- 
comes slower  setting,  about  10  minutes  being  required 
for  the  initial  set  and  24  hours  or  more  for  the  final. 

Pats  of  the  CiC  and  Cb  celites  made  by  working 
under  the  spatula  until  the  flash  set  was  past  were 
placed  in  cold  water,  after  24  hours'  standing  in  moist 
air  and  submitted  to  the  usual  24  hour  boiling  test. 
In  both  cases  the  pats  gave  a  perfect  boiling  test, 
there  being  no  signs  of  warping  or  cracking,  although 
they  were  not  quite  as  strong  or  hard  as  a  good  Port- 
land cement. 

TRICALCIC    SILICATE    CRYSTALS 

As  the  sections  of  CiC  and  Cid  celites  showed  them 
to  contain  large  well-developed  crystals  imbedded 
in  the  solvent  in  which  they  had  formed  the  next  step 
was  to  remove  this  latter  in  order  to  recover  the  crystals 
in  as  pure  a  condition  as  possible.  To  effect  the  re- 
moval of  the  fusible  solvent  from  the  crystals  the  same 


principle  was  used  as  that  employed  in  the  removal 
of  celite  as  described  in  a  former  paper.'  Four 
weighed  discs  of  pure  magnesium  oxide,  MgO,  were 
placed  in  the  furnace  and  the  temperature  raised 
over  night  to  a  little  over  1100°  C.  Three  weighed 
pieces  of  the  Cid  celite  were  placed  in  a  pure  magnesium 
oxide,   MgO,  dish  made  by  cutting  down   a  crucible. 


The  dish  containing  the  pieces  was  placed  in  the  hot 
furnace  and  the  blast  put  on  in  order  to  raise  the  tem- 
perature above  the  melting  point  of  the  solvent  in  as 
short  a  time  as  possible.  Forty-five  minutes  after 
the  dish  was  put  in  the  furnace  the  temperature  read 
1470°  C.  and  it  was  held  within  five  degrees  of  1465°  C. 
for  three  hours  and  then  raised  at  the  rate  of  25°  C. 
per  hour  during  a  period  of  five  hours,  reaching  1590° 


C.  eight  hours  after  the  melting  point  of  the  solvent 
had  been  passed.  The  furnace  was  then  closed  and 
allowed  to  cool  over  night.  On  removing  the  dish 
and  discs  they  were  found  to  be  firmly  cemented 
together  by  the  absorbed  celite  while  the  residue  in 

■  This  Journal.  6,  627. 
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the  dish  consisted  of  a  mass  of  thin  plate-like,  inter- 
locking crystals  from  which  the  solvent  had  been  al- 
most completely  drained  away. 

The  three  pieces  of  celite  placed  in  the  dish  weighed 
18.312  grams  and  the  residue  weighed  6.123  grams; 
thus  66.56  per  cent  was  absorbed  and  33.44  per  cent 
recovered  as  crystals.  The  crystals  were  broken  apart 
and  some  of  the  best  ones  selected  for  chemical  analysis 
and  determination  of  their  optical  properties. 


Plate  IV 

The  appearance  of  the  materials  after  the  absorption 
is  given  in  the  accompanying  photographs.  Plate 
II  is  a  side  view  showing  the  four  magnesium  o.xide, 
MgO,  discs  with  the  magnesium  oxide,  MgO,  dish 
at  the  top.  Plate  III  is  a  top  view  of  the  dish  showing 
the  three  masses  of  crystals  in  place.  Plate  IV  shows 
the  masses  of  crystals  inverted  to  show  better  the  crys- 


PI.ATE    V 

tal  faces  and  Plate  V  shows  some  of  the  individual 
crystals  together  with  a  centimeter  scale  graduated 
in  miUimeters.  It  will  be  noticed  in  this  photograph 
that  some  of  these  crystals  were  nearly  seven  milli- 
meters in  length. 


Analyses  of  selected  crystals  gave  the  following 
results: 

SiOi         AhO]         CaO 
Per  cent  Per  cent  Per  cent 

1 23.74         5.47  70.71 

II 23.50  70.78 

Using  the  first  analysis  the  molecular  ratio  calculated 
to  the  basis  of  one  hundred  molecules  is  loo  Si02, 
13.6  AI2O3,  320.3  CaO.  If  we  deduct  from  the' total 
CaO  enough  to  form  tricalcic  silicate  the  20.3  molecules 
left  to  combine  with  the  13.6  AI2O3  is  within  the  limits 
of  experipiental  error  which  would  be  required  for 
a  calcium  aluminate  of  the  formula  sCa0.3Al203. 
The  specific  gravity  of  a  selected  fragment  of  crystals 
determined  by  means  of  Thoulet's  solution  gave 
3.002. 

The  mass  of  crystals  showed  a  light  green  color, 
due  probably  to  a  thin  film  of  adhering  solvent  since 
many  individual  crystals  were  almost  perfectly  color- 
less. The  crystals  are  pseudo-hexagonal  and  show 
no  cleavage.  The  average  refractive  index  is  1.708 
and  the  birefringence  is  very  weak.  The  crystals 
are  optically  negative  and  appear  biaxial.  The  optical 
axial  angle  2E  is  exceeding  small. 

These  results  agree  very  closely  with  those  reported 
by  F.  E.  Wright'  for  the  tricalcic  silicate  prepared  by 
Shepherd  and   Rankin.     His  report  reads  as  follows: 

"3CaO.Si02(CaO  73.59,  SiOj  26.41)— This  com- 
pound, which  is  not  stable  at  its  melting  point,  but 
changes  into  a  mixture  of  free  lime  and  orthosilicate 
at  higher  temperatures,  crystallizes  in  small  equant 
grains,  colorless  and  apparently  without  cleavage. 
The  average  refractive  index  is  approximately  1.715, 
and  the  birefringence  is  very  weak,  not  over  0.005. 
Interference  figures  are  difficult  to  obtain  because  of 
the  weak  birefringence  and  the  fineness  of  the  grains, 
which  rarely  measure  over  0.03  mm.  diameter.  The 
grains  appear  uniaxial  or  biaxial  with  small  optic 
axial  angle  and  are  optically  negative.  On  some  of 
the  preparations  cut  nearly  normal  to  the  optic  axis, 
especially  on  those  from  preparations  containing  a 
little  AI2O3,  fine  twinning  lamellae  were  observed  with 
low  extinction  angles  indicating  possibly  that  the  crystal 
system  is  monoclinic.  The  distinguishing  optical 
features  of  this  compound  are  equant  development, 
lack  of  cleavage,  weak  birefringence,  optically  negative 
character  with  2E  small  or  zero,  and  refractive  index 
about  1.7x5.  It  is  an  interesting  fact  that  in  preparing 
this  compound  from  the  mixed  oxides  at  1400°  or 
1500°,  the  compounds,  free  lime  and  orthosilicate,  are 
first  formed  and  these  in  turn  unite  to  form  the  tri- 
calcic silicate  on  longer  heating." 

These  results  still  further  confirm  the  existence  of 
tricalcic  silicate  first  stated  to  be  the  essential  con- 
stituent of  alite  by  Le  Chatelier.  The  existence  of 
this  compound  which  had  been  questioned  for  some 
time  received  confirmatory  evidence  by  the  work  of 
A.  H.  White-  and  still  greater  confirmation  by  that  of 
Shepherd,  Rankin  and  Wright  above  quoted. 

The  two  upper  pure  magnesium  oxide  discs  which 
were  saturated  with  celite  were  ground  up  and  the  SiOj, 

'  This  Journai.,  3,  211. 
'Ibid.,  1,  5. 
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AI2O3  and  CaO  determined  in  four  gram  samples  by  that  respect  now  being  chiefly  in  regard  to  the  accuracy 

substantially    the    same    method    of    analysis    as   that  with    which    determinations    should    be    made.     The 

employed   in   our   previous   work   on   the   recovery   of  form  of  reporting  the  result  is,  however,  still  a  fruitful 

celite.     The    weights   of   the   various   constituents   re-  source  of  inconvenience  and  disagreement.     The  min- 

covered  were  as  follows  r  eral  constituents  are  variously  reported  in  ionic  form. 

Sample                      Si02      AI2O3      FeiOi       CaO  in   hypothetical   combination,   in   oxide   form,   and   in 

b:  :::::::::::::  0:0515    o:'!^    0:003!    0:2694  equivalent  of  calcium  carbonate.     This  divergence  of 

practice  makes  it  impossible  to  compare  the  work  of 

The  sum  of  these  give  the  following  percentage  composi-  two    chemists    without    definite    knowledge    of    their 

tion:  methods   of   computation   and   laborious  recalculation 

SiOj              Ali03            Fe20i          CaO  f  j-l,    •                14.           /->                         ii                   a      j.  ■     -i.    ■                  j 

,,  ,j         29  67        0  79        58  37  01  their  results.     Consequently,  an  effort  IS  being  made 

to  agree  on  a  uniform  manner  of  reporting  results  in 

Calculating   from    this    analysis   the    molecular    ratios  connection  with  the  formulation  of  standard  methods 

on  the  basis  of  loo  molecules  of  R^Oj  (AI2O3  +  Fe^Os)  for  the  analysis  of  water,  now  being  conducted  jointly 

we  have  98.3  AI2O3,   1.7  FczOa,  62.8  SiOz,  352.4  CaO.  by    committees    of    the    American    Chemical    Society, 

If  we  subtract  from  the  total  CaO  the  amount  theoret-  the    American    Public    Health    Association,    and    the 

ically  necessary  to  form  tricalcic  silicate  there  would  Association    of    Official    Agricultural    Chemists.     This 

be   left    164   molecules  of   CaO   to   combine   with    100  p^per   discusses  the   present   confusing  condition   and 

molecules    of    R^Os.     These    figures    indicate    almost  the  advantages  of  reporting  the  actual  facts  of  analysis 

conclusively   that    the    fusible    aluminate    constituting  i^  ionic  form 

the  solvent  in  celite  is  the  one  described  by  Shepherd,  fact  versus  opinion 

Rankin  and  Wright  having  the  formula    sCaO.sAUOs'  \     ^  ^           ^    c               1     ■    •     ,.        ^,    ^-     1          ,_• 

^,                   .                       j-o  ^  statement  of  an  analysis  in  hypothetical  combma- 

and  a  melting  point  of  about  1390  .  ,.         ...       ,            .  ^           c  r    \       j,       •    •           ^i. 

tions  IS  obviously  a  mixture  of  fact  and  opinion.     The 

SUMMARY  amounts  of  iron,  calcium,  sulfate,  and  other  radicles 

The   foregoing   work   confirms,   in   general,   the   hy-  are    determined    by    various    reactions;    approximate 

pothesis  "That  celite  consists  essentially  of  a  calcium  separation  of  scaling  from  non-scaling  constituents  is 

aluminate,   fusible   a  little   above    1400°   and   capable  effected  by  treatment  with  dilute  alcohol;  but  further 

of   dissolving,   when  liquid,   calcium  orthosilicate   and  than  this,  ordinary  chemical  tests  contribute  little  to 

calcium  oxide,"  but  we  may  now  add  that  the  aluminate  knowledge    regarding    the    chemical    composition    of 

has  the  formula  5Ca0.3Al203  and  that  if  the  concen-  mineral  waters,  and  consequently  the  exact  amounts  of 

tration  of  the  calcium  oxide,  CaO,  is  sufficient  andsolu-  the  different  salts  in  solution  are  largely  conjectural. 

tion    complete,    pure   tricalcic   silicdte    will   crystallize  Though  salts  are  probably  present  it  is  a  mathematical 

out  on  .slow  cooling.     This  also  suggests  a  new  theo-  impossibility  correctly  to  apportion  the  bases  among 

retical  formula  for  Portland  cement.  the  acids  after  having  found  only  the  amounts  of  the 

The     Le     Chatelier     formula     first     proposed     was  acids  and  bases-present. 

X(3CaO.Si02)     +     Y(3Ca0.Al203).     This    called    for  common  forms  of  combination 

the  calcium  oxide  CaO,  by  weight  to  equal  2.8Si02  -f  a     .u-     1     1      r  j  i:    •.     ■   r          ^-          •         r 

^  X,  ^        ^1-1              .         .               .          ,  As  this  lack  of  dennite  information  gives  free  rein 

1.6AI2O3.      ihis  always  gives  m  practice  a  large  excess  .     ^i      ■         •      ^-       ^u                                •    ■              .,1. 

-  ,       ,.             „,      ,,      ,           r          ,     -r^/   ^   ^^.^  ,  to  the  imagination  there  are  many  opinions  as  to  how 

offreehme.      The  Newberry  formula  X(3CaO.Si02)  +  ..,       r                 ■,        •,       1,      u    u             u-      ^       t-t,        -u 

-<r/   ,^   ,-;  A ,  ^  X        „     r           ,  ■             .,     ,            .  ,  the    bases    and    acids    should    be    combined.      1  hough 

Y(2CaO.Al203)   calls  for  calcium  oxide  by  weight   to  t..i.ji.           ji.jx             i.-                       1 

,       „„.^      ,           ,,  ^ ,         ,,  each  method  has  ardent  advocates,  each  is  a  personal 

equal  2.8bi02   +   1.1AI2O3  but  still  cannot  be  adhered  ,     ^-            ,                   ,,                      u                 j         1      u 

^      .               ,. .  selection    whose    excellence    can    be    proved    only    by 

to    in    practice    without    the    cement    carrying    excess  ^,                t         j      .      1.        .i.              x-  T          .-1  j-nr 
,         ,.            _,,       ,          ,         ,.,            ,,,  theory.     In  order  to  show  the  essential  practical  diner- 
free   lime.     The   formula    which    would    be   suggested  .         ,               .          .  ■      ^-            j                r  ^,. 
,      ^,            ,     ,           ,        .,     ,          ,  ,  ,     ..r/   ^   ^  ^.7^  ,  ences  m  schemes  01  combination  and  some  of  the  con- 
by  the  work  above  described  would  be  X(3CaO.SiO0   H-  r      .         ^         ,•,,.,       J    ^,                ^                              ,,      J 
,,,   ^   „     ,,  „  -       ...            ,  ,        ,,    r           ,  .              .  '  fusion  to  which  they  lead,  the  most  common  methods 
V  (5Ca0.3Al203)    which    would   call   for   calcium   oxide  ,           ,                  i-   j    .      ..t.            1     •       r   xi.           ^         r 
,           •   ,  ,  ,             ,      „o-^     ,          . ,  ^,        ^     ,      ,  have   been   applied   to   the    analysis   of   the    water    ot 
by  weight  to  equal  2. 8S1O2  -h  0.9AI2O3.      Such  a  formula  ,,.           •     -d-            1,             •       t  ui       t       t-i,-        u       ■     1 
,,         ,                       ,       ,         .  ,      ,             ,        ,      .  Missouri    River    shown    in    Table    I.     This    chemical 
would  conform  more  closely  with  the  results  obtained  -^^        •          .     .     ,,              .-,..•.  1        i. 
.     ^,      ,      ,           ..  composition  is  not  at  all  exceptional,  but  it  has  been 
m  the  best  practice. 

ruuMin.i    T  /iKODiTnuv  Table  I — Analysis  of   the  Water  op    Missouri  River  near  Ruecg. 

i-HEMicAi,  laboratory  Mo.(a)— RESULTS  in  Parts  Per  Million 

University  of  Michigan  ti       ,.      r  r. 

Results  of  Reacting 

Ann  Ardor  Constituents                                                 analysis      values 

Silica  (SiOi) 29.0"  

Iron  (Fe) 0.5         0.0179 

HYPOTHETICAL  COMBINATIONS  IN  WATER  ANALYSIS^  Calcium  (Ca) 52.0       2 .  5948 

Magnesium  (Mg) 16,0  1.3136 

By  R.  B.   Dole'  Sodium  (Na) 31.0  1.3454 

Potassium  (K) 6.5         0.1664 

INTRODUCTION  Carbonate  radicle  (COj) 0.0         0.0000 

„,  ,  .    ,,  ,    .        ,  .     .  Bicarbonate  radicle  (HCOj) 178.0         2.9192 

1  he  procedures  followed  in  determining  the  various  Sulfate  radicle  (so.-) 104.0       2.1632 

„■  ,     .  J-       i  r  ,L  1  .  ,  ,  Nitrate  radicle  (NOj) 2.9         0.0467 

mineral   ingredients    of    natural    waters    have    become  chlorine  (cn                                ..      12.0       0.3384 

fairly  well  standardized,  the  differences  of  opinion  in  ?^ta°';elu°n|f:aiL":rbas1c'?adicies-    ''*°       5-«8i 

■.4™.  ./.5a..  [551  29  (1909).  293.           ■  Err'o";  Tcloru're'of  V\actln^^^^^^^                   ::::          o:  If  per  cent 

-  Paper  read  before  the  Division  of  Water,  Sewage,  and  Sanitation  at  \  ,     „    „     .    „               „.         ^        ,     „          »»,    „„ 

ih„  .iQti,  iM„„.:         r.i      4                 r^u      •     i  c:     •  .      r-     •        .-.■,,,„  (a)  V.  S.  Geol.  Survey,  Uater-Supply  Paper  336,  SO. 

the  49th  Meeting  of  the  American  Chemical  Society,  Cincinnati,  April.  6-10, 

1914.      Published  by  permission  of  the  Director,  United  States  Geological  i  i       i    j    t  -i.  4.  1 „,,„ 

gy^^.^y                                                                                v..  o  K  a  purposely  selected  because  it  represents  a  large  group 

'  Chemist.  United  States  Geological  Survey.  of   waters  in   which   Carbonate  is  Sufficient   to  satisfy 
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either  calcium  or  magnesium  but  insufficient  to  satisfy 
both. 

The  first  advantage  of  stating  the  actual  facts  of 
an  analysis  is  seen  by  observing  the  reacting  values  or 
combining  equivalents,  which  have  been  computed  by 
multiplying  the  amount  of  each  radicle  by  its  valence 
and  dividing  the  product  by  its  molecular  weight,  for 
they  indicate  .that  the  probable  error  of  this  analysis 
is  about  0.3  per  cent.  When  hypothetical  combina- 
tions are  made,  one  of  three  procedures  is  usually 
followed: 

(i)  All  the  bases  and  acids  except  the  alkalies  present 
in  appreciable  amount  are  estimated  and  the  excess  of 
acid  is  computed  to  an  equivalent  of  sodium  and  po- 
tassium salts. 

(2)  All  the  bases  and  acids  except  carbonate  are 
estimated  and  the  excess  of  base  computed  to  an  equiv- 
alent of  carbonates. 

(3)  All  the  bases  and  acids  are  determined  and  the 
figures  representing  the  salts  are  "doctored"  to  balance. 
These  practices  effectually  conceal  errors  of  technique 
and  leave  it  entirely  to  the  judgment  of  the  analyst 
whether  his  error  of  closure  is  reasonable,  and  the 
evidence  on  which  his  judgment  is  based  is  completely 
masked  because  his  hypothetical  combinations  show 
no  error  at  all.  On  the  other  hand,  the  probable 
accuracy  of  the  work  can  be  calculated  directly  from 
the  ionic  statement  as  indicated  in  the  table. 

Silica  has  not  been  included  among  either  acids  or 
bases.  Some  waters'  of  unusual  character  may  con- 
tain the  silicate  radicle,  but  it  is  safe  to  conclude  that 
it  is  absent  from  most  natural  waters.  Whether  silica 
is  a  colloid  depends  on  our  definition  of  colloid,  but 
whatever  it  may  be  called  it  does  not  usually  enter  into 
the  system  of  reactive  bases  and  acids.  This  conclu- 
sion was  reached  several  years  ago  by  Kahlenberg  and 
Lincoln,-  and  Kohlrausch'  and  others  make  practically 
the  same  statement.  Among  8,000  analyses  of  surface 
waters  from  all  parts  of  the  United  States  the  writer 
finds  that  if  silicate  is  not  included  the  acid  radicles 
are  in  excess  in  40  per  cent  and  the  basic  radicles  in 
60  per  cent  of  the  analyses  and  that  the  difference 
either  way  amounts  to  only  i  or  2  parts  per  million, 
bears  no  mathematical  relation  to  the  quantity  or  the 
proportion  of  silica,  and  may  as  reasonably  be  ex- 
plained by  error  of  analysis  as  in  any  other  way.  This 
digression  is  inserted  because  it  has  been  proposed 
to  the  committee  to  include  rules  for  computing  silica 
to  silicates  of  the  various  bases. 

Table  II  gives  hypothetical  combinations  of  the 
analytical  data  in  Table  I.  All  the  sets  of  combina- 
tions represent  schemes  used  either  by  a  large  number 
of  analysts  or  by  one  or  two  concerns  that  examine 
many  samples  from  all  parts  of  the  country.  The  list 
might  be  much  more  extensive.  No  extreme,  but 
mathematically  correct,  schemes  that  are  unused  have 
been  introduced,  and  the  table  has  been  further 
simplified  by  omitting  all  but  the  more  commonly- 
measured  constituents.  The  only  dift'erence  between 
Columns  i  and  2  is  that  sodium  nitrate  is  calculated  in 

•■  Clarke,  F.  W,,  U.  S.  Geol.  Survey.  Bull.  491  (1911),  183. 
'  Jour.  Phys.  Chem..  2  (1898),  77. 
'  Z.  physik.  Chem..  12  (1893).  773. 


one  and  potassium  nitrate  in  the  other.  In  Column 
3,  however,  calcium  is  combined  first  with  sulfate 
instead  of  carbonate.  In  Column  4,  calcium  is  com- 
bined successively  with  sulfate,  chlorine,  and  carbonate. 
Columns  6  and  7  represent  methods  used  by  certain 
boiler-water    analysts,    who   ordinarily   determine    and 

Table  II- 


SiOj 

29 

29 

29 

29 

29 

29 

29 

FeiOs 

0.7 

0.7 

0 

Fe(HCOj)2 ■ 

1.6 

1.6 

1.6 

1.6 

Ca(HC03)! 

.  .      210 

210 

36 

8 

126 

130 

210 

CaS04 

147 

147 

CaCh 

19 

Ca(N03)i 

4 

Mg(HC03)2 

20 

20 

96 

96 

96 

96 

24 

MgSO.. 

62 

62 

NaHCOs 

NajSO. 

80 

80 

83 

83 

83 

NaCl 

10 

13 

10. 

10 

20 

20 

NaNOi 

4 

4 

KCI 

12 

9 

12 

i2 

KNO3 

5 

.  .      429 

430 

430 

428 

430 

427 

427 

stituents.  .  .  . 

.  .      233 

233 

255 

257 

236 

235 

236 

uents 

106 

107 

80 

82 

105 

103 

103 

report  iron  as  the  oxide  and  do  not  separate  sodium 
and  potassium  but  compute  both  together  as  sodium. 
As  these  analysts  would  not  determine  nitrate  in  a 
water  containing  so  little  as  that  under  discussion 
absence  of  that  radicle  has  necessarily  been  assumed. 
Bicarbonates  instead  of  carbonates  also  have  been 
computed  because  analysis  shows  that  the  carbonate 
radicle  is  absent;  this  slight  deviation  from  the  directed 
methods,  however,  makes  no  difference  in  the  theory 
and  permits  direct  comparison  with  other  schemes. 
According  to  the  scheme  in  Column  5  calcium  nitrate, 
instead  of  potassium  or  sodium  nitrate,  is  computed. 
According  to  that  in  Column  6  as  much  as  possible 
of  magnesium  bicarbonate  is  computed  first,  while 
according  to  that  in  Column  7  as  much  as  possible  of 
calcium  bicarbonate  is  computed  first. 

The  most  obvious  deduction  from  these  figures  is 
that  it  is  impossible  to  compare  the  report  of  one  analyst 
with  that  of  another  without  recalculation.  The  next 
thought  that  comes  to  most  of  us  is  that  the  other 
man's  scheme  is  incorrect.  Some  would  object  to 
calculation  of  calcium  nitrate  at  the  expense  of  calcium 
carbonate  and  some  to  calculation  of  calcium  chloride 
in  the  presence  of  sodium  bicarbonate,  while  others 
would  prefer  to  calculate  magnesium  sulfate  instead 
of  calcium  sulfate.  Aside  from  the  theoretical  merits 
of  the  methods,  consideration  of  which  would  provoke 
endless  discussion,  there  are  these  alarming  facts: 

(i)  All  are  widely-used  methods  of  reporting  the 
analysis  of  one  water. 

(2)  The  results  can  not  be  directly  compared  with 
one  another. 

(3)  The  resvdts  are  used  for  estimating  the  quality 
of  the  water. 

(4)  The  results  are  given  to  men  who,  not  being 
chemists,  are  incompetent  properly  to  discount  the 
statements  but  take  them  at  their  face  value. 

One  more  digression  may  be  permitted  for  the  pur- 
pose of  referring  to  the  sums  of  the  computed  con- 
stituents. The  sums  in  the  last  half  of  the  table  are 
a  little  lower  than  the  others  because  nitrate  and 
ferrous    carbonate    are     disregarded.     If    these  ■  con- 
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stituents  had  been  computed  all  the  sums  would  have 
been  alike,  the  slight  numerical  differences  among 
them  being  due  to  casting  off  decimals.  Reference  is 
made  to  this  agreement  because  some  chemists,  no 
doubt  thoughtlessly,  consider  their  methods  of  com- 
bination correct  because  they  "come  out  even."  One 
reports  that  he  never  has  any  acid  or  base  left  over,  or 
very  little,  and  another  that  the  sum  of  his  calculated 
constituents  agrees  very  closely  with  total  solids 
by  evaporation.  These  comments  prove  the  excellent 
technique  of  analysis  but  not  the  chemical  correctness 
of  the  combinations.  Reference  to  the  reacting  values 
in  the  first  table  makes  it  obvious  that,  except  by  error 
of  analysis,  there  can  be  no  surplus  of  base  or  acid  and 
that  the  sums  must  agree,  no  matter  how  the  radicles 
are  combined  or  whether  the  combinations  are  logical. 
The  disagreement  between  Column  i,  in  which  so- 
dium nitrate  is  computed,  and  Column  2,  in  which 
potassium  nitrate  is  computed,  causes  several  em- 
barrassing numerical  differences,  and  the  layman  under- 
stands that  one  analyst  found  saltpeter  where  the  other 
did  not.  Though  this  difference  may  be  practically  ■ 
unimportant  some  similar  ones  might  lead  to  serious 
misunderstanding.  Whether  the  belief  is  well  founded 
that  lithium  is  a  very  valuable  ingredient  of  medicinal 
waters  need  not  be  discussed,  but  if  it  is  desired  to 
convey  an  idea  of  the  therapeutic  effect  of  lithium 
the  hypothetical  combinations  are  likely  to  mislead 
those  who  are  not  aware  of  the  limitations  of  water 
analysis.  If  a  water  contains  one  part  per  million  of 
lithium  one  can  compute  5.3  parts  of  lithium  carbonate, 
6.1  parts  of  lithium  chloride,  7.9  parts  of  lithium  sul- 
fate, or  9.7  parts  of  lithium  bicarbonate.  If  the  water 
had  the  property  of  causing  any  physiologic  reaction 
by  virtue  of  its  content  of  lithium  it  would  exert  that 
property  in  proportion  to  its  content  of  the  lithium 
radicle;  yet  by  expressing  that  content  as  lithium  bi- 
carbonate instead  of  the  carbonate  the  content  of 
lithium  salts  has  apparently  been  nearly  doubled  and 
in  the  mind  of  the  spring  owner  and  his  clientele,  for 
whom  these  compounds  are  computed,  the  therapeutic 
value  of  the  analysis,  if  not  of  the  water,  has  been 
doubled. 

INTERPRETATION    OF    RESULTS 

In  the  conventional  methods  of  interpreting  the 
various  hypothetical  combinations  there  is  general 
agreement  in  some  features  and  disagreement  in  others. 
Table  II  shows  the  estimates  of  scale-forming  and  non- 
incrusting  or  foaming  constituents  that  the  analysts 
would  report  agree  fairly  well  with  one  another,  the 
numerical  differences  being  too  small  to  cause  essential 
difference  in  judging  the  value  of  the  water.  Cor- 
responding estimates  of  the  amounts  of  soda  ash  and 
lime  to  soften  the  water  would  agree  as  closely  as  the 
sums  of  the  constituents,  because,  although  each 
analyst  computes  different  constituents,  he  can  not 
thereby  change  the  amounts  or  relative  proportions  of 
the  radicles  with  which  the  softening  chemicals  react. 
In  deciding  whether  the  water  would  be  corrosive  there 
is  greater  diversity  of  opinion.  The  analysts  whose 
combinations  are  reported  in  Columns  3  and  6  appar- 
ently   would    state    that    the    water    is    non-corrosive. 


The  man  whose  method  is  shown  in  Column  5  would 
doubtless  report  the  water  to  be  slightly  corrosive, 
as  he  computes  calcium  nitrate.  The  calcium  chloride 
indicated  in  Column  4  could  hardly  be  considered 
corrosive  in  presence  of  so  much  sodium  bicarbonate. 
In  the  other  three  statements  magnesium  sulfate  but 
not  calcium  sulfate  is  reported,  and  there  is  in  them  no 
apparent  reason  for  stating  whether  the  water  is  cor- 
rosive or  non-corrosive. 

COMBINATIONS    UNNECESSARY 

Though  hypothetical  combinations  are  confusing 
and  purely  conventional  many  chemists  assert  that 
they  are  necessary  in  ascertaining  the  value  of  a  water 
and  in  conveying  a  proper  knowledge  of  the  quality 
of  the  water. 

As  to  the  reported  insistence  by  the  lay  public 
so-called  on  hypothetical  combinations  that  can  be 
understood  it  is  pertinent  to  inquire  seriously  how  much 
any  series  of  chemical  figures  means  to  the  layman  and 
whether  it  is  not  better  to  report  the  basic  facts  for 
the  information  of  the  expert  and  to  add  interpretations 
of  the  figures  for  the  information  of  those  who  are 
unable  to  make  proper  deductions  for  themselves. 
Rather  intimate  experience  for  several  years  with  lay 
comments  on  water  analyses  has  made  me  extremely 
skeptical  as  to  how  much  of  the  truth  hypothetical 
combinations  convey  to  many  men  who  are  supposed 
to  make  practical  use  of  the  results.  What  the  manu- 
facturer or  engineer  wants  to  know  is  how  a  particular 
water  will  fit  some  use  to  which  he  wishes  to  put  it. 
Is  it  safe  to  drink?  Does  it  taste  bad?  Will  it  stain 
clothes?  How  much  scale  will  it  form  in  boilers? 
How  can  it  be  softened?  Answering  these  questions 
is  the  function  of  an  expert,  who  interprets  the  facts 
of  analysis  in  the  light  of  practical  experience.  It 
could  be  shown  that  hypothetical  combinations  are  not 
necessary  for  answering  these  questions,  though  the 
discussion  will  be  confined  to  interpretation  in  reference 
to  therapeutic  value  and  quality  for  boiler  use. 

MINERAL    WATERS 

Waters  are  analyzed  more  carefully  and  therefore 
more  expensively  for  ascertaining  their  therapeutic 
value  than  for  any  other  purpose.  Mineral  salts  that 
cause  definite  physiologic  reactions  when  drunk  cause 
the  reactions  in  relation  to  the  radicles  that  are  present. 
A  solution  of  magnesium  sulfate,  for  example,  can  be 
so  dilute  that  it  has  no  perceptible  taste.  An  equivalent 
concentration  of  sulfate  in  the  form  of  ferrous  sulfate 
has  a  distinct  taste,  and  a  solution  of  ferric  chloride 
containing  in  turn  an  equivalent  concentration  of 
iron  has  a  similar  taste,  while  again  an  equiva- 
lent concentration  of  chloride  as  so.dium  chloride 
has  no  perceptible  taste.  That  is,  in  the  iron  solu- 
tions we  taste  the  iron  and  not  the  sulfate  or  the 
chloride,  and  in  order  to  perceive  the  taste  of  the 
sulfate  or  the  chloride  radicle  we  must  use  a  much 
stronger  solution  of  a  salt  whose  basic  radicle  is  com- 
paratively weak  in  its  effect  on  the  organs  of  taste. 
Twenty  grams  of  magnesium  sulfate  has  greater  laxa- 
tive action  than  20  grams  of  sodium  sulfate  because 
the  magnesium  ion  also  induces  laxative  action  whereas 
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the  sodium  ion  does  not,  as  can  be  shown  by  an  equiv- 
alent dose  of  sodium  in  the  form  of  sodium  chloride. 
These  rather  crude  illustrations  serve  to  indicate  that 
the  physiologic  action  of  a  salt  is  caused  by  one  or 
more  of  the  radicles  composing  the  salt  and  is  in  pro- 
portion to  their  concentration.  The  probable  cathartic 
effect  of  a  sulfate  water  can  therefore  be  measured  by 
its  content  of  sulfate,  computation  of  the  possible 
mathematical  proportions  of  sodium,  potassiiim,  mag- 
nesium, and  calcium  sulfates  being  unnecessary. 
The  cathartic  action  of  a  water  is  increased  by  its 
content  of  magnesium  whether  it  may  be  possible  to 
compute  the  magnesium  as  sulfate,  chloride,  or  bi- 
carbonate. As  for  the  minor  constituents  of  mineral 
waters,  lithium,  bromide,  iodide,  manganese,  strontium, 
and  the  like,  it  would  not  now  be  necessary  to  combat 
so  many  fallacious  ideas  concerning  their  therapeutic 
value  if  serious  consideration  had  heretofore  been 
given  to  the  concentration  of  these  radicles  instead  of 
to  the  possible  mathematical  combinations  in  which 
they  might  be  reported. 

BOILER     WATERS 

In  a  very  condensed  article,  H.  Stabler'  has  shown 
how  the  scale-forming  constituents,  the  foaming  con- 
stituents, the  tendency  toward  corrosion,  and  the 
quantities  of  softening  reagents  can  be  computed 
directly  from  the  radicles  without  recourse  to  hypo- 
thetical combinations.  Though  it  has  been  objected 
that  Stabler  makes  the  same  assumptions  as  are  made 
in  combining  the  radicles  as  salts  this  is  true  only  in 
so  far  as  his  formulas  are  based  on  some  of  the  currently 
accepted  views  of  the  reactions  that  occur  in  boilers, 
concerning  which  much  is  yet  to  be  learned;  and  there 
remains  the  essential  difference  that  by  use  of  his 
formulas  no  theoretical  salts,  but  the  estimates  that 
are  helpful  to  the  practical  man,  are  obtained.  Com- 
parison of  the  figures  at  the  ends  of  the  preceding 
tables  shows  that  the  estimate  of  scale  directly  from 
the  radicles  agrees  closely  with  those  based  on  com- 
binations. All  unite  in  including  silica,  iron,  and 
aluminum  as  the  oxides;  whether  there  is  silicate  in 
the  scale,  as  some  have  suggested,  makes  no  arithmetical 
difference  in  the  total.  Magnesium  carbonate  and 
magnesium  sulfate  are  commonly  included  in  total 
scale,  though  magnesium  is  precipitated  mostly  as  the 
hydrate  under  high-pressure  conditions  and  the  oxide 
better  represents  what  is  found  in  the  scale,  as  in 
Stabler's  formula.  Some  prefer  to  compute  the  greatest 
possible  amount  of  calcium  carbonate  and  some  the 
greatest  possible  amount  of  calcium  sulfate;  calcium 
doubtless  is  precipitated  in  both  forms  and  an  average 
between  them  is  struck  in  Stabler's  formula. 

Similarly  an  average'  is  struck  among  the  three 
possible  sodium  salts  in  computing  the  foaming  con- 
stituents by  multiplying  sodium  by  2.7.  Other  con- 
ditions besides  the  presence  of  a  large  amount  of 
sodium  salts  can  cause  foaming,  and  some  believe  that 
foaming  has  no  relation  to  the  concentration  of  the 
sodium  salts.  If,  however,  the  interpreter  of  an 
analysis   believes  that   the   sodium   salts   measure   the 

^  Eng.    News,   60   (1908),   3.S,S,   also   U.   S.    Geol.   Survey.    Ha/fi -5n/>/)(y 
Paper,  274  (1911),  165. 


foaming  tendency  he  gets  as  good  estimate  of  that 
tendency  by  multiplying  sodium  by  2.7  as  by  computing 
three  different  salts  and  adding  the  results  together. 

Corrosion  is  considered  partly  a  problem  of  reaction 
that  involves  chiefly  the  setting  free  of  acids  by  pre- 
cipitation of  magnesium  as  the  hydrate.  That  cor- 
rosion may  be  caused  wholly  or  partly  by  other  con- 
ditions need  not  concern  us  in  discussing  the  practical 
interpretation  of  this  theory.  Stabler's  formulas  pro- 
vide for  the  three  possibilities.  If  there  is  not  enough 
carbonate  to  combine  with  all  the  magnesium  some 
sulfate  or  chloride  would  be  set  free  and  the  water 
would  be  corrosive;  under  such  condition  those  who 
compute  hypothetical  combinations  report  magnesium 
sulfate  or  magnesium  chloride,  the  former  of  which  is 
classed  as  corrosive  by  many  analysts  and  the  latter 
universally  as  corrosive.  If  there  is  enough  carbonate 
to  satisfy  or  more  than  satisfy  both  calcium  and 
magnesium  the  water  probably  is  non-corrosive; 
under  such  condition  it  is  customary  to  compute  all 
the  calcium  and  magnesium  as  carbonates,  to  give  the 
excess  to  sodium,  and  to  class  the  water  as  non-cor- 
rosive. Thus  far  boiler-water  analysts  agree  in  so  far 
as  this  theory  of  corrosion  is  accepted.  If  carbonate 
is  sufficient  to  combine  with  calcium  or  magnesium 
alone  but  not  with  both,  corrosion  might  or  might 
not  occur.  The  latter  condition  is  that  in  the  water 
under  discussion,  and  the  combinations  in  the  second 
table  show  that  various  analysts  calculate  diversely 
magnesium  sulfate,  calcium  sulfate,  and  calcium  ni- 
trate, and  disagree  as  to  whether  corrosion  would 
occur.  The  uncertainty  of  the  corrosive  action  is 
quickly  revealed  by  Stabler's  formulas  without  re- 
course to  combinations.  Corrosion  occurs  with  waters 
that  would  not  be  classed  as  corrosive  by  any  of  these 
calculations,  but  that  is  due  to  other  conditions  and 
its  probability  is  revealed  by  computations  of  hypo- 
thetical combinations  no  more  than  by  consideration 
of  the  reaction  of  the  radicles. 

COMBINATIONS    NOT    ENDORSED 

Evidence  of  desire  on  the  part  of  chemists  to  break 
away  from  conventional  combinations  of  the  con- 
stituents found  by  analysis  is  furnished  by  the  resolu- 
tions adopted  by  various  scientific  organizations.  As 
early  as  1886  a  committee  appointed  by  the  Chemical 
Society  of  Washington  recommended'  that  all  analyses 
of  water  should  be  stated  in  terms  of  the  radicles  found, 
whether  elementary  or  combined,  meaning  evidently 
expression  of  the  immediate  results  of  the  analysis; 
though  this  committee  recommended  that  the  combina- 
tions deemed  most  probable  by  the  chemists  making 
the  analyses  should  also  be  reported  it  failed  to  recom- 
mend a  manner  of  combination,  and  it  is  understood 
that  the  reason  for  lack  of  such  recommendation  is 
that  the  members  of  the  committee  could  not  agree 
on  one  convention. 

The  report  of  this  committee  was  adopted-  by 
Section  C  of  the  American  Association  for  the  Ad- 
vancement of  Science  in  1887,  and  2  years  later  a  com- 
mittee of  the  British  Association  for  the  Advancement 

1  Bull.  Chcm.  Soc.  Washington,  No.  2  (1887),  35. 

2  Chem.  Nevi'S.  66  (1887),  113. 
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of  Science,  while  agreeing  with  the  American  Associa- 
tion in  reporting  the  analytical  data  obtained  by  direct 
determination,  disapproved'  the  statement  of  the 
mineral  ingredients  combined  as  salts  unaccompanied 
by  the  original  analytical  data.  At  the  Fifth  Inter- 
national Congress  of  Applied  Chemistry^  the  discussion 
of  two  papers  on  methods  of  expressing  the  results  of 
water  analyses  indicated  that  many  of  the  chemists 
present  favored  the  ionic  form  of  statement,  and  at 
the  Sixth  Congress,  Christomanos'  recommended  that 
the  simple  statement  of  the  acid  and  basic  radicles 
in  parts  per  million  be  made  in  all  water  analyses. 
The  methods  of  making  hypothetical  combinations  in 
early  editions  of  Fresenius's  "Quantitative  Analysis"  are 
accompanied  by  the  statement  that  they  are  general 
rules  for  which  the  analyst  should  exercise  a  latitude 
of  selection.''  As  Fresenius's  book  represents  to  a  great 
extent  a  collective  opinion  it  is  interesting  to  note 
that  a  recent  edition  omits  all  rules  for  calculating 
combinations,  calls  attention  to  the  effect  of  solubility 
and  mass  action  on  affinity,  the  impossibility  of  com- 
paring the  reports  of  two  analysts,  and  urges  statement 
of  the  direct  results.^  A  similar  opinion  is  expressed 
in  Tiemann-Gartner's  "Handbuch  der  Wasser."*  In 
this  country,  Handy,'  McGill,"  Kimberley'  and  several 
other  well-known  analysts  have  called  attention  to 
the  confusing  state  of  reports  of  water  analyses,  and 
Clarke'"  has  aptly  characterized  hypothetical  combina- 
tions as  "a  meaningless  chaos  of  assumptions  and 
uncertainties." 

The  figures  of  a  hypothetically-combined  water 
analysis  express  only  the  opinion  of  the  man  who  made 
them,  and  his  opinion  is  not  only  different  in  some 
respects  from  those  of  his  fellow  analysts  but  is  also 
likely  to  change  next  year.  Consequently,  the  state- 
ment conceals  analytical  facts  incomparable  with  those 
concealed  in  other  hypothetical  statements,  and  inter- 
pretation of  the  data  of  analysis  is  obscured  by  the 
intervention  of  unnecessary  combinations.  In  view 
of  these  facts  and  the  apparent  disinclination  of  the 
organized  chemical  world  to  approve  any  scheme  of 
hypothetical  combination,  it  seems  entirely  advisable  for 
American  chemists  not  to  endorse  any  such  convention, 
but  to  recommend  simple  direct  uncomplicated  state- 
ment of  the  results  of  analysis  in  ionic  form. 

U.  S.  Geological  Survey 
Washington 


CHEMISTRY  OF  THE  BLEACHING  OF  COTTON  CLOTH" 

liY   John    C.    HUBUiiN 

Cotton  fiber  appears  under  the  microscope  as  a 
twisted  ribbon,  thicker  at  the  edges  than  in  the  central 
area.  The  twisted  structure  gives  it  the  appearance 
of    a    spiral.     The    spirals,    however,    frequently    are 

■  Chem.  News,  60  (1889).  203. 
!  Ber.  V.  Int.  Kong,  angew.  Chem..  1  (1903),  261. 
'  .Mli  del  I  /  Cnng.  Int.  di  Chimica  .\pplicala.  7  (1907).  213. 
•  See  2d  Am.  cd..  1896.  p.  574. 

'  Cork's  Translation  of  6ln  German  rd..  2  (1904).  274. 
<  BraunschweiK  (1895) 
'  Eng.  Nem.  SI  (1904).  500. 

'  Bull.  .Am.  Ry.  Eng.  and  Mainlenance  of  Way  .\ssoc..  6  (1905),  612. 
»  Jour.  Infect.  Diseases,  .'iupfi.  1  (1905),  157. 
"  U.  S.  Geol.  Survey,  Bull.  330  (1908),  54. 

'1  Presented  at  the  6th  Semi-annual  Meeting  of  the  American  Institute 
of  Chemical  Engineers,  Troy,  New  York,  June  17-20,  1914. 


reversed,  so  that  there  may  l)e  spirals  turning  to  the 
right  and  to  the  left  on  one  and  the  same  fiber  of  cotton. 
The  length  of  the  fiber  varies  from  2^/i  in.  for  the  best 
Sea  Island  to  ^/i  in.  for  the  lowest  grade  American 
cotton.  The  ratio  of  diameter  to  length  of  staple 
varies  from  i  :  1350  to  i  :  2500.  If  a  single  fiber 
of  low-grade  American  cotton  were  increased  to  a 
diameter  of  i  in.  and  the  length  of  the  staple  increased 
in  proportion,  the  fiber  would  be  more  than  100  feet 
long;  while  if  a  fiber  of  Sea  Island  cotton  were  increased 
in  the  same  proportions,  the  length  of  this  staple 
would  be  more  than  200  feet  long.  This  extreme 
fineness,  coupled  with  the  twisted  structure,  makes 
cotton  the  vegetable  fiber  par  excellence  for  spinning. 

COMPOSITION    OF    COTTON    FIBER    AND    COTTON    CLOTH 

The  fiber  is  composed  of  an  outer  layer  or  cuticle, 
a  middle  layer  containing  about  95  per  cent  of  the  total 
fiber  substance,  and  a  wall  bounding  a  central  canal 
or  lumen,  with  substances  deposited  in  the  lumen. 
The  cuticle  serves  as  a  varnish  or  waterproofing  to 
protect  the  fiber,  and  is  a  mixture  of  fats,  wax  and 
carbohydrates,  with  some  protein  and  mineral  sub- 
stances; the  middle  layer  is  nearly  pure  cellulose, 
while  the  wall  of  the  central  canal  or  lumen,  and  the 
compounds  in  the  canal,  are  principally  proteins 
mixed  with  small  quantities  of  carbohydrates.  The 
total  substances  not  cellulose  amount,  on  an  average. 
to  about  5  per  cent  of  the  fiber. 

When  cotton  is  carded  and  spun,  practically 
all  of  the  adventitious  impurities  are  removed.  To 
facilitate  the  weaving,  a  sizing  composed  of  starch, 
fats,  soaps,  and  frequently  protein  substances,  is 
added  to  the  warp  yarn.  The  total  additions  in  sizing 
the  warp  rarely  exceed  5  per  cent  of  the  total  weight 
of  the  fabric.  Therefore,  as  it  comes  from  the  loom, 
cotton  cloth,  calculated  on  the  dry  weight,  will  contain 
approximately  90  per  cent  cellulose,  5  per  cent  natural 
impurities  consisting  of  carbohydrates,  wax,  fat,  pro- 
tein and  mineral  substances,  and  5  per  cent  of  sizing 
material. 

COTTON    CELLULOSE 

Cellulose  must  be  regarded  as  a  definite  aggregate 
of  the  products  of  plant  life.  It  is  a  typical  colloid. 
At  the  present  state  of  knowledge  it  seems  impossible 
to  fix  a  constitutional  formula,  or  to  point  to  as  definite 
reactions  for  cellulose  or  for  cotton  as  for  bodies  which 
take  the  crystalline  form ;  but  from  its  reactions  it  is  pos- 
sible to  obtain  definite  knowledge  of  its  reactivity.  The 
ease  with  which  cellulose  enters  into  definite  combi- 
nations, as  in  the  cuprammonium  an,d  in  the  xanthate 
or  thiocarbonate  reactions,  and  is  in  turn  regenerated 
as  true  cellulose,  shows  the  definite  character  of  the 
aggregate  and  the  similarity  of  its  reactions  to  those  of 
other  known  colloids, as  for  instance  those  of  hemoglobin. 
Hemoglobin  adds  on  ana  parts  with  oxygen  and  car- 
bonic acid  with  ease,  without  apparently  disturbing 
the  power  of  the  aggregate  to  react,  arid  without  de- 
stroying the  molecule.  Many  other  illustrations  might 
be  cited  to  show  the  definite  character  of  the  reactions 
of  cellulose,  and  the  similarity  of  these  to  reactions 
of  other  known  colloidal  molecules  or  aggregates. 
Then  again  the  cellulose  aggregate  may  be  disturbed 
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in  its  arrangement,  as  in  the  case  of  the  formation  of 
hydro-  or  oxycellulose.  It  will  then  exhibit  a  wider 
range  of  affinities. 

On  account  of  the  colloidal  nature  of  cellulose  and 
of  cotton,  it  is  difficult  to  remove  the  small  percentage 
of  impurities  associated  with  the  fiber,  because,  like 
all  colloidal  aggregates,  it  readily  enters  into  solutions 
or  unions  with  other  colloids.  To  break  or  purify 
such  unions  or  solutions  is  usually  a  long  and  difficult 
task.  For  this  reason  one  can  hardly  point  to  a  chem- 
ical operation  for  the  removal  of  5  per  cent  of  simple 
mechanically  bound  impurities  which  requires  as  many 
and  painstaking  operations  as  the  bleaching  of  cotton 
cloth. 

The  cellulose  molecule  or  pure  cotton  fiber  reacts 
as  a  saturated  compound,  and  has  a  percentage  compo- 
sition corresponding  to  CeHioOj,  and  is  probably  a 
polymer  of  this  molecule.  We  consider,  in  this  investi- 
gation, that  bleached  cotton  should  be  pure  cellulose 
and  that  it  has  the  above  composition;  we  argue  that, 
by  making  ultimate  analyses  of  cloth  taken  from  the 
different  operations  in  the  bleaching  process,  we  can 
follow  the  different  impurities  as  they  are  removed 
or  eliminated  from  the  fiber. 

NON-CELLULOSE    CONSTITUENTS    OF    CLOTH 

If  we  incinerate  the  gray  or  untreated  cloth  we 
find  a  percentage  of  ash,  varying  from  i  per  cent  to 
I 'A  per  cent  of  the  weight  of  the  cloth  taken.  Nearly 
25  per  cent  of  the  total  constituent  impurities  are 
represented  by  this  ash.  Its  composition  averages 
60  per  cent  compounds  soluble  in  water,  that  is,  carbo- 
nates, chlorides  and  sulfates  of  potassium  and  sodium. 
The  remaining  compounds,  40  per  cent  of  the  ash, 
are  insoluble  in  water  and  are  made  up  of  10  per  cent 
to  18  per  cent  of  the  total  ash  of  phosphates  of  mag- 
nesium and  calcium,  and  the  remainder  of  the  carbon- 
ates of  calcium  and  magnesium  and  the  oxides  of 
iron  and  aluminum. 

If  the  cloth  be  treated  with  boiling  water,  i  per  cent 
to  2  per  cent  of  the  weight  taken  will  be  extracted, 
removing  practically  all  the  potassium  and  sodium 
salts,  a  small  percentage  of  the  calcium  and  magnesium 
compounds,  and  some  of  the  fatty  acids,  wax  and  solu- 
ble carbohydrates.  These  latter  substances  are  prob- 
ably removed  as  an  emulsion  and  not  as  a  true  solution. 

Cotton,  in  an  ultimate  analysis,  always  gives  a 
percentage  of  nitrogen  and  phosphorus.  .The  Depart- 
ment of  Agriculture,  Bulletin  33i  1896,  found, 
for  Upland  cotton,  that  the  percentage  of  nitrogen 
varied  from  a  maximum  of  0.54  per  cent  to  a  minimum 
of  0.20  per  cent,  with  an  average  of  0.34  per  cent. 
These  analyses  cover  a.  period  of  about  three  years. 
The  percentage  of  phosphorus,  calculated  as  phos- 
phoric acid,  varies  from  a  minimum  of  0.05  per  cent 
to  a  maximum  of  0.18  per  cent  with  an  average  of 
o.io  per  cent. 

REL.4TI0N     OF     THE     NON-CELLULOSE     CONSTITUENTS    TO 
BLEACHING 

The  examination  of  the  water  extracts,  the  sub- 
stances extracted  by  boiling  alkalies,  and  the  ash  of 
cotton   have  been    made  by   many  investigators  with 


fairly  concordant  results.  The  determination  of  the 
nitrogen  content  has  been  made,  not  only  covering 
American  cotton  as  cited  above,  but  Egyptian  and 
Indian  cotton,  with  concordant  results.  We  are  not, 
therefore,  working  upon  an  assumption  if  we  calcu- 
late the  nitrogen  as  a  factor  for  determining  the  per- 
centage of  one  constant  impurity,  and  the  phosphorus 
not  extracted  by  water  as  another  factor  for  determin- 
ing another  constant  impurity.  The  ether  and  al- 
coholic extracts  serve  as  checks  in  identifying  other 
impurities,  so  that,  by  working  from  the  ultimate 
analysis  of  the  cloth,  that  is,  the  percentage  composition 
expressed  as  carbon,  hydrogen,  oxygen,  nitrogen, 
phosphorus  and  ash,  we  can  arrive  at  accurate  esti- 
mates of  the  percentages,  of  the  various  constituent 
impurities  removed  in  the  different  steps  of  the  bleach- 
ing process. 

The  necessity  of  an  investigation  after  this  scheme 
is  emphasized  by  the  failure  of  the  analyses  of  the 
water  extracts  and  liquors  from  the  kier  boils  to  give 
direct  evidence  regarding  the  reactions  taking  place 
in  the  fiber  and  the  amounts  of  the  impurities  removed. 
Then  again,  this  method  of  investigation  should  pave 
the  way  to  the  discovery  of  the  causes  for  much  of 
the  bad  bleaching,  spotted  and  tender  goods,  and  other 
troubles  met  in  the  regulaf-  practice  of  bleaching 
cotton  cloth.  Frequently,  cloth  which  has  been 
bleached  will  yield  colors  which  are  clouded  or  streaked, 
particularly  when  dyed  in  light  shades.  The  usual 
answer  that  the  goods  are  poorly  boiled  is  only  an 
apology  or  an  excuse,  as  it  does  not  define  in  what 
way  the  boiling  was  faulty,  whether  the  time  was 
too  long  or  too  short,  whether  the  liquor  was  too 
strong  or  too  weak,  or  whether  the  pressure  was  too 
high  or  too  low.  When  goods  come  from  the  bleach- 
house  tender  the  usual  explanation  is  that  the  chemick 
(that  is  the  bleach  liquor)  or  the  sour  (that  is  the  acid 
treatment)  was  too  strong.  These  answers  are  ac- 
cepted in  face  of  the  evidence  that  cotton  can  be  sub- 
jected to  relatively  strong  solutions  of  bleaching 
powder  and  also  to  fairly  strong  solutions  of  acid  with- 
out being  injured.  The  question  is  not  asked,  how 
much  has  the  cotton  been  changed  so  that  its  reac- 
tivity has  been  increased,  before  it  was  subjected  to 
treatment  with  the  solution  of  bleaching  powder  or 
with  the  solution  of  the  acid?  The  increased  reac- 
tivity of  the  cellulose,  or  cotton  aggregate,  when 
the  molecule  or  aggregate  has  been  disturbed,  has  al- 
ready been  referred  to.  In  fact,  the  usual  method 
given  for  identifying  oxycellulose  is  based  on  the  in- 
creased affinity  of  this  compound  for  methylene  blue 
as  compared  with  ordinary  cellulose  or  cotton.  Cellu- 
lose is  very  readily  hydrated  and  the  hydroxy-  and 
oxycelluloses  are  formed  under  many  varied  conditions. 
While  these  facts  are  recognized,  there  have  been  ap- 
parently no  very  serious  attempts  to  apply  them  to 
the  problems  of  bleaching. 

PURPOSE    AND    METHODS    OF    BLEACHING 

Cotton  cloth  is  bleached  to  remove  the  naturally 
occurring  brownish  color,  the  naturally  occurring  im- 
purities and  the  sizing  material  andj;^other  products 
added  to  facilitate  manufacture. 
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Before  the  introduction  of  the  use  of  chlorine  as  the 
true  bleaching  agent,  cotton  goods  were  boiled  in 
various  potash  lyes,  steeped  in  various  weak  acid 
yielding  compounds,  as  for  instance  buttermilk, 
and  then  spread  on  bleaching  greens  or  grass  and 
bleached  by  the  sun  and  air.  Thus  originated  the 
terms  "grass  bleached"  or  "grass  bleach."  Bleaching 
on  the  green  is  still  practiced  today  to  a  limited  ex- 
tent, in  connection  with  chlorine  bleaching,  particu- 
larly for  linen. 

Scheele  noted  the  bleaching  action  of  chlorine,  but 
Berthellot,  in  1785,  first  suggested  the  use  of  chlorine, 
combined  with  alkali,  as  a  bleaching  agent;  and  shortly 
afterward,  Watt  and  Tennant  put  the  suggestion  into 
practical  operation  in  Glasgow. 

AMERICAN    PROCESS    OF    BLEACHING 

The  present  bleaching  process  dates  from  about 
1840,  and  is  generally  known  as  the  "American 
process."  This  process  consists  in  boiling  in  large 
kiers,  with  or  without  pressure,  in  solutions  of  lime 
or  caustic  soda,  or  soda  ash  and  soaps.  After  the 
boiling  process  the  goods  are,  first  treated  with  solutions 
of  bleaching  powder,  then  with  a  weak  solution  of 
acid,    and    then    washed.     The   operations   are    varied 


duration  of  the  boiling  varies  for  each  kier  boil  from 
6  to  14  hours,  and  the  pressure  used  from  atmospheric 
pressure  to  60  pounds  per  square  inch.  A  further 
modification  of  this  process  consists  in  omitting  the 
lime  boil,  and  substituting  for  the  resin  and  ash  boil, 
boils  in  a  solution  of  caustic  soda  with  or  without  the 
addition  of  resin  or  soap.  The  process  then  consists 
of  the  following  steps: 

I — Singeing 

2 — Steeping 

3 — Washing 

4 — First  caustic  soda  boil 

5 — Washing 

6 — Second  caustic  soda  boil 

7 — Washing 

8 — Treatment  with  solution  of  bleaching  powder 

9 — Washing 

10 — Treatment  with  weak  acid  or  souring 
1 1 — Washing 
12 — Drying  and  finishing 

This  process  is  sometimes  shortened  still  further  by 
using  only  one  caustic  soda  boil.  The  time  required 
to  bleach  cotton  cloth  varies  from  three  to  six  days. 

The  cloth  which  we  have  examined  in  this  investi- 
gation was  taken  from  goods  being  regularly  bleached 


I — Analyses  of  Cloth 


THE  Various  Operations  ok  Blea 


All  PERCBNTAGES(a)   Calculated  to  Dry  Weight 


Carbon 

Hydrogen 

Niti  ogen . 

Proteins — N  X  6 ,  25 

Nitrogen  after  ether  alcoliol  extract 

Ash .' 

Ash  after  ether  alcohol  extract 

Ether  extract 

Alcohol  extract  after  ether  extract 

Phosphoric  acid  before  and  after  extraction . 
(a)  Figures  are  as  calculated  and  are  not  ro 


4,1 

,s7n 

6 

01, s 

(1 

191 

1 

ly,". 

(1 

Ihl 

1 

iw 

II 

m? 

(1 

6?,1 

() 

7K,> 

0, 

0,iU 

led  off. 

Steep 
40,280 
6,400 
0,  192 
1  ,200 
0,  158 
0.. 1.5.1 
().M2 
0,589 
0,326 
0,012 


First 

Second 

BOIL 

BOIL 

4.! .  820 

37,620 

6,403 

6.323 

0,020 

0,016 

0,125 

0,100 

0,103 

0,055 

0.  103 

0.057 

0,496 

0,224 

0,214 

0,230 

0.001 

0,001 

Chemick 
41.580 
5,748 
0,015 
0,094 

0,085 
0,076 
0,201 
0,231 
0,0013 


Sour 
44  583 
6,528 
0,014 
0,088 

o!661 
0.052 
0,189 
0.151 
0,001 


greatly  according  to  the  quality  of  the  goods  and  the 
requirements  of  finishing,  etc.,  and  may  be  illustrated 
by  the  following  typical  outlines  of  processes. 

Madder  bleach,  so-called  because  it  was  used  for  the 
production  of  madder  styles  and  required  a  very  clear 
white  for  the  illumination  of  the  patterns,  consists 
of  the  following  operations: 

I — Singeing 

2 — ^Passage  through  hot  water  to  prevent  the  possibility  of 
fire,  and  storing  while  wet  in  bins  for  24  hours,  usually 
termed  "steeping"  or  "the  steep" 

3 — Washing 

4 — Lime  boil,  usually  under  pressure 

5 — Washing 

6 — Treatment  with  weak  acid,  usually  termed  "souring" 
or  "the  sour" 

7 — Washing  to  remove  this  acid 

8 — Boiling  in  resin  soap 

9 — Washing 

10 — Boiling  in  .soda  ash 

II — Washing 

12 — Treatment  with  soliitiuri  of  bleaching  powder,  termed 
"chemicking"  or  "the  chemick" 

13 — Washing 

14 — Treatment  with  weak  acid  to  remove  traces  of  chlorine 
and  to  further  whiten  the  fabric,  termed  "the  sour" 

15 — Washing,  drying  and  finishing 

This  process  may  be  modified  by  omitting  the  boil- 
ing in  resin  soap,  and  boiling  instead  for  a  longer 
period  in  a  mixture  of  soda  ash  and  resin  soap.      The 


by  the  caustic  soda  boiling  process,  as  outlined  above. 
The  samples  taken  and  examined  are  numbered  as 
follows: 

I  — GRAY — From  the  gray  goods  before  singeing. 

2 — STEEP — From    the    goods    after   being    washed    after    the 

singeing  and  steeping  operation,  referred  to  as  "steep." 
3 — FIRST  CAUSTIC  BOIL — From  the  goods  after  being  washed 

after  the  first  caustic  soda  boil, 
4 — SECOND  CAUSTIC  BOIL — From  the  goods  after  being  washed 

after  the  second  caustic  soda  boil, 
5 — CHEMICK — From    the    goods    after    being    washed    after 
treatment  with  the  chemick  or  bleaching  solution. 

6 — SOUR — From  the  goods  after  being  washed  after  treat- 
ment with  the  sour  or  acid.  This  sample  represents  the 
goods  ready  for  finishing  and  printing. 

.METHODS    OF    ANALYSIS 

Combustions  were  made  to  determine  carbon, 
hydrogen  and  oxygen.  The  nitrogen  was  determined 
by  the  Kjeldahl  method.  The  phosphorus,  calcium 
and  magnesium  were  determined  from  the  ash.  The 
ether  and  alcohol  extracts  were  made,  using  cloth 
which  had  been  dried  to  constant  weight  at  ioo°  C. 
All  percentages  arc  calculated  to  dry  weight.  Table  I 
shows  the  results  of  the  analyses. 

From  Tables  I  and  II  we  can  calculate  the  changes 
produced  in, each  operation,  and  follow  the  elimination 
of  the  various  substances  going  to  make  up  the  con- 
stituent impurities. 
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Table  II— Psrcbntages  of  Substances  Removed  by  Each  Operation  c+nrirpq     all    ihp   air   k  pvpr   rpmnvprl    from    thp   nrrlinarv 

AND  Total  Percentages  REMOVED  AT  End  OF  Each  Operation  Stances,  au  tne  air  lb  ever  removea  irom  tne  orainary 

First       Second  kier. 
Steep        boil          boil     Chbmick  Sour  ^1        i-  1     m     •  .  11 

ri5g  g,        24       20  '■"^^    lime    boa    is    not    a    real    cleansing    operation. 

^'^ '"'^     '  »7'3        95:4      93;o     95:0  The  cloth  is  darker  after  being  boiled  than  when  in  the 

Proteins  915       \      ^  •  ^         V  ~j         u.o 

■       t  91-7      92.2     92.7  gray.      During    the    boiling    the    following    reactions 

Fats  and  waxes 5.5     J   2o;4        64^0      67 ! 8     69!6  take  place  in  the  cloth :  the  starch  is  hydrolyzed  and 

Phosphoric  acid 60.0     j,oo;o       loolo     loo^o    loo^o  removed;  the  saponifiable  fats  and  waxes  are  changed 

to  calcium  salts  and  remain  in  the  fiber;  there  is  fixed 

.\CTION    OF    THE    STEEP  ,        ^,  r        ,    ■  \ 

on  the  nber  a  percentage  of  calcium  much  greater  than 

The  action  of  the  steep  is,  in  a  measure,  to  hydrate  ^^e  equivalent  of  the  fat  and  wax  content  of  the  cloth, 

the  cotton,  to  allow  it  to  take  up  as  much  water  as  j^  ^he  souring  subsequent  to  the  boil,  which  is  always 

possible.     The  action  is  slow  on  account  of  the  colloidal  necessary   after   the   lime   boil,   the   calcium   salts   are 

nature    of   the   substance.      The    water    absorbed    pre-  decomposed  so  that  the   soda  boils   may   remove  the 

pares  the  way  for  and  assists  the  scouring  action  of  the  f^^  ^^^  ^^^^^      The  amount  of  calcium  fixed  on  the 

boil.      In   addition   to   hydrating   the   fiber,   the   steep  j^^er  varies  from  2  per  cent  to  4  per  cent,  expressed  as 

either   destroys   or   renders  soluble   about   one-half   of  carbonate 

the   starch  of  the  sizing,   and  removes  practically  all  '  Scheurer,   in  his  investigation  of  the  saponification 

of   the   soluble   salts.      By   passing  the   cloth   through  ^f   ^j^e   fats  in   cotton.^   found    2.88   per   cent   calcium 

a  solution  of  malt  or  other  diastase,  after  the  singeing,  carbonate  after  the  cloth  had  been  subjected  to  the 

a  complete  resolution  of  the  starch  into  sugars  or  other  ^-^^  ^oil,  in  addition  to  the  calcium  contained  in  the 

soluble  products  takes  place  during  the  steeping.     The  original    fiber.     Some    observers    claim    the    fixing    of 

quantity  of  diastase  required  is  very  small.     The  action  calcium   to   represent    a   true    mordanting.     I    am   in- 

on  the  starch  by  the  ordinary  steep  is  due  to  bacteria  ^^ned  to  believe  that  cotton,  if  in  the  proper  condition, 

and  to  enzymes  naturally  in  the  cotton.  ^^^  ^^   calcium  to  form   a   calcium  cellulose   similar 

From  Table  II  it  appears  that,  during  the  steep  and  ^o    soda    cellulose.     After    bleaching,    or    some    other 

the   wash   which  follows,  there  are  removed    70.5   per  treatments,  it  appears  to  lose  this  property  of  fixing 

cent  of  the  constituents  represented  by  the  ash,  none  calcium.     The  fact  that  cotton  cloth  which  has  been 

of  the  compounds  represented  by  the  mtrogen   (that  foiled    and    bleached    does    not    produce    as    brilliant 

IS,   the  protein   substances),   5.5   per   cent   of  the   fats  ^^^  clear  a  Turkey-red  as  cloth  which  has  been  simply 

and   waxes  represented  m   the   ether  extract,   and   60  ^^-^^^  ^^^  ^^^  bleached,  may  be  explained  by  assuming 

per  cent  of  the  compounds  represented  by  the  phos-  ^hat  the   fiber  is   not  in   the   proper   condition   to   fix 

phone  acid.  calcium   and  thus  to   ensure   the  formation   of   a  full 

The  goods,  after  being  well  washed  from  the  steep,  alizarine  lake 

are   taken   to   the   boil,    having   been   freed   from   the  ^    Scheurer,    in    the    investigation    above    referred    to, 

soluble    impurities    amountmg    to    about    one-fifth    of  ^^^  ^^own  that  to  saponify  natural  fats  when  boiling 

the  constituent  impurities  and  to  one-half  of  the  added  without  pressure,  the  same  time  is  required  for  both 

impurities  if  no  diastase   were  used,   and  from  all  of  ^^^    ^^^^^-^   ^^^^    ^^^    ^^^-^    ^^^^   ^^^   ^^^   ^^^^   ^^jj. 

the  added  impurities  except  fats  when  diastase  is  used.  ^^^  ^^^^  ^^  saponify  tallow  twice  as  long  a  period  is 

EFFECT  OF  VARIOUS  TREATMENTS  ON  COTTON  required  for  the  lime  boil  as  for  the  caustic  soda  and 

Water,  at  ordinary  temperatures,  and  even  at  resin  boil.  When  boiling  under  pressure,  however, 
temperatures  corresponding  to  steam  at  60  pounds  he  found  that  the  caustic  soda  and  resin  boil  required 
per  square  inch,  has  no  action  on  cotton  providing  twice  as  long  a  period  as  the  lime  boil  to  saponify  both 
air  be  excluded;  air  and  steam,  however,  rapidly  break  the  natural  fats  and  the  tallow, 
down  the  fiber.  In  the  absence  of  air,  solutions  of  advantages  of  soda  boils 
caustic  lime  or  caustic  soda  containing  as  high  as  10  The  fact  that  cotton  goods  can  be  scoured  and  the 
to  20  grams  per  liter,  are  without  action  on  the  fiber,  fatty  matters  removed  in  sufficient  quantities  for  the 
even  at  the  highest  temperatures  employed  in  bleaching.  production  of  a  good  bleach  by  either  a  single  boil 
In  the  presence  of  air,  however,  at  relatively  low  tem-  in  caustic  soda  and  resin  soap,  or  by  a  lime  boil  fol- 
peratures,  say  temperatures  corresponding  to  steam  lowed  by  a  sour  and  another  boil  in  soda  ash  lye,  has 
at  10  pounds  per  square  inch,  the  cotton  is  rapidly  turned  the  attention  of  bleachers  toward  the  perfec- 
disintegrated.  Strong  boiling  solutions  of  caustic  tion  of  the  caustic  soda  boil.  The  souring  operation, 
soda,  say  300  grams  per  liter,  will  dissolve  cotton.  which  follows  the  lime  boil,  is  thus  eliminated,  and  the 
In  boiling,  that  there  may  be  no  possibility  of  at-  possibility  of  there  being  deposits  of  calcium  salts 
tacking  the  fiber,  the  solution  should  not  be  more  than  left  in  the  goods,  on  account  of  the  imperfect  souring 
10  grams  of  caustic  alkali  per  liter,  and  the  kier  should  and  washing,  is  avoided.  In  the  caustic  soda  boils, 
have  sufficient  volume  above  the  cloth  to  exclude  all  however,  a  good  circulation  of  the  lye  must  be  main- 
air.  All  air  entrained  in  the  pieces  when  packed  should  tained  during  the  whole  boiling  operation, 
be  allowed  to  escape  as  the  temperature  is  raised  to                 cqod  circulation  of  liquors  necessary 

the  boiling  point,  and  the  boil  continued  for  a  sufficient  ou  -v  -j.  j  i-i 

^.        ^  ;  ^,        .       ,  bcheurer,    in    his   experiments,    proved    conclusively 

time  to  ensure  the  escape  of  all  the  air.     The  circula-  .,  „.   ,,        .       ,   ..         r  4.1.     ,•  t.     1   4.  1 

^.        ■,,,,,.,..     ^  ,  ,  ,  that  the  circulation  of  the  liquor  was  absolutely  neces- 

tion  in  all  bleaching  kiers  is  from  the  top  downward.  „„,„         ^   ^u   4.      -^i.      ^     ■       ^   ^-        ■    j-cr         ^  1* 

-  .  ,        .  ^  ,  ,         f  .  sary,  and  that   without  circulation  indififerent  results 

I    question    therefore,    whether,    under    these    circum-  ■  buU.  dc  la  Sodiu  industrieiu  de  Uuihouse. 
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are  obtained  when  using  either  caustic  soda  alone  or 
in  conjunction  with  resin  or  soaps.  He  also  found  that, 
in  the  case  of  the  lime  boil  followed  by  the  sour  and 
a  soda  ash  boil,  circulation  was  not  important. 

Kiers  with  a  positive  mechanically  controlled  circu- 
lation should  always  be  used  for  caustic  soda  boils. 
Kiers  of  the  ejector  or  injector  circulating  type  are  not 
to  be  recommended,  because,  in  either  case,  the  circu- 
lation is  not  positive.  To  insure  a  uniform  action 
throughout  the  whole  mass  of  cloth,  it  is  the  custom  to 
boil  and  wash,  and  the'n  repeat  the  boiling,  so  that  the 
position  of  the  goods  is  changed  for  the  second  boil. 
By  this  procedure  the  goods  which  were  lying  at  the 
bottom  of  the  kier  in  the  first  boil  will  lie  at  the  top  of 
the  kier  in  the  second  boil.  In  this  manner,  a  thorough 
penetration  of  the  lye  and  uniform  treatment  are 
insured. 

The  saponification  and  removal  of  the  fats  and  the 
destruction  of  the  natural  color,  which  is  probably 
represented  in  the  analysis  by  the  nitrogen  content, 
must  precede  the  real  bleaching  process.  If  too  small 
a  percentage  of  the  fats  and  color  be  removed  or  de- 
stroyed, whites  which  are  not  uniform  or  are  not  perma- 
nent, result. 

WETTING  OUT  TEST  FOR  EFFICIENCY  OF  BOILING  PROCESS 

There  is  a  rough  test  used  by  bleachers  to  determine 
the  efficiency  of  the  boiling  process.  This  test  con- 
sists in  spotting  the  piece  of  dried  goods,  taken  from 
the  boiling  or  other  process,  with,  water,  and  noting 
the  rapidity  of  the  wetting  out  of  the  fabric.  The 
test  is  best  performed  by  cutting  a  piece  about  one  inch 
square  from  the  cloth,  taking  the  precaution  to  have 
the  edges  cut  clean  and  not  ragged.  If  the  edges 
are  torn  or  ragged,  the  capillarity  on  the  torn  parts 
is  not  uniform  with  that  of  the  cut  edges,  and  the 
water  will  penetrate  into  the  body  of  the  fabric  through 
the  fibers  longitudinally  instead  of  transversely  as 
when  the  edges  are  cut  clean  and  smooth.  By  placing 
these  pieces  of  cloth  on  the  surface  of  water,  it  will 
be  found  that  those  pieces  which  have  been  thor- 
oughly and  fully  boiled  out  sink  instantly,  but  that 
those  pieces  which  are  not  as  well  boiled  out  take 
a  little  longer  time  to  sink,  while  pieces  which  have 
not  been  well  boiled  out  float  for  a  long  time  or  do 
not  sink  at  all. 

ACTION    OF    SODA    BOILS 

From  a  study  of  Table  I  it  readily  appears  that  the 
boiling  operation  is  the  critical  part  of  the  bleaching 
process,  and  that  in  this  operation  the  foundation  is 
laid  for  the  subsequent  whitening  operation  by  the 
action  of  the  chlorine.  Hence  the  dictum,  "Goods 
well  boiled  are  half  bleached."  The  principal  action 
of  the  caustic  boils,  as  illustrated  in  Tables  I  and  11, 
is  on  the  protein  bodies  or  nitrogen  content.  By 
the  combined  action  of  the  steep  and  first  caustic 
boil  91.5  per  cent  of  the  proteins  are  removed,  and 
the  second  boil  removes  only  0.2  per  cent  more.  While 
the  boil  is  usually  referred  to  as  an  operation  for  the 
saponification  of  the  fats  and  waxes,  it  appears  that 
the  first  function  of  the  boil  is  to  remove  the  proteins, 
which  are  almost  twice  as  great  in  amount  in  the  fiber 


as  the  fats  and  waxes,  as  shown  by  the  ether  extract. 
The  second  function  of  the  boil  is  the  removal  of  the 
fats  and  waxes.  By  the  combined  action  of  the  steep 
and  the  first  boil  20.4  per  cent  of  these  compounds 
are  eliminated,  and  the  second  boil  removes  43.6 
per  cent  more.  It  is  apparent,  from  a  comparison 
of  these  figures  with  the  percentage  representing  the 
elimination  of  the  proteins,  that  the  fats  and  waxes 
are  less  easily  removed  by  caustic  soda,  and  that, 
after  the  removal  of  the  proteins,  more  than  twice 
as  much  of  these  bodies  is  removed  in  a  single  boil 
as  was  removed  by  two  operations  before  the  removal 
of  the  proteins.  The  fats  and  waxes  of  the  cotton 
fiber  must,  therefore,  contain  a  very  large  proportion 
of  non-saponifiable  matter. 

The  removal  of  87.3  per  cent  of  the  constituents 
represented  by  the  ash,  and  practically  all  of  the  con- 
stituents represented  by  the  phosphoric  acid,  is  to 
be  noted  as  the  result  of  the  action  of  the  steep  and 
first  boil,  while  the  second  boil  removes  8.1  per  cent 
more  of  the  ash  constituents. 

Dr.  Edward  Schunk,  F.R.S.,  in  an  address  before 
The  Manchester  Literary  and  Philosophical  Society, 
showed,  from  an  examination  of  the  substances  removed 
from  cotton  by  boiling  with  alkalies,  that  the  impurities 
in  cotton  consist  of  the  following: 

I — Pectic  acid,  soluble  in  water,  reddening  litmus, 
and  precipitated  by  metallic  salts. 

2 — Nitrogenous   colored   bodies,   soluble   in   alcohol. 

3 — Fatty  acids,  melting  at  55.5°  C,  apparently 
margaric  acid  or  a  mixture  of  stearic  acid  and  palmitic 
acid. 

4 — A  wax,  resembling  carnauba  wax,  soluble  in 
alcohol  and  ether;  insoluble  in  water  and  caustic  soda. 

5 — Albuminoid  bodies. 

The  presence  of  the  wax,  described  by  Dr.  Schunk 
as  insoluble  in  caustic  soda,  explains  the  low  efiiciency 
of  the  caustic  boil  as  a  method  for  removing  the  fats 
and  waxes  in  bleaching. 

After  washing  from  the  second  caustic  boil,  the 
analyses  show  that  91.7  per  cent  of  the  proteins  are 
eliminated;  that  .64  per  cent  of  the  fats  and  waxes, 
as  shown  by  the  ether  extract,  are  removed;  that 
95.4  per  cent  of  the  constituents  represented  in  the 
ash  are  no  longer  in  the  fiber;  and  that  all  of  the 
compounds  represented  by  the  phosphoric  acid  are 
dissolved  from  the  cotton. 

EFFICIENCY    OF    VARIOUS    HYPOCHLORITES 

After  the  washing  from  the  boiling,  the  goods  are 
treated  with  a  solution  of  hypochlorite.  This  solution 
is  the  real  bleaching  agent.  Bleaching  powder,  that 
is,  hypochlorite  of  calcium,  or  lime  chemick,  as  it  is 
called,  is  generally  used;  but  recently,  owing  to  the 
introduction  of  liquid  chlorine  as  a  commercial  product, 
hypochlorite  of  soda,  or  soda  chemick,  is  coming  to 
be  recognized  as  a  most  convenient  and  reliable  bleach- 
ing agent.  Hypochlorite  of  magnesia  has  also  been 
used  industrially,  but  other  hypochlorites,  as  for 
instance,  zinc  and  alumina,  have  been  tried  only  ex- 
perimentally. Magnesium  hypochlorite  is  a  most 
excellent  bleaching  agent  and  shows  no  tendency  to 
form    chlorine   substitution   compounds;   its   action   is 
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purely  oxidizing.  Calcium  hypochlorite  has  a  strong 
tendency  to  form  chlorine  substitution  compounds, 
particularly  if  the  solution  be  acid.  This  tendency 
toward  substitution,  in  addition  to  its  oxidizing  action, 
is  one  of  the  drawbacks  in  the  use  of  lime  chemick. 
Sodium  hypochlorite  is  oxidizing  in  its  action,  and  has 
but  a  slight  tendency  toward  the  formation  of  substi- 
tution products.  It  is  a  very  active  bleaching  solu- 
tion and  stands  about  midway,  in  its  properties,  be- 
tween magnesium  hypochlorite  and  calcium  hypo- 
chlorite. Sodium  hypochlorite  forms  no  insoluble 
compounds,  while  lime  chemick  always  fixes  a  per- 
centage of  calcium  in  the  fiber.  Each  molecule  of 
hypochlorous  acid,  HOCl,  yields  one  atom  of  oxygen, 
which  is  the  true  bleaching  agent.  To  treat  the  goods 
with  the  solution  of  hypochlorite,  or  chemick,  they 
are  saturated  in  a  suitable  machine,  and  piled  in  bins 
and  allowed  to  lie  for  several  hours,  or  they  are  floated 
in  the  hypochlorite  solution  for  a  sufficient  period 
to  produce  the  shade  of  white  desired.  The  action 
of  the  chemick  in  the  piling  system  is  hastened  by  the 
carbonic  acid  gas  in  the  air,  while  in  the  floating  sys- 
tem the  solution,  on  account  of  its  volume,  dissolves 
more  completely  and  more  thoroughly  the  colloidal 
substances  from  the  fiber.  The  addition  of  weak 
acid,  that  is,  acetic  or  formic  acid,  to  the  hypochlorite 
solution,  to  hasten  the  liberation  of  oxygen,  is  not  to 
be  recommended,  because  there  is  thus  arr  increased 
tendency  toward  the  formation  of  chlorine  substitu- 
tion products,  particularly  when  lime  chemick  is  used. 
The  action  thus  becomes  too  rapid,  no  matter  what  ' 
kind  of  chemick  may  be  used,  and  is  not  really  under 
control. 

ACTION    or    THE    BLEACHING    SOLUTION    AND    SOURING 

The  permanence  of  the  protein  residue  in  the  cloth  is 
emphasized  by  the  analyses  after  treatment  with  chem- 
ick. There  is  removed  by  the  hypochlorite  0.5  per 
cent  of  the  total  proteins  of  the  cotton,  while  there  is 
eliminated  3.8  per  cent  of  the  total  fats  and  waxes. 
By  the  combined  action  of  the  steep  and  the  hypo- 
chlorite solution,  9.3  per  cent  of  the  fats  and  waxes 
are  removed,  while  the  first  caustic  boil  removed 
only  14.9  per  cent.  These  figures  seem  to  indicate 
that  these  compounds  are  removed  by  mechanical 
action  fully  as  readily  as  by  chemical  treatment.  The 
ash  increases  from  the  action  of  the  chemick,  due  to 
the  fixing  of  calcium  by  the  cotton.  Before  we  treat 
the  cloth  with  acid  to  complete  the  bleaching,  there 
have  been  removed  92.2  per  cent  of  the  proteins, 
93  per  cent  of  the  constituents  represented  by  the  ash, 
all  of  the  constituents  represented  by  the  phosphoric 
acid,  and  67.8  per  cent  of  the  fats  and  waxes  as  repre- 
sented by  the  ether  extract.  The  souring  removes 
0.5  per  cent  of  the  total  proteins,  2.1  per  cent  of  the 
total  constituents  represented  by  the  ash,  and  2  per 
cent  of  the  total  fats  and  waxes.  So  that  the  bleached 
cloth  shows  that,  of  the  total  impurities,  the  following 
percentages  have  been  eliminated: 

95.0  per  cent  of  constituents  represented  by  the  ash. 

92.7  per  cent  of  proteins. 

69.6  per  cent  of  fats  and  waxes  as  represented  by 
the  ether  extract. 


100. o  per  cent  of  substances  represented  by  phos- 
phoric acid. 

WHAT    IS    BLEACHED    CLOTH? 

If  we  add  to  the  percentage  of  the  above  impurities 
left  in  the  cloth  the  percentage  of  the  substances  ex- 
tracted by  alcohol  from  the  bleached  cloth,  we  arrive 
at  the  conclusion  that  this  piece  of  cloth  contains 
0.489  per  cent  of  substances  not  cellulose.  Before 
we  accept  this  conclusion  we  must  consider  the  fate 
of  the  carbohydrate  content  of  the  cloth.  Starch 
would  give  the  same  percentage  composition  as  cellu- 
lose, hence,  we  cannot  expect  to  differentiate  between 
cotton  and  starch  in  an  ultimate  analysis.  We  find, 
however,  by  qualitative  tests,  that  starch  is  completely 
removed  by  diastase,  or  by  the  first  caustic  soda  boil. 
The  other  carbohydrates,  that  is,  the  pectin  bodies, 
are  not  identified  in  the  fiber  by  any  known  method. 
The  fate  of  the  pectin  bodies,  as  well  as  the  degree 
of  hydration  of  the  cotton  in  the  various  operations, 
seem  to  be  indeterminable. 

We  gain  hints  of  what  might  be  taking  place,  however, 
from  the  carbon  and  hydrogen  relations,  but  I  do 
not  think  we  are  justified  in  drawing  any  serious  con- 
clusions. I  shall,  therefore,  leave  the  interpretation 
of  the  carbon  and  hydrogen  numbers,  awaiting  more 
definite  methods  for  determining  the  degree  of  hydra- 
tion of  cotton  and  more  positive  knowledge  of  the  real 
pectin  bodies  in  cotton.  I,  therefore,  draw  this  con- 
clusion, that,  since  the  starch  disappears  completely, 
and  since  it  is  acknowledged  that  the  pectin  substances 
are  rendered  soluble  and  dissolved  by  the  methods 
used  in  bleaching,  it  is  safe  to  assume  that  we  have 
pure  cellulose  if  the  carbon  and  hydrogen  numbers 
correspond  to  the  theoretical,  allowing  for  a  reason- 
able error.  I  think  the  numbers  found  for  the  goods 
from  the  sour  meet  such  conditions. 

It  is  to  be  noted  that  some  of  the  original  protein 
constituents  of  the  fiber  are  soluble  in  ether  or  alcohol, 
or  both,  as  shown  from  the  extracts  from  the  gray 
goods  and  from  the  goods  taken  from  the  steep,  and 
that  the  hydrolyzed  proteins  left  in  the  fiber  after  the 
first  caustic  boil  are  completely  removed  by  the  ether 
and  alcohol  extraction.  The  phosphorus  content  does 
not  appear  to  be  wholly  associated  with  the  proteins. 
What  the  real  composition  of  the  ether  and  alcohol 
extract  is,  and  what  the  relation  of  the  phosphorus 
is  to  the  proteins,  the  fats  and  waxes,  and  to  the  in- 
organic constituents,  is  the  subject  of  an  investigation 
now  in  progress. 

IMPORTANCE    or    TIME    FACTOR 

Throughout  the  whole  process  of  bleaching  time  is 
a  very  important  element.  On  account  of  the  colloidal 
nature  of  the  fiber  and  of  the  impurities,  it  is  neces- 
sary to  allow  the  reactions  to  proceed  slowly.  For 
this  reason  bleaching  cannot  be  hastened  except  with 
danger  to  the  fabric.  The  old  grass  bleach,  which 
required  weeks  or  months  as  compared  with  our 
present  bleaching  method,  requiring  days,  was  a  much 
more  permanent  and  a  much  more  beautiful  bleach, 
because  the  impurities  were  removed  slowly  but  com- 
pletely.    Therefore,  it  is  to  be  recommended  that  all 
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bleaching  operations  be  conducted  in  solutions.  The 
piling  of  the  goods,  either  saturated  with  chemick  or 
saturated  with  acid,  cannot  be  as  efficient  as  allowing 
the  goods  to  lie  in  solutions. 

A  simple  test  to  determine  whether  the  bleached 
fabric  is  permanent  in  color  consists  in  steaming  the 
cloth  for  one  hour  at  a  pressure  of  5  pounds  per  square 
inch.  If  the  color  be  permanent  there  is  no  change 
in  shade,  or  yellowing,  as  it  is  termed;  but  if  the  bleach- 
ing be  not  well  done  or  thorough,  the  white  turns  yellowish. 
The  change  of  shade  toward  yellow,  or  toward  the  orig- 
inal color,  serves  as  an  index  of  the  quality  of  the  bleach. 

FAILURE    OF    WETTING    OUT    TEST 

The  six  samples  analyzed,  when  tested  by  the  wetting- 
out  method  described  above  to  determine  the  efficiency 
of  the  boil,  and  by  the  steaming  method  to  determine 
the  permanence  of  the  bleached  goods,  give  the  follow- 
ing results: 

The  gray  goods  and  the  sample  taken  from  the  steep 
did  not  sink  in  water,  while  all  the  other  samples  sank 
instantly.  No  difference  in  the  time  required  for  the 
pieces  to  reach  the  bottom  of  the  beaker  could  be  noted 
in  the  pieces  taken  from  the  second  boil,  the  chemick 
or  the  sour.  The  piece,  however,  taken  from  the  first 
boil  required  a  perceptibly  longer  time  to  reach_  the 
bottom.  No  better  illustration  could  be  given  of  the 
failure  of  tests  of  this  character  to  give  positive  knowl- 
edge. There  is,  in  the  sample  taken  from  the  first 
boil,  79.6  per  cent  of  the  total  fats  and  waxes,  and 
in  the  sample  taken  from  the  second  boil  36  per  cent, 
or  a  difference  of  43.6  per  cent;  yet  the  wetting  out 
tests  show  no  corresponding  difference. 

But  we  must,  however,  note  that  the  sample  taken 
from  the  first  boil  showed  that  91.7  per  cent  of  the 
proteins  are  eliminated.  We  must  also  note  that, 
after  the  removal  of  the  proteins,  more  than  twice 
as  much  of  the  fats  and  waxes  are  eliminated  by  one 
boil  as  are  removed  by  the  steep  and  the  first  boil. 
This  raises  the  question,  do  the  colloidal  proteins 
serve  as  a  more  efficient  waterproofing  than  the  fats 
and  waxes?  When  steamed,  of  the  samples  not 
bleached,  the  sample  from  the  gray  and  the  sample  from 
the  steep  showed  the  sameyellowing,becomingdecidedly 
browner.  The  samples  from  the  first  and  second  boil 
showed  the  same  slight  yellowing,  and  the  samples  from 
thechemickand  the  sour  hardly  changed  intone  or  shade. 

CONCLUSION 

From  these  results  we  must  conclude  that  the  pro- 
teins are  the  cause  of  the  yellowing  of  cloth  in  steaming, 
rather  than  the  fats  and  waxes.  Until  we  have  posi- 
tive proof  that  the  amounts  of  the  pectin  substances 
present  are  the  cause  of  yellowing  in  steaming,  I  think 
the  above  statement  is  a  safe  inference  from  the  analyt- 
ical results. 

This  investigation  has  been  made  in  an  effort  to 
determine  what  constitutes  a  good  bleach  from  a 
chemical  standpoint.  It  appears  from  the  results 
that  such  a  definition  is  possible.  It  now  remains  to 
compare,  by  the  same  methods,  goods  not  well  bleached 
with  those  that  are  well  bleached,  and  thus  determine 
the  definite  factors. 
Providence,  R.  I. 


THE  CHEMISTRY  OF  PINE  OIL' 
By  Maximilian  Toch 

One  of  the  industries,  which  has  developed  as  a 
result  of  the  policy  of  conservation  in  the  United 
States,  is  the  manufacture  of  useful  products  from 
resinous  woods.  Enormous  quantities  of  the  latter, 
which  in  previous  years  were  considered  of  little  or 
no  use  and  were  deliberately  burned  in  huge  burners, 
especially  constructed  for  the  purpose,  or  were  simply 
allowed  to  go  to  waste,  are  now  being  economically 
and  profitably  manipulated  for  the  recovery  of  turpen- 
tine, pine  oil,  and  rosin,  or  the  production  of  tar  oils, 
pine  pitch  and  charcoal. 

The  two  commercially  important  methods  in  vogue 
are,  (i)  the  steam  and  solvent  or  extraction  process 
and  (2)  the  destructive  distillation  process. 

Mr.  H.  T.  Yaryan  has  taken  out  letters  patent  on 
a  process  for  extracting  turpentine  and  rosin  from 
resinous  woods,  which  very  well  illustrates  the  ex- 
traction method  as  practiced  today.  Resinous  wood, 
reduced  to  fine  chips  by  passing  through  a  wood  chipper, 
is  charged  into  an  iron  vessel  through  a  charging  door 
at  the  top.  The  wood  rests  upon  a  false  bottom  over 
a  coil  supplied  with  superheated  steam  for  producing 
and  maintaining  the  proper  temperature  within  the 
iron  chamber.  The  door  at  the  top  and  the  discharge 
door  at  the  bottom  are  closed,  and  the  current  of 
superheated  steam  is  driven  into  the  mass  of  chips. 
This  is  continued  until  the  more  volatile  turpentine 
has  been  vaporized  and  driven  over  into  the  condensers. 
The  wood  in  the  extraction  vessel  is  left  charged  with 
a  small  percentage  of  heavy  turpentine,  together  with 
pine  oil  and  rosin.  Steam  is  shut  off,  the  excess 
moisture  in  the  hot  wood  is  removed  by  connecting 
the  vessel  with  a  vacuum  pump,  and  finally,  a  liquid 
hydrocarbon  (b.  p.  240-270°  F.)  is  sprayed  over  the 
top  and  allowed  to  percolate  down  through  the  pores 
of  the  wood.  The  resinous  materials  are  thus  thor- 
oughly and  completely  extracted,  and  passed  into  a 
storage  tank,  from  which  they  are  pumped  into  a  still 
used  for  separating  the  component  parts  of  the  solution. 
From  the  still  the  hydrocarbon  solvent  is  readily 
separated  from  the  heavier  pine  oils  by  distillation 
under  reduced  pressure,  on  account  of  the  great  differ- 
ence in  the  boiling  point  between  the  pine  oils  and  the 
hydrocarbon  solvent,  the  former  boiling  between 
350-370°  F.  The  pine  oils  are  in  turn  separated  from 
the  rosin  by  distillation  with  superheated  steam. 

This  process  has  been  operated  on  an  enormous 
scale  by  the  Yaryan  Naval  Stores  Company,^  with 
plants  at  Brunswick,  Ga.,  and  Gulfort,  Miss.  This 
Company's  Brunswick,  Ga.,  plant  alone  utilizes  from 
500-600  tons  of  wood  each  24  hours — probably  a  larger 
consumption  than  the  combined  pine  wood  destructive 
distillation  plants  of  the  country. 

Other  so-called  "low  temperature"  processes  deserve 
mention  as  possessing  features  of  merit,  although  to 

'  Presented  before  the  New  York  Section  of  the  Society  of  Chemical 
Industry.  The  Chemists'  Club,  .\pril  24.  1914. 

'  The  following  is  a  list  of  the  Yaryan  U.  S.  patents: 
No.  915,400,  March  16,  1909  934,257.  September  14.  1909 

915.401.  March  16,  1909  964,728,  July  19,  1910 

915.402,  March  16.  1909  992,325,  May  16,  1911 
922,369,  May  18,  1909 
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date  sufficient  data  do  not  appear  to  be  available  to 
show  their  true  value  when  operated  on  a  large  com- 
mercial scale.  The  Hough  process,  for  example,  is 
to  be  considered  essentially  a  preliminary  treatment  in 
the  manufacture  of  paper  pulp  from  resinous  woods. 
Chipped  wood  is  placed  in  a  retort  and  subjected  to 
the  action  of  a  dilute  alkali.  The  rosins  are  saponified 
and  the  soap  separated  from  the  alkaline  liquor  by 
cooling  and  increasing  the  alkali  concentration  to  the 
desired  degree.  The  rosin  soap  may  be  sold  as  such, 
or  treated  with  acids  for  recovery  of  the  rosin.  The 
turpentine  and  pine  oils  are  recovered  either  by  pre- 
liminary treatment  with  steam  or  during  the  early 
stages  of  the  cooking  process. 

It  will  be  noted  that  in  the  low  temperature  pro- 
cesses the  only  products  recovered  are  turpentines, 
pine  oils  and  rosins,  the  first  two  removed  through  the 
action  of  steam,  either  saturated  or  superheated,  and 


Boiling  Points  190°  '200^  "210^  Y20'C. 

Sf>gt.-ddO&dO  -300  310  .920  .330  -940  -950 

the  latter  through  extraction  by  use  of  a  neutral 
volatile  solvent  or  a  saponifying  agent.  The  so-called 
"spent  wood"  may  be  used  either  for  the  manufacture 
of  paper  pulp  or  as  a  fuel  to  generate  the  power  neces- 
sary to  carry  out  the  process. 

In  the  destructive  distillation  process,  the  wood, 
in  the  form  of  cordwood  4'  to  6'  in  length  and  4"  to  S" 
in  diameter,  is  placed  in  a  horizontal  retort  and  the 
temperature  gradually  raised  until  the  wood  is  thor- 
oughly carbonized.  The  factor  of  greatest  importance 
in  the  successful  operation  of  this  process  is  tempera- 
ture control,  as  it  is  essential  that  the  turpentine  and 
pine  oils  be  removed  in  so  far  as  is  possible  before  the 
temperature  at  which  the  resins  and  wood  fiber  begin 
to  decompose  is  reached.  The  total  volume  of  dis- 
tillate as  well  as  the  percentage  volume  of  each  of  the 
several  fractions  thereof,  is  largely  dependent  on  the 
degree  of  temperature  control. 

Destructive  distillation  of  resinous  wood  was  first 
carried  out  in  earthen  trenches,  the  combustion  being 
controlled  by  partially  covering  the  wood  with  earth. 
Tar  and  charcoal  were  the  only  products  recovered. 
Then  came  the  beehive  oven,  operated  in  much  the 
same  crude  manner,  but  recovering  the  more  volatile 


distillates,  in  addition  to  tar  and  charcoal.  This  was 
in  turn  superseded  by  the  horizontal  retort,  externally 
heated,  hot  gases  being  circulated  either  through  an 
outer  shell  or  through  pipes  within  the  retort.  Next 
came  the  bath  process,  wherein  the  cordwood  was 
immersed  in  a  bath  of  hot  pitch  or  rosin,  thereby 
volatilizing  the  turpentine  and  lighter  pine  oils  and 
dissolving  the  heavier  oils  and  rosins.  After  this 
preliminary  treatment  the  bath  was  withdrawn  and 
the  wood  subjected  to  straight  destructive  distillation. 

More  recently^  a  retort  has  been  devised  utilizing 
the  basic  principle  of  the  laboratory  oil  bath.  The 
retort  is  heated  by  means  of  a  layer  of  hot  petroleum 
oil  which  is  kept  continually  circulating  between  the 
retorts  and  an  outer  cylindrical  shell  that  completely 
surrounds  the  retort  proper.  In  this  way  it  is  claimed 
the  temperature  of  distillation  can  be  accurately  con- 
trolled. The  turpentine  and  pine  oil  obtained  are 
fractionated  and  rectified  by  subsequent  steam  distil- 
lation. In  running  the  retort  the  temperature  of  the 
oil  bath  is  so  regulated  that  the  heat  inside  does  not 
exceed  450°  F.,  before  all  the  turpentine  and  pine  oil 
have  been  distilled. 

The  products  of  destructive  distillation  by  the 
several  processes  are  in  each  case  of  very  much  the 
same  general  nature,  namely — turpentine,  pine  oils, 
tar  oils,  pine  tar,  pitch  and  charcoal.  In  some  in- 
stances low  grade  rosin  oils  are  also  produced. 

"Light  Wood"  does  not  refer  to  woody  fiber  which 
has  a  light  specific  gravity.  The  name  originated 
from  the  fact  that  this  particular  wood  is  so  rich  in 
oil  and  resinous  material  that  it  is  readily  used  for 
lighting  fires.  In  the  southern  portion  of  the  United 
States  little  bundles  of  "light  wood"  are  for  sale  in 
strips  about  'A  in.  in  diameter  and  i  ft.  long.  When  a 
fire  is  applied  to  one  of  these  strips  of  wood  it  becomes 
useful  for  lighting  fires,  hence  the  name  "light  wood." 
I  have  seen  "light  wood"  so  rich  in  rosins  and  oily 
material  that  by  transmitted  light  a  thin  section  looked 
like  translucent  ruby  glass.  It  is  this  particular  wood 
which  is  most  used  for  the  distillation  of  wood  tur- 
pentine, pine  oil  and  rosin. 

The  product  from  that  type  of  pine  tree  from  which 
turpentine  is  obtained  has  always  been  regarded  as 
producing  two  materials  when  the  sap  has  been  col- 
lected and  distilled.  The  one  material  is  turpentine, 
and  the  other  rosin.  About  ten  years  ago,  when  de- 
structive and  steam  distillation  of  pine  wood  became  a 
practical  industry,  a  third  substance  was  recovered. 
This  material,  intermediate  between  turpentine  and 
rosin,  is  now  known  as  "Pine  Oil." 

As  far  as  I  know,  no  one  has  yet  determined  the 
chemical  constitution  of  this  intermediate  product  of 
the  pine  tree,  which  has  been  designated  as  "Pine  Oil." 
Two  years  ago  I  started  this  investigation,  which  is 
practically  finished,  and  it  is  my  privilege  to  show  you 
to-night  the  raw  material  from  which  pine  oil  is  made 
and  the  various  processes  by  which  it  is  refined.  The 
chemical  composition  of  this  material  and  the  work 
which  led  to  its  determination  will  be  published,  and 
therefore  I  shall  not  dwell  at  any  great  length  on  this 

'  T.  W.  Pritchard,  This  Journ.\l.  4  (1912).  338. 
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phase  of  the  subject.  There  is  as  yet  no  standard  of 
purity  for  pine  oil,  but  that  it  has  a  definite  chemical 
composition  is  now  fairly  well  established.  The  only 
original  investigation  of  the  chemical  composition  of 
pine  oil  was  carried  out  by  Dr.  J.  E.  Teeple'  on  "Long 
Leaf  Pine  Oil." 

Dr.  Teeple  says:  "The  commercial  long  leaf  oil, 
as  it  comes  on  the  market,  is  either  clear  and  water 
white,  containing  3  or  4  per  cent  of  dissolved  water; 
or  it  may  have  a  very  faint  yellow  color  and  be  free 
from  dissolved  water.  The  specific  gravity  ranges 
from  0.93s  to  0.947,  depending  on  freedom  from  lower 
boiling  terpenes.  A  good  commercial  product  will 
begin  distilling  at  about  206°  to  210°;  75  per  cent  of 
it  will  distil  between  the  limits  2ii°-2i8°  and  50  per 
cent  of  it  between  213-217°.  A  sample  having  a 
density  of  0.945  at  15.5°  showed  a  specific  rotation  of 
about  [a]D°°  — ii°j  and  an  index  of  refraction  of 
>i  1.4830.  In  fractional  distillation  of  the  oil  the 
specific  gravity  of  the  various  distillates  rises  regularly 
with  increasing  temperature,  becoming  steady  at  about 
0.947  at  217  °. 

"If  the  oil  consists  essentially  of  terpineol,  CioHigO, 
it  should  be  easy  to  convert  it  into  terpin  hydrate, 
C10H20O2  +  H2O,  by  the  method  of  Tiemann,  and 
Schmidt.^  The  conversion  was  found  to  proceed  easily 
when  the  oil  was  treated  with  5  per  cent  sulfuric  acid. 


the  trunk,  stumps  and  roots  of  the  same  tree  have 
been  allowed  to  remain  on  the  ground  for  a  number  of 
years  and  are  then  steam  distilled,  there  is  obtained, 
in  addition  to  the  turpentine  and  rosin,  certain  heavier 
oils  formed  by  hydrolysis  and  oxidation  as  a  result  of 
exposure  to  the  atmosphere.  To  the  heavier  oils 
thus  formed  and  yielded  up  in  the  process  of  steam 
distillation  the  term  "pine  oil"  is  properly  applied. 

Pure  pine  oil  has  a  very  pleasant  odor,  an  aromatic 
odor  similar  at  times  to  the  oil  of  caraway  seed  or  the 
oil  of  juniper  seed.  When  pine  oil  is  impure  it  is  very 
difficult  to  use  it  for  interior  work  on  account  of 
pernicious  odor  of  empyreumatic  compounds.  It  has 
been  used  to  a  considerable  extent  for  making  paints 
which  should  dry  without  a  gloss,  and  as  a  "flatting" 
material  it  has  been  very  successful.  It  has  the  ex- 
cellent quality  of  flowing  out  well  under  the  brush 
and  of  not  showing  brush  marks,  the  latter  because  it 
evaporates  so  very  slowly.  It  is  a  very  powerful 
solvent,  and  many  of  the  acid  resins  which  have  a 
tendency  to  separate  when  they  are  insufficiently 
cooked  with  drying  oils  will  remain  together  when 
pine  oil  is  added.  Pine  oil  can  be  used  to  a  considerable 
extent  as  a  diluent  in  nitrocellulose  solutions,  and  as 
a  cooling  agent  for  the  reduction  of  varnishes  it  also 
has  excellent  qualities.  The  author  takes  this  oppor- 
tunity of  stating  that  on  previous  occasions  his  recom- 
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either  with  or  without  admixture  with  benzine.  If 
agitated  continuously,  the  reaction  is  complete  within 
3  or  4  days.  If,  on  the  other  hand,  the  mixture  is 
allowed  to  stand  quietly,  the  formation  of  terpin 
hydrate  extends  over  several  months  and  produces 
most  beautiful  large  crystals,  which,  without  recrystal- 
lizing,  melt  at  117-118°.  When  recrystallized  from 
ethyl  acetate  they  melt  at  118°.  Yield,  about  60  per 
cent  of  the  theoretical.  This  forms  such  a  simple, 
cheap  and  convenient  method  of  making  terpin  hydrate 
that  it  will  doubtless  supersede  the  usual  manufacture 
from  'turpentine,  alcohol  and  nitric  acid,  and  instead 
of  terpin  hydrate  serving  as  raw  material  for  the  manu- 
facture of  terpineol,  as  heretofore,  the  reverse  will  be 
the  case." 

"Pine  oil,"  as  now  understood,  is  the  heavy  oil 
obtained  from  the  fractionation  of  crude  steam  dis- 
tilled wood  turpentine.  When  the  sap  of  the  pine  tree 
is  subjected  to  distillation  in  a  current  of  steam  the 
volatile  liquid — turpentine — consists  almost  entirely 
of  the  hydrocarbon,  pinene,  CioHie.     When,  however, 

'  J.  Am.  Ckem.  Soc.  30,  p.  412. 
»  Ber.,  «8,  p.  1781. 


mendations  concerning  new  and  useful  materials  for 
the  paint  and  varnish  industry  have  been  misunder- 
stood in  some  instances,  and  it  is  to  be  hoped  that  this 
treatise  will  not  be  misinterpreted.  Pine  oil  is  a  new 
and  useful  material,  but  it  is  by  no  means  a  substitute 
for  linseed  oil  or  turpentine  or  any  of  the  other  materials 
now  on  the  market.  It  has  properties  peculiar  to 
itself,  and  when  intelligently  used  is  of  considerable 
value. 

Practically  all  of  the  pine  oil  obtainable  contains  a 
small  percentage  of  water  in  solution,  to  which  it  clings 
rather  tenaciously,  and  it  is  by  no  me'ans  a  simple 
matter  to  dehydrate  this  material.  A  rather  complex 
apparatus  for  dehydrating  the  material  is  necessary 
with  temperature  control,  but  the  test  which  the  author 
has  devised  for  the  determination  of  water  is  quite 
simple.  If  5  cc.  of  pine  oil  are  mixed  with  i  cc.  of  a 
neutral  mineral  oil,  like  benzine,  kerosene  or  benzol, 
and  a  perfectly  clear  solution  is  obtained  on  shaking, 
no  water  is  present;  but  if  there  is  any  water  present 
in  the  pine  oil  the  water  appears  as  a  colloid,  and  a 
milky  solution  is  obtained  which  does  not  separate 
after  long  standing.      The  fact  that  pine  oil  will  take 
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up  a  considerable  quantity  of  water  and  still  remain 
clear  makes  it  useful  for  emulsion  paints  such  as  are 
very  much  in  vogue  at  the  present  time  for  the  interior 
of  buildings,  and  it  has  been  suggested  that  the  ad- 
dition of  water  up  to  5  per  cent  for  such  a  purpose  is 
beneficial  on  new  walls.  The  United  States  Bureau 
of  Chemistry'  has  developed  a  method  for  the  de- 
termination of  moisture  by  the  use  of  calcium  carbide; 

Table  II — Ultimate  Analyses 

C  H  O 

a-Terpineol  (theoretical) 77.85  11.77  10.38 

French  turp. (a) 87.7  11.9 

American  turp.  (tt) 87.7  12,1  ... 

Wood  turp. (<j) 85.7  12.1  2.2 

Pine  oil — Erst  running 84.3  11.8  3.9 

Distillate— pine  oil,  345-380°  F..  174- 

195°  C 82.6  11.4  6.0 

(a)  M.  Toch,  "The  Chemistry  and  Technology  of  Mixed  Paints."  by 
D.  Van  Nostrami  Company,  publishers.  New  York. 

this  is  being  investigated  at  our  laboratories,  but  on 
account  of  being  a  gas-volumetric  method  it  is  not 
quite  feasible  for  general  use  in  technical  laboratories. 
A  number  of  commercial  samples  of  pine  oil  were 
dehydrated  and  analyzed.  Tables  I,  II  and  III 
indicate  the  results  obtained. 

Table  III — Fractional  Distillation  of  Commercial  Pine  Oil 

Temperature  Fraction  in  %  Total  distillate  Sp.  gr.,  15.5°  C. 

Water,  100°  2  2 

174-194  5  7  0.882 

194-205  11  18  0.920 

205-208  10  28  0.933 

208-210  25  53  0.939 

210-213  35  88  0.941 

213-216  6  94  0.942 

216-218  1  95  0.942 
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The  author  is  glad  to  acknowledge  here  the  as- 
sistance which  was  given  him  by  Mr.  C.  A.  Lunn  in 
furnishing  the  samples  of  raw  materials. 
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OILS    OF   THE   CONIFERAE.     I— THE  LEAF   AND   TWIG 

OILS  OF  CUBAN  AND  LONGLEAF  PINES  AND 

THE  CONE  OIL  OF  LONGLEAF  PINE 

By    A.    W.    SCHORGER 

Received  July  6,  1914 

The  annual  consumption  of  leaf  oils  of  certain  native 
conifers  amounts  to  about  $50,000.  The  principal 
species  distilled  for  oil  are  the  black  spruce  {Picea 
mariana,  Mill,),  white  spruce  {Picea  canadensis,  Mill,), 
hemlock  [Tsuga  canadensis,  Linn.),  red  juniper  {Jun- 
iper us  virginiana,  Linn.),  and  arborvitae  {Thuja  occi- 
dentalis,  Linn.).  No  attempt  appears  to  have  been 
made  to  distinguish  between  the  two  spruce  oils  and 
it  is  doubtful  if  much  genuine  hemlock  oil  is  to  be  found 
on  the  market,  since  the  oils  of  the  three  species  are 
quite  similar  and  for  practical  purposes  no  distinction 
seems  necessary.  Fritzsche  Brothers  of  New  York 
City  estimate  the  annual  consumption  of  spruce  oil 
at  40,000-50,000  pounds.  It  is  extensively  employed 
as  a  perfume  in  greases  and  shoe-blackings  and  is 
quoted  at  $o.45-$o,6o  per  pound.  The  leaf  oil  of  the 
red  juniper  is  sold  at  about  the  same  price  as  spruce 
oil,  and  is  largely  used  in  insecticides.  The  annual 
consumption  is  15,000—20,000  pounds. 

The  annual  cut  of  lumber  from  conifers  far  e,\ceeds 
that  of  the  hardwoods.  The  tops  are  left  in  the  woods 
and,  in  addition  to  being  a  total  loss,  are  the  most 
fruitful    source    of    forest    fires.      Several    states    have 

>  U.  S.  Dept.  Agric,  Bur.  Chem.,  Circ.  97. 


attempted  to  cope  with  the  fire  problem  by  passing 
laws  compelling  either  the  "lopping"  or  burning  of 
the  tops.  The  Forest  Service  in  leasing  timber  rights 
stipulates  that  the  tops  must  be  burned  or  lopped  and 
scattered.  If  only  sufficient  oil  could  be  obtained  to 
pay  for  the  cost  of  handling  the  material,  there  would 
be  an  economic  gain  to  the  lumberman,  since  lopping 
or  burning  entails  an  expense  with  no  return  whatever 
for  the  labor  involved. 

This  investigation  was  undertaken  with  a  view  to 
determining  the  yield  and  composition  of  the  leaf  oils 
of  the  more  important  conifers  with  a  view  to  their 
utilization. 

Several  western  species  were  distilled  by  Mr.  G.  M. 
Hunt  of  the  Forest  Service.  The  yields  obtained  for 
these  oils  and  their  composition  will  be  published  later. 
In  most  cases  the  yields  from  the  western  species  were 
low.  The  odor  of  the  oils  from  both  the  western  and 
southern  species  was  peculiar  and  less  pleasant  than  the 
spruce  oil  of  commerce.  This  may  be  accounted  for 
by  their  low  alcohol  and  ester  content  compared  with 
spruce  oil.  From  the  yields  of  oil  obtained  from  the 
southern  and  western  species  it  was  thought  that  an 
approximate  idea  of  the  probable  yield  of  a  species 
could  be  obtained  from  the  cross  section  of  the  needles. 
The  inference  is  logical  that  the  yield  should  depend 
on  the  number  and  size  of  the  resin  ducts  per  unit  of 
cross  sectional  area.  Cross  sections  of  the  needles  of 
several  species  were  made  and  the  above  inference  was 
verified  in  a  striking  manner,  as  will  be  noted  by  refer- 
ence to  Figs.  I,  2,  and  3. 

APPARATUS — The  still  proper  was  constructed  in 
three  parts  (Fig,  4).  The  cylindrical  body  of  the  still 
for  holding  the  needles  was  3  feet  6  inches  in  height  by 
2  feet  3  inches  in  diameter,  made  of  No,  16  B.  W.  G.' 
copper.  The  ends  were  flanged  out  and  attached  to 
iron  rings  1^/4  inches  wide.  The  covers  of  the  still 
and  of  the  heating  vessel  were  similarly  flanged  and 
provided  with  rings.  The  top  and  base  were  clamped 
to  the  cylinder  by  2V2  inch  malleable  iron  clamps. 
Asbestos  wire  tape  was  used  in  these  make  and  break 
joints. _  The  inner  base  of  the  cylinder  was  furnished 
with  lugs  upon  which  rested  a  frame  covered  with  20 
mesh  No.  25  B.  W.  G.  brass  wire  to  support  the  needles. 
To  reduce  radiation  and  resultant  condensation  of  the 
vapors  the  cylinder  was  covered  with  asbestos.  The 
heating  vessel  was  3  feet  in  diameter  by  2  feet  i  inch 
high  and  constructed  of  No.  16  B.  W.  G.  copper 
except  the  bottom,  which  was  No.  11  B.  W.  G.  copper. 
The  heating  vessel  was  supplied  with  a  4V2  inch  funnel 
provided  with  a  lever  handle  stop,  and  a  V2  inch  water 
gauge. 

An  8  foot  copper  pipe,  in  two  sections,  two  inches 
in  diameter,  connected  the  cover  with  the  condenser. 
The  latter  consisted  of  20  feet  of  I'/i  inch  copper 
tubing  wound  in  a  coil  of  I'/j  feet  internal  diameter. 
The  coil  was  placed  in  a  galvanized  iron  tank  2  feet 
in  diameter  by  2V2  feet  deep.  The  receiver  (Fig.  5) 
consisted  of  a  2  gallon  aspirator  bottle  furnished  with 
a  brass  siphon.      During  distillation  the  receiver  was 

'  Birmingham  wire  gauge. 
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covered  with  wet  burlap  as  a  protection  against  the 
sun's  rays. 

PREPARATION  or  MATERIAL — The  concs  of  the  long- 
leaf  pine  distilled  were  very  green  and  pulpy,  only  the 
prickles  being  colored  brown.  They  were  mashed 
previous  to  distillation. 

The  twigs  and  needles  were  run  through  a  feed 
cutter  driven  by  hand.  By  twigs  is  meant  the  woody 
portions  of  the  limbs  V2  inch  or  less  in  diameter. 

One  run  of  needles  only  was  made  for  each  species. 
They  were  stripped  from  the  twigs  by  hand.  This 
selection  of  materia!  did  not  appear  to  materially  raise 
the  quality  of  the  oils. 

When  the  knives  were  kept  sharp,    the    majority  of 


half  filled  with  water  and  the  fire  started.  By  filling 
the  cylinder  with  needles  ahead  of  the  rising  column 
of  steam  they  are  rendered  decidedly  more  compressible. 
The  average  content  by  charging  the  needles  in  the 
cold  was  350  pounds,  while  by  filling  ahead  of  the  steam 
the  charge  was  increased  to  400  pounds.  The  distillate 
appeared  at  the  outlet  of  the  condenser  in  2  to  3  hours 
after  the  fire  was  lighted  and  the  distillation  was 
continued  at  the  rate  of  2.5  gallons  of  distillate  per  hour. 
When  the  quantity  of  oil  distilling  per  hour  fell  to 
5  to  6  cc.  per  hour  the  distillation  was  considered  com- 
plete. This  was  reached  in  7  to  8  hours.  At  intervals 
the  distillation  water  from  the  receiver  was  returned 
to   the   boiler.     The   exhausted   needles   were   dumped 


1— Longleaf  Pine  (Pihms  palustris) 

5  large  oil  ducts — average  yield  of  oil. 

0.401  per  cent. 


Fig.  2 
Cross  Sections  of  Pine  Leaves  X  150 
2 — Cuban  Pine   (Pinus  heterophylla) 
10  small, oil  ducts — average  yield  of  oil, 
•  0.27  1  per  cent. 


-Western  Yellow  Pine  {Pinus  ponderosa) 

2  oil  ducts — average  yield  of  oil, 

0.1 12  per  cent. 


the  material  was  obtained  in  lengths  of  one-half  to  one 
inch.  The  comminution  of  the  material  has  three  ad- 
vantages as  follows: 

I — Oil  distills  from  the  needles  more  rapidly 

2 — Increased  yield  of  oil 

3 — More  material  can  be  placed  in  the  still 

The  beneficial  effect  of  fineness  of  material  in  in- 
creasing the  yield  of  oil  and  speed  of  distillation  are 
obvious,  and  in  addition  to  the  mechanical  effect  of 
exposing  the  oil  ducts,  the  finer  material  can  be  so 
packed  as  to  prevent  "channeling."  With  entire 
needles  and  twigs  uniform  packing  can  not  be  secured 
in  a  small  still,  with  the  result  that  channels  are  formed 
and  a  portion  of  the  material  escapes  the  action  of  the 
steam  to  a  greater  or  less  extent.  An  increase  of 
2  5  to  so  per  cent  more  chopped  material  can  be  placed 
in  the  still  than  when  left  in  the  original  state. 

DISTILLATION  PROCEDURE — The    boiling    vessel    was 


from  the  cylinder  by  means  of  a  pole  furnished  with  a 
rope  that  attached  to  handles  on  the  cylinder  (Fig.  4). 
The  oil  from  the  receiver  was  dried,  filtered,  and 
weighed,  and  the  percentage  yield  based  on  the  weight 
of  material  in  the  charge. 

The   oils   discussed  in   this   paper   were   distilled   in 
June,  191  3,  on  the  Florida  National  Forest. 

LEAF  AND   TWIG   OIL  OF  CUBAN  PINE 

(Pinus  heterophylla,  Ell.) 


The  Phv.sical  and  Chemical  Constants  of  tbb  Oils 


Sample 
2797 
2798 
2799 
2800 


Specific 
gravity 
15°  C. 
0.8877 
0.8894 
0.8885 
0.8878 


1 . 4869 
1.4852 
1 . 4845 
1.4845 


—35.67° 
—3,1.41 
—32.09 
—34.83 


0.65 
0.75 
0.66 

0.71 


2801(a)  0.8895        1.4880     —36.54 
(a)  Oil  from  needles  only. 


Ester 
No. 
9.73 
10.37 
10.01 
10.54 

10.16 

8.75 


after 
acetyla- 
tioD 
46.26 
52.71 
53.81 
49.05 

50.46 
43 .  46 


Per  cent 
Yield 
of  oil 
0.269 
0.268 
0.278 
0.268 

0.271 
0.193 
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FraCTIONAI.  DlSTILLATlO 
Boiling  point.  °  C 
159.0-165.0 
155.0-170.0 
170.0-180.0 
180.0-197.5 
197.5-250.0 
250.0-280,0 
Residue 


Oil  of  Cuban  Pin 
Per  cent 
31.0 
18.0 
7.0 
3.0 
16.0 
18.5 
6.0 


FURFURAL — The  first  fraction  was  shaken  out  with 
water.  The  aqueous  solution  gave  an  intense  rose-red 
color  characteristic  of  furfural  when  treated  with 
aniline  and  hydrochloric  acid.  This  aldehyde  has  been 
found  to  be  a  constant  constituent  of  leaf  oils  and  is 
probably  formed  by  the  decomposition  of  ligneous 
material  during  distillation. 

a-PiNENE — After  repeated  fractionation  19.65  grams 
(3.93  per  cent)  of  oil  distilled  between  156-160°. 
It  had  the  following  properties:  diB»,  0.8655;  o'd-h"- 
— 31.39°.  Fifteen  grams  of  the  oil  gave  but  1.4  grams 
of     pinene     nitrosochloride     by      Wallach's     method.' 


Fig.  4 — Still  and  (!ondensivR 

The  nitrosochloride  melted  at  98-99°;  its  nitrol- 
piperidine  compound  at  117-118°. 

CAMPHENE — Two  camphene  fractions  were  collected 
as  follows:  (i)  31.8  grams,  b.  p.  160-161°;  di5<>, 
0.8666;  ao2A°,  — 30.35°;  (2)  18.8  grams,  b.  p.  161-162°; 
di5<>,  0.8676;  ao^i",  — 28.81°.  These  fractions  were 
hydrated  by  the  method  of  Bertram  and  Walbaum- 
and  saponified.  The  oily  product  obtained  was  dis- 
tilled and  the  portion  boiling  below  190°  rejected. 
The  residue,  on  cooling,  solidified  to  a  crystalline  mass. 
The  crystals  purified  by  means  of  a  force  filter  and 
crystallization  from  petroleum  ether  melted  at  209- 
210°  in  a  sealed  tube.  Five  grams  of  the  isoborneol 
were  oxidized  with  acetic  and  chromic  acids  on  the 
water  bath  and  2  grams  of  camphor  obtained.  The 
semicarbazone  melted  at  235-236°. 

/3-piNENE — The  total  |8-pinene  fractions,  b.  p.  162- 
170°,    weighed     176.8    grams    (35.4    per    cent).     The 

1  Annalen.  245  (1888).  251;  263  (1889),  251. 
'  J.  prakl.  Chem..  49  (1894),  1. 


portion,  b.  p.  164-166°,  had  the  following  constants: 
dis",  0.8704;  aD!5°,  — 24.12°.  After  oxidation  of  the 
oil  with  alkaline  permanganate  solution  by  Wallach's 
method'  10.25  grams  of  crystalline  sodium  nopinate 
were  obtained  for  33.65  grams  of  oil  actually  oxidized. 
The  free  nopinic  acid  melted  at  125°.  A  portion  of 
the  sodium  nopinate  was  oxidized  to  nopinone  and 
converted  to  the  semicarbazone.  This  compound 
melted  at  only  185-186°  after  six  crystallizations  from 
alcohol. 

DiPENTENE — After  repeated  fractionation  41.5  grams 
(8.3  per  cent)  boiled  between  170-180°.  The  portion, 
b.  p.,  170—184°,  aoib°,  — 23-io°i  was  examined  for 
phellandrene  with  negative  results.  An  ether  solution 
of  this  fraction  on  saturation  with  dry  HCl  gas. yielded 
a  dihydrochloride,  m.  p.  49°.  The  oil,  b.  p.  174-178°, 
yielded  a  tetrabromide,  m.  p.  115—117°.  The  dipen- 
tene  tetrabromide  probably  contained  some  of  the  act- 
ive compound. 

BORNEOL — The  frac- 
tion of  the  oil,  b.  p. 
197.5—250°,  was  saponi- 
fied and  the  recovered  oil 
heated  with  an  equal 
weight  of  phthalic  an- 
hydride in  an  oil  bath  at 
150-160°  for  four  hours. 
The  reaction  product  was 
treated  with  dilute 
sodium  carbonate  solu- 
tion to  convert  the  acid 
phthalic  ester  to  tlu' 
soluble  sodium  salt,  ;uiii 
repeatedlyextracted  wit  ii 
ether  to  remove  the  un- 
changed phthalic  anhy- 
dride and  neutral  oils. 
On  saponification  of  the 
sodium  salt  of  the  ester 
and  simultaneous  steam 
distillation  solid  borneol 
was  obtained.  After  re- 
crystallization  it  melted 
at  201-202°.  A  20.4  per  cent  alcoholic  solution  showed 
the  rotation   Uon" — 2.99°. 

The  acids  obtained  from  the  original  saponification 
of  the  ester  fraction  were  converted  to  their  sodium 
salts  and  precipitated  with  AgNOs  in  two  fractions. 
Analysis  of  the  silver. salts  follows: 


13 

^^ 

^^ igj 

-Receiver  1 

Layer  ' 


silver  salt 
0.2149 


Grams  of 

silver  found 

0.0954 

0.0684 


The  silver  salts  of  caprylic  and  caproic  acids  require 
43.0  per  cent  and  48.4  per  cent  of  Ag,  respectively, 
and  it  is  probable  that  the  above  precipitates  represent 
a  mixture  of  the  two  salts. 

CADINENE — The  oil  boiling  between  250-280°  was 
fractionally  distilled  over  metallic  sodium  and  35.3 
per  cent  obtained  boiling  between  270-280°.  It  has 
the  following  properties:  doi",  0.9190;  ao^i".  -1-14.76°. 
The  oil  was  dissolved  in  ether,  saturated  with  HCl  gas 

1  Annalen.  356  (1907).  228, 
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and  allowed  to  stand  twelve  hours  in  a  cool  place. 
On  evaporation  of  the  ether  a  crystalline  residue  re- 
mained. These  crystals  after  washing  with  alcohol 
and  recrystallizing  from  ethyl  acetate  melted  at  118°. 
An  1 1.3  per  cent  ether  solution  of  the  cadinene  dihydro- 
chloride  had  the  rotation  aon",  — 3-Si°- 

iEAF   AND    TWIG   OIL   OF   LONGLEAF   PINE 

{Pinus  paluslris,  Mill.) 
Physical  and  Chemical  Constants  of  thk  Oils 


Re- 

E; 

sler  No. 

Specific     fractive 

Optical 

after 

Per  cent 

Jampl( 

e      gravity      index 

rotation 

Acid 

Ester    ; 

icetyla- 

yield 

No. 

15°  C           15° 

«D!SO 

No. 

No. 

tion 

of  oil 

2802 

0.8829      1.4825 

—29.09 

0.55 

7.22 

36.53 

0.429 

2803 

0.8844      1.4818 

—26.38 

0.69 

6.64 

42.77 

0,381 

2804 

0.8836      1.4819 

—29 .  79 

0.73 

6.05 

46.37 

0.412 

2805 

0.8849      1.4824 

—30.49 

0.68 

7.08 

43.18 

0.382 

Mean 

1  0.66 

6.75 

42.21 

0.401 

Fractional  Distill 

ATION    OF 

Oil  01 

'    LONGLBi 

IF  Pine 

Boiling  point,  °  C. 

Per( 

:ent 

158.0-165.0 

38 

.0 

165.0-170.0 

25 

.0 

170.0-180.0 

5 

.0 

180.0-198.5 

2 

.0 

198.5-250.0 

16 

.0 

250.0-280.0 

10 

.7 

Polymerized  residue 

3 

.0 

FURFURAL — The  aqueous  extract  of  the  first  fraction 
gave  a  good  color  reaction  for  furfural  with  aniline 
and  hydrochloric  acid. 

a-plNENE — After  nine  fractional  distillations  42.8 
grams  (8.6  per  cent)  distilled  between  156-160°. 
The  fraction  tested  for  a-pinene  had  the  following 
constants:  B.  p.,  156-158°;  dis",  0.8661;  apn", 
— 13.47°.  Ten  grams  of  this  fraction,  yielded  2.21 
grams  of  pinene  nitrosochloride.  The  latter  body  was 
transformed   to   the   nitrolpiperidine   melting  at    119°. 

CAMPHENE — The  following  fractions  were  examined 
for  camphene:  (i)  b.  p.,  160-162°;  di5°,  0.8686; 
<Xdu', — 15.28°;  weight,  SI. 3  grams;  (2)  b.p.,  162-163°; 
weight,  16.2  grams.  The  fractions  treated  by  the 
method  of  Bertram  and  Walbaum  yielded  about 
10  per  cent  of  their  weight  of  solid  isoborneol.  After 
repeated  crystallizations  from  petroleum  ether  the 
product  melted  at  207-210°.  The  low  melting  point 
may  be  explained  by  the  fact  that  by  this  method  of 
identification  some  borneol  is  usually  formed  along 
with  the  isoborneol. 

/3-piNENE — Two  hundred  grams  (44.0  per  cent)  of 
oil  were  finally  obtained  boiling  between  163-170°, 
the  major  portion  boiling  between  164-166°.  The 
fraction  with  the  latter  boiling  point  had  the  constants: 
dis",  0.8724;  aoai",  — 17.96°.  One  hundred  grams  of 
oil  were  oxidized  by  Wallach's  .method.  By  steam 
distillation  53.3  grams  of  oil  were  recovered.  The 
oxidation  liquors  yielded  13.15  grams  of  crystalline 
sodium  nopinate.  The  free  nopinic  acid  melted  at 
126-127°.  On  oxidizing  8.85  grams  of  sodium  nopinate 
with  3  grams  of  potassium  permanganate  and  2  grams 
of  sulfuric  aicd,  2.24  grams  of  nopinone  were  obtained. 
The  nopinone  semicafbazone  melted  at  187°. 
,•■  DIPENTENE — The  oil  boiling  finally  between  170- 
180°  weighed  24.8  grams.  The  optical  rotation  of 
the  fractions  b.  p.  170-174°  and  174-180°  were:  aci7», 
— 21.85°  and  — 22.97°,  respectively.  Phcllandrene 
was  not  detected  and  the  crystalline  dihydrochloride 
obtained    melted    at    50°,    indicating    the    absence    of 


sylvestrene.  By  brominating  a  portion  of  the  oil  a 
tetrabromide  melting  at  124°  was  obtained. 

BORNEOL — The  fraction  b.  p.  198.5-250°  was  saponi- 
fied and  the  oil  recovered  by  steam  distillation.  The 
portion  boiling  in  the  neighborhood  of  borneol  had  a 
rotation  aoss"  — 37-i7°-  By  means  of  its  phthalic 
ester  borneol,  m.  p.  201-202°,  was  obtained.  The 
borneol  was  then  oxidized  to  camphor  whose  semi- 
carbazone  melted  at  231-233°  after  two  crystalliza- 
tions from  alcohol.  Lack  of  material  prevented  further 
recrystallization. 

The  acids  obtained  by  saponification  of  the  esters 
were  accidentally  lost  but  there  is  no  reason  to  expect 
a  difference  from  the  acids  of  the  leaf  oil  of  this  species, 
the  analysis  of  which  will  be  found  below. 

CADINENE — The  sesquiterpene  fraction  b.  p.  250- 
280°  and  weighing  53.6  grams  (10.7  per  cent)  distilled 
mainly  between  260-270°.  The  portion  with  the 
latter  boiling  point  had  the  specific  gravity  djjo 
0.9185  and  optical  rotation  0022°  -f  6.82°.  On  treat- 
ment with  HCl  gas  a  dihydrochloride,  m.  p.  117-118°, 
was  obtained  in  large  quantity.  An  8.37  per  cent 
ether  solution  of  the  crystalline  dihydrochloride  had  a 
rotation  a^it,' — 2.85°. 

LEAF    OIL    OF    LONGLEAF    PINE 

One  charge  of  needles  that  had  been  separated  from 
the  twigs  by  hand  yielded,  on  distillation,  0.417  per 
cent  of  oil  having  the  following  properties:  di5»,  0.8841; 
Hdl^o,  1.4834;  q!d28°,  — 32.50;  acid  No.,  0.67;  ester  No., 
5.94;  ester  No.  after  acetylation,  40.46.  The  ester 
numbers  are  equivalent  to  2.07  per  cent  ester  calculated 
as  bornyl  acetate,  C10H17.OOC.CH3,  and  9.75  per  cent, 
of  free  alcohol,  C10H17.OH,  calculated  as  borneol. 

Chemical  analysis  showed  the  same  constituents  to 
be  present  as  in  the  leaf  and  twig  oil  above.  It  was 
anticipated  that  the  leaf  oil  would  show  a  greater 
alcohol  and  ester  content  than  the  leaf  and  twig  oil 
and  a  correspondingly  less  terpene  content.  In  fact, 
however,  as  calculated  from  the  ester  numbers  after 
acetylation,  the  leaf  oil  showed  a  total  alcohol  content, 
as  borneol,  of  n.38  per  cent,  while  the  average  total 
alcohol  content  of  the  leaf  and  twig  oils  was  11.88 
per  cent.  As  is  well  known,  the  oil  from  the  wood  of 
this  species  consists  largely  of  a-pinene.  The  leaf  oil 
should  accordingly  contain  less  a-pinene  than  the  leaf 
and  twig  oil.  In  so  far  as  fractionation  is  of  value  in 
quantitative  determination  this  assumption  was  true. 

The  acids  obtained  by  saponification  of  the  esters 
were  recovered  in  the  usual  way  and  precipitated  in 
two  fractions  with  AgNOj.  The  silver  salts  were 
analyzed  as  follows: 


No. 


Grams  of 
silver  salt 

1 0.0638 

2 0.0871 


silver  found 
0.0274 


The  silver  salts  of  caprylic,  heptoic,  and  caproic 
acids  require  43.0,  45.5,  and  48.4  per  cent  Ag,  re- 
spectively. The  first  fraction  agrees  with  silver 
caprylate  and'  the  second  fraction  probably  consists 
of  a  mixture  of  the  silver  salts  of  caprylic  or  heptoic 
acid  with  caproic  acid. 
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CONE    OIL    OF    LONGLEAF    PINE 

The  green  cones  yielded  0.363  per  cent  of  oil  having 
the  following  properties:  dn",  0.8756;  Wdu",  1.4760; 
"028°. — 9-22°;  acid  No.,  0.42;  ester  No.,  3.95;  ester 
No.  after  acetylation,  31.07.  The  oil  had  a  disagree- 
able odor  that  was  especially  pronounced  in  the  first 
fraction  on  fractionation.  This  odor  resembled  the 
higher  aldehydes  of  the  aliphatic  series. 

Fkactional  Distillation  of  Cone  Oil  of  Longleaf  Pine 
Boiling  point,  °  C.  Per  cent 


155.0-160.0 
160.0-165.0 
165.0-170.0 
170.O-180.0 
180.0-195.5 
195.5-250.0 
250.0-275.0 
Residue 


11.0 
61.0 
11  .0 
3.5 
1.5 
8.3 
1.4 
2.3 


FURFURAL — A  qualitative  test  showed  furfural  to 
be  present  in  the  first  fraction. 

a-PiNENE — The  total  a-pinene  fractions,  b.  p.  156- 
160°,  weighed  193  grams  (39.6  per  cent).  The  fraction 
b.  p.  156-158°,  di.^"  0.8637,  "024°  +6.82°,  gave  an  ex- 
cellent yield  of  pinene  nitrosochloride.  Its  nitrol- 
piperidine  compound  melted  at  118-119°.  It  will  be 
noted  that  the  a-pinene  fraction  from  the  cone  oil  is 
i-rotatory,  while  that  from  the  needle  oil  was  /-rotatory. 

CAMPHENE — The  fractions  examined  for  camphene 
were  as  follows:  (i)  30.85  grams,  b.  p.  160-161°, 
di5°  0.8671,  ante"  — 0.31°;  (2)  28.6  grams,  b.  p.  161- 
162°,  dis"  0.8685,  aD26° — 3-4i°-  By  treatment  with 
glacial  acetic  and  sulfuric  acids  isoborneol,  m.  p. 
208-210°,  was  obtained. 

/3-PiNENE — A  total  of  125  grams  (25  per  cent)  boiled 
between  162-170°.  The  major  portion,  b.  p.  164- 
166°,  had:  du",  0.8714;  Uoif,",  — 11.80°.  By  oxidation 
with  alkaline  permanganate  a  yield  of  26.8  per  cent  of 
crystalline  sodium  nopinate  was  obtained.  The  free 
nopinic  acid  melted  at  125—126°. 

DiPENTENE — In  the  oil  b.  p.  170-180°  phellandrene 
could  not  be  detected.  By  treatment  with  dry  HCl 
gas  the  dihydrochloride  obtained  melted  at  49-50°. 
The  fraction  b.  p.  174-180°,  and  having  a  rotation 
aD22° — 18.24°,  yielded  dipentene  tetrabromide  melting 
at  123-124°. 

BORNEOL — The  fraction  b.  p.  195.5-250°  was  saponi- 
fied and  the  recovered  oil  heated  with  phthalic  an- 
hydride. By  the  customary  procedure  borneol,  m.  p. 
202-203°,  was  obtained.  An  alcoholic  solution  of 
the  borneol  was  /-rotatory. 

CADINENE — The  highest  boiling  fraction  contained 
the  sesquiterpene  cadinene.  The  crystalline  dihydro- 
chloride melted  at  116-117°.  A  3.34  per  cent  of  the 
hydrochloride  in  ether  gave  a  rotation   0028°    — 1.18°. 

SUMMARY 

The  several  oils  of  the  two  species  examined  are 
practically  identical  in  composition.  The  same  con- 
stituents, in  varying  percentages,  were  found  in  each. 
The  compositions  of  the  oils  and  the  approximate 
percentages  of  the  constituents  are  shown  in  the  fol- 
lowing table. 

The  combined  borneol  in  the  leaf  and  twig  oil  of  the 
Cuban  pine  probably  occurs  as  the  esters  of  caproic 
and  caprylic  acids;  that  in  the  leaf  oil  of  longleaf  pine 
as  the  esters  of  caprylic,  heptoic,  and  caproic  acids. 


The  rotation  of  the  cadinene  as  given  above  must 
be  accepted  with  certain  reservations.  While  the 
sesquiterpene  fractions  were  <i-rotatory,  their  dihydro- 

Percentage  Compositions  of  Pine  Oils 

Longleaf 

Cuban  . • , 

Leaf  and  twig  Leaf  and  twig    Leaf  Cone 

Furfural Trace  Trace         Trace  Trace 

;-a-Pinene 4  8-9               2  39-40o 

/-Camphene 10  13-14           12-13  12 

i-/3-Pinene 35-36  44                50  25 

Dipentene 8  5.0              5                  5-7 

Bornyl  ester  (as  acetate) 3.5  2.4               2                    1.4 

Free  alcohol  (as  (-borneol) 11.4  10.0               98               7.6 

li-Cadinene 18-19  10-11          11                   1-2 

Losses  by  polymeriEation.   etc.    .        9  6,0               7.5               6.5 
(a)  d-a-pinene. 

chlorides  were  all  /-rotatory.  The  only  oil  containing: 
(/-rotatory  cadinene  whose  dihydrochloride  was  like- 
wise (/-rotatory,  as  recorded  in  the  literature,  is  that  of 
Atlas  cedar  and  possibly  also  West  Indian  sandalw'ood 
oil.' 
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THE  SPECIFIC  HEAT  OF  CALIFORNIA  PETROLEUMS 

By  Harold  E    Wales 
Received  May  11,  1914 

The  following  work  was  carried  out  at  the  University 
of  California  under  the  direction  of  Prof.  E.  O'Neill. 
It  was  intended  to  furnish  those  interested  with  data 
on  the  available  oils  and  their  specific  heats. 

METHODS — Two  methods  were  employed:  (i)  The 
use  of  an  electric  method;  (2)  the  application  of  a  modi- 
fied form  of  Regnault's  calorimeter. 

The  electric  method  consisted  in  using  the  ordinary 
form  of  an  electric  lamp  as  a  source  of  heat.  The 
lamp  was  immersed  in  the  oil  which  was  placed  in  a 
calorimeter  cup  and  the  current  turned  on;  the  rate 
of  rise  in  temperature  was  measured  and  by  comparison 
with  the  rate  of  rise  of  a  similar  weight  of  water  the 
specific  heats  were  calculated. 

The  apparatus  used  in  the  modified  Regnault  method 
consisted  of  a  Dewar  flask  which  was  surrounded  by 
an  insulated  container  and  in  which  the  oil  was  placed. 
A  brass  or  metal  weight  was  heated  in  a  condenser 
by  means  of  steam  and  then  dropped  in  the  oil,  the 
rise  in  temperature  of  the  oil  being  measured.  By 
means  of  the  formula  below  the  specific  heats  were 
calculated: 

_   M  (T  — 0       W 
Cm{t  —  /„)        m 
where  W   =  water  equivalent  of  the  apparatus 

m    =  mass  of  oil 

c      =  specific  heat  of  the  oil 

C    =  specific  heat  of  the  brass  or  metal  weight 

M   =  weight  of  the  brass  or  metal  weight 

T    =  initial  temperature  of  the  weight 

?o     =  initial  temperature  of  the  oil 

/  =  final  temperature  of  the  oil. 
The  electric  method  was  found  to  be  the  least  sensi- 
tive of  the  two,  results  checking  within  about  2  to 
5  per  cent.  In  the  case  of  the  modified  Regnault 
method  the  accuracy  very  often  approached  1.5  per 
cent. 

'  Gildemeisler  and    Hoffman.   "The   Volatile  Oils,"   1    (1913),   3.10. 
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RESULTS — Twelve  samples  of  oil  were  used.  They 
were  tested  for  water,  low  fractions  and  asphalt. 
The  results  of  the  analysis  of  these  oils  as  well  as  the 
specific  heats  found  are  given  below. 

Distillate  Percentages  Specific 

^— — - — ^ — ■ ■ * N  heats 

Sample  0-150°   150-300°     300°                               at 

No.                            Water  C.              C.       Asphalt   .Asphalt  20°  C. 

1 0  0.3999 

2 0.33  0.4143 

3 0.52  0.4389 

4 7.0  5.7          23.14        32.1          31.7  0.5016 

5 1.3  0               37.4          30.0          30.91  0.4788 

■6 0  35.6          54.1             4.2            6.2  0.4804 

7 0  8.1           27.3          39.7          23.5  0.4474 

8 0  25.8          43.3          22.1             7.0  0.4832 

9 0  0               12.3          48.7          36.3  0.4419 

10 0  0               22.5          42.3          34.7  0.4553 

11 6.2  0               30.9          22.6          39.9  0.4559 

32 0  0              34.1          30.2          35.4  0.4491 

From  the  above  results  it  can  be  seen  that  the 
average  specific  heat  of  California  petroleum  is  around 
0.4500.  The  oils  i,  2  and  3  were  oils  containing  only 
the  fractions  from  300°  C.  up.  The  results  show  that 
as  the  asphalt  content  increases  the  specific  heat 
decreases  while  as  the  water  content  increases  the 
specific  heat  increases. 

Universitv  op  California 
Berkeley 

DETERMINATION  OF  SILVER  AND  BASE  METAL  IN 
PRECIOUS  METAL  BULLION 

Bv  Fkederic  r.  Dewey 
Received  May  15.  1914 

{Concluded  from  the  August   Number) 

THE    DIRECT    DETERMINATION    OF    SILVER 

The  determination  of  silver  in  solution  by  titration 
with  a  solution  of  sulfocyanate  was  described  by 
Volhard  in  Jour,  prakt.  Chem.,  in  1874,  and  is  generally 
spoken  of  as  the  "Volhard  method,"  but  priority  has 
been  claimed  for  Charpentier,  based  upon  publica- 
tions in  Compt.  rend.,  in  1871,  and  BuU.  Soc.  Ing. 
Civ.  de  France,  in  1870. 

In  general,  the  method  consists  in  adding  a  liberal 
amount  of  a  ferric  salt  to  the  silver  solution  and  then 
adding  from  a  burette  a  solution  of  a  sulfocyanate  of 
a  convenient  strength,  finishing  drop  by  drop,  until 
the  characteristic  red  color  of  the  ferric  salt  with  sulfo- 
cyanate appears.  More  or  less  elaborate  descriptions 
of  it  will  be  found  in  various  text-books. 

When  working  upon  high-grade  silver,  992  fine  or 
over,  this  method  probably  yields  fully  as  accurate 
results  as  the  Gay-Lussac  method  (titration  with  salt 
solution).  No  special  apparatus  is  necessary  and 
when  only  a  few  determinations  are  required  it  is 
more  rapid  than  the  Gay-Lussac  method.  The 
chief  advantage  of  the  Gay-Lussac  method  is  its  ability 
to  turn  out,  with  proper  equipment,  a  larger  volume 
of  work  in  a  day's  time. 

When,  however,  the  Volhard  method  is  applied  to 
miscellaneous  materials  some  objections  appear.  Mer- 
cury and  palladium  interfere.  Moderate  amounts  of 
copper  and  platinum  are  not  objected  to.  It  is  often 
said  that  70  per  cent  of  copper  may  be  present,  but 
this  is  certainly  a  mistake.  Nickel  and  cobalt  ob- 
scure the  end  color.  It  has  been  suggested  when 
Ni  and  Co  are  present  to  add  excess  of  sulfocyanate 
and  titrate  back  with  silver.  Chloride  of  silver  must 
be  absent  since  it  gradually  reacts  with  sulfocyanate 


in  solution.  Lower  oxides  of  nitrogen  must  be  absent. 
Ferrous  iron,  in  presence  of  nitric  acid,  must  not  be 
used  as  the  indicator  since  this  would  mean  lower 
oxides  of  nitrogen.  It  should  be  noted  that  ferric 
sulfate  as  indicator  may  cause  precipitation  of  lead 
sulfate  when  the  bullion  contains  lead.  It  has  been 
recommended  to  use  two  solutions,  a  standard  and 
tenth  standard. 

In  dissolving  bullion  carrying  tin  in  nitric  acid, 
purple  of  Cassius  is  almost  always  formed  and  this 
interferes  most  seriously  in  determining  the  sulfo- 
cyanate end  point.  Stanniferous  bullions  are  quite 
rare,  but  one  office  gets  placer  gold  bars  carrying  tin 
occasionally,  and  another  gets  scrap  bullion  con- 
taining tin  at  intervals. 

When  the  amount  of  silver  present  is  known  ap- 
proximately and  the  equipment  is  at  hand,  it  has  been 
recommended  to  precipitate  nearly  all  the  silver  with 
standard  salt  solution  and  finish  the  titration  with 
sulfocyanate.  The  necessity  of  separating  the  AgCl 
from  the  solution  before  adding  the  sulfocyanate  makes 
this  combination  method  too  lengthy. 

When  we  take  up  the  question  of  applying  this 
method  to  the  determination  of  the  silver  present 
in  gold  bullion,  we  are  at  once  confronted  with  the 
problem  of  getting  the  silver  into  solution.  Where 
the  bullion  is  less  than  300  fine  in  gold,  possibly  the 
other  metals  may  be  directly  dissolved  in  nitric  acid, 
but  above  that  gold  fineness,  some  preliminary  treat- 
ment is  necessary. 

In  order  to  make  a  satisfactory  determination  of 
silver  in  bullion  carrying  Pt,  it  was  the  practice  at 
the  Philadelphia  Mint,  for  many  years  previous  to 
1890,  to  alloy  with  Pb  on  a  cupel,  removing  from  the 
muffle  as  soon  as  thorough  alloying  was  secured. 
The  cold  button  was  cleaned  and  then  treated  with 
nitric  acid.  The  alloying  required  considerable  care 
and  skill  and  there  was  often  trouble  from  the  separa- 
tion of  lead  nitrate  if  strong  acid  was  used.  The  silver 
in  the  solution  was  determined  by  the  Gay-Lussac 
method. 

Primarily  for  the  determination  of  the  gold,  G.  Rose' 
proposed  to  alloy  with  lead  in  a  porcelain  crucible 
over  a  spirit  lamp,  Juptner^  alloyed  with  zinc  and 
Balling'  with  cadmium.  In  all  of  these  cases  the  solu- 
tion was  available  for  determining  the  silver;  in  fact, 
Rose  proposed  to  precipitate  the  silver  by  solution 
of  chloride  of  lead. 

In  1891,  Dr.  Cabell  Whitehead,*  then  Assayer  of 
the  Bureau  of  the  Mint,  described  the  use  of  the  cad- 
mium fusion  for  the  determination  of  silver  in  gold 
bullion,  particularly  when  present  in  very  small  amounts 
as  in  gold  coins,  but  he  regards  the  determination  of 
gold  by  this  method  unfavorably. 

In  the  Annual  Report  of  the  Director  of  the  Mint 
for  191 2,  page  ss,  Mr.  M.  A.  Martin,  the  Assayer  of 
the  San  Francisco  Mint,  has  proposed  the  following 
method  of  determining  silver  in  mass  melts  combining 
a  number  of  deposits: 

■  Mitchell's  "Manual  of  Practical  .Assaying."  1881,  p.  688. 

=  Z.  anal.  Chem..  1879,  p.  105. 

'  Crookes'  "Select  Methods  of  Chemical  Analysis."  1886,  p.  443. 

<  Proc.  Franklin  Inst..  1891,  III.  p.  94. 
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THE     DETERMINATION     OF     SILVER     IN     MASS    MELTS     OF 
GOLD    BULLION 

"For  several  years  past  we  have  experienced  no  little 
difficulty  in  the  endeavor  to  determine  correctly  the 
silver  content  of  gold  bullion  mass  melts  by  means 
of  cupellation,  the  many  varieties  of  alloy  usually 
present  in  bullion  of  this  character  rendering  it  almost 
impossible  to  obtain  a  close  agreement  between  dupli- 
cate assays. 

"Early  in  the  fiscal  year  we  experimented  with  a 
■different  method,  the  results  of  which  have  been  so 
satisfactory  as  to  justify  its  permanent  adoption. 
The  details  of  the  process  are  as  follows: 

"A  scorifier  about  two-thirds  full  of  98  per  cent  po- 
tassium cyanide  is  placed  in  the  front  of  the  muffle 
furnace,  care  being  taken  that  the  contents  are  kept 
below  the  boiling  point.  The  assay  is  weighed  up 
at  1000  gold  weight,  wrapped  in  a  small  sheet  of  lead 
foil  weighing  about  one  gram  and  immersed  in  the 
molten  cyanide.  A  piece  of  stick  cadmium  weighing 
approximately  five  grams  is  immediately  added,  and 
by  a  slight  rotation  of  the  scorifier  is  brought  into 
contact  with  the  bullion  sample.  The  metals  unite 
rapidly,  a  complete  alloy  usually  being  formed  in 
two  or  three  minutes.  The  contents  of  the  scorifier 
are  then  poured  into  a  round  bottom  mould,  allowed 
to  cool  for  a  few  moments,  and  the  cadmium  button 
separated  from  the  cyanide,  which  may  be  used  a 
second  and  a  third  time  before  being  discarded.  The 
button  is  cleansed  with  hot  water,  placed  in  an  ordi- 
nary humid  assay  bottle,  and  boiled  in  two  ounces 
of  32°  nitric  acid.  When  the  brownish  red  fumes 
have  entirely  disappeared,  the  solution  is  diluted  with 
100  cc.  of  distilled  water  and  5  cc.  of  a  saturated  solu- 
tion of  iron  alum  added  as  an  indicator.  The  contents 
■of  the  bottle  are  then  titrated  with  a  solution  of  am- 
monium sulfocyanate,  1  cc.  of  which  is  equivalent  to 
10  gold  weight  of  silver.  The  complete  precipitation 
■of  the  silver  is,  of  course,  indicated  by  the  formation 
of  a  brownish  red  color  which  will  not  disappear  on 
;shaking.  The  fineness  of  the  sample  is  obtained  by 
multiplying  the  direct  burette  reading  by  ten." 

If  this  method  be  satisfactory  for  silver  in  mass 
melts,  which  are  confessedly  difficult  to  handle  by 
■  cupellation,  it  ought  to  be  even  better  for  the  general 
run  of  deposits  in  a  vast  majority  of  cases.  Having 
already  examinfed  the  cupellation  method  carefully, 
we  have  a  good  basis  for  comparing  the  results  by  the 
sulfocyanate  method  with  cupellation  results,  and 
in  making  this  comparison  we  shall  get  many  more 
comparative  determinations  by  cupellation  in  various 
laboratories. 

In  order  to  try  out  the  sulfocyanate  method  thor- 
oughly, the  Assayer  at  the  San  Francisco  mint  pre- 
pared a  series  of  12  samples  in  duplicate,  representing 
characteristic  bullions  which  he  thought  would  be 
suitable  for  the  process.  He  made  duplicate  determina- 
tions of  silver  in  each  sample  by  both  cupellation  and 
the  sulfocyanate  method  and  forwarded  the  samples 
to  the  Bureau  with  his  results.  The  samples  were 
then  distributed  to  various  other  laboratories  in  the 
.  Service  and  the  same  four  determinations  were  made 


Table     XI — Comparative     Silver     Determinations     (Fineness)     by 

CuPELLA^noN  and  Sulfocyanate  Methods 

Cupel         S-C  Cupel  S-C  Cupel     S-C       Cupel  S-C 

SAMPLE  A      No.  1  No.  2                    No.  3                     No.  4 

Original       201           198  219.5  219.5  254.5      250.5      275  277 

202  197  219.5  219.5  255.5      249.25   275  275.75 
Lab.  I          203           179  223  220  255          239          278  272 

203  178  220  220  255.5      244          279  272 
Lab.  II       204.75   191.75  223.5  223.25  258          254.25  278.25  277.25 

205.25    192.75  225.5  223.25  256.75   254.75   278.25  277.25 

Lab. Ill      201           178  226  220  253          243          278  273 

197           174  224  223  253          242          277  276 

Lab.  IV       200           182.25  225  213  258.5      247.25   279  267 

201           180.25  227  226  257.5      247.25   279  275 

Highest       205.25   198  227  226  258.5     254.75  279  277.25 

Lowest         197           178  219.5  213  253          239          275  267 

Range  8.25  20  7.5  13  5.5  15.75  4  10.25 
SAMPLE  B 

Original       204           198  221.5  220.5  257.5      250.5      275  274.5 

203          198  221.5  220.5  256.5     249.25  276  274.5 

Lab.  I         203          176  224  220  257          244         278  271 

205           177  221  220  255          244          279  273 

Lab. II        204          191.75  223.75  223.75  259.25   255          279.25  277.25 

204.5      191   75  224  223.25  258.75  255          278.50  277.75 

Lab.  Ill      201           174  226  222  253          243          277  274 

197           175(?)  224  223  252.5      245          276  277 

Lab.  IV      200          178  225  209  256.5     249.5     279  268 

200          180.25  226  227  257.5      247.25   279  266 

Highest       205          198  226  227  259.25  255          279  277.75 

Lowest         197           174  221.5  209  252.5      243          275  266 

Range  8  24  4.5  18  6.75  12  4  11.75 
SAMPLES  A  AND  B 

Highest       205.25    198  227  227  259.25   255          279  277.75 

Lowest         197           174  219.5  209  252.5      239          275  266 

Range             8.25     24  7.5  18              6.75      16              4            11.75 

Gold            632  754.25  654.5                      717 

SAMPLE  A       No.  5  No.  6                    No.  7                     No.  8 

Original      302         299.75  329.5  326.25  348         344.75  377.5  375.25 

300          298.75  328.5  326.25  348          345.75   378.5  374.5 

Lab. I          300          295  330  324  345          343          370  371 

300  297  331  322  350          345          369 

Lab. II       303.75  303  330.25  330  349.5     349.5     376.25  379.75 

302.50  302.5  329.50  329.5  349.5      349.5      376.5  379.75 

Lab.  Ill      299          301  332  327  347          342          382  379 

306         302  330  327  345               . .        375  378 

Lab.  IV      306         291  332  321  348         342         380  362 

301  303  332  326  348         343         381  372 
Highest      306         303  332  330  350         349.5     382  379.75 
Lowest        299          291  328.5  322  345          342         369  362 
Range              7            12  3.5          8              5              7.5        13            17.75 

SAMPLE  B 

Original      302         297.5  328.5  325  348         344.75  383.5  373. 5 

301  297.5  328.5  326.25  348          344.75   379.5  373.5 
Lab.  I         300         295  330  322  345          343         379  371 

302  298  331  324  348          345          368  372 
Lab. II        304.75   303  329.25  331  350.25   350.75   376.75  378.75 

303  303.5  330.25  330  350.5     350.75  373.75  378.75 
Lab.  Ill      303          301  328  327  349          342          376  376 

304  302  329  327  345.5     338         372  376 
Lab.  IV      306         291  332  318  349         345         381  366  • 

303          305  331  328  349          343          383  377 

Highest      306         305  332  330  350.5     350.75  383  378.75 

Lowest        300          291  328  318  345          338          368  366 

Range              6            14  4            12              5.5        12.75      15            12.75 

SAMPLES  A  AND  B 

Highest      306         305  332  330  350.5     350.75  383  379.75 

Lowest        299          291  328  318  345          338         368  362 

Range              7            14  4            12              5.5        12.75      15            17.75 

Gold           619.75  636.5  627                         163.5 

SAMPLE  A      No.  9  No.  10                No.  11                   No.  12 

Original     396.5     391  406  398.75  533.5     532          536  535.25 

396.5     391  403  397.75  533.5     532         538  535.25 

Lab.  I          397          386  399  402  537          529          534  529 

396  390  403  403  538          535          534  537 
Lab. II        392          402  402  417.5  539.25   543.5      536.75  544.5 

390  401.5  402  416.5  539.5      545.75   536.75  545.75 
Lab.  Ill      394          394  397.5  399  534          530          532.25  530 

395          395  397  393  530.5      530          531.25 

Lab.  IV      395          382  396  402  537.5      531    5      542  537.5 

401          399  397  402  538.5     531.5     542  537.5 

Highest      401          402  406  417.5  539.5     545.75  542  545.75 

Lowest        390         382  396  393  530.5     529         531.25  529 

Range  11  20  10  24.5  9  16.75  10.75  16.75 
SAMPLE  B 

Original      401.5      390  400  395.75  532.5      531          539  533.25 

399.5      391  404  394  532.5      532          538  534.25 

Lab.  I         395          391  399  402  537          529         533  524 

391  390  402  400  537         534         536  538 
Lab.  II       393         401.5  401.5  415.25  539.25  545.75  534.25  545.75 

395.75  402  401  416.5  539.5     545.75  535.25  545.75 

Lab.  Ill      401          395  396.5  394(?)  534.5      527          527.25 

403          401  399                ..  532.5           ..        532.25 

Lab.  IV      383          383  397  403  538.5     534.5     540  537.5 

397  397  398  401                         531.5     540  536.5 
Highest       403          402  404  416.5  539.5      545.75   540  545.75 
Lowest        383         383  397  394  532.5     527         527.25  524 
Range           20            19  7  22.5          7            18.75      12.75     21.75 

SAMPLES  A  AND  B 

Highest       403          402  406  417   5  539.5      545.75  542  545.75 

Lowest        383          382  396  393  530.5'    527      .    527.25  524 

Range            20            20  U)  24.5          9.5        18.75      14.75      21.75 

Gold            164.5  169  455.25                    147.75 

on  each  sample  in  each  one  of  four  laboratories.     Each 

sample  was,  therefore,  assayed  ten  times  by  each 
method.  In  all,  forty  determinations  of  silver  were 
made  on  each  bullion. 

No  especial  instructions  were  given  to  any  of  the 
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laboratories  beyond  the  description  of  the  process 
printed  in  the  annual  report.  It  was  a  part  of  the 
object  of  the  investigation  to  determine  if  this  de- 
scription was  sufficient,  and  if  the  process  was  simple 
and  accurate  enough  to  yield  satisfactory  results 
in  the  hands  of  the  general  run  of  assayers  without 
more  rigid  specifications  as  to  the  details  of  operating 
the  method.  Some  of  the  operators,  however,  had 
had  more  or  less  previous  experience  with  the  method. 

All  the  results  reported  are  given  in  Table 
XI.  The  laboratory  numbers  do  not  always  mean 
the  same  laboratory  but  the  A  and  B  samples  were 
always  assayed  in  the  same  laboratory.  The  figures 
given  are  finenesses,  or  parts  per  1000. 

An  inspection  of  this  table  shows  that  some  of  the 
results  were  evidently  vitiated  by  unusual  accidents 
which  were  not  appreciated  at  the  time  of  making 
the    determination.      When   the   reports    were   received 
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.    1 
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No.  4 

197 

174 

219.5 
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5 

252.5      239 

275          271 

197 

174 

219.5 

219 

5 

253          242 

275          272 

200 

175 

220 

220 

253          243 

275          272 

200 

176 

221 

220 

253          243 

276          273 

200 

177 

221.5 

220 

254.5      244 

276          273 

201 

178 

221.5 

220 

255          244 

277          274 

201 

178 

223 

220 

255          244 

277          274.5 

201 

178 

223.5 

220 

5 

255.5      245 

278          274.5 

201 

179 

223.75 

220 

5 

256.5      247.25 

278          275 

202 

180.25 

224 

222 

256.5      247.25 

278          275.75 

203 

180.25 

224 

2^3 

256.5      247.25 

278.25  276 

203 

182.25 

224 

223 

256.75  249.25 

278.25  277 

203 

191.75 

224 

223 

257          249.25 

278.5     277 

203 

191.75 

225 

223 

257.5      249.50 

279          277.25 

204 

191.75 

225 

223 

257.5-    250.50 

279         277.25 

204 

192.75 

225.5 

223 

5 

257.5      250.50 

279          277.25 

204.5 

197 

226 

226 

258         254.25 

279          277.75 

204.75 

198 

226 

227 

258,5      254.75 

279 

205 

198 

226 

258.75   255 

279 

205 .  25 

198 

227 

259.25   255 

279.25 

Range 

8.25 

24.0 

7  .5 

7 

5 

6.75      16.0 

4.25        6.75 

No. 

5 

Nc 

.  6 

No.  7 

No.  8 

299 

295 

328 

321 

345          342 

368          371 

300 

295 

328.5 

322 

345          342 

369          371 

300 

297 

328.5 

322 

345          342 

370          372 

300 

297.5 

328.5 

324 

345.5     343 

370          372 

300 

297.5 

329 

324 

347         343 

372          373.5 

301 

298 

329 , 25 

325 

348         343 

373.75   373.5 

301 

298.75 

329.5 

326 

348          343 

376          374.5 

302 

299.75 

329.5 

326 

25 

348         344.75 

376.25   375.25 

302 

301 

330 

326 

25 

348         344.75 

376.50  376 

302 

301 

330 

326 

25 

348          344.75 

37.6.75   376 

302.5 

302 

330 

327 

348          345 

377.5     377 

303 

302 

330.25 

327 

348          345 

377.5     378 

303 

302.5 

330.25 

327 

349          345 

378.5      379 

303 

303 

331 

327 

349          345.75 

379.5      379 

303.75 

303 

331 

328 

349          349.5 

380          379 

304 

303 

331 

329 

5 

349 .5      349 . 5 

381           380 

304.75 

303.5 

332 

330 

349.5     350.75 

381          380 

306 

305 

332 

330 

350         350.75 

382 

306 

332 

331 

350.25 

383 

306 

332 

350 .50 

383 .5 

Range 

7.0 

i6!o 

4.0 

16 

0 

5.5          8.75 

15.5         9.0 

No 

9 

No. 

0 

No.  11 

No.  12 

390 

390 

396 

393 

530.5      527 

531.25   529 

391 

390 

396.5 

394 

532. S      529 

532.25   530 

392 

390 

397 

394 

532.5      529 

532.25   533.25 

393 

391 

397 

396 

532.5      530 

533          534.25 

394 

391 

397 

398 

533 . 5      530 

534          334.25 

395 

391 

397.5 

399 

533.5      531 

534          535 

395 

391 

398 

399 

534          531.5 

534.25   536.5 

395 

394 

399 

400 

534.5      531.5 

535.25   537 

.195.75 

395 

399 

401 

537          531.5 

535.75  537.5 

396 

395 

399 

402 

537          532 

536          537.5 

396.5 

397 

400 

402 

537          532 

536          537.5 

396.5 

399 

401 

402 

537.5      532 

536.75   538 

397 

401 

401.5 

402 

538          534 

538 

399 

401.5 

402 

403 

538.5      534.5 

538 

399.5 

401.5 

402 

403 

538.5     535 

539 

401 

402 

402 

539.25 

540 

401 

402 

403 

539.25 

540 

401.5 

403 

539.5 

542 

403 

404 
406 

539.5 

542 

Range 

13:0 

12.0 

10.0 

10 

0 

9^0          8^0 

10^75 

);o 

at    the    Bureau    it 
erratic   results.     If 
results    and    group 
numerical  order  we 


was  too  late  to  investigate  these 
now  we  discard  these  accidental 
the  remaining  reports  in  regular 
have  the  above  table. 


Most  of  the  figures  given  in  various  following  tables 
are  finenesses  or  parts  per  1000. 

Four  of  the  samples  were  returned  to  the  San  Fran- 
cisco Mint  without  informing  them  what  they  were 
and  the  following  table  compares  the  original  results 
with  the  second  reports: 

No.  1  No  2 

Sample                        .\  B  A  B 

Cupel     S-C  Cupel  S-C  Cupel  SC  Cupel  S-C 

1st  report..      254.5      250.4  257.5  250.4  201.0  198.0  204.0  198.0 

3.5        49.3  6.5  49.3  2.0  6.9  3.0          8.0 

2ndreport..      256.0     253.5  258.0  254.6  206.0  195.6  205.0  197. S 

8.0             .5  7.0  .6  6.0  6.7  5.0          6.7 

Gold...                 654.5  632 

Results  on  the  reassays  by  the  San  Francisco  Mint 
of  two   other   samples  in   this   set   are   given   beyond. 

A  sample  of  cyanide  bullion  from  another  office 
was  assayed  twice  at  the  San  Francisco  Mint  and  once 
at  another  mint.     The  results  are  given  beyond. 

Two  samples  from  each  one  of  three  bullions  taken 
at  a  purchasing  office  were  assayed  in  duplicate  by 
both  methods  in  the  San  Francisco  Mint  and  at  another 
mint  with  the  following  results: 

No  I                           No.  2  No.  3 

Cupel  S-C              Cupel      S-C  Cupel  S-C 
Sample  A 

San  Francisco  mint.    539.5  536.1           423.75  423.6  345.5  337.4 

41.5  .1                  .25  .6  3.5  .5 

2nd  mint 537.0  532.0          422.0  421.0  336.0  338.0 

6.0  1.0               1.0  10  8.0  8.0 
Sample  B 

San  Francisco  mint.      539.5  534.0          423.25  423.6  344.5  338. .5 

40.25  5.0              3.0  2.6  7.25  7.4 

2nd  mint        537.0  532.0          424.0  421.0  338.0  338.0 

6  0  3   0  I.  6.0  4.0 

Gold 303.5                                  265  215 

Two  samples  each  from  two  cyanide  bars  were  com- 
pared in  the  same  way,  but  in  the  second  comparison 
the  second  mint  was  not  the  same  as  in  the  first. 

No.  I  No.  2 

Cupel  S-C                Cupel              S-C 
Sample  A 

San  Francisco  mint                       462  457                   438.5          433.1 

57  7                      41.5 

2nd  mint 459  454                   442.0          434.6 

60  2.0               5.6 
Sample  B 

San  Francisco 455  455                    433.5          430.8 

3  1                         5    25             2.0 

2nd  mint 453  445                   438.0          434.6 

0  5                        5   0               6.6 

Gold 441  413 

When  the  investigation  of  the  San  Francisco  samples 
was  inaugurated  it  developed  that  one  of  the  small 
offices  was  already  in  the  habit  of  using  sulfocyanate 
titration  on  some  deposits,  and  the  following  table 
shows  their  results  on  1 5  bullions  of  widely  varying 
composition  arranged  by  progressively  increasing: 
silver  fineness: 

Silver  Silver 

No.     Cupel  S-C  Gold            No.       Cupel  S-C         Gold 

1  15.0  14.2  897.5               9          275.0  276.8        652.75 
13.5  15.2  6.5  5.8 

2  91.0  91.2  897.25             10        319.25  314.3        608.0 
91.0  91.2  25  5.3 

3  120.5  112.5         194.0  11        338.0  338.6        436.75. 
119.25            3.5                                                     .5  7.7 

4  116.75        118.6        694   5  12        402   75        401.5        594  5 

7.25  7.6  402.75  .5 

5  161.5     148.0   559  5       13   434.0    438.0   548.75' 

.5      7.0  .25     6.0 

6  190.5    189.6   719.0      14   440.25   434.0   537.75- 

3.0       .6  .75     6.0 

7  246.0    241.3    626.75     15   440  5    446.1    549.5 

5.0      2.3  5      5.1 

8  261.25   260.5   720.5 

.25   261.6 

Nos.  I  and  4  were  cyanide  bars,  No.  5  was  a  jewelry- 
scrap  bar  and  No.  3  carried  lead  as  the  main  base 
metal.  The  original  office  numbers  on  these  bars 
were  between  85  and  115.  mass-melts  3,  4,  5  and  6, 
and  chips  bar  No.  4. 
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At  the  redeposit  office  five  of  these  bars  were  also 
examined  by  the  sulfocyanate  method,  being  original 
bar  No.  95  and  mass-melts  3,  4,  5  and  6. 


12.1 

1,1.2 

10.  1 

71  .9 

270.2 

.9 

69.2 

35.5 

232.6 

4.7 

86.5 

181  .8 

.0 

7.0 

56.7 

258.0 

Mass  5 . 
Mass  6. 


Different  samples  of  the  same  bullion  were  submitted 
to  three  laboratories  and  assayed  in  duplicate  by  both 
methods.  Ten  of  the  12  results  fell  between  441  and 
444  fine  in  silver,  showing  a  most  remarkable  agree- 
ment. Unfortunately,  however,  the  other  two  re- 
sults were  much  lower.  The  following  are  the  detailed 
reports: 

Laboratory  Cupel 


2nd. 


443.0 

4.0 

444.0 

1.0 

3rd 441  .0 

2.0 
Gold 


Sulfocyan 
434.0 


441.9 

.9 

444.0 


an  appro.ximation  of  the  amount  of  silver  in  the  bullion, 
such  an  approximation  for  instance  as  is  supplied  by 
the  customary  preliminary  assay  of  gold  bullion,  in 
order  to  have  the  amount  in  a  test  a  trifle  over  a  gram. 
The  required  quantity  of  silver  may  be  made  up  by 
taking  the  proper  amount  of  the  bullion  for  the  assay, 
or  sufficient  pure  silver  may  be  added  to  give  the  re- 
quired amount  with  that  present  in  the  bullion.  This 
extra  silver  may  be  added  before  alloying  with  cadmium 
or  it  may  be  added  to  the  final  solution.  If  the  silver 
is  not  adjusted  and  it  is  attempted  to  titrate  an  un- 
known amount  from  a  burette,  the  operation  becomes 
troublesome  and  less  accurate.  Our  small  offices 
are  not  equipped  for  the  Gay-Lussac  method  and 
before  going  to  the  expense  of  equipping  them  it  is 
essential  to  know  if  the  method  is  sufficiently  better 
than  the  sulfocyanate  method. 

A  sample  of  cyanide  bullion,  very  low  in  silver,  was 
tested   in   four  laboratories  with  the  following  results: 

Cyanide  Buluon  verv  Low  in  Silver:     Gold.  884 


A  very  low  bullion,  no  fine  in  gold,  previously  men- 
tioned, carrying  a  very  large  amount  of  lead  was 
cupelled  i6  times  and  the  silver  determined  by  the 
sulfocyanate  method  13  times  in  various  laboratories 
with  the  following  results: 


Cupel 

Sulfocyanat 

6.0 

5.0 

6.0 

6.0 

6.0 

5.9 

6.0 

5.0 

6.5 

6.0 

7.0 

5.0 

6.0 

6.0 

7.0 

8.0 

7.0 

9.0 

7.0 

9.0 

7.0 

9.0 

7.0 

Fineness 
49.0 
50.0 


9.0 

60.0 

1.0 


Cupel 
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ABLE    XIII CyANIDB    BulLI 

No.  1      Gay- 
Cupel     Sulfocyanate  Lussac 
18.1 


Three  samples  of  bullion  from  the  same  mill  as  the 
last  sample,  a  little  higher  in  silver,  were  examined  at 
the  purchasing  office  by  both  cupellation  and  the  sulfo- 
cyanate method  and  then  tested  at  three  other  labora- 
tories by  both  these  methods,  and  also  by  the  Gay- 
Lussac  method,  with  the  results  shown  in  Table  XIII. 
/  IN  Silver 


Purchasing  office 19.0 

19.0  18.1 

1st  laboratory 16.0  17.2 

14.0  16.8 

2nd  laboratory 19.25  18.6 

18.25  17.4 

3rd  laboratory 20.0  16.9 

21.0  16.9 

Gold 920 .  5 

Many  other  comparisons  between  these  two  methods 
.■are  shown  in  the  larger  comparisons  given  beyond. 
Once  having  the  silver  in  solution,  the  Gay-Lussac 
^method  of  titration  with  chloride  of  sodium  should 
be  an  excellent  method  of  determining  the  silver.  To 
get  satisfactory  results,  however,  in  a  reasonable  length 
of  time,  requires  especial  equipment,  and  it  is  essential 
to  have  a  suitable  shaking  apparatus  to  settle  the  silver 
'  chloride    precipitate.     I    have    already    described    the 


17 


Cupel 
14.0 
14.0 
10.0 
11.0 
12.25 
12.5 
15.5 


S-C 
14.8 
14.8 
12.0 
12.0 
14.2 
14.0 


15.0 
14  5 
13.0 
13,0 
14.0 
15,0 


Top 


916.5 

and    bottom    samples 


Cupel 
16.0 
16.0 
20.0 
19.0 
16.5 
17.0 
18.0 
18.0 


17.0 
15.0 
15.2 


of    a    different    cyanide 


Cupel 
1st  laboratory 62 


bullion  were  examined  in  two  laboratories  by  the  three 
methods  with  the  above  results. 


No.  1 
Cupel  S-C  G.- 
238      ...      . 


Cupel  S-C 
256      ... 


G.-L. 


Cupel    S-C  G 
277.0      ... 


234      228      228      253 
29        30  9  2 


36 


27 


0 


Cupel 

350.0 

0.0 

346.0 

8.0 


2nd  Lab 

29      

3rd  Lab 

Gold '         525       529.25 

use  of  this  method  in  our  Mint  Service. 


349.0 

50.0 

351.75 

3.75 


350 


..     Cupel 

S-C 

G.-L. 

Cupel 

S-C 

G- 

409.0 

439.0 

9.0 

9.0 

410.0 

405.0 

410.0 

437.0 

433 . 0 

440 

9.0 

7.0 

0  0 

5.0 

3.0 

5      4i2^0 

4iolo 

4io:o 

440.0 

44l'0 

44  i 

5          9.0 

2.5 

2.5 

37.0 

39.0 

415.5 

414.6 

440.75 

431.6 

6.5 

3.5 

1.75 

2.8 

In  order  to 


follow  the  mint  practice  closely  it  is  essential  to  have 

'  ■The  Gay-Lussac  Method  of  Silver  Determination.  "   Tins  Journal. 


Method  of  Silv 
E..  46,  256. 


352.  1 

.3 
352.1 

.1 
240  511,5  258 

Most  of  the  results  in  the  above  table  were  ob- 
tained in  settling  disputes  and  in  some  cases  different 
laboratories  worked  on  different  samples.  The  pur- 
chasing office  is  the  same  in  each  case. 
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Sample  No.  3  contained  a  great  deal  of  lead. 

Three  of  the  original  San  Francisco  samples  were 
tested  by  the  Gay-Lussac  method  in  laboratory  No.  3 
as  follows: 

No.  2  No.  4  No.  6 

Cupel         S-C  G.-L.        Cupel  S-C      G.-L.  Cupel  S-C  G.-L. 
A 226  220  224.0         278     273     277.0     332       327  331 


226 


222  225.5 
3   3.5 
754.25 


277  274  278.0  328  327  331 
6  7  7.0  9  7  1 
717  636.5 


Two  of  the  original  San  Francisco  samples  were  re- 
turned to  that  institution  without  informing  them 
what  the  samples  were  and  the  cupel  and  sulfocyanate 
determinations  were  repeated  and  Gay-Lussac  de- 
terminations added  as  follows: 

No.  3  No.  1 

Assays                        Cupel      S-C     G.-L.  Cupel  S-C  G.-L. 

Alst 254.5     250.4      ...  201      198.0  ... 

5.5       49.3      ...  2         6.9  ... 

2nd 256.0  253.5  255  206   195.6  196 

8.0     .5    6  6    6.7  7 

B  1st 257.5     250.4      ...  204      198.0  ... 

6.5       49. 3      ...  3         8.0  ... 

2nd 258.0     254.6     250  205      197.8  197 

7.0             .6          5  5          6.7  7 

Gold 654.5  632 

Top  and  bottom  samples  of  a  cyanide  bullion  from  a 
small  office  were  sent  to  the  San  Francisco  Mint  twice 
without  informing  them  what  the  samples  were. 
The  samples  were  sent  to  another  mint  without  in- 
formation as  to  the  San  Francisco  results.  The  re- 
sults reported  were  as  follows: 

Top  Bottom 

Cupel        S-C    G.-L.  Cupel  S-C     G.-L. 

San  Francisco  Mint,  1st.  .  ..      140.5      136.7      ...  142.9  135.5 

4.5             .7      . . .  3.9  .5 

2nd...       147.0      139.9      139  145.0  141.0      138.0 

39.0        41.0          8  1.0  2.0          7.0 

2nd  mint      142.5      139.2      133  146,0  136.7      133.0 

3.5          8.2          4  3.0  .2          3.0 

Gold 645 


Top  and  bottom  samples  of  two  cyanide  bullions 
from  the  same  office  as  the  last  were  sent  to  the  San 
Francisco  Mint  and  the  same  second  mint.  The  re- 
sults reported  were  as  follows: 

No.  1  No.  2 

Top                                             Cupel         S-C  G.-L.  Cupel  S-C       G.-L. 

San  Francisco 417.25      414.7  ...  485.5  481.4 

21.25          5.9  ...  7.5  .4 

2nd  mint 420.5        417.7  420  486.5  483.8      489.0 

19.5            8.7  ...  .5  6.3        91.0 
Bottom 

San  Francisco 416.0       415.9  ...  485.75  480.2 

21.0               .9  ...  7.75  79.1 

2nd  mint 419.5        418  422  487.5  483.3      489.0 

.5                .7  4  8.5  4.3          9.0 

Gold 434  434 

Top  and  bottom  samples  of  two  more  cyanide  bul- 
lions from  the  same  office  were  sent  to  the  San  Fran- 
cisco Mint  and  to  another  second  mint  and  were  also 
returned  to  the  purchasing  office.  The  results  re- 
ported were  as  follows: 


Mint 449.5  441.2  ...  448,0  437.4 

2.5  0.3  ...  7.0  40.2 

2nd  mint 449.0  436,0  446  445.0  433.0     442.0 

2.0  6.0  6  3.0  3.0          3.0 

9.0  ,     .  5  ...  

Purchasing  office 446,5  438.2  ...  452.0  444.8 

7.5  9,1  .,.  0.0  5.9 
Bottom 

San  Francisco 445.0  441.2  ...  441.5  437.4 

38.0  .2  ...  0.5  8.3 

2nd  mint 448.0  445.0  443  444.0  433.0     441.5 

2.0  5.0  4  50.0  3.0          2.0 

9.0  .  ,  .  3  ...  ...              1.0 

Purchasing  office 449 . 0  445  . 6  ...  444 . 5  436 .  2 


5.0 


Gold. 
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When  the  gold  in   the  bullion  is  sufficiently  low  to 
permit  the  direct  solution  of  the  other  metals  in  nitric 


acid  with  the  retention  of  only  traces  of  silver  by  the 
gold  there  does  not  appear  to  be  any  real  advantage 
in  employing  the  cadmium  treatment,  as  is  well  shown 
by  the  following  comparisons: 

The  very  low-grade  bullion  high  in  lead  previously 
mentioned  was  assayed  in  various  laboratories  eleven 
times  by  the  cadmium  sulfocyanate  method  and  ten 
times  by  direct  solution  in  nitric  acid  and  titration 
with  sulfocyanate  as  follows: 


Cadmiun 
assays 


45.0.. 
46.0.. 
49.0.. 
.75. 
50.0.. 
51.0.. 
51.25. 
52.0.. 
53.0.. 


Nitric 
;id  assays 


Two  other  samples  also  high  in  lead  but  very  much 
higher  in  silver  yielded  the  following  results: 


Silver 
fineness 
281.4.. 

2.5.. 

3.0. . 
Gold... 


No.  1 
Assays 

Nitric 


441.2 

.3 

5.9 


Two  ordinary  samples  of  bullion  yielded  the  follow- 
ing comparisons: 


No.  1  No.  2 

Assays  Assays 

Nitric         Silver 
dmium     acid         fineness     Cadmiui 
1  ..  352.3 


As  the  amount  of  the  samples,  left  after  making  the 
main  comparisons,  allowed,  four  of  the  San  Francisco 
bullions  were  assayed  by  direct  solution  in  nitric  acid 
and  titration  with  sulfocyanate,  yielding  the  follow- 
ing comparisons: 


Silver 

fineness 

375.. 


Nitric       Silv 
acid       fi 

401 


Gold. 

394.. 


163.5 
No.  2 


401.., 

3.., 

Gold. 


Careful  consideration  of  these  comparisons  shows 
that  the  sulfocyanate  method  is  capable  of  yielding 
very  satisfactory  results  in  many  instances,  but  the 
widely  varying  results  so  often  shown  suggest  the 
desirability  of  more  explicit  instructions  for  carrying 
on  the  method  and  especially  of  pointing  out  probable 
and  possible  sources  of  error  in  the  manipulations. 
Therefore,  each  assayer,  whose  work  has  been  used  in 
this  paper,  was  asked  to  write  a  history  of  his  experi- 
ence with  the  method.      Also  during  the  course  of  the 
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tests  various  observations  have  been  reported  from 
time  to  time  regarding  the  operation  of  the  method. 
A  study  of  this  data  has  brought  out  the  following 
points: 

Various  assayers  prefer  to  make  the  cadmium  alloy 
in  a  small  porcelain  crucible  or  annealing  cup  over  a 
Bunsen  burner  or  small  blast  lamp.  This  allows  the 
direct  transfer  of  the  weighed  sample  to  the  crucible 
or  cup  before  heating  and  the  omission  of  the  lead 
foil  container  for  the  sample  if  desired.  Dusty  samples, 
however,  should  be  enclosed  in  lead  foil.  The  alloying 
operation  is  then  easily  observed  and  is  under  better 
control.  Where  much  work  is  to  be  done,  a  copper 
stand  to  hold  several  assays  may  be  made  and  this 
may  be  warmed  up  on  the  lip  of  the  muffle  or  even 
inside  the  muffle  after  it  has  cooled  down  from  other 
work,  before  heating  over  the  lamp.  Much  less  cyanide 
is  required  than  in  alloying  in  a  scorifier.  One  assayer 
uses  only  three  grams  of  cadmium.  This,  however, 
raises  the  question  of  the  amount  of  silver  retained 
by  the  residual  gold.  This  point  calls  for  further 
investigation.  Personally,  I  am  also  convinced  that 
the  very  foundation  of  the  work,  the  question  of  the 
formation  of  a  proper  alloy  with  the  cadmium,  re- 
quires investigation. 

Much  serious  objection  has  been  raised  against 
alloying  the  samples  with  cadmium  in  a  scorifier  in 
the  muffle,  liability  to  crack  after  short  use,  liability 
of  particles  of  sample  to  escape  alloying  with  the 
cadmium,  difficulty  of  observing  the  process,  liability 
of  overheating  with  sudden  evolution  of  gas,  particu- 
larly on  adding  the  Cd,  which  may  project  small  par- 
ticles of  the  sample  out  of  the  fusion,  especially  in  the 
early  stages  of  the  operation,  liability  of  small  beads 
becoming  entangled  in  the  cyanide,  particularly  on 
pouri(jg,  are  urged  against  this  operation.  Its  chief 
advantage  in  allowing  the  reuse  of  the  cyanide  is  greatly 
reduced  by  the  fact  that  a  much  smaller  amount  of 
cyanide  will  answer  in  other  containers. 

There  is  very  general  objection  to  pouring  the  fusion 
and  it  is  preferred  to  cool  the  fusion  in  the  crucible 
or  cup,  and  to  run  water,  warm  if  possible,  directly 
into  the  cool  crucible  or  cup  to  dissolve  the  cyanide. 
Where  much  work  is  done  an  arrangement  of  small 
faucets  allows  the  solution  of  the  cyanide  from  several 
fusions  at  one  time.  A  wire  gauze  frame,  with  gauze 
cover,  to  hold  several  crucibles  and  a  suitable  rose- 
sprinkler  make  a  very  convenient  dissolving  arrange- 
ment. 

Two  assayers  assert  very  positively  that  the  dis- 
appearance of  fumes  does  not  give  sufficient  heating 
of  the  solution,  but  that  the  solution  must  be  vigor- 
ously boiled  after  that.  Care  must,  however,  be  ex- 
ercised to  avoid  mechanical  loss  of  solution  in  this 
boiling.  It  is,  therefore,  better  to  dissolve  the  alloy 
in  a  conical  flask  rather  than  in  a  regular  silver  bottle. 
The  titrating  must  be  done  absolutely  cold,  and  aH 
the  conditions  as  to  titrating  must  be  kept  as  uniform 
as  possible.  When  the  bullion  contains  only  a  little 
silver  some  operators  prefer  to  add  a  known  amount 
of  silver  to  the  solution  before  titrating. 

When  titrating  a  solution  of  pure  silver,  as  in  stand- 


ardizing the  solution,  the  end  point  may  be  sufficiently 
sharp,  but,  as  it  so  often  happens  with  volumetric 
methods  in  general  when  applied  to  miscellaneous 
materials,  so  this  method  presents  its  most  serious  diffi- 
culty in  determining  the  end  point  in  practical  work. 
Also,  as  usual,  the  personal  equation  of  the  operator 
exerts  its  greatest  influence  at  this  point  in  the  method. 
While  it  helps  the  work  along  to  know  approximately 
the  amount  of  silver  present,  the  careful  operator  is 
not  obliged  to  make  a  preliminary  assay  for  this 
purpose. 

It  has  been  suggested  to  determine  the  silver  in  the 
base  metal  assay  beads  by  sulfocyanate  titration  and 
some  promising  preliminary  results  were  reported, 
but  consideration  of  the  question  of  cupel  absorption 
in  the  base  metal  assay  precludes  the  expectation  of 
satisfactory  results  by  this  proceeding,  unless  the  re- 
sult be  corrected  by  carrying  the  assay  proof  beads 
through  the  same  operations.  Manifestly  this  would 
consume  too  much  labor  and  be  too  lengthy.  How- 
ever, the  following  interesting  set  of  results  on  identical 
samples  of  a  bullion  may  be  given; 


I,ab. 

Cupel 

G.-L. 

S-C 

beads 

Gold 

309 . 0 

301.0 
2.0 

297.0 
8.0 

293.0 
3.0 

10.0 

.5 

1.0 

2.0 

8.0 

4.0 

.6 

2.0 

3.0 

8.0 

4.0 

1.0 

2nd 

.W9.0 

300.0 

303 . 9 

294.9 

430.0 

.5 

2.0 

.9 

5.2 

.8 

11.25 

2,5 

4.1 

.5 

1.1 

2.0 

3.5 

.7 

6.9 

.6 

3rd 

303 . 0 

302.5 

304.0 

302,5 

430 . 8 

4.0 

5 

4,0 

.5 

y 

4.0 

.5 

5.5 

6.0 

1,0 

5.5 

.5 

9.5 

10.0 

1.0 

6.5 

1.0 

7.5 

.2 

8.5 

9.5 

4th 

308.9 

307.6 

302 

300 

431.1 

9.9 

.6 

3 

1 

,  1 

During  the  progress  of  the  work  various  abnormal 
results  reported  were  investigated  more  or  less.  Most 
of  these  may  be  set  down  as  due  to  some  unusual  and 
at  the  time  unobserved  accident  or  to  the  lack  of  proper 
care  in  observing  obvious  necessary  precautions. 
Once  or  twice  I  suspect  the  use  of  water  containing 
chlorides.  One  case,  however,  was  so  peculiar  that 
it  was  thorotighly  investigated,  up  to  the  practical 
exhaustion  of  the  samples.  It  is  No.  i  in  the  set  of 
12  San  Francisco  samples. 

Duplicate  samples  of  this  bullion  were  cupelled  for 
silver,  in  five  laboratories,  12  times  each,  with  the 
following  results: 


197.0. 
200.0. 

1.0. 

2.0. 

3.0. 

4.0. 

4.5. 

5.0. 

6.0. 


The  silver  was  also  determined  by  the  sulfocyanate 
method  in  the  same  five  laboratories  12  times,  and  on 
each  sample  there  is  a  group  of  corresponding  high  and 
low  results,  as  follows: 
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One  of  the  laboratories  also  determined  the  silver 
by  the  Gay-Lussac  method  at  196  and  7  for  A,  and 
197  and  7  for  B. 

The  preponderance  of  the  evidence  is  strongly  in 
favor  of  the  high  sulfocyanate  figures,  but  the  1 2 
low  results  obtained  in  three  laboratories  cannot  be 
ignored,  and  it  became  most  important  to  ascertain, 
if  possible,  the  cause  of  these  low  results. 

The  balance  of  the  samples  was,  therefore,  sent 
to  one  of  the  laboratories  with  instructions  to  examine 
it  most  carefully,  and  especially  to  watch  the  sulfo- 
cyanate titrations  for  indications  that  might  warrant 
stopping  the  titrations  within  the  limits  of  the  lower 
range  of  results  already  reported. 

Curiously  enough,  however,  this  examination  also 
developed  serious  difficulty  with  the  Gay-Lussac 
titration.  The  following  is  the  assayer's  report  upon 
his  work. 

"The  samples  of  bullion  transmitted  in  the  letter  of  the  Di- 
rector of  the  Mint  of  the  15th,  marked  IIA  and  IIB,  have  been 
carefully  assayed,  partly  by  myself  and  partly  under  my  close 
observation,  with  the  results  which  are  peculiar  and  surprising, 
as  shown  below. 

"Two  assays  were  made  for  gold,  giving  632.5  and  632.9. 
By  the  three  methods  of  determining  silver  the  following  re- 
sults were  obtained,  proof  corrections  being  made  in  each  method : 


Cupel 

G.  L 

•Sulfocyanat 

205'/: 

181 

191 

204Vj 

184 

191 

184 

190 

183  filtered 

1991/5 

1821-2 

190 

2061/5 

182 

188 

202 

182 

1901/2 

200 

184  filtered 

The  cupellation  results  were  first  obtained  and  three  assays 
from  each  sample  were  then  made  by  the  Gay-Lussac  and  three 
by  the  sulfocyanate. 

"The  appearance  of  the  gold  in  the  bottom  of  the  containers, 
after  dissolving  two  cadmium  buttons  in  nitric  acid  32°  B.,  was 
unusual.  The  gold  remained  as  a  fine  dark  powder  and  long- 
continued  boiling  failed  to  lighten  the  color  or  cause  it  to  become 
somewhat  aggregated,  which  is  quite  unlike  the  usual  character 
of  such  undissolved  remainders. 

"In  working  by  the  sulfocyanate  method,  as  the  silver  was 
precipitated,  the  solution  became  of  a  dark  bluish  color,  which 
made  the  end  point  difficult  to  determine.  Quite  consistent 
results  were  obtained,  however,  and  the  accuracy  of  the  opera- 
tor's judgment  was  checked  by  adding  sulfocyanate  to  a  much 
more  decided  e:id  point  three  to  five  points  higher,  and  then 
working  back  with  silver  solution  to  the  disappearance  of  the 
color,  closely  confirming  the  original  results. 

"  In  working  by  the  Gay-Lussac  method,  after  addition  of 
100  cc.  standard  salt  solution  and  agitating,  the  solution  was 
somewhat  dark,  but  not  enough  apparently  to  interfere  with 
a  fairly  correct  determination  of  the  end  point. 


"Upon  comparing  results  from  the  three  methods,  it  was  at 
once  noted  that  the  chloride  had  given  the  lowest  results.  A 
reassay  was,  therefore,  made  upon  each  sample  by  that  method, 
filtering  to  a  clear  solution  to  determine  the  end  point. 

"These  two  assays,  shown  above,  varied  but  little  from  the  orig- 
inal, one  being  a  little  lower  and  the  other  somewhat  higher. 

"It  was  then  thought  that  the  presence  of  palladium  or  some 
of  the  platinum  metals  might  account  for  the  high  cupellation 
results,  but  upon  trial  no  indication  of  such  metals  was  obtained. 
On  the  assumption,  then,  that  base  metals  might  have  formed 
compounds  interfering  with  the  humid  determination,  and  to 
eliminate  this  factor,  six  new  cupellations  were  then  made  of 
one-half  gram  each,  two  from  the  A  sample  and  four  from  the 
B  sample,  there  being  more  of  the  latter,  and  the  silver  content 
of  the  button  determined.  Corrected  by  corresponding  proofs, 
these  gave  the  following  results: 

Cupel  Humid 

silver  silver 

A 2031/1  CI  2041/j 

A 2021/j  S  203 

B 20IVj  CI  204 

B 197Vs  S  204 

B 2041/1  CI  2051/. 

B 2031/1  S  205 

"Each  of  these  buttons,  together  with  each  of  the  proofs 
used,  was  fused  with  cadmium  and  the  actual  silver  content 
determined,  three  by  the  chloride  method  and  three  by  the  sulfo- 
cyanate, giving,  after  making  the  proof  corrections,  the  results 
shown  in  column  headed  '  Humid  Silver.'  Those  worked  by  chlo- 
ride are  marked  CI,  and  the  others  by  S. 

"These  results  confirmed  the  high  results  obtained  by  cupella- 
tion and  indicated  the  presence  of  silver  in  some  form  which 
failed  of  solution  in  the  nitric  acid.  An  assay  of  A  and  B  was, 
therefore,  made,  fusing  with  cadmium  and  dissolving  in  nitric 
acid  as  usual.  Sulfuric  acid  was  then  added  and  an  additional 
long  boiling  given.  These  were  then-  worked  by  the  chloride 
method  and  showed  silver  182,  no  better  than  the  original  de- 
termination by  this  method. 

"Two  grams  of  the  sample  were  then  fused  with  cadmium 
and  parted  in  nitric  acid  with  long-continued  boiling.  The 
residue  was  then  filtered  off,  washed,  dried,  dissolved  in  aqua 
regia,  nitric  acid  removed  by  evaporation,  and,  upon  redissolving 
in  hydrochloric  acid  and  dilution,  silver  chloride  showed  in  con- 
siderable amount.  It  was  collected  on  filter,  burned  and  cupelled, 
giving  40.5  mg.  This  button  was  dissolved  in  nitric  acid  ti- 
trated with  sulfocyanate,  and  showed  39  mg.  of  silver,  the 
remainder  of  the  button  being  gold.  From  previous  experience, 
2V2  mg.  was  allowed  for  the  loss  in  cupellation,  making  41 '/j 
mg.  here  found  in  the  residue.  The  gold  in  the  filtrate  from  the 
silver  chloride  was  recovered  and  upon  assay  was  found  to  con- 
tain 3V2  mg.  of  silver,  making  a  total  in  the  original  residue 
of  45  mg. 

"The  filtrate  from  this  residue  containing  the  silver  soluble 
in  nitric  acid  was  titrated  with  sulfocyanate  and  gave  364  mg., 
which,  added  to  the  45  mg.  previously  recovered  from  the  residue, 
gave  409  mg.,  equivalent  to  a  fineness  of  204V2  silver,  which 
corroborates  the  higher  of  the  cupellation  returns. 

"Apparently,  the  sulfocyanate,  when  titrated  directly  into  the 
solution  containing  residue,  has  some  effect  upon  the  undissolved 
silver  which  sodium  chloride  solution  has  not,  as  the  titration 
upon  the  filtered  solution  above,  thoroughly  washed,  gave  re- 
turns agreeing  with  those  by  the  Gay-Lussac  method,  while 
those  directly  titrated  had  run  7  to  8  thousandths  higher. 

"The  filtrate  from  the  precipitated  gold  by  qualitative  analysis 
was  found  to  show  traces  of  mercury,  copper,  iron,  arsenic  and 
'tin. 

"The  lack  of  more  of  the  metal  prevents  any  further  investi- 
gation of  the  nature  of  the  base  metals  contained,  but  the  work 
above  described  seems  to  show  that  the  variation  in  the  results, 
and  the  low  returns  obtained  by  the  humid  processes,  are  due 
to  the  imperfect  solution  of  this  peculiar  material  in  nitric  acid." 
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It  is,  therefore,  certain  that  this  particular  bullion 
is  quite  unsuited  for  the  determination  of  the  silver 
by  either  one  of  the  volumetric  methods. 

In  elucidating  the  operations  of  the  method  two 
institutions  have  made  many  tests  upon  synthetic 
preparations  or  proofs.  For  the  most  part  these 
tests  were  made  to  determine  the  effect  of  copper 
upon  the  method,  but  various  proportions  of  other 
metals  and  combinations  were  also  tried. 

In  one  institution  12  synthetic  proofs  were  weighed 
up,  fused  with  cadmium,  and  titrated  with  sulfocyanate 
with  the  following  results: 

_.                                                                   Parts  per  1000  weighed  uv 
Titration  . -^ 

"247^1  ^'''""'     ^°'''       ^^^^     Copper     Zinc 

24713  j     250  750 

Itl?) 250  5C0  250  

248  9  I 

248 . 9  } 250  250  500  

249;5J 250  250  250  250 

250:6! 250  .,.  500  250  ... 

251.71 

251.7  1 -'0  •■  250  500 

249:5} 250  ...  250  250  250 

250.5  I 

249.5} 250  250  ...  250  250 

249  5  ) 

247'3( 250  250  250  ...  250 

251.7  1 

251.7  t 250  250         500 

%\'%\ 500         500  

748M! »0  250  

In  eight  other  cases  the  various  metals  were  weighed, 
into  flasks,  dissolved  direct  in  HNO3,  and  titrated  with 
sulfocyanate.     The  following  are  the  results  obtained: 

„.        .  Parts  per  1000  weighed  up 

Titration  ^ . I 

fineness  Silver         Lead  Copper         Zinc 

249 : 9  } 250  ...  500  250 

251.01 

249  9} 250  ...  750 

249.9  1 

249   9  I 250  ...  250  500 

247.7  1 

246.6} 250  750 

249:9} 250  250  250  250 

248:3} 250  500  250 

248:8) 250  500  ...  250 

249.9  1 

248.8 } 250  750  

These  results  show  a  general  tendency  to  get  higher 
results  in  the  presence  of  copper. 

In  the  second  laboratory  lo  cadmium  fusion  tests 
on  synthetics  yielded  the  following  results: 

Parts  per 
TitraUon  Bneness.  1000  weighed  up 

'23  4  5  6  Av.  Silver  Gold  Copper 

49          48         48  48.0  49.0  ...  48.4           50       950        ... 

4?          50          50  50.0  53.0          51  50.3            50        850        100 

51  50          50  51.5  50.5          51  50,7             50        650        300 
53          51           52  52.0  52.0          52  52.0            50        450        500 

149         151         152        150.0        149.0        149        150.0  150        850 

52  152        153        152.0        152.0        151         152.0  150        750        100 
52        151         152        152.0        152.0        152        152.0  150        550        300 

154        154        153       153.0        154.0        154        154.0  150       350       500 

451  449        450       451.0        449.0        448        450.0  450        550 

452  453        452       452.0        452.0        ...        452.0  450        250        300 

Five    duplicate   tests   yielded   the   following   results: 

„.  Parts  per  1000  weighed  up 

Titration  , . . 

fi°'°"s  Silver         Gold         Copper 

75  ! 75               850                 75 

101  I 

2} 100               800               100 

103  ( 

103  I 100               600               300 

53) 

53  ) 50               650               300 

80) 

79  1 75  550  375 
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These  tests  still  more  clearly  indicate  a  tendency 
to  high  results  in  the  pressure  of  copper. 

The  following  tests  were  obtained  by  direct  solution 
of  the  metals  in  nitric  acid: 

Metal  taken  Metal  taken 

.Silver  . • ,  Silver  . ■ . 

found  Silver         Copper  found  Silver         Copper 

15                    15                  ...                    26  25  300 

199  200                 ...  252  250               300 

80  80                  100  102  100                500 

301  300                  100  502  500                500 

51  50  200 

202  200  200  ...  : : :  ; ; ; 

A  set  of  six  tests  in  duplicate  on  synthetic  proofs 
alloyed  with  cadmium  yielded  most  interesting  and 
surprising  results  as  follows: 

Metals  taken 
Silver  ^ — . . ^ 

fo"°d  Silver         Gold  Copper 

10  I 
9  I 10  900  100 

34  I 

27  } 30  800  200 

54  ( 

48  [ 50  700  300 

104  I 

100  J 100  500  400 

207  I 

199  J 200  300  500 

406  I 

397  }  : 400  ...  600 

It  will  be  noted  that  in  every  instance  one  result  in 
each  set  is  much  lower  comparatively  than  the  other 
and  in  five  cases  the  lower  result  is  below  the  amount 
of  silver  taken,  notwithstanding  the  pressure  of  so 
much  Copper. 

It  is,  therefore,  apparent  that  at  times  some  other 
influence  may  overbalance  the  tendency  of  copper  to 
give  high  results.  Manifestly  this  is  the  visual  condi- 
tion of  the  operator.  Some  eyes  are  always  better  than 
others  in  distinguishing  shades  of  color,  but  even  the 
best  of  eyes  have  their  off  days. 

The  net  result  of  this  work  on  synthetics  is  that  if 
accurate  results  are  desired  proofs  must  be  run  with 
the  assays.  Proofs  will  not  only  correct  for  the  compo- 
sition of  the  metal  but  also  for  the  visual  variation 
of  the  operator.  Of  course,  in  miscellaneous  work 
the  bullions  may  be  grouped  and  a  generalized  proof 
used  for  several  titrations,  just  as  such  a  general  proof 
is  often  used  in  cupellation  work. 

In  the  course  of  some  previous  work,  in  the  second 
laboratory,  mentioned  above,  in  testing  the  Gay- 
Lussac  method  on  cadmium  fusions,  it  was  thought 
that  the  cadmium  alone  had  a  slight  tendency  to  in- 
crease the  silverfigure, estimated  at  one  one-thousandth. 
The  results,  however,  were  not  entirely  conclusive. 
If  there  be  such  a  tendency  then  it  is  all  the  more 
necessary  to  run  proofs  in  the  sulfocyanate  titrations 
for  accurate  work. 

The  following  is  a  final  general  and  practical  illus- 
tration of  the  whole  subject:  During  the  time  that 
the  active  investigation  of  the  sulfocyanate  method 
was  in  progress  a  small  office  shipped  1 1  bars  weighing 
11718.60  ozs.  to  a  mint.  On  this  shipment  the  mint 
reported  25.59  ozs.  of  silver  in  excess  of  the  assay  office 
report.  Most  of  the  difference  between  the  two  insti- 
tutions  occurred    in    five    bars    weighing   3155.75    ozs. 

The  assay  office  top  and  bottom  samples  of  these 
five  bars  were  forwarded  to  the  Bureau  and  the  silver 
was  determined  by  cupellation.  The  samples  were 
also   sent   to   two   disinterested    mints   and   the   silver 
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determined  by  cupellation  and  by  the  cadmium  sulfo- 
cyanate  metliod.  On  two  samples  the  silver  was  de- 
termined by  direct  solution  in  nitric  acid  and  sulfo- 
cyanate  titration.  Also  a  few  cadmium  Gay-Lussac 
determinations  were  made.  Table  XIV  summarizes 
these  determinations: 

GENERAL    CONCLUSIONS 

While  in  the  vast  majority  of  cases  cupellation  yields 
fairly  concordant  results,  yet  the  determination  of 
silver  by  this  method  in  different  laboratories  often 
shows  a  difference  of  5  in  the  fineness  reported.  Oc- 
casionally much  larger  differences  are  shown.  In 
the  comparisons,  differences  of  5  fine  between  individual 
determinations  in  the  group  are  common.  Even  dupli- 
cate assays  often  show  a  difference  of  5  fine. 

While  in  the  cadmium  suifocyanate  determinations 
wide  dift'erences  often  appear,  yet  in  many  cases  the 
results  agree  among  themselves  and  are  often  fully  as 
concordant  as  the  corresponding  cupel  results.  Many 
of  the  differences  are  undoubtedly  due  to  lack  of  famil- 
iarity by  the  operators  with  the  method.  The  method 
has  not  been  extensively  employed  and  is  compara- 
tively new,  when  considered  in  connection  with  the 
many  years  of  wide  application  of  the  cupellation 
method.  With  more  extended  and  extensive  use 
much  better  agreement  in  the  results  could  be  expected. 
On  the  whole,  therefore,  this  paper  shows  that  the  suifo- 
cyanate method  compares  favorably  with  cupellation 
and  stands  a  good  chance  of  supplanting  the  older 
method  in  large  permanent  laboratories  where  accuracy 
is  desired. 

Notwithstanding  the  unfavorable  opinion  of  my 
predecessor.  Dr.  Whitehead,  this  work  on  cadmium 
fusions  has  impressed  me  favorably  towards  this  opera- 
tion as  a  promising  method  for  determining  gold  in 
bullion  and  I  am  now  sending  out  samples  to  test  this 
fusion  for  that  purpose. 

Laboratory,  Bureau  of  the  Mint 
Washington,  D.  C. 


THE  EFFECT  OF  BREAD  WRAPPING  ON  THE  CHEMICAL 
COMPOSITION  OF  THE  LOAF 

By  H.   E.   Barnard  and  H.  E    Bishop 
Received  .lune  20,  1914 

With  the  passage  of  sanitary  food  legislation  and 
the  appreciation  by  both  manufacturers  and  consumers 
that  the  production  of  clean  food  is  even  more  im- 
portant   than    the    prevention    of    sophisticated    food, 


468.0 
9.0 
486.25  245  242.75 

has  arisen  the  demand  for  the  protection  of  bread 
and  bakery  products  between  the  oven  and  the  home. 
Those  who  are  familiar  with  the  facts  admit,  without 
question,  that  the  loaf  as  it  leaves  the  oven  is  prac- 
tically sterile  both  in  the  interior  of  the  loaf  and  on 
the  surface. 

In  the  process  of  baking,  the  interior  of  a  loaf  of 
bread  is  raised  to  nearly  ioo°  C.  and  at  the  same  time 
is  filled  with  moist  steam,  while  the  outside  is  sub- 
jected to  a  temperature  of  about  200°  C.  Under 
such  conditions  yeast  cannot  live.  Most  bacteria 
will  not  resist  prolonged  steam  heat  and  all  bacteria 
on  the  outside  of  the  loaf  are  unquestionably'  de- 
stroyed. 

Roussel^  has  observed  that  during  baking  the  tem- 
perature of  the  interior  of  the  loaf  reaches  101-103°  C, 
and  that  of  the  crust  125—140.5°  C.  This  tempera- 
ture is  somewhat  higher  than  that  reported  by  Mallett,' 
who  found  that  the  interior  of  the  loaf  did  not  get 
higher  than  100°  C.  and  usually  ran  lower,  even  as 
low  as  92°  C.  Likewise  in  a  series  of  determinations  of 
the  temperature  of  the  interior  of  the  loaf  reported 
in  the  Journal  de  Pharmacie  et  de  Chimie*  it  is  shown 
that  the  temperature  of  the  interior  of  the  loaf  as  it 
leaves  the  oven  is  between  97°  and  100°  even  after 
the  baking  has  continued  forty  minutes.  These 
temperatures  are  deemed  sufficiently  high  to  kill 
pathogenic  bacteria  but  not  as  a  rule  the  spores,  ex- 
cept in  the  crust. 

Numerous  authors  have  pointed  out  that  unpro- 
tected bread  acquires  a  bacterial  flora  frequently 
very  extensive,  both  as  to  variety  and  number. 

Sadtler,  in  his  report  on  bread  wrapping  to  the 
National  Association  of  Master  Bakers,  shows  that  the 
colon  bacillus  was  present  on  the  surface  of  seventeen 
per  cent  of  unwrapped  bread  samples  examined  and 
that  in  addition  to  this  number  twelve  and  a  half 
per  cent  showed  the  presence  of  such  large  numbers 
of  bacteria  as  to  be  classed  as  of  doubtful  quality. 
On  the  other  hand,  samples  of  wrapped  bread  showed 
relatively  low  bacterial  counts  and  the  presence  of 
no  pathogenic  organisms. 

In  addition  to  the  necessity  for  keeping  bread  in 
a   condition   suitable   for   food,   it   must   be   protected 

■  Golden,  Proc.  Ind.  Acad.  Sci..  1892,  46. 

2  J.  Roussel,  Univ.  Paris,  Rev.  I  mend,  mil.,  20,  122-31. 

'  Chemical  News,  Nos.  161B-1S16. 

*  Journal  de  Pharmacie  et  de  Chimie.  Series  5,  27,  p    16. 
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from  the  development  of  so-called  bread  diseases 
caused  by  microorganisms,  all  of  which,  with  the  ex- 
ception of  ropey  bread,  are  of  exterior  origin.  The 
spores  or  bacteria  get  into  fissures  in  the  crust  and  grow 
from  thence  into  the  crumb  where  they  may  multiply 
with  extraordinary  rapidity.  It  is  true  that  the 
ordinary  bakers'  bread  is  rarely  subject  to  disease 
since  it  is  consumed  before  moulds  or  bacteria  have 
an  opportunity  to  grow  within  the  loaf. 

The  common  green  mould,  Penlcillium  glaucum, 
the  spores  of  which  are  ever  present  in  the  air,  some- 
times develops  quickly  on  the  crust  of  bread  which  is 
placed  in  damp  and  mouldy  receptacles.  As  in  the 
case  of  bacteria,  the  best  precaution  against  mould 
fungi  is  to  place  the  bread  at  once  on  removing  it 
from  the  oven  in  a  cool,  dry  and  airy  place  and  keep 
it  there.' 

Because  of  the  desire  of  the  consumer  for  fresh  bread, 
that  is,  bread  having  a  peculiar  quality  of  flavor 
and  texture  observed  in  bread  recently  drawn  from 
the  oven,  bakers  follow  the  practice  of  returning  to 
the  shop  all  bread  left  unsold  at  the  end  of  a  period 
varying  from  one  to  two  days.  Such  bread  is  called 
second  day  bread  and  is  described  as  stale  or  half 
stale  although  as  a  matter  of  fact,  it  is  still  entirely 
palatable  and  nutritious. 

When  bread  is  returned  to  the  bakeshop  it  loses 
its  value  for  human  food  and  is  finally  disposed  of 
as  stock  food,  or  in  some  instances,  it  is  in  part  converted 
by  suitable  methods  into  sugars  which  are  incorporated 
in  the  doughs  for  other  bakings. 

The  loss  to  the  baker  occasioned  by  the  return  of 
loaves  is  so  great  that  a  study  of  the  reasons  producing 
staleness  or  half  staleness,  and  methods  by  which  this 
condition  may  be  avoided  is  of  importance. 

Katz''  has  studied  the  change  resulting  in  staleness, 
and  has  reached  the  conclusion  that  there  exists  within 
the  crumb  of  bread  a  physico-chemical  equilibrium; 
at  a  temperature  between  50  and  100°  C,  normal 
fresh  bread  is  the  stable  form,  while  at  room  tempera- 
ture, o  to  25°  C,  stale  bread  is  the  stable  form.  This 
observation  is  the  more  readily  understood  in  the  light 
of  our  present  knowledge  of  colloidal  chemistry, 
which  has  taught  us  that  bread  is  a  starch  colloid, 
that  is,  that  the  starch  granules  composing  the  crumb 
are  colloids  which  hold  a  considerable  quantity  of 
water  in  combination. 

Birmbaum,'  long  before  the  development  of  the 
chemistry  of  colloids,  called  this  condition  "fixation" 
of  the  water.  Fresh  baked  bread,  as  is  shown  in  the 
accompanying  charts,  contains  much  more  water 
in  the  interior  than  in  the  crust  of  the  loaf.  The 
interior  crumb  is  in  a  perfect  colloidal  condition  with 
a  rather  high  moisture  content,  but  as  the  bread  grows 
old  the  ratio  of  the  water  content  between  crust  and 
crumb  is  changed,  the  "fixation"  water  of  the  crumb 
leaving  it  to  be  absorbed  by  the  relatively  drier   crust. 

Boussingaulf    studied  the  distribution  of    moisture 

'  Stiegeler.  "Pure  Products."  3,  464. 

=  Zeit.  fiir  Eleklrocliem..  19,  206  and  663. 

'  Birmbaum's  "Das  Brotbacken  Braunschweig,"  1878,  p.  255. 

'  Boussingault,  Ann.  chim.  plivs.,  [3]  36,  490. 


and  observed  that  by  heating  the  crumb  to  70°  C, 
it  became,  in  every  respect,  like  fresh  bread. 

Bibra'  confirmed  Boussingault's  observations  but 
pointed  out  that  when  the  water  content  falls  below 
30  per  cent,  heating  does  not  suffice  to  remove  the 
staleness.  He  observed  that  when  the  per  cent  of 
water  falls  below  30  per  cent  if  the  bread  is  immersed 
in  water  for  a  few  seconds  and  then  heated  to  about 
80°  C,  it  is  then  rendered  fresh.  Bibra,  however, 
is  inclined  to  regard  the  changes  producing  staleness 
as  due  to  some  change  in  the  form  in  which  the  water 
is  combined  in  the  substance  in  the  bread.  Fresh 
bread,  he  suggests,  contains  water  chiefly  in  the  un- 
combined  state,  but  on  keeping,  the  moisture  con- 
tent gradually  enters  into  chemical  combination. 
As  soon  as  this  process  is  completed  the  bread  is  per- 
fectly stale.  Upon  heating,  however,  the  union  of 
starch  and  gluten  with  the  water  is  severed  and  the 
bread  becomes  fresh,  provided  sufficient  water  is  pres- 
ent. This  observation  is  of  particular  bearing  on  the 
practice  of  bread  wrapping  if  it  can  be  shown  that  the 
wrapped  bread  loses  its  moisture  content  more  slowly 
than  the  bread  which  is  not  protected  against  evapora- 
tion. 

Interesting  as  these  theories  are,  the  baker  has  not 
yet  been  able  to  utilize  the  suggestion  that  stale  bread 
may  be  rejuvenated  by  heating,  because  of  the  fact 
that  the  restored  freshness  is  lost  rapidly  and  that  bread 
so  treated  very  shortly  acquires  its  original  staleness. 

Other  factors  unquestionably  enter  into  the  develop- 
ment of  staleness.  It  has  always  been  noted  that 
stale  breads,  especially  rye  and  bran  breads,  develop 
an  increasing  acidity  with  age.  The  free  acid  invari- 
aljjy  present  in  bread  is  for  the  most  part  a  product 
of  fermentative  action  in  the  dough.  The  acid  re- 
action is  caused  by  two  factors,  free  organic  acids 
and  acid  potassium  phosphate.  The  latter  acidity 
results  from  the  action  of  the  free  organic  acid  on  the 
neutral  phosphates  contained  in  the  flour.  The  or- 
ganic acids  present  in  bread  are  in  part  volatile  as 
acetic  and  butyric  acids  and  in  part  non-volatile  as 
lactic  and  some  of  the  higher  fatty  acids.  Occasion- 
ally an  increase  of  acidity  takes  place  during  the  storing 
of  bread  which  becomes  slimy  in  consequence  of  the 
growth  of  microorganisms,  the  spores  of  which  survive 
the  heat  of  the  bake  oven. 

This  microorganism,  known  as  Bacillus  mcscutcriciis 
vulgaris  (Fliigge)  or  the  potato  bacillus,  is  most  com- 
monly met  with  in  bread  rich  in  bran  and  having  a 
high  water  content.  The  abnormally  high  acidity 
produced  by  this  bacillus  is  hardly  ever  met  with  in 
white  bread.  Stiegeler^  quotes  Lehmann  to  show  that 
the  volatile  acids,  chiefly  acetic,  constitute  about  two- 
thirds  of  the  total  acids  contained  in  bread.  Leh- 
mann proposes  the  following  qualification  with  refer- 
ence to  the  acidity  of  bread: 

100  Grams  op  the  Fresh  Crumb  Require 

1  to     2  CO.  Normal  alkali  Sweet  loaf 

2  to    4  CO.  Normal  alkali  Very  slightly  sour 
4  to    7  CO.  Normal  alkali  Slightly  sour 

7  to  10  cc.  Normal  alkali  Fairly  sour 

10  to  15  cc.  Normal  alkali  Strongly  acid 

15  to  20  CC.  Normal  alkali  Excessively  acid 

1  D.  Getreidearten  uxdas  Biot. 

-  Dr.  H.  Stiegeler,  "Pure  Products,"  2,   183. 
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ACIDITY     as    LACTIC 
Chart  24 — Straight  Dough  Pan  Bread 

It  is  to  the  interest  of  the  baker  and  of  the  con- 
sumer alike  to  protect  bread  properly  until  it  is  con- 
sumed. In  recent  years  this  has  been  attempted  by 
the  use  of  bread  wrappers  or  paper  prepared  for  the 
purpose  in  which  the  bread  i's  wrapped  before  it  leaves 
the  bakery.  The  use  of  the  bread  wrapper  has  re- 
ceived general  public  approval  and  in  some  cities  and 
states  has  been  made  the  subject  of  legislation.  Many 
bakers  have  found  bread  wrapping  profitable  both 
in  the  lessening  of  the  loss  due  to  stale  bread  and  the 
increased  approval  of  consumers,  but  on  the  other 
hand  bakers  have  not  viewed  the  adoption  of  the 
wrapper  with  favor,  claiming  that  the  use  of  the  wrapper 
involves  an  additional  cost  for  labor  and  wrapping 
material,  the  rearrangement  of  hours  of  labor  at  the 
bakery  and  further,  that  wrapped  bread  loses  its 
flavor  and  becomes  unpalatable  more  quickly  than 
unwrapped  bread.  It  is  evident  that  if  the  wrapping 
of  bread  tends  to  injure  the  quality  of  the  loaf  the 
sanitary  feature  of  the  practice  is  not  alone  a  sufficient 
argument  for  wrapping,  since  undoubtedly  other 
.methods  of  protection  may  be  employed  to  prevent 
bacterial  infection. 

A  number  of  investigations  have  been  made  of  the 
effect  of  wrapping  upon  bread.  The  authors  have 
studied  the  loss  of  moisture  in  the  wrapped  and  un- 
wrapped loaf  and  noted  organoleptically  the  change 
in  odor,  flavor  and  acidity  and  the  growth  of  moulds.' 

They  observed  that  the  ordinary  bakers'  loaf  wrapped 
in  paraffined  paper  retained  its  good  condition  for 
three,  four  and,  in  some  cases,  five  days,  while  the  un- 
wrapped  loaf   became   dry   at   the   end   of   two   days. 

'  Barnard  and  Bishop,  Indiana  State  Board  of  Health.  Ret.  1910,  p.  324. 
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Chart  25— Straight   Dough  Rye   Brhad 
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26— Sponge  Dough   Rye  Bread 
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ACIDITY     OS    LACTIC 
Chart  27— Straight  Dough  Vienna  Hearth  Bread 

The  loaves  in  the  porous  paper  wrapper  dried  out  more 
rapidly  than  those  wrapped  in  the  paraffined  paper 
but  showed  less  tendency  to  sour.  The  wrapped 
Vienna  and  rye  loaves  lost  their  natural  characteristics 
rapidly  as  the  moisture  in  the  center  of  the  loaf  be- 
came distributed  throughout,  thus  injuring  the  flavor 
and  texture  of  the  crust  which  is  considered  the  most 
desirable  characteristic  of  such  loaves. 

Thomas'  studied  the  practice  of  wrapping  bread 
in  paraffined  paper  noting  the  condition  of  the  loaf 
18,  36,  60  and  108  hours  after  baking.  The  paper 
used  was  of  such  grade  that  the  loaf  was  practically 
sealed  from  the  air.  The  authors  note  that  the  loaves 
wrapped  hot  lost  less  moisture  than  those  wrapped 
cool,  and  that  they  kept  as  well  and  were  in  better 
flavor  and  aroma.  The  unwrapped  loaf  lost  moisture 
rapidly  together  with  flavor  and  aroma.  Another 
series  indicated  that  the  effect  of  placing  the  un- 
wrapped loaf  in  a  clean  unclosed  compartment  was 
much  the  same  as  wrapping.  It  is  further  noted  that 
the  wrapping  did  not  prevent  the  loaf  from  becoming 
stale  after  36  or  48  hours. - 

In  the  same  experiments.  White  determined  the 
acidity  of  the  same  loaves.  His  results  are  sum- 
marized as  follows:  Bread  made  under  cleanly  condi- 
tions from  a  good  quality  of  flour  and  yeast  does  not 
grow  acid  whether  wrapped  or  not,  even  after  108 
hours.  Bread  wrapped  while  warm  and  bread  wrapped 
while  hot  show  an  increase  in  the  acidity  of  the  inside 

'  Special  Bulletin  Food  Department,  Gov.  Agr.  Expt.  Sta.,  North 
Dakota.  Vol.  I.  No.  26  (1910),  212. 

=  White,  Special  Bulletin  Food  Dept.,  Govt.  Agric.  Expt.  Station,  North 
Dakota,  Vol.  1,  No.  26  (1910),  p.  214. 


ACIDITY  <is   LACTIC 
Chart  28 — Sponge  Dough  Bohemian  Rye  Bread 

portion  of  the  loaf  as  compared  with  the  crust.  This 
increase  amounts  to  o  per  cent  in  the  case  of  the  hot 
wrapped  bread. 

The  change  of  distribution  of  moisture  is  accompanied 
by  the  development  of  a  different  odor  and  flavor 
to  which  bakers  have  applied  the  phrase  stale  and  half 
stale.  When  in  such  condition  the  modern  taste  is 
not  so  easily  satisfied  as  with  the  fresh  bread.  Ac- 
companying this  change  of  moisture  content  are  slight 
chemical  changes  in  the  composition  of  the  bread, 
namely,  in  the  proteids,  sugars  and  acidity. 

These  facts  have  important  bearing  on  the  question 
of  bread  wrapping.  It  is  claimed  by  bakers  who  ob- 
ject to  the  wrapping  of  bread^  that  when  bread  is 
kept  in  a  close,  warm,  moist  atmosphere  from  the 
time  of  baking  or  when  new,  it  is  far  more  likely  to 
develop  sourness  and  mould,  than  if  stored  where  it 
may  cool  rapidly  and  lose  any  excess  of  moisture. 
The  arresting  of  the  passage  of  the  moisture  through 
the  crumb,  and  the  concentration  of  the  moisture  in 
the  crust  is  in  every  way  injurious  to  the  latter,  and 
the  arresting  of  the  so-called  normal  loss  of  moisture 
will  as  well  injuriously  aff'ect  the  interior  of  the  loaf. 
They  claim  that  milk  bread  and  sour  dough  bread 
spoil  more  rapidly  if  the  moisture  is  shut  in  and  acidity 
develops. 

These  observations,  which  have  become  a  positive 
expression  of  the  belief  of  bakers  adverse  to  wrapping, 
may,  we  believe,  be  proved  or  disproved  by  chemical 
means,  and  in  an  endeavor  to  arrive  at  the  facts,  we 


1  Sadtler,    Report     16th    Co 
Bakers,  1913. 
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have  studied  the  composition  of  wrapped  and  unwrapped 
loaves  kept  under  normal  conditions  for  a  period  of 
days. 

The  bread  was  obtained  from  the  bakeries  within 
three  or  four  hours  after  baking.  By  this  time  it  had 
thoroughly  cooled.  During  the  preliminary  work  the 
different  loaves  were  analyzed  at  once.  When  the 
study  of  the  wrapped  loaves  began  eleven  loaves  were 
taken  for  each  set.  Beginning  on  Monday,  five  loaves 
were  wrapped  and  six  were  left  unwrapped.  One 
of  the  unwrapped  loaves  was  analyzed  on  Monday. 
On  Tuesday  one  unwrapped  loaf  and  one  wrapped  loaf 
were  examined.  On  Wednesday  the  second  unwrapped 
and  second  wrapped  loaf  were  analyzed.  This  pro- 
cedure was  followed  through  the  week  or  until  the  whole 
set  had  been  taken  care  of. 

This  plan  gave  us  a  series  of  loaves  of  bread  that  had 


monly  baked  in  this  country.  We  have,  therefore, 
felt  it  desirable  to  begin  the  work  by  establishing  the 
standard  composition  of  freshly  baked  bread.  The 
following  factors  have  been  determined:  moisture, 
ash,  proteid,  total  solids,  soluble  solids,  starch,  soluble 
carbohydrates  and  acidity  as  lactic  acid. 

COMPOSITION    OF    BREADS    STUDIED 

The  breads  examined  were  obtained  at  the  local 
bakeries  and  the  samples  were  part  of  their  daily  bak- 
ing. An  effort  was  made  to  select  loaves  as  uni- 
formly baked  as  possible.  Only  the  regular  brands 
were  analyzed,  no  effort  being  made  to  cover  the  whole 
field  of  bakery  products. 

The  first  loaves  examined  were  of  the  straight 
dough  variety,  baked  in  single  pans  and  of  the  fol- 
lowing ingredients:  cottolene,  sugar,  salt,  yeast,  flour, 
and  water.     The  mixing  and  most  of  the  handling  were 


Chart  29 — Daily  Loss  op  Moisture 
Set  C— Straight  Dough  Pan  Bread 

Odd  numbered  loaves  wrapped  i 


1  paraffin  paper — Even  i 


Chart  30 — Daily  Loss  of  Moi; 
Set  D— Straight  Dough  Pan   B 
Limbered  loaves  unwrapped 


been  unwrapped  i,  2,  3,  4,  5,  and  6  days  each  and  a 
series  of  which  had  been  wrapped  i,  2,  3,  4  and  5  days 
each. 

Sets  referred  to  as  C,  D,  E,  F,  G  and  H  were  handled 
in  this  manner.  For  Sets  I  and  J  instead  of  analyzing 
a  set  of  unwrapped  loaves  for  every  set  of  wrapped 
loaves  we  combined  the  series  of  wrapped  loaves 
using  16  loaves  instead  of  ii  loaves,  six  were  left  un- 
wrapped, five  wrapped  in  paraffin  paper  and  five  in 
a  semiporous  paper.  This  required  the  analysis  of 
three  loaves  each  day  instead  of  two. 

NORMAL    COMPOSITION    OF    FRESH    BREADS 

The  data  at  hand  showing  the  normal  composition 
■of  freshly  baked  bread  is  scanty.  Most  of  the  material 
available  refers  to  foreign  breads  or  breads  not  com- 


done  by  machinery.  The  sponge  dough  hearth  bread 
was  made  at  the  same  bakery  and  contained  salt,  sugar, 
yeast,  lard,  flour  and  water. 

In  another  set  of  experiments  a  somewhat  different 
straight  dough  pan  bread  was  used.  This  brand  is 
baked  as  a  double  loaf.  It  is  sold  in  a  semiporous 
wrapper  at  ten  cents.  Its  ingredients  are  the  same 
as  the  loaves  examined  first  but  as  a  different  formula 
is  used  the  two  breads  are  very  different  in  flavor. 

The  straight  dough  pan  bread  was  baked  at  another 
bakery.  This  sample  contained  malt  extract,  milk 
and  cottonseed  oil  as  well  as  the  ordinary  salt,  sugar, 
yeast,  flour  and  water. 

The  straight  dough  rye  bread  was  made  from  a 
mixture  of  about  50  per  cent  rye  flour  and  50  per  cent 
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wheat  flour  together  with  salt  and  yeast.  This  gave 
a  loaf  of  very  much  the  same  texture  as  the  ordinary 
white  loaf. 

The  sponge  dough  rye  bread  was  made  from  a  rye 
flour  mixture  containing  about  50  per  cent  rye.  A 
portion  of  the  dough  from  the  day  before  was  added, 
together  with  some  fresh  yeast  to  get  the  raising  power. 
No  shortening  was  used  and  salt  only  added  to  the 
mixture.  The  texture  of  the  crumb  was  quite  similar 
to  the  ordinary  white  loaf  of  bread. 

The  Vienna  loaf  was  a  very  light  porous  loaf  with  the 
characteristic  crust.  It  was  made  from  a  blended 
wheat  flour  with  cottonseed  oil,  salt  and  yeast. 

The  Bohemian  rye  was  from  the  same  shop  as  the 
Vienna  bread.  This  rye  was  very  different  from  the 
usual    rye    loaf.     It  was  made  from  a  black  rye  flour 


Chart  .11  — Daily  Loas  op  Moisture 
Set  E— Straight  Dough  Pan  Bread 
Odd  numbered  loaves  w 


ipped  in  paraffin  paper — Ev 


nbered  loaves  unwrapped 


with  about  5  per  cent  wheat  flour  added.  No  shorten- 
ing was  used.  The  leavening  agent  was  a  mixture  of 
sponge  and  a  very  little  fresh  yeast.  A  very  small 
quantity  of  salt  was  added. 

METHODS    OF    ANALYSIS 

One  of  the  difficulties  incident  to  this  investigation 
was  the  taking  of  proper  samples.  Preliminary  in- 
vestigations determined  the  fact  that  ordinary  methods 
of  sampling  were  not  practical  since  the  loss  of  mois- 
ture during  preparation  was  so  excessive  as  to  invalidate 
the  analytical  results.  The  following  method  of  pro- 
cedure was  finally  employed  with  success:  A  loaf 
was  divided  crosswise  and  the  crust  separated  from 
the  crumb  by  taking  off  the  outer  layer  in  a  slice  just 
thick   enough   to   include   the   browned   portion.     The 


crust  and  crumb  were  then  broken  in  large  pieces 
and  immediately  dried  to  a  water-free  condition  in 
an  oven  at  a  temperature  of  98°  C. 

The  drying,  which  was  usually  completed  at  the  end 
of  12  hours,  left  the  bread  in  a  slightly  browned,  gran- 
ular condition  which  was  then  reduced  to  a  fine  powder 
by  grinding  and  passing  through  a  forty  mesh  sieve. 
The  prepared  samples  were  then  placed  in  tightly 
stoppered  bottles  from  wHich  the  samples  were  taken 
for  analysis  after  redrying  for  an  hour  to  remove 
water  taken  up  during  the  process  of  grinding. 

The  chemical  methods  employed  were  in  general 
those  found  in  Bulletin  107,  Bureau  of  Chemistry, 
Department  of  Agriculture,  together  with  modifica- 
tions of  some  methods  suggested  by  Jago.' 

'  Jago,  W.  and  W.  C,  "The  Technology  of  Bread  Baking,"  1911. 
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The  moisture  content  was  calculated  from  the  loss 
in  weight  of  the  samples  as  they  were  prepared  for 
grinding.  This  gave  a  very  close  approximation  to 
the  correct  amount  as  the  samples  were  large  and  the 
time  between  the  time  of  cutting  and  weighing  was  nil. 

The  total  proteids  were  calculated  from  the  nitro- 
gen determined  by  the  Gunning  modification  of  the 
Kjeldahl  method  upon  a  one  gram  sample  of  the  dried 
crust  or  crumb  using  the  factor  6.25. 

The  total  carbohydrate  content  was  determined  upon 
a  one-half  gram  sample  by  digesting  for  four  hours 
in  a  ten  per  cent  hydrochloric  acid  solution  and  then 
determining  the  sugar  by  Fehling  solution. 

The  ash  was  taken  on  a  one  gram  sample  by  igniting 


gesting  as  in  the  total  proteid  determination.  The 
evaporation  of  20  cc.  of  the  solution  gave  the  soluble 
solids. 

Soluble  carbohydrates  were  taken  by  heating  20 
cc.  of  the  solution,  30  cc.  distilled  water  and  5  cc. 
concentrated  hydrochloric  acid  at  the  boiling  tempera- 
ture for  four  hours  and  then  determining  the  sugars 
with  Fehling  solution. 

The  acidity  was  determined  by  titrating  20  cc.  of 
the  solution  with  N/20  sodium  hydrate  and  multi- 
plying by  the  factor  0.05625  which  gave  per  cent  acidity 
as  lactic  acid. 

The  starch  content  was  calculated  by  subtracting 
the  soluble  carbohydrate   factor   from  the  total  carbo- 
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at  low  redness  over  a  free  flame.  The  soluble  factors 
were  determined  upon  a  solution  of  the  crumb  or  crust 
prepared  according  to  Jago  on  page  768  using  10  grams 
of  the  dry  sample  instead  of  25  grams.  The  sample 
was  added  to  250  cc.  of  distilled  water  and  shaken 
vigorously  for  five  minutes,  and  then  allowed  to  stand 
for  25  minutes,  making  30  minutes  in  all.  The  clear 
portion  was  decanted  into  a  filter  without  putting  the 
insoluble  portion  on  the  filter. 

The  soluble  proteid  content  was  deterrnincd  by 
evaporating  100  cc.  of  the  above  solution  to  small 
quantity  directly  in  the   Kjeldahl  flask  and  then   di- 


paper — Kven 

hydrate  factor  and  converting  the  result  by  the  starch 
factor  0.9. 

THE      CHEMICAL     DATA     ON      WR.APPED     .AND      VNWR.APPED 
BREAD 

STRAIGHT  DOUGH  PAN  BREAD — The  moisturc  con- 
tent of  all  the  straight  dough  pan  breads  in  the  series 
dropped  off  uniformly  both  in  the  crust  and  crumb 
throughout  the  experiment  as  shown  in  Charts  No.  29 
to  No.  36,  inclusive.  At  the  end  of  the  sixth  day  the 
moisture  content  of  the  unwrapped  loaf  was  a  little 
higher  than  in  the  loaf  wrapped  in  the  semi-porous 
paper.     In  no  case  was  there  any  evidence  of  trans- 
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tent  of  the  crust  of  the  waxed  paper  loaf.  After  the 
fourth  day  the  soluble  proteid  content  fell  off  sharply, 
until  the  end  of  the  experiment.  There  is  no  evidence 
of  appreciable  change  in  the  gluten  content  which  would 
be  manifested  by  an  increase  of  soluble  proteids  ex- 
cept that  observed  in  the  case  of  the  unwrapped  and 
semi-porous  paper  wrapped  loaves,  and  in  these  cases 
the  change  is  not  sufficiently  great  to  warrant  the  draw- 
ing of  definite  conclusions. 

The  soluble  solid  contents  do  not  vary  throughout 
the  experiments. 

The  soluble  carbohydrates  contents  vary  so  irregu- 
larly as  to  be  of  no  real  value.  An  important  fact  to 
be  noted  is  that  such  change  as  was  observed  takes 
place  uniformly  both  in  the  crust  and  crumb. 

The  starch  contents  do  not  vary  greatly  throughout 
the  experiment. 

The  acidity  content  dropped  off  markedly  in  the 
case    of   the    unwrapped    loaf   on   the   second    day    and 


Chart    35 — Dah,y  Loss    of    Moisture 
Set  I — Straight  Dough  Vienna  Bread 
Loaves  2.  ,1.  4,  S,  6— unwrapped;  7,  8.  9,  10,  1  1- 


vrapped  i 


ference  of  moisture  from  crumb  to  crust,  the  moisture 
content,  as  shown  in  the  graphic  curves  (see  Charts 
No.  24  to  No.  27,  inclusive),  decreasing  in  the  same  pro- 
portion in  the  various  loaves  from  day  to  day. 

The  total  proteid  content  in  all  the  loaves  show  no 
variation  throughout  the  experiments. 

The  soluble  proteid  showed  an  increase  on  the  third 
and  fourth  days  in  the  case  of  the  unwrapped  and  semi- 
porous  paper  wrapped  loaves,  and  a  sharp  decrease 
on  the  third  day  in  the  loaf  wrapped  in  the  waxed 
paper.  This  decrease  was  followed  on  the  fourth 
day  by  a  decided  increase  in  the  soluble  proteid  con- 


Chart  36— Daily  Loss  of  Moisture 
Set  J — Sponge  Dough  Bohemian  Rye  Bread 
.  paraffin  paper;  12,  13.  14.  15,  16 — wrapped  in  semi-porous  paper 

from  that  time  continued  without  change  until  the 
sixth  day. 

The  acidity  of  the  loaf  wrapped  in  semi-porous  paper 
remained  practically  constant  from  the  first  to  the 
sixth  day.  The  acidity  content  of  the  waxed  paper 
loaf  decreased  slightly  on  the  third  day  and  showed 
a  slight  increase  in  the  crumb,  on  the  fourth  day  fol- 
lowed by  a  decline  at  the  end  of  the  experiment.  The 
ash  content  remained  unchanged. 

STRAIGHT  DOUGH  RYE  BREAD — The  moisture  content 
in  the  unwrapped  loaf  on  the  first  day  after  baking 
was,  crust   26.4  per  cent,  crumb  40.4  per  cent.     The 
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moisture  content  of  both  crust  and  crumb  dropped  off 
regularly  until  the  sixth  day  when  the  respective  con- 
tents were  12.5  per  cent  and  32  per  cent.  A  dupli- 
cate set  of  studies  showed  the  moisture  content  as 
follows:  crust  ^2)-2i  per  Cent,  crumb  41.5  per  cent  on 
the  first  day  and  14.2  per  cent  and  28.6  per  cent  on  the 
sixth  day.  The  daily  loss  in  moisture  was  more  con- 
stant on  this  set  than  on  the  first  set,  although,  as 
reference  to  the  chart  shows,  the  loss  of  moisture  in 
crust  and  crumb  paralleled  each  other  throughout 
the  experiment.  The  loaves  wrapped  in  the  semi- 
porous  and  paraffin  paper  contained  the  same  moisture 
content  at  the  beginning  but  lost  water  more  slowly  and 
at  the  end  of  the  experiment  were  still  relatively  soft. 
No  transference  of  moisture  from  crumb  to  crust  is 
shown  save  in  the  loaves  wrapped  in  the  waxed  paper 
where  the  moisture  loss  in  the  crumb  was  relatively 
greater  on  the  fourth  and  fifth  days  than  in  the  loaves 
wrapped  in  semi-porous  paper. 

The  total  proteid  content  calculated  to  a  dry  basis 
showed  no  variation  throughout  the  experiments 
either  in  the  unwrapped  or  wrapped  loaves. 

The  soluble  proteids  varied  slightly  from  day  to 
day  but  neither  the  figures  nor  the  plotted  curves 
show  so  much  uniformity  of  action.  The  increase 
in  soluble  proteids  was  greater  in  the  case  of  the  un- 
wrapped and  paraffined  wrapped  loaf  and  less  in  the 
semi-porous  paper. 

The  soluble  solids  content  varied  but  slightly  through- 
out the  experiments. 

The  soluble  carbohydrate  content  in  general  showed 
a  slight  decline  toward  the  end  of  the  period.  On 
the  third  day  an  increase  in  soluble  carbohydrates 
was  noted  in  the  bread  in  the  semi-porous  wrapper. 
Reference  to  the  chart  shows  graphically  the  close 
parallel  existing  between  the  composition  of  the  crust 
and  crumb. 

The  total  starch  content  varied  but  little  throughout 
the  experiment,  the  difference  noted  being  due  more 
to  the  fact  that  each  day  a  different  loaf  was  analyzed 
than  to  any  change  in  composition  due  to  ageing  of 
the  loaf. 

The  acidity  content  instead  of  increasing  daily  in 
the  case  of  the  unwrapped  and  waxed  paper  is  lower 
on  the  second  and  third  days,  increasing  very  slightly 
on  the  fifth  day.  Almost  no  change  is  observed  in 
the  acidity  of  the  loaves  wrapped  in  semi-porous 
paper.  The  acidity  of  the  crust  and  crumb,  as  shown 
by  the  graphic  chart,  parallel  each  other  throughout 
the  experiment. 

The  ash  factors  are  of  little  value,  the  variation 
observed  being  due  unquestionably  to  the  difference 
in  composition  of  different  loaves  from  the  same  baking. 

STRAIGHT  DOUGH  VIENNA  HEARTH — The  Unwrapped 
Vienna  hearth  bread  showed  a  rapid  decrease  in  mois- 
ture content,  both  in  the  crust  and  crumb,  the  loss 
in  crumb  moisture,  however,  being  greater  than  in 
the  case  of  the  crust.  The  loaves  wrapped  in  semi- 
porous  paper  showed  a  slight  drop  in  the  crumb  and 
after  the  third  day  a  slight  relative  increase  in  the  crust, 
the  moisture  content  of  the  crust,  however,  being  the 
same  at  the  end  as  at  the  beginning  of  the  experiment. 


The  moisture  content  of  the  waxed  paper  loaf  showed 
a  transference  of  moisture  from  crumb  to  crust  on  the 
second  and  third  days,  after  that  there  being  little 
change  in  composition. 

The  total  proteid  content  showed  no  variation 
throughout  the  experiments. 

The  soluble  proteid  content  on  the  third  day  showed 
an  increase  in  the  case  of  the  unwrapped,  but  after 
that  time  a  drop  was  observed.  On  the  contrary, 
the  soluble  proteid  content  of  the  loaves  wrapped  in 
semi-porous  and  paraffin  paper  dropped  uniformly 
both  in  the  crumb  and  crust. 

The  soluble  solid  content  remained  unchanged 
through  the  experiments. 

The  soluble  carbohydrates  varied  somewhat,  the 
only  uniformity  of  action  being  similarity  of  change 
in  the  crumb  and  crust. 

The  starch  content  remained  nearly  constant 
throughout  the  experiment,  the  difference  noted  being 
due  to  the  fact  that  a  different  loaf  was  analyzed  each 
day. 

The  lactic  acid  remained  practically  constant  in  the 
unwrapped  loaf  and  in  the  waxed  paper  loaf.  In 
the  semi-porous  wrapper,  however,  a  slight  increase 
was  noted  on  the  fifth  and  sixth  days. 

SPONGE  DOUGH  BOHEMIAN  RYE — The  moisture  con- 
tent of  the  unwrapped  Bohemian  rye  breads  dropped 
off  uniformly  from  the  first  and  the  sixth  days.  There 
was  no  appreciable  change  in  the  moisture  content 
of  the  loaves  wrapped  in  the  paraffin  paper.  The 
moisture  content  of  the  loaves  in  the  semi-porous 
paper  remained  nearly  constant  in  the  crumb  but 
dropped  off  slightly  in  the  crust.  But  little  trans- 
ference of   moisture  from  crumb  to  crust  is  noticed. 

The  total  proteid  content  does  not  vary  throughout 
the  experiment. 

The  soluble  proteid  factor  shows  almost  no  change 
in  the  unwrapped  loaf.  It  increases  slightly  in  the 
semi-porous  wrapped  loaf  on  the  second  day,  then 
falling  off  but  reaching  its  highest  figure  on  the  sixth 
day.  On  the  contrary,  the  loaves  wrapped  in  paraffin 
paper  showed  practically  no  change  until  the  sixth 
day  when  a  slight  falling  off  was  observed  in  the 
crumb. 

It  will  be  noted  that  the  soluble  proteid  content  of 
the  Bohemian  rye  bread  is  much  higher  throughout 
the  experiments  than  in  the  case  of  the  other  breads 
examined. 

The  soluble  solid  and  soluble  carbohydrate  and  starch 
factors  varied  but  slightly  throughout  the  experiment. 

The  lactic  acid  acidity  is  high  in  the  unwrapped 
loaf  on  the  first  day,  falling  off  on  the  second  day, 
and  from  there  on  showing  no  change.  The  loaf 
wrapped  in  paraffin  paper  shows  practically  no  change 
during  the  six  days.  The  loaf  in  the  semi-porous 
wrapper  shows  but  little  increase  of  acidity  on  the 
third  day  and  a  falling  off  on  the  fourth  day  after 
which  no  change  was  observed. 

BREAD    WRAPPED    HOT    NOT    STUDIED 

It  has  been  shown  by  Jacobs,'  the  authors  and  others, 

'  B.  R.  Jacobs,  Forcast.  1912. 
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that  bread  wrapped  while  warm  becomes  soggy  and 
of  unpleasant  flavor.  The  experience  of  bakers  con- 
firms these  observations.  In  view  of  this  admitted 
fact  the  authors  have  not  felt  it  necessary  to  investi- 
gate the  condition  of  bread  wrapped  fresh  from  the 
oven  and  all  experiments  have  been  conducted  on  bread 
allowed  to  cool  thoroughly,  usually  during  three  hours 
after  removal  from  the  oven. 

KIND  OF  PAPER  WRAPPER  USED  IN  WRAPPING  BREAD 

In  these  investigations  the  waxed  or  paraffin  wrapper 
was  a  heavy  parafBn  paper  which,  as  used,  made  an 
air-tight  and  moisture-proof  package.  The  paper 
referred  to  as  semi-porous  was  in  part  that  used  on 
the  trade-marked  "Holsum"  bread  and  in  part  of 
the  type  furnished  by  Geo.  W.  Haffner.  These  wrap- 
pers, while  affording  satisfactory  protection  against 
dust  and  dirt,  did  not  prevent  the  escape  of  moisture 
nor  impair  completely  the  circulation  of  air. 

PHYSICAL    APPEARANCE    OF    BREAD 

Both  baker  and  consumer  judge  the  condition  of 
bread  by  its  physical  appearance,  that  is,  its  odor, 
flavor  and  character  of  crust  and  crumb.  The  odor 
and  flavor  of  distinct  types  of  bread  are  essentially 
unlike.  The  crust  of  different  types  varies  greatly, 
some  breads  being  most  desirable  when  the  crust  is 
light,  soft  and  porous,  while  other  types  are  preferred 
because  of  the  thick  and  impervious  crust.  In  order 
to  determine  the  effect  upon  the  physical  appearance 
of  the  bread,  we  have  exposed,  under  ordinary  condi- 
tions of  keeping,  loaves  unwrapped  and  wrapped  with 
paraffin  and  sehii-porous  wrappers,  and  have  noted 
each  day  the  condition  of  the  crust,  the  odor,  taste 
and  the  development  of  moulds. 

Five  types  of  bread  were  used  in  the  study:  (i) 
straight  dough-  pan  bread;  (2)  straight  dough  rye 
bread;  (3)  sponge  dough  rye  bread;  (4)  straight  dough 
Vienna  hearth;  and  (5)  Bohemian  rye  sponge.  The 
daily  observations  on  each  loaf  are  represented  in  the 
accompanying  charts. 

In  general,  the  results  confirm  our  earlier  observa- 
tions although  the  evidence  of  impaired  condition  in 
rye  bread  was  not  so  great  in  this  as  in  the  earlier  ex- 
periments.' The  straight  dough  pan  bread,  (Sets 
C  and  D)  developed  a  slightly  stale  odor  on  the  second 
day,  while  the  loaf  in  the  paraffin  wrapper  was  in  ex- 
cellent condition  on  the  third  day.  The  nutty  flavor 
of  the  unwrapped  loaf  was  about  gone  on  the  fourth 
day,  while  the  wrapped  loaf  was  still  in  fair  condition. 

Set  "E"  is  a  duplicate  experiment  with  paraffin 
wrapped  straight  dough  pan  bread  on  bread  obtained 
from  a  different  source.  In  general  the  observations 
were  the  same  as  in  Set  "C." 

The  results  on  the  straight  dough  pan  bread  in 
semi-porous  wrapper  were  a  little  more  favorable 
to  the  use  of  the  wrapper  than  the  paraffin  wrapper. 
A  very  slight  musty  odor  developed  in  the  unwrapped 
bread  on  the  sth  day.  In  the  Vienna  hearth  straight 
dough  studies,  the  unwrapped  bread  showed  deteriora- 
tion on  the  second  day,  the  crust  becoming  increasingly 
hard   and   the   crumb   dry   and  tasteless.     Where   the 

'  Barnard  and  Bishop,  Indiana  State  Board  of  Health  Report,  1910, 
p.  234. 


bread  was  wrapped  in  the  paraffin  paper,  the  crust 
softened  on  the  second  day,  but  the  odor  and  taste 
of  the  crumb  remained  good,  no  deterioration  other 
than  the  softened  crust  being  observed  until  the  fourth 
day,  when  the  crumb  was  noticeably  stale. 

The  samples  wrapped  in  the  semi-porous  paper  were 
but  little  different  from  those  wrapped  in  the  paraffin. 
It  was  noted  that  the  sample  on  the  fourth  day  did 
not  have  as  good  a  taste  and  odor  as  the  duplicate 
sample  wrapped  in  paraffin  paper. 

The  authors'  observations  on  the  Vienna  breads 
do  not  fully  confirm  their  earlier  report,  these  experi- 
ments showing  that  the  Vienna  hearth  straight  dough 
bread  keeps  reasonably  well  in  both  the  paraffin  and 
semi-porous  paper. 

The  straight  dough  rye  bread  wrapped  in  paraffin 
paper  preserved  its  condition  both  as  to  crust,  odor 
and  taste  until  the  sixth  day.  The  unwrapped  bread 
showed  a  hardened  crust  on  the  second  day  and  but 
little  change  in  the  condition  of  the  crumb  or  in  odor 
and  taste  until  the  fifth  day.  The  straight  dough 
rye  bread  in  the  semi-porous  wrapper  developed  a 
stale  odor  on  the  fifth  day.  The  unwrapped  sample 
on  this  day  had  a  very  hard  and  dry  crust,  although 
the  odor  was  still  good. 

The  samples  of  sponge  dough  rye  bread  wrapped 
in  paraffin  paper  were  normal  on  the  fourth  day. 
On  this  day  the  odor  and  taste  of  the  unwrapped 
samples  were  not  as  good  as  on  the  second  day.  On 
the  sixth  day  the  wrapped  sample  had  a  tough  crust 
but  the  condition  of  the  crumb,  odor  and  taste  was 
practically  normal. 

Samples  of  wrapped  and  unwrapped  Bohemian 
rye  sponge  dough  were  decidedly  influenced  by  wrap- 
ping. A  sour  taste  was  noticed  on  the  third  day  on 
the  unwrapped  samples  and  the  crumb  was  dried  out. 
The  crust  of  the  sample  wrapped  in  paraffin  paper 
softened  on  the  second  day  and  on  the  third  day. 
The  loaf  was  moist  and  sticky  and  had  a  marked 
flavor.  On  the  sixth  day  many  mould  colonies  ap- 
peared on  the  crust,  the  crumb,  however,  being  free 
from  moulds.  The  loaf  wrapped  in  semi-porous 
paper  differed  in  no  way  from  the  loaf  wrapped  in  the 
paraffin  paper  except  that  fewer  mould  colonies  de- 
veloped on  the  crust. 

CONCLUSIONS 

I — In  general  the  chemical  data  confirm  the  au- 
thors' observations  on  the  physical  appearance  of 
the  wrapped  and  unwrapped  loaves.  Much  of  the 
chemical  work  shows  no  departure  from  established 
normals  and  the  hundreds  of  analyses  serve  only  to 
confirm  each  other.  It  is  clear  that  the  wrapping 
of  bread,  either  in  semi-porous  waxed  or  paraffin 
paper  retards  the  escape  of  moisture  and  tends  to  the 
preservation  of  the  colloidal  condition  and  physio- 
chemical  equilibrium  noted  by  Katz,  the  destruction  of 
which  results  in  staleness.  The  belief  that  the  mois- 
ture of  the  crumb  is  imparted  to  the  crust  which  there- 
by loses  its  crispness  and  becomes  soft  is  not  borne 
out  by  the  results  of  the  authors'  experiments.  Refer- 
ence to  the  graphic  charts  show  conclusively  that  in 
almost  every  case  a  loss  of  the  moisture  content  of  the 
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crumb  is  accompanied  by  similar  and  almost  exactly 
parallel  loss  of  the  moisture  content  of  the  crust. 
Observations  to  the  contrary  have  perhaps  been  in 
error  because  of  the  usual  custom  of  comparing  the 
feel  of  the  wrapped  and  unwrapped  loaves  on  successive 
days,  instead  of  comparing  the  texture  of  the  crust  of 
the  wrapped  loaf  with  the  crust  of  a  freshly  baked 
loaf.  The  authors'  conclusions  as  to  the  loss  of  mois- 
ture, while  somewhat  surprising,  appear  to  be  fully 
justified  by  the  results  of  the  numerous  experiments. 

II — It  has  long  been  held  that  bread  on  keeping 
develops  an  increasing  acidity  which  is  customarily 
expressed  as  lactic  acid.  The  work  of  White  above 
referred  to  disputes  this  belief.  The  work  of  the  au- 
thors shows  conclusively  that  lactic  acid  acidity  does 
not  develop  either  in  the  unwrapped  or  wrapped  loaf 
in  the  case  of  ordinary  breads  within  six  days  after 
baking.  A  reference  to  the  graphic  chart  clearly 
shows  that  the  acid  content  remains  almost  constant, 
varying  but  little  throughout  the  period  during  which 
the  loaves  were  under  observation. 

Ill — The  use  of  semi-porous  and  paraffin  wrappers 
does  not  injure  the  quality  of  the  loaf  after  the  third 
day.  Up  to  that  time  the  keeping  quality  both  as  to 
condition  of  crumb,  flavor  and  odor  is  enhanced  by 
the  use  of  the  wrappers.  Unwrapped  bread  loses  its 
freshness  after  the  first  day.  But  little  difference 
is  observed  in  the  condition  of  the  straight  dough  pan 
bread,  straight  dough  rye,  sponge  dough  rye  bread 
and  straight  dough  Vienna  hearth  bread.  Bohemian 
rye  sponge  dough  wrapped  or  unwrapped  bread  is  not 
of  satisfactory  quality  on  and  after  the  third  day. 

DSPARTMENT  OF    PoOD  AND  DRUGS 

Indiana  State  Board  or  Heai.th 
Indianapolis 


SOME  DATA  ON  PEANUT  BUTTER 

By  C.  A.  A.  Utt 
Received  June  I,  1914 

Large  quantities  of  shelled  peanuts  have  been  used 
during  recent  years  for  the  manufacture  of  peanut 
butter.  It  is  made  in  sanitary  factories  and  packed 
in  jars  or  tins  holding  from  three  ounces  to  five  pounds. 

The  peanuts  are  shelled,  roasted  moderately,  and 
then  fanned  to  remove  the  outer  covering.  They 
are  then  reduced  to  a  butter-like  consistency  by  large 
grinders  working  on  the  same  principle  as  the  small 
family  food  grinder.  From  the  grinder  the  butter 
is  fed  directly  into  a  tin  tube  that  fills  the  container. 
Some  manufacturers  salt  their  product;  others  market 
it  unsalted.  Packed  in  this  manner  it  keeps  almost 
indefinitely  and  makes  a  pleasant  variety  for  luncheons, 
picnic  menus,  camping  supplies,  and  regular  house- 
hold use. 

In  connection  with  the  food  control  work  of  Kansas 
it  was  suggested  that  certain  manufacturers  were 
incorporating  oils  other  than  that  occurring  naturally 
in  the  peanut,  in  the  manufacture  of  their  peanut 
butter. 

Samples  of  all  the  brands  of  peanut  butter  sold  on 
the  Kansas  market  were  taken,  in  order  that  informa- 
tion might  be  obtained  on  this  point.  The  following 
determinations  were  made: 


I — Microscopic  examination 

2— Oil 

3 — Refractive  index  of  the  oil  at  25°  C. 

4 — Iodine  number  of  the  oil  in  some  cases 

The  oil  (fat)  was  determined  by  the  official  ether 
extraction  method,  using  2  grams  of  the  butter  and 
extracting  with  anhydrous  ether.  The  Harding- Perkin 
method'  was  tried  but  an  emulsion  formed  which  would 
not  break  up,  so  we  could  not  use  it. 

A  larger  quantity,  20  to  25  grams,  was  extracted 
with  ether  for  use  in  determining  the  constants  of  the 
oil.  Because  of  the  smallness  of  the  sample  it  was 
found    impracticable    to    obtain    the    oil    by    pressing. 

Microscopic  examinations  did  not  reveal  the  presence 
of  any  foreign  starch  in  any  of  the  samples. 

Table  I 


Refractive 

Percentage 

index  at 

Iodine  valu 

STumber 

Brand 

of  oil 

25°  C. 

(Hubl) 

90497 

Beechnut 

49.12 

1.4696 

93.72 

90498 

Beechnut 

54,02 

1.4682 

93.50 

90499 

Clubhouse 

49.66 

1.4685 

90500 

Heinz 

46.44 

1,4682 

90501 

Defiance 

52.37 

1.4696 

94.36 

90502 

Puritanna 

49.32 

1.4684 

90503 

Telmo 

51.20 

1.4682 

90504 

Beechnut 

50.03 

1.4707 

92.40 

90505 

Royal 

50.17 

1.4684 

50510 

Rusdun 

49.04 

1.4680 

90515 

Lee 

47.28 

1.4685 

90519 

Derby 

51.16 

1.4684 

90521 

Bayle 

52.63 

1.4694 

88.76 

90522 

Symns 

52.60 

1.4688 

94.36 

90524 

Larkin 

51.64 

1.4682 

90528 

Pickwick 

46.63 

1.4682 

90529 

Sunburst 

49.  16 

1.4680 

90530 

Orchid 

50.67 

1 . 4682 

90531 

Home  Folk 

50.16 

1.4680 

90532 

Imperial 

53 .  64 

1 . 4690 

93.40 

90535 

Punch 

50.00 

1.4682 

90537 

Monarch 

47.18 

1.4690 

X-4 

Armour 

44.74 

1.4690 

88.04 

Number 

X-1 

Percentage 
of  oil 
51.17 

X-3 

50.65 

Table  I  shows  the  results  obtained  on  the  peanut 
butter  bought  on  the  Kansas  market.  The  percentage 
of  oil  varies  from  46.44  per  cent  to  53.64  per  cent. 
The  refractive  index  varies  from  1.4680  to  1.4707 
at  25°  C.  The  iodine  number  runs  from  88.76  to 
94-36. 

Three  samples  of  roasted  peanuts  reduced  to  butter- 
like consistency  gave  the  following  results: 

Refractive 

index  at  Iodine  value 

25°  C.  (Hubl) 

1.4685  89.9 

1.4685  90.30 

1.4683  88.75 

A  sample  of  raw  peanuts,  after  shelling,  was  divided 
into  four  parts,  which  we  designated  as  A,  B,  C,  and 
D,  and  treated  as  follows: 

A — Ground  raw. 

B — Heated  at  the  temperature  of  boiling  water 
in  a  steam  oven  for  eight  hours. 

C — Heated  in  an  electric  oven  at  a  temperature  of 
25°  C.  for  eight  hours. 

D — Roasted  brown  in  olive  oil  over  a  free  flame 
and  the  excess  of  oil  drained  from  it. 

Each  sample  was  ground  separately  and  as  finely  as 
possible.  These  samples  yielded  the  following  re- 
sults: 


Sample 

Percentage 
of  oil 

Refractive 
index  at  25° 

c. 

A 

B 

C 

D 

49 

51 

52 

55 

.85 
.09 
.70 
.48 

1.4672 
1.4668 

1 .4674 
1.4620 

Leach,   in   "Food   Inspection   and   Analysis,"   states 

1  This  Journal,  6,  843. 
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that  peanuts  contain  37.48  to  41.63  per  cent  of  oil. 
Beattie,  in  Farmers'  Bulletin  No.  376,  United  States 
Department  of  Agriculture,  says  that  the  oil  may 
run  as  high  as  50  per  cent  in  some  peanuts.  These 
results  are  evidently  on  the  peanuts  before  roasting; 
after  roasting  the  oil  would  be  higher,  due  to  a  corre- 
sponding loss  in  water.  Our  results  on  the  manu- 
factured peanut  butter  do  not  show  any  more  oil 
than  may  occur  in  the  roasted  peanut. 

The  U.  S.  standards  for  peanut,  olive  and  cotton- 
seed oils  as  given  by  Leach  are  as  follows: 

Refractive  Iodine  value 

index  at  25°  C.  (Hubl) 

Peanut 1 .4690  to  1 .4707  87  to  100 

Olive 1.4660  to  1.4680  79  to     90 

Cottonseed 1 .4700  to  1 .4725  104  to  110 

The  iodine  value  falls  well  within  the  limits  of  those 
given  for  pure  peanut  oil.  The  greatest  variations 
are  in  the  refractive  index.  Considering  the  fact 
that  the  oils  obtained  from  the  roasted  peanuts  give 
results  comparable  with  the  manufactured  product, 
one  could  hardly  say  that  oil  had  been  added.  That 
added  oil  can  be  detected  is  seen  in  the  lowering  of  the 
refractive  index  by  the  use  of  olive  oil. 

Kansas  State  Agriculturai,  Coi^lege 
Manhattan 


THE  INFLUENCE  OF  SULFUR  ON  SOIL  ACIDITY 

By  H.  Clay  Lint 
Received  June  2,  1914 

The  control  of  parasitic  fungi  which  are  capable 
of  persisting  in  the  soil  has  occupied  the  attention  of 
many  scientists  and  agriculturalists  within  recent 
years.  To  the  above  type  of  fungi  belongs  the  one 
causing  the  ordinary  scab  of  the  potato.  Even  before 
this  specific  organism  (Oospora  scabies)  had  been 
isolated  by  Thaxter  much  work  had  been  done  toward 
devising  methods  of  control. 

Halstead'  in  the  annual  report  of  the  New  Jersey 
Experiment  Station  for  1895  reports  favorable  results 
in  controlling  the  potato  scab  as  a  result  of  the  applica- 
tion of  flowers  of  sulfur  to  the  soil.  This  work  was 
not  continued  by  Dr.  Halstead,  but  within  the  last 
year  the  problem  has  been  taken  up  again.  It  may 
be  well  at  this  time  to  state  some  of  the  facts  that 
have  been  noted  on  a  phase  of  the  sulfur  question  re- 
lating to  its  effect  on  soil  acidity. 

Researches  by  M.  A.  Demolon''  have  shown  that 
on  soils  of  different  origin,  containing  3  per  cent  and 
2.8  per  cent,  respectively,  of  calcium  carbonate,  there 
is  a  great  increase  in  the  amount  of  sulfates  due  to 
the  addition  of  sulfur  to  the  soil.  He  added  i  per  cent 
of  flowers  of  sulfur  to  these  soils  and  incubated  them 
at  20°  C.  for  forty  days.  An  analysis  of  the  water 
extract  gave  these  relative  amounts  of  sulfates  per 
hundred  grams  of  soil  as  indicated  by  the  weights  of 
BaSO.i  given  below. 

Gms.  BaSOi  Cms.  BaSO< 

With  sulfur  Without  sulfur 

Soil  A 0.970  0.062 

Soil  B 0.612  0.047 

Experiments  by  the  same  investigator  demonstrated 
that  the  oxidation  of  sulfur  was  accomplished  by  bac- 

'  N.  J.  Exp.  Station  Rep.,  1896,  p.  270. 
2  ComiK.  rend.,  166  (1913),  725. 


teria  in  the  soil.  Brioux  and  Guerbet'  have  gone 
further  and  not  only  proven  the  bacterial  nature  of 
the  action,  but  have  furnished  data  on  the  influence 
of  various  substances — calcium  carbonate,  saccharose, 
peptone,  etc.,  when  added  to  the  soil  in  which  the 
sulfur  was  introduced. 

In  our  recent  work  under  field  conditions  where  as 
much  as  600  pounds  of  sulfur  was  applied  per  acre 
it  was  noticed  that  a  large  amount  of  the  sulfur  was 
still  present  in  the  soil  at  digging  time,  apparently 
in  an  unchanged  condition.  In  order  to  ascertain 
facts  on  the  rate  of  oxidation  of  the  sulfur  in  the  soil 
a  series  of  tumblers  containing  100  gram  portions  of 
soil  were  arranged,  one-half  containing  sulfur,  the 
other  half  without  it.  Thirty-three  mg.  of  sulfur, 
equivalent  to  1000  pounds  of  sulfur  per  acre  foot 
(3,000,000  pounds),  were  added.  The  soils  were  made 
up  to  twenty  per  cent  moisture  content  and  covered 
with  Petri  dishes.  By  the  addition  of  sterile  water 
once  a  week  the  moisture  content  was  practically  con- 
stant throughout  the  experiment.  One  tumbler  con- 
taining sulfur  mixed  with  the  soil  and  one  not  con- 
taining sulfur  were  removed  each  week  and  tested  for 
acidity. 

In  this  work  the  Jones-  calcium  acetate  method  of 
determining  soil  acidity  was  used.  Preliminary  tests 
comparing  the  Jones  method  with  the  Veitch  method 
on  a  number  of  soils  showed  a  close  correlation,  and 
as  comparative  results  only  were  desired,  this  method 
was  thought  sufficiently  accurate.  In  the  following 
table  are  included  the  results  of  the  analysis  of  this 
first  series: 


Lii 

ne  requirement  i 

□  pounds 

CaO  per 

3,000,000  pounds  of  soil 

Time  of  incubation 

Weeks 

Without  su 

Ifur 

With  sulfur 

I 

2347 

2393 

2 

2347 

2465 

3 

2250 

2655 

4 

2393 

3105 

5 

2404 

3780 

6 

2538 

4000 

7 

2565 

4230 

8 

2538 

4325 

9 

2465 

4270 

10 

2160 

3860 

11 

2430 

4110 

From  the  foregoing  table  it  would  appear  that 
the  sulfur  had  practically  all  been  oxidized  within  the 
first  eight  or  nine  weeks.  There  is  very  little  change 
in  the  acidity  after  the  seventh  week.  Assuming 
that  the  Jones  method  has  given  the  correct  lime  re- 
quirements it  is  interesting  to  note  how  closely  the 
above  lime  requirements  check  up  with  the  theoretical. 
An  average  of  the  lime  requirements  of  the  two  soils 
from  the  seventh  to  the  eleventh  weeks  inclusive  gives 
2431  pounds  for  the  check  and  4177  pounds  for  the 
sulfured  soils.  Obviously  the  difference  of  1744 
pounds  of  lime  is  due  to  the  oxidation  of  sulfur.  Bj- 
means  of  the  following  proportion  32  :  56  :  :  1000  :  x 
we  find  that  the  CaO  equivalent  to  the  1000  pounds 
sulfur  per  acre  would  be  1750.  Apparently  the  reason 
that  no  further  increase  in  acidity  takes  place  after 
the  eighth  week  is  due  to  the  fact  that  all  of  the  sulfur 
has  been  oxidized. 

The  fact  that  sulfur  causes  this  increase  in  acidity 

'  Compt.  rend.,  166  (1913'),  1476. 

=  Reported  at  the  30th  Annual  Convention   A.  O.   A.   C,   Washington. 

D.  C,  Novemher.  1913. 
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under  field  conditions  is  shown  by  the  following  table 
in  which  are  the  analyses  of  soils  from  four  old  potato 
rows  to  which  sulfur  was  applied  last  year.  Samples 
were  taken  approximately  one  year  after  the  applica- 
tion. The  rows  were  1400  feet  long  and  borings 
0-3  inches  were  made  about  every  twenty  feet.  The 
sulfured  rows  ran  consecutively  but  12  rows  were 
skipped  before  samples  on  the  check  row  were  taken. 
The  sulfured  rows  were  two  feet  eight  inches  apart. 

Rate  of  sulfur 

application  Lime  requirement  in 

Row                                  Lbs.  per  acre  lbs.  CaO  per  acre 

1 600  3187 

2 300  2590 

3 600  3025 

4 300  2247 

5 None  (check)  883 

Rows  I  and  2  received  ammonium  sulfate  in  the 
fertilizer  last  year,  while  rows  3  and  4  received  sodium 
nitrate,  a  fact  which  would  account  for  a  difference 
in  the  acidity. 

Laboratory  experiments  with  a  heavy  clay  loam 
soil  and  a  sandy  loam  soil  show  a  much  more  rapid 
oxidation  of  sulfur  with  the  latter  soil.  Soils  made 
up  to  water  content  (20  per  cent)  once  each  week 
and  allowed  to  dry  did  not  give  as  rapid  oxidation  as 
those  kept  covered  so  as  to  maintain  optimum  moisture 
content.  The  influence  of  texture,  moisture  and  bac- 
terial content  will  serve  as  a  basis  upon  which  further 
work  on  the  influence  of  sulfur  on  soil  reaction  will 
be  carried  out. 

New  Jersey  Agriculturai,  Experiment  Station 
New  Brunswick 

THE  FERRIC  ALUM  ESTIMATION  OF  CASEINE' 

By   H.    v.    Arny   and   H.    H.   SchaeFER 
Received  May  20,  1914 

At  the  53rd  (1905)  meeting  of  the  American  Pharma- 
ceutical Association,  one  of  us,  with  T.  M.  Pratt, 
presented  a  paper  on  a  rapid  estimation  of  caseine 
in  milk  based  on  precipitation  of  the  casein  with  an 
excess  of  a  solution  of  ferric  alum  of  known  titer, 
estimation  of  the  unused  iron  in  the  filtrate  and  then 
calculating  the  amount  of  iron  used  by  the  caseine 
in  the  act  of  precipitation. 

This  paper  was  published  in  the  Proceedings  of 
the  American  Pharmaceutical  Association,  53  (1905), 
27s,  and  in  the  American  Journal  of  Pharmacy,  78 
(1906),  121,  but  as  our  attention  has  been  called  to 
the  fact  that  these  two  publications  are  not  always 
conveniently  accesslible  to  the  general  chemical  worker 
and  as  the  paper  was  frankly  a  preliminary  one,  it 
seemed  advisable  to  report  further  work  on  the  topic 
and  that  in  a  strictly  chemical  journal. 

In  the  previous  paper  was  presented  the  method 
of  manipulation  and  figures  showing  influence  of 
temperature,  of  presence  of  fat  (butter),  of  presence 
of  sugar  and,  lastly,  a  few  parallel  experiments  com- 
paring the  ferric  alum  figures  with  the  Kjeldahl  figures 
of  the  same  sample  of  milk. 

These  latter  figures,  the  attempt  to  express  the 
value  of  I  cc.  of  ferric  alum  solution  in  terms  of  nitro- 
gen and  of  caseine,  were  not  sufficiently  exact  nor 
were   the   number   of   assays   performed   sufficient   for 

Chemical   Socielv. 


a  positive  statement  of  the  ferric  alum  factor.  While 
the  process  in  the  empiric  commercial  milk  testing 
work  for  which  it  was  devised  proved  entirely  satis- 
factory, proof  of  its  scientific  accuracy  was  yet  to  be 
shown;  and  this  has  been  the  aim  of  our  experiments 
during  the  past  winter. 

Since  the  publication  of  our  prior  paper,  VanSlyke  & 
Bosworth'  have  published  a  titration  method  based  on 
use  of  tenth-normal  alkali.  This  plan  has  not  proved 
as  satisfactory  in  our  hands  as  the  ferric  alum  method 
but  the  fact  has  no  bearing  on  our  investigation,  since 
there  is  room  for  more  than  one  simple  estimation 
of  caseine. 

THE    FERRIC    ALUM    ESTIMATION 

Since  the  publication  of  our  previous  paper,  several 
modifications  of  the  process  as  originally  published 
have  suggested  themselves  and  have  been  tried  out. 
In  all  the  work  we  have  used  as  the  standard  iron  solu- 
tion, a  ferric  alum  containing  48.2224  g.  FeCNHi)- 
(804)2.121120  to  the  liter,  standardizing  this  solu- 
tion by  the  usual  method  of  volumetric  ferric  estima- 
tion; adding  potassium  iodide  and  hydrochloric  acid 
and  titrating  the  liberated  iodine  with  tenth-normal 
sodium  thiosulfate.  One  cc.  of  our  standard  solution, 
therefore,  liberates  12.692  mg.  iodine  which  in  turn 
requires  i  cc.  tenth-normal  sodium  thiosulfate  for 
decolorization.  In  our  previous  work,  in  an  attemp't 
to  dispense  with  the  use  of  the  rather  costly  potassium 
iodide,  we  have  repeatedly  tried  estimation  of  the 
iron  solution  by  titration  with  tenth-normal  alkalis, 
noting  end  of  reaction  by  use  of  phenolphthalein  as 
indicator.  In  this  case  the  ferric  alum  solution 
(48.2224  g.  to  1000  cc.)  was  standardized  by  titration 
against  tenth-normal  sodium  hydroxide,  i  cc. 
of  ferric  alum  solution  taking  3  cc.  tenth-normal 
alkali  for  complete  neutralization.  This,  we  found 
an  easier  procedure  than  would  seem  at  first  glance, 
as  after  a  little  experience,  it  is  not  difficult  to  note 
the  red  tint  of  the  alkaline  phenolphthalein  combina- 
tion in  the  supernatant  liquid  about  the  ferric  hydroxide 
precipitate.  The  figures  of  such  a  line  of  assays  in 
which  the  excess  of  ferric  alum  was  estimated  with 
N/10  alkali  are  given  below. 

COMPARISON      OF     THIOSULFATE      ASSAYS      WITH      NORMAL 
ALKALI    ASSAYS 

In  this  and  all  other  experiments  described  in  this 
paper,  the  ferric  alum  solution  employed  was  one  con- 
taining 48.2224  g.  FeNH4(S04)!i2H20  to  the'  liter 
and  I  cc.  of  this  solution  represented  i  cc.  Vio  N 
sodium  thiosulfate  solution  or  3  cc.  Vio  N  sodium 
hydroxide  solution  and  in  the  rest  of  this  paper  this 
solution    will   be    called   the   standard   ferric   solution. 

Five  cc.  of  milk  were  mixed  with  5  cc.  of  this  standard 
ferric  alum  solution,  the  mixture  filtered,  the  precipitate 
washed  free  from  water-soluble  iron  and  amount  of 
iron  in  the  filtrate  and  Washings  were  estimated  either 
with  tenth-normal  thiosulfate  or  with  tenth-normal 
alkali.  The'  results  of  such  parallel  assays  from  same 
samples  of  milk  are  here  tabulated. 

(a)   Five  cc.   milk  with   5    cc.    ferric    alum    and    the 

1  This  Journal.  1  (1909).  768. 
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filtrate    titrated    with     N/10     thiosulfate.      Five     cc. 
ferric  alum   =   s  cc.  N/io  thiosulfate. 

(b)  Five  cc.  milk  with  5  cc.  ferric  alum  and  the 
filtrate  titrated  with  N/xo  NaOH.  Five  cc.  ferric 
alum   =   15  cc.  N/io  NaOH. 


that  it  is  due  to  the  use  of  a  thiosulfate  of  too  great 
a  strength. 

One    cc.    N/io    thiosulfate     =     0.0482224    g.    iron. 
Hence   o.i    cc.   of    N/io  thiosulfate    =    0.00482224   g. 


Repre- 

Repre- 

Cc. thio 

senting 

Cc.  ferric 

Cc.  NaOH 

senting 

used  by- 

ferric 

alum 

used  by- 

ferric     Cc 

ferric  sol. 

filtrate 

alum  sol. 

consumed 

filtrate 

solution     c 

^nsumed 

1  A. 

..      2.5 

2.5 

2.5 

7.7 

2.57 

2.43 

1   H  . 

..      2.5 

2.5 

2.5 

8.4 

2.80 

2.20 

7  A. 

..      2.6 

2.6 

2.4 

6.9 

2.3 

2.70 

7  B 

..      2.7, 

2.7 

2.3 

6.1 

2.03 

2.97 

,1  A.. 

..      2.6 

2.6 

2.4 

7.6 

2.53 

2.47 

.1  K 

..      2.6 

2.6 

2.4 

8.0 

2.67 

2.33 

4  A 

..      2.7 

2.7 

2.3 

6.0 

2.0 

3.0 

4  B. 

..      2.6 

2.6 

2.4 

6.1 

2.03 

2.97 

.S  A. 

..      2.7 

2.7 

2.3 

7.9 

2.63 

2.37 

5  B.. 

..      2.7 

2.7 

2.3 

6.1 

2.03 

2.97 

From  the  above  tabulation  it  is  seen,  as  might  have 
been  expected,  the  assay  of  the  iron  filtrate  with  potas- 
sium iodide,  and  tenth-normal  thiosulfate  gave 
more  accurate  results  than  titration  with  alkali, 
even  when  the  milk  is  strictly  fresh.  But  in  some 
cases  the  assay  with  alkali  is  very  convenient. 

0_ur  next  work  was  a  comparison  of  the  ferric  alum- 
thiosulfate  estimation  with  Kjeldahl-Gunning  nitro- 
gen estimations  of  the  same  milk.  The  ferric  alum 
estimation  was  conducted  with  about  5  g.  milk,  care- 
fully weighed  in  a  Kjeldahl  digesting  flask,  20  cc. 
standard  ferric  alum  solution  added,  the  filtrate 
and  washings  treated  with  3  cc.  31  per  cent 
hydrochloric  acid  and  3  g.  potassium  iodide,  the  solu- 
tion digested  in  water  bath  at  40°  for  30  minutes  and 
then  titrated  with  tenth-normal  sodium  thiosulfate 
which  had  been  standardized  against  c.  P.  potassium 
dichromate. 

The  nitrogen  assays  were  performed  on  the  caseine 
iron  precipitate  adhering  to  the  Kjeldahl  flask, 
and  that  portion  which  was  washed  upon  a  filter, 
the  entire  precipitate  being  carefully  washed  free  from 
soluble  iron  and  the  nitrogen  of  filter  paper  being  con- 
trolled by  using  similar  paper  in  the  blank  experi- 
ments which  were  run  with  every  set  of  milk  used. 
As  none  of  the  blanks  required  more  than  o.i  cc.  of 
N/io  acid  to  neutralize  distillate,  they  are  not  figured 
in  the  tables  which  follow. 

The  Kjeldahl-Gunning  method  employed  was 
that  described  in  U.  S.  Department  of  Agriculture, 
Bureau  of  Chemistry,  Bulletin  107  (191 1),  and  the 
distillations  were  conducted  in  a  Sy  apparatus.  Certi- 
fied pipettes  and  burettes  were  employed  in  all  of 
these  assays.  The  results  of  the  first  batch  of  these 
comparative  assays  are  tabulated  below. 

COMPARISON    or    FERRIC    ALUM-THIOSTJLFATE     WITH 
KJELDAHL    FIGURES 

(a)  Milk  (about  5  cc).  mixed  with  20  cc.  standard 
ferric  solution  and  titrated  with  N/io  thio.  Twenty 
cc.  standard  ferric  solution  =   20  cc.  N/io  thiosulfate. 

(h)  Precipitate  from  same  milk  assayed  for  nitrogen 
by  Kjeldahl-Gunning  process.  One  cc.  iV/io  H2SO4  = 
0.001401  g.  nitrogen   =   0.00893838  g.  casein. 

Examination  of  the  figures  show  so  wide  a  variation 
in  the  ferric  alum-caseine  factor  as  to  suggest  their 
absolute  worthlessness,  but  a  more  careful  study  shows 
that    the    discrepancy    is    more    apparent    than    real, 


. ■ .  No.  Value  of 

Cc.  N/IO    Per  Per  Cc.  ferric    cc.  1  cc.  ferric 

Milk                 Wt.  HsSO)  cent  cent  sol.  con-  thio  sol.  in  g. 

sample             milk  ,  consumed     N  caseine  sumed  used  caseine 

lA 5.0569        16.4  0.454  2.895  2.3  17.7  0.06365 

IC 5.56  18.3  0.461  2.941  2.7  17.3  0.06056 

3C 5.342  17.7  0.464  2.96  2.7  17.3  0.05856 

4A 5.9801  19.3  0.466  2.973  3.2  16.8  0.05555 

4B 4.923  16.0  0.455  2.903  2.3  17.7  0.06213 

4C 6.1  19.8  0.455  2.903  3.0  17.0  0.05903 

5  A 5.003  16.7  0.468  2.986  2.5  17.5  0.05976 

5  3 4.9861  16.5  0.464  2.96  2.5  17.5  0.05904 

6A 5.2963  17.1  0.453  2.89  2.4  17.6  0.06128 

■6B   4.06  13.1  0.452  2.884  1.9  18.1  0.06163 

6C 6.105  19.3  0.443  2.826  3.0  17.0  0.05751 

7  A 4.9911  16.9  0.474  3.024  2.2  17.8  0.06861 

7C 5.924  19.7  0.466  2.973  3.2  16.8  0.05504 

8  A 5.3691  17.9  0.467  2.979  2.3  17.7  0.06954 

8B 6.0136  19.9  0.463  2.954  3.2  16.8  0.05551 

8C 4.09  13.3  0.455  2.903  2.0  18.0  0.05937 

9A 6.1001  19.6  0.450  2.871  3.0  17.0  0.05838 

9C 5.369  16.9  0.441  2.814  2.4  17.6  0.06295 

lOA 4.9931  17.3  0.486  3.101  2.3  17.7  0.06732 

lOB 5.871  19.6  0.468  2.986  2.9  17.1  0.06045 

IOC 4.8654  16.3  0.469  2.998  2.3  17.7  0.06342 

11  A 4.065  12.6  0.434  2.769  1.9  18.1  0.05924 

11  B 5.1131  16.2  0.444  2.833  2.4  17.6  0.06035 

12  B 6.113  20.0  0.458  2.922  3.2  16.8  0.05582 

12  C 5.0365  17.0  0.473  3.018  2.4  17.6  0.06251 

13  A          ..    6.0156  20.3  0.473  3.018  3.3  16.7  0.05502 
13  B 4.998  17.5  0.490  3.126  2,6  17,4  0.06009 

iron,  and  the  difference  in  our  thiosulfate  figures 
of  only  O.I  cc.  when  used  in  above  calculations  means 
a  discrepancy  in  the  ferric  alum-caseine  figure  greater 
than  is  permissible  in  careful  analytical  practice.  For 
instance,  a  difference  of  o.i  cc.  N/io  thio  solution 
would  be  equivalent  to  a  difference  of  approximately 
0.006  g.  casein  which  is  in  excess  of  permissible  error 
when  we  figure  that  we  used  about  s  cc.  milk  in  each 
experiment  containing  approximately  0.125  g-  caseine 
(2.5  per  cent)  which  would  mean  that  an  error  of  0.006 
g.  caseine  (or  0.1  cc.  N/io  thio  solution)  represents  4.8 
per  cent  of  the  total  caseine  present. 

This  defect  was  remedied  by  the  simple  expedient  of 
changing  the  amount  of  standard  iron  solution  used 
and  employing  a  fiftieth-normal  instead  of  a  tenth- 
normal thiosulfate  solution. 

Therefore,  in  the  final  run  of  comparative  assays, 
we  employed  about  5  g.  milk  (exactly  weighed), 
5  cc.  standard  iron  solution  (48.2224  g.  to  liter)  and 
after  adding  to  the  filtrate  3  cc.  31  per  cent  HCl 
and  2  g.  potassium  iodide,  we  titrated  with  A^/50 
thiosulfate  solution,  each  cc.  of  which  represented 
0.00964448  g.  iron.     The  results  are  tabulated  below. 

Examination  of  the  following  table  shows  that 
under  precautions  observed,  the  relationship  of  the 
amount  of  ferric  alum  absorbed  by  the  milk  and  the 
nitrogen  (and  deduced  caseine)  value  of  the  milk  by 
the  Kjeldahl-Gunning  method  is  practically  within 
the  limits  of  analytical  deviation.  It  will  "be  noted 
that  in  the  46  assays  reported,  ten  showed  that  i  cc. 
standard  iron  solution  represents  58  to  59  mg.  of  caseine, 
34  show  59  to  60  mg.  caseine,  while  only  two  show 
deviation  from  these  figures.  Hence  w.e  feel  justified 
in  striking  the  average  of  our  results  tabulated  above 
and  stating  that  i  cc.  of  standard  iron,  solution 
[48.2224  g.  of  FeNH4(S04)2i2H20  to  1000  cc]  precipi- 
tates from  milk  0.05934  g-  casein. 

As  to  manipulative  details,  the  assay  we  published 
in   1905  had  the  one  disadvantage  that  separation  of 
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the  precipitate  from  the  filtrcatc  and  particularly  by 
washing  the  precipitate  free  from  soluble  iron,  was 
a  tedious  process,  covering  at  least  a  half  hour  under 
the  most  favorable  conditions  of  filtration.  Efforts 
have  been  made  to  reduce  time  of  operation  and  con- 
siderable success  has  been  attained. 


Sample  Wt. 

No.  milk  c 

1  A 5.913 

IB 5 . 445 1 

1  C 7.26 

2A 6.138! 

2B 5.212 

2C 4.6891 

3A 5.621 

3B 5.1312 

3  C 6.12 

4  A 7.131 

4C 4.1219 

5A 6.421 

5  B 5.1312 

6  A 7.1691 

6B 6.51 

6C 7.8131 

7  A 4.9361 

7  C 5.121 

8  A 4.8262 

8  B 6.131 

8C 4.9361 

9A 5.426 

9B 6.4289 

9C 7.1101 

lOA 5.1324 

10  B 6.1203 

IOC 4.9132 

11  A 5.654 

11  B 6.3521 

12  B 6.12 

12  c 5.9916 

13  A 4.3571 

13  B 4.1361 

13  C 7.013 

14A 6.1251 

14  B 5.989 

15  A 6.1231 

15  C 5.1369 

16A 4.9812 

16  C 6.71 

17  B 5.0091 

17  C 4.327 

18  A 5.6631 

19  A 4.986 

19  B 4.3521 

19  C 4.32 


One  way  to  save  time  that  has  been  employed  in 
other  caseine  assays  was  by  the  titration  of  an  aliquot 
part  of  the  filtrate,  rather  than  the  entire  filtrate  and 
washings  from  the  precipitate,  but  the  plan,  while 
quick,  did  not  appeal  to  us  on  the  score  of 
accuracy. 

In  order  to  see  whether  titration  of  an  aliquot 
part  would  be  as  exact  as  titration  of  the  entire  filtrate, 
a  line  of  comparative  assays  from  the  same  milk  was 
performed.  In  each  case  10  cc.  of  milk  were  mixed 
with  10  cc.  standard  ferric  iron  solution  and  the  filtrate 
titrated  for  ferric  iron  by  the  usual  Kl-thiosulfate 
method,  described  above.  But  in  one  case  the  entire 
filtrate  and  washings  were  titrated,  while  in  the  other 
case  the  milk-iron  mixture  was  brought  to  a  definite 
volume  (100  cc),  and  this  filtrate,  representing  half 
of  this  volume  (or  50  cc.)  and  presumably  representing 
half  of  the  milk  used  (or  5  cc),  was  titrated.  The 
figures  given  below  show  what  might  have  been  ex- 
pected, that  such  aliquot  50  per  cent  part  does  not 
represent  50  per  cent  of  the  milk  employed,  since  in 
such  reasoning  no  consideration  is  taken  of  the  bulk 
of  the  precipitated  casein  of  all  the  milk,  which  re- 
mains in  the  untitrated  portion. 


Th 

The  Kjeldahl 

assay 

and  tfa 
No.  cc. 

iosulfa 

te  assay 

Value  of 

No.  cc 

1  cc,  ferric 

iV/lC 

Per 

sol. 

Cc, 

solution 

H.SO 

cent 

Per  cen 

con- 

thio 

onsumed     N 

caseine 

sumed 

^750 

19.1 

0.452 

2.884 

2.86 

10,7 

0,059,63 

17.5 

0.448 

2.858 

2.62 

11,9 

0,05939 

23.5 

0.453 

2.89 

3.54 

7,3 

0.05927 

20.1 

0.458 

2.922 

3.04 

9,8 

0.05899 

16.8 

0.451 

2.877 

2,54 

12,3 

0.05903 

15.2 

0.454 

2.897 

2.28 

13,6 

0.05958 

18.0 

0.448 

2.858 

2,7 

11,5 

0.05949 

17.9 

0.489 

3.12 

2,68 

11,6 

0,05976 

19.8 

0.453 

2.89 

2,98 

10,1 

0,05935 

23.2 

0.456 

2.909 

3.5 

7,5 

0,05927 

13.3 

0.452 

2.884 

2,02 

14,9 

0,05885 

21.1 

0.460 

2.935 

3,2 

9,0 

0,05917 

16.8 

0.459 

2.928 

2,58 

12,1 

0,05862 

22.9 

0.447 

2.852 

3.4 

8,0 

0,06014 

20.9 

0.450 

2.871 

3.  12 

9,4 

0,05990 

25.2 

0.452 

2.884 

3,74 

6,3 

0,06025 

16.0 

0.454 

2.897 

2,44 

12,8 

0,05861 

16.7 

0.457 

2.916 

2,52 

12,4 

0,05927 

15.6 

0.453 

2.89 

2,34 

13,3 

0,05961 

20.1 

0.459 

2.928 

3,06 

9,7 

0,05868 

16.1 

0.457 

2.916 

2,42 

12,9 

0,05948 

17.3 

0.447 

2.852 

2,6 

12,0 

0,05952 

20.7 

0.451 

2.877 

3,  12 

9,4 

0,05928 

22.6 

0.445 

2.839 

3,4 

8,0 

0,05937 

16.7 

0.456 

2.909 

2.52 

12,4 

0,05925 

19.7 

0.451 

2.877 

2.98 

10,1 

0,05929 

16.1 

0.459 

2.928 

2.4 

13,0 

0.05994 

18.2 

0.451 

2.877 

2.76 

11,2 

0,05893 

20.4 

0.449 

2.865 

3.08 

9,6 

0,05909 

19.8 

0.453 

2.89 

2,98 

10,1 

0,05935 

19.3 

0.451 

2.877 

2,09 

10,5 

0,05944 

14.2 

0.457 

2.916 

2,14 

14,3 

0,05937 

13.5 

0.457 

2.916 

2,02 

14,9 

0,05971 

22.7 

0.453 

2.89 

3,44 

7,8 

0,05892 

19.6 

0.448 

2.858 

2,92 

9,4 

0,05995 

19.3 

0.451 

2.877 

2,88 

9,6 

0,05883 

19.6 

0.448 

2.858 

2,96 

10,2 

0,05912 

16.6 

0.452 

2.884 

2,5 

12,5 

0,05926 

16.2 

0.455 

2.903 

2,44 

12,8 

0,05926 

21.8 

0.455 

2.903 

3,26 

8,7 

0,05975 

16.1 

0.450 

2.871 

2,44 

12,8 

0,05894 

14.2 

0.459 

2.928 

2,14 

14,3 

0,05920 

18.1 

0.448 

2.858 

2,72 

11,4 

0,05950 

16.1 

0.452 

2.884 

2,44 

12,8 

0,05893 

14.2 

0.457 

2.916 

2.  14 

14,3 

0,05930 

14.1 

0.457 

2.916 

2,10 

14,5 

0,05999 

RELATION       OF      TITRATION       OF       COMPLETE       WASHINGS 

AND    OF    ALIQUOT    PARTS 

Relation  op  Titration  of  Complete  Washings  and  of  Aliquot  Pabts 
Added  10  cc,  ferric  solution  to  each 

Cc.  thio  for 

Cc.  .V/10  (50  per  cent) 

Used  milk  thio  for  total       aliquot  part 

A   10  cc 5.1  2.9 

B  10  cc 5.0  2.7 

C   10  cc 5.2  3.0 

D  10  cc 4.9  2.8 

E  lOcc 5.1  2.9 

F   lOcc 4.9  2.7 

G  10  cc 5.2  3.0 

H  lOcc 4.9  2.5 

I    lOcc 5,0  2,7 

J    lOcc 4,8  2,9 

Our  present  method  of  assay  differs  from  that 
published  in  1905  only  in  respect  to  the  two  important 
improvements  of  greater  accuracy  and  less  time  re- 
quired .  Accuracy  is  secured  by  use  of  N /  50  thiosulf ate 
solution  and  time-saving  is  accomplished  by  hastening 
filtration  and  washing.  In  our  prior  work  we  had 
tried  rapid  (suction)  filtration  without  much  success, 
biit  in  our  recent  experiments  we  have  very  materially 
lessened  duration  of  the  assay  by  use  of  quick  filtra- 
tion. At  first  we  mixed  the  milk  with  purified  .talc. 
(U.  S.  P.)  and  with  a  pure  form  of  kieselguhr  (2  g. 
to  each  5  cc.  milk)  running  blank  assays  to  see  if  the 
diluent  employed  had  any  influence  in  the  iron  figure. 
Finding  the  diluent  of  no  influence,  by  employment  of 
a  water  suction  pump,  aspirating  bottle,  porcelain 
perforated  filtering  disc  and  small  disc  of  filter  paper 
we  reduced  the  time  of  filtration  and  washing  from  30 
to  60  minutes  down  to  1 5  minutes.  Later  we  found 
we  could  filter  as  rapidly  with  straight  iron  curd  with- 
out the  diluent,  especially  if  the  milk  and  iron  mixture 
was  allowed  to  stand  an  hour  before  filtration.  Our 
present  method  of  assay  may,  therefore,  be  described 
as  follows: 

About  s  cc.  (or  g.)  milk  are  mixed  with  5  cc.  standard 
ferric  solution  (48.2224  g.  per  liter)  and  allowed  to 
stand  an  hour;  the  mixture  is  then  filtered  by  use  of 
filtering  disc  and  funnel,  aspirating  bottle  and  water 
suction  pump  and  the  precipitate  washed  until  wash- 
ings are  free  from  iron  as  shown  by  "spotting  test" 
with  potassium  ferrocyanide.  Freedom  from  iron  is 
usually  shown  after  200  cc.  of  combined  filtrate  and 
washings  are  obtained  and  when  suction  filtration  is 
employed  the  washing  is  finished  within  fifteen  minutes. 

The  filtered  fluid  is  placed  in  an  appropriate  glass 
stoppered  flask,  3  cc.  31  per  cent  HCl  and  2  g.  KI  are 
added,  the  mixture  digested  at  40°  C.  for  30  minutes 
and  the  free  iodine  is  titrated  with  iV/50  thiosulfate 
solution,  starch  paste  being  used  as  indicator  after 
the  fluid  has  been  decolorized  to  a  faint  straw  tint. 

Our  figures  show  that  if  6.12  g.  milk  take  2.98  cc. 
standard  ferric  solution,  employment  of  the  iron- 
caseine-factor  deduced  above  indicates  that  the  6.12 
g.  of  that  milk  contains  0.17683  g.  (2.98  X  0.05934) 
caseine;  that  it,  therefore,  contains  about  2.889  P^r 
cent  caseine. 

Examination  of  the  method  just  given  shows  that 
the  actual  time  consumed  in  the  assay  is  35  minutes, 
distributed  as  follows:  Mixing  milk  and  standard 
ferric  solution,  5  minutes;  filtering  and  washing  mix- 
ture, 15  minutes;  adding  KI  and  HCl,  5  minutes; 
final    titration,    10    minutes.      In    addition    an    hour's 
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maceration  of  the  ferric-milk  mixture  and  30  minutes 
digestion  of  the  ferric-KI  mixture  before  titration 
means  an  assay  occupies  about  two  and  a  half  hours. 
If  we  hasten,  however,  the  maceration  during  an  hour 
can  be  omitted  (as  little  as  20  minutes  will  suffice) 
and  as  cited  above,  where  haste  is  more  essential  than 
strict  accuracy  the  filtrate  can  be  immediately  titrated 
for  iron  by  use  of  N/io  alkali,  thus  reducing  the  en- 
tire operation  to  a  matter  of  less  than  an  hour.  If 
titration  with  alkali  is  followed,  it  is,  of  course,  es- 
sential that  the  natural  acidity  of  the  milk  be  taken 
into  consideration. 

Recently  we  have  endeavored  to  apply  the  method 
to  dry  technical  caseine,  but  so  far  without  satisfactory 
results.  The  first  work — maceration  of  the  dry  caseine 
with  a  definite  quantity  of  standard  ferric  solution 
and  subsequent  titration  of  the  filtrate  and  washings 
with  N/10  thiosulfate  solution — gave  no  uniform  re- 
sults whatever;  but  when  the  caseine  was  dissolved  in 
alkali  before  treatment  with  the  standard  ferric  solution, 
fairly  good  results  were  obtained. 

In  the  operation,  approximately  0.6  g.  caseine  was 
carefully  weighed,  dissolved  in  25  cc.  N /  10  NaOH 
solution  which  had  been  previously  standardized  both 
against  acid  and  against  the  standard  ferric  solution. 
Enough  of  this  solution  (8.3  cc.)  to  combine  with  all 
of  the  alkali  was  added,  followed  by  25  cc.  of  the  stand- 
ard ferric  solution  (33.3  cc.  in  all)  after  which  the  mix- 
ture was  macerated  for  30  minutes. 

It  was  then  filtered  and  the  filtrate  and  washings 
were  then  titrated  with  N/io  thiosulfate  solution  with 
the  following  results: 

FERRIC   ALUM-tHIOSULFATE  ESTIMATION  OF  DRY  CASEINE 

One  cc.  standard  ferric  solution  =  3  cc.  N/io 
NaOH    solution    =     1    cc.    A''/io   thiosulfate   solution. 

Equivalent  of 
Cc.  ferric      1  cc.  ferric 
Sample  Wt.  Cc.  thio        solution    sol.  expressed 

number  caseine  used         consumed  in  g.  caseine 

1 0.6014  12.7  12.3  0.0488 

2 0.6002  14.2  10.8  0.0555 

3 0.6130  11.2  13.8  0.0444 

4 0.6100  12.1  12.9  0.0472 

5 0.5991  11.3  13.7  0.0437 

Average  (all  estimations  were  from  batch  of  dry 
caseine)  0.0479. 

These  figures  do  not  agree  very  well  with  the  factor 
deduced  above — i  cc.  standard  ferric  solution  =  0.059 
g.  caseine — but  they  are  near  enough  to  suggest  that 
further  work  may  bring  results  of  practical  value. 

College  of  Pharmacy,  Columbia  University 
New  York  City 


STUDIES  IN  SYNTHETIC  DRUG  ANALYSIS 
II— ESTIMATION  OF  ANTIPYRIN' 

By   W.   O.    Emery   and  S.    Palkin 
Received  April  30,  1914. 

In  studying  the  action  of  an  aqueous  solution  of 
iodin  on  antipyrin,  Manseau^  found  that  a  relatively 
small,  but  constant  quantity  of  iodin  was  absorbed, 
which  behavior  he  proposed  to  utilize  as  a  basis  for 

'  This  method  is  inapplicable  to  preparations  containing  cafTein  and 
pyraraidon.  The  latter  substance,  however,  very  rarely  occurs  in  admixture 
with  antipyrin.  A  method  for  the  estimation  of  antipyrin  and  caffein  in 
admixture  is  in  course  of  preparation  for  publication. 

•  Bull.  Soc.  Pharm.  Bordeaux.  1889,  p.  148. 


the  proximate  assay  of  antipyrin.  He  noted  the  fact 
that  apparent  substitution  took  place  until  a  point 
was  reached  when  further  addition  of  iodin  produced 
a  tarry  precipitate,  but  no  attempt  was  made  to  as- 
certain the  nature  of  the  compounds  formed. 

More  satisfactory  results  were  obtained  by  Schuyten,' 
who  titrated  very  small  amounts  of  antipyrin  in  rela- 
tively large  volumes  of  water  (20  to  30  mg.  in  1000 
cc.)  with  an  aqueous  solution  of  iodin  (approximately 
0.02  N). 

Kippenberger^  investigated  the  availability  of  Wag- 
ner's reagent  (an  aqueous  solution  of  iodin  and  po- 
tassium iodide)  in  alkaloidal  estimation  as  well  as 
that  of  antipyrin.  He  reported  a  method  for  this 
substance  which  he  claimed  to  be  entirely  satisfactory, 
consisting  in  the  precipitation  of  antipyrin  from  acid 
solution  with  an  excess  of  Wagner's  reagent,  as  an 
iodin  addition  product  or  periodide  of  tarry  consistency, 
and  then  in  titrating  the  unexpended  iodin  in  an  aliquot 
of  the  filtrate  with  sodium  thiosulfate,  thus  determin- 
ing, by  difference,  the  iodin  consumed  in  periodide 
formation.  His  method  is  based  on  the  assumption 
that  each  molecule  of  antipyrin  combines  with  a  mole- 
cule each  of  hydriodic  acid  and  iodin  to  yield  the 
compound  CuH12N2O.HI.I2,  under  all  conditions,  pro- 
vided an  excess  of  iodin  is  used.  A  few  years  later, 
Stolz^  declared  Kippenberger's  method  to  be  prac- 
tically worthless  and  his  analytical  data  untrust- 
worthy, whereupon  a  lengthy  controversy  ensued,* 
in  the  course  of  which  Kippenberger  was  forced  to 
admit  that  certain  inaccuracies  were  indeed  inherent 
in  his  method,  but  he  still  claimed  its  practicability, 
provided  the  reagent  is  standardized  against  anti- 
pyrin under  conditions  similar  to  those  of  subsequent 
determinations. 

While  making  an  exhaustive  study  on  the  inter- 
action of  antipyrin  and  iodin  under  a  variety  of  con- 
ditions, as  also  on  the  several  compounds  produced 
thereby,  we  have,  ourselves,  obtained  results  fully 
substantiating  the  criticisms  advanced  by  Stolz  and 
demonstrating  beyond  the  possibility  of  doubt  that 
Kippenberger's  theory  of  periodide  formation  in  general 
and  his  antipyrin  method  in  particular  are  absolutely 
untenable.  Details  of  this  work  we  expect  to  present 
for  publication  in  the  near  future. 

A  distinct  improvement  over  the  procedure  as  sug- 
gested by  Manseau  was  made  by  Bougault^  who  caused 
the  antipyrin  and  iodin  (standardized  against  pure 
iodin)  to  react  in  alcoholic  solution  and  in  the  presence 
of  mercuric  chloride,  thereby  effecting  an  absorption 
of  approximately  i  molecule  of  iodin  for  every  molecule 
of  antipyrin  involved.  Notwithstanding  Fernau's' 
inability  to  obtain  satisfactory  results  with  the  method 
as  perfected  by  Bougault,  Zernik"  employed  it  with 
advantage  in  the  estimation  of  antipyrin  in  combina- 
tions   like    migranin    (antipyrin-caft'eine-citric     acid), 

'Schuyten,  Chem.  Zig.,  19  (1895),  1786. 
»  Z.  anal.  Chem.,  36  (1896),  659. 
>  Arch.  Pharm.,  237  (1899),  71. 

•  Z.  anal.  Chem.,  38  (1899),  230,  278,  280;  .irch.  Pharm..  238  (1900). 
135,  301. 

'  J.  pharm.  Chim..  1  (1898),  858. 

«  Z.  d.  allg.  Oesler.  .Apolh.  Vereins.  No.  2  (1904). 

'  Apoth.  Zig..  21  (1906).  686. 
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and  we  have  likewise  found  it  of  value  in  the  analysis 
of  certain  mixtures  if  applied  in  slightly  modified 
form. 

Now  it  has  been  noted  by  Bougault  that,  when  a 
neutral  aqueous  solution  of  antipyrin  is  treated  with 
iodin  and  the  liquid  kept  neutral  or  even  slightly 
alkaline  by  an  antiacid  like  sodium  acetate,'  or  better, 
according  to  our  own  experience,  sodium  bicarbonate, 
a  reaction  takes  place  whereby  the  primarily  formed 
di-iodoantipyrin  splits  off  a  molecule  of  hydriodic 
acid  with  the  result  that  an  atom  of  hydrogen  in  the 
antipyrin  is  substituted  by  an  equivalent  of  iodin, 
thus  yielding  iodoantipyrin,  CUH11N2IO,  identical  with 
the  substance  first  prepared  by  Dittmar^  from  anti- 
pyrin and  iodintrichloride.  In  a  strongly  mineral 
acid  solution,  however,  there  is  practically  no  substi- 
tution. Iodoantipyrin  is  moderately  soluble  in  boiling, 
but'  only  sparingly  so  in  cold  water.'  In  alcohol  and 
chloroform  it  dissolves  quite  readily.  A  method  pro- 
posed by  the  British  Pharm.  Codex  (1908)  and  based 
on  the  slight  solubility  of  this  iodin  derivative  in  aqueous 
media  involved  its  precipitation  and  subsequent  weigh- 
ing. As  might  be  expected,  the  resailts  were  radically 
low  and  quite  unreliable.  An  alleged  improvement 
on  the  Codex  procedure  is  suggested  by  Astre'  and 
involves  the  use  of  an  empyric  factor,  which  takes  into 
account  a  correction  for  the  partial  solubility  of  iodo- 
antipyrin in  water.  This,  however,  is  quite  as  un- 
satisfactory, in  that  it  holds  good  only  for  conditions 
which  are  described,  but  which  in  unknown  solutions 
could  obtain  only  by  accident. 

In  the  course  of  our  studies  on  antipyrin  and  its 
iodin  derivative,  we  have  found  that  the  latter  com- 
pound can  indeed  be  made  to  serve  as  the  basis  for  a 
very  exact  determination  of  the  parent  substance, 
provided  the  iodoantipyrin  is  isolated  not  by  filtration 
but  by  extraction  with  chloroform.  The  chloroformic 
residue  dried  at  iio°  gives  an  accurate  index  to  the 
quantity  of  antipyrin  contained  in  the  original  solution 
or  mixture  under  investigation.  While  we  can  claim 
no  unusual  advantage  for  this  method  over  one  based 
on  Bougault's  procedure  (titration  with  standard 
alcoholic  iodin),  it  can  nevertheless  serve  the  useful 
purpose  of  an  independent  method  and  control.  As 
developed  in  this  laboratory,  the  method  is  applicable 
to  the  estimation  of  antipyrin  when  alone  or  in  admix- 
ture with  acetanilide,  phenacetin,  sulfonal  or  any 
water-soluble  organic  compound  incapable  of  yielding 
an  insoluble  iodin  derivative  under  the  conditions 
prescribed.  The  separation  of  antipyrin  from  any 
such  compounds  depends  on  the  fact  that,  in  aqueous- 
acid  solution,  iodin  precipitates  the  antipyrin  as  a 
periodide  in  tarry  form,  which  is  filtered  and  washed, 
then  dissolved  in  methyl  alcohol  and,  on  treatment 
with  sodium  bicarbonate,  converted  to  iodoantipyrin, 
the  excess  of  iodin  being  subsequently  removed  by 
sodium  thiosulfate.  After  extraction  with  chloroform, 
drying  at  110°  and  weighing,  the  antipyrin  is  calculated 

1  J.  fharm.  Chim..  1900.  I,  II,  98. 
>  Bcr.,  18  (1885),  1617. 

'  0.098  g.  iodoantipyrin  is  soluble  in  100  cc.  wati-r  at  24.5°.      Bougault 
found  the  solubility  at   17°  to  be  0,080  in   100  cc.  water. 
«  ./.  pharm.  Chim.  6  (1913),  211. 


from  the  weight  of  iodoantipyrin  by  means  of  the 
appropriate  factor. 

METHOD  I — Antipyrin  alone  present,  or  in  such  ad- 
mixture that  after  treatment  with  iodin,  no  substance 
other  than  iodoantipyrin  will  be  extracted  by  chloro- 
form: 

Into  a  separatory  funnel  of  about  150  cc.  capacity, 
introduce  the  sample  containing  not  more  than  0.25 
g.  of  antipyrin,  add  20  cc.  of  water  (in  which  the  anti- 
pyrin may  have  been  previously  dissolved),  5  cc.  of 
washed  (alcohol-free)  chloroform,  0.5  g.  of  sodium 
bicarbonate  and  15  to  20  cc.  of  approximately  0.2  N 
iodin  (or  an  equivalent  of  o.i  N  iodin),  or  just  sufficient 
to  insure,  after  vigorous  and  continued  agitation, 
an  excess  of  unexpended  iodin  in  liquid  contents  of 
separator.  Shake  mixture  at  intervals  for  a  period 
of  5  minutes,  then  discharge  the  free  iodin  with  a  few 
drops  of  cone,  solution  of  sodium  thiosulfate.  Ex- 
tract the  resulting  iodoantipyrin  with  three  25  cc. 
portions  of  chloroform,  washing  each  portion  succes- 
sively in  a  second  separator  with  5  cc.  of  water,  then 
withdraw  solvent  through  a  small  (5.5  cm.)  dry  filter 
into  a  tared  5°  cc.  beaker  and  evaporate  by  means  of 
an  air  blast,  or  by  heating  on  steam  or  vapor  bath. 
Dry  the  residue  in  oven  one-half  hour  at  110°.  cool 
and  weigh.  Multiply  weight  of  iodoantipyrin  by  the 
factor  0.5992  to  obtain  amount  of  antipyrin  present. 

Should  it  seem  desirable  to  recover  most  of  the  chloro- 
form required  in  above  operations,  withdraw  the  several 
portions  into  a  tared  200  cc.  Erlenmeyer  instead  of 
a  beaker,  distilling  off  the  solvent  by  gentle  heat  until 
only  about  5  cc.  remain.  Then  evaporate  this  on 
steam  bath  as  above.  Care  should  be  taken  to  re- 
cover all  traces  of  iodoantipyrin  likely  to  collect  about 
tip  of  delivery  tube  of  separator  as  well  as  on  the  rim 
of  filter. 

METHOD  II — Antipyrin  in  admixture  with  acetanilide, 
phenacetin,  sulfonal  or  other  substance  incapable  of 
yielding  an  iodin  derivative  insoluble  in  aqueous-acid 
media: 

To  an  aqueous  solution  of  the  sample  (containing 
not  over  0.25  gram  of  antipyrin  in  about  50  cc.  of  water) 
in  a  500  cc.  Erlenmeyer,  add  20  cc.  of  cone,  hydro- 
chloric acid  and  50  to  60  cc.  of  o.i  A^  iodin  (or  half 
the  quantity  of  0.2  N  iodin),  shake  well  and  allow  the 
tarry  precipitate  to  settle  clear  by  standing  quietly 
three  hours,  or  preferably  over  night,  in  which  event 
I  o  cc.  of  cone,  hydrochloric  acid  will  suffice.  Decant  the 
clear  supernatant  liquid  through  a  funnel  plugged  and 
overlaid  with  glass  wool  and  a  little  asbestos.  Wash 
the  tar  8  or  9  times  by  vigorous  twirling  of  flask  and 
subsequent  decantation  with  20  cc.  portions  of  5 
per  cent  hydrochloric  acid,  keeping  as  much  of  the 
tar  in  the  flask  as  possible.  Place  funnel  containing 
the  major  portion  of  tarry  precipitate  in  neck  of  a 
250  to  300  cc.  separatory  funnel,  dissolve  the  tar 
remaining  in  Erlenmeyer  by  gentle  warming  with 
about  20  cc.  of  methyl  alcohol  (free  from  ethyl  alcohol 
and  acetone),  making  sure  that  all  the  tar  is  in  solution, 
then  pass  through  the  filter  into  the  separatory  funnel. 
Wash  out  the  flask  several  times  with  small  portions 
of   methyl   alcohol,   passing  each   portion  successively 
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through  the  filter.  The  washing  is  continued  until 
all  the  tar  is  completely  transferred  to  the  separatory 
funnel,  as  indicated  by  a  colorless  filter.  Fifty  cc. 
or  even  less  of  methyl  alcohol  will  usually  suffice 
to  complete  the  operation.  Add  5  cc.  of  sodium  bi- 
carbonate and  50  cc.  of  water,  then  shake  vigorously 
at  intervals  for  a  period  of  5  minutes.  Remove  excess 
of  iodin  with  a  few  drops  of  cone,  solution  of  sodium 
thiosulfate  and  extract  the  iodoantipyrin  with  three 
40  cc.  portions  of  chloroform,  washing  each  portion 
in  succession  in  a  second  separatory  funnel  with  10 
cc.  of  water  prior  to  withdrawal  through  a  small  dry 
filter  into  a  100  cc.  tared  beaker,  or,  if  solvent  is  to  be 
regained,  into  a  200  cc.  tared  Erlenmeyer.  The 
final  operations  are  identical  with  those  indicated  under 
Method  I. 


Weight 

OF    AnTIPYRI 

N  Taken.  0.2500 

Gram 

Amount 

of 

itely       ^ 
ine 

Recovery 

ipproxim 
AT/ 10  iod 

As  iodoanti- 

As antipyrin 
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pyrin 

calculated 
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Gram 
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80 
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99.24 
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0.4184 

0.2505 

100.2 
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0.4192 

0.2509 

100.36 

70 

0.4188 

0.2507 

100.28 

90 

0.4146 

0.2483 

99.3 
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0.4136 

0.2478 

99,1 

90 

0.4182 

0.2504 

100. 16 

90 

0.4151 

0.2485 

99.4 

100 

0.4179 

0.2502 

100.08 

60 

0.4178 

0.2502 

100.08 

65 

0.4186 

0.2506 

100.24 

90 

0.4136 

0.2476 

99.04 

100 

0.4164 

0.2494 

99.76 

80 

0.4134 

0.2476 

99.04 

100 

0.4164 

0.2494 

99.76 

100 

0.4163 

0.2494 

99.76 

100 

0.4175 

0.2501 

100.04 

The  above  table  represents  a  series  of  results  obtained 
in  this  laboratory  with  an  aqueous  solution  containing 
in3oocc:  antipyrin  7V2  grams,  acetanilide  1.6  grams, 
phenacetin  0.3  gram,  sulfonal  0.8  gram.  Ten  cc. 
(equal  to  0.25  gram  of  antipyrin)  of  this  solution  were 
used  in  each  case  and  the  method  followed  as  described, 
except  that  the  amount  of  iodin  used  was  varied  some- 
what. This  is  indicated  in  each  case  in  the  table. 
The  quantities  of  acetanilid,  phenacetin,  and  sulfonal 
used  were  such  as  would  make  approximately  saturated 
solutions   with   respect   to   each    of   these   ingredients. 

Synthetic  Products  Laboratory,  Bureau  of  Chemistry 
Department  of  Agriculture,  Washington 

THE  DETERMINATION  OF  MERCURIC  IODIDE  IN 
TABLETS' 

By  A.   W.   Bender 
Received  May  22.  1914 

Some  difficulty  was  experienced  by  the  writer  in 
finding  a  method  for  the  accurate  determination  of 
mercuric  iodide  in  tablets,  and  having  found  one  that 
gives  very  good  results,  it  was  thought  that  it  might 
be  of  some  interest  to  others  engaged  in  analytical 
work. 

The  work  was  confined  chiefly  to  the  assay  of  tablet 
triturates  (compressed),  and  the  difficulty  experi- 
enced was  due,  in  a  large  measure,  to  the  other  ingre- 
dients in  the  tablets,  namely,  terra  alba,  potato  starch, 
talc  and  gelatine.  Several  methods  and  modifications 
of  methods  were  tried  on  the  tablets  with  very  unsatis- 
factory   results.     It    was    then    thought    advisable    to 

I  Presented  at  the  48th  Meeting  of  the  American  Chemical  Society, 
Rochester.  New  York.  September  8-12,  1913. 


make  a  very  accurate  tablet  granulation  and  to  work 
on  this  known  mixture  until  a  suitable  method  for 
assay  was  found.  The  method  which  was  finally 
found  to  give  satisfactory  results,  both  on  the  granula- 
tion and  the  tablets,  is  a  modification  of  the  sulfide 
method,  the  details  of  which  will  be  given  later. 

The  first  method  tried  consisted  of  the  use  of  po- 
tassium iodide  solution  for  dissolving  the  mercuric 
iodide  and  the  subsequent  determination  of  mercury 
in  the  filtrate  by  evaporation  to  dryness  with  nitric 
acid  and  precipitation  with  hydrogen  sulfide,  but  this 
was  found  to  give  very  low  results.  Some  modi- 
fications of  this  method  were  also  found  to  give  low 
results,  due  to  the  difficulty  in  filtering  and  washing 
the  insoluble  matter  free  from  potassium  mercuric 
iodide,  and  also  to  loss  in  the  evaporation  to  dryness 
with  nitric  acid.  In  precipitating  with  hydrogen 
sulfide  in  a  hydrochloric  acid  solution  it  was  necessary 
to  wash  the  precipitate  with  carbon  disulfide.  As 
the  tablets  showed  only  a  very  faint  trace  of  iron, 
precipitation  in  ammoniacal  solution  was  later  used 
in  this  method  and  also  in  the  modification  of  this 
method    which    was    found    to    give    accurate    results. 

Hunter's  method  for  the  determination  of  small 
amounts  of  iodine  was  suggested  and  tried  with  results 
that  were  also  low,  owing  to  the  difficulty  in  fusing 
the  mixture  and  dissolving  the  fusion. 

Another  method  was  tried  which  consisted  in  the 
use  of  an  acid  mixture  for  the  solution  of  the  mercuric 
iodide  and  the  subsequent  precipitation  with  H2S 
in  ammoniacal  solution.  This  gave  somewhat  higher 
results  but  they  were  not  uniform. 

In  making  the  tablet  granulation  a  formula  was  used 
containing  the  ingredients  mentioned  above,  which 
were  known  to  be  present  in  the  tablets  in  question. 
Of  the  dried  granulation  4.22  grams  represented  one 
grain  of  mercuric  iodide.  This  amount  was  taken  for 
all  of  the  assays  on  the  granulation. 

The  method  which  was  found  to  give  accurate  re- 
sults is  as  follows: 

Powder  a  sufficient  number  of  tablets  to  represent 
I  to  2  grains  of  mercuric  iodide.  Place  in  a  180  cc. 
Erlenmeyer  flask  and  add  20  cc.  of  i  :  i  HCl.  Add 
about  0.5  gram  KCIO3  and  stopper  with  a  glass  tube 
reflux  condenser.  Digest  on  the  sand  bath  until  the 
mercuric  iodide  is  all  dissolved.  Cool  and  dilute 
with  water  to  about  100  cc.  Wash  glass  tube  condenser 
and  remove.  Blow  out  chlorine  with  a  current  of  air. 
Filter  and  wash  insoluble  matter  by  decantation. 
Make  filtrate  alkaline  with  ammonia  and  precipitate 
immediately  in  the  cold  with  a  slow  stream  of  H2S. 
Let  stand  for  a  few  hours  and  filter  through  a  weighed 
Gooch  crucible.  Wash  with  water  and  alcohol,  dry 
at  100°  C.  and  weigh.  Grams  of  HgS  X  30.17  = 
grains  of  Hgl2.     Grams  of  HgS    X    i-95  5    =  grams  of 

Hgl2. 

The  results  of  the  analytical  work  using  this  method 
are  as  follows: 

Grains  Hglj 

Tablet    granulation — 5    assays 1.11 

(4.22  g.  taken  contained  1.0  grain  Hglj) 1.08 

1.04 
1.12 
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?  assays  (0.1  gran 


Grams  Hgl, 

ample) 0.1004 

0. 1024 


Tablet  triturates.  ',  30  grain — 6  assays  (s; 


Qple,  30  tablets) 0.97 

1.01 
0.97 
0.99 
0.98 
I  .00 


The  method  is  simple  and  easy  to  manipulate  and 
the  results  obtained  were  very  satisfactory.  It  was 
also  found  to  be  useful  for  the  assay  of  mercuric  iodide 
and  oleate  of  mercury. 


Analytical  Department,  Parke,  Da 
Detroit,  Michigan 


LABORATORY  AND  PLANT 


THE  DEVELOPMENT  OF  THE  ROTARY  KILN  AND  ITS 

APPLICATION   TO   VARIOUS   CHEMICAL    AND 

METALLURGICAL  PROCESSES' 

By   Richard  K.   Meade 
BLACK    ASH    REVOLVERS 

As  early  as  1848  W.  W.  Pattinson,  an  English 
chemical  engineer,  invented  a  revolving  black  ash 
furnace  but  the  furnace  as  he  built  it  was  not  a  success. 
It  remained  for  Elliott  and  Russell  some  five  or  six 
years  later  to  design  a  furnace  which  would  operate 
successfully  and  this  was  employed  in  the  works  of  the 
Jarrow  Chemical  Company,  South  Shields,  Eng., 
where  the  practical  difficulties  encountered  in  its 
operation  were  overcome  by  J.  C.  Stephenson.  The 
apparatus  became  quite  popular  after  this  and  was 
generally  introduced  into  alkali  works  both  in  England 
and  elsewhere. 

The  black  ash  furnace  or  "revolver"  (Figs,  i  and  2) 
consisted  of  a  horizontal  cylinder  of  wrought  iron  about 
30  ft.  long  by  10  ft.  in  diameter  lined  with  fire  brick  and 


Fig    1 — SoDA-AsH  Revolver 

provided  with  two  bearing  rings  or  tires  of  steel  which 
rested  upon  four  small  flanged  wheels,  or  rollers.  • 
The  cylinder  was  revolved  by  means  of  a  girth  gear 
meshing  with  a  pinion,  which  latter  was  driven  by 
means  of  a  small  steam  engine.  The  cylinder  was 
provided  with  openings  at  either  end,  communicating 
with  a  furnace  and  a  lye  evaporator  respectively.  The 
gases  from  the  furnace  passed  through  the  cylinder 
and  melted  the  charge,  the  cylinder  being  revolved 
meanwhile.  The  waste  gases  passed  over  into  the  lye 
evaporator  and  the  heat  was  utilized  there.  The 
furnace  was  not  continuous  but  was  operated  by 
charging  the  materials  (a  mixture  of  salt  cake, 
Na2S04,  limestone  and  coal)  into  the  cylinder  through 
man-holes  in  the  side  of  the  former,  from  hoppers 
placed  above  the  cylinder.  These  openings  were  then 
closed  by  suitable  covers  and  when  the  charge  was 
finished  the  covers  were  removed,  the  furnace  tilted 

^  Presented  at  the  6th  Semi-annual  Meeting  of  the  American  Institute 
of  Chemical  Engineers,  Troy,  N.  Y.,  June  17-20,  1914. 


and  the   molten  charge  poured  through  the  openings 
into  cars  placed  below. 

REVOLVING  METALLURGICAL  FURNACES 

The  counterpart  of  this  furnace  is  found  in  the 
metallurgical  industry  in  the  Bruckner  ore  roaster, 
largely  used  at  one  time  in  this  country  for  calcining 
and  desulfurizing  copper  ores.     The  Bruckner  roaster 


Fig.  2^Soda-Ash  Revolver,  Emptying  the  Charge 

does  not  materially  differ  from  the  soda  revolver 
except  that  the  evaporator  flue  is  omitted  and  often 
the  fire  box  is  a  car  running  along  a  track  at  right 
angles  to  the  center  line  of  the  furnaces.  In  this  way, 
the  car  can  be  connected  with  any  furnace  and  allowed 
to  remain  there  until  the  sulfur  ignites,  when  it  may  be 


Fig.  3 — Siemens  Revolving  Steel  Fvrnacb 

wheeled  to  the  next  cylinder  and  a  current  of  air 
allowed  to  pass  through  the  first  cylinder  to  burn  off 
the  sulfur. 

In    1869,  Siemens,    the    celebrated    English    metal- 
lurgist,  applied   a  somewhat  similar  furnace   (Fig.   3) 
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to  the  manufacture  of  steel  direct  from  the  ore  and 
Danks,  of  Cincinnati,  Ohio,  about  this  time  invented 
a  rotary  puddling  furnace  which  worked  upon  the  same 
principle.  Both  the  Siemens  and  the  Danks  furnace 
were  extensively  used. 

Crampton,  another  Englishman,  in  1872,  took  out  a 
patent  upon  a  rotary  puddling  furnace  (Pig.  4).  He 
proposed  to  heat  his  furnace,  however,  with  powdered 
coal.     Crampton's  first  furnace  was  used  at  Woolwich 


Fig.  4 — Crampton's  Rotary  Puddling  Furnace 

Arsenal,  in  1873,  and  also  at  other  English  iron  works. 
His  furnace  differed  from  those  of  Siemens  and  Danks 
in  that  the  cylinder  was  open  at  one  end  only,  the  jet 
of  fuel  and  air  being  blown  in  below  while  the  gases 
passed  out  above. 

Crampton  evidently  understood  the  value  of  pul- 
verized coal.  It  is  of  interest  to  note  that  this  form  of 
fuel,  after  nearly  twenty  years  of  successful  use  in  the 
cement  industry,  is  just  beginning  to  be  used  to  any 
extent  for  puddling  iron,  and  yet  Crampton  suggested 
that  it  be  so  used  over  forty  years  ago.  His  furnace 
was  designed  not  only  to  save  the  labor  of  fettling  and 
rabbling  the  iron  but  also  that  of  stoking  the  coal 
on  the  grate. 

THE    ROTARY    CEMENT    KILN 

A  few  years  after  this,  Crampton  conceived  the  idea 
of  using  a  rotary  furnace  heated  by  pulverized  coal  for 
burning  cement,  but,  although  he  took  out  a  patent 
in  1877  on  his  process,  I  can  find  no  mention  of  his 
ever  having  put  his  invention  into  practical  use. 

In  1885,  an  English  engineer,  Mr.  Frederick  Ran- 
some,  received  a  patent  upon  a  continuous  rotary 
furnace  process  for  burning  Portland  cement.  Ran- 
some's  furnace  differs  from  those  which  have  been 
mentioned  above  in  that  it  consisted  simply  of  a 
straight  cylinder,  supported  upon  rollers  and  revolved 
by  gears,  tilted  slightly  at  an  angle  to  the  horizontal. 
The  effect  of  this  tilting  was  that  when  material  was 
fed  into  the  upper  end  the  revolutions  of  the  cylinder 
caused  the  material  to  move  through  the  furnace. 
As  the  lower  end  was  left  entirely  open  the  action 
of  the  furnace  was  continuous,  the  material  to  be 
calcined  passing  in  at  the  upper  end  and  the  burned 
material  out  at  the  lower  in  a  steady  stream.  This 
is  the  present  day  "rotary  kiln"   (see  Figs.  6  and  7). 

Ransome's  idea  was  faulty  in  that  he  expected  to 
eliminate  the  necessity  of  grinding  the  burned  clinker 
by  his  process  rather  than  to  effect  any  economy  of 
labor  or  fuel  in  the   burning   process  itself.      His  idea 


was  that  by  calcining  the  raw  material  in  the  form  of 
a  fine  powder  in  such  a  furnace  the  clinker  so  obtained 
would  be  fine  also  and  hence  would  not  need  to  be 
ground.  He  entirely  overlooked  the  fact  that  semi- 
fusion  must  take  place  in  order  to  form  Portland 
cement  and  that  in  this  condition  the  material  would 
be  sure  to  stick  together  and  form  small  nodules. 
Instead  of  making  a  clinker  easier  to  grind  the  rotary 
kiln  made  a  clinker  much  harder  to  grind  than  that 
burned  by  the  upright  kiln.  Ransome's  process  was 
given  quite  a  prolonged  trial  at  a  cement  works  at 
Grays,  Essex,  England,  using  gaseous  fuel,  but  did  not 
prove  commercially  successful. 

In  the  same  year,  H.  Mathey,  of  New  York,  took 
out  a  patent  upon  a  revolving  furnace  (Fig.  5),  some- 
what similar  to  that  of  Ransome  except  that,  instead 


Fig.  5 — Mathev's  Revolving  Lime  and  Cement  Kiln 

of  inclining  his  furnace,  he  obtained  the  same  effect 
by  having  the  center  line  of  the  kiln  horizontal  but 
the  kiln  itself  was  made  slightly  cone  shape,  the 
material  being  fed  in  at  the  smaller  end.  He  pro- 
posed to  heat  his  kiln  by  a  grate  fire  and  to  employ 
it  for  burning  lime  and  hydraulic  cement. 

In  this  country,  a  small  cement  plant  in  Oregon 
attempted  to  use  Ransome's  kiln,  in  1887,  but  the 
attempt  here  too  proved  a  failure.  About  the  same 
time  the  Atlas  Portland  Cement  Company  began  to 
experiment  with  Ransome's  kiln,  first  at  East  King- 
ston, New  York,  on  wet  materials  and  later  with  success 
upon  the  cement  rock  of  the  Lehigh  District  in 
Pennsylvania.  In  Ransome's  original  patent,  he  pro- 
posed to  heat  the  kiln  by  producer  gas  but  its  de- 
velopment in  this  country  was  made  possible  by  the 
use  of  crude  oil.  At  first  these  kilns  were  only  40  ft. 
long,  but  it  was  soon  found  more  economical  to 
lengthen  them  to  60  feet,  and  now  the  usual  length  is 
between  100  and  150  ft.  with  diameters  ranging  from 
7  to  9  feet. 

The  rotary  kiln  came  quite  generally  into  use  in 
this  country  following  the  results  obtained  by  the 
Atlas  Portland  Cement  Company.  About  1896, 
powdered  coal  in  place  of  oil  came  into  use  and  from 
that  time  on  all  new  plants  for  the  manufacture  of 
Portland  cement  installed  rotary  kilns,  employing 
pulverized  coal  as  a  fuel,  except  in  localities  where  oil 
or  natural  gas  are  cheaper.  Practically  all  Portland 
cement  made  in  this  country  and  much  of  that  in 
England  and  Germany  is  now   burned  in  rotarj'  kilns. 
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It  is  not  the  purpose  of  the  present  paper  to  treat 
of  the  employment  of  the  rotary  kiln  in  cement  burn- 
ing, as  the  literature  obtainable  on  the  subject  is 
voluminous,  but  instead  to  call  attention  to  its  em- 
ployment in  other  industries  and  to  suggest  new  uses 
to  which  it  may  be  put.  .    . 

DESCRIPTION    OF    THE    ROTARY    KILN 

The  rotary  kiln  (Fig.  6)  in  its  usual  form  consists 
of  a  cylinder,  from  6  to  9  feet  in  diameter  by  from 
60  to  150  feet  long,  made  of  steel  sheets  from  V2  to 
'/16  inch  in  thickness,  lined  with  fire  brick  and  in- 
clined at  a  pitch  of  from  '/s  to  ^/i  inch  to  the  foot. 
The  steel  sheets  are  held  together  with  single  strap 
butt  joints,  as  these  joints  resist  expansion  strains 
due  to  heating  better  than  lap  joints.  This  cylinder 
is  supported  on  two  or  more  tires  made  of  rolled  steel, 
and  having  a  face  of  from  6  to  12  inches  and  a  thick- 
ness of  at  least  4  inches.  They  run  each  on  heavy 
friction  rollers  made  of  cast  steel,  which  are  often 
mounted  in  pairs  on  a  rocker.  The  kiln  is  driven 
by  a  girth  gear  situated  usually  near  its  middle  or 
upper  end,  and  a  train  of  gears,  actuated  either  by  a 
line  shaft  or  a  motor.  The  upper  end  of  the  kiln 
projects  into  a  brick  flue  which  is  surmounted  by  a 
steel  stack.  The  flue  is  provided  with  a  door  at  the 
bottom  to  take  out  the  dust  which  accumulates  there. 

The  lower  end  of  the  kiln  is  closed  by  a  hood  into 
which  the  kiln  projects.  Sometimes  this  hood  is  made 
stationary  with  movable  fire-brick  doors,  but  oftener 
it  is  mounted  on  a  movable  carriage.  The  front  wall 
of  the  hood  is  provided  with  two  holes,  one  for  the 
entrance  and  support  of  the  burning  apparatus,  and 
the  other  for  observing  the  operation  of  the  kiln  and 
for  inserting  bars  to  break  up  the  rings  formed   and 


Fig.  6 — Rotary  Kiln 

repair  the  lining.  The  lower  part  of  the  hood  is  partly 
open  and  through  this  the  clinker  falls.  Air  for  com- 
bustion also  enters  here.  Fig.  6  represents  a  com- 
pleted kiln. 

The  usual  diameter  of  a  60  foot  rotary  kiln  unlincd 
is  from  6  to  7  feet,  of  a  100  foot  rotary  from  7  to  8 
feet  and  a  125  foot  rotary  8  to  8V2  feet.  Most  of  them 
are  made  the  same  diameter  throughout,  though  some 
of  them  are  made,  say  6  feet  6  inches  in  diameter 
for  the  first  30  feet  and  then  taper  through  10  feet 
to  a  diameter  of  s  feet  6  inches  for  the  remaining 
20  feet;  others  taper  for  the  last  10  or  15  feet  before 


entering  the  stack.  This  latter  plan  has  the  effect 
of  a  damper,  crowding  the  heat  more  to  the  front  of 
the  kiln.  It  probably  lessens  the  output  somewhat, 
since  the  choking  cuts  down  the  amount  of  coal  that 
can  be  burned. 

The  short  60  foot  kilns  usually  bear  upon  two  or 
three  tires  and  longer  kilns  often  on  four  or  more 
tires.  The  kilns  are  always  provided  with  two  or  more 
horizontal  thrust  roller  bearings  to  keep  the  kiln  on  the 
vertical  roller  bearings. 

The  material  to  be  burned  is  fed  into  the  kiln 
through  a  horizontal  water-jacketed  screw-conveyor, 
or  more  generally  spouted  directly  into  the  kiln  through 
an  inclined  pipe  of  cast  iron.  Wet  materials  are  often 
pumped  directly  into  the  kiln.  The  raw  material 
feeding  device  is  attached  directly  to  the  driving  gear 
of  the  kiln  so  that  when  the  kiln  stops  the  feed  also 
stops.  The  material  to  be  burned  is  stored  in  large 
steel  bins  above  the  feeding  device  so  that  a  constant 
and  regular  supply  may  be  always  at  hand. 

The  kiln  is  heated  by  a  jet  of  burning  fuel,  usually 
powdered  coal  where  the  ash  of  this  is  not  objection- 
able. Where  the  ash  of  the  fuel  is  objectionable 
producer  gas  is  usually  employed.  Where  oil  or 
natural  gas  are  cheaper  they  are  always  used  as  they 
are  also  the  most  convenient  fuel. 

NODULIZING    ORES,    CINDER,    ETC. 

About  1900,  various  metallurgists  were  experi- 
menting with  the  rotary  kiln  for  nodulizing  flue-dust, 
fine  iron  ores,  etc.  Edison  conducted  experiments, 
for  example,  on  the  nodulizing  of  the  fine  concentrates 
obtained  from  his  magnetic  separators  and  several 
iron  and  steel  concerns  experimented  with  the  use  of 
the  kiln  to  nodulize  flue-dust  and  fine  iron  ores. 
Within  a  few  years  plants  were  established  for  the 
latter  purpose.  The  Pennsylvania  Steel  Company 
were  among  the  early  users  of  nodulizing  kilns,  em- 
ploying one  on  Cornwall  concentrates.  From  about 
the  year  1904  on,  the  patent  office  has  issued  many 
patents  on  various  processes  for  nodulizing  ores. 

The  rotary  kiln  has  furnished  a  simple  means  of 
utilizing  the  soft  clayey  ores,  such  as  that  of  the 
Mayari  field  in  Cuba.  Practically  all  of  the  schemes 
tried  for  placing  this  ore  in  satisfactory  condition  for 
the  blast  furnace  were  unsatisfactory  until  the  rotary 
kiln  was  tried.  The  plant  in  Cuba  now  consists  of 
twelve  kilns  100  feet  long  (eleven  of  these  being  10 
feet  and  one  9  feet  in  diameter),  and  has  a  capacity  of 
from  isoo  to  2000  tons  of  nodules  per  24  hours. 

Chemical  manufacturers  also  began  about  1904 
nodulizing  pyrites  cinder  or  "blue  billy"  selling  the 
nodules  to  the  blast  furnaces.  This  was  possible 
because  the  process  not  only  nodulized  the  cinder 
but  also  desulfurized  it.  This  practice  has  now  be- 
come quite  general  and  nearly  all  large  sulfuric  acid 
manufacturers  whose  locations  permit  of  a  ready  sale 
of  the  product  to  the  blast  furnaces  now  nodulize  their 
cinder.  When  copper  bearing  pyrites  ore  is  roasted 
for  the  sulfuric  acid  and  then  leached  for  the  copper, 
the  iron  oxide  residue  is  now  nodulized  and  sold  to 
the  blast  furnaces,  the  wet  residue  being  conveyed 
direct  from  the  leaching  tanks  to  the  kiln. 
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During  the  past  year,  a  great  deal  of  interest  has 
been  aroused  in  the  possibility  of  treating  fine  copper 
ores  and  smelter  flue-dust  in  the  rotary  kiln  and  one 
of  my  associates,  Mr.  J.  H.  Payne,  has  succeeded  in 
solving  this  problem.  A  rotary  kiln  installed  and 
designed  according  to  his  specifications  has  now  been 
working  successfully  on  such  material  at  the  plant 
of  the  U.  S.  Metals  Refining  Co.,  Chrome,  N.  J.,  for 
over  a  year.  The  fine  ore  question  is  a  very  serious 
one  to  the  copper  smelter  because  of  the  fine  condition 
of  the  ore  resulting  from  concentration. 

The  New  Jersey  Zinc  Co.,  also,  have  employed  a 
rotary  kiln  for  nodulizing  fine  franklinite  ore.  From 
ore  containing  17.1  per  cent  zinc,  nodules  con- 
taining 20.4  per  cent  zinc  were  obtained  with  little  or 
no  loss  of  metal. 

The  process  of  nodulizing  does  not  differ  very 
materially  from  other  rotary  kiln  processes.  The 
main  point  to  be  watched  is  the  regulation  of  the 
temperature  and  the  principal  difficulties  encountered 
are  the  sticking  of  the  charge  to  the  walls  of  the  kiln. 

BURNING    LIME 

In  1885,  a  patent  was  granted  to  Henry  Mathey  of 
New  York,  on  a  process  of  making  lime  which  con- 
sisted "in  first  crushing  the  stone  to  a  suitable  degree 
of  fineness,  then  burning  the  crushed  or  pulverized 
stone  in  a  revolving  cylinder,  whereby  the  particles 
of  stone  are  subjected  to  a  constant  and  uniform 
heat."  In  the  description  of  his  process,  Mathey 
proposed  to  crush  the  limestone  to  pass  a  No.  4  or  6 
mesh  screen  and  to  burn  it  in  the  rotary  furnace  which 
he  invented  and  which  has  been  described  previously. 
Siemens  also  mentions  the  use  of  his  rotary  furnace 
for  burning  lime.  I  believe  some  experiments  on 
burning  lime  in  a  rotary  kiln  were  also  made  shortly 
after  this  at  one  of  the  cement  plants  in  the  Lehigh 
district  and  also  by  the  California  Portland  Cement 
Co. 

In  1905  or  1906,  the  New  York  Lime  Co.  started 
to  burn  lime  at  Natural  Bridge,  N.  Y.,  using  a  100 
ft.  X  6  ft.  rotary  kiln  fired  by  producer  gas,  and 
shortly  after  this  rotary  lime  kiln  plants  were  built 
by  both  the  Union  Carbide  Co.  and  the  Aluminum 
Ore  Co.  There  are  now  in  operation  quite  a  number  of 
rotary  kiln  lime  plants  most  of  which,  however,  are 
supplying  lime  for  chemical  and  metallurgical  purposes 
for  reasons  given  below. 

An  application  of  the  rotary  kiln  to  burning  lime, 
of  peculiar  interest  to  the  chemical  industry,  is  the 
employment  of  the  rotary  kiln  for  burning  lime  from 
the  waste  carbonate  of  lime  or  "lime  sludge"  obtained 
from  the  manufacture  of  caustic  soda  by  the  action  of 
lime  on  soda  ash.  Large  quantities  of  this  waste  are 
produced  by  the  paper-pulp  manufacturers  and  also  by 
caustic  soda  works.  Lime-sludge  is  also  produced 
by  beet  sugar  manufacturers.  The  rotary  kiln  is  now 
employed  for  burning  waste  lime  from  both  industries. 
The  rotary  kiln  is  especially  suited  to  burning  these 
sludges  as  they  can  be  introduced  into  the  kiln  in  the 
form  of  a  thin  mud  or  "slurry." 

For  burning  lime,  producer  gas  is  usually  employed 
for  heating  the  kiln  but,  when  great  purity  and  absence 


of  color  are  not  required,  pulverized  coal  can  be  used 
to  advantage.  The  limestone  to  be  burned  is  usually 
crushed  to  pieces  of  one-half  inch  and  under,  before 
being  introduced  into  the  kiln.  The  objection  to  the 
rotary  kiln  for  lime  burning  is  principally  due  to  this 
latter  fact.  The  lime  produced  is  in  the  form  of  dust 
and  small  pieces,  whereas  for  building  purposes  most 
users  wish  lump  lime.  This  preference  is  due  entirely 
to  ignorance.  Fine  lime  is  usually  the  result  of  air 
slaking  and,  as  air  slaked  lime  is  partly  carbonated, 
it  is  natural  that  the  builder  should  demand  lime  in 
lumps.  On  being  supplied  with  rotary  kiln  lime,  he 
supposes  it  is  air  slaked  lime  and  refuses  it.  Such 
lime,  however,  is  particularly  suited  to  metallurgical, 
chemical  and  agricultural  uses,  and  to  hydrated  lime 
manufacture,  for  all  of  which  purposes  crushing  of 
the  lime  is  necessary. 

The  advantages  of  the  rotary  kiln  are  its  low  labor 
cost  of  operating,  the  uniformity  with  which  it  burns  if 
properly  handled  and  its  high  fuel  efficiency.  The 
labor  item  of  lime  burning  can  be  cut  in  half  by  opera- 
ting a  rotary  kiln  and  a  fuel  efficiency  of  six  tons  of 
lime  for  one  ton  of  fuel  has  been  obtained.  For  this 
reason  where  lime  is  desired  for  chemical  uses,  for 
hydrate  manufacture,  for  wood  pulp  plants,  for 
fertilizer  and  in  short,  where  lump  lime  is  not  neces- 
sary, the  rotary  kiln  will  make  lime  cheaper  than  any 
other  form  of  kiln.  The  first  cost  of  a  rotary  plant  is, 
however,  50  per  cent  greater  than  that  of  an  ordinary 
grate-fired  vertical  kiln  plant  of  the  same  capacity  but 
it  is  25  per  cent  cheaper  than  a  producer  gas  plant  of 
like  output. 

One  great  advantage  of  the  rotary  kiln  is  the  fact 
that  small  stone  can  be  burned  in  it.  It  is  also  suited 
to  burning  stones  which  break  up  into  smaller  pieces 
and  crumble  on  heating.  Such  stone  cannot  be 
burned  in  upright  kilns  because  of  the  stopping  up 
of  the  draft  by  the  spalls. 

A  rotary  kiln  lime  plant  usually  consists  of  a  pre" 
liminary  gyratory  or  jaw  crusher  for  breaking  down 
the  big  stone.  This  is  followed  by  some  form  of 
break  down  mill  or  crusher  to  reduce  the  stone  to  pieces 
of  V4  inch  in  diameter  and  under.  These  secondary 
crushers  are  usually  of  the  swing  hammer  type.  The 
stone  goes  from  the  crusher  to  a  bin  and  from  this  is 
fed  automatically  and  evenly  into  the  kiln.  From 
the  kiln  the  lime  drops  into  a  rotary  cooler  where  it  is 
cooled.  It  is  then  elevated  into  a  bin  from  which  it  is 
drawn  for  shipment  as  needed.  At  several  lime 
plants  boilers  are  installed  at  the  ends  of  the  kiln 
making  use  of  the  waste  gases  from  these  to  generate 
steam. 

ROASTING    OF    BAUXITE,    CHEMICALS,    ETC. 

Rotary  kilns  are  now  employed  for  drying  and 
dehydrating  many  ores  and  chemicals.  In  1902,  a 
rotary  kiln  was  installed  for  the  dehydrating  of  bauxite, 
and  this  kiln  has  now  come  quite  generally  into  use  for 
this  purpose.  Producer  gas  is  generally  employed  for 
heating  such  kilns,  although  oil  or  natural  gas  would 
be  the  most  desirable  fuel  where  either  could  be  em- 
ployed without  too  great  expense. 

A  very  high   grade  of  ferric  oxide  pigment  is  now 
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made  in  the  rotary  kiln  by  heating  the  residues  ob- 
tained from  spent  pickUng  solutions.  In  this  case,  the 
salt  has  merely  to  be  dehydrated,  the  sulfur  trioxide 
driven  off  and  the  ferrous  oxide  converted  to  the  higher 
oxide. 

One  large  chemical  company  has  a  rotary  kiln  plant 
for  dehydrating  salts  containing  chemically  combined 
water.  The  plant  consists  of  four  rotary  kilns,  each 
120  ft.  long  and  7  ft.  in  diameter.  Producer  gas  is 
used  to  heat  the  kilns  and  the  exit  gases  from  the 
kiln  are  passed  through  a  dust  collecting  and  washing 
apparatus  where  they  are  scrubbed  to  recover  valuable 
dust  which  they  carry  from  the  kiln. 

The  dust  problem  must  always  be  considered  in 
rotary  kiln  installations  and  where  the  dust  represents 
a  loss  of  valuable  material  or  is  likely  to  constitute  a 
nuisance  to  the  community  arrangements  should  be 
made  to  catch  this  dust.  With  small  installations,  a 
settling  chamber  and  water  sprays  will  prove  satis- 
factory but  with  large  installations  the  problem  is 
not  so  simple. 

The  rotary  kiln,  fired  directly  by  a  powdered  coal, 
oil  or  gas  flame,  is  one  of  the  most  economical  methods 
of  drying  and  dehydrating  materials  known.  It  is 
extensively  used  for  drying  blast  furnace  slag  which 
has  been  granulated  by  water  in  the  cement  plants  of 
the  Universal  Portland  Cement  Co.  and  would  offer  an 
excellent  method  of  drying  washed  phosphate  rock, 
ore,  etc.,  where  large  quantities  of  very  wet  material 
are  to  be  dried. 

MAKING    BICHROMATES 

Mr.  J.  H.  Payne,  by  employing  a  highly  oxidizing 
atmosphere  in  the  rotary  kiln  has  been  able  to  produce 
sodium  chromate  using  this  form  of  furnace  in  place 
of  the  reverberatory  furnace  now  generally  used  for 
this  purpose,  and  a  patent  has  been  granted  him  on 
this  process. 

BURNING    PYRITES 

Ducco,  an  Italian  chemical  engineer,  in  1906  sug- 
gested the  use  of  the  rotary  kiln  for  burning  pyrites 
for  the  manufacture  of  sulfuric  acid,  the  pyrites  being 
fed  in  at  one  end  and  the  air  for  combustion  entering 
at  the  other.  His  first  experiments  on  such  a  furnace 
were  made  in  the  works  of  Rifredi,  near  Florence, 
where  the  practicability  of  the  scheme  was  demon- 
strated. Various  other  acid  plants  in  Italy  also  use 
the  rotary  kiln  for  this  purpose.  As  employed  by 
Ducco,  the  internal  surface  of  the  kiln  was  provided 
with  spiral  grooves  to  facilitate  the  descending  move- 
ment of  the  ore  without  the  production  of  much  dust. 

In  this  country,  the  Pyrite  Engineering,  Co.,  Carth- 
age, N.  Y.,  are  exploiting  a  system  of  roasting  pyrites 
in  a  rotary  kiln  upon  which  they  hold  patents.  They 
have  installed  such  a  kiln  at  the  plant  of  the  Hinckley 
Fiber  Co.,  Hinckley,  N.  Y.  This  plant,  at  last  ac- 
counts, was  working  successfully,  burning  an  ore  which 
sometimes  ran  as  low  as  20  per  cent  sulfur  without 
employing  any  auxiliary  heat.  The  pyrites  is  being 
roasted  just  as  it  comes  from  the  ground,  after  being 
crushed  to  ^/i  inch  and  down,  using  both  lump  and 
fines  together.  The  lower  end  of  the  kiln  is  closed,  a 
series  of  trap   doors   which   work  automatically  allow 


the  cinder  to  fall  from  the  kiln  without  the  admission 
of  too  much  air.  When  the  kiln  is  first  started,  the 
pyrites  ore  is  kindled  by  means  of  a  jet  of  burning 
sulfur. 

In  view  of  the  fact  that  the  rotary  kiln  is  much 
more  simple  than  the  ordinary  mechanical  rabble 
furnace,  it  is  remarkable  that  more  acid  and  pulp 
manufacturers  have  not  given  them  a  trial. 

A  novel  use  of  the  rotary  kiln  is  in  the  production 
of  sulfur  trioxide.  This  process  is  in  use  at  Hochst, 
at  Hruschau  and  at  Hamburg.  Burnt  pyrites,  which 
has  been  soaked  in  ferrous  sulfate  solution,  is  passed 
into  the  upper  end  of  a  rotary  kiln,  the  hot  gases 
from  the  sulfur  burners  being  admitted  at  the  lower. 
The  kiln  (Fig.  7)  is  provided  with  shelves  which  pick 
the  material  up  as  the  kiln  revolves  and  cascade  it  in 


Fig.  7— Rotarv  Tube  Furnace  ro 


UFACTURE  OF  SULFURIC  AclD 


a  spray  of  fine  material  through  the  current  of  gas 
passing  through  the  cylinder.  In  the  upper  and  colder 
part  of  the  tube,  the  sulfur  dioxide  gas  is  absorbed 
by  the  burnt  pyrites.  As  this  works  its  way  down 
through  the  cylinder  to  the  lower  end,  the  heat  liberates 
all  the  sulfur  dioxide  in  the  form  of  vapors  of  sulfur 
trioxide  and  sulfuric  acid.  The  gases  are  freed  from 
dust  and  absorbed  as  usual.  The  burnt  pyrite  falls 
into  a  chamber  ,at  the  lower  end  of  the  kiln  and  is  re- 
employed by  soaking  in  ferrous  sulfate  solution  ob- 
tained from  the  treatment  of  pyrites  containing 
copper. 

MANUFACTURE    OF    SULFIDES 

By  designing  the  kiln  so  as  to  cut  down  the  amount 
of  air  entering  the  firing  end,  it  is  possible  to  procure 
a  reducing  atmosphere  in  the  kiln  so  that  it  can  be  used 
for  the  reduction  of  sulfates  to  sulfides.  In  this  case, 
the  problem  is  a  particularly  easy  one  because  of  the 
low  temperatures  necessary  in  this  work.  Calcium 
and  barium  sulfate  can  both  be  reduced  to  sulfides 
with  little  trouble  using  a  grate  fire  to  heat  the  kiln. 
Both  are  now  made  commercially  in  rotary  kilns. 
Indeed,  all  of  the  more  modern  plants  for  the  manu- 
facture of  barium  sulfide  are  eq-uipped  with  rotary 
kilns,  and  a  large  quantity  of  this  compound  is  now 
produced  and  employed  in  the  manufacture  of  litho- 
phone,  blanc  fixe,  barium  salts  and  in  various  chemical 
processes. 

In  manufacturing  barium  or  calcium  sulfide,  the 
barytes  or  gypsum,  as  the  case  may  be,  is  crushed  and 
mixed  with  from  25  to  30  per  cent  of  coarsely  ground 
coal.  The  mixture  is  then  passed  through  a  tube  mill 
or  some  other  type  of  pulverizer  where  sufficient  water 
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is  usually  added  to  make  of  the  powdered  mixture 
a  thin  mud  or  slurry  of  about  the  consistency  of  thick 
cream.  The  pulverizing  is  carried  to  the  point  where 
at  least  90  per  cent  of  the  mixture  will  pass  through  a 
100  mesh  screen.  The  slurry  is  then  fed  into  the  kiln 
in  a  regular  stream,  and  as  it  works  its  way  through  the 
kiln,  reduction  takes  place.  Some  of  the  sulfide  formed, 
however,  changes  to  carbonate. 

The  product  obtained  usually  consists  of  from  60 
to  75  per  cent  water-soluble  barium  sulfide,  20-25 
per  cent  acid-soluble  (chiefly  barium  carbonate)  and 
5  to  20  per  cent  insoluble.  When  the  ore  is  pure  and 
a  good  reducing  flame  is  maintained  a  reduction  to 
75  per  cent  of  barium  sulfide  and  only  s  per  cent  acid 
insoluble  is  obtainable. 

The  kiln  is  heated  by  a  fire-box  with  a  hand-fired 
grate,  one  man  being  sufficient  to  fire  the  furnace  and 
look  after  the  kiln.  The  fire-box  should  be  designed 
to  give  a  reducing  flame  and  all  joints  should  be  tight 
so  as  to  prevent  excess  air  entering  the  kiln.  A 
mechanical  stoker  would  be  the  thing  here.  About 
500-600  lbs.  of  coal  per  ton  of  barytas  burned  are 
required  to  heat  the  kiln  and  a  similar  quantity  is 
mixed  in  with  the  barytes. 

The  red  hot  clinker  from  the  kiln  is  usually  con- 
veyed immediately  to  the  leaching  tanks  or  other 
dissolving  apparatus,  where  the  sulfide  leaches  out 
very  quickly.  The  insoluble  is  converted  into  barium 
chloride,  unless  it  is  high  in  barium  sulfate  when  it 
is  refurnaced.  The  barium  chloride  solution  is  purified, 
filtered  and  concentrated  to  the  point  where  this  salt 
crystallizes  out.  The  barium  sulfide  solution  is 
filtered  and  stored  in  large  tanks. 

A  rotary  kiln  7'/2  ft.  in  diameter  and  80  ft.  long, 
rotating  once  every  2  minutes,  will  furnace  from  50  to 
60  tons  of  barytes  per  24  hours.  Close  supervision  is 
necessary,  however,  and  hence  many  plants  oper- 
ate only  10-12  hours  per  day.  This  is  possible  because 
of  the  low  temperature  employed  and  the  ease  with 
which  the  kiln  may  be  heated  up.  The  material 
furnaces  easily  and  without  complications. 

AGRICULTURAL    CHEMICALS 

When  phosphate  rock  is  mixed  with  from  15  to  20 
per  cent  of  certain  alkaline  fluxes  such  as  the  sulfates, 
carbonates  and  nitrates  of  the  alkalies,  finely  ground 
and  heated  in  a  rotary  kiln  to  the  point  of  incipient 
fusion,  a  sintered  mass  is  obtained  in  which  practically 
all  of  the  phosphoric  acid  is  present  in  a  form  soluble 
in  ammonium  citrate  solution.  Numerous  patents 
have  been  granted  covering  such  processes  but  the 
basic  principle  was  made  known  by  Baskerville  in 
1898  and  Wiborgh  obtained  a  patent  upon  essentially 
this  process  the  same  year.  The  product  is  analogous 
to  Thomas  slag  which  is  highly  recommended  as  a 
source  of  phosphoric  acid  for  plant  food. 

The  process  is  commercially  possible  but  the  low 
price  at  which  sulfuric  acid  has  been  obtained  as  well 
as  the  fact  that  the  demand  has  been  greatest  for  a 
water-soluble  and  not  a  citrate-soluble  phosphate  and 
the  conflicting  claims  of  the  various  patentees  have  all 
tended  to  retard  the  application  of  the  process  on  a 
large  scale. 


The  reaction  whereby  the  potash  can  be  made  water- 
soluble  by  ignition  with  calcium  carbonate  and  ammo- 
nium chloride  is  familiar  to  all  analysts,  as  it  is  the  basis 
of  the  determination  of  this  element  in  silicates.  The 
proposal  has  been  made  to  ignite  a  finely  ground 
mixture  of  limestone,  calcium  chloride  and  feldspar 
in  a  rotary  kiln  and  thereby  obtain  a  product  in  which 
the  potash  is  soluble.  The  proposition  has  also  been 
advanced  to  make  white  Portland  cement  from  a 
mixture  of  feldspar  and  limestone,  both  practically- 
free  from  iron,  and  obtain  potash  as  a  by-product^ 
the  latter  being  volatilized  at  the  high  temperatures, 
employed  in  the  cement  kiln. 

The  first  proposition  for  potash  does  not  seem  to 
promise  much  because  of  the  small  percentage  of  potash 
obtainable  in  the  product — only  about  3  or  4  per 
cent — and  its  consequent  low  value.  With  the  second 
process  the  problem  of  catching  the  potash  presents 
considerable  mechanical  difficulty. 

Both  the  process  for  rendering  phosphoric  acid 
citrate-soluble  and  that  for  obtaining  a  potash-bearing 
material  from  feldspar  have  been  the  subjects  of 
extensive  experiments,  some  of  which  have  even  gone 
so  far  as  trials  with  a  full  size  rotary  kiln,  and  prac- 
tically all  of  the  large  manufacturers  of  agricultural 
chemicals  have  looked  into  the  subject.  In  view  of  the 
possibilities  of  both  processes  and  the  heavy  and  sure 
demand  for  such  chemicals,  these  processes  present 
an  attractive  problem  for  research. 

We  have  a  small  rotary  kiln  20  ft.  long  and  2  ft. 
in  diameter.  In  this  we  have  been  able  to  burn  from 
mixtures  of  lime,  soda-ash  and  phosphate  rock,  ma- 
terial running  as  high  as  26  per  cent  citrate-soluble 
P2O5.  This  experimental  kiln  is  large  enough  to  ap- 
proach very  nearly  plant  conditions  and  any  results 
which  we  can  obtain  here  should  be  easily  obtainable 
in  a  large  kiln. 

FUTURE    APPLICATIONS 

In  conclusion,  we  might  say  that  the  rotary  kiln 
seems  to  us  peculiarly  adapted  to  certain  chemical 
processes  and,  where  it  can  be  employed,  will  usually 
be  found  the  most  economical  form  of  furnace,  for  the 
following  reasons: 

I — The  rotary  kiln  can  be  operated  with  far  less 
labor  than  other  furnaces.  Over  upright  shaft  furnaces 
the  saving  amounts  to  from  50  to  60  per  cent  and  over 
reverberatory  and  hearth  furnaces  from  50  to  75 
per  cent.  One  skilled  man  with  the  assistance  of 
a  laborer  at  the  feed  end  who  also  attends  to 
the  oiling  can  easily  look  after  two  8  X  125  ft.  rotary 
kilns. 

2 — The  upkeep  of  the  rotary  kiln  is  less  than  that 
of  any  mechanical  furnace.  The  lining  of  course  on 
some  materials  is  subject  to  destruction  from  the 
scorifying  action  of  the  charge,  but  outside  of  this 
the  repairs  and  renewals  amount  to  almost  nothing. 
Mechanical  repairs  on  an  average  amount  to  $2.00 
per  day  for  an  8  X  125  ft.  kiln.  There  are  no  rabble 
arms  to  break  and  no  metal  parts  are  subject  to 
corrosive  gases. 

3 — The  power  required   to   drive   the   kiln  is   much 
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less  than  that  needed  for  any  mechanical  furnace  of 
similar  capacity.  The  power  required  for  the  above 
size  kiln  amounts  to  about  20  H.  P. 

4- — Its  continuous  action  promotes  fuel  economy  and 
large  outputs  per  unit.  No  time  or  fuel  is  lost  in  heat- 
ing up  and  cooling  down  the  kiln  as  with  intermittent 
furnaces  and  the  steady  flame  of  the  jet  of  burning 
powdered  coal  gives  a  much  more  uniform  temperature 
than  is  possible  with  furnaces  which  are  fired  by  hand 
and  hence  into  which  cold  air  is  continuously  entering 
when  the  fire  is  stoked.  The  fuel  saving  of  the  rotary 
kiln  over  a  reverberatory  furnace  amounts  to  from 
30-50  per  cent. 

5; — Wet  materials  may  be  furnaced  as  well  as  dry, 
the  upper  part  of  the  kiln  acting  as  a  drier,  and  both 
fine  material  and  lumps  may  be  burned  at  the  same 
time. 

6 — The  charge  is  at  all  times  under  control  and  is 
advanced  regularly  through  the  kiln  at  the  desired 
rate.  This  rate  may  be  changed  at  will  by  quick- 
ening or  retarding  the  speed  at  which  the  kiln  re- 
volves. 

7 — High  temperatures  may  be  obtained  and  any  fuel 
desired  employed.  Both  oxidizing  and  reducing  flames 
may  be  secured. 

As  to  processes  to  which  the  rotary  kiln  is  most 
applicable,  these  would  seem  to  us  to  be: 

I — Processes  in  which  carbon  dioxide,  combined 
water  or  other  volatile  constituents  are  to  be  driven 
off  by  heat  and  at  temperatures  below  2700°  F. 

2 — The  oxidation  of  ores,  chemicals,  etc.,  whether 
this  is  accompanied  by  burning  of  sulfur  or  other 
combustible  elements  or  not. 

3 — The  reduction  of  compounds  where  this  can  be 
accomplished  by  heat  in  a  reducing  atmosphe.re  either 
with  or  without  the  use  of  a  reducing  agent.  The 
kiln  is  particularly  suited  to  reducing  processes  where 
these  consist  in  mixing  a  reducing  agent  with  the 
compound  to  be  reduced  and  the  mixture  finely  ground 
and  furnaced. 

4 — Processes  which  consist  in  the  formation  of  new 
compounds  by  partially  fusing  or  sintering  a  mixture 
of  two  or  more  materials. 

5 — Processes  which  are  designed  to  merely,  change 
the  physical  state  of  a  substance  by  just  heating  the 
material  (either  alone  when  fusible  or  with  some 
fusible  binder  when  not  itself  fusible)  to  the  point 
when  the  particles  cohere  to  form  nodules  or  clinker 
of  the  desired  size. 

Two  or  more  of  the  above  processes  are  often  carried 
out  in  the  same  furnace,  as  for  example  in  the  manu- 
facture of  Portland  cement,  where  the  carbon  dioxide 
is  first  driven  off  and  then  the  silicates  and  aluminates 
of  lime  are  formed. 

The  rotary  kiln  is  not  suited  to  reactions  which  are 
attended  with  marked  fusion  of  the  material,  that  is, 
when  the  mass  must  become  fluid  before  or  in  order 
for  the  reaction  to  take  place.  When  the  fusion  takes 
place  above  the  temperature  at  which  the  reaction  is 
completed,    the    rotary    kiln    may    be    employed    with 


proper  care  to  control  the  temperature.  Where  only 
sintering  takes  place  the  kiln,  of  course-,  gives  entire 
satisfaction  and  many  reactions  which  ordinarily  re- 
quire fusion  of  the  mass  to  take  place  may  be  carried 
out  completely  without  having  the  mass  either  molten 
or  even  pasty,  by  simply  grinding  the  components 
finely  and  heating  only  to  the  point  of  incipient  fusion 
or  sintering.  Here  the  greater  surface  exposed  allows 
the  reaction  to  take  place  by  diffusion.  Examples  of 
this  are  found  in  the  process  of  making  available 
phosphoric  acid  referred  to  above  and  also  in  the 
burning  of  cement  clinker. 

202  North  Calvbrt  St. 
bai.timore 


A  COMBINATION  WATER   SOFTENER  AND  STORAGE 

TANK' 

By  L.  M.  Booth 

Any  water  purification  process  implies  that  the 
purified  water  is  to  be  used.  How  best  to  store  this 
water  between  the  time  it  is  purified  and  used  is  a 
matter  for  consideration.  In  some  industrial  plants, 
the  rate  of  use  of  water  is  fairly  constant  throughout 
the  day,  the  water  is  used  as  fast  as  it  is  softened  and 
no  storage  is  necessary.  Most  water  users,  however,, 
have  one  or  more  considerable  peaks  in  their  load  re- 
quiring the  delivery  of  large  volumes  of  purified  water 
during  a  short  space  of  time.  The  usual  plan  has  been 
to  provide  a  separate  tank  or  reservoir. 
■  During  the  past  ten  years  a  great  many  softeners 
equipped  with  excelsior  filters,  affording  storage  ca- 
pacity for  one  hour's  flow  (more  or  less) — sufficient 
for  ordinary  requirements  of  an  industrial  or  power 
plant — have  been  built.  Usually,  this  storage  ca- 
pacity is  provided  by  increasing  the  height  of  the  tanks 
a  few  feet  above  the  filter  to  gain  the  desired  volume. 
A  softener  arranged  to  include  storage  capacity  above 
the  filter  is  shown  in  Fig.  i. 

This  provision  for  storage  capacity,  while  adequate 
to  serve  the  needs  of  most  power  plants,  necessitates 
the  use  of  raw  water  for,  perhaps,  half  a  day,  twice 
each  year,  in  order  to  provide  opportunity  to  change 
the  filtering  material.  To  use  raw  water,  pumped 
directly  to  the  feed  water  heater  for  boiler  feed,  for 
such  a  brief  interval,  is  not  especially  objectionable. 
For  railway  water  stations,  however,  such  a  plan  has 
very  little  to  commend  it,  because  during  the  periods 
of  filter  cleaning,  there  would  be  no  water  available, 
stored  at  sufficient  height,  to  fill  a  locomotive  tender 
in  the  usual  short  period. 

The  best  water  softening  practice  in  vogue  at  the 
time  the  first  modern  water  softeners  were  imported 
from  Europe,  late  in  the  nineteenth  century,  called 
for  the  use  of  filters  to  clarify  the  imperfectly  settled 
water.  Usually,  these  filters  were  constructed  of 
"excelsior"  (wood  shavings).  Careful  observations 
of  softeners  operated  at  a  small  fraction  of  the  rated 
capacity — corresponding  to  more  liberal  de'Sign — 
readily  demonstrated  that  if  the  rate  of  upflow  in  the 
settling   space    were   restricted   to    a   very   slow   flow, 

'  Presented  at  the  6th  Semi-annual  Meeting  of  the  .\merican  Institute 
of  Chemical  Engineers,  Troy,  N.  Y..  June  17-20,  1914. 
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practically    no    suspended    matter    reached  the    filter,      feature    of    water    softener    construction,    it    becomes 
By  gradually  adopting  more  liberal  standards  of  settling      a  simple  problem  to   add   any  reasonable   amount  of 

pure  water  storage. 

As    a    result    of    several    years    practical    experience 

and  study,  having  in  mind  the  possible  elimination  of 


-Water  Softener 
Dayton  Power  £ 


—Capacity  .10,000  Gallons  per  Hr. 
id  Light  Co.,  Dayton,  Ohio 


tank  design,  the  point  is  soon  reached  when  the  ex- 
pense of  installing  and  maintaining  a  filter  for  purify- 
ing boiler  feed  water  is  not  justified. 


*! 


-Water  Softener — Capacity  5,000  Gallons  per 
National  Malleable  Castings  Co.,  Toledo.  Ohio 

the  filter,  the  softener  at  the  foundry  of  the  National 
Malleable  Castings  Company,  Toledo,  Ohio,  as  shown 
in  Figs.  II  and  III,  was  designed  and  installed  to  soften 


Fig.  II — Water  Softef 
National  Malle 


—Capacity  5,000  Gallons  per  Hr 
Castings  Co..  Toledo,  Ohio 


After  demonstrating  that  the  filter  is  not  an  essential 


Fii;    IV — Water  Softener — Capacity  50,000  Gallons  per  Hr. 
Chicago.  Rock  Island  and  Pacific  Railway.  Burr  Oak,  111. 

and    clarify    hard    and    sewage  laden  muddy  Maumee 
River  water  for  boiler  feed. 

More  rapid  progress  toward  the  development  of  the 
"No-Filter"  softener  for  purifying  boiler  feed  water 
would  have  been  possible  except  for  the  popular  preju- 
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dice  favoring  the  use  of  a  filter  of  some  kind.  The 
average  individual  cannot  conceive  how  it  would  be 
possible  to  simplify  and  improve  a  softener  by  omitting 
the  filter.  Several  of  these  "No-Filter"  installations 
having  been  made,  and  having  demonstrated  their 
fitness  to  meet  the  requirements,  the  construction  of 
a  "No-Filter"  softener  equipped  to  store  purified 
water,  has  become  a  commercial  proposition.  A 
typical  installation  of  this  kind  is  shown  in  Fig.  IV. 
Somewhat  more  than  the  upper  half  of  this  tank, 
which  is  40  feet  high,  is  devoted  to  the  storage  of  soft- 
ened water.  Fig.  V  shows  the  general  arrangement  of 
this  softener. 


than  the  rated  capacity  of  50,000  gallons  per  hour, 
the  time  of  flow  is  proportionately  longer. 

The  action  of  the  softening  tank  mechanical  agita- 
tors in  preparing  the  precipitate  for  sedimentation  is 
described  below  and  is  shown  in  Figs.  VII  and  VIII. 

From  the  softening  tank  the  water  flows  upward 
through  the  settling  space  at  a  rate  of  3.61  feet  per  hour, 
which  is  sufficiently  slow  to  effect  clarification  of  this 
particular  water.  The  time  of  flow  from  the  bottom 
of  the  softening  tank  to  the  outlet  corresponds  to  4.4 
hours  when  the  softener  is  operated  at  rated  capacity. 

There  is  available  for  immediate  use  308,000  gallons 
of  softened   water  above  the  outlet.     This   volume   is 


Fig.  V — Water  Softener 
Capacity  50,000  Gallons  pef 
Chicago.  Rock  Island  and  Pacific 
Railway,  Burr  Oak,  111. 


The  water  enters  at  the  inlet  and  passes  to  an  over- 
shot waterwheel  which  furnishes  the  power  to  drive 
the  agitator  in  the  softening  tank,  as  well  as  the 
agitator  in  the  chemical  tank  at  ground  level.  This 
same  power  also  operates  the  chemical  feed  pumps. 
One  of  these  pumps  delivers  the  chemical  solution 
to  the  chemical  regulator  located  on  the  chemical 
tank,  and  the  other  elevates  the  solution  which  has 
been  measured  by  the  chemical  regulator,  to  the  top 
of  the  softening  tank,  where  it  meets  the  raw  water 
which  has  passed  over  the  waterwheel. 

The  downflowing  water  and  chemicals  are  thoroughly 
mixed  in  this  softening  tank,  during  a  period  of  twenty- 
eight  to  forty-eight  minutes,  depending  on  the  amount 
of  water  in  the  storage  space.     When  operated  at  less 


sufficient  to  meet  the  demands  of  a  large  locomotive 
terminal  and  freight  yard. 

Fig.  VI  shows  in  detail  the  manner  of  handling  the 
chemical  solution.  The  reagents  use"d  are  hydrated 
lime  and  soda  ash. 

The  low  lift  pump  takes  its  suction  through  a  strainer 
screen  near  the  bottom  of  the  chemical  solution  tank. 
The  solution  is  delivered  to  the  inlet  compartment 
of  the  chemical  regulator,  mounted  on  the  chemical 
tank.  The  level  of  the  solution  in  this  compartment 
is  maintained  at  constant  height,  for  the  reason  that 
sufficient  solution  is  delivered  into  it  to  keep  the  solu- 
tion continually  overflowing  the  inner  weir.  The 
excess  solution  returns  to  the  chemical  tank.  A 
uniform    flow    of    solution,    sufficient   to   treat    50,000 
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gallons  of  water  per  hour,  from  the  inlet  compartment 
flows  through  the  standard  orifices,  which  are  always 
under  a  constant  head.  When  the  softener  is  run  at 
full  capacity,  all  of  this  solution  is  required;  but  if, 
for  instance,  it  is  operating  at  one-half  capacity,  as 
shown  in  the  detail  view  of  the  chemical  regulator, 
only  one-half  of  the  maximum  flow  of  solution  passes 
down  the  feed  chute  to  the  high  lift  pump, "by  means 
of  which  it  is  delivered  to  the  softening  tank.  The 
other  fifty  per  cent,  which  passes  the  cut-off  plate  on 
the  other  side,  returns  directly  to  the  chemical  tank. 
Similarly  the  feed  is  directly  proportional  to  the  amount 
of  water  entering  the  softener  for  all  other  rates  of 
flow.     The  chemical  regulator  cut-off  plate  is  actuated 


the  chemical  regulator  and  thus  control  the  propor- 
tional feeding  of  the  chemical  solution. 

Aside  from  a  liberal  design  of  settling  tanks,  there 
is  one  other  important  feature  of  this  type  of  softener 
which  materially  assists  the  settling  tank  to  deliver 
a  clear  water.  This  is  the  provision  for  mechanical 
agitation  in  the  softening  tank.  The  agitation  is 
continued  sufficiently  long  not  only  to  thoroughly  dis- 
tribute and  mix  the  chemicals  with  the  water  but  also 
to  insure  coagulation  of  the  precipitate,  so  that  it 
will  settle  promptly  as  soon  as  the  quiet  condition  of 
the  settling  tank  is  met. 

Fig.  VII  is  an  example  of  the  influence  of  mechanical 
agitation  as  compared   with   another  softening  experi- 


FiG.  VI^Water  Softener — Capacity  50,000  Gallons  per 
Chicago,  Rock  Island  and  Pacific  Railway.  Burr  Oak,  111 


and  controlled  by  a  float  riding  in  a  tank  supplied 
with  water  which  has  passed  over  the  waterwheel. 
The  varying  heights  of  water  in  the  lower  part  of  the 
wheel  box  are  transmitted  to  the  float  tank  through 
an  equalizing  pipe. 

The  outlet  for  the  hard  water  from  the  wheel  box, 
into  the  softening  tank  is  through  a  Sutro  weir,  the 
general  shape  of  which  is  shown  in  the  detailed  view. 
The  extreme  width  of  this  weir  opening  is  25  inches. 
In  view  of  the  fact  that  the  height  of  the  water  flowing 
through  the  Sutro  weir  is  at  all  times  directly  propor- 
tional to  the  quantity,  it  will  be  seen  that  the  vertical 
movements  of  the  regulating  float  are  always  propor- 
tional to  the  quantity  of  water  flowing.  The  vertical 
movements  of  this  float  are  transmitted  by  means  of 
a  lever,  links,  and  bell  crank  to  the  cut-off  plate  of 


ment  similar  in  all  respects,  with  the  exception  that 
only  a  slight  mixing  was  given  in  VII-6,  the  "un- 
stirred," whereas,  Vll-a  had  been  subjected  to  the 
kind  of  agitation  which  experience  has  shown  to  be 
the  most  sufficient  for  precipitates  of  this  kind. 

The  photograph  (Fig.  VII)  was  taken  at  the  end  of 
three  minutes  following  the  addition  of  chemicals 
at  the  rate  of  1.9  lbs.  of  lime  and  1.2  lbs.  of  soda  ash 
per  thousand  gallons.  The  raw  water  in  this  case 
had  a  hardness  of  285,  and  an  alkalinity  of  235  parts 
per  million,  corresponding  in  grains  per  U.  S.  gallon 
to  16.6  and  13.7,  respectively. 

In   the  experiment   with   Sample   b   there   was   only 
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a  slight  mixing  of  the  water  caused  by  eight  revolu- 
tions of  the  agitator  whereas  Sample  a  was  stirred  for 
three  minutes,  at  the  end  of  which  time  the  precipitate 


-Stirred. 

ATER  SOFTENINC.   Ex 


b — Unstirred 
^ — AT  End  ok  .3  Minutes 


had  become  fairly  well  coagulated.  The  slight  blur 
in  Sample  a  shows  that  while  the  stirring  had  ceased, 
the  precipitate  had  not  yet  come  to  rest. 

Fig.  VIII  shows  the  same  samples,  neither  of  which 
has  been  touched  since  the  first  photograph  was 
taken.  The  second  photograph  shows  the  difference 
at  the  end  of  six  minutes,  by  which  time  the  precipi- 
tate in  Sample  a  had  almost  completely  settled,  whereas 
Sample  b,  as  may  be  noted,  shows  its  precipitate  to 
be  very  much  behind  in  development. 

These  simple  experiments  demonstrate  clearly  the 
advantage  gained  by  the  proper  kind  of  mechanical 
agitation  while  the  precipitate  is  in  process  of  formation. 


a— Stir.ed 
Fig.  VIH — Water  Softenin 


b — Unstirred 
ERiMENTs— AT  End  of  6  Minutes 


As  already  stated,  the  use  of  mechanical  agitation 
plays  an  important  role  in  the  "No-Filter"  softener, 
which  makes  feasible  the  storage  of  a  large  volume  of 
softened  water  in  the  same  unit  with  the  softener. 

Some  of  the  advantages  of  this  softener  are: 

I — All  handling  and  regulation  of  chemicals  is 
accomplished  at  ground  level. 

2 — Mechanical  agitation  for  the  softening  tank  is 
provided. 

3 — There  is  sufficiently  slow  upward  flow  in  the 
settling  space  to  deliver  a  clear  effluent. 

4 — Convenient  arrangement  of  storage  capacity. 

The  combination  of  the  softening  and  storage  fea- 
tures results  in  a  saving  of  ground  space  as  well  as 
in  cost  of  the  plant.  No  separate  foundation  is  neces- 
sary.    It  is  an  important  advantage  that  the   water 


is  stored  at  a  considerable  elevation  suitable  for  de- 
livery, without  pumping,  to  feed  water  heater  or  loco- 
motive tender. 

136  Liberty  Street,  New  York 

A  NEW  SEAL  FOR  THE  PREVENTION  OF  AERATION  IN 

DEAERATED  LIQUIDS 

By  Frank  Bachmann' 

Received  August  3.    1914 

There  have  been  several  devices  recommended  for 
preventing  the  absorption  of  atmospheric  oxygen  in 
the  methylene  blue  test  for  putrescibility.  Among 
the  devices  recommended  are:  Jackson's  bulb  pipette^ 
and  Buswell's  capillary  U-tube.^ 

The  Bunsen  valve  shown 
in  the  figure  has  given  very 
satisfactory  results  at  the 
Sewage  Testing  Station  of 
the  Sanitary  District  of 
Chicago.  The  valve  con- 
sists of:  a  rubber  stopper 
"a,"  through  which  a  glass 
tube,  "b,"  passes;  rubber 
tube  "c"  is  attached  to 
the  upper  end  of  the  glass 
tube  and  closed  with  a  glass 
rod,  "d."  Ordinarily,  a  slit 
is  used  in  the  rubber  tubing, 
but  in  this  case  a  few  pin- 
holes were  punched  in  the 
tubing  as  shown  at  "e." 
The  pinholes  open  and  al- 
low the  gases  to  escape  but 
close  by  pressure  from  with- 
out and  thereby  prevent  the 
ingress  of  air.  The  bottle 
is  filled  with  the  liquid  under 
examination  and  the  rubber 

stopper  with  valve  forced  in  place.  The  liquid  rises 
in  the  glass  and  rubber  tubing,  thereby  displacing 
practically  all  of  the  air  in  the  tube. 

To  show  that  the  Bunsen  valve  prevents  reaeration, 
water-sewage  mixtures  were  prepared  and  placed  in 
bottles  with  methylene  blue,  using  cork,  glass  and 
Bunsen  valve  seal  as  stoppers  and  then  incubated  at 
37°  C.  The  temperatures  of  the  mixtures  before 
placing  them  in  the  incubator  were  about  19°  C. 
In  the  case  of  the  cork  and  glass,  the  stoppers  loosened 
to  allow  some  liquid  to  escape,  due  to  the  expansion 
of  the  liquid.  The  Bunsen  valve  cared  for  this  ex- 
pansion very  satisfactorily.  After  the  liquids  de- 
colorized, the  bottles  were  taken  out  of  the  incubator 
and  gradually  cooled.  Reabsorption  took  place  rapidly 
in  the  bottles  stoppered  with  glass  and  cork,  as  shown 
by  the  reappearance  of  the  methylene  blue,  whereas 
practically  no  blue  appeared  in  the  Bunsen  valved 
bottle.  The  rubber  tube  on  the  Bunsen  valve  col- 
lapsed, thus  preventing  the  absorption  of  air  by  the 
liquid. 

In  a  series  of  tests  with  methylene  blue  and  a  putres- 

'  Assistant  Chemist,  The  Sanitary  District  of  Chicago. 
:  Jackson  and  Horton,  This  Journal.  1  (1909),  328. 
■  Buswell,  Ibid.  6  (19141,  325. 
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cible  mixture  using  cork,  glass  and  Bunsen  valves 
as  stoppers  for  comparison,  and  incubating  at  both 
20°  C.  and  37°  C,  it  was  found  that  there  was  prac- 
tically no  difference  in  the  relative  stabilities  of  each 
mixture  incubated  at  the  same  temperature.  The 
mixtures  were  at  about  18°  C.  when  placed  in  the  in- 
cubators, thereby  giving  the  stoppers  an  opportunity 
to  loosen  with  the  expansion  of  the  liquid  and  conse- 
quently to  absorb  oxygen  from  the  air.  Judging 
from  the  results  of  the  relative  stabilities,  no  oxygen 
was  absorbed.  The  question  of  the  importance  of 
oxygen  absorption  from  the  air  in  incubation  tests 
has,  to  my  mind,  been  more  or  less  exaggerated.  If 
the  liquid  is  brought  to  the  incubation  temperature 
and  a  good  grade  of  cork  or  glass  stopper  inserted  into 
the  bottle,  I  do  not  believe  that  there  is  much  danger 


from  reaeration.  However,  to  meet  this  slight  danger, 
the    Bunsen   valve   is   desirable. 

It  may  also  prove  valuable  in  the  English  test  for 
the  determination  of  the  oxygen  demand,  where  after 
several  days'  incubation  a  slight  rise  in  dissolved  oxy- 
gen is  often  noted.  The  seal  has  been  of  service 
when  using  Lederer's  nitrate  method'  on  domestic 
sewage  and  a  particularly  strong  trade  waste  such  as 
is  met  with  at  Packingtown.  With  such  a  strong 
waste,  cork  and  glass  stoppers  are  frequently  blown 
out  of  the  bottle,  due  to  the  pressure  of  the  gases 
formed. 

The  main  advantages  claimed  for  this  seal  are  its 
simple  construction  and  simple  application. 

The  Sanitary  District  of  Chicago 
39th  Street  and  Lake  Front 
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SHODDY  AND  CARBONIZED  WASTE' 
By  Louis  Joseph  Matos 

For  many  years  there  has  existed  a  small  though  important 
industry  that  is  devoted  entirely  to  the  working  up  of  rags  of 
all  kinds,  and  of  woolen  waste,  recovering  from  it  the  wool  fiber 
and  putting  it  in  condition  so  that  it  can  be  re-used  to  ad- 
vantage. This  is  the  "shoddy"  industry,  and  though  some- 
what prosaic,  and  out  of  the  usual  order  of  technical  papers  of 
interest  to  the  Institute,  is  in  a  great  measure  dependent  for  its 
progress  upon  the  combined  skill  of  both  engineers  and  chemists. 

There  have  been  proposed  from  time  to  time  numerous  pro- 
cesses for  the  destruction  and  removal  of  vegetable  particles 
from  wool  in  all  stages  of  manufacture.  Burrs,  seeds  and  other 
plant  fragments  are  found  normally  in  most  all  raw  wools. 
Fine  particles  of  cotton  or  other  threads  occasionally,  though 
accidentally,  are  picked  up  during  the  travels  of  pure  wool 
through  the  mill;  these  show  distinctly  in  piece-dyed  goods  when 
finished  and  call  for  the  process  of  "speck  dyeing"  and  in  the 
better  grade  fabrics  for  "carbonizing  in  the  piece,"  and  finally 
the  process  of  rag  carbonizing  which  forms  the  basis  of  this 
paper. 

The  importance  of  this  industry  may  be  appreciated  when 
it  is  realized  that  if  all  the  wool  clipped  during  any  one  year  be 
converted  into  cloth  suitable  for  garments  and  equally  distributed 
among  the  inhabitants  of  the  temperate  or  wool  wearing  zones, 
there  would  be  but  fourteen  (14)  ounces  of  cloth  to  each  indi- 
vidual, sufficient  to  make  only  a  single  pair  of  knee  breeches  per 
person.  Consequently,  in  order  to  provide  a  sufficient  supply, 
wool  must  be  obtained  from  another  source,  and  this  source  is, 
of  necessity,  previously  made  and  used  woolen  cloth  in  the  form 
of  rags. 

The  various  kinds  of  stock  that  serve  as  raw  material  for  the 
manufacture  of  shoddy  and  similar  products  are  subject  to 
several  classifications  based  upon  whether  the  rags  are  "new," 
that  is,  rags  and  clippings  obtained  from  clothing  manufacturing 
establishments,  etc.;  "old  stock"  or  rags  obtained  from  pre- 
viously worn  clothing;  and  "wool  waste"  which,  as  its  name 
indicates,  may  be  regarded  as  the  waste  sweepings  from  woolen 
mills.     These  groups  are  classified  about  as  follows: 

NEW — CLIPS.  Clips,  factory  wool,  fine  mixed,  fine  merchants 
tailor,  coarse  gray,  ordinary  light,  fine  dark.  Worsteds:  choice 
hght,  fine  gray,  fine  dark,  black  blue,  brown.  Serges:  brown, 
blue,  black,  light,  dark,  light  fancies,  dark  fancies.  Worsted 
edees:    blue,    black.     Flannels:    new   blue,    new   scarlet.     Plain 


1  Presented  at  the  6th  Semi-annual   Meeting  of  the  American  Institute 
of  Chemical  Engineers.  Troy,  New  York,  June  17-20.  1914. 


black  kerseys.      Unions:  new,  dark,  ordinary.     Mixed  cloakings. 

OLD  STOCK — Soft  woolens,  best,  coarse.  Red  flannels:  white 
softs.  Merinos:  fine  light,  fine  dark,  coarse  dark,  fine  black, 
soft  woolens.  Old  blue  flannels:  thibets;  serge,  black,  brown, 
green,  small  skirted,  blue  skirted.  Knit  stock,  white,  light  gray 
underwear,  coarse  gray,  steel  gray.  Cloth,  rough,  tan,  fine 
brown,  coarse  brown,  skirted,  small,  dark,  black,  light  blue, 
mixed.  Worsted,  light,  blue,  black,  dark.  Carpet.  Soft 
flannel.  Satinet  garments,  mixed  satinets.  Seams,  mi.xed, 
delaine,  skirted. 

WOOL  WASTE — Colors,  strictly  all  wool  delaine,  extract,  dark, 
light,  black,  blue,  brown  and  fancy  colors.  Black  serge,  blue 
serge.  Ring  waste,  fine  foreign,  fine  domestic,  coarse  foreign, 
domestic.  Noils,  fine  '/j  blood,  '/s  blood,  '/t  blood,  French 
combed;  carpet.  Hard  ends,  white  worsted,  colored  worsted. 
Yarn  waste,  colored  (all  wool)  woolen,  white  (woolen),  colored 
(woolen),  colored  (cotton  mixed),  white  carpet.  Card  waste, 
'■/i  blood,  '/s  blood,  white  woolen,  colored.  Burr  waste,  white, 
colored.     Pill  stock,  white. 

The  operations  necessary  to  convert  apparently  useless  rags 
into  a  merchantable  and  useful  fiber,  requires  that  they  be  sub- 
jected to  the  action  of  disintegrating  machines  termed  pickers 
and  garnets,  which  pull  the  rags  apart  and  break  them  up  more 
by  a  tearing  and  shredding  operation  than  by  cutting,  followed 
by  a  succession  of  garnet  machines  of  increasing  fineness  whereby 
the  threads  that  composed  the  original  rags  are  unravelled  into 
their  constituent  fibers.  Under  the  broad  term  "regenerated 
wool"  is  to  be  included  all  those  forms  of  wool  that  have  been 
recovered  from  rags  and  cloth  clippings. 

When  this  disintegrating  operation  is  carried  out  with  soft 
rags  or  rags  of  unfulled  woolen  fabrics  such  as  knit-goods, 
flannels,  shawls,  etc.,  and  the  waste  incident  to  their  manu- 
facture, the  result  is  termed  "shoddy,"  the  fibers  being  relatively 
long,  averaging  from  '/s,  to  i  '/<  inches.  On  the  other  hand, 
where  the  rags  are  from  originally  heavily  fulled  woolen  fabrics 
or  other  classes  of  hard  rags,  the  resulting  fiber  is  termed 
"raungo,"  conveying  the  impression  that  the  stock  is  short, 
due  to  the  breaking  of  the  fiber  during  the  disintegrating.  The 
length  of  "mungo"  fiber  varies  from  ',5  to  ','4  of  an  inch.  It 
is  rarely  used  alone  for  yarns,  but  generally  with  new  wool  or 
cotton.  It  is  further  distinguished  by  being  incapable  of  fulling. 
Extract  wool,  or  commonly,  "extract"  is  a  regenerated  wool 
fiber  that  has  been  freed  from  vegetable  matters. 

As  is  apparent,  there  must  be  present  in  the  rags  at  times, 
certain  varj'ing  amounts  of  cotton  threads  or  admixed  cotton, 
'  Lederer.  J.  Infect.  Dis..  14  (1914).  482. 
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the  former  due  to  the  stitching  of  seams,  etc.,  while  the  latter 
is  due  to  cotton  in  the  cloth  in  the  form  of  warp  threads  or  loose 
cotton  mixed  with  wool  to  make  the  so-called  "merino"  yarn. 
Consequently,  in  the  "manufacture"  of  regenerated  wool,  it  is 
necessary  to  make  use  of  some  chemical  process  that  will  de- 
stroy the  cotton  present  in  the  rags  without  appreciable  chemical 
action  on  the  wool.  This  process  is  called  "carbonizing"  and 
the  regenerated  wool  fiber  obtained  is  called  "carbonized  stock" 
or  "extract." 

\  The  carbonizing  process  dates  from  1851,  and  is  the  reverse 
of  the  well-known  reaction  of  caustic  alkali  on  mixtures  of  wool 
and  cotton,  whereby  the  wool  is  dissolved  leaving  the  cotton 
intact.  It  is  recorded  that  a  certain  Captain  Corbett,  visiting 
the  London  Exposition  in  1851,  was  attracted  by  the  caustic 
boiling  process  as  applied  to  treating  cotton  rags  for  the  purpose 
of  freeing  them  of  wool  fibers,  thereby  fitting  them  better  for 
the  use  of  the  paper  maker.  However,  he  regarded  wool  as 
being  the  more  valuable  fiber  to  recover,  and  devised  the  process 
of  treating  woolen  rags  with  weak  acid  to  destroy  the  cotton. 
He  started  an  extract  plant  at  Mitcham,  in  Surry,  but  his  out- 
put attracted  little  attention  in  Yorkshire,  as  the  local  makers 
of  woolens  realized  at  once  that  the  fibers  would  not  "felt"  or 
"full"  properly  as  they  had  lost  their  milling  qualities. 

Notwithstanding  the  work  of  Corbett,  it  is  a  fact  that  Kober, 
a  German,  and  Isard  and  Leloup,  Frenchmen,  publicly  used  the 
acid  carbonizing  process  about  1854  in  their  respective  countries 
since  which  time  there  have  been  introduced  by  various  in- 
ventors between  thirty  and  forty  modifications  involving  chiefly 
mechanical  appliances,  and  it  is  curious  to  note  that  all  the 
methods  actually  referred  to  in  these  modifications  have  been 
based  upon  the  use  of  an  acid  reaction. 

The  chemical  reaction  forming  the  basis  of  the  carbonizing 
process  is  very  simple,  and  is  as  follows; 

CeH.oOs  =  5H2O  +  6C 

The  chief  results  aimed  at  by  the  shoddy  carbonizer  are 
governed  by  the  following  conditions,  based  upon  many  trials 
made  with  cotton  in  the  presence  of  wool  and  under  varying 
conditions.  At  140°  to  145°  F.  the  cotton  becomes  brittle  and 
it  is  in  this  condition  that  the  shoddy  maker  desires  to  have  it. 
When  the  temperature  is  maintained  at  about  145°  F.  there  is 
little  or  no  danger  of  the  acid  injuring  the  wool.  Between  150 
and  160°  F.  the  cotton  fiber  browns  distinctly,  but  an  incipient 
injury  is  done  to  the  wool.  Between  165°  and  170°  F.  the 
cotton  is  actually  charred.  Therefore,  using  acid  of  from  2  to 
3  per  cent  strength,  and  baking  at  a  temperature  of  140°  F. 
the  cotton  is  converted  to  a  condition  easily  removable  in  the 
willowing  machine  without  any  action  on  the  wool. 

The  most  commonly  employed  process  for  rag  treatment  con- 
sists of  immersing  the  rags  in  huge  tanks  containing  a  weak 
solution  of  sulfuric  acid,  generally  ranging  in  strength  from  2 
to  4  per  cent.  After  soaking  for  several  hours,  the  rags  are  re- 
moved from  the  tank  and  drained,  and  the  excess  of  acid  is  re- 
moved by  means  of  a  centrifugal,  and  returned  to  the  tank  for 
further  use.  The  rags  are  then  put  through  a  drying  oven  and 
baked,  keeping  the  temperature  about  145°  F.  so  that  the 
cotton  or  other  vegetable  fiber  present  is  completely  destroyed. 
As  many  of  the  rags  subjected  to  this  process  ari'  previously 
dyed,  the  action  of  the  combined  acid  and  high  temperature 
is  in  some  instances  likely  to  affect  the  colors,  which  causes  the 
resulting  "shoddy"  to  fall  into  its  own  particular  commercial 
class  as  to  colors.  On  the  other  hand,  the  manufacturer  of 
shoddy  and  extracts  is  often  called  upon  by  the  woolen  manu- 
facturer to  supply  a  particular  grade  of  shoddy  dyed  a  special 
shade  and  to  possess  •  certain  properties,  such  for  instance  as 
fastness  to  severe  milling,  and  in  consequence,  the  shoddy  dyer 
must  use  the  same  kind  of  dyes  that  the  dyer  of  the  pure  scoured 
wool  must  employ  when  equally  high  standards  are  set. 

In  cases  where  the  color  on  tlie  original  rags  is  not  suitable. 


the  shoddy  manufacturer  must  remove  or  reduce  it  to  such  a 
point  that  they  can  be  re-dyed  to  match  the  given  shade.  This 
color-removal  process  is  called  "stripping,"  and  is  accom- 
plished by  means  of:  (i)  soda;  (2)  bichromate  of  potash,  siilfuric 
acid  and  oxalic  acid;  or  (3)  with  hyraldite  for  stripping — a 
zinc-formic-sulfite  compound — which  chemically  destroys  many 
of  the  dyes  used  for  wool.  These  several  processes  are  used 
according  to  the  nature  of  the  original  dye  on  the  rags. 

STRIPPING  WITH  SODA — The  rags  are  treated  for  not  less  than 
half  an  hour  at  120°  F.  with  a  solution  of  5  to  10  per  cent  of 
soda  ash,  calculated  on  the  weight  of  the  rags,  and  followed 
by  a  good  rinse.  Soda  stripping  is  usually  adopted  for  colored 
rags,  fragments  of  women's  dresses,  etc.,  as  they  are  dyed  chiefly 
with  acid  colors. 

STRIPPING   WITH  BICHROMATE  OF  POTASH,   SULFIXRIC  ACID,   AND 

OXALIC  ACID — All  material  that  is  not  sufficiently  stripped  by 
the  first  process  should  be  subjected  to  this  process.  Indigo 
and  wood  colors  especially  are  stripped  by  this  treatment,  and 
alizarine  colors  are  sometimes  converted  into  shades  that  are 
more  easily  over-dyed.  The  rags  are  boiled  for  '/z  to  '/«  hour 
with  3  to  6  per  cent  of  bichromate  of  potash,  6  to  12  per  cent 
sulfuric  acid,  and  3  to  6  per  cent  of  oxalic  acid.  They  are  then 
rinsed  and  carbonized. 

STRIPPING  WITH  HYRALDITE — Hyraldite  is  now  largely  used 
in  the  stripping  of  shoddy.  It  does  not  affect  the  fiber  in  the 
least.  It  destroys  most  acid  colors  as  well  as  a  great  many 
chrome  colors,  so  that  very  light-colored  goods  may  be  pro- 
duced from  very  dark  or  even  black  material.  Stock  stripped 
with  hyraldite  does  not  have  a  tendency  to  turn  a  yellowish 
tint  afterwards,  as  is  usual  with  other  stripping  methods;  this 
is  an  advantage  when  subsequently  dyeing  shades  of  blue, 
violet,  green  and  other  light  mode  shades.  The  stripping  is 
done  at  a  temperature  of  120°  F.  with  from  2  to  4  per  cent  of 
hyraldite  for  stripping,  2'/2  to  5 ','2  per  cent  of  formic  acid, 
afterwards  raising  to  the  boil,  and  working  for  '/z  hour,  followed 
by  a  rinse. 

Another  carbonizing  process  that  is  largely  used,  is  based 
upon  the  destructive  action  of  gaseous  hydrochloric  acid 
generated  either  by  allowing  the  liquid  acid  to  flow  slowly  into 
an  externally  heated  iron  chamber,  or  by  heating  a  mixture  of 
rock  salt  and  sulfuric  acid.  The  hydrochloric  acid  or  dry  gas 
process  in  several  modifications  has  been  patented  by  a  number 
of  inventors,  the  two  most  important  patents  being  issued  to 
Messrs.  Jourdin  &  Balan,  in  1877,  and  the  other  to  an  inventor 
named  Michel,  in  the  same  year. 

Nitric  acid  in  gaseous  form  has  also  been  used,  the  gas  being 
generated  by  the  action  of  sulfuric  acid  upon  nitrate  of  soda, 
but  the  result  was  not  a  success;  while  the  cotton  or  other 
vegetable  matter  was  destroyed,  the  wool  fiber  was  considerably 
injured. 

Certain  metallic  salts  have  been  recommended  from  time  to 
time,  but  those  most  commonly  used  have  been  chloride  of 
aluminum  and  chloride  of  magnesium.  The  former  is  usually 
employed  in  solution  of  a  strength  between  9°  and  10°  Tw. 
The  material  to  be  treated  is  saturated  by  soaking  for  a  few- 
hours,  afterwards  whizzed  and  dried  at  a  moderate  temperature, 
and  finally  baked  in  the  carbonizing  oven  at  194°  F.  for  an 
hour.  Usually  the  vegetable  matter  becomes  very  brittle  and 
easily  dusted  out  before  tliis  temperature  is  reached.  After- 
wards the  stock  is  well  washed.  This  process  is  less  injurious 
to  the  wool  than  the  acid  process,  but  it  is  more  costly.  It  is 
believed  by  the  writer  to  be  properly  credited  to  Joly,  of  Elbeuf, 
France,  who  referred  to  its  use  particularly  in  carbonizing 
fabrics.  Magnesium  chloride,  while  destroying  vegetable  matter, 
is  not  as  easy  to  handle  as  aluminum  chloride. 

There  are  other  processes  for  carbonizing  rags,  which  may  be 
mentioned  as  follows:  Calcium  chloride  in  solution,  recom- 
mended by  Poulin,  of  Paris,  in  1881,  who  used  4  parts  of  a  solu- 
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tion  of  the  calcium  salt  at  32  °  Tw.  diluted  with  3  parts  of  water. 
Another  solution  consists  of  2  parts  of  sodium  chloride  and  2 
parts  of  hydrochloric  acid  in  10  parts  of  water.  Both  of  these 
solutions  destroy  cotton  fiber,  but  offer  no  advantages  over  the 
usual  processes.  Since  the  e.xtended  use  of  silk  for  sewing  and 
for  fancy  effect  stripes,  etc.,  as  in  the  manufacture  of  men's 
and  women's  goods,  there  are  immense  quantities  of  shoddy 
on  the  market  that  are  unavailable  on  account  of  the  particles 
that  cannot  be  successfully  removed  by  any  practical  carboniz- 
ing process.  It  is  a  fact  that  silk  is  dissolved  in  a  solution  of 
ammonium-copper-oxide  (Schweitzer's  reagent)  and  without 
action  on  the  wool,  but  while  excellent  results  are  obtained  by 
treating  small  batches  of  shoddy  with  this  reagent,  difficulties 
are  met  that  prevent  its  use  on  a  commercial  scale. 

The  handling  of  rags  on  an  industrial  scale  has  remained  a 
thoroughly  organized  business,  which,  in  the  metropolitan 
centers  is  more  completely  specialized  than  in  the  smaller  places 
but  the  operations  generally  work  out  in  the  following  order: 

1— Rag  gatherer,  or  rag  man  4 — Rag  sorter,  or  shoddy  dealer 

2 — Local  rag  dealer  5 — Shoddy  manufacturer 

3 — Central  rag  dealer  6 — Woolen  mill 

A  mill  for  the  utilization  of  shoddy,  or  its  conversion  into 
finished  fabrics  does  not  differ  materially  from  an  ordinary 
woolen  mill;  the  sequence  of  operations  being  in  the  following 
order,  and  as  described,  contemplate  the  plant  commencing  its 
operations  with  sorted  rags  as  bought  from  the  rag  dealer; 

1 — Rag  shaking:  object — the  removal  of  dirt,  dust,  etc. 

2 — Extracting  or  carbonizing 

3 — Stripping  according  to  the  nature  of  the  rag:  object — the  removal 
of  the  old  dye.  This  operation  is  sometimes  omitted  where  the  original 
color  of  the  rags  will  serve  as  such  in  the  cloth  contemplated 

4 — Dyeing 

5— Drying  and  oiling 

6 — Garnetting 

7 — Blending  and  oiling 

8 — Teasing 

9— Carding 
10-Spinning 
1 1 — Weaving 
12 — Scouring,  to  remove  the  added  oils 


For  some  classes  of  cloth  the  fabric  is  dyed  after  scouring, 
and  when  this  is  done,  the  dyeing  operation  No.  4,  above,  is 
omitted. 

13 — Raising  and  milling 
1 4 — Finishing 

The  shoddy  of  commerce  is  graded  as  follows:  Fine  white 
wool  yarn,  worsted  yarn.  Garnetted  white  shoddy,  all  wool. 
Medium  white  knit  shoddy,  all  wool.  New  fine  black  worsted 
shoddy;  medium  black  worsted  shoddy;  new  blue  worsted 
shoddy,  best  fine.  Dark  mixed  yam  shoddies,  extra  fine  and 
free  from  cotton;  light  yarn  shoddy,  extra  fine;  light  yarn 
worsted;  dark  mixed;  fine  thibet,  all  wool;  fine  dark  merino. 
No.  I  all  wool.  Medium  dark  merino,  all  wool;  coarse  dark 
merino,  all  wool;  fine  light  merino.  Coarse  light  merino. 
Medium  light  not  all  wool.  Red  knit  shoddy,  all  wool.  Dark 
blue  shoddy  for  hosiery  manufacturers,  strictly  all  wool ;  and  the 
same  not  all  wool. 

From  the  above  it  is  seen  that  certain  gradings  depend  upon 
colors  and  in  a  large  number  of  instances,  the  color  of  the  finished 
shoddy  is  that  of  the  rags  from  which  it  is  made. 

The  dyeing  of  shoddy  rags  to  meet  special  demands  of  mills, 
is  almost  invariably  done  after  stripping  and  carbonizing, 
since  the  small  amount  of  acid  remaining  in  the  carbonized 
rags  and  not  washed  out  aids  in  the  dyeing. 

Rag  dyeing  is  done  in  either  a  very  crude  or  in  a  most  ad- 
vanced way.  It  is  either  done  in  hugh  dye-tubs  where  the  rags 
are  poled  about  by  hand,  or  else  in  pressure  dyeing  machines 
where  the  rags  are  packed  in  fixed  dye  chambers  and  the  dye 
liquor  made  to  circulate  through  the  fixed  mass. 

Certain  of  these  dyeing  machines  have  been  constructed  of 
immense  size  so  as  to  handle  a  large  quantity  of  rags  at  one  time 
which  is  quite  necessary  owing  to  the  average  low  intrinsic 
value  of  the  material.  Such  dyeing  machines  have  been  built 
with  double  cages,  one  in  service  with  a  charge  of  1000  pounds 
of  rags,  while  the  other  cage  is  being  emptied  and  refilled.     One 


such  machine  is  sufficient  to  keep  a  fair  sized  shoddy  mill  con- 
stantly supplied  with  dyed  rags.  It  is  usual,  however,  to  have 
one  or  two  supplementary  machines  of  smaller  size  either  in 
reserve,  or  for  taking  care  of  special  small  dyeings. 

Other  types  of  rag  dyeing  machines  are  constructed  on  the 
horizontal  revolving  perforated  cylinder  form,  in  a  fixed  volume 
of  dye  liquor.  In  either  case  the  result  is  practically  the  same. 
Woolen  rags — or  extracted  rags,  that  have  been  stripped  and 
are  to  be  dyed,  must  be  so  dyed  as  to  stand  the  usual  milhng 
treatment  that  is  given  to  the  cloth  of  which  it  forms  a  part. 
Few  cloths  are  made  wholly  of  shoddy:  varying  percentages 
of  new  wool  must  always  be  used,  or  great  difficulty  will  be 
experienced  in  spinning  the  threads. 

For  the  production  of  dyeings  very  fast  to  milling  the  anthra- 
cene colors  are  used  in  the  first  place,  and  some  acid  colors 
which  are  especially  fast  to  milling,  such  as  milling  yellow, 
mining  red,  wool  red,  formyl  violet,  formyl  blue,  brilliant  milhng 
blue,  tetra  cyanole  A,  alphanol  blue,  brilliant  milling  green, 
anthracite  black  and  alphanol  black.  Numerous  diamine 
colors  are  also  entirely  fast  to  milling  next  to  wool;  and  some 
of  this  group,  as  for  instance  diamine  fast  red  F,  diamine  green 
G,  diamine  brown  R,  M  and  B,  diamine  catechine  G  and  3  G, 
diamine  fast  gray  B  N,  may,  by  an  after-treatment  with  bi- 
chrome  or  chromium  fluoride,  be  fixed  so  completely  as  to  possess 
very  good  fastness  to  milling  even  next  to  white  cotton. 

The  usefulness  of  shoddy  cannot  be  doubted;  it  occupies  a 
most  important  position  in  the  manufacture  of  many  lines  of 
woolen  textiles  sold  at  prices  that  could  not  be  otherwise  pro- 
duced for  reasons  previously  indicated. 

As  to  the  pending  legislative  attempt  to  impose  upon  manu- 
facturers the  necessity  of  branding  their  goods,  indicating  the 
presence  and  amount  of  shoddy  used,  I  do  not  propose  to  venture 
an  opinion.  In  view  of  the  fact  that  no  known  method  exists 
whereby  chemists  or  microscopists  can  definitely  state  whether 
a  given  fabric  consists  wholly  or  partly  of  shoddy,  it  is  impossible 
to  ascertain  the  amount  contained  in  any  fabric,  although  many 
attempts  have  been  made  from  time  to  time  to  devise  a  practical 
method  for  determining  its  actual  presence  in  fabrics,  but  with- 
out successful  results. 

It  seems  that  the  only  way  to  accurately  control  the  ad- 
mixture of  shoddy  or  regenerated  wool  fiber  or  other  textile 
adulterant,  so  that  the  ultimate  buyer  of  cloth  could  be  assured 
as  to  what  he  is  buying,  would  be  to  provide  for  the  installation 
of  some  federal  official  in  the  mill,  as  is  done  in  matters  con- 
nected with  the  manufacture  of  fabrics  for  the  Army,  or  in  the 
animal  products  inspection  service,  and  coupled  with  the  final 
official  branding  of  the  finished  article. 

While  the  shoddy  industry  is  small,  it  is  essentially  one  that 
the  chemical  engineer  can  investigate  with  profit.  It  has  been 
struggling  along  for  many  years  without  attracting  a  particle  of 
scientific  attention,  and  as  a  consequence  has  remained  prac- 
tically stationary  except  for  a  few  very  minor  improvements  to 
some  of  the  machines  employed.  The  carbonizing  process 
alone  offers  a  promising  field  for  investigation  and  particularly 
in  view  of  the  constantly  increasing  prevalence  of  silk  particles 
in  rags,  the  presence  of  which  offer  distinct  obstacles  in  cloth 
manufacturing,  as  many  of  the  dyes  used  color  the  wool  satis- 
factorily, but  leave  the  silk  only  partially  stained. 

In  conclusion,  permit  me  to  venture  the  assertion  that  the 
shoddy  manufacturers  are  entitled  to  great  respect  and  en- 
couragement as  belonging  to  the  increasing  army  of  conserva- 
tionists so  much  needed  in  a  new  and  fast  growing  country. 
The  motto  of  the  great  Franklin:  "A  penny  saved  is  a  peimy 
earned"  might  well  be  their  shibboleth  as  making  clear  their 
right  to  the  encouragement  and  cooperation  of  all  economic 
factors. 


Cassella  Con 
182  Front  St., 
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CHEMICAL  ENGINEERING 

By  Charles  S.   Palmkr 
Received  May  19,  1914 

What  is  chemical  engineering?  The  question  is  easily  asked 
but  no  one  seems  to  be  quite  sure  of  the  right  answer.  As  a 
branch  of  practice,  distinct  from  civil,  mechanical,  or  electrical 
engineering,  chemical  engineering  is  a  recent  affair,  at  least  in 
public  recognition,  though  the  use  of  some  of  the  principles  and 
materials  must  be  as  old  as  civil  engineering.  It  is  not  always 
necessary  that  a  branch  of  manufacture  or  industry  should  be 
defined  to  be  utilized;  but  in  discussing  the  basic  educational 
principles  of  a  new  department  of  engineering  instruction  and 
practice,  it  would  be  convenient  to  be  able  to  have  some  pro- 
visional notion  as  a  tentative  guide. 

When  one  is  asked  what  chemical  engineering  is,  he  is  apt  to 
shrug  his  apologetic  shoulders  and  to  confess  frankly  that  the 
chemical  engineer  is  not  a  civil  engineer,  though  he  uses  civil 
engineering,  neither  is  the  chemical  engineer  a  mechanical  or 
electrical  engineer,  though  he  uses  the  principles  of  both  profes- 
sions. Probably  it  is  safe  to  state  that  the  chemical  engineer  is 
one  who  uses  any  or  all  of  the  recognized  branches  of  engineering, 
in  order  to  work  out  a  chemical  idea.  This  chemical  idea  may 
be  the  main  industrial  plan  under  consideration,  or  it  may  be 
merely  of  secondary  importance,  and  supplementary  to  some 
other  idea.  Thus,  the  chemical  idea  may  be  some  such  clearly 
outlined  chemical  scheme  as  the  contact-process  for  the  manu- 
facture of  sulfuric  acid;  or  it  may  be  an  entirely  subordinate 
problem  such  as  softening  the  boiler  water  for  a  large  steam- 
power  plant.  But,  in  either  or  both  cases,  there  is  some  distinct 
chemical  problem.  This  chemical  problem  means  the  clear 
conception  of  the  end  to  be  aimed  at;  the  careful  consideration 
of  the  theoretical  side  of  this  end;  the  detailed  preparation  of  the 
engineering  outfit  required  to  carry  out  this  plan;  and  the  patient 
and  systematic  installation  and  operation  of  this  outfit,  with 
due  regard  to  business  economy,  trade  demands,  and  future 
possibilities.  Now  all  this  is  so  obvious  that  it  sounds  stupidly 
stale;  but  it  is  right  here  that  the  educational  system  is  apt  to 
fall  down  and  fail  to  prepare  the  young  chemical  engineer  for 
the  real  business. 

It  is  one  thing  to  plan  a  well  devised  scheme  or  what  seems  like 
a  well  devised  scheme;  it  is  quite  another  matter  to  carry  this 
out  to  complete  industrial  operation.  When  the  scheme  is  in 
the  laboratory,  the  drafting  room,  and  the  consulting  office,  it 
may  all  seem  to  be  about  ninety-nine  per  cent  worked  out,  and 
to  need  only  about  one  per  cent  of  application  in  order  to  com- 
plete it.  But  when  the  chemical  and  differential  equation,  the 
blueprint  and  the  estimate  get  out  onto  the  "job,"  the  appear- 
ance is  different.  Then  it  begins  to  look  as  though  the  scheme 
is  only  about  one  per  cent  worked  out,  and  that  there  remains 
about  ninety-nine  per  cent  for  completion  in  real  experience. 
In  the  plaiming,  the  chemical  part  looms  up  large;  it  looks  as 
if  the  chemical  part  were  nearly  all  of  the  plan.  But  when  one 
comes  to  the  erection  and  running  of  the  required  plant,  the 
chemical  part  seems  to  shrink,  and  to  be  almost  smothered  by 
the  mechanical  phases  of  the  plan.  Yet  this  same  chemical 
idea  is  at  all  times,  for  the  chemical  engineer,  the  central  and 
governing  idea  of  the  whole  scheme.  It  thus  begins  to  appear 
that  chemical  engineering  must  have  some  unusually  complex 
nature.  There  is  a  basic  chemical  idea;  but,  it  must  bow  to, 
and  in  turn,  control  many  other  lines  of  materials,  machines  and 
men. 

In  plamiing  a  technical  course  for  the  study  of  chemical 
engineering,  it  becomes  apparent  that  the  chemical  engineering 
teacher  and  student  must  have  specially  prepared  and  somewhat 
■elaborate  facilities  and  equipment.  This  equipment  is  so  vast 
and  varied  that  few  teachers  have  the  vision  to  see  what  is  really 
needed,  and  still  less  the  courage  to  insist  on  the  proper  meeting 
of  the  need. 


Thus,  it  goes  without  the  saying  that  the  student  should  be 
trained  to  a  reasonable  degree  in  all  the  allied  fundamentals  of 
mathematics,  physics,  biology,  drawing,  language  and  business; 
he  should  be  thoroughly  trained  in  all  the  basic  branches  of  chem- 
istry, for  that  is  his  specialty;  without  being  a  specialist  in  any 
of  these  lines,  for  he  is  first  and  foremost  and  always  to  be  a 
chemist,  he  .should  know  enough  of  the  outlines  of  civil,  mechan- 
ical, and  electrical  engineering  to  use  the  civil,  mechanical  and 
electrical  engineering  materials  needful  to  the  work.  And,  on 
the  engineering  side  of  his  study  of  his  specialty,  the  chemical 
engineer  must  have  a  large  assortment  of  commercial  pieces  of 
apparatus — from  prime  movers  to  power  users,  boilers,  di- 
gesters, vacuum  pans,  multiple-effect  evaporators,  stills,  ex- 
tractors, centrifugal  and  plunger  pumps,  filters,  dissolvers, 
agitators,  precipitators,  settlers,  etc.,  etc. — in  short,  commer- 
cial examples  of  all  the  chief  types  of  machines  for  the  moving 
and  control  of  solids,  liquids,  and  gases,  and  particularly  of 
"mud,"  the  always  present  bele  noire  of  the  chemical  engineer. 
Now  these  machines  are  made  up  of  shafts,  wheels,  cogs,  pulleys, 
.belts,  pipes,  threads,  valves,  gaskets,  etc.,  of  many  varieties. 
Furthermore,  in  real  life,  they  all  show  a  tendency  to  what  old 
Dr  Bushnell  used  to  call  "the  total  depravity  of  inanimate 
things."  If  there  is  any  possible  difficulty  which  can  happen, 
that  difficulty  will  happen  with  a  regularity  and  persistency 
which  is  somewhat  discouraging  to  the  beginner.  But  the 
beginner  must  know  how  to  take  some  of  his  machines  apart, 
and  how  to  repair  and  put  them  together.  He  must  know,  at 
least,  how  to  direct  the  work  of  the  repairing  mechanic  or  helper 
who  assists. 

All  this  means  that  the  chemical  engineering  laboratory  is 
a  shop  of  many  and  varied  chemical  machines,  surrounded  by 
carpenter,  machine,  pipe  and  tin  shops,  in  which  are  the  regular 
mechanics  of  these  trades;  here  the  student  can  learn  to  do 
many  of  the  things,  which  will  be  of  infinite  necessity  and  help 
in  his  later  practical  work.  This  is  true  because  the  student 
must  know  not  only  how  to  use  the  machines  which  are  of  present 
and  recognized  use,  but  he  must  also  know  how  to  improve, 
adapt  and  combine  any  or  all  of  these  to  new  aims  and  uses. 

This  seems  like  a  large  demand  for  equipment;  but,  is  it  un- 
reasonable? If  it  is  true  that  chemical  engineering  is  the  newest, 
the  most  belated,  and  the  most  necessary  just  at  present  of  all 
branches  of  engineering,  the  request  is  only  reasonable.  We 
have  heard  the  name  "chemical  engineering"  for  some  years; 
but,  in  all  America,  there  are  only  two  or  three  rationally  am- 
bitious attempts  to  plan  and  install  such  a  laboratory.  Yet  the 
volume  of  trade  manufacture  directly  dependent  on  chemical 
methods  is  now  perhaps  some  seven  billions  of  dollars,  a  sum 
roughly  comparable  with  our  agricultural  production,  which  is 
rightly  regarded  as  the  basic  industry  of  the  coimtry.  This 
shows  what  is  the  need,  and  what  is  the  neglect  of  training  for 
the  chemical  industries  in  particular. 

But,  it  may  be  said  that  if  the  actual  value  of  chemical  in- 
dustries is  already  so  great  without  any  parallel  development 
of  chemical  engineering  education  as  a  special  training,  what  is 
the  need  for  this  new  specialty?  The  answer  is  that  these  chem- 
ical industries  have  come  from  the  natural  use  and  abuse  of  our 
natural  resources.  That  this  use  and  this  abuse  are  now  being 
carried  on  with  dreadful  waste  and  delay;  and  that,  in  all  engi- 
neering history,  there  was  never  such  opportunity  as  awaits 
the  rightly  trained  young  chemical  engineer.  Not  a  careless 
word  of  criticism  should  be  uttered  against  any  one  of  the  other 
well  recognized  branches  of  engineering.  Indeed,  this  same 
seven-billion  industry  of  chemical  manufacture  is  at  present 
only  the  sum  total  of  civil,  mechanical  and  electrical  engineering, 
with  some  small  shading  of  chemical  ser\'ice;  but  it  all  needs  to 
have  incorporated  with  it  more  of  the  chemical  idea,  not  as  a 
fad  or  a  fifth  wheel,  but  as  an  organic  and  fundamental  part  of 
the  industry.     It  is  absurd  to  suppose  that  chemistry .  can  or 
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will  overthrow  any  good  part  of  engineering;  but  it  should  adapt, 
modify  and  develop  as  chance  offers  or  need  calls.  Energy  and 
power  are  going  to  waste  on  every  side;  raw  materials  and  by- 
products are  rotting  or  lying  dormant  all  about  us;  thousands 
of  inconveniences,  dangers  and  necessities  threaten,  annoy  and 
hinder  us.  Is  there  then  no  need  for  the  chemist  to  join  the 
full-back  or  the  rush-line,  and  to  get  into  real  common-sense 
team-play? 

But,  granting  that  all  this  is  literally  true,  who  is  to  direct 
the  organization  and  realization  of  the  ideal  and  practical  train- 
ing school?  There  is  but  one  great  teacher  in  life  and  his  name 
is  "Experience."  Says  the  Great  Book,  "Let  not  him  that 
girdeth  on  the  harness,  boast  himself  as  he  that  putteth  it  off;" 
and  better  still,  "Let  no  one  boast."  The  task  is  too  great,  too 
serious  for  pride  or  vanity  to  show  its  head.  But  Experience 
is  a  safe  teacher.  Why  not  then  secure  men  who  see  from  ex- 
perience something  of  what  is  needed  in  this  ambitious  educa- 
tional scheme  and  chance:  men  who  have  tried  the  prac- 
tical aide  of  things  and  who  are  willing,  after  successful  history, 
to  go  back  into  the  teaching  laboratory,  with  something  besides 
marks  and  percentages;  such  men  are  to  be  obtained;  they 
shovdd  be  used. 

But,  granting  that  the  practical  man  of  affairs  is  joined  to 
the  properly  planned  and  generously  installed  laboratory  for 
the  right  teaching  of  the  right  problems  in  the  right  way,  even 
then  the  educational  experiment  is  only  begun.  Civilization 
is  a  somewhat  complex  thing;  and  human  nature  is  one  of  its 
most  confusing  elements.  How  are  we  to  select  the  raw  material 
for  the  right  class  of  students  to  train  for  chemical  engineers? 
And,  how  are  we  to  train  them  right?  There  the  big  problems 
come  in. 


The  chief  question  in  industrial  life  is  the  frank  and  successful 
meeting  of  economic  production.  The  unit  of  energy,  the  pound 
of  matter,  the  dollar  of  capital,  the  day  of  labor — these  make  a 
practical  compound  which  is  worked  out  to  industrial  success 
in  business.  It  is  possible,  in  practical  life,  to  appeal  to  the 
human  side  of  the  laborer  so  that  he  will  produce  economic  re- 
sults. How  can  we  make  the  student,  when  and  while  he  is 
a  student  of  chemical  engineering,  see  that  in  some  way  it  is 
to  his  economic  and  social  advantage  to  be  sure  that  he  is  fitted 
to  his  choice?  That  he  is  not  over-supplied  with  "yellow 
streaks"  and  a  tendency  to  "cold  feet,"  which  will  make  the 
best  opportunity  for  preparation  only  a  huge  joke  and  a  mel- 
ancholy farce  ?  That  is  the  problem;  and  it  is  a  problem.  But, 
like  all  other  problems,  it  is  amenable  to  study  and  solution. 

We  are  not  without  examples  of  attempts  to  solve  this  prob- 
lem. The  part-time  schools,  as  of  Cincinnati  and  the  General 
Electric  at  Lynn,  are  definite  experiments  along  the  right 
lines.  Also,  the  suggestion  that  each  school  should  itself  run 
some  line  of  manufacturing,  is  another;  though  perhaps  that 
might  seem  to  savor  too  much  of  a  narrowing  of  training.  But 
this  principle  certainly  is  safe,  that  a  few  things  well  learned  are 
better  than  many  things  poorly  or  partly  learned.  And  cer- 
tainly, the  more  complete  the  mechanical  acquaintance  with 
obstinate  machines,  and  the  social  acquaintance  with  obstinate 
men  in  the  thoroughly  equipped  laboratory,  so  much  the  better 
will  there  result  the  inevitable  weeding  out  of  the  unfit.  Gen- 
eralization followed  by  specialization  may  be  part  of  the  key; 
but  perhaps  the  best  clue  to  the  solution  may  be  found  in  Mr. 
Kipling's  remark  {"The  Maltese  Cat"),  "Now  a  polo  pony  is 
like  a  poet;  if  he  is  born  with  a  love  for  the  game,  he  can  be  made." 
23  Park  Place 
Newtonville,  Mass. 


CHANDLER  FOUNDATION  LLCTURL-1914 


The  Chandler  Lectureship  was  inaugurated  in  Havemeyer 
Hall,  Columbia  University,  on  May  29th,  during  the  celebration 
of  the  Fiftieth  Anniversary  of  the  founding  of  the  School  of 
Mines.  Professor  Emeritus  Charles  Frederick  Chandler  pre- 
sided and  introduced  the  lecturer,  Dr.  Leo  H.  Baekeland,  whose 
address  is  printed  in  full  below. 

After  a  few  words  in  appreciation  of  the  importance  of  the 
lectureship  and  of  the  work  of  the  speaker,  President  Nicholas 
Murray  Butler  presented  to  Dr.  Baekeland  the  first  impression 
of  the  Chandler  Medal.     [Editor.] 


SOME  ASPECTS  OF  INDUSTRIAL  CHEMISTRY 

By  L.   H.   Baekeland 

While  I  appreciate  deeply  the  distinction  of  speaking  before 
you  on  the  occasion  of  the  Fiftieth  Anniversary  of  the  Columbia 
School  of  Mines,  I  realize,  at  the  same  time,  that  nobody  here 
present  could  do  better  justice  to  the  subject  which  has  been 
chosen  for  this  lecture  than  the  beloved  master  in  whose  honor 
the  Charles  Frederick  Chandler  Lectureship  has  been  created. 

Dr.  Chandler,  in  his  long  and  eminently  useful  career  as  a 
professor  and  as  a  public  servant,  has  assisted  at  the  very  be- 
ginning of  some  of  the  most  interesting  chapters  of  applied 
chemistry,  here  and  abroad. 

Some  of  his  pupils  have  become  leaders  in  chemical  industry; 
others  have  found  in  his  teachings  the  very  conception  of  new 
chemical  processes  which  made  their  names  known  throughout 
the  whole  world. 

IS  INDUSTRIAL  CHEMISTRY  A  MERE   MONEY-MAKING   PROPOSITION? 

Industrial  chemistr>'  has  been  defined  as  "the  chemistry  of 
dollars  and  cents."  This  rather  cynical  definition,  in  its  narrower 
interpretation,  seems  to  ignore  entirely  the  far-reaching  economic 
and  civilizing  influences  which  have  been  brought  to  life  through 


the  applications  of  science^;  it  fails  to  do  justice  to  the  fact  that 
the  whole  fabric  of  modern  civilization  becomes,  each  day,  more 
and  ever  more  interwoven  with  the  endless  ramifications  of 
applied  chemistry.  The  earlier  effects  of  this  influence  do  not 
date  back  much  beyond  one  hundred  and  odd  years.  They 
became  distinctly  evident  during  the  first  French  Republic, 
increased  under  Napoleon,  gradually  spread  to  neighboring 
countries,  and  then  reaching  out  farther,  their  influence  is  now 
obvious  throughout  the  whole  world. 

CREATION  OF  FRENCH  PATENT  SYSTEM 

France,  during  the  revolution,  scattered  to  the  winds  old  tra- 
ditions and  conventionalities,  in  culture  as  well  as  in  politics. 
Until  then,  she  had  mainly  impressed  the  world  by  the  barbaric, 
wasteful  splendor  of  her  opulent  kings,  at  whose  courts  the  dev- 
otees of  science  received  scant  attention  in  comparison  with  the 
more  ornamental  artists  and  belle-lettrists,  who  were  petted 
and  rewarded  alongside  of  the  all-important  men  of  the  sword. 
In  fact,  as  far  as  the  culture  of  science  was  concerned,  the  Nether- 
lands, Germany  and  Italy,  and  more  particularly,  England, 
were  head  and  shoulders  above  the  France  of  "le  Roi  Soleil." 

The  struggles  of  the  new  regime  put  France  in  the  awkward 
position  of  the  legendary  beaver  which  "had  to  climb  a  tree." 
If  for  no  other  reason,  she  needed  scientists  to  help  her  in  her 
wars  against  the  rulers  of  other  European  nations.  She  needed 
them  just  as  much  for  repairing  her  crippled  finances  and  her 
badly  disturbed  industries  which  were  dependent  upon  natural 
products  imported  until  then,  but  of  which  the  supply  had 
suddenly  been  cut  off  by  the  so-called  Continental  Blockade. 
Money-prizes  and  other  inducements  had  been  off^ered  for  stimu- 
lating the  development  of  chemical  processes,  and — what  is 
more  significant — patent  laws  were  promulgated  so  as  to  foster 
invention. 
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Nicolas  Leblanc's  method  for  the  manufacture  of  soda  to 
replace  the  imported  alkalis,  BerthoUet's  method  for  bleaching 
with  chlorine,  the  beet-sugar  industry  to  replace  cane  sugar 
imported  from  the  colonies,  and  several  other  processes,  were 
proposed.  All  these  chemical  •  processes  soon  found  themselves 
lifted  from  the  hands  of  the  secretive  alchemist  or  the  timid 
pharmacist  to  the  rank  of  real  manufacturing  methods.  In- 
dustrial chemistry  had  begun  its  lusty  career. 

First  successes  stimulated  new  endeavors  and  small  wonder 
is  it  that  France,  with  these  favorable  conditions  at  hand,  for 
a  while  at  least,  entered  into  the  most  glorious  period  of  that 
part  of  her  history  which  relates  to  the  development  of  chem- 
istry, and  the  arts  dependent  thereon. 

BACKWARD    POSITION    OF    GERMANY 

It  is  difficult  to  imagine  that,  at  that  time,  Germany,  which 
now  occupies  such  an  enviable  position  in  chemistry,  was  so 
far  behind,  that  even  in  1822,  when  Liebig  wanted  to  study 
chemistry  at  the  best  schools,  he  had  to  leave  his  own  country 
and  turn  to  Gay-Lussac,  Thenard  and  Dulong  in  Paris. 

DEVELOPMENT   OF   BRITISH    CHEMICAL   INDUSTRY 

But  the  British  were  not  slow  to  avail  themselves  of  the  new 
opportunities  in  chemical  manufacturing  so  clearly  indicated 
by   the  first  successes  of  the   French.     Their   linen    hleacheries 
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in  Scotland  and  England  soon  used  an  improved  method  for 
bleaching  with  chloride  of  lime,  developed  by  Tennant,  which 
brought  along  the  manufacture  of  other  chemicals  relating  thereto 
like  sulfuric  acid  and  soda.  The  chemical  reactions  involved 
in  all  these  processes  are  relatively  simple,  and  after  they  were 
once  well  understood,  it  required  mainly  resourceful  engineering 
and  good  commercial  abilities  to  build  up  successfully  the  indus- 
tries based  thereon.  From  this  epoch  on  dates  the  beginning 
of  the  development  of  that  important  industry  of  heavy  chemicals 
in  which  the  British  led  the  world  for  almost  a  century.  In 
the  same  way,  England  had  become  the  leader  in  another  im- 
portant branch  of  chemical  industry — the  manufacture  of  coal- 
gas. 

LIEBIG'S   INFLUENCE   IN    GERMANY 

The  Germans  were  soon  to  make  up  for  lost  time.  Those 
same  German  universities,  which  when  Liebig  was  a  young  man 
were  so  poorly  equipped  for  the  study  of  chemistry,  were  now 
enthusiastically  at  work  on  research  along  the  newer  develop- 
ments of  the  physical  sciences,  and,  before  long,  the  former 
pupils  of  France,  in  their  turn,  became  teachers  of  the  world. 
Liebig  had  inaugurated  for  the  chemical  students  working  under 
him  his  system  of  research  laboratories;  however  modest  these 
laboratories  may  have  been  at  that  time,  they  carried  bodily 
the  study  of  chemistry  from  pedagogic  boresomeness  into  a 
captivating  cross-examination  of  nature. 

And  it  seemed  as  if  nature  had  been  waiting  impatiently  to 
impart  some  of  her  secrets  to  the  children  of  men,  who  for  so 
many  generations  had  tried  to  settle  Truth  and  Knowledge 
by  words  and  oratory  and  by  brilliant  displays  of  metaphysical 
controversies.  Indeed,  at  that  time,  a  few  kitchen  tables,  some 
clumsy  glassware,  a  charcoal  furnace  or  two,    some  pots  and 


pans,  and  a  modest  balance  were  all  that  was  needed  to  make 
nature  give  her  answers. 

DEVELOPMENT  OF  ORGANIC  CHEMISTRY  IN  GERMANY 

These  modest  paraphernalia,  eloquent  by  their  very  simplicity, 
brought  forth  rapidly  succeeding  discoveries.  One  of  them  was 
truly  sensational :  Liebig  and  Wohler  succeeded  in  accomplishing 
the  direct  synthesis  of  urea;  thinking  men  began  to  realize  the 
far-reaching  import  of  this  revolutionary  discovery  whereby 
a  purely  organic  substance  had  been  created  in  the  laboratory 
by  starting  exclusively  with  inorganic  materials.  This  result 
upset  all  respected  doctrines  that  organic  substances  are  of  a 
special  enigmatic  constitution,  altogether  different  from  inor- 
ganic or  mineral  compounds,  and  that  they  could  be  built  up 
only  by  the  agency  of  the  so-called  "vital  force" — whatever 
that  might  mean. 

Research  in  organic  chemistry  became  more  and  more  fascinat- 
ing; all  available  organic  substances  were  being  investigated 
one  after  another  by  restless  experimentalists. 

Coal-tar,  heretofore  a  troublesome  by-product  of  gas  manu- 
facture, notwithstanding  its  uninviting,  ill-smelhng,  black, 
sticky  appearance,  did  not  escape  the  general  inquisitive  tendency ; 
some  of  its  constituents,  like  benzol  or  others,  were  isolated  and 
studied. 

THE    INFLUENCE    OF   KEKULFl'S   THEORY 

Under  the  brilliant  leadership  of  Kekule,  a  successful  attempt 
was  made  to  correlate  the  rapidly  increasing  new  experimental 
observations  in  organic  chemistry  into  a  new  theory  which  would 
try  to  explain  all  the  numerous  facts,  a  theorj'  which  became  the 
sign-post  to  the  roads  of  further  achievements. 

DISCOVERY  OF  ARTIFICIAL  DYES — The  discovery  of  quickly 
succeeding  processes  for  making  from  coal-tar  derivatives 
numerous  artificial  dyes,  rivaling,  if  not  surpassing,  the  most 
brilliant  colors  of  nature,  made  the  group  of  bold  investigators 
still  bolder.  Research  in  organic  chemistry  began  to  find 
rapid  rewards;  entirely  new  and  successful  industries  based  on 
purely  scientific  data  were  springing  up  in  England  and  France, 
as  well  as  in  Germany.  Some  wide-awake  leaders  of  these  new 
enterprises,  more  particularly  in  Germany,  soon  learned  that 
they  were  never  hampered  by  too  much  knowledge,  but  that, 
on  the  contrary',  they  were  almost  continuously  handicapped 
in  their  impatient  onward  march  by  insufficient  knowledge, 
or  by  misleading  conceptions,  if  not  by  incorrect  published  facts. 
This  is  precisely  where  the  study  of  organic  chemistry  received 
its  greatest  stimulating  influence  and  soon  put  Germany,  in 
this  branch  of  science,  ahead  of  all  other  nations. 

Money  and  effort  had  to  be  spent  freely  for  further  research. 
The  best  scholars  in  chemistry  were  called  into  action.  Some 
men,  who  were  preparing  themselves  to  become  professors, 
were  induced  to  take  a  leading  part  as  directors  in  one  or  another 
of  the  new  chemical  enterprises.  Others,  who  refused  to  for- 
sake their  teaching  careers,  were  retained  as  advisers  or  guides, 
and,  in  several  instances,  the  honor  of  being  the  discoverer  of 
a  new  process,  or  a  new  dye,  was  made  more  substantial  by  finan- 
cial rewards.  The  modest  German  university  professor,  who 
heretofore  had  lived  within  a  rather  narrow  academic  sphere, 
went  through  a  process  of  evolution,  where  the  rapidly  growing 
chemical  industry  made  him  realize  his  latent  powers  and  greater 
importance,  and  broadened  his  influence  far  beyond  the  confines 
of  his  lecture-room.  Even  if  he  were  altruistic  enough  to  re- 
main indifferent  to  fame  or  money,  he  felt  stimulated  by  the  veiy 
thought  that  he  was  helping,  in  a  direct  manner,  to  build  up 
the  nation  and  the  world  through  the  immediate  application 
of  the  principles  of  science. 

INDUSTRIAL   RESEARCH    LABORATORIES 

In  the  beginning,  science  did  all  the  giving  and  chemical  in- 
dustry got  most  of  the  rewards;  but  soon  the  roles  began  to  change 
to  the  point  where  frequently  they  became  entirely  inverted. 
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The  universities  did  not  furnish  knowledge  fast  enough  to  keep 
pace  with  the  requirements  of  the  rapidly  developing  new  in- 
dustries. Modern  research  laboratories  were  organized  by  some 
large  chemical  factories  on  a  scale  never  conceived  before,  with 
a  lavishness  which  made  the  best  equipped  university  labora- 
tory appear  like  a  timid  attempt.  Germany,  so  long  behind 
France  and  England,  had  become  the  recognized  leader  in 
organic  manufacturing  processes  and  developed  a  new  indus- 
trial chemistry  based  more  on  th^  thorough  knowledge  of 
organic  chemistry  than  on  engineering  skill. 

In  this  relation,  it  is  worth  while  to  point  out  that  the  early 
organic  industrial  chemistry,  through  which  Germany  was  soon 
to  become  so  important,  at  first  counted  its  output  not  in  tons, 
but  in  pounds — not  in  size  nor  in  quantity,  but  in  variety  and 
quality.  Now  let  us  see  how  Germany  won  her  spurs  in  chemical 
engineering  as  well. 

DEVELOPMENT    OF    CHEMICAL    ENGINEERING    IN    GERMANY 

At  the  beginning,  the  manufacturing  problems  in  organic 
chemistry  involved  few,  if  any,  serious  engineering  difficulties, 
but  required,  most  of  all,  a  sound  theoretical  knowledge  of  the 
subject;  this  put  a  premium  on  the  scientist,  and  the  engineer 
could  be  ignored  for  awhile  at  least.  But  when  growing  devel- 
opments began  to  claim  the  help  of  good  engineers,  there  was 
no  difficulty  whatsoever  in  supplying  them,  nor  in  making  them 
cooperate  with  the  scientists.  In  fact,  since  then,  Germany 
has  solved,  just  as  successfully,  some  of  the  most  extraordinary 
chemical  engineering  problems  ever  undertaken,  although  the 
development  of  such  processes  was  entered  upon  at  first  from  the 
purely  scientific  side. 

In  almost  every  case,  it  was  only  after  the  underlying  scientific 
facts  had  been  well  established  that  any  attempt  was  made  to 
develop  them  commercially. 

METHODS    OF    HEALTHY    DEVELOPMENT    OF    SCIENTIFIC    PROCESSES 

Healthy  commercial  development  of  new  scientific  processes 
does  not  build  its  hope  of  success  upon  the  cooperation  of  that 
class  of  "promoters"  which  are  always  eager  to  find  any  available 
pretext  for  making  "quick  money,"  and  whose  scientific  ignorance 
contributes  conveniently  to  their  comfort  by  not  interfering  too 
much  with  their  self-assurance  and  their  voluble  assertions.  The 
history  of  most  of  the  successful  recent  chemical  processes 
abounds  in  examples  where,  even  after  the  underlying  principles 
were  well  established,  long  and  costly  preparatory  team-work 
had  to  be  undertaken;  where  foremost  scientists,  as  well  as 
engineers  of  great  ability,  had  to  combine  their  knowledge, 
their  skill,  their  perseverance,  with  the  support  of  large  chemical 
companies,  who,  in  their  turn,  could  rely  on  the  financial  backing 
of  strong  banking  concerns,  well  advised  by  tried  expert  special- 
ists. 

History  does  not  record  how  many  processes  thus  submitted 
to  careful  study  were  rejected  because,  on  close  examination, 
they  were  found  to  possess  some  hopeless  shortcomings.  In 
this  way,  numerous  fruitless  efforts  and  financial  losses  were 
averted,  where  less  carefully  accumulated  knowledge  might 
have  induced  less  scrupulous  promoters  to  secure  money  for 
plausible  but  ill-advised  enterprises. 

SYNTHESIS  OF  INDIGO— In  the  history  of  the  manufacture  of 
artificial  dyes,  no  chapter  gives  a  more  striking  instance  of  long, 
assiduous  and  expensive  preliminary  work  of  the  highest  order 
than  the  development  of  the  industrial  synthesis  of  indigo. 
Here  was  a  substance  of  enormous  consumption  which,  until 
then,  had  been  obtained  from  the  tropics  as  a  natural  product 
of  agriculture.  Professor  von  Baeyer  and  his  pupils,  by  long 
and  marvelously  clever  laboratory  work,  succeeded  finally 
in  unraveling  the  chemical  constitution  of  this  indigo  dye,  and 
finally  indicated  some  possible  methods  of  synthesis.  Not- 
withstanding all  this,  it  took  the  Badische  Anilin  &  Soda 
Fabrik  about  twenty  years  of  patient  research  work,   carried 


out  by  a  group  of  eminent  chemists  and  engineers,  before  a 
satisfactory  method  was  devised  by  which  the  artificial  product 
could  compete  in  price  and  in  quality  with  natural  indigo. 
INFLUENCES  OF  A  GOOD  PATENT  SYSTEM — Germany  with  her 
well  administered  and  easily  enforcible  patent  laws,  has  added, 
through  this  very  agency,  a  most  vital  inducement  for  pioneer 
work  in  chemical  industries.  Who  otherwise  would  dare  to 
take  the  risk  of  all  the  expenses  connected  with  this  class  of 
creative  work?  Moreover,  who  would  be  induced  to  publish 
the  result  of  his  discoveries  far  and  wide  throughout  the  whole 
world  in  that  steadily  flowing  stream  of  patent  literature,  which, 
much  sooner  than  any  text-books  or  periodicals,  enables  one 
worker  to  be  benefited  and  to  be  inspired  by  the  publication  of 
the  latest  work  of  others? 

INTERNATIONAL    SCOPE    OF    CHEMICAL   RESEARCH 

The  development  of  some  problems  of  industrial  chemistry 
has  enlisted  the  brilliant  collaboration  of  men  of  so  many  differ- 
ent nationalities  that  the  final  success  could  not,  with  any  meas- 
ure of  justice,  be  ascribed  exclusively  to  one  single  race  or  nation; 
this  is  best  illustrated  by  the  invention  of  the  different  methods 
for  the  fixation  of  nitrogen  from  the  air. 

This  extraordinary  achievement,  although  scarcely  a  few  years 
old,  seems  already  an  ordinary  link  in  the  chain  of  common, 
current  events  of  our  busy  life;  and  yet,  the  facts  connected  with 
this  recent  conquest  reveal  a  modern  tale  of  great  deeds  of  the 
race — an  Epos  of  Applied  Science.  Its  story  began  the  day 
when  chemistry  taught  us  how  indispensable  are  the  nitrogenous 
substances  for  the  growth  of  all  living  beings. 

DEFICIENCY  OF  NITROGEN  FERTILIZERS  IN  AGRICULTURE 

Generally  speaking,  the  most  expensive  foodstuffs  are  pre- 
cisely those  which  contain  most  nitrogen,  for  the  simple  reason 
that  there  is,  and  always  has  been,  at  sometime  or  another, 
a  shortage  of  nitrogenous  foods  in  the  world.  Agriculture 
furnishes  us  these  proteid-  or  nitrogen-containing  bodies,  whether 
we  eat  them  directly  as  vegetable  products,  or  indirectly  as 
animals  which  have  assimilated  the  proteids  from  plants.  It 
so  happens,  however,  that  by  our  ill-balanced  methods  of  agri- 
cultiu-e,  we  take  nitrogen  from  the  soil  much  faster  than  it  is 
supplied  to  the  soil  through  natural  agencies.  We  have  tried 
to  remedy  this  discrepancy  by  enriching  the  soil  with  manure 
or  other  fertilizers,  but  this  has  been  found  totally  insufficient, 
especially  with  our  methods  of  intensive  culture — our  fields 
want  more  nitrogen.  So  agriculture  has  been  looking  anxiously 
around  to  find  new  sources  of  nitrogen  fertilizer.  For  a  short 
time,  an  excellent  supply  was  found  in  the  guano  deposits  of 
Peru;  but  this  material  was  used  up  so  eagerly  that  the  supply 
lasted  only  a  very  few  years.  In  the  meantime,  the  ammonium 
salts  recovered  from  the  by-products  of  the  gas-works  have  come 
into  steady  use  as  nitrogen  fertilizer.  But,  here  again,  tlie  supply 
is  entirely  insufficient,  and  during  the  later  period  our  main 
reliance  has  been  placed  on  the  natural  beds  of  sodium  nitrate 
which  are  found  in  the  desert  regions  of  Chile.  This  has  been, 
of  late,  our  principal  source  of  nitrogen  for  agriculture,  as  well 
as  for  the  many  industries  which  require  saltpeter  or  nitric  acid. 

CHILE    SALTPETER    AND   ITS   APPROACHING    EXHAUSTION 

In  1898,  Sir  William  Crookes,  in  his  memorable  presidential 
address  before  the  British  Association  for  the  Advancement  of 
Science,  called  our  attention  to  the  threatening  fact  that,  at 
the  increasing  rate  of  consumption,  the  nitrate  beds  of  Chile 
would  be  exhausted  before  the  middle  of  this  century.  Here 
was  a  warning — an  alarm  call — raised  to  the  human  race  by 
one  of  the  deepest  scientifie  thinkers  of  our  generation.  It 
meant  no  more  nor  less  than  that  before  long  our  race  would 
be  confronted  with  nitrogen  starvation.  In  a  given  coimtry, 
all  other  conditions  being  equal,  the  abundance  or  the  lack  of 
nitrogen  available  for  nutrition  is  a  paramount  factor  in  the  de- 
gree  of   general   welfare,   or   of  physical   decadence.     The   less 
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nitrogen  there  is  available  as  foodstuffs,  the  nearer  the  popula- 
tion is  to  starvation.  The  great  famines  in  such  nitrogen- 
deficient  countries  as  India  and  China  and  Russia  are  sad  ex- 
amples of  nitrogen  starvation. 

And  yet,  nitrogen,  as  such,  is  so  abundant  in  nature  that  it 
constitutes  four-fifths  of  the  air  we  breathe.  Every  square  mile 
of  our  atmosphere  contains  nitrogen  enough  to  satisfy  our  total 
present  consumption  for  over  half  a  century.  However,  this 
nitrogen  is  unavailable  as  long  as  we  do  not  find  means  to  make 
it  enter  into  some  suitable  chemical  combination.  Moreover, 
nitrogen  was  generally  considered  inactive  and  inert,  because 
it  does  not  enter  readily  in  chemical  combination. 

William  Crookes'  disquieting  message  of  rapidly  approaching 
nitrogen  starvation  did  not  cause  much  worry  to  politicians 
— they  seldom  look  so  far  ahead  into  the  futvu'e.  But,  to  the 
men  of  science,  it  rang  like  a  reproach  to  the  human  race.  Here, 
then,  we  were  in  possession  of  an  inexhaustible  store  of  nitrogen 
in  the  air,  and  yet,  unless  we  found  some  practical  means  for 
tying  some  of  it  into  a  suitable  chemical  combination,  we  would 
soon  be  in  a  position  similar  to  that  of  a  shipwrecked  sailor, 
drifting  around  on  an  immense  ocean  of  brine,  and  yet  slowly 
dying  for  lack  of  drinking  water. 

OXIDATION    OF   AIR    NITROGEN 

THE  PRIESTLEY-CAVENDISH  EXPERIMENT — As  a  guiding  beacon, 
there  was,  however,  that  simple  experiment,  carried  out  in  a 
little  glass  tube,  as  far  back  as  1785,  by  both  Cavendish  and 
Priestley,  which  showed  that  if  electric  sparks  were  passed  through 
air,  the  oxygen  thereof  was  able  to  bum  some  of  the  nitrogen 
and  to  engender  nitrous  vapors. 

BRADLEY  AND  LOVEJOY — This  seemingly  unimportant  labora- 
tory curiosity,  so  long  dormant  in  the  text-books,  was  made  a 
starting  point  by  Charles  S.  Bradley  and  D.  R.  Lovejoy,  in 
Niagara  Falls,  for  creating  the  first  industrial  apparatus  for 
converting  the  nitrogen  of  the  air  into  nitric  acid  by  means  of 
the  electric  arc.  As  early  as  1902,  they  published  their  results 
as  well  as  the  details  of  their  apparatus.  Although  they  operated 
only  one  full-sized  unit,  they  demonstrated  conclusively  that 
nitric  acid  could  thus  be  produced  from  the  air  in  unlimited 
quantities.  We  shall  examine  later  the  reasons  why  this  pioneer 
enterprise  proved  a  commercial  insuccess ;  but  to  these  two  Amer- 
ican inventors  belongs,  undoubtedly,  the  credit  of  having  fur- 
nished the  first  answer  to  the  distress  call  of  Sir  William  Crookes . 

BiRKELAND  AND  EYDE — In  the  meantime,  many  other  investi- 
gators were  at  work  at  the  same  problem,  and  soon  from  Nor- 
way's abundant  waterfalls  came  the  news  that  Birkeland  and 
Eyde  had  solved  successfully,  and  on  a  commercial  scale,  the 
same  problem  by  a  differently  constructed  apparatus. 

PAULING  AND  scHOENHERR — The  Germans,  too,  were  working 
on  the  same  subject,  and  we  heard  that  Schoenherr,  also  Pauling, 
had  evolved  still  other  methods,  all,  however,  based  on  the 
Cavendish-Priestley  principle  of  oxidation  of  nitrogen.  In 
Norway  alone,  the  artificial  saltpeter  factories  use  now,  day  and 
night,  over  200,000  electrical  horse-power,  which  will  soon  be 
doubled;  while  a  further  addition  is  contemplated  which  will 
bring  the  volume  of  electric  current  consumed  to  about  500,000 
horse-power.  The  capital  invested  at  present  in  these  works 
amounts  to  $27,000,000. 

CYANAMIDE 

Frank  and  Caro,  in  Germany,  succeeded  in  creating  another 
profitable  industrial  process  whereby  nitrogen  could  be  fixed 
by  carbide  of  calcium,  which  converts  it  into  calcium  cyanamide, 
an  excellent  fertilizer  by  itself.  By  the  action  of  steam  on  cyan- 
amide,  ammonia  is  produced,  or  it  can  be  made  the  starting  point 
of  the  manufacture  of  cyanides,  so  profusely  used  for  the  treat- 
ment of  gold  and  silver  ores. 

Although  the  synthetic  nitrates  have  found  a  field  of  their 
own,  their  utilization  for  fertilizers  is  smaller  than  that  of  the 
cyanamide;  and  the  latter  industry  represents,  today,  an  invest- 


ment of  about  $30,000,000,  with  three  factories  in  Germany, 
two  in  Norway,  two  in  Sweden,  one  in  France,  one  in  Switzer- 
land, two  in  Italy,  one  in  Austria,  one  in  Japan,  one  in  Canada, 
but  not  any  in  the  United  States.  The  total  output  of  cyanamide 
is  valued  at  $15,000,000  yearly  and  employs  200,000  horse- 
power, and  preparations  are  made  at  almost  every  existing  plant 
for  further  extensions.  An  English  company  is  contemplating 
the  application  of  1,000,000  horse-power  to  the  production  of 
cyanamide  and  its  derivatives,  600,000  of  which  have  been  secured 
in  Norway  and  400,000  in  Iceland. 

NITRIDE    PROCESSES 

But  still  other  processes  are  being  developed,  based  on  the 
fact  that  certain  metals  or  metalloids  can  absorb  nitrogen,  and 
can  thus  be  converted  into  nitrides;  the  latter  can  either  be  used 
directly  as  fertilizers  or  they  can  be  made  to  produce  ammonia 
under  suitable  treatment. 

SERPEK  PROCESS — The  most  important  of  these  nitride  pro- 
cesses seems  to  be  that  of  Serpek,  who,  in  his  experimental  fac- 
tory at  Niedermorschweiler,  succeeded  in  obtaining  aluminum 
nitride  in  almost  theoretical  quantities,  with  the  use  of  an  amount 
of  electrical  energy  eight  times  less  than  that  needed  for  the 
Birkeland-Eyde  process  and  one-half  less  than  for  the  cyanamide 
process,  the  results  being  calculated  for  equal  weights  of  "fixed" 
nitrogen.  A  French  company  has  taken  up  the  commercial 
application  of  this  process  which  can  furnish,  besides  ammonia, 
pure  alumina  for  the  manufacture  of  aluminum  metal. 

HABER'S    PROCESS   FOR   AMMONIA 

An  exceptionally  ingenious  process  for  the  direct  synthesis 
of  ammonia,  by  the  direct  union  of  hydrogen  with  nitrogen, 
has  been  developed  by  Haber  in  conjunction  with  the  chemists 
and  engineers  of  the  Badische  Anilin  &  Soda  Fabrik.  The 
method  has  the  advantage  that  it  is  not,  like  the  other  nitrogen- 
fixation  processes,  paramountly  dependent  upon  cheap  power; 
for  this  reason,  if  for  no  other,  it  seems  to  be  destined  to  a  more 
ready  application.  The  fact  that  the  group  of  the  three  German 
chemical  companies  which  control  the  process  have  sold  out  their 
former  holdings  in  the  Norwegian  enterprises  to  a  Norwegian- 
French  group,  and  are  now  devoting  their  energies  to  the  com- 
mercial installation  of  the  Haber  process,  has  quite  some  signifi- 
cance as  to  expectations  for  the  future. 

THE    FUTURE    OF   NITROGEN-FIXATION    PROCESSES 

The  question  naturally  arises:  Will  there  be  an  overproduc- 
tion and  will  these  different  rival  processes  not  kill  each  other 
in  slaughtering  prices  beyond  remunerative  production?  Nitro- 
gen fertilizers  are  already  used  at  the  rate  of  about  $200,000,000 
worth  a  year,  and  any  decrease  in  price,  and,  more  particularly, 
better  education  in  farming,  will  probably  lead  to  an  enormously 
increased  consumption.  It  is  worth  mentioning  here  that, 
in  1825,  the  first  ship-load  of  Chile  saltpeter  which  was  sent  to 
Europe  could  find  no  buyer,  and  was  finally  thrown  into  the  sea 
as  useless  material.  Then  again,  processes  for  nitric  acid  and 
processes  for  ammonia,  instead  of  interfering,  are  supplementary- 
to  each  other,  because  the  world  needs  ammonia  and  ammonium 
salts,  as  well  as  nitric  acid  or  nitrates.  It  should  be  pointed  out 
also,  that,  ultimately,  the  production  of  ammonium  nitrate 
may  prove  the  most  desirable  method  to  minimize  freight, 
for  this  salt  contains  much  more  nitrogen  to  the  ton  than  does 
the  more  bulky  calcium  salt  in  which  form  synthetic  nitrates 
are  now  marketed. 

WHY   DID   BRADLEY   AND    LOVEJOY    NOT    SUCCEED? 

Before  leaving  this  subject,  let  us  examine  why  Bradley  and 
Lovejoy's  efforts  came  to  a  standstill  where  others  succeeded. 

First  of  all,  the  cost  of  power  at  Niagara  F'alls  is  three  to  five 
times  higher  than  in  Norway,  and  although  at  the  time  this  was 
not  strictly  prohibitive  for  the  manufacture  of  nitric  acid,  it 
was  entirely  beyond  hope  for  the  production  of  fertilizers.  The 
relatively  high  cost  of  power  in  our  country  is  the  reason  why 
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the  cyanamide  enterprise  had  to  locate  on  the  Canadian  side  of 
Niagara  Falls,  and  why,  up  till  now,  outside  of  an  experimental 
plant  in  the  South  (a  4000  horsepower  installation  in  North 
Carolina,  using  the  Pauling  process),  the  whole  United  States 
has  not  a  single  synthetic  nitrogen  fertilizer  works. 

The  yields  of  the  Bradley-Lovejoy  apparatus  were  rather  good. 
They  succeeded  in  converting  as  much  as  2'/2  per  cent  of  the  air, 
which  is  somewhat  betteer  than  their  successors  are  able  to  ac- 
complish. But  their  units,  12  kilowatts,  were  very  much  smaller 
than  the  1000  to  3000  kilowatts  now  used  in  Norway  and  they 
were  also  more  delicate,  all  of  which  made  installation  and  opera- 
tion considerably  more  e.xpensive.  However,  this  was  the  natural 
phase  through  which  any  pioneer  industrial  development  has 
to  go,  and  it  is  more  than  probable  that  in  the  natural  order  of 
events  these  imperfections  would  have  been  eliminated.  But 
the  killing  stroke  came  when  financial  support  was  suddenly 
withdrawn. 

NECESSITY     OF     SCIENTIFIC     TEAM-WORK     AND     GOOD     FINANCIAL 
BACKING 

In  the  successful  solution  of  similar  industrial  problems,  the 
originators  in  Europe  were  not  only  backed  by  scientifically 
well-advised  bankers,  but  they  were  helped  to  the  rapid  solution 
of  all  the  side  problems  by  a  group  of  specially  selected  scientific 
collaborators,  as  well  as  by  all  the  resourcefulness  of  well-es- 
tablished chemical  enterprises. 

That  such  conditions  are  possible  in  the  United  States  has 
been  demonstrated  by  the  splendid  team-work  which  led  to  the 
development  of  the  modern  tungsten  lamp  in  the  research  lab- 
oratories of  the  General  Electric  Company,  and  to  the  develop- 
ment of  the  Tesla  polyphase  motor  by  the  group  of  engineers  of 
the  Westinghouse  Company. 

True,  there  are  endless  subjects  of  research  and  development 
which  can  be  brought  to  success  by  the  efforts  of  single  inde- 
pendent inventors,  but  there  are  some  problems  of  applied 
science  which  are  so  vast,  so  much  surrounded  with  ramifying 
difficulties,  that  no  one  man,  nor  two  men,  however  exceptional, 
can  either  furnish  the  brains  or  the  money  necessary  for  leading 
to  success  within  a  reasonable  time.  For  such  special  problems, 
the  rapid  cooperation  of  numerous  experts  and  the  financial 
resources  of  large  establishments  are  indispensable. 

DOLLARS   AND    CENTS   A    CRITERION    OF    EFFICIENCY 

All  these  examples  of  the  struggle  for  efficiency  and  improve- 
ment demonstrate  why,  in  industrial  chemistry,  the  question 
of  dollars  and  cents  has  to  be  taken  very  much  into  consideration. 
From  this  standpoint  at  least,  the  "  Dollars  and  cents"  argument 
can  be  interpreted  as  a  symptom  of  industrial  efficiency,  and 
thus,  the  definition  sounds  no  longer  as  a  reproach.  With 
some  allowable  degree  of  accuracy,  it  formulates  one  of  the  econo- 
mic aspects  of  any  acceptable  industrial  chemical  process.  In- 
deed, barring  special  conditions,  as,  for  instance,  incompetent 
or  reckless  management,  unfair  competition,  monopolies,  or 
other  artificial  privileges,  the  money  success  of  a  chemical  pro- 
cess is  the  cash  plebiscite  of  approval  of  the  consumers.  It 
is  bound,  after  a  time  at  least,  to  weed  out  the  inefficient  methods. 

INFLUENCE  OF  SECONDARY  FACTORS  IN  CHEMICAL  PROCESSES 

Some  chemists,  who  have  little  or  no  experience  with  in- 
dustrial enterprises,  are  too  much  over-inclined  to  judge  a  chem- 
ical process  exclusively  from  the  standpoint  of  the  chemical 
reactions  involved  therein,  without  sufficient  regard  to  engineer- 
ing difficulties,  financial  requirements,  labor  problems,  market 
and  trade  conditions,  rapid  development  of  tiie  art  involving 
frequent  disturbing  improvements  in  methods  and  expensive 
changes  in  equipment,  advantages  or  disadvantages  of  the  loca- 
tion of  the  plant,  and  other  conditions  so  numerous  and  variable 
that  many  of  them  can  hardly  be  foreseen  even  by  men  of  ex- 
perience. And  yet,  these  seemingly  secondary  considerations 
most  of  the  time  become  the  deciding  factor  of  success  or  failure 
of  an  otherwise  well-conceived  chemical  process. 


FREIGHT — The  cost  of  transportation  alone  will  frequently 
decide  whether  a  certain  chemical  process  is  economically  possible 
or  not.  For  instance,  the  big  Washoe  Smelter,  in  Montana, 
wastes  enough  sulfur  dioxide  gas  to  make  daily  1800  tons  of 
sulfuric  acid,  but  that  smelter  is  too  far  distant  from  any  possible 
market  for  such  a  quantity  of  otherwise  valuable  material. 
Another  example  is  found  in  the  natural  deposits  of  soda,  or 
soda  lakes,  in  California.  One  of  these  soda  lakes  contains 
from  thirty  to  forty-two  million  tons  of  soda.  Here  is  a  natural 
source  of  supply  which  would  be  ample  to  satisfy  the  world's 
demand  for  many  years  to  come.  Similar  deposits  exist  in  other 
parts  of  the  world,  but  the  cost  of  transportation  to  a  sufficiently 
large  and  profitable  market  is  so  exorbitant  that,  in  the  mean- 
time, it  is  cheaper  to  erect,  at  more  convenient  points,  expensive 
chemical  works  in  which  soda  is  made  chemically  and  from 
which  the  market  can  be  supplied  more  profitably.  In  addition, 
we  can  cite  the  artificial  nitrate  processes  in  Norway,  which, 
notwithstanding  their  low  efficiency  and  expensive  installation, 
can  furnish  nitrate  in  competition  with  the  natural  nitrate  beds 
of  Chile,  because  the  latter  are  hampered  by  the  cost  of  extraction 
from  the  soil  where  fuel  for  crystallization  is  expensive,  in  addi- 
tion to  the  considerable  cost  of  freight. 

THE  LEBLANC  SODA  PROCESS — But  there  is  no  better  example, 
illustrating  the  far-reaching  effect  of  seemingly  secondary  condi- 
tions upon  the  success  of  a  chemical  process,  than  the  history  of 
the  Leblanc  soda  process.  This  famous  process  was  the  fore- 
runner of  chemical  industry:  for  almost  a  century  it  dominated 
the  enormous  group  of  industries  of  heavy  chemicals  so  expres- 
sively called  by  the  French:  "La  Grande  Industrie  Chimique," 
and  now  we  are  witnesses  of  the  lingering  death  agonies  of  this 
chemical  colossus.  Through  the  Leblanc  process,  large  fortunes 
have  been  made  and  lost;  but  even  after  its  death,  it  will  leave 
a  treasure  of  information  to  science  and  chemical  engineering, 
the  value  of  which  can  hardly  be  overestimated. 

Here,  then,  is  a  very  well  worked-out  process,  admirably  studied 
in  all  its  details,  which,  in  its  heroic  struggle  for  existence,  has 
drawn  upon  every  conceivable  resource  of  ingenuity  furnished 
by  the  most  learned  chemists  and  the  most  skilful  engineers, 
who  succeeded  in  bringing  it  to  an  extraordinary  degree  of  per- 
fection, and  which,  nevertheless,  has  to  succumb  before  inexorable 
although  seemingly  secondary,  conditions. 

SOLVAY  SODA  PROCESS — Strange  to  say,  its  competitor,  the 
Solvay  process,  entered  into  the  arena  after  a  succession  of 
failures.  When  Solvay,  as  a  young  man,  took  up  this  process, 
he  was  totally  ignorant  of  the  fact  that  no  less  than  about  a 
dozen  able  chemists  had  invented  and  reinvented  the  very  re- 
action on  which  he  had  pinned  his  faith;  that,  furthermore,  some 
had  tried  it  on  a  commercial  scale,  and  had,  in  every  instance, 
encountered  failure.  At  that  time,  all  this  must,  undoubtedly, 
have  been  to  young  Solvay  a  revelation  sufficient  to  dishearten 
almost  anybody.  But  he  had  one  predominant  thought  to  which 
he  clung  as  a  last  hope  of  success,  and  which  would  probably 
have  escaped  most  chemists;  he  reasoned  that  he  started  from 
two  watery  solutions,  which,  when  brought  together,  precipitate 
a  dry  product,  bicarbonate  of  soda,  while  in  the  Leblanc  process, 
the  raw  materials  must  be  melted  together,  with  the  use  of  ex- 
pensive fuel,  after  which  the  mass  is  dissolved  in  water,  losing 
all  these  valuable  heat  units,  while  more  heat  has  again  to  be 
applied  for  evaporation  to  dryness. 

After  all,  most  of  the  weakness  of  the  Leblanc  pro- 
cess resides  in  the  greater  consumption  of  fuel.  But  the 
cost  of  fuel,  here  again,  is  determined  by  freight  rates.  This 
is  so  true  that  we  find  that  the  last  few  Leblanc  works  which 
manage  to  keep  alive  are  exactly  those  which  are  situated  near 
unusually  favorable  shipping  points,  where  they  can  obtain 
cheap  fuel,  as  well  as  cheap  raw  materials,  and  whence  they  can 
most  advantageously  reach  certain  profitable  markets.  But 
another  tremendous  handicap  of  the  Leblanc  process  is  that  it 
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gives  as  one  of  its  by-products,  hydrochloric  acid.  Profitable 
use  for  this  acid,  as  such,  can  be  found  only  to  a  limited  extent. 
It  is  true  that  hydrochloric  acid  could  be  used  in  much  larger 
quantities  for  many  purposes  where  sulfuric  acid  is  used  now,  but 
it  has,  against  sulfuric  acid,  a  great  freight  disadvantage.  In 
its  commercially  available  condition,  it  is  an  aqueous  solution, 
containing  only  about  one-third  of  real  acid,  so  that  the  trans- 
portation of  one  ton  of  acid  practically  involves  the  extra  cost 
of  freight  of  about  two  tons  of  water.  Furthermore,  the  trans- 
portation of  hydrochloric  acid  in  anything  but  glass  carboys 
involves  very  difficult  problems  in  itself,  so  that  the  market  for 
hydrochloric  acid  remains  always  within  a  relatively  small  zone 
from  its  point  of  production.  However,  for  a  while  at  least,  an 
outlet  for  this  hydrochloric  acid  was  found  by  converting  it  into 
a  dry  material  which  can  easily  be  transported ;  namely,  chloride 
of  lime  or  bleaching  powder. 

ELECTROLYTIC  PROCESSES  A  NEW  COMPETITOR — The  amount  of 
bleaching  powder  consumed  in  the  world  practically  dictated 
the  limited  extent  to  which  the  Leblanc  process  could  be  profit- 
ably worked  in  competition  with  the  Solvay  process.  But  even 
this  outlet  has  been  blocked  during  these  later  years  by  the  ad- 
vent of  the  electrolytic  alkali  processes,  which  have  sprung  up 
successfully  in  several  countries,  and  which  give,  as  a  cheap  by- 
product, chlorine,  which  is  directly  converted  into  chloride  of 
lime.  Today,  any  process  which  involves  the  production  of 
large  quantities  of  hydrochloric  acid,  beyond  what  the  market 
can  absorb  as  such,  or  as  derivatives  thereof,  becomes  a  positive 
detriment,  and  foretells  failure  of  the  process.  Even  if  we  could 
afford  to  lose  all  the  acid,  the  disposal  of  large  quantities  of  it 
conflicts  immediately  with  laws  and  ordinances  relative  to  the 
pollution  of  the  atmosphere  or  streams,  or  the  rights  of  neighbors, 
and  occasions  expensive  damage  suits. 

MARKET  FOR  CHLORINE  PRODUCTS — Whatever  is  said  about 
hydrochloric  acid,  applies,  to  some  extent,  to  chlorine,  produced  in 
the  electrolytic  manufacture  of  caustic  soda.  Here  again,  the 
development  of  the  latter  industry  is  limited,  primarily,  by  the 
amount  of  chlorine  which  the  market  can  absorb,  as  such,  or  as 
chlorinated  products.  At  any  rate,  chlorine  can  be  produced 
much  cheaper  by  electrolytic  caustic  alkali  processes  than 
formerly,  and  in  the  meantime  the  market  price  of  chloride  of 
lime  has  already  been  cut  about  in  half. 

ALKALI   INDUSTRY   IN   THE    UNITED    STATES 

Since  the  rather  young  electrolytic  alkali  industry  has 
taken  a  considerable  development  in  the  United  States,  let  us 
examine  it  somewhat  more  closely.  At  present;  the  world's 
production  of  chloride  of  lime  approximates  about  half  a  million 
tons.  We  used  to  import  all  our  chloride  of  lime  from  Europe, 
until  about  fifteen  years  ago,  when  the  first  successful  electrolytic 
alkali  works  were  started  at  Niagara  Falls.  That  ingenious 
mercury  cell  of  Hamilton  Y.  Castner — a  pupil  of  Professor 
Chandler  and  one  of  the  illustrious  sons  of  the  Columbia  School 
of  Mines — was  first  used,  and  his  process  still  furnishes  a  large 
part  of  all  the  electrolytic  caustic  soda  and  chlorine  manufactured 
here  and  abroad. 

At  present,  about  30,000  electrical  horse-power  are  employed 
uninterruptedly  for  the  different  processes  used  in  the  United 
States,  and  our  home  production  has  increased  to  the  point  where, 
instead  of  importing  chloride  of  lime,  we  shall  soon  be  compelled 
to  export  our  surplus  production.  It  looks  now  as  if,  for  the 
moment  at  least,  any  sudden  considerable  increase  in  the  pro- 
duction of  chloride  of  lime  would  lead  to  overproduction  unless 
new  channels  of  consumption  of  chloride  of  lime  or  other  chlorine 
products  can  be  found. 

NEW  USES  FOR  CHLORINE — However,  new  uses  for  chlorine  are 
being  found  every  day.  The  very  fact  that  commercial  hydro- 
chloric acid  of  exceptional  purity  is  now  being  manufactured 
in  Niagara  Falls  by  starting  from  chlorine,  indicates  clearly  that 
conditions  are  being  reversed;  no  longer  than  a  few  years  ago, 


when  chlorine  was  manufactured  exclusively  by  means  of  hydro- 
chloric acid,  this  would  have  sounded  like  a  paradox. 

The  consumption  of  chlorine  for  the  preparation  of  organic 
chlorination  products  utilized  in  the  dye-stuff  industry,  is  also 
increasing  continually,  and  its  use  for  the  manufacture  of  tetra- 
chloride of  carbon  and  so-called  acetylene  chlorination  products, 
has  reached  quite  some  importance. 

There  is  probably  a  much  overlooked  but  wider  opening  for 
chlorinated  solvents  in  the  fact  that  ethylene  gas  can  be  prepared 
now  at  considerably  lower  cost  than  acetylene,  and  that  ethylene 
chloride,  the  well-known  "Dutch  Liquid,"  is  an  unusually  good 
solvent.  It  has,  furthermore,  the  great  advantage  that  its  specific 
gravity  is  not  too  high,  and  its  boihng  point,  too,  is  about  the 
right  temperature.  It  ought  to  be  possible  to  make  it  at  such  a 
low  price  that  it  would  find  endless  applications  where  the  use 
of  other  chlorination  solvents  has  thus  far  been  impossible. 

The  chlorination  of  ores  for  certain  metallurgical  processes 
may  eventually  open  a  still  larger  field  of  consumption  for 
chlorine 

In  the  meantime,  liquefied  chlorine  gas,  obtained  by  great 
compression,  or  by  intense  refrigeration,  has  become  an  important 
article  of  commerce,  which  can  be  transported  in  strong  steel 
cylinders.  Its  main  utilization  resides  in  the  manufacture  of 
tin  chloride  by  the  Goldschmidt  process  for  reclaiming  tin-scrap. 
It  is  finding,  also,  increased  applications  as  a  bleaching  agent 
and  for  the  purification  of  drinking  water,  as  well  as  for  the 
manufacture  of  various  chlorination  products. 

Its  great  handicap  for  rapid  introduction  is  again  the  question 
of  freight,  since  hea\'y  and  expensive  containers  are  indispensable. 

FREIGHT  PROBLEM  IN  RELATION  TO  CHLORINE — In  most   CaseS, 

the  transportation  problem  of  chlorine  is  solved  more  economic- 
ally by  handling  it  as  chloride  of  lime,  which,  after  all,  represents 
chlorine  or  oxygen  in  solid  form,  easily  transportable.  It  would 
seem  as  if  the  freight  difficulty  could  easily  be  eliminated  by 
producing  the  chlorine  right  at  the  spot  of  consumption.  But 
this  is  not  always  so  simple  as  it  may  appear.  To  begin  with, 
the  cost  of  an  efficient  plant  for  any  electrolytic  operation  is 
always  unusually  high  as  compared  with  other  chemical  equip- 
ments. Then,  also,  small  electrolytic  alkali  plants  are  not 
profitable  to  operate.  Furthermore,  the  conditions  for  pro- 
ducing cheap  chlorine  depend  on  many  different  factors,  which 
all  have  to  coordinate  advantageously;  for  instance,  cheap  power, 
cheap  fuel,  and  cheap  raw  materials  are  essential,  while,  at  the 
same  time,  a  profitable  outlet  must  be  found  for  the  caustic 
soda. 

Lately,  there  has  been  a  considerable  reduction  of  the  market 
price  of  caustic  soda  which  may  cause  the  gradual  elimination 
of  the  less  efficient  electrolytic  processes;  however,  this  may  not 
necessarily  be  the  case  for  smaller  plants  which  do  not  compete 
in  the  open  market,  but  consume  their  own  output  for  some 
special  purpose. 

ELECTROLYTIC   ALKALI    CELLS 

Several  distinct  types  of  electrolytic  alkali  cells  are  now  in 
successful  use,  but  experience  seems  to  demonstrate  that  the 
so-called  diaphragm  cells  are  cheapest  to  construct  and  to  operate, 
provided,  however,  that  no  exception  be  taken  to  the  fact  that 
this  caustic  soda  always  contains  some  sodium  chloride,  usually 
varying  from  2  to  3  per  cent,  which  it  is  not  practical  to  eliminate ; 
for  almost  all  commercial  purposes  the  presence  of  this  impurity 
is  of  no  importance. 

Mercury  cells  ^ive  a  much  purer  caustic  soda,  and  this  may, 
in  some  eases,  compensate  for  their  more  expensive  equipment 
and  operation.  Moreover,  there  are  some  operations  where  the 
initial  caustic  solution  of  rather  high  concentration,  produced 
directly  in  these  cells,  can  be  used  as  it  is,  thus  ob\'iating  further 
concentration  aiid  cost  of  fuel. 

The  expenses  for  evaporation  and  elimination  of  salt  from  the 
raw  caustic  solutions  increase  to  an  exaggerated  extent  with  some 
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types  of  diaphragm  cells,  which  produce  only  very  weak  caustic 
liquors.  This  is  also  the  case  with  the  so-called  "gravity  cell," 
sometimes  called  the  "bell  type,"  or  "Aussig  type,"  of  cell. 
But  these  gravity  cells  have  the  merit  of  dispensing  with  the 
delicate  and  expensive  problem  of  diaphragms.  On  the  other 
hand,  their  units  are  very  small,  so  that  they  necessitate  a  rather 
complicated  installation  occupying  an  unusually  large  floor 
space  and  expensive  buildings. 

The  general  tendency  is  now  toward  cells  which  can  be  used 
in  very  large  units,  which  can  be  housed  economically,  and  of 
which  the  general  cost  of  maintenance  and  renewal  is  small ; 
some  of  the  modem  types  of  diaphragm  cells  are  now  successfully 
operating  with  3000  to  5000  amperes  per  cell. 

As  to  the  possible  future  improvements  in  electrolytic  alkali 
cells,  we  should  mention  that  in  some  types  the  current  efficiencies 
have  practically  reached  their  maximum,  and  average  ampere 
efficiencies  as  high  as  95  to  97  per  cent  have  been  obtained  in 
continuous  practice.  The  main  difficulty  is  to  reinforce  these 
favorable  results  by  the  use  of  lower  voltage,  without  making 
the  units  unnecessarily  bulky  or  expensive  in  construction  or 
in  maintenance — all  factors  which  soon  outweigh  anj'  intended 
saving  of  electric  current.  Here,  more  than  in  any  other  branch 
of  chemical  engineering,  it  is  easy  enough  to  determine  how 
"good"  a  cell  is  on  a  limited  trial,  but  it  takes  expensive,  long- 
continued  use  on  a  full  commercial  scale,  running  uninter- 
ruptedly day  and  night  for  years,  to  find  out  how  "bad"  it  is  for 
real  commercial  practice. 

CHEAP  POWER  NOT  THE  ONLY  FACTOR 

In  relation  to  the  electrolytic  alkali  industry,  a  great  mistake 
is  frequently  made  by  considering  the  question  of  power  as 
paramount;  true  enough,  cheap  power  is  very  important,  almost 
essential,  but  certainly  it  is  not  everything.  There  have  been 
cases  where  it  was  found  much  cheaper  in  the  end  to  pay  almost 
double  for  electric  current  in  a  certain  locality,  than  in  another 
site  not  far  distant  from  the  first,  for  the  simple  reason  that  the 
cheaper  power  supply  was  hampered  by  frequent  interruptions 
and  expensive  disturbances,  which  more  than  offset  any  possible 
saving  in  cost  of  power.  In  further  corroboration,  it  is  well 
known  that  some  of  the  most  successful  electrolytic  soda  manu- 
facturers have  found  it  to  their  advantage  to  sacrifice  power 
by  running  their  cells  at  decidedly  higher  voltage  than  is  strictly 
necessary — which  simply  means  consuming  more  power;  this  is 
done  to  be  able  to  use  higher  current  densities,  thereby  increasing 
considerably  the  output  of  the  same  size  units,  economizing  on 
the  general  cost  of  plant  operation.  Here  is  one  of  the  ever- 
recurring  instances  in  chemical  manufacturing  where  it  becomes 
more  advantageous  to  sacrifice  apparent  theoretical  efficiency 
in  favor  of  industrial  expediency.  All  this  does  not  diminish 
the  fact  that  the  larger  electrochemical  industries  can  thrive 
only  where  cheap  power  is  available. 

IMPORTANCE  OF  CHEAP  POWER  FOR  ELECTROCHEMICAI,  PROCESSES 

Modern  progress  of  electrical  engineering  has  given  us  the 
means  to  utilize  so-called  natural  powers;  until  now,  however, 
we  have  availed  ourselves  only  of  the  water-power  developed 
from  rivers,  lakes,  and  waterfalls.  As  far  as  larger  electric 
power  generation  is  concerned,  the  use  of  the  wind,  or  the  tide, 
or  the  heat  of  the  sun,  represents,  up  till  now,  nothing  much 
beyond  a  mere  hope  of  future  possibilities. 

In  the  meantime,  it  so  happens,  unfortunately,  that  many  of 
the  most  abundant  water-powers  of  the  world  are  situated  in 
places  of  difficult  access,  far  removed  from  the  zone  of  possible 
utilization. 

COST   OF   WATER-POWER   IN   THE   UNITED   STATES   STILL  TOO   HIGH 

But,  precisely  on  this  account,  it  would  appear,  at  first  sight, 
as  if  the  United  States,  with  some  of  her  big  water-powers  situated 
nearer  to  active  centers  of  consumption,  would  be  in  an  excep- 
tionally  favorable   condition   for   the   development   of   electro- 


chemical industries.  On  closer  examination,  we  find,  however, 
that  the  cost  of  water-power,  as  sold  to  manufactiu-ers,  is,  in 
general,  much  higher  than  might  be  expected;  at  any  rate,  it  is 
considerably  more  expensive  than  the  cost  of  electric  power 
utilized  in  the  Norway  nitrate  enterprises.  This  is  principally 
due  to  the  fact  that  in  the  United  States,  water-power,  before 
it  is  utilized  by  the  electrolytic  manufacturer,  has  really  to 
pay  one,  two,  and  sometimes  three,  profits,  to  as  many  inter- 
mediate interests,  which  act  as  so  many  middlemen  between 
the  original  water-power  and  the  consumer.  Only  in  such  in- 
stances as  in  Norway,  where  the  electrochemical  enterprise  and 
the  development  of  the  water-power  are  practically  in  the  same 
hands,  can  electric  current  be  calculated  as  its  real  cheapest  cost. 
Neither  should  the  fact  be  overlooked  that  the  best  of  our 
water-powers  in  the  East  are  situated  rather  far  inland.  Al- 
though this  does  not  matter  much  for  the  home  market,  it  puts 
us  at  a  decided  disadvantage  for  the  exportation  of  manufactured 
goods,  in  comparison  again  with  Norway,  where  the  electrolytic 
plants  are  situated  quite  close  to  a  good  sea-harbor  open  in  all 
seasons. 

INCREASING    USE    OF    WASTE    GAS   AND    PRODUCER    GAS 

Some  electrochemical  enterprises  require  cheap  fuel  just  as 
much  as  cheap  power;  and,  on  this  account,  it  has  proved  some- 
times more  advantageous  to  dispense  entirely  with  water-power 
by  generating  gas  for  fuel  as  well  as  for  power  from  cheap  coal 
or  still  cheaper  peat. 

At  present,  most  of  our  ways  of  using  coal  are  still  cumbersome 
and  wasteful,  although  several  efficient  methods  have  been 
developed  which  some  day  will  probably  be  used  almost  ex- 
clusively, principally  in  those  places  where  lower  grades  of  cheap 
coal  are  obtainable. 

MOND-GAS — I  refer  here  particularly  to  the  valuable  pioneer 
work  of  that  great  industrial  chemist,  Mond,  on  cheap  water-gas 
production,  by  the  use  of  a  limited  amount  of  air  in  conjunction 
with  water  vapor. 

More  recently,  this  process  has  been  extended  by  Caro,  Frank 
and  others,  to  the  direct  conversion  of  undried  peat  into  fuel-gas. 

By  the  use  of  these  processes,  peat  or  lower  grades  of  coal, 
totally  unsuitable  for  other  purposes,  containing,  in  some  in- 
stances, as  much  as  60  to  70  per  cent  of  incombustible  constitu- 
ents, can  be  used  to  good  advantage  in  the  production  of  fuel  for 
power  generation. 

Whether  Mond-gas  will  ever  be  found  advantageous  for 
distribution  to  long  distances  is  questionable,  because  its  heating 
value  per  cubic  foot  is  rather  less  than  that  of  ordinary  water-gas, 
but  this  does  not  interfere  with  its  efiicient  use  in  internal  com- 
bustion engines. 

In  general,  our  methods  for  producing  or  utilizing  gas  in  our 
cities  do  scant  justice  to  the  extended  opportunities  indicated 
by  our  newer  knowledge. 

ANTIQUATED    MUNICIPAL   SPECIFICATIONS    FOR   GAS   TESTING 

Good  fuel-gas  could  be  manufactured  and  distributed  to  the 
individual  household  consumer  at  considerably  cheaper  rates, 
if  it  were  not  for  antiquated  municipal  specifications,  which  keep 
on  prescribing  photometric  tests  instead  of  insisting  on  standards 
of  fuel  value,  which  makes  the  cost  of  production  unnecessarily 
high,  and  disregards  the  fact  that,  for  lighting,  the  Welsbach 
mantle  has  rendered  obsolete  the  use  of  highly  carbureted  gas 
as  a  bare  fiame.  But  for  those  unfortunate  specifications,  cheap 
fuel-gas  might  be  produced  at  some  advantageous  central  point, 
where  very  cheap  coal  is  available;  such  heating  gas  could  be 
distributed  to  every  house  and  every  factory,  where  it  could 
be  used  cleanly  and  advantageously,  like  natural  gas,  doing  away 
at  once  with  the  black  coal  smoke  nuisance,  which  now  practically 
compels  a  city  like  New  York  to  use  nothing  but  the  more  ex- 
pensive grades  of  anthracite  coal.  It  would  eliminate,  at  the 
same  time,  all  the  bother  and  expense  caused  through  the  clumsy 
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and  expensive  methods  of  transportation  and  handling  of  coal 
and  ashes;  it  would  relieve  us  from  many  unnecessary  middlemen 
who  now  exist  between  coal  and  its  final  consumer. 

NEW  POWER  CENTERS  TO  COMPETE  WITH  WATER-POWER 

The  newer  large-sized  internal  combustion  engines  are  intro- 
ducing increasing  opportunities  for  new  centers  of  power  pro- 
duction where  waste  gas  of  blast-furnaces  or  coke-ovens,  or  where 
deposits  of  inferior  coal  or  peat,  are  available. 

If  such  centers  are  situated  near  tidewater,  this  may  render 
them  still  more  advantageous  for  some  electrochemical  industries, 
which,  until  now,  were  compelled  to  locate  near  some  inland 
water-powers. 

INCREASED  PRODUCTION  OP  AMMONIA  AND  OTHER  BY-PRODUCTS 

FROM  GAS — Nor  should  we  overlook  the  fact  that  the  newer 
methods  for  the  production  of  cheap  fuel-gas  offer  excellent 
opportunities  for  an  increased  production  of  valuable  tar  by- 
products, and  more  particularly  of  ammonium  salts;  the  latter 
would  help  to  a  not  inconsiderable  extent  in  furnishing  more 
nitrogen  fertilizer. 

It  is  somewhat  remarkable  that  a  greater  effort  has  already 
been  made  to  start  the  industrial  synthesis  of  nitrogen  products 
than  to  economize  all  these  hitherto  wasted  sources  of  ammonia. 

OUR   UNBALANCED   METHODS   OF   AGRICULTURE 

In  fact,  science  indicates  still  other  ways,  somewhat  of  a  more 
radical  nattu"e,  for  correcting  the  nitrogen  deficiencies  in  relation 
to  our  food  supply. 

Indeed,  if  we  look  well  at  this  matter  from  a  much  broader 
standpoint,  we  may  find  that,  after  all,  the  shortage  of  nitrogen 
in  the  world  is  attributable,  to  a  large  extent,  to  our  rather 
one-sided  system  of  agriculture.  We  do  not  sufficiently  take 
advantage  of  the  fact  that  certain  plants,  for  instance  those  of 
the  group  of  Leguminosae,  have  the  valuable  property  of  easily 
assimilating  nitrogen  from  the  air,  without  the  necessity  of 
nitrogen  fertilizers.  In  this  way,  the  culture  of  certain  Legum- 
inosae can  insure  enough  nitrogen  for  the  soil,  so  that,  in  rotation 
with  nitrogen-consuming  crops,  like  wheat,  we  could  dispense 
with  the  necessity  of  supplying  any  artificial  nitrogen  fertilizer. 

DISTURBING    INFLUENCE    OF   RAISING    TOO    MANY   CATTLE 

The  present  nitrogen  deficiency  is  influenced  further  by  two 
other  causes.  The  first  cause  is  our  unnecessarily  exaggerated 
meat  diet  in  which  we  try  to  find  our  proteid  requirements,  and 
which  compels  us  to  raise  so  many  cattle,  while  the  amount  of 
land  which  feeds  one  head  of  cattle  could  furnish,  if  properly 
cultivated,  abundant  vegetable  food  for  a  family  of  five.  The 
second  cause  is  our  insufficient  knowledge  of  the  way  to  grow 
and  prepare  for  human  food  just  those  vegetables  which  are 
richest  in  proteids.  Unfortunately,  it  so  happens  that  exactly 
such  plants  as,  for  instance,  the  soy-bean,  are  not  by  any  means 
easily  rendered  palatable  and  digestible,  while  any  savage  can 
eat  raw  meat,  or  can  readily  cook,  boil  or  roast  it  for  consumption. 

On  this  subject,  we  can  learn  much  from  some  Eastern  people, 
like  the  Japanese,  who  have  become  experts  in  the  art  of  preparing 
a  variety  of  agreeable  food  products  from  that  refractory  soy- 
bean, which  contains  such  an  astonishingly  large  amount  of 
nutritious  proteids,  and  which,  long  ago,  became  for  Japan  a 
wholesome,  staple  article  of  diet.  But  the  Western  races  have 
not  yet  progressed  much  beyond  the  point  of  preparing  cattle- 
feed  and  paint  oil  from  the  soy-bean,  although  the  more  ex- 
tended cultiue  of  this,  or  similar  plants,  might  work  about  a 
revolution  in  our  agricultural  economics. 

AGRICULTURE — ^A   BRANCH    OF   INDUSTRIAL    CHEMISTRY 

Agriculture,  after  all,  is  nothing  but  a  very  important  branch 
of  industrial  chemistry,  although  most  people  seem  to  ignore  the 
fact  that  the  whole  prosperity  of  agriculture  is  based  on  the 
success  of  that  photochemical  reaction  which,  under  the  in- 
fluence of  the  light  of  the  sun,  causes  the  carbon  dioxide  of  the 
air  to  be  assimilated  by  the  chlorophyl  of  the  plant. 


POSSIBILITIES   OF    PHOTOCHEMISTRY 

It  is  not  impossible  that  photochemistrj-,  which  hitherto  has 
busied  itself,  almost  exclusively,  within  the  narrow  limits  of  the 
art  of  making  photographic  images,  will,  some  day,  attain  a  de- 
velopment of  usefulness  at  least  as  important  as  all  other  branches 
of  physical  chemistry.  In  this  broader  sense,  photochemistry 
seems  an  inviting  subject  for  the  agricultural  chemist.  The 
possible  rewards  in  store  in  this  almost  virgin  field  may,  in  their 
turn,  by  that  effect  of  superinduction  between  industry  and 
science,  bring  about  a  rapid  development  similar  to  what  we 
have  witnessed  in  the  advancement  of  electricity,  as  well  as 
chemistry,  both  of  which  began  to  progress  by  leaps  and  bounds, 
far  ahead  of  other  sciences,  as  soon  as  their  growing  industrial 
applications  put  a  high  premium  on  further  research.  Photo- 
chemistry may  allow  us  some  day  to  obtain  chemical  effects 
hitherto  undreamed  of.  In  general,  the  action  of  light  in  chem- 
ical reactions  seems  incomparably  less  brutal  than  all  means 
used  heretofore  in  chemistry.  This  is  the  probable  secret  of  the 
subtle  chemical  syntheses  which  happen  in  plant  life.  To  try 
to  duplicate  these  delicate  reactions  of  nature  by  our  present 
methods  of  high  temperatures,  electrolysis,  strong  chemicals 
and  other  similar  torture-processes,  seems  like  trying  to  imitate 
a  masterpiece  of  Gounod  by  exploding  a  dynamite  cartridge  be- 
tween the  strings  of  a  piano. 

SOME    PROBLEMS    FOR   THE    FUTURE 

But  there  are  endless  other  directions  for  scientific  research, 
relating  to  industrial  applications,  which,  until  now,  do  not  seem 
to  have  received  sufficient  attention. 

RUDIMENTARY    CHEMICAL    DEVELOPMENT    OF    THE    PETROLEUM 

INDUSTRY — For  instance,  from  a  chemical  standpoint,  the  richest 
chemical  enterprise  of  the  United  States,  the  petroleum  industry, 
has  hitherto  chiefly  busied  itself  with  a  rather  primitive  treatment 
of  this  valuable  raw  material,  and  little  or  no  attention  has  been 
paid  to  any  methods  for  transforming  at  least  a  part  of  these 
hydrocarbons  into  more  ennobled  products  of  commerce  than 
mere  fuel  or  illuminants. 

SYNTHETIC  RUBBER — A  hint  as  to  the  enormous  possibilities 
which  may  be  in  store  in  that  direction,  is  suggested  by  the  recent 
work  in  Germany  and  England  on  synthetic  rubber;  the  only 
factor  which  prevents  extending  the  laboratory'  synthesis  of  rub- 
ber into  an  immense  industrial  undertaking,  is  that  we  have  not 
yet  learned  how  to  make  cheaply  the  isoprene  or  other  similar 
non-saturated  hydrocarbons  which  are  the  starting  point  in  the 
process  which  changes  their  molecules,  by  polymerization,  into 
rubber. 

CELLULOSE  AND  STARCH — Nor  has  our  science  begun  to  find 
the  best  uses  for  such  inexpensive  and  never  exhaustible  vegetable 
products  as  cellulose  or  starch.  Quite  true,  several  important 
manufactures,  like  that  of  paper,  nitrocellulose,  glucose,  alcohol, 
vinegar  and  some  others,  have  been  built  on  it;  but  to  the  chem- 
ist at  least,  it  seems  as  if  a  much  greater  development  is  possible 
in  the  cheaper  and  more  extended  production  of  artificial  fiber. 
Although  we  have  succeeded  in  making  so-called  artificial  silk, 
this  article  is  still  very  expensive;  furthermore,  we  have  not  yet 
produced  a  cheap,  good,  artificial  fiber  of  the  quality  of  wool. 

ARTIFICIAL     PRODUCTION     OF     SOLUBLE     POTASH-SALTS — If    we 

have  made  ourselves  independent  of  Chile  for  our  nitrogen 
supply,  we  are  still  absolutely  at  the  mercy  of  the  Stassfurt  mines 
in  Germany  for  our  requirements  of  soluble  potash-salts,  which 
are  just  as  necessary  for  agriculture.  Shall  we  succeed  in  utilizing 
some  of  the  proposed  methods  for  converting  that  abundant 
supply  of  feldspar,  or  other  insoluble  potash-bearing  rocks,  into 
soluble  potash-salts  by  combining  the  expensive  heat  treatment 
with  the  production  of  another  material  like  cement,  which  would 
render  the  cost  of  fuel  less  exorbitant?  Or  shall  the  problem 
be  solved  by  setting  free  soluble  potassium  salts  as  a  by-product 
in  a  reaction  engendering  other  staple  products  consumed  in 
large  quantities? 
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We  have  several  astonishingly  conflicting  theories  about  the 
constitution  of  the  center  of  the  globe,  but  we  have  not  yet  de- 
veloped the  means  to  penetrate  the  world's  crust  beyond  some 
deep  mines — merely  an  imperceptible  faint  scratch  on  the 
surface — and  in  the  meantime,  we  keep  on  guessing,  while  today 
astronomers  know  already  more  about  the  surface  of  the  planet 
Mars  than  we  know  about  the  interior  of  the  globe  on  which  we  live. 

INTENSE  PRESSURES  AND  HEAT — Nor  have  we  learned  to  de- 
velop or  utilize  the  tremendous  pressures  under  which  most 
minerals  have  been  formed,  and  still  less  do  we  possess  the  means 
to  try  these  pressiu"es,  in  conjunction  with  intensely  high  tem- 
peratures. 

No  end  of  work  is  in  store  for  the  research  chemist,  as  well 
as  for  the  chemical  engineer,  who  can  think  for  himself,  without 
always  following  the  beaten  track.  We  are  only  at  the  beginning 
of  our  successes,  and  yet,  when  we  stop  to  look  back  to  see  what 
has  been  accomplished  during  the  last  generations,  that  big 
jump  from  the  rule-of-thumb  to  applied  science  is  nothing  short 
of  marvelous. 

A    RETROSPECT 

Whoever  is  acquainted  with  the  condition  of  human  thought 
today  must  find  it  strange,  after  all,  that  scarcely  seventy  years 
ago,  Mayer  met  with  derision  even  among  the  scientists  of  the 
time,  when  he  announced  to  the  world  that  simple  but  fundamen- 
tal principle  of  the  conservation  of  energy. 

We  can  hardly  conceive  that  just  about  the  time  the  Columbia 
School  of  Mines  was  founded,  Liebig  was  still  ridiculing  Pas- 
teur's ideas  on  the  intervention  of  microorganisms  in  fermenta- 
tion, which  have  proved  so  fecund  in  the  most  epoch-making 
applications  in  science,  medicine,  surgery  and  sanitation,  as  well 
as  in  many  industries. 

Fortunately,  true  science,  contrary  to  other  human  avocations, 
recognizes  nobody  as  an  "authority,"  and  is  willing  to  change 
her  beliefs  as  often  as  better  studied  facts  warrant  it;  this  differ- 
ence has  been  the  most  vital  cause  of  her  never-ceasing  progress. 

Pasteur's  rudimentary  laboratory  facilities — It  may 
astonish  the  younger  generation,  surrounded  with  research 
laboratories  everywhere,  to  learn  that  scarcely  fifty  years 
ago,  that  great  benefactor  of  humanity,  Pasteur,  was  still 
repeating  his  pathetic  pleadings  with  the  French  govern- 
ment to  give  him  more  suitable  quarters  than  a  damp,  poorly 
lighted  basement,  in  which  he  was  compelled  to  carry  on  his  re- 
search; and  such  was  the  condition  of  affairs  in  no  less  a 
place  than  Paris,  the  same  Paris  that  was  spending,  just  at 
that  time,  endless  millions  for  the  building  of  her  new  Opera- 
Palace. 

reason  for  America's  slow  development  of  chemical  in- 
dustry 

Such  facts  should  not  be  overlooked  by  those  who  might  think 
that  America  has  been  too  slow  in  fostering  chemical  research. 

If  the  United  States  has  not  participated  as  early  as  some 
European  countries  in  the  development  of  industrial  chemistry, 
this  was  chiefly  because  conditions  here  were  so  totally  different 
from  those  in  countries  like  Germany,  England  and  France,  that 
they  did  not  warrant  any  such  premature  efforts.  In  a  country  so 
full  of  primary  resources,  agriculture,  forests,  mines  and  the 
more  elementary  industries  directly  connected  therewith,  as  well 
as  the  problems  of  transportation,  appealed  more  urgently  to 
American  intellectual  men  of  enterprise.  Why  should  anybody 
here  have  tried  to  introduce  new  diiScult  or  risky  chemical 
industries,  when  on  every  side  more  urgently  important  fields 
of  enterprise  were  inviting  all  men  of  initiative? 

Chemical  industries  develop  along  the  lines  furnished  by  the 
most  immediate  needs  of  a  country.  Our  sulfuric  acid  industry, 
which  can  boast  today  of  a  yearly  production  of  about  three 
million  tons,  had  to  begin  in  an  exceedingly  humble  way,  and  the 
first  small  amounts  of  sulfuric  acid  manufactured  here  found  a 
very  scant  outlet, 


It  required  the  growth  of  such  fields  of  application  as  petroleum 
refining,  superphosphates,  explosives  and  others,  before  the 
sulfuric  acid  indu.stry  could  grow  to  what  it  is  today. 

CHEMICAL   trade    BETWEEN   THE   UNITED    STATES  AND   GERMANY 

At  present,  similar  influences  are  still  dominating  our  chemical 
industries;  they  are  generally  directed  to  the  mass  production 
of  partly  manufactured  articles.  This  allows  us  to  export, 
at  present,  to  Germany,  chemicals  in  crude  form,  but  in  greater 
value  than  the  total  sura  of  all  the  chemical  products  we  are  im- 
porting from  her,  although  it  can  not  be  denied  that  a  con- 
siderable part  of  our  imports  are  products  like  alizarine,  indigo, 
aniline  dyes  and  similar  synthetic  products  which  require  higher 
chemical  manufacturing  skill.  In  this  connection,  it  may  be 
pointed  out  that  our  exports  of  oleomargarine  to  Germany  alone, 
are  about  equivalent  to  our  imports  of  aniline  dyes. 

SOME   CHEMICAL   INDUSTRIES   IN   WHICH   THE   UNITED   STATES   WAS 
PIONEER 

But  all  this  does  not  alter  the  fact  that  in  several  important 
chemical  industries  the  United  States  has  been  a  pioneer.  Such 
flourishing  enterprises  as  those  of  the  artificial  abrasives,  carbo- 
rundum and  alundum,  calcium  carbide,  aluminum  and  many 
others,  testify  how  soon  we  have  learned  to  avail  ourselves  of 
some  of  our  water-power. 

One  of  the  most  important  chemical  industries  of  the  world, 
the  sulfite  cellulose  industry,  of  which  the  total  annual  production 
amounts  to  three  and  a  half  million  tons,  was  originated  and 
developed  by  a  chemist  in  Philadelphia,  B.  C.  Tilgman.  But  its 
further  development  was  stopped. for  awhile  on  account  of  the 
same  old  trouble,  lack  of  funds,  after  $40,000  were  spent,  until 
some  years  later,  it  was  taken  up  again  in  Europe  and  reintro- 
duced in  the  United  States,  where  it  has  developed  to  an  annual 
production  of  over  a  million  tons. 

What  has  been  accomplished  in  America  in  chemical  enter- 
prises, and  what  is  going  on  now  in  industrial  research,  has  been 
brilliantly  set  forth  by  Mr.  Arthur  D.  Little.' 

EARLY  BEGINNING  OF  STUDY  OF  CHEMISTRY  IN  THE  UNITED  STATES 

At  no  time  in  the  history  of  the  United  States  was  chemistry 
neglected  in  this  country;  this  has  recently  been  brought  to 
light  in  the  most  convincing  manner  by  Professor  Edgar  F.  Smith, 
of  Philadelphia.' 

The  altruistic  fervor  of  that  little  group  of  earlier  American 
chemists,  who,  in  1792,  founded  the  Chemical  Society  of  Phila- 
delphia (probably  the  very  first  chemical  society  in  the  world), 
and  in  1811,  the  Columbia  Chemical  Society  of  Philadelphia,  is 
best  illustrated  by  an  extract  of  one  of  the  addresses  read  at  their 
meeting  in  1798: 

"The  only  true  bases  on  which  the  independence  of  our  country 
can  rest  are  agriculture  and  manufactures.  To  the  promotion 
of  these  nothing  tends  in  a  higher  degree  than  chemistry.  It  is 
this  science  which  teaches  man  how  to  correct  the  bad  qualities 
of  the  land  he  cultivates  by  a  proper  application  of  the  various 
species  of  manure,  and  it  is  by  means  of  a  knowledge  of  this 
science  that  he  is  enabled  to  pursue  the  metals  through  the 
various  forms  they  put  on  in  the  earth,  separate  them  from  sub- 
stances which  render  them  useless,  and  at  length  manufacture 
them  into  the  various  forms  for  use  and  ornament  in  which  we 
see  them.  If  such  are  the  effects  of  chemistry,  how  much  should 
the  wish  for  its  promotion  be  excited  in  the  breast  of  every 
American!  It  is  to  a  general  diffusion  of  knowledge  of  this 
science,  next  to  the  virtue  of  our  countrymen,  that  we  are  to 
look  for  the  firm  establishment  of  our  independence.  And  may 
your  endeavors,  gentlemen,  in  this  cause,  entitle  you  to  the  grati- 
tude of  your  fellow-citizens." 

This  early  scientific  spirit  has  been  kept  alive  throughout  the 
following  century  by  such  American  chemists  as  Robert  Hare, 
'  This  Journal.  6  (1913).  793. 

'  "Chemistry  in  America,"  published  by  D.  Appleton  &  Co.,  New  York 
and  London.  1914. 
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E.  N.  Hor.sford,  Wolcott  Gibbs,  Sterry  Hunt,  Lawrence  Smith, 
Carey  Lea,  Josiah  P.  Cooke,  John  W.  Draper,  Willard  Gibbs  and 
many  other.s  still  living. 

PRESENT   CONDITIONS   OF    CHEMISTRY    IN   AMERICA 

Present  conditions  in  America  can  be  measm-ed  by  the  fact 
that  the  American  Chemical  Society  alone  has  over  seven  thous- 
and members,  and  the  Chemists'  Club  of  New  York  has  more 
than  a  thousand  members,  without  counting  the  more  specialized 
chemical  organizations,  equally  active,  such  as  the  American  Insti- 
tute of  Chemical  Engineers,  the  American  Electrochemical 
Society  and  many  others.  During  the  later  years,  chemical 
research  is  going  on  with  increasing  vigor,  more  especially  in  re- 
lation to  chemical  problems  presented  by  enterprises,  which,  at 
first  sight,  seem  rather  remote  from  the  so-called  chemical  in- 
dustry. 

RESEARCH    IN    AMERICA 

But  the  most  striking  symptom  of  newer  times  is  that  some 
wealthy  men  of  America  are  rivaling  each  other  in  the  endowment 
of  scientific  research  on  a  scale  never  undertaken  before,  and 
that  the  scientific  departments  of  our  Government  are  enlarging 
their  scope  of  usefulness  at  a  rapid  rate.  But  we  are  merely 
at  the  threshold  of  that  new  era  where  we  shall  learn  better  to 
use  exact  knowledge  and  -efficiency  to  bring  greater  happiness 
and  broader  opportunities  to  all.  However  imposing  may  ap- 
pear the  institutions  founded  by  the  Nobels,  the  Solvays,  the 
Monds,  the  Carnegies,  the  Rockefellers  and  others,  each  of  them 
is  only  a  puny  effort  in  comparison  with  what  is  bound  to  come 
when  governments  do  their  fuU  share.  For  instance,  the  Rocke- 
feller Institute  is  spending,  to  good  advantage,  about  half  a  million 
dollars  per  annum  for  medical  research,  but  the  chewing-gum  bill 
of  the  United  States  alone  would  easily  support  half  a  dozen 
Rockefeller  Institutes;  and  what  a  mere  insignificant  little  trickle 
all  these  research  funds  amount  to,  if  we  have  the  courage  to 
compare  them  to  that  powerful  gushing  stream  of  money  which 
yearly  drains  the  war  budget  of  all  nations. 

In  the  meantime,  the  man  of  science  is  patient  and  continues 
his  work  steadily,  if  somewhat  slowly,  with  the  means  hitherto 
at  his  disposal.  His  patience  is  inspired  by  the  thought  that  he 
is  not  working  for  today,  but  for  tomorrow.  He  is  well  aware 
that  he  is  still  surrounded  by  too  many  "men  of  yesterday," 
who  delay  the  results  of  his  work. 

EFFICIENCY  VS.    WASTE 

Sometimes,  however,  he  may  feel  discouraged  that  the  very 
efficiency  he  has  succeeded  in  reaching  at  the  cost  of  so  many 


painstaking  efforts,  in  the  economical  production  of  such  an 
article  of  endlessly  possible  uses,  as  Portland  Cement,  is  hope- 
lessly lost  many  times  over  and  over  again,  by  the  inefficiency, 
waste  and  graft  of  middlemen  and  political  contractors,  by  the 
time  it  gets  on  our  public,  roads,  or  in  our  public  buildings. 
Sometimes  the  chaos  of  ignorant  brutal  waste  which  surrounds 
him  everywhere  may  try  his  patience.  Then  again,  he  has  a 
vision  that  he  is  planting  a  tree  which  will  blossom  for  his  children 
and  will  bear  fruit  for  his  grandchildren. 

In  the  meantime,  industrial  chemistry,  like  all  other  applica- 
tions of  science,  has  gradually  called  into  the  world  an  increasing 
number  of  men  of  newer  tendencies,  men  who  bear  in  mind  the 
future  rather  than  the  past,  who  have  acquired  the  habit  of 
thinking  by  well-established  facts,  instead  of  by  words,  of  aiming  at 
efficiency  instead  of  striking  haphazard  at  ill-defined  purposes. 
Our  various  engineering  schools,  our  universities,  are  turning 
them  out  in  ever-increasing  numbers,  and  better  and  better  pre- 
pared for  their  work.  Their  very  training  has  fitted  them  out 
to  become  the  most  broad-minded  progressive  citizens. 

PRIVATE   GAIN    OR    PUBLIC    SERVICE 

However,  their  sphere  of  action,  until  now,  seldom  goes  beyond 
that  of  private  technical  enterprises  for  private  gain.  And  yet 
there  is  not  a  chemist,  not  an  engineer  worthy  of  the  name,  who 
would  not  prefer  efficient,  honorable  public  service,  freed  from 
party  politics,  to  a  mere  money-making  job. 

But  most  governments  of  the  world  have  been  run  for  so  long 
almost  exclusively  by  lawyer-politicians,  that  we  have  come  to 
consider  this  as  an  unavoidable  evil,  until  sometimes  a  large 
experiment  of  government  by  engineers,  like  the  Panama  Canal, 
opens  our  eyes  to  the  fact  that,  after  all,  successful  government 
is — first  and  last — a  matter  of  efficiency,  according  to  the  prin- 
ciples ■of  applied  science. 

Was  it  not  one  of  our  very  earliest  American  chemists.  Ben- 
jamin Thompson,  of  Massachusetts,  later  knighted  in  Europe 
as  Count  Ruraford,  who  put  in  shape  the  rather  entangled  ad- 
ministration of  Bavaria  by  introducing  scientific  methods  of 
government? 

APPLIED   SCIENCE   AND   THE    DESTINY   OF    NATIONS 

Pasteur  was  right  when  one  day,  exasperated  by  the  politicians 
who  were  running  his  beloved  France  to  ruin,  he  exclaimed: 
"In  our  century,  science  is  the  soul  of  the  prosperity  of  nations 
and  the  living  source  of  all  progress.  Undoubtedly,  the  tiring 
daily  discussions  of  politics  seem  to  be  our  guide.  Empty  ap- 
pearances! What  really  lead  us  forward  are  a  few  scientific 
discoveries  and  their  applications." 


CURRENT  INDUSTRIAL  NLW5 


By  M.  L.  HAMLIN 


AMMONIUM  CHLORIDE,  A  NEW  BY-PRODUCT 
OF  GAS  WORKS,  ETC. 

An  article  with  this  title,  which  appeared  recently  in  the 
Chcmische  Zeitschrift,  13  (1914),  117,  explains  why  ammonium 
chloride,  particularly,  presents  certain  advantages  today  over 
ammonium  sulfate  as  a  by-product  and  describes  the  general 
method  of  manufacture. 

Among  the  reasons  for  manufacturing  the  chloride  rather 
than  the  sulfate,  are,  first,  the  fact  that  there  is  a  market  for  the 
pure  chloride,  second,  the  fact  that  in  the  condensates  from  gas 
manufacture,  ammonia  is  already  present  to,  by  far,  the  greatest 
extent  as  the  chloride,  and  third,  the  possibility  of  an  over- 
supply  of  ammonium  fertilizer  salts  coming  on  the  market 
in  the  future  through  the  further  development  of  synthetic 
nitrogen  fertilizer  processes. 

In  the  manufacture  of  the  pure  product  two  chief  results 
must  be  attained;  the  ammonia  present  otherwise  than  as  the 


chloride  must  be  transformed,  and  impurities,  chiefly  organic, 
must  be  removed.  For  example,  the  liquor,  containing  perhaps 
200  g.  salt  per  liter,  is  acidified  with  hydrochloric  acid  and  oxi- 
dized with  an  air  current.  Sulfur  is  filtered  off  and  iron  pre- 
cipitated with  ammonia.  Ammonium  sulfate  is  decomposed 
by  sodium  chloride  after  filtration  and  neutralization  of  excess 
ammonia,  and  the  solution  is  evaporated  to  dryness.  The 
residue  is  now  sublimed,  the  ammonium  chloride  being  thus 
separated  from  sodium  sulfate  and  chloride,  a  small  amount 
of  phosphates  and  most  of  the  organic  impurities. 

Three  fractions  arc  collected  in  different  parts  of  the  apparatus: 
I — The  residue  consists  chiefly  of  sodium  chloride,  sodium  sul- 
fate and  finely  divided  carbon.  2 — On  the  cover  of  the  apparatus 
is  deposited  pure  ammonium  chloride.  3 — In  the  helmet  is 
found  a  small  amount  of  the  salt  contaminated  with  organic 
impurities.  Fraction  2  includes  90-95  per  cent  of  the  salt  pres- 
ent; while  it  is  analytically  pure,  traces  of  organic  substances 
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are  present  in  sufficient  amount  to  discolor  it,  and  a  recrystalliza- 
tion  is  necessary  in  order  to  obtain  a  pure  white  product  of  the 
highest  grade. 

The  method  is  ijatented  and  is  controlled  and  being  applied 
by  the  Berlin-Anhaltische  Maschinenbau  Aktien-Gesellschaft. 


STOCKHOLM  GAS-WORKS  IN  1913 

The  gas  production  of  the  Stockholm  Gas-Works  in  1913 
was  44,720,880  cubic  meters  (about  1580  million  cubic  feet) 
— an  increase  of  7.54  per  cent  on  the  previous  year.  The  average 
gross  calorific  value  was  5150  calories  (579  B.  T.  U.).  There 
were  carbonized  137,185  metric  tons  of  coal,  11,500  cubic  feet 
of  gas  being  produced  per  ton.  The  gas  consumption  amounted 
to  44,649,180  cubic  meters,  or  7.34  per  cent  higher  than  in  1912. 
Of  the  whole  amount,  9.96  per  cent  was  used  for  public  lighting, 
84.94  per  cent  sold  to  consumers,  1.81  per  cent  used  on  the  works, 
and  3.29  per  cent  unaccounted  for.  The  consumption  per  head 
of  the  population  was  123.8  cubic  meters  (4372  cubic  feet). 
The  meters  in  use  increased  by  4609  to  80,602,  of  which  32.74 
per  cent  were  prepayment.  The  number  of  fJat-flame  burners 
in  use  was  36,425,  and  incandescents  106,928.  These  data 
appear  in  the  Jour.  Gas  Lighting  and  Water  Sup.,  127  (1914), 
no,  which  goes  on  to  say  that  satisfactory  increases  were 
shown  in  all  domestic  gas-consuming  apparatus,  and  gas-engines 
decreased  in  number,  while  increasing  considerably  in  horse- 
power. The  price  of  gas  is  about  $0.75  per  1000  cubic  feet,  with 
discounts  of  5  and  10  per  cent  for  larger  consumers. 

CARBON  MONOXIDE  AND  NITRIC  OXIDE  FROM  HEAT- 
ING AND  LIGHTING  BURNERS 

The  Journal  fiir  Gasbeleuchtung  for  the  27th  of  June  and 
the  nth  of  July  contained  a  communication  by  Dr.  E.  Terres 
on  researches  which  he  has  carried  out,  with  collaborators,  at 
the  Chemical-Technical  Institute  of  the  Technical  College 
at  Carlsruhe.  He  has  investigated  the  proportion  of  carbon 
monoxide  and  nitric  oxide  in  the  gas-flames  of  both  lighting  and 
heating  burners,  with  the  object  of  throwing  further  light  on 
the  hygiene  of  flame  methods  of  lighting. 

The  products  of  combustion  examined  included  those  from 
both  inverted  and  upright  incandescent  gas-burners,  the  pe- 
troleum lamp  and  the  candle,  and  heating  gas-burners.  The 
work  on  the  inverted  burner  is  especially  interesting,  as  it  has 
not  hitherto  been  investigated  from  this  standpoint.  The  general 
conclusions  at  which  the  author  arrives  are: 

I — All  flames  give  a  very  trifling  proportion  of  carbon  monoxide 
of  approximately  the  same  order  as  to  quantity  in  all  cases, 
viz.,  0.002  to  0.004  volume  of  carbon  monoxide  per  volume  of 
carbonic  acid.  With  insufficiency  of  primary  air,  this  figure 
may  rise  to  0.017  to  0.020  volume. 

2 — AH  flames  likewise  give  a  quite  uniform,  but  quite  trifling, 
proportion  of  nitric  oxide,  viz.,  0.0006  to  0.0017  volume  of  nitric 
oxide  per  volume  of  carbonic  acid. 

3 — The  products  of  combustion  with  town  gas  containing 
the  usual  quantity  of  sulfur  will  have  0.00025  to  0.0012  volume 
of  sulfur  dioxide  per  volume  of  carbonic  acid. 

The  concentration  of  all  these  gases,  even  if  the  carbonic 
acid  reaches  i  per  cent  by  volume  of  the  air,  is,  therefore,  far 
below  the  limit  which  authorities  on  hygiene  regard  as  likely 
to  be  injurious  to  health.  Experiments  in  a  room  of  1700  cubic 
feet  capacity  without  special  ventilation  showed  that,  owing 
to  natural  ventilation,  a  proportion  of  0.5  to  0.75  per  cent  of 
carbonic  acid  could  only  rarely  be  attained. in  a  dwelling-room 
lighted  by  gas. 

OIL  IN  AUSTRALIA 

Considerable  attention  is  being  paid  to  prospecting  for  oil 
deposits  i.i)  Soijtb  Australia,  and  to  radioactive  ores.     Licenses 


to  search  for  oil  have  been  granted,  and  bores  are  being  put 
down  in  the  southern  part  of  Kangaroo  Island,  the  southwest 
of  Eyre  Peninsula,  and  in  the  southeast.  [Engineering  (London), 
98  (1914),  71.]  The  Government  has  offered  a  bonus  of  $20,000 
for  the  first  100,000  gallons  of  crude  petroleum  containing  not 
less  than  90  per  cent  of  products  obtainable  by  distillation. 

CANADLAN  COAL 

According  to  Engineering  (London),  98  (1914),  64,  the  coal 
of  the  Bellz  River  formation  and  the  Edmonton  formation  in 
Canada  grades  between  lignites  and  bituminous.  The  coal 
which  belongs  to  the  Bellz  River  horizon  is  found  over  an  area 
of  about  25,000  square  miles;  of  this  area  5000  square  miles 
are  estimated  to  contain  13,000,000,000  tons  of  coal.  The 
amounts  of  coal  contained  in  the  two  provinces  of  Alberta  and 
Saskatchewan  have  been  estimated  at  10,000,000,000  tons  and 
3,000,000,000  tons,  respectively.  The  principal  coal-mines 
within  this  area  in  Alberta  are  near  Lethbridge  Taber  and 
Lund  Creek.  The  coal  of  the  Edmonton  formation  is  generally 
lignites,  but  in  the  foothills  it  grades  up  to  bituminous.  The 
total  area  of  workable  coal  has  been  estimated  at  12,800  square 
miles,  with  a  probable  coal  content  of  71,000,000,000  tons. 
The  principal  coal-mines  within  this  area  are  near  Edmonton. 
The  coal-fields  of  Saskatchewan  are  situated  in  the  southern 
portion  of  the  province,  and  extend  from  the  boundary  of  Alberta 
on  the  west  to  the  Manitoba  boundary  on  the  east.  The  area 
underlaid  by  coal  is  estimated  at  5,500  square  miles,  containing 
in  all  about  18,000,000,000  tons  of  lignite. 

BRITISH  COAL  EXPORTS  IN  THE  FIRST  HALF  OF  1914 

The  exports  of  coal  from  the  United  Kingdom  in  the  first 
half  of  this  year — the  expression  "coal"  including  coke  and 
patent  fuel — amounted  to  36,146,907  tons,  and  when  to  this 
is  added  coal  shipped  for  the  use  of  steamers  engaged  in  foreign 
trade,  the  aggregate  for  six  months  becomes  46,329,064  tons. 
[Engineering  (London),  98  (1914),  123.]  Coal  has  accordingly 
been  leaving  England  this  year  at  the  rate  of  92,658,128  tons 
per  annum.  The  corresponding  movement  in  the  corresponding 
period  of  1913  was  at  the  rate  of  94,270,348  tons  per  annum, 
and  in  the  corresponding  period  of  1912  at  the  rate  of  70,445,222 
tons  per  annum.  The  principal  exports  to  June  30,  this  year, 
were:  Russia,  2,009,789  tons;  Sweden,  1,800,093  tons;  Norway, 
1,247,501  tons;  Deimiark,  1,389,551  tons;  Germany,  4,202,651 
tons;  France,  6,818,125  tons;  Spain,  1,756,681  tons;  Italy, 
4,533.077  tons;  Egypt,  1,636,842  tons;  and  the  Argentine  Re- 
public, 1,825,940  tons. 

THE  ALTIOR  PROCESS  OF  DIE-CASTING 

The  National  Alloys,  Limited,  Ilford,  London,  E.,  have  re- 
cently brought  out  an  improved  process  of  die-casting  for  alumi- 
num alloys,  which  possesses  several  interesting  features.  It 
is  described  in  a  recent  issue  of  Engineering  (London)  98  (1914), 
131.  The  process  is  for  use  with  aluminum  alloys  of  a  specific 
gravity  of  2.85.  The  alloy  recommended  is  ivanium,  which 
has  a  tensile  strength  of  12  tons,  and  6  per  cent  elongation  on 
2  in.  This  alloy  is  guaranteed  not  to  disintegrate,  and  it  is 
not  affected  by  sea-water,  etc.  The  casting  machine  has  a 
gas-heated  melting-pot  lined  with  refractory  material  and  pro- 
vided with  a  cover.  Extending  from  the  cover  to  within  a 
short  distance  of  the  bottom  of  the  pot  is  a  tube  of  refractory 
material  connecting  with  a  neck-piece  fixed  above  the  cover 
and  surrounded  by  a  burner.  Above  this  neck-piece  is  fixed 
a  plate,  to  which  the  bottom  half  of  the  die  is  fastened.  The 
plate,  which  is  hinged  and  can  be  thrown  back  by  a  worm  and 
spur-gear,  also  carries  the  standards  and  cross-frame  for  a  large 
vertical  quick-pitch  screw,  to  which  the  upper  part  of  the  die 
is  fastened.     Between  the  lower  die-plate  and  the  neck  is  a 
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slot,  in  which  works  a  sprue-cutting  bar.  The  action  is  as 
follows:  after  fixing  the  dies  the  sprue-cutting  bar  of  hardened 
steel  is  pushed  over,  so  that  communication  between  the  inside 
of  the  pot  and  the  die  is  prevented.  An  inert  gas  is  then  ad- 
mitted to  the  pot  above  the  metal,  and  a  high  pressure  main- 
tained inside  the  pot.  When  the  metal  is  melted  and  the  sprue- 
cutter  pulled  over  so  as  to  bring  a  hole  in  it  fair  with  the  hole 
communicating  with  the  die,  metal  is  forced  out  of  the  pot  up 
the  tube  and  neck  into  the  die.  The  cutter-bar  is  then  pushed 
over,  cutting  off  the  connection,  and  the  upper  half  of  the  die 
raised  by  the  quick-pitch  screw.  The  casting  is  removed  auto- 
matically, and  the  die  is  returned  to  its  original  position.  The 
piece  of  alloy  is  punched  out  of  the  cutter-bar,  and  on  pulling 
the  bar  over  again  a  fresh  supply  of  metal  is  forced  into  the  die. 
It  is  claimed  for  the  machine  that  the  metal  is  kept  hot  right 
up  to  the  time  of  entering  the  die,  while  the  dies  themselves, 
being  mounted  on  the  pot,  are  also  always  kept  at  a  suitable 
temperature.  The  whole  cover  with  the  die-frame  may  be 
swung  back,  if  necessary,  by  bevel  and  worm  gears.  The  pot 
is  provided  with  plungers  for  mixing  the  metal  and  with  a  filling- 
hole,  while  it  is  surrounded  by  a  casing  of  refractory  material. 


A  NEW  BEARING  METAL 

An  account  of  a  new  alloy  for  bearings  appears  in  The  Engineer 
for  July  3,  1914.  It  is  composed  of  65  parts  of  copper,  30  of 
lead  and  5  of  tin.  It  was  tested  on  the  bearings  of  a  tender  of 
a  Pacific  type  locomotive  for  50,000  miles,  after  which  it  showed 
a  wear  of  '/az  inch,  while  the  other  bearings,  of  white  metal, 
had  to  be  renewed  six  times.  In  other  applications  it  proved 
twice  as  durable  as  phosphor  bronze. 


ENGLISH  TRADE  UNIONS  IN  1912 

The  Chief  Registrar  of  Friendly  Societies  (.Great  Britain) 
has  issued  his  Report  on  Trade  Unions  for  the  year  ending 
December  31,  1912,  statistics  from  which  are  quoted  in  Engi- 
neering (London),  98  (1914),  119.  During  the  year  1912  thirty- 
nine  unions  were  added  to,  and  thirty-six  were  removed  from, 
the  register;  of  these  latter,  twenty-three  furnished  notices  of 
dissolution,  eight  were  amalgamated  with  other  unions,  and  in 
five  cases  the  certificate  of  registry  was  canceled  at  the  request 
of  the  unions.  There  accordingly  remained  on  the  register  on 
December  31,  1912,  683  unions,  of  which  576  were  registered 
in  England  and  Wales,  thirty-one  in  Scotland,  and  seventy-six 
in  Ireland.  The  683  unions  in  question  had  a  membership 
of  2,597,772.  In  1903  the  unions  numbered  742,  with  a  member- 
ship of  1,575,375;  these  figures  show  a  decrease  of  fifty-nine 
unions,  and  an  increase  of  over  one  million  in  membership. 
Among  the  unions  showing  the  largest  increase  in  membership 
during  the  year  191 2  we  may  mention  the  National  Amalgamated 
Union  of  Shop  Assistants,  Warehousemen,  and  Clerks,  with  an 
increase  of  42,694;  the  Amalgamated  Society  of  Engineers, 
22,529;  the  Amalgamated  Society  of  Railway  Servants,  15,486; 
and  the  Amalgamated  Society  of  Carpenters  and  Joiners,  12,600. 
On  the  other  hand,  three  unions  showed  a  decrease  in  member- 
ship, as  follows:  The  London  Carmen's  Trade  Union,  a  de- 
crease of  18,405 ;  the  Dock,  Wharf,  Riverside,  and  General  Worker 
Union,  14,771 ;  and  the  Lancashire  and  Cheshire  Miners'  Federa- 
tion, 9326.  Taking  the  unions  having  the  largest  membership 
in  the  year  under  review  (1912),  we  find  the  Amalgamated  So- 
ciety of  Engineers  with  143,998  members;  the  Durham  Miners' 
Association  with  136,966;  the  Amalgamated  Society  of  Rail- 
way Servants  of  England,  Ireland,  Scotland,  and  Wales,  with 
132,002;  the  South  Wales  Miners'  Federation  with  114,208, 
the  Yorkshire  Miners'  Association  with  99,632;  and  the  National 
Union  of  Gas-Workers  and  General  Laborers  with  82,135.  The 
total  income  of  the  unions  in  19 12  was,  in  round  numbers,  about 
$19,000,000,  90.4  per  cent  of  which  was  contributed  by  the 
members,  4  per  cent  by  other  trade  unions,  the  remainder,  5.6 


per  cent  being  interest  on  invested  funds  and  contributions  from 
other  sources.  The  average  contribution  per  week  received 
from  each  member  was  $1.54.  The  total  funds  of  the  unions 
on  December  31,  1912  was  about  $28,000,000,  showing  a  de- 
crease of  approximately  §3,500,000  during  the  year;  this  de- 
crease in  funds  was  due  to  the  coal  strike,  and  applied  mostly 
to  the  funds  of  the  mining  group  of  unions.  Taking  the  six 
unions  at  the  top  of  the  list,  we  find  that,  in  round  numbers, 
on  December  31,  191 2,  the  Amalgamated  Society  of  Engineers 
had  total  funds  to  the  amount  of  $3,900,000;  the  Amalgamated 
Association  of  Operative  Cotton-Spinners,  $2,000,000;  the 
Amalgamated  Society  of  Railway  Servants,  $1,890,000;  the 
Derbyshire  Miners'  Association,  $1,200,000;  The  United  Society 
of  Boiler-Makers,  $1,200,000;  and  the  Associated  Society  of 
Locomotive  Engineers,  $840,000. 


AUTOMATIC  EQUIPMENT   FOR  PLACING  POWDERS  IN 
BOTTLES  ON  NET  WEIGHT  BASIS 

The    accompanying    illustration    shows   modern    methods    for 
placing  hepatic,  bromo  and  other  saline  preparations  of  a  pow- 


^■^'                 -.^^^^^Hl 

'  ^~"^^''^-' JHw^ 

dery  nature  in  bottles.  Net  weight  legislation  covering  drug 
and  food  products  has  made  imperative  measures  necessary, 
and  to  accomplish  the  desired  accuracy  in  handling  a  large  out- 
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put,  special  automatic  apparatus  is  now  being  installed  in 
several  laboratories.  Empty  bottles  are  conveyed  to  weigh- 
ing devise  where  each  bottle  is  held  until  prescribed  amount 
is  placed  in  container  and  while  in  this  position  a  shaking  process 
takes  place  also  which  settles  material  into  bottle,  when  same 
is  released  and  passes  down  to  corking  table  for  stopper.  Net 
weight  discharges  are  placed  in  bottles  at  the  rate  of  25  per  minute. 
These  methods  insure  a  strictly  sanitary  output.  The  lay-out 
as  shown  is  furnished  by  the  Automatic  Weighing  Machine 
Company,  Newark,  N.  J. 


DECREASED  ACTIVITY  IN  ENGLISH  SHIPBUILDING 

It  is  interesting  to  note,  in  connection  with  industrial  condi- 
tions in  England,  that  a  falling  off  of  activity  in  .ship  building  is 
reported.  Engineering  (London)  gives  the  following  statistics 
[98  (1914),  94I  taken  from  Lloyd's  returns,  just  issued:  In- 
cluding merchant  and  war  ships,  there  are  in  course  of  construc- 
tion at  the  present  time  567  vessels,  aggregating  2,314,669  tons. 
This  is  8.8  per  cent  less  than  at  tlie  same  date  last  year,  not- 
withstanding that  there  is  an  increase  in  the  number  of  warships 
now  being  built.  The  figures  of  work  now  in  progress,  with 
those  of  a  year  ago,  are  given  in  the  accompanying  table : 

Increase 


No. 

Merchant  ships 477 

H.  M.  S.  (private  yards) ....      60 
Foreign      warships      (private 
yards) 16 

553 
H.  M.  S.  (dockyards) 14 

567 


AMERICAN  RAILROADS 

The  railroads  of  the  United  States,  with  annual  traffic  revenues 
exceeding  $100,000,  comprised  242,657  miles  of  line  last  year, 
as  compared  with  238,220  miles  in  1912  according  to  figures  in 
Engineering  (London),  98  (1914),  123.  The  traffic  receipts  in 
1913  were  $3, 125, i35.oooascompared with $2,826,958, 000  in  :9i2. 
The  working  expenses  in  1913  were  $2,169,968,000,  as  compared 
with  $1,959,094,000  in  1912.  Thenumber  of  passengers  carried  last 
year  was  1,033,679,000,  as  compared  with  994,372,000  in  1912. 
The  quantity  of  freight  carried  was  2,058,035,000  tons,  as  com- 
pared with  1,818,795,000  tons.  The  number  of  locomotives  owned 
was  63,375,  as  compared  with6i,276;and  the  number  of  cars  was 
2,445,508,  as  compared  with  2,368,942.  The  aggregate  number 
of  persons  employed  upon  the  lines  last  year  was  1,815,239, 
as  compared  with  1,799,931.  The  average  rate  of  dividend  last 
year  upon  outstanding  stocks  was  4.28  per  cent. 


ly.  1914 
Tons 

July 
No. 

1913 
Tons 

decrease 
Per  cent 

1,722.124 
306,030 

543 
57 

2 

003,241 
273,149 

—14 

-fl2 

152,145 

17 

617 

14 

631 

129,300 

-1-17.6 

2,180,299 

134,370 

2 

405.690 
132,190 

—  9.4 
+    1.5 

2,314,669 

2 

537,880 

—  8.8 

STEAM  POWER  USED  FOR  GENERATION  OF  ELECTRIC 
CURRENT  IN  PRUSSIA 

According  to  recent  statistics,  there  were  employed  for  the 
generation  of  electric  current  in  Prussia  steam  engines,  portable 
and  stationary,  with  a  capacity  of  1,410,000  horse-power,  and 
steam  turbines  used  for  the  same  purpose  of  1,160,000  horse- 
power. As  the  total  registered  capacity  of  steam  turbines 
amounts  to  1,240,000  horse-power,  it  will  appear  that  95  per  cent 
of  the  aggregate  is  used  in  the  generation  of  electric  energy. 
Altogether,  2,570,000  horse-power  of  steam  power  are  thus  em- 
ployed in  the  generating  of  electricity,  and  although  it  is  a  very 
substantial  figure,  it  must  be  looked  upon  as  minimum,  inasmuch 
as  many  steam  engines  used  for  this  purpose  are  not  included  in 
the  record.  [Engineering  (London),  98  (1914),  44.)  In  addi- 
tion to  the  above,  it  must  be  remembered  that  a  vast  number 
of  gas  and  oil  engines  are  used  for  the  same  purpose,  in  addition 


to  water  power;  but  of  these  there  is  no  record.  The  largest 
total  capacity  of  steam  power  used  for  generation  of  electric 
current  is  in  the  Arnsberg  district  with  389,898  horse-power, 
and  the  Diisseldorf  district  with  an  aggregate  of  419,051  horse- 
power.    Berlin-Potsdam  comes  next  with  375,889   horse-power. 


DIESEL  ENGINES  IN  THE  ITALIAN  NAVY 

The  continuously  increasing  use  of  internal  combustion  engines 
of  the  Diesel  type  is  shown  by  the  news,  appearing  in  the  Zeitschr. 
d.  Verein  deutscher  Ing.,  58  (1914),  1187,  that  the  new  Italian 
battleship  "Cristofero  Colombo"  is  to  have  its  amidships  pro- 
peller driven  by  such  an  engine.  This  vessel  has  26,000  tons 
displacement  and  is  fitted  with  eight  heavy  guns  in  four  turrets 
and  sixteen  smaller  guns.  She  has  three  screws,  one  of  which, 
as  mentioned,  is  to  be  driven  by  a  Diesel  engine  and  is  to  be 
used  for  cruising;  the  other  two  are  to  be  driven  by  Parsons 
turbines.  Oil  fuel  exclusively  is  to  be  used.  The  speed  will 
be  twenty-five  knots. 

Two  small  torpedo  boats  of  120  tons  each  are  also  being  built 
to  be  driven  by  Diesel  engines  of  2,900  horse-power.  They  are 
expected  to  develop  32  knots. 


CALCIUM  CARBIDE,  CYANAMIDE  AND  NITRATE 

According  to  a  French  authority  quoted  by  the  American 
Machinist,  tlie  world's  output  of  calcium  carbide  last  year  ex- 
ceeded 350,000  metric  tons.  The  autogenous  welding  of  metals 
requires  a  large  quantity — about  22,000  tons  being  consumed 
for  this  purpose  in  Germany,  as  compared  with  28,000  tons 
for  illuminating.  The  price  for  calcium  carbide  in  Europe 
was  maintained  at  about  $55  per  ton.  The  production  and 
price  are  regulated  by  a  Syndicate,  which  at  the  end  of  1913 
was  renewed  for  another  term.  The  production  of  calcium 
cyanamide  in  1913  was  over  150,000  tons.  The  Odda  works 
in  Sweden  have  a  plant  capable  of  making  90,000  tons  per  annum. 
The  production  of  calcium  nitrate  in  Europe  is  between  100,000 
and  120,000  metric  tons. 


MINERAL-WATER  PRODUCTION  IN  1912 

Although  nearly  58,000,000  gallons  of  mineral  water  were 
bottled  and  sold  in  1913,  valued  at  over  $5,600,000,  these  figures 
represent  a  decrease  of  7  per  cent  in  quantity  and  15  per  cent 
in  value  compared  with  191 2.  The  decrease  in  production  of 
mineral  waters,  which  began  in  191 1,  is  believed  by  R.  B.  Dole, 
of  the  United  States  Geological  Survey,  to  be  traceable  to  the 
decrease  in  demand  for  bottled  spring  waters  consequent  on 
improvements  in  municipal  waterworks.  Detailed  examina- 
tion of  the  statistics  for  the  last  few  years  shows  that  the  in- 
stallation of  municipal  purification  plants  in  several  large  cities 
has  been  followed  by  a  marked  decrease  in  the  sale  of  spring 
waters  in  the  immediate  vicinity,  and  doubtless  improvement 
in  the  quality  of  water  supplies  in  smaller  municipalities  through- 
out the  country  has  similarly  affected  the  mineral-water  business 
and  has  contributed  to  the  present  lowered  production.  There 
is  also  a  tendency  toward  a  lower  price,  which  is  caused  by  de- 
creased sales  of  high-priced  medicinal  waters  and  increased  sales 
of  low-priced  table  waters.  The  general  tendency  toward  a 
decline  in  price  is  doubtless  due  to  the  demand  for  good,  pure, 
potable  bottled  waters  at  moderate  cost  in  place  of  the  former 
demand  for  waters  reputed  to  possess  exceptional  curative 
properties  and  therefore  commanding  fancy  prices. 

The  radioactivity  of  mineral  waters  has  attracted  so  much 
popular  attention  during  the  last  few  years  that  the  Geological 
Survey's  report  on  mineral  waters  this  year  includes  a  brief 
discussion  by  Mr.  Dole  on  the  therapeutic  value  of  radioactive 
waters  and  the  radioactive  strength  of  many  well-known  springs. 
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OBITUARY— RUSSELL  S.  PENNIMAN 
Russell  S.  Penniman,  one  of  the  pioneer's  of  the  dynamite  in- 
dustry in  the  United  States,  died  of  acute  heart  disease  at  his 
home  in  Berkeley,  California,  on  June  17,  1914. 

Mr.  Penniman  was  born  in  Columbus,  Ohio,  and  had  just 
passed  his  6ist  birthday.  He  entered  into  the  manufacture  of 
nitroglycerine  at  Hoosac  Tunnel,  in  1879,  and  for  the  thirty-five 
years  following  was  actively  interested  in  the  manufacture  of 
dynamite  and  allied  products.  The  early  years  of  his  life  were 
spent  in  Massachusetts,  and  later  he  resided  in  Dover,  N.  J. 
At  the  time  of  his  retirement,  in  1908,  he  was  general  manager 
of  the  west  coast  division  of  the  E.  I.  du  Pont  de  Nemours 
Powder  Company,  with  factories  on  the  bay  shore.  Since  1908, 
Mr.  Penniman  was  identified  with  various  California  enter- 
prises, being  president  of  the  West  Coast  Kalsomine  Co.  and  a 
director  of  the  First  National  Bank  of  Berkeley. 

Mr.  Penniman  was  a  member  of  the  American  Chemical  So- 
ciety, the  Chemists'  Club  and  other  scientific  organizations. 


THE  STABILITY  OF  RESIN  ACIDS  AT  SLIGHTLY  ELE- 
VATED TEMPERATURES-^A  CORRECTION' 

Schwalbe,'-  noting  the  evolution  of  carbon  dioxide  when  rosin 
was  heated  to  140°  C.  in  air  freed  from  carbon  dioxide,  inter- 
preted this  result  as  the  breaking  down  of  the  carboxyl  groups 
of  the  acids  contained  in  the  rosin. 

Herty  and  Dickson'  showed  that  the  carbon  dioxide  obtained 
by  Schwalbe  was  due  to  one  or  more  of  the  following  factors: 
traces  of  spirits  of  turpentine  in  the  rosin,  moisture,  oxygen  of 
the  air  conducted  through  the  heating  flask  and  oxygen  absorbed 
by  the  rosin  previous  to  the  experiment.  Rosin,  prepared  from 
fresh  oleoresin,  freed  completely  from  spirits  of  turpentine  dur- 
ing distillation,  and  heated  in  a  current  of  dry  nitrogen,  showed 
no  signs  of  decomposition  at  140°,  even  after  seven  hours' 
heating   at   this   temperatiu-e. 

But  they  further  stated  that  if  the  resin  acids  were  prepared 
cold  and  freed  from  the  other  constituents  of  the  fresh  oleoresin, 
such  acids  heated  in  dry  nitrogen  melted  at  65  "-70°  C.  and  im- 
mediately evolved  carbon  dioxide  in  quantity.  No  explanation 
was  offered  of  this  seeming  paradox,  the  results,  however,  in- 
dicating a  probable  decomposition  of  some  of  the  acid  con- 
stituents of  the  oleoresin  during  its  separation  by  distillation, 
in  the  woods,  into  rosin  and  spirits  of  turpentine. 

Later,  in  seeking  an  explanation,  two  possibilities  suggested 
themselves:  First,  that  during  the  preparation  of  the  acids 
some  oxygen  might  have  been  absorbed  from  the  air,  in  spite 
of  the  precautions  taken;  second,  that  the  drying  of  the  acids 
in  a  desiccator  over  phosphorus  pentoxide  may  have  been  im- 
perfect. This  last  idea  was  suggested  during  the  course  of  an- 
other investigation  in  this  laboratory,  in  which  great  difficulty 
was  experienced  in  drying  perfectly  resin  acids  precipitated  from 
water  solutions  of  their  potassium  salts  by  acidifying  with  hydro- 
chloric acid. 

To  test  these  ideas,  a  perfectly  fresh  specimen  of  the  oleoresin 
of  Pinus  Ilelerophylla  (Cuban  or  slash  pine)  was  obtained  from 
Florida.  Five  grams  of  this  specimen  were  dissolved  in  50  cc. 
of  ether,  the  solution  filtered  and  the  potassium  salts  of  the  acids 
immediately  precipitated  by  slowly  adding  10  cc.  of  a  very  con- 
centrated water  solution  of  potassium  hydroxide,  approxi- 
mately 15  normal,  a  salting-out  process.  This  precipitate, 
freed  as  far  as  possible  from  the  potassium  hydroxide  solution 
by  draining,  was  thoroughly  mixed  with  glass  wool  to  make  the 

'  Presented  at  the  49th   Meeting  of  the   American   Chemical  Society, 
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mass  more  permeable  to  the  extractive,  and  extracted  with 
ether  one  hundred  hours  in  a  Soxhiet  extractor  until  no  further 
traces  of  spirits  of  turpentine  or  resene  could  be  detected  in  the 
fresh  extract.  The  extracted  mass  was  treated  with  cold  water 
and  the  solution  of  the  potassium  salts  filtered  from  the  glass 
wool.  The  free  acids  were  precipitated  by  slow  addition  of 
dilute  hydrochloric  acid,  just  to  acidity,  filtered  upon  a  Buchner 
funnel,  washed  with  water  until  free  from  chlorides,  and  rapidly 
dried  as  far  as  possible  with  the  suction  pump.  The  partly 
dried  acids  were  dissolved  in  ether  and  the  removal  of  water 
completed  by  addition  of  freshly  ignited  sodium  sulfate.  This 
solution  was  rapidly  filtered  into  the  heating  flask  in  which  the 
experiment  was  to  be  conducted. 

This  flask  had  been  previously  filled  with  nitrogen  obtained 
by  drawing  air  successively  through  a  water  solution  of  ammonia; 
over  heated  copper;  through  dilute  sulfuric  acid;  two  .w-ash  bot- 
tles containing  alkaline  pyrogallic  acid  solution;  concentrated 
sulfuric  acid  and  two  drying  tubes — one  containing  calcium 
chloride  and  soda  lime,  the  other  phosphorus  pentoxide  mixed 
with  pumice.  The  heating  flask,  surrounded  by  a  bath  of  cot- 
tonseed oil  in  a  beaker,  contained  a  thermometer,  and  its  outlet 
tube,  during  the  heating  experiment,  dipped  below  the  siu^face 
of  freshly  filtered  barium  hydroxide  solution  in  the  precipitating 
flask.  A  tube  of  soda-lime  was  placed  between  the  precipitating 
flask  and  the  aspirator. 

The  ether  solution  of  the  resin  acids  was  evaporated  to  dryness 
in  the  heating  flask  in  a  current  of  dry  nitrogen  under  reduced 
.  pressure,  barium  hydroxide  solution  was  then  filtered  into  the 
precipitating  flask  and  the  temperature  of  the  heating  flask 
slowly  raised,  nitrogen  being  drawn  through  the  flask  throughout 
the  experiment. 

The  acids  melted  at  about  73°  C,  but  no  gas  evolution  could 
be  detected  in  the  melted  mass,  even  whUe  the  temperature 
was  being  raised  to  140°  C.  and  so  maintained  for  an  hour,  nor 
was  there  the  slightest  precipitation  of  barium  carbonate  in  the 
precipitating  flask.  It  is  evident,  therefore,  that  these  resin 
acids,  if  protected  from  oxygen  and  thoroughly  freed  from  water, 
are  perfectly  stable  at  140°  C. 

Chas.  H.  Herty  and  H.  L.  Cox 
University  of  North  Carolina 
Chapel  Hill,  N.  C. 


EXHIBITION  MINE  AT  THE  PANAMA-PACIFIC 
EXPOSITION 

The  plans  for  the  mine  beneath  the  floor  of  the  Palace  of 
Mines  and  Metallurgy  at  the  Panama-Pacific  Exposition,  San 
Francisco,  have  now  progressed  under  the  direction  of  the  Bureau 
of  Mines  to  the  point  where  it  is  expected  that  a  comprehensive 
exhibit  of  mines  and  mining  subjects,  including  mining  equip- 
ment and  supplies,  will  be  presented. 

Characteristic  working  places,  or  stopes,  will  be  prepared  in 
the  mine  to  simulate  the  character  of  the  ore,  or  coal;  and  the 
methods  of  working — typical  of  some  of  the  largest  and  most 
important  copper,  silver,  lead,  gold,  and  anthracite  and  bitu- 
minous coal  mines  of  the  country — and  motion  pictures  will  be 
shown  in  one  of  the  rooms  of  the  mine,  illustrative  of  workings 
such  as  open-cut  copper  and  iron  mines  and  stone  quarries, 
which  cannot  otherwise  be  shown  in  such  an  exhibit. 

The  entrance  to  the  mine  may  be  made  by  a  shaft  or  by  a 
slope  which  is  located  adjacent  to  the  Bureau  of  Mines  space  in 
the  Government  exhibit.  From  the  bottom  of  the  shaft,  which 
is  on  a  lower  level,  the  entry  way  leads  past  small  rooms  which 
will  be  used  for  exhibits  of  lamps,  mining  journals,  etc..  through 
metal  mining  stopes.  showing  two  levels  in  which  various  min- 
ing machines  will  be  shown  as  working  exhibits.     Beyond  the 
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metal  mining  rooms  the  entry  leads  past  a  room  typical  of  the 
Pennsylvania  anthracite  mines  and  a  room  typical  of  the  Pacific 
Coast  coal  mines,  in  which  the  sloping  veins  occur.  At  this 
point  steps  in  the  entry  lead  to  an  upper  level,  along  which  are 
arranged  rooms  of  bituminous  coal  mines. 

The  mine  will  be  equipped  with  the  usual  tracks,  trolleys, 
locomotives,  cars,  cages,  hoists,  motors,  pumps,  air  compressor 
drills,  mining  machines,  signs,  mine  doors,  etc.,  all  of  which 
will  be  installed  as  working  exhibits. 

Each  day  there  will  be  a  demonstration  of  rescue  and  first- 
aid  following  an  imaginary  explosion  in  the  mine.  Rescue 
crews  from  the  Bureau  of  Mines  exhibit  will  enter  the  mine 
wearing  apparatus  and  bring  out  the  supposed  victims,  who 
will  "be  given  first-aid  treatment  in  the  surface  emergency  hos- 
pital, which  will  be  one  of  the  features  of  the  Bureau's  exhibit. 

The  exhibit  should  serve  a  good  purpose  in  educating  the  pub- 
lic regarding  the  magnitude  of  the  mining  industry,  the  cost  of 
its  operation,  and  the  amount  of  capital  invested  in  its  conduct. 


INDUSTRIAL  ACCIDENTS  IN  PENNSYLVANIA  IN   1912 

The  fatal  and  non-fatal  accidents  occurring  in  the  various 
industries  of  the  State  of  Peimsylvania  dtmng  the  year  1912 
have  recently  become  available.  These  may  be  summarized 
as  follows: 

Casualties 


No.  of 

Industry  employees 

Anthracite  coal 172,868 

Bituminous  coal 172,646 

Iron  and  steel 136,966 

Locomotives 29, 1 19 

Glass 26,411 

Cars  and  car  wheels .  .  20,242 

Pig  iron 14,560 

Tin  plate 10,477 

Cement 8,867 

Paper 7,765 

Tanning 6,527 

Petroleum 6,532 

Chemical 5,852 


Total 

Fatal 

Per 

Per  cent  of 

cent 
of  em- 

casual- 

Em- 

No. 

ployees 

No. 

ties 

ployees 

4,105 

2.4 

521 

12.7 

0.30 

7,416 

4.3 

462 

6.2 

0.27 

13,742 

24.6 

215 

0.6 

0.16 

4.948 

17.0 

19 

0.4 

0.07 

969 

3.7 

6 

0.6 

0.02 

2,436 

12.0 

16 

0.7 

0.08 

5,269 

36.2 

16 

0.3 

0.11 

134 

1.3 

1 

0.7 

0.01 

1,156 

13.0 

19 

1.6 

0.21 

647 

8.3 

14 

2.2 

0.18 

296 

4.5 

5 

1.7 

0.08 

75 

1.  1 

5 

6.7 

0.08 

96 

1.6 

3 

3.1 

0.05 

W.  A.  Hamor 

PERSONAL  NOTL5 


The  new  million  dollar  by-product  coke  plant  of  the  Mary- 
land Steel  Co.  at  Sparrows  Point,  Md.,  was  put  in  operation  on 
July  22nd.  It  consists  of  two  batteries  of  6o  ovens  each  and  is 
of  the  Koppers  type. 

Bertram  O.  Beckett,  for  34  years  identified  with  the  Whitall- 
Tatum  Co.,  of  Millville,  N.  J.,  has  withdrawn  from  the  firm  to 
accept  the  superintendency  of  the  Cumberland  and  More- Jonas 
Glass  Works,  at  Bridgeton,  N.  J.,  and  the  Minotola  Glass 
Works,  at  Minotola,  N.  J. 

Litigation  over  the  Macbeth-Evans  Glass  Company's  "Alba" 
glass  formula  has  been  settled  out  of  court;  the  firms  involved 
have  reached  an  amicable  agreement  with  the  Macbeth- 
Evans  Company  and  are  now  using  the  formula  on  a  royalty 
basis. 

Professor  Francis  Humphreys  Storrer,  professor  of  chemistry 
in  the  Massachusetts  Institute  of  Technology  from  1865  to  1870 
and  professor  of  agricultural  chemistry  at  Harvard  University 
from  1870  to  1907,  when  he  retired  as  emeritus  professor,  died 
at  his  home  in  Boston,  July  31st,  at  the  age  of  82  years. 

The  window  glass  factories  at  Sandusky,  Ohio,  formerly 
operated  by  the  Enterprise  Glass  Co.,  and  later  by  the  Republic 
Glass  Co.,  of  which  Myron  L.  Case  is  the  head,  have  been 
leased  to  the  Pittsburgh  Plate  Glass  Co.,  by  which  both  will 
be  operated,  one  with  the  use  of  mechanical  blowers,  the  other 
by  hand  workmen.  Mr.  George  Moore,  formerly  with  the 
American  Window  Glass  Co.,  at  Arnold,  Pa.,  is  to  supervise 
operations  at  both  factories. 

The  Macbeth-Evans  Glass  Co.  has  installed  in  the  National 
Museum  at  Washington,  D.  C,  a  small  glass  plant  showing  the 
manufacture  of  glassware  from  the  raw  materials  to  the  finished 
product.  The  exhibit  was  prepared  under  the  personal  super- 
vision of  Mr.  George  A.  Macbeth  and  was  a  gift  to  the  Museum. 

Dr.  Frederic  Lawrence  Kortright,  instructor  in  chemistry 
at  Cornell  University  from  1892  to  1899  and  subsequently 
assistant  professor  and  professor  of  chemistry  at  the  University 
of  West  Virginia,  died  on  July  13th,  at  the  age  of  forty-seven  years. 

Work  on  building  the  new  benzol  plant  at  the  works  of  the 
Carnegie  Steel  Co.,  Farrell,  Pa.,  was  started  during  the  middle 
of  August.     This  plant  will  cost  between  $400,000  and  $500,000. 

Mr.  Frederick  Soddy,  lecturer  in  physical  chemistry  in  the 
University  of  Glasgow,  has  been  appointed  to  the  chair  of  chem- 
istry at  the  LIniversity  of  Aberdeen,  in  succession  to  Professor 
F.  R.  Japp. 


The  McKeesport  Tin  Plate  Co.,  is  preparing  plans  for  18 
new  mills  at  its  Port  Vue,  Pa.,  works.  This  Company  has  at 
present  22  mills. 

The  American  Tar  Products  Co.,  of  Chicago,  111.,  has  let  a 
contract  for  the  construction  of  a  $100,000  plant  to  manufacture 
tar  products  from  the  tar  output  of  the  Woodward  Iron  Com- 
pany's coke  ovens. 

The  DeLaval  Separator  Co.  maintain  an  Experimental  Cream- 
ery at  their  Poughkeepsie,  N.  Y.  works.  The  equipment  in- 
cludes modern  machinery  and  the  necessary  apparatus  for 
making  chemical  aiyl  bacteriological  examinations  of  all  dairy 
products. 

The  National  Window  Glass  Manufacturers'  Association 
elected  the  following  officers  at  the  closing  session  of  its  annual 
convention  at  Atlantic  City,  July  24:  President,  O.  C.  Teague, 
Utica,  Ohio;  Vice-President,  J.  H.  Brewster,  Weston,  W.  Va. ; 
and  Secretary,  J.  K.  Johnson,  Pittsburgh,  Pa. 

The  past  operating  year  was  one  of  the  worst  that  the  flint 
glass  workers  of  this  country  have  experienced  in  more  than  a 
decade.  The  factories,  as  a  general  rule,  operated  only  from 
50  to  75  per  cent  of  their  capacity. 

Prof.  John  C.  Olsen,  formerly  professor  of  analytical  chem- 
istry at  the  Polytechnic  Institute,  Brooklyn,  has  accepted  a 
position  at  Cooper  Union,  New  York,  as  professor  of  chemistry 
and  head  of  the  department  of  chemistry. 

The  Whitall-Tatum  Co.,  of  Millville,  N.  J.,  have  under  erec- 
tion a  machine  shop,  in  the  construction  of  which  some  $30,000 
will  be  expended.  This  shop  is  to  take  care  of  an  increased  de- 
mand for  machines  and  presses. 

Mr.  Roger  L.  Morrison,  highway  engineer  with  the  United 
Gas  Improvement  Co.  of  Philadelphia,  has  been  appointed  pro- 
fessor of  highway  engineering  in  the  Agricultural  and  Mechanical 
College  of  Texas.  Mr.  Morrison  received  the  degree  of  Master 
of  Arts  from  Columbia  University  in  June,  having  completed  the 
graduate  course  in  highway  engineering. 

Nokomis  Lodge,  the  elaborate  summer  home  of  W.  H.  Nichols 
of  the  General  Chemical  Company  of  New  York,  and  the  out- 
lying tjuildings  were  destroyed  on  the  afternoon  of  July  20th. 
The  house,  one  of  the  largest  on  the  St.  Lawrence  River,  was 
situated  on  Wolf  Island,  in  the  Canadian  Channel.  The  fire 
started  in  the  kitchen.  The  steam  yacht  Nokomis  was  cut  adrift 
and  floated  down  the  stream  imharmed.  Only  a  few  small  articles 
were  saved  from  the  fire. 
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By  R.  S.  McBride,  Burea 
KOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
liliraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance;  to  the  Superintendent  of 
Documents. 

BUREAU   OF  STANDARDS 

Combustion  Method  for  the  Direct  Determination  of  Rubber. 

L.  G.  Wesson.  Technologic  Paper  35.  11  pp.  This  article 
was  published  practically  in  full  in  This  Journal,  6  (1914), 
459-62. 

Iodine  Number  of  Linseed  and  Petroleum  Oils.  W.  H. 
Smith  and  J.  B.  Tuttle.  Technologic  Paper  37.  17  pp.  An 
experimental  investigation  of  the  Hanus  method  for  determina- 
tion of  iodine  number  of  oils  shows  that  this  procedure  should 
he  more  e.xactly  defined  in  order  to  give  reproducible  results, 
particularly  with  burnt  oils.  The  effect  of  weight  of  sample, 
temperature,  time  of  absorption  and  amount  of  Hanus  solu- 
tion were  investigated. 

Observations  on  Furnishing  Temperature  and  Properties  of 
Rails.  G.  K.  Burgess,  J.  J.  Crowe,  H.  S  Rawdon  and  R.  G. 
WaltenbERG.  Technologic  Paper  38.  63  pp.  This  is  the 
first  report  of  a  series  which  will  be  prepared  in  connection  with 
the  metallurgical  and  metallographic  investigations  by  the 
Bureau  of  Standards  in  connection  with  rail  specifications. 
The  importance  of  rolling  raUs  at  proper  temperature  is  well 
known,  but  the  specifications  limiting  the  shrinkage  to  6.75  in. 
in  33  ft.  have  been  found  to  be  of  no  importance  commercially 
since  this  clause  does  not  serve  its  avowed  purpose  of  limiting 
the  finishing  temperature  to  a  value  slightly  above  the  critical 
range.  In  this  paper  data  are  given  which  have  been  collected 
from  investigations  in  four  representative  mills  and  some  ex- 
perimental work  in  the  Bureau  laboratories.  It  is  concluded 
that  a  comparison  of  chemical  analyses,  microphotographic 
examination  and  physical  properties  of  finished  rails,  the  rolling 
of  which  was  observed,  does  not  afford  sufficient  evidence  of 
co-relation  to  warrant  associating  any  of  the  properties  either 
with  the  temperature  of  rolling  or  with  each  other.  Data  are 
given  for  the  thermal  expansion  of  various  steels  and  the  com- 
mercial significance  of  the  shrinkage  specifications  is  pointed 
out. 

GEOLOGICAL  SURVEY 

The  following  data,  taken  from  advanced  chapters  of  mineral 
resources  for  1913.  are  of  particular  interest  at  this  time  as  show- 
ing relative  American  production  of  metals  and  mineral  prod- 
ucts and  indicating  the  possible  influence  of  the  interruptions 
of  foreign  commerce  at  this  time. 

Recovery  of  Secondary  Metals.  J.  B.  Dunlop.  Separate 
No.  5  from  Vol.  i.  8  pp.  Secondary  metals  are  defined  as 
"those  recovered  from  scrap  metal,  sweepings,  skimmings, 
drosses,  etc.,  and  are  so  called  to  distinguish  them  from  the 
metals  derived  from  ore,  which  are  termed  'primary  metals.' 
This  distinction  does  not  imply  that  secondarj'  metals  are  of 
inferior  quality."  The  importance  of  the  industries  for  re- 
claimed metal  is  brought  out  by  the  following  table,  which  shows 
the  quantity  and  value  of  secondary  metals  produced  in  1913: 


of  Standards,  Wasbingto 


Recovery  of  Seconl 


Met 


THE    U.    S.    IN     lyl3 


Metal 
Secondary  copper,  including  that  in  alloys 

other  than  brass 

Remelted  brass 

Secondary  lead 

Recovered  lead  in  aUoys 

Secondary  spelter 

Recovered  zinc  in  alloys  other  than  brass. . 

Secondary  tin 

Recovered  tin  in  alloys 

Secondary  antimony 

Recovered  antimony  in  alloys 

Secondary  aluminum 

Recovered  aluminum  in  alloys 


66.980 
99,315 
33.104  1 
39.730} 
50.005  1 
3.743) 
6,4151 
7 , 763  ( 
45  1 
2.660 i 
2,198  1 
2.456  J 


Total . 


6,409.392 
6,019.776 

12.567.379 

460.932 

2.199,480 

72.844.996 

The  Production  of  Graphite  in  1913.  Edson  S.  Bastin. 
Separate  No.  14  of  Vol.  2.  72  pp.  "In  the  present  report 
there  is  republished  in  full  or  in  abstract  all  of  the  information 
on  graphite  that  has  appeared  in  previous  survey  reports.  This 
information  has  been  amplified  in  some  parts  and  brought  up 
to  date  whenever  possible.  It  will  be  unnecessary,  therefore,  for 
readers  to  refer  to  any  earlier  survey  report  dealing  with  this 
mineral." 

The  article  covers  the  following  subjects:  Physical  and 
chemical  characteristics,  origin,  uses,  production,  and  imports; 
and  full  summaries  are  given,  by  geographical  sources,  of  the 
various  graphite-producing  districts  both  of  this  and  foreign 
countries.  The  bibliography  includes  the  more  important 
articles  of  mineralogical  and  economic  interest. 

It  is  pointed  out  that  the  production  of  graphite  in  the  United 
States  is  very  irregular  and  at  the  present  time  only  one  concern 
is  said  to  be  firmly  established  "in  the  treatment  of  such  graphite 
rocks."  The  production  in  the  United  States  in  1913  was  4,775 
short  tons  of  natural  graphite  valued  at  $293,000  and  6,817 
short  tons  of  manufactured  graphite  valued  at  S973.000.  There 
were  imported  288,791  short  tons  valued  at  $2,109,000.  The 
three  causes  for  the  unsatisfactory  condition  of  the  domestic 
industry  are  given  as  follows:  "(i)  The  superiority  of  much  of 
the  Ceylon  graphite  to  any  graphite  that  is  mined  in  this  coun- 
try; (2)  the  low  cost  of  labor  in  Ceylon,  which  permits  cheap 
mining,  careful  sorting,  rubbing  up,  and  blending  of  the  prod- 
uct; and  (3)  the  facts  that  the  largest  domestic  deposits  are 
schists  which  carry  small  flakes  of  graphite  disseminating  through- 
out them  and  the  separation  of  graphite  from  the  accompany- 
ing minerals,  especially  mica,  in  such  rocks  is  a  problem  of  un- 
usual difficulty." 

The  Production  of  Abrasive  Materials.  Frank  J.  Katz. 
Separate  No.  15  from  Vol.  2.  22  pp.  This  report  gives  detailed 
information  as  to  the  production  in  this  country  and  abroad 
of  the  various  abrasives.  Details  are  given  for  the  following: 
Millstones,  grindstones,  oilstones,  corundum  and  emery,  abra- 
sive garnet,  tripoli  and  diatomaceous  earth,  pumice,  and  arti- 
ficial abrasives.  The  importance  of  these  industries  is  shown 
by  the  following  tabulation  of  abrasives  consumed  in  the  United 
States  in  1913,  exclusive  of  the  various  formS  of  silica  and  feld- 
spar : 

Natural  abrasives Jl.648.578 

Artificial      "  2.017.458 

Imports 916.913 


Total 4.582.949 

The  Production  of  Phosphate  Rock  in  1913.  W.  C.  Phalen. 
Separate  No.  16  of  Vol.  2.  20  pp.  The  marketed  production 
of  phosphate  rock  in  the  United  States  in  19 13  was  3,111.221 
long  tons,  valued  at  nearly  $12,000,000.  This  was  an  increase 
of  5  per  cent  in  quantity  and  i  per  cent  in  value  over  the  pre- 
vious year.  Five-sixths  of  all  the  material  came  from  Florida. 
The  range  in  prices  per  ton  was  S3. 20  to  $6.10,  averaging  $3.79. 
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Other  data  included  in  this  report  which  are  of  particular 
interest  to  the  fertilizer  industry  are  the  following: 

Fbrtilizers  Imported  and  Entered  for  Consumption  in  the  U.  S.  in  1913 

Quantity  Value 

Product                                                   Long  tons  Dollars 

Apatite 2,962  22,471 

Bone  dust  or  animal  carbon,  and  bone  ash, 

fit  only  for  fertilizing  purposes 35,012  851 ,  136 

Calcium  cyanamid  or  lime  nitrogen 26,729  1,410,248 

Guano 16,674  518,429 

Kainit 455,336  2,201,730 

Manure  salts,    including   double   manure 

salts 223,687  2.245,509 

Phosphates,  crude 17,121  124,815 

Slag,  basic,  ground  or  unground 13,186  130,455 

All  other  substances  used  only  for  manure        154,729  3,314,460 

Total 955,436  10,819,253 

Material  Entering  Largely  into  the  Fertilizer  Industry 
in  the  u.  s.  in  1913 

Quantity  Value 

Imports:  Long  tons  Dollars 

Fertilizer 955,436  10,819,253 

Potassium  chloride 212,170  7,075,745 

Potassium  sulfate 39,597  1,677,429 

Sodium  nitrate 612,861  21,630,811 

Domestic  phosphate  rock 3,111,221  11,796,231 

Total 4,931,285  52,999,469 

The  Production  of  Manganese  and  Manganiferous  Ores  in 
1913.  D.  F.  Hewett.  Separate  No.  4  of  Vol  i.  20  pp. 
This  report  gives  the  various  sources_of  manganese  and  the  pro- 
duction summaries  by  districts,  by  mineral  sources,  and  by 
years,  and  includes  a  discussion  of  the  various  manganese  ores, 
the  uses  of  manganese,  and  the  importance  of  the  various 
branches  of  the  industry.  In  1913  imports  of  manganese  ores 
amounted  to  345,000  long  tons,  having  a  value  in  excess  of  $2,000,- 
000.  The  American  production  formed  oply  a  very  small  frac- 
tion of  the  total  world  production,  the  three  principal  sources 
being  Brazil,  Russia  and  India.  The  uses  of  manganese  in  its 
various  alloys  and  combinations  are  summarized  under  the 
following  headings:  (i)  alloys;  (2)  oxidizers;  (3)  coloring  ma- 
terials; (4)  flux  in  smelting  silver  and  lead  ores;  (5)  gems  or 
ornamental  stones,  in  the  form  of  the  minerals  rhodonite  and 
spessartite;  (6)  fertilizer;  (7)  various  lesser  chemical,  manufac- 
turing, and  medical  uses. 

Potash  Salts.  W.  C.  Phalen.  Separate  No.  7  of  Vol.  2. 
24  pp.  Among  the  more  important  data  given  by  this  report 
are  those  referred  to  above  under  the  heading  of  Phosphate 
Rock — the  importance  of  the  imported  potash  salts  is  evident 
from  these  tabulations. 

The  Production  of  Talc  and  Soapstone  in  1913.  J.  S.  DillER. 
Separate  No.  11,  Vol.  2.  12  pp.  Data  of  this  report  show 
that  the  United  States  is  the  largest  producer  of  talc  and  soap- 
stone  and  the  American  market  will  probably  not  be  at  all  af- 
fected by  any  interruption  of  import  facilities.  It  is  to  be  noted 
that  the  production  of  California  fell  off  markedly  during  1913 
but  all  other  important  producing  states  had  material  increases. 
The  average  per  cent  increase  was  11.78  (for  1913  as  compared 
with  1912). 

The  Production  of  Silica.  Frank  J.  Katz.  Separate  No. 
13,  Vol.  2.  6  pp.  The  following  tabulation  gives  a  summary 
of  the  data  included  in  this  report : 

Marketed  Production  of  Silica  for  Pottery,  Paints,  Fillers,  Pol- 
ishers,  Abrasives,   and  Other    Uses  in    1913.  in  Short  Toms 

Value 
Quantity  Dollars 

Quartz  (vein  quartz, (a)  pegmatite  and  quartz- 

ite) 97,902  201,488 

Sand  and  sandstone(a) 106,857  466,523 

Tripoli 20,831  216,517 

Diatomaceous  earth ■  6 ,  602  69 ,  304 

Flint 

Total 232,192  953,832 

(a)  Includes  only  finely  ground  material. 

A  New  Gypsum  Deposit  in  Iowa.  George  F.  Kay.  Bulle- 
tin 580E.  6  pp.  This  is  a  separate  from  Part  i  of  the  1913 
"Contributions  to  Economic  Geology." 


Oil  Shale  of  Northwestern  Colorado  and  Northeastern  Utah. 
E.  J.  Woodruff  and  David  T.  Day.  Bulletin  581A.  20  pp. 
A  separate  from  Part  2  of  the  1913  "Contributions  to  Economic 
Geology." 

Oil  and  Gas  in  the  Western  Part  of  the  Olympia  Peninsula  of 
Washington.  Charles  F.  LupTon.  Bulletin  581B.  60  pp. 
A  separate  from  Part  2  of  the  1913  "Contributions  to  Economic 
Geology." 

Coal  Fields  in  Idaho,  Washington  and  Oregon.  E.  G.  Wood- 
ruff and  C.  E.  LeshER.  Bulletin  541I.  42  pp.  An  advance 
chapter  from  Part  2  of  the  1912  "Contributions  to  Economic 
Geology." 

Celestite  Deposits  in  California  and  Oregon.  W.  C.  Phalen. 
Bulletin  540T.  12  pp.  An  advance  chapter  from  Part  2  of 
the   1912   "Contributions  to  Economic  Geology." 

Electrical  Activity  in  Ore  Deposits.  Roger  C.  Wells. 
Bulletin  548.  78  pp.  This  article  reports  on  laboratory  ex- 
perimental work  done  with  the  object  of  investigating  the  elec- 
trical and  electrolytic  phenomenon  which  are  of  interest  as  hav- 
ing a  bearing  upon  ore  deposits.  The  general  theoretical  con- 
siderations are  also  fully  discussed.  In  the  preface  it  is  em- 
phasized "that  the  results  thus  far  obtained  afford  no  adequate 
basis  for  any  method  of  electrical  prospecting  nor  any  promise 
of  the  development  of  such  a  method  for  making  known  the 
presence  of  ore  deposits  with  readily  or  definitely  measurable 
electrical  activity." 

The  Ore  Deposits  of  Northeastern  Washington.  Rowland 
Bancroft.  Including  a  Section  of  The  Republic  Mining  Dis- 
trict by  Waldemar  Lindgren  and  Howland  Bancroft. 
Bulletin  550.  215  pp.  "Describes  the  geology  of  an  area  of 
about  6,000  square  miles  in  Stevens  and  Ferry  Counties,  north- 
eastern Washington,  giving  detailed  information  as  to  its  min- 
ing districts  and  ore  deposits — chiefly  lead,  zinc,  and  copper. 
States  that  the  general  conditions  for  mining  are  particularly 
favorable  and  discusses  briefly  the  methods  and  costs  of  mining, 
treatment  of  the  ores,  and  means  of  transportation.  The  illus- 
trations include  plans  and  sketch  maps  of  some  of  the  mines 
and  halftone  plates  .showing  geologic  conditions  " 

Reconnaissance  of  Oil  and  Gas  Fields  in  Wayne  and  Mc- 
Creary  Counties,  Ky.  M.  J.  Munn.  Bulletin  579.  105  pp. 
"Gives  a  brief  description  of  the  stratigraphy  and  structure  of 
the  rocks  in  Wayne  and  McCreary  Counties,  Ky.,  with  special 
reference  to  their  oil  and  gas  content.  The  oil  and  gas  fields 
are  treated  in  detail,  and  numerous  records  of  wells  are  given. 
As  to  the  future  of  the  area,  there  is  every  reason  to  suppose 
that  many  other  profitable  oil  pools  will  be  found  eventually 
in  districts  in  and  adjacent  to  Wayne  County,  and  the  struc- 
tural conditions  seem  to  favor  the  practical  application  of  geology 
in  finding  these  pools.  The  illustrations  include  sketch  maps 
showing  the  location  of  oil  and  gas  pools,  sections  of  deep  wells, 
and  views  of  specimens  from  the  Beaver  Creek  oil  'sand.'  " 
BUREAU  OF  MINES 

Selection  of  Explosives  Used  in  Engineering  and  Mining  Oper- 
ations. Clarence  Hall  and  Spencer  P.  Howell.  Bulletin 
48,  2nd  Edition.     50  pp.     Paper,  10  cents. 

Brass-Fiunace  Practice  in  the  United  States.  H.  W.  Gil- 
LETT.  Bulletin  73.  300  pp.  Paper,  45  cts.  "The  object  of 
the  investigation  reported  in  this  bulletin  was  to  ascertain  the 
melting  and  fuel  losses  in  present  brass-melting  practice  and  to 
indicate,  as  far  as  possible,  methods  by  which  these  losses  might 
be  reduced."  The  magnitude  of  the  losses  is  estimated  to  be 
about  $3,000,000  per  year  in  metal  alone.  If  the  average  metal 
loss  could  be  reduced  to  be  that  found  under  best  operating  con- 
ditions there  would  be  a  saving  of  Si  ,500,000  and  if  fuel  efficiency 
and  crucible  life  could  be  brought  from  present  average  to  the 
best  practice  $500,000  more  could  be  saved. 

Considerable  difficulty  was  found  in  gathering  technical  in- 
formation as  a  large  number  of  companies  are  not  operating  with 
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technical  control.  Reports,  however,  indicate  metal  loss  vary- 
ing from  0.1  to  22  per  cent  and  fuel  efficiency  from  1.5  to  16 
per  cent.  In  order  to  investigate  the  remedies  for  these  condi- 
tions the  relative  advantages  of  different  types  of  furnaces  were 
studied  as  were  the  various  operating  practices  affecting  com- 
pleteness of  combustion,  volatilization  losses,  and  factors  which 
produced  irregularities  in  quality  of  metals.  The  causes  of 
disease  and  danger  and  the  essential  precautions  for  the  health 
and  safety  of  workmen  were  also  investigated  and  recommenda- 
tions are  given  covering  these  subjects. 

Factors  Governing  the  Combustion  of  Coal  in  Boiler  Fur- 
naces. J.  K.  Clement,  J.  C.  W.  Frazer  and  C.  E.  Augus- 
tine. Technologic  Paper  63.  45  pp.  The  object  of  the  inves- 
tigation reported  in  this  paper  was  to  determine  the  conditions 
requisite  for  an  economic  utilization  of  various  types  of  coal. 
The  more  important  factors  influencing  combustion  which  were 
investigated  are:  The  volume  and  shape  of  the  combus- 
tion chamber,  the  kind  of  fuel  used,  especially  the  amount  and 
character  of  the  volatile  matter  and  rate  of  firing;  the  rate  of 
heating  the  fuel;  the  air  supply;  the  rate  at  which  air  is  mixed 
with  the  combustible  gases  in  the  furnace;  and  the  temperature 
of  the  combustion  chamber.  The  preliminary  report  embodies 
the  results  of  a  series  of  23  tests  with  Pocahontas  coal.  The 
furnace  and  its  operation  are  described  in  detail,  and  the  methods 
and  apparatus  used  for  gas  analysis  and  making  temperature 
measurements  are  given. 

Methods  of  Oil  Recovery  in  California.  R,\lph  Arnold  and 
V.  R.  Garfias.  Technical  Paper  70.  57  pp.  "In  this  paper 
are  discussed  the  general  methods  employed  in  California  for 
recovering  the  oil  when,  owing  to  insufiScient  gas  pressure  or 
other  causes,  it  does  not  rise  to  the  surface  by  natural  flow. 
The  report  comprises  a  study  of  different  pumping  devices  and 
means  of  generating  power  to  operate  them,  and  summarizes 
their  relative  cost  and  field  of  usefulness." 

Specific  Gravity  Separat.on  Applied  to  the  Analysis  of  Mining 
Explosives.  C.  G.  Storm  and  A.  L.  Hyde.  Technical  Paper 
78.  13  pp.  The  article  de,oribed  various  flotation  methods  for 
separating  the  constituents  of  explosives  by  differences  in  their 
specific  gravity  as  a  preliminary  to  the  chemical  analysis. 
DEPARTMENT   OF  AGRICULTURE 

Progress  Reports  of  Experim  !nts  in  Dust  Prevention  and  Road 
Preservation,  1913.  Bulletin  1  15.  46  pp.  5  cents.  Thjs  con- 
tribution from  the  office  of  Public  Roads  gives  the  details  of 
construction  of  several  samplt  roads  which  have  been  con- 
structed under  the  supervision  of  the  Office  of  Public  Roads. 
The  various  difficulties  encountered  and  the  results  noted  after 
the  roads  had  been  subject  to  traffic  conditions  for  some  time  are 
reported  in  detail.  Progress  and  supplementary  reports  are  in- 
cluded for  a  number  of  roads  for  which  specifications  have  pre- 
viously been  given. 

HYGIENIC  LABORATORY 

Gaseous  Impurities  in  the  Air  of  Railway  Tunnels.  Ather- 
TON  Seidell  and  Philip  W.  Meserve.  Bulletin  No.  92.  47 
pp.  The  investigation  here  reported  was  carried  out  in  order 
to  determine  the  amount  of  sulfur  dioxide  and  carbon  monoxide 
in  the  air  of  railway  tunnels,  and  to  point  out  what,  if  any,  physio- 
logical difficulties  might  be  expected  from  breathing  such  air. 
Methods  for  the  determination  of  these  impurities  are  discussed. 
Analyses  of  samples  taken  from  the  tunnels  arc  given  and  the 
physiological  effects  of  such  impurities  are  discu.ssed.  It  is 
probable  that  the  concentration  of  these  gases  which  was  found 
was  not  sufficient  to  produce  a  serious  effect  upon  man. 
PUBLIC  HEALTH  SURVEY 

Soluble  Aluminum  Compounds;  Their  Occurrence  in  Certain 
Vegetable  Products.  C  N.  Myers  and  Carl  Voegtlin.  Public 
Health  Reports.  29,  1625-y  (No.  25,  June  19.  1914).  During 
an  investigation  into  tin.-  c  uses  of  pclk-gra  the  relation  of  diet 


to  this  disease  was  investigated  and  the  possible  relation  of  the 
considerable  amounts  of  aluminum  which  is  present  in  certain 
foods  in  large  quantities  in  a  water-soluble  form  was  suggested 
as  perhaps  one  of  the  causes  of  this  disease.  Data  are  given 
showing  the  quantity  of  aluminum  present  in  various  cereals 
and  other  vegetable  foods  from  which  it  is  concluded  that  "the 
daily  consumption  of  aluminum  on  a  mainly  vegetable  diet  may 
assume  large  proportions." 

What  is  a  Safe  Drinking  Water?  Allen  J.  McLoughlin. 
Public  Health  Reports,  29,  1686-94  (No.  26,  June  26,  1914). 
Data  are  given  from  15  representative  cities  showing  the  efficiency 
of  mechanical  or  rapid-sand  filtration,  slow-sand  filtration,  pre- 
cipitation and  disinfection,  and  disinfection  alone  in  the  puri- 
fication of  water.  The  number  of  Bacillus  coli  present  in  the 
purified  water  is  used  as  a  gage  of  its  quality.  The  importance 
of  selecting  raw  water  of  as  pure  quality  as  possible  is  empha- 
sized; and  the  need  of  a  sufficient  margin  of  safety  for  the  opera- 
tion of  filter  plants  is  pointed  out. 

WEATHER  BUREAU 

Standard  Units  in  Aerology.  Monthly  Weather  Review,  43, 
141-43  (March,  1914J.  Several  abstracts  and  articles  are  re- 
viewed presenting  the  views  and  practice  of  some  American 
physicists  in  the  use  of  various  units  for  pressure. 

Progress  and  Present  State  of  Research  on  the  Evaporation 
of  Moistvne  in  the  Atmosphere.  A.  Weile.nmann.  Monthly 
Weather  Revieio,  42,  158-64  (March,  1914).  A  mathematical 
development  of  the  theories  of  evaporation  together  with  a  de- 
scription of  instruments  and  observations  for  the  measurement 
of  atmospheric  evaporation  are  given  as  a  review  of  the  more 
important  researches  both  theoretical  and  practical  on  this 
subject. 

Conversion  of  Barometric  Reading  into  Standard  Units  of 
Pressure.  Roy  M.  Covert.  Monthly  Weather  Review,  42, 
230-2  (April,  1914).  Tables  for  converting  barometric  inches 
into  millibars  and  barometric  millimeters  into  millibars  are 
given.  .These  are  based  on  the  equivalent:  Pressure  in  millibars 
equals  1.333305  times  barometric  height  in  millimeters. 
CONSULAR  REPORTS,  JULY 

The  cost  of  crushing  and  pressing  soya  beans  in  Manchuria. 
(P.  24.) 

Most  of  the  salt  manufactured  in  the  Philippines  is  obtained 
by  solar  evaporation.     (P.  17.) 

Efforts  are  being  made  to  increase  the  sale  of  American  cot- 
ton seed  cake  and  meal  in  Northern  Europe.     (P.  78.) 

The  production  of  gold  in  Siberia  showed  an  increase  in  19 13. 

(P.  94-) 

A  new  $600,000  cement  factory  at  Laguna,  Philippines,  is 
nearly   completed.     (P.  126.) 

Among  the  products  made  from  peat,  in  England,  are  peat 
charcoal  (together  with  naphtha,  anmionium  sulfate,  acetic 
acid,  tar,  and  paraffin),  manure,  and  paper  (both  brown  and 
white.)     (P.  128.) 

The  manufacture  of  fertilizer  from  sponges  and  fish  in  the 
Bahamas  is  suggested.     (P.   140.) 

The  increasing  use  of  hardened  (hydrogenated)  oils  is  causing 
a  decreased  demand  for  copra  (cocoanut  oil)  for  use  in  the  manu- 
facture of  soap,  margarin,  and  compound  lard.     (P.  174.) 

Natiu-al  soda  deposits  in  British  East  Africa  are  being  de- 
veloped.    (P.  182.) 

The  production  of  plantation  rubber  in  Burma  is  increasing. 
(P.  217.) 

The  Widnes  Corporation  of  England,  which  claims  to  furnish 
the  cheapest  gas  in  the  world,  has  reduced  the  price  of  gas  to 
So. 24  per  1000  cu.  ft.  for  general  users  and  to  S0.16  per  1000 
cu.  ft.  for  motive  power.     (P.  233.) 

Crude  petroleum  obtained  in  Japan  is  to  be  used  extensively 
as  fuel  in  the  Japanese  na\'y.     (P.  236.) 
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The  manufacture,  importation,  or  sale  of  matches  containing 
white  phosphorus  is  prohibited  in  Canada  after  Jan  i,  191 5. 
(P.  270.) 

The  bark  of  the  black  mangrove  (Aviceunia  nitida)  is  recom- 
mended as  a  source  of  tanning  extract.     (P.  285.) 

The  nitrate  industry  in  Chili  is  increasing.     (P.  305.) 

The  cultivation  of  esparto  and  its  preparation  for  the  paper 
industry,  in  Almeria,  Spain,  is  described.     (P.  306.) 

The  zinc  refining  industry  in  Japan  has  increased  so  that 
Japan  is  now  able  to  export  zinc.     (P.  308.) 

The  waste  from  sisal  fiber  is  being  used  as  a  substitute  for 
horse  hair  in  cheap  upholstery.     (P.  313.) 

The  seed  floss  of  the  rubber  vine  (Cryploslegia  grandiflora) 
cultivated  in  the  Bahamas  has  been  made  into  a  a  light  felt  for 
use  in  life  preservers.     (P.  334.) 

Experts  from  the  Standard  Oil  Com.  are  drilling  for  oil  in 
Northern  China.     (P.  353.) 

The  oils  from  the  kukui  nut  of  Hawaii  and  from  the  lumbang 
nut  in  the  Philippines  are  similar  to  tung  oil  and  useful  for 
drying  oUs.     (P.  376.)     See  This  Journal,  5,  644. 

Additional  platinum  deposits  have  been  discovered  in  North- 
ern Ural,  Russia.     (P.     377.) 

The  cultivation  and  uses  of  kapols  or  "white  silk  cotton," 
obtained  from  the  Siamese  "nun"  tree,  are  described.  The  fiber 
is  mostly  used  for  stuffing  mattresses,  etc.     (P.     379-80.) 

The  specifications  of  steel  railway  ties  used  in  Switzerland  are 
given.     (P.  379.) 

A  large  oil  refinery  to  handle  Mexican  crude  oil  is  to  be  erected 
at  Flushing.   Holland.     (P.  382.) 

A  new  cement  factory  is  to  be  erected  in  Siam.     (P.  401.) 

The  sugar  output  of  Cuba  shows  a  decided  increase.  (P.  431.) 

The  production  of  plantation  rubber  in  the  Malay  states  shows 
an  increase.     (P.  479.) 

Natural  gas  has  been  discovered  in  Tcmerin,  Hungary.    (P.  479.) 

The  methods  and  conditions  of  rubber  cultivation  in  British 
Guiana  are  described.     (P.  500.) 

An  apparatus  for  indicating  electrically  the  presence  and 
amount  of  methane  in  mine  gas  has  been  invented  by  an  Eng- 
lishman, and  is  known  as  Williams  Fire  Damp  Indicator  or 
Methanometer.     No  details  are  given.     (P.  512.) 

New  uses  for  infusorial  earth  in  this  country  and  Europe  in- 
clude the  manufacture  of  heat-insulating  and  iireproofing  ma- 
terial, talking  machine  records,  artificial  fertilizers  containing 
liqiud  manures,  water  glass,  artificial  stone,  glazed  tile,  ultra- 
marine, paper,  sealing  wax,  fireworks,  gutta  percha,  safety 
matches,  "solidified  bromine,"  and  papier-mache.     (P.  524.) 

The  use  of  dredges  in  mining  tin  ore  on  the  Malay  peninsula 
has  resulted  in  an  increased  production  of  tin.     (P.  525.) 

The  output  of  coal  from  Shantung,  China,  is  increasing.   (P.  552.) 

The  methods  for  the  manufacture  and  liquefaction  of  sulfur 
dioxide  in  Austria  are  described.     (P.  553.) 

The  cultivation  of  soya  beans  is  replacing  the  poppy  culture 
in  China,  since  the  suppression  of  the  use  of  opium.   (P.  553.) 

Large  amounts  of  copper  sulfate  are  imported  into  Algeria 
for  use  as  a  germicide  in  the  wine  industry.     (P.  554.) 


The  cottonseed  products  industry  in  India  is  described.  (P. 
556.) 

The  output  of  guano  from  Peru  is  increasing.     (P.  559.) 

The  prospects  for  the  sugar  industry  of  Argentine  and  the 
Philippines  are  favorable.     (P.  569.) 

Experiments  upon  a  cactus  grown  in  Algeria,  known  as  the 
"ficlu  d'  India"  (Opuntia),  have  shown  that  the  fruit  contains 
14  per  cent  of  sugar,  from  which  alcohol  can  be  profitably  pro- 
duced.    (P.  572.) 

The  prospects  for  the  olive,  cotton  and  sesame  crops  of  Syria 
are  promising.  •  (P.  590.) 

The  hemp  production  of  the  United  States  is  decreasing.  (P. 
598.) 

Experiments  in  Sweden  upon  the  use  of  powdered  peat  as  fuel 
for  railway  engines  have  shown  that  1.3  tons  of  Swedish  peat 
is  equivalent  to  i.o  ton  of  English  steam  coal.     (P.  622.) 

Artificial  silk  and  "horse  hair"  are  now  being  made  from 
cotton   waste   at   Chemnitz,   Germany.     (P.  459.) 

Statistics  and  information  from  consular  agents  regarding 
exports  from  various  localities  to  the  United  States  may  be 
found  as  follows: 


-p.  1-6 


AI 

Aniline  dye 

Antimony 

Arsenic 

Asbestos 

Baryte 


Turkey — p.  1 10 
Chrome  ore 
Emery 
Glue 

Gum  mastic 
Gum  tragacanth 
Licorice 


Oli' 


Basic  slag 

Hides 

Beeswax 

Sesame 

Bone  meal 

Manchester,  Eng.— 

Chemicals 

Asbestos 

Clay 

Chemicals 

Copper 
Diamonds 

Dyestuffs 
Hides 

Fertilizers 
Fire  brick 

Linoleum 
Paper  stock 

Glass 

Steel  wire 

Glue 

Tin 

Glycerine 
Gum  copal 

Sicily— pp.  296,  582 

Gum 

Asphalt 

Hides 

Carbon  bisulfide 

Lithopone 

Citrate  of  lime 

Naphthaline 
Nickel 

Hides 
Glue  stock 

Oils: 

Lemon  juice 

Creosote 

Licorice 

Lubricating 
Sod 

Essential  oils 
Olive  oil 

Vegetable 
Paraffine 

Pumice 

Sulfur 

Pebbles 

Sumac  extract 

Phosphates 

Cream  of  tartar 

Potash 

Northern  France — 

Paper  stock 

347-9 

Rubber 

Aniline  dyes 

Artificial  silk 

Grease 

Spelter 

Lithopone 

Stearin 

Nitrate 

Tin 

Sodium 

Wool  grease 

Palm  oil 

Zinc  oxide 

Paper  stock 

Potash 

Casein 

Chalk 

Glycerine 

Fusel  oil 

Egypt — p.  392 

Glue 

COBURG,  Ger. — p. 

43  Gum  arable 

Colors 

Hides 

Gelatin 

Fusel  oil 

Glass 

Paper  stock 

Hides 

Senna 

Manganese  dioxide       Ivory 

Cologne — p.  427 
Aniline  dyes 
Chemicals 

Hides 

Mineral  water 

Paints 

Drugs 

Hungary — p.  491 


Antimony 
Grease 
Hides 
Magnesite 
Mineral  water 
Oleostearin 
Sugar 
Wax 

Wood  pulp 
Austria — p.  542 
Aluminum 
Chemicals 
Drugs 

Enameled  iron  w 
Glass 
Hops 
Magnesite 
Meerschaum 
Ozokerite 
Wood  pulp 
Hides 
Talc- 
Fats 
Gelatin 
Bronze 
Ferrosilicon 
Fusel  oil 
Graphite 
Paraffin 
Artificial  silk 
Sugar  beet  seed 
Canton.  China— 
Antimony 
Cassia 
Raw  silk 

Tientsin.  China- 
Beeswax 
Fire  clay 
Hides 
Jute 
Linseed 

Apricot  kernels 
Rapeseed 


BOOK  RLVILW5 


A  Textbook  of  Thermodynamics.     (With  special  reference  to 

Chemistry.)     By  James  Riddick  Partington,  M.Sc.  (Vict.). 

New   York:    D.   Van   Nostrand   Co.     Cloth,    s'/j   x   S'A   in. 

Pp.  544.     91  diagrams.     Price,  $4.00  net. 

The  last  decade  has  witnessed  a  marked  change  in  the  re- 
lationship between  thermodynamics  and  engineering  practice. 
Formerly,  thermodynamics  was  regarded  as  an  interesting 
study  with  but  little  practical  use,  and  engineering  work  was 
carried  on  with  the  assistance  of  empiric  formulae  supplemented 


by  theories,  which  were  in  many  cases  formulated  without  true 
basis  of  fact  and  hence  of  doubtful  value.  To-day,  however, 
the  engineer  is  more  and  more  discarding  the  empiric  and  seek- 
ing the  rational.  This  change  may  be  ascribed  to  two  main 
reasons.  One  of  these  has  been  that  the  ever  widening  demands 
of  industry  have  shown  that  in  many  cases  the  old  empiric 
methods  were  applicable  to  only  a  narrow  range  of  conditions 
and  that  a  broader  knowledge  of  fundamental  cause  and  effect 
was  essential.     The  other  has  been  due  to  the  fact  that  students 
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of  thermodynamics,  by  a  vast  amount  of  study  and  experi- 
mental research,  have  made  their  subject  of  real  value  to  prac- 
tically every  branch  of  industry. 

Within  the  past  few  years  a  number  of  excellent  works  on 
thermodynamics  have  appeared,  but  most  of  these  have  paid 
particular  attention  to  the  problems  related  to  power  machinery 
and  have  given  but  scant  attention  to  other  phases  of  the  sub- 
ject. The  author  of  the  book,  however,  has  seen  the  need  of 
a  clear  presentation  of  that  portion  of  thermodynamics  which 
applies  particularly  to  the  requirements  of  students  of  physical 
chemistry  and  chemical  engineers  and  he  has  'endeavored  to 
fulfill  that  need  in  this  volume. 

In  support  of  the  thermodynamic  treatment  of  the  subject 
matter  the  author  says:  "Thermodynamics  deal  with  the 
various  conditions  under  which  heat  energy  is  rendered  avail- 
able in  physical  and  chemical  systems.  Energy  changes  are  ac- 
companied by  definite  changes  in  the  variables  defining  the 
state  of  the  system  and  the  relation  established  between  the 
quantities  of  energy  leads  to  a  relation  between  the  properties 
of  the  system.  No  detailed  knowledge  of  the  exact  way  in  which 
the  energy  changes  occur  in  the  system  is  required,  and  the 
methods  of  thermodynamics,  as  contrasted  with  those  of  the 
molecular  theory,  have  the  peculiarity  that  by  their  aid  we 
can  push  forward  the  investigation  of  quantitative  relations 
without  waiting  for  more  intimate  knowledge  of  the  structure 
of  the  system  investigated.  On  the  one  hand  this  is  a  great 
gain,  but  on  the  other  hand  it  is  also  a  decided  loss,  since  no 
information  may  be  obtained  about  that  structure  by  means 
of  thermodynamics  alone. 

"For  the  purpose  of  interpretation,  various  hypotheses  have 
been  built  up  around  the  results  which  have  been  derived  from 
the  two  laws  of  thermodynamics.  It  must  not  be  forgotten, 
however,  that  the  deductions  of  thermodynamics  would  stand 
quite  firm  if  the  whole  hypothetical  system  collapsed  about  them." 

The  first  portion  of  this  volume  is  devoted  to  a  clear  exposi- 
tion of  the  fundamental  principles  and  the  first  two  laws  of 
thermodynamics  which  serve  as  a  firm  basis  upon  which  to  build 
the  main  subject  matter  of  the  book.  This  introductory  por- 
tion is  followed  by  a  detailed  consideration  of  fluids,  ideal  and 
permanent  gases,  changes  of  physical  state,  gas  mixtures,  dilute 
solutions,  general  theory  of  mixtures  and  solutions,  capillarity 
and  adsorption,  electro-chemistry  and  kinetic  theories  in  thermo- 
dynamics. The  treatment  of  each  subject  considered  con- 
sists of  a  brief  but  plain  explanation  of  the  theory  involved 
coupled  with  a  derivation  of  the  mathematical  relations  between 
the  governing  factors.  The  sections  devoted  to  mixtures  and 
solutions  are  particularly  valuable. 

From  one  point  of  view  it  is  to  be  regretted  that  the  author 
has  not  included  in  the  text  more  concrete  examples  which  would 
serve  to  illustrate  the  application  of  the  thermodynamic  equa- 
tions, but  such  omissions  were  doubtless  made  for  the  sake  of 
brevity  and  possibly  with  the  thought  in  mind  that  the  instruc- 
tor using  this  book  as  a  text  would  be  better  able  to  judge  the 
type  of  example  best  suited  to  any  particular  class  of  students. 
Used  in  connection  with  a  lecture  or  laboratory  course,  this 
volume  should  prove  a  most  valuable  text,  and  while  the  author 
addresses  it  particularly  to  chemists  there  is  much  of  the  sub- 
ject matter  which  should  be  taught  to  students  of  other  branches 
of  engineering. 

Harry  L.  Parr 

Industrial  Organic  Analysis.  For  the  Use  of  Technical  and  Ana- 
lytical Chemists  and  Students.  By  Paul  S.  Arup,  B.Sc, 
A.C.G.I.,  with  a  foreword  by  J,  C.  Irvine,  D.Sc,  Ph.D. 
Published  by  P.  Blakiston's  Son  &  Co.,  Philadelphia.  340 
pp.     Price,  $2.00. 

This  little  book  is  divided  into  eight  chapters:  Chaper  I, 
Coal  and  Coke;  Chapter  II,  Coal  Tar  and  Its  Distillation  Prod- 
ucts; Chapter  III,  The  Fatty  Oils  and  Fats;  Chapter  IV,  Soap; 


Chapter  V,  Petroleum  and  Its  Distillation  Products  and  Lubri- 
cating Oils;  Chapter  VI,  Milk  and  Butter;  Chapter  VII,  Starch 
and  Its  Decomposition  Products,  Flour,  Barley  and  Malt;  Chapter 
VIII,  Preservatives  and  Artificial  Coloring  Matters  in  Foods. 

In  the  preface  the  author  says  that  he  wrote  this  volume 
"for  the  use  of  students  who,  having  received  a  thorough  train- 
ing in  theoretical  and  practical  chemistry,  may  desire  to  gain 
some  insight  into  the  methods  and  principles  of  industrial  organic 
analysis,  and  as  a  work  of  reference  for  chemists  engaged  in 
technical  or  analytical  work."  He  has  succeeded  in  providing 
such  an  insight  into  methods  of  organic  analysis  as  would  be  use- 
ful only  for  the  man  who  follows  industrial  chemistry  as  a  trade ; 
it  would  hardly  satisfy  the  advanced  student  or  worker  who  is 
engaged  in  chemistry  as  a  profession. 

While  the  methods  given  are  in  general  well  described,  the 
error  of  giving  only  one  method  in  nearly  all  cases  has  been  com- 
mitted. There  is  no  discussion  of  the  merits  of  different  methods 
of  analyses,  for  example,  in  the  chapter  on  the  fatty  oils  nothing 
is  said  about  the  Hanus  method  for  the  determination  of  iodine 
absorption,  the  Hiibl  method  is  just  mentioned  and  the  Wijs 
method  only  is  described.  For  the  determination  of  reduced 
sugars  by  the  Fehling  method  the  modification  of  Brown,  Morris 
and  Millar  is  given  with  no  mention  of  the  other  well  known 
standard  procedures.  Such  omissions,  apart  from  the  lack  of 
variety  of  methods,  render  the  book  unsatisfactory  as  a  text 
for  American  students. 

The  arrangement  of  the  subject  matter  is  rather  peculiar. 
There  are  no  chapters  on  Sugars  or  on  Alcohols.  One  may, 
however,  find  a  method  for  determining  sucrose  in  the  Soap 
chapter,  a  method  for  lactose  in  the  subchapters  on  Condensed 
Milk,  and  a  method  for  dextrose  and  maltose  in  the  Starch  chap- 
ter. There  is  no  general  description  of  the  procedures  to  be 
used  in  the  analysis  of  sugar  mixtures.  The  specific  gravity 
method  for  ethyl  alcohol  is  described  as  a  step  in  the  process 
for  determining  starch  by  fermentation. 

While  there  is  a  good  list  of  reference  books  at  the  end  of  each 
chapter,  the  author  repeatedly  fails  to  supply  journal  references 
for  most  of  the  methods  which  he  describes  under  the  originators' 
names. 

On  account  of  the  unique  style  this  book  can  be  recommended 
as  a  useful  addition  to  the  short  works  on  organic  analysis  for 
those  practising  chemists  who  do  not  possess  the  more  expen- 
sive reference  treatises. 

A.  W.  Thomas 

Die  Industrie  der  Cyanverbindungen,   ihre   Entwickelung   und 
ihre  gegenwaertiger  Stand    (The  Industry  of  the  Cyanogen 
Compounds,   Its  Development   and    Its   Present   ConditionJ. 
By    HippoLYT    KoBHLER.     xiv  -f  200    pp.     30    ill.     Crown 
8vo.     Friedrich   Vieweg   &   Sohn,    Brunswick,    1914.     Price: 
Unbound,  $2.00;  bound,  $2. 25.     Constituting  part  8  of  Bug- 
ler's "Neues  Handbuch  der  chemischen  Technologic." 
This  book  is  divided  into  three  main  sections,  viz.:     I.  Scien- 
tific Part,   on  the  chemistry  of  cyanogen  and  cyanogen  com- 
pounds.    II.    Technical    Part,    dealing    with    the    manufacture 
from  animal  matter,  atmospheric  air,  and  from  sulfocyanogen 
and    ferrocyanogen    compounds.     Part    III.    Anal>'tical    Part, 
treating  of  the  analysis  of  the  cyanogen  compounds,  the  raw 
materials,  gas-works  liquors,  and  the  resulting  products. 

The  introduction  of  six  pages  of  historical  interest  contains 
copious  references  to  the  literature.  A  supplement  of  four  pages 
of  references  to  recent  journal  articles.  The  book  closes  with  11 
pages  of  most  excellent  author  and  subject  indexes. 

The  illustrations  are  good  and  well  selected.  Throughout 
the  book  there  are  a  large  number  of  references  from  the  liter- 
ature including  patents.  The  typography  is  of  the  usual  ex- 
cellence which  has  come  to  be  expected  in  all  books  published 
by  Vieweg. 

D.  D.  BbrolzheimER 
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The  Chemistry  of  Cattle  Feeding  and  Dairying.     By  J.  Alan 
Murray,  B.Sc.  (Edin.),  Lecturer  in  Agricultural  Chemistry 
at    the    University    College,     Reading.     8vo.     343    pp.     27 
illustrations.     Longmans,    Green     &   Co.      Price,    $1.75    net. 
The  scope  of  the  present  work  is  indicated  by  its  four  main 
subdivisions.     Part    I,    Constituents    of    Plants    and    Animals, 
gives  a  brief  presentation  of  the  chemistry  of   carbohydrates, 
fats,   and   nitrogenous  compounds.     Part   II,   Requirements  of 
Animals,  treats  of  the  fundamental  problems  of  animal  nutri- 
tion with  reference  to  the  various  needs  of  maintenance,  work, 
milk  production,  etc.     Part  III,  Feeding  Stuffs,  discusses  the 
composition  of  different  fodders  and  feeding  stuffs  and  the  com- 
pounding of  rations.     Part  IV,    Dairying,   considers  the   com- 
position and  chemistry  of  milk  and  milk  products. 

Probably  no  writer  is  more  hampered  by  the  restrictions  of 
local  or  national  usage  than  the  author  of  a  work  upon  cattle 
feeding.  He  is  obliged  by  necessity  to  consider  the  needs  of 
a  limited  public  and  his  practical  discussions,  to  be  intelligible, 
must  be  governed  by  national  custom.  For  this  reason  books 
upon  cattle  feeding  suffer  by  translation;  in  order  to  reach  a 
new  public  they  must  either  be  re-edited  or  re-written.  The 
present  work  offers  many  illustrations  of  this.  In  discussing, 
for  example,  the  economics  of  cattle  feeding,  the  author  must 
express  all  monetary  values  in  pounds,  shillings  and  pence, 
in  order  to  be  understood  by  his  British  readers.  A  very  large 
number  of  cattle  feeders  are  accustomed,  however,  to  think  in 


dollars  and  cents,  so  that  for  this  part  of  the  English-speaking 
world  the  book  loses  greatly  in  practical  value.  In  the  same 
way  when  the  author  (p.  284)  states  that  peat  is  the  absorbent 
most  commonly  used  in  making  molasses  feeds  and  that  such 
feeds  should  be  valued  solely  for  the  amount  of  sugar  they  con- 
tain, he  is  evidently  considering  only  local  British  conditions, 
for  both  statements  are  untrue  as  regards  the  molasses  feeds 
sold  in  America. 

Although  the  author  professes  to  derive  a  part  of  his  data 
from  American  experiments,  his  book  gives  one  a  very  inade- 
quate idea  of  the  latest  results  of  American  research  in  the  feed- 
ing of  farm  animals.  A  few.  pages  might  well  have  been  de- 
voted to  the  important  investigations  of  Armsby  and  Fries 
at  the  Institute  of  Animal  Nutrition  of  the  Pennsylvania  State 
College. 

But  notwithstanding  that  the  work  will  have  its  chief  value 
as  a  text-book  and  practical  treatise  for  the  British  public, 
American  students  of  cattle-feeding  will  find  it  a  useful  work 
of  reference.  The  attempt  of  the  author  to  break  away  from 
the  tyranny  of  old  rules  is  certainly  to  be  commended  and  the 
novel  presentation  which  he  gives  to  several  phases  of  his  sub- 
ject has  many  points  of  interest. 

The  typography  and  general  make-up  of  the  book  are  excel- 
lent.    A  good  index  is  provided,  but  a  bibliography  is  lacking. 

C.  A.  Browne 
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Chemical  Industry.      Vol.  33,    1914,  No.   12,  pp.  619-626. 

Research  Work  in  the  Laboratory  and  Mill.  By  Warren  P.  Blbbkbr. 
Metallurgical  and  Chemical  Engineering.  Vol.  12,  1914,  No.  8.  pp.  515-523. 

Steam  Distribution,  Increased  Efficiency  in.  By  John  W.  Bkass- 
i.n>;T(,n       Paper.   Vol     14,    1914.  No,    18,  pp.   15-17. 

Steel,  Carbon,  Heat  Treatment  of.  By  Hugh  P.  Tibhann.  Chemical 
Engineer.   Vol,    2(1,    1914,    No,    1,   pp.    18-25. 

Steels,  Carbon,  Relations  between  the  Solidity  and  the  Structural 
and  Chemical  Composition  of.  By  W.  Mueller.  DingUr's  Poly- 
technisches  Journal.  Vol  329.    1914,  No.  28,  pp.  437-440. 

Sugars,  the  Valuation  of  Raw.  By  F.  G.  Wiechmann.  Sugar.  Vol  16, 
1914.   No.  8,  pp.   27-31, 

Sulfur  Production  from  Ores  in  Europe.  O,  Urbasch.  Chemiker 
Zeitung.  Vol.  38.    1914.   No.   84,   p.  899, 

Sulfuric  Acid,  The  Detection  of  Very  Small  Amounts  of  Selenious 
Acid  in.  By  Ernst  Schmidt.  Archiv.  dcr  Pharmazie.  Vol  252,  1914, 
No.  3.  pp,   161-165. 

Textil  Manufacturing,  Oils  and  Soaps  Used  in.  By  Herbert  Car- 
ter.     Canadian  Textil  Journal.  Vol  31.   1914.  No,  7.  pp.   191-193. 

Tungsten,  Studies  on  the  Analytical  Examination  of.  By  Hans 
Arnold.  Zeitschrift  fuer  anorgannche  Chemie.  Vol.  88,  1914,  No.  1.  pp. 
74-87. 

Water  Analysis:  Two  Reliable  Methods  for  the  Colorimetric  Deter- 
mination of  Lead  and  Copper  in  Drinking  Water.  By  C.  Reese 
AND  J.  Drost.  Zeitschrift  fuer  angewandie  Chemie,  Vol.  27/1,  1914,  No. 
42,  pp.  307-312. 

Water,  Feed-,  Treatment.  By  Edward  H.  Robie.  Practical  Engineer, 
Vol.   18.   1914,  No.   12,  pp,  633   634, 

Water  Purification  by  Means  of  Magnesia.  By  Bohlig  and  Roth. 
Chemiker  Zeitung.  Vol.  38,   1914.  No.  81,  pp.  859-860. 

Zinc,  Losses  of,  in  Mining,  Milling  and  Smelting.  By  Oorsey  A.. 
Lyon  and  Samuel  S.  Arentz.  Bulletin  of  the  American  Institute  of 
Mining  Engineers,   1914,  No.  91,  pp.   1411-1423. 

Zinc,  Metallic  Liquid,  Continuous  Production  of,  in  the  Shaft  Fur- 
nace. By  A.  RzcHULKA.  Chemiker  Zeitung,  Vol.  38,  1914,  No.  84 
pp,      895-897. 


RLCLNT  INVLNTION5 


By  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGUI  Building,  Washington,  D.  C. 


Waterproof  Concrete.  R.  K.  Meade,  AprU  14,  1914.  U.  S. 
Pat.  1,092,933.  A  powdered  filler,  the  particles  of  which  are 
coated  with  a  very  thin  film  of  mineral  oil,  is  mixed  with  the 
concrete  to  render  it  waterproof. 

Purifying  Aluminum  and  Its  Alloys.  G.  Mellen,  April  14, 
1914.  U.  S.  Pat.  1,092,936.  The  aluminum  or  alloy  is  melted 
and  sulfur  vapors  are  bubbled  through  it. 

Rubber  from  Hydrocarbons.  R.  B.  Earle,  April  21,  1914. 
U.  S.  Pat.  1,093,923.  Isoprene  is  saturated  with  dry  ammonia 
gas  and  subjected  to  heat  and  pressure. 

Varnish  Composition  for  Cement  Floors.  S.  Cabot,  April  21, 
1914.  U.  S.  Pat.  1,094,118.  This  is  a  flexible  coating  composi- 
tion comprising  a  mixture  of  wood  fiber  varnish,  and  zinc  oxid, 
the  fiber  being  arranged  to  permit  the  passage  of  moisture  by 
capillary  action. 

Production  of  Ammonia.  Bosch,  Mittasch  and  Wolf,  April 
21,  1914.  U.  S.  Pat.  1,094,194.  A  mixture  of  nitrogen  and 
hydrogen  free  from  contact  poison  is  passed  over  an  active 
catalyst  containing  cobalt  and  alumina. 

Printing  Ink.     M.  Wolff,  April  21,  1914.     U.  S.  Pat,  1,094,288. 

The  ink  contains  peat,  an  alkaline  silicate,  a  pigment,  oily  mat- 
ter derived  from  petroleum  and  resin  oil. 

Purifying  Water  from  Germs  by  Means  of  Bromin.  M. 
Riegel,  April  28,  1914.  U.  S.  Pat.  1,094,475.  1"  the  water  is 
simultaneously  added  hydrochloric  acid  and  a  solution  of  bromin 
in  potassium  liromid.     The  free  acid  and  the  free  bromin  arc 


then  removed  from  the  water  by  adding  a  predetermined  quan- 
tity of  a  mixture  of  sodium  sulfate  and  sodium  carbonate. 

Removing  Tin  from  Phosphate  Liquors  Used  in  Weighting 
Silk.  E.  MeUi,  AprU  28,  1914.  U.  S.  Pat.  1,094,671.  This  is 
a  process  for  the  regeneration  of  used  phosphate  baths  em- 
ployed in  the  weighting  of  silk  and  consists  in  precipitating  the 
tin  and  other  metallic  impurities  in  the  bath  by  means  of  silicic 
acid. 

Fiune-Destroying  Process.  S.  W.  Young,  April  28,  1914. 
U.  S.  Pat.  1,094,767.  Sulfurous  fumes  are  treated  to  remove 
the  sulfur  dioxid  and  to  produce  free  sulfur.  The  fumes  are 
passed  through  a  heated  space,  mixed  with  highly  heated  car- 
bonaceous material  in  the  presence  of  lime  and  cooled  to  a  tem- 
perature at  which  the  sulfur  formed  will  not  combine  with  oxy- 
gen. 

Non-inflammable  Varnish  Composition.  J.  W.  Aylsworth, 
April  28,  1914.  U.  S.  Pat.  1,094,830.  The  composition  com- 
prises approximately  equal  parts  of  a  phenol  resin  and  acetyl 
cellulose  dissolved  in  ten  times  its  weight  of  acetylene  tetra- 
chlorid. 

Producing  Available  Phosphoric  Acid.  W.  S.  Landis,  April 
28,  1914.  U.  S.  Pat.  1,094,857.  Finely  divided  phosphate 
rock  is  mixed  with  sodium  sulfate  and  the  mixture  treated  with 
water.  The  mixture  is  then  dried  so  quickly  as  to  prevent  the 
sodium  sulfate  from  crystallizing  to  an  appreciable  extent,  and 
the  dried  mixture  is  then  calcined. 

Varied  Colorations  and  Black  Shades  on  Metals.  F.  A. 
Roux,    May  5,  1914.     U.  S.  Pat.  1,095,357.     The  metal  to  be 
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treated  is  immersed  in  an  electrolytic  bath  compound  of  ammo- 
nium molybdate  and  a  current  is  passed  between  the  metal  as 
a  cathode  and  an  inert  anode. 

Isoprene.  A.  Heinemann,  May  20,  1914.  U.  S.  Pat.  1,095,395. 
Isoprene  is  produced  by  passing  the  vapors  of  turpentine  oil 
over  heated  copper. 

Purifying  Alcohol  Manufactured  by  Distilling  Fermented 
Sulfite  Liquor.  G.  Ekstrom,  May  5,  1914.  U.  S.  Pat.  1,095,830. 
Fermented  sulfite  liquor  contains  besides  alcohol  small  quanti- 
ties of  more  or  less  volatile  compounds,  such  as  sulfurous  acid, 
aldehydes  and  ketones  which  follow  the  alcohol  during  the  dis- 
tillation process  and  make  the  final  product  impure  and  which 
also  partly  affect  the  material  of  the  distilling  apparatus. 

The  process  consists  in  treating  the  alcohol  with  bases  during 
the  distillation  of  the  sulfite  liquor  itself,  while  the  alcohol  and 
the  impurities  accompanying  the  same  are  in  fortn  of  steam  or 
vapor.  The  base,  for  instance,  carbonate 
of  sodium,  is  introduced  directly  into  the 
distilling  apparatus,  or  one  may  provide 
a  separate  piurifying  apparatus  charged 
with  the  basic  purifying  agent,  through 
which  the  weak  alcohol  vapor  distilled 
from  the  sulfite  liquor  is  led,  before  it  is 
led  through  the  other  parts  of  the  ap- 
paratus to  be  concentrated  and  con- 
densed. 

In  the  use  of  the  apparatus  illustrated 
the  liquor  to  be  distilled  is  admitted  con- 
tinuously through  the  pipe  5  and  flows 
successively  downward  through  the  ap- 
paratus and  escapes  through  the  pipe 
6.  On  its  way  through  the  apparatus 
I,  the  liquor  meets  steam  supplied 
through  the  pipe  9,  by  which  the  alcohol 
together  with  some  impurities,  such  as 
sulfurous  acid,  and  aldehyde  compounds 
are  driven  off  as  vapor.  These  vapors  pass  upward  through 
the  column.  Dtuing  the  passage  of  these  vapors  through 
that  portion  of  the  column  which  is  charged  with  a  basic 
agent  and  which  is  situated  between  the  supply  pipe  7  and 
the  liquor  supply  pipe  5,  the  sulfurous  acid  accompanying 
the  alcohol  vapors  is  bound  by  the  basic  agent,  while  other  vapors, 
such  as  aldehyde-sulfurous-acid  or  acetaldehyde-sulfurous-acid, 
are  decomposed  so  that  the  free  aldehyde  and  sulfurous  acid 
are  formed.  The  aldehyde  accompanies  the  alcohol  vapors  and 
may  be  separated  from  the  gases  remaining  after  the  condensation 
of  the  concentrated  alcohol,  while  the  sulfurous  acid  will  be 
bound  to  the  sodium. 

When  the  alcohol  vapors  in  this  manner  have  been  freed  from 
injurious  impurities  the  concentration  and  condensation  are 
accomplished  in  the  usual  manner  in  the  other  parts  of  the  plant. 

Electric    Furnace.     A.    Scott    Hansen, 
May    12,    1914.     U.    S.    Pat.    1,096,321. 

This  is  a  furnace  with  magnetically  spread 
disk  shaped  flames  having  passages  for 
blowing  currents  of  air  or  gas  from  the 
sides  of  the  furnace  toward  the  flame  disk 
into  the  furnace  chamber,  the  passages 
being  so  directed  that  the  currents,  con- 
sidered as  a  whole,  will  assume  the  form  of 
truncated  cones  having  a  common  base  in 
the  plane  of  the  flame  disk. 

Antimony  Oxid.     A.  L.  Stark,  May  12, 
1914.     U.   S.   Pat.    1,096,468.     Powdered 
antimony  sulfid  is  ignited  while  in  a  state 
of  suspension,  thereby  producing  a  mixture  of  antimony  oxid 
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and  sulfur  dioxid.  Such  oxids  are  cooled  immediately  after 
they  are  formed,  so  as  to  prevent  the  formation  of  antimonic 
oxid  and  the  antimony  oxid  is  then  separated  from  the  other 
products  of  combustion. 

Acetaldehyde.  Erich  Baum  and  Martin  Mugdan,  May  12, 
1914.  U.  S.  Pat.  1,096,667.  Acetaldehyde  is  produced  by 
causing  acetylene  to  react  with  a  solution  of  sulfuric  acid  con- 
taining mercury  sulfate  as  catalyst  at  a  temperature  at  which  the 
acetaldehyde  distils  from  the  solution  and  at  a  concentration 
of  acid  of  not  higher  than  6  per  cent. 

Gas  Process  and  Product.  W.  O. 
Snelling,  May  12,  1914.  U.  S.  Pat. 
1,096,797.  Acetylene  is  dissolved  under 
pressure  in  a  liquefied  natural  gas  com- 
prising one  or  more  paraffin  hydrocarbons 
held  under  pressure  in  liquid  form,  whereby 
the  solvent  escapes  with  the  acetylene  and 
is  combustible  therewith. 

White  Lead.  A.  S.  Ramage,  May  26, 
1914.  U.  S.  Pat.  1,097,672.  Basic  car- 
bonate of  lead  is  prepared  from  lead  sul- 
fate by  reacting  upon   it   with   an    alkali 

carbonate  in  less  proportion  than  is  required  for  the  conversion 
of  all  of  the  sulfate  into  carbonate.  The  product  is  then  treated 
with  an  alkali  hydroxid. 

Lead  Salts  of  Acetic  Acid.  F.  J.  Kalkow,  May  19,  1914. 
U.  S.  Pat.  1,097,099.  In  this  process  lead  salts  of  ^acetic  acid 
are  manufactured  from  lead  using  air  as  an  oxidant  and  either 
acetic  acid  or  an  aqueous  solution  of 
normal  lead  acetate  as  solvent. 

In  the  practice  of  the  process  a  mass 
of  lead,  2,  is  supported  on  a  grate,  3. 
The  solvent  4  is  on  the  bottom  of  the 
vessel  and  the  surface  of  the  liquid  is 
just  below  the  grating  3,  although  the 
level  of  the  liquid  may  vary  within 
certain  limits.  Through  pipe  5  air 
under  pressure  is  admitted  into  the 
liquid  and  in  rising  carries  liquid  with 
it  into  the  mass  of  lead  which  it  sprinkles 
as  it  flows  back  to  the  bottom  of  the 
vessel.  The  compressed  air  leaves  the 
vessel  through  a  pipe  provided  with  a 
safety  valve,  6.  The  liquid  may  be 
withdrawn  through  the  pipe  7.  It  is  preferable  to  empty  the 
vessel  of  liquid  by  admitting  compressed  air  through  a  pipe,  8. 

Hydrogenated  Oil.  C.  Ellis,  May  19,  1914.  U.  S.  Pat. 
1,097,308.  This  composition  consists  of  catalytically-hardened 
edible  cottonseed  oil  of  lard-like  consistency,  free  from  dissolved 
metal  catalyst. 

Sugar.     A.  L.  Mathews,  May  26,  1914.     U.  S.  Pat.  1,097,724. 

Sugar  juices  containing  relatively  large  amounts  of  glucose  are 
purified  by  making  them  alkaline  with  lime  while  maintaining 
them  at  a  temperature  not  above  50°  C.  The  solution  is  then 
brought  to  a  neutral  condition  and  heated  to  a  higher  tempera- 
ture to  remove  impurities  precipitated  by  heat. 

Cleaning  Metal  Surfaces.  C.  H.  Thompson,  May  26,  1914. 
U.  S.  Pat.  1,098,338.  This  process  involves  the  employment  of 
a  bath  of  any  suitable  chlorid,  sulfate  or  nitrate  solution,  passing 
an  alternating  current  through  this  bath,  separating  the  elec- 
trodes from  the  articles  to  be  treated  by  perforated  or  porous 
partitions,  and  placing  the  articles  in  the  bath  without  any 
metallic  connection  with  the  electrodes. 


MARKET  REPORT 

AVERAGE    WHOLESALE   PRICES   OF   STANDARD    CHEMICALS,    ETC.,    FOR   THE    MONTH    OF   AUGUST,    1914 


ORGANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcohol,  denatured  ( 1 80  proof) Gal. 

Alcohol,  grain  (188  proof) Gal 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate Gal. 


Anilii 


:  Oil. 


Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 

Alum  (lump) C. 

Aluminum  Sulfate  (high-grade) C. 

Ammonium  Carbonate,  domestic Lb. 

Ammonium  Chloride,  gray Lb. 

Aqua  Ammonia  (drums)  16° Lb. 

Arsenic,  white Lb. 

Barium  Chloride Lb. 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol C. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Ton 

Bromine,  bulk Lb. 

Calcium  Chloride,  fused C. 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth,  powdered.  Foreign Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite  "Calcined" Ton 

Nitric  Acid,  36° Lb. 

Phosphoric  Acid  (sp.  gr.  1.75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate,  50° Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined),  80  @  85% C. 

Potassium  Chlorate,  crystals Lb. 

Potassium  Cyanide  (bulk),  98-99% Lb. 

Potassium  Hydroxide C. 

Potassium  Iodide  (bulk) Lb. 

Potassium  Nitrate  (crude) Lb. 

Potassium  Permanganate  (bulk) Lb. 

Quicksilver.  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glass  makers') '. .  C. 
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Silver  Nitrate Oi. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide,  60  per  cent C 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent,  spot C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur,  Roll C. 

Sulfuric  Acid,  60°  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate C. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o   b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude,  120  &. 122  m.  p.) Lb. 

Parafiine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) Gal. 

Shellac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil,  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  I  ingots) Lb. 

Antimony  (Hallet's) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) C. 

Copper  (lake) C. 

Lead,  N.  Y C. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin C. 
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FERTILIZER  MATERIALS 

Ammonium  Sulfate C.  3 .  25 

Blood,  dried Unit  3.35 

Bone,  4'A  and  50.  ground,  raw Ton    27.50 

Calcium  Cyanamid Unit  of  Ammonia  2 . 1 7Vi 

Calcium  Nitrate  (Norwegian) C.  — 

Castor  meal Unit         — 

Fish  Scrap,  domestic,  dried Unit  3 .  40 

Phosphate,  acid,  1 6  per  cent  bulk Ton  7  .  50 

Phosphate  rock;  f.  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton  2 .  25 

Tennessee,  70-80  per  cent Ton  5.00 

Potassium,  "mvriate."  basis  80  per  cent Ton  — 

Pyrites,  furnace  size,  imported Unit         15 

Tankage,  high-grade Unit      3  .  25 
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EDITORIALS 


ON  OUR  OPPORTUNITIES 

While  the  eyes  of  the  world  are  turned  upon  the 
military  activities  of  Europe,  business  strategists  in 
the  United  States  will  not  fail  to  recognize  the  tempting 
opportunities  offered  for  making  ourselves  more  in- 
dependent of  foreign  supplies. 

It  must  not  be  assumed,  however,  that  the  gaps  left 
in  our  stocks  can  be  filled  by  a  simple  twist  of  the 
wrist.  We  have  received  hundreds  of  inquiries  as  to 
where  this  or  that  chemical  may  be  purchased,  who 
can  design  and  erect  a  plant  for  producing  some  par- 
ticular product,  what  concern  makes  the  machinery 
for  some  difficult  process  of  manufacture,  etc.  Many 
of  these  letters  indicate  a  distressing  lack  of  knowledge 
of  the  problems  involved  or  of  the  magnitude  of  the 
undertakings.  Many  seem  to  lose  sight  of  the  compli- 
cated interlocking  of  processes  and  products  in  the 
development  of  manufacture  and  other  equally  im- 
portant considerations.  Unless  extremely  well  ad- 
vised many  of  the  proposed  ventures  will  result  in 
failures. 

A  great  responsibility  is  now  being  placed  upon  our 
profession  by  the  sudden  cessation  of  the  importation 
of  chemical  supplies.  Chemists  and  chemical  engineers 
have  never  been  confronted  with  greater  responsi- 
bilities nor  greater  opportunities.  Their  resourceful- 
ness will  be  taxed  to  its  limit  to  prevent  serious  inter- 
ruption of  some  of  our  industrial  processes,  and  on  the 
other  hand,  the  soundest  sort  of  judgment  will  be 
required  to  avoid  the  pitfalls  of  new  manufacturing 
ventures. 

Making  goods  is  only  one  phase  of  successful  manu- 
facture. The  war  in  Europe  will  soon  be  over  and  the 
impoverished  European  manufacturer  will  then  com- 
pete with  even  greater  severity  than  in  the  past.  The 
fickle  buyer  will  lose  his  fondness  for  the  American 
manufacturer  who  tides  him  over  this  crisis,  just  as 
the  public  lose  their  interest  in  our  soldiers  and  sailors 
in  time  of  peace.  Colleges  and  laboratories  will  rush 
abroad  with  their  orders  for  glassware  and  chemicals 
as  they  have  in  the  past,  as  soon  as  normal  conditions 
are  restored.  These  and  many  other  factors  are  to 
be  considered  in  connection  with  the  wholesale  advice 
that  now  is  the  time  to  build  great  American  chemical 
industries.  The  ability  to  build  the  plants,  develop 
the  processes  and  make  the  products  undoubtedly 
rests  with  the  American  chemists.  The  investor, 
however,  must  be  advised  of  the  shoals  ahead  for  the 
other  phases  of  his  enterprise.  Public  good-will  is 
needed  to  sustain  the  efforts  and  share  the  risks  of  the 
pioneer.  A  constructive  governmental  policy  wisely 
administered  to  conserve  these  industrial  develop- 
ments is  essential  and  it  is  hoped  that  our  government 
will  meet  its  obligation  and  foster  these  opportunities. 
The  great  advantages  of  interlocking  processes  and 
products  in  the  large  foreign  manufacturing  plants 
of  Europe  can  be  attained  in  America  only  by  the  active 
cooperation  of  our  manufacturers. 


That  great  opportunities  for  development  and  ex- 
pansion have  been  forced  upon  us  by  the  European 
crisis  is  recognized  by  all.  The  success  with  which 
we  utilize  these  advantages  will  depend  not  alone 
upon  our  technical  skill  and  judgment  but  upon  the 
cooperation  of  manufacturing,  consuming  and  govern- 
mental interests  with  a  view  to  stabilizing  the  new 
enterprises  during  their  delicate  and  expensive  develop- 
mental stages. 


RESIGNATION  OF  A    M.  PATTERSON,  EDITOR  OF 
CHEMICAL  ABSTRACTS 

It  is  with  very  great  regret  that  we  have  to  an- 
nounce the  retirement  of  Dr.  Patterson  from  the  editor- 
ship of  Chemical  Abstracts,  because  he  has  been  com- 
pelled, for  a  time,  to  give  up  all  confining  work.  Dr. 
Patterson  first  joined  the  staff  of  Chemical  Abstracts 
as  Associate  Editor  in  the  fall  of  1908.  He  brought 
to  Abstracts  a  fund  of  experience  gained  during 
several  years  of  work  as  a  scientific  editor,  and  a  spirit 
of  devotion  to  the  interests  of  our  Society  which  have 
been  invaluable.  He  soon  took  almost  complete 
charge  of  the  details  of  management,  and  a  year  later 
the  headquarters  were  moved  from  Urbana,  Illinois, 
to  Columbus,  Ohio.  Shortly  afterwards  he  was  chosen 
Editor-in-chief.  During  the  four  years  that  followed 
he  so  developed  and  perfected  the  organization  that, 
in  spite  of  the  limited  means  at  its  disposal.  Chemical 
Abstracts  now  gives  a  much  more  complete  record 
of  the  world's  chemical  literature  than  all  other  ab- 
stract journals  combined.  This  has  been  accom- 
plished, on  the  one  hand,  by  the  systematic  arrange- 
ments which  have  been  made  to  discover  all  sources 
of  publication  of  original  chemical  articles  in  the  world, 
and  on  the  other  by  securing  a  hearty  spirit  of  co- 
operation and  loyalty  on  the  part  of  assistant  editors 
and  abstractors. 

During  all  of  this  time,  with  a  very  limited  staff 
in  his  office  and  under  the  necessity  for  the  most  rigid 
economy  in  the  conduct  of  Abstracts,  Dr.  Patterson 
performed  an  amount  of  routine  work  in  the  prepara- 
tion and  arrangement  of  manuscripts  for  the  printer 
and  in  the  reading  of  proof  which  would  have  seemed 
impossible  to  a  less  faithful  and  conscientious  editor. 
He  also  made  a  careful  study  of  questions  of  orthog- 
raphy and  nomenclature  for  chemical  terms,  which 
has  made  Chemical  Abstracts  the  best  authority  we 
have  in  this  field. 

Somewhat  more  than  two  3'ears  ago  he  assumed 
other  duties  which  made  it  necessary  for  him  to  drop 
a  large  portion  of  the  work  which  he  had  been  doing, 
and  since  then  the  First  Associate  Editor,  Mr.  J.  J. 
Miller,  has  taken  up  the  details  of  management  and 
has  now  come  into  full  executive  control  as  Editor. 
Mr.  Miller  has  been  connected  with  Chemical  Ab- 
stracts for  five  years,  and  we  are  extremely  fortunate 
in  having  such  an  able  successor  to  Dr.  Patterson 
readv  to  assume  the  editorial  chair. 
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ORIGINAL  PAPERS 


SETTING  OF  CEMENT 

By  H.  K.  Benson,  C.  A.  Newhall  and  Bailey  Tkemper 
Received  July  7,    1914 


THE  INFLUENCE  OF  ORGANIC  ADMIXTURES   ON  THE      that  the  presence  of  organic  matter  and  of  clay  or  loam 

had  little  or  no  effect  on  the  tensile  strength  of  the 
mortar  and  in  one  instance, '  the  claim  is  made  that 
„       .^     ^.  .         ,  ,  washing  out  loam  from  the  sand  decreased  the  tensile 

Specifications  governing  the  use  of  sand  in  concrete      strength.     The  results  obtained  by  Benson  and   Her- 
quite  generally  prescribe  it   to   be   clean,  although   nu-      ^ick,^    on    mortar    bricks    made    under    hydraulic    and 
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merous  instances  of  the  use  of  sand  containing  clay  or 
silt  without  injury  to  the  resulting  concrete  have  been 
cited.      Hain,i  Greisenauer,^  and  C.  E.  Sherman'  show 


I  Eng.  News.  63  (1905),  127. 
Ubid..  61  (1904),  413. 
'Ibid.,  49  (1903),  443. 
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Steam  pressure  from  fine  earth  and  cement  also  con- 
firm the  statements  already  cited. 

Yet  it  is  known  that  in  cases  where  a  given  cement 
used  with  a  standard  sand  gave  normal  results  as  to 

'  Eng.  News,  49  (1903),  446. 
2  This  Journal.  6  (1914).  796. 


yp6                        THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  lo 

strength  and  time  of  setting,  the  same  cement  when  accept  Richardson's  theory  that  the  initial  set  of  ce- 

used   with   a   so-called   "dirty"   sand,   was   greatly   re-  ment  is  due  to  the  decomposition  of  the  calcium  alum- 

tarded  in  time   of   setting   or   did   not   harden   at   all.  inates  with  the  accompanying  crystallization  of  calcium 

It  is  of  interest  to  know  what  foreign  constituents  in  hydroxide,  then  any  substance,   which  can  effect  the 

the  sand,  other  than  inorganic  matter,   might  be  re-  removal  of  the  calcium  ion  by  forming  an  insoluble 

sponsible  for  the  failure   of  the   cement   to  set.     Ex-  precipitate,  will  be  able  to  hasten  the  initial  set  of  the 

periments   were  accordingly   undertaken   with   organic  mortar.     The    five    substances    which    react    thus    are 

compounds  typical  of  such  classes  as  might  be  expected  tannin,    straw    infusion,    oxalic    acid,    quinoline    and 

to  be  present  in  the  soil  or  sand  deposits.  soap — all   greatly    accelerated   the   initial    set   and   all 

Schreiner  and  Reed'  state  that  the  subsoil  contains  formed  precipitates  with  cement  and  calcium  chloride, 

on  the  average  0.83  per  cent  organic  matter,  as  found  These   substances  also  exerted  the   greatest  retarding 

in  thousands  of  samples  from  all  parts  of  the  United  influence  in  the  final  set.      If  the  latter  be  represented 

States.     Prominent   among   these   organic   compounds  as  due  to  a  secondary  reaction  between  the  aluminates 

are   the   carbohydrates,   proteids   and  lecithins,   which  and  calcium  hydroxide  to  form  a  basic  aluminate,  as 

exist  in  the  living  cells  of  plants.      During  decomposi-  held  by   Le   Chatelier,   any  substance  causing  the  re- 

tion  of  the  latter,  primary  and  secondary  decomposi-  moval  of  calcium  hydroxide    will  retard  the  reaction. 

tion  products  may  result.  Table  II — Chemical  Reactions  op  Organic  Reagents  with  Cement 

AND  Calcium  Chloride 

EXPERIMENTAL  Reagents                 Cement                     Calcium  chloride 

Samoles  of  cement  were  prepared  from  the   clinker  Methyl  alcohol    Yellow  precipitate              No  action 

^                                                                      ,,-,11  Oxalic  acid              Heat  liberated                           Precipitate 

from  two  plants  (the  Olympic  brand  is  made  by  the  Precipitate 

_              -          1          ii           1                                             \  Cane  sugar              No  action                                     Xo  action 

wet     mix    and    the     Superior    by    the     dry     mix    process).  citric  acid                No  action                                     white  precipitate  when  boiled 

The  medium-sized    clinker  was  screened  out  for  use,  |'/:,^il4f-     8r"^  ^reci|;;E:t':                Sly  Predpi^ltr 

crushed  and  ground  in  a  pebble  mill  until  99.8  per  cent  ^^^^l^         ?Sent%reeipi,ate        No  aT^ion^ 

passed    the    100-mesh    sieve    and    80.0    per    cent    the    200-  Soil  extract              Brown  precipitate                    No  action 

r""^"^"                                                                                        i  Isoborneol                No  action                                     No  action 

mesh    sieve.     Four    different   samples    were    prepared,  Cumarine           No  action                        No  action 

-              ^      ,             J                      I  Asparagine              Light  precipitate                      No  action 

namely,  each  brand  straight  and  each   brand  ground  QuinoUne            Precipitate                       Precipitate 

with  2I/2  per  cent  of  gypsum.     All  samples  were  used  conclusions 

within  two  weeks  after  grinding  and  all  were  kept  in  ,      ^,                ,.          „                 ,             .          , 

.    ^.   ,  ,    , ,           £     -4.  •     „  I — The  retarding  effect  on  the  setting  of  cement 

air-tight  Mason  fruit  jars.  \  ,        ..  •■     ..    ,  .               ,          c                   a 

T          J       J.                        +!,„   „..„o^,,^ov,+   nt   00  nPirUr  Can  not  bc  attributed  to  any  class  of  compounds. 

In  order  to  carry   on  the  experiment   at  as  nearly  •'                      .    ^ ,    ,, 

J.  ^              t.           ,.  «„^o;ki=    +1,0  ^,n.r-i-  -nras  rionn  H — Ccrtam  organic  substances  form  insoluble  corn- 
constant  temperature  as  possible,  the  work  was  done  ,  .           ^                        ,     ,                    , 

,                .       ,  •  1 „+„;„Q^    +1,0    ,.r,^;ct  pounds  with  the  calcium  of  cement  and  these  retard 

in    a    concrete    basement    which    contained    trie    moibt  f 

closet,  water  and  other  materials.     Standard  methods^  the  final  set.                  .       ,    ,,                      ,             ,           , 

of   testing    were    followed.     Instead    of    following    the  Hl^In  some  cases  insoluble  compounds  were  formed 

usual   plan   of   mixing   different   cements  to  the   same  ^'^th  components  other  than  the  calcium  of  the  cement 

t,         4-1           „„+:+,,  r^(  „,o+or  nonoccar-i/  fr>r  and  these  also  cxcrtcd  a  retarding  infiucnce  but  t o  a  Icss 

consistency,  here  the  quantity  01  water  necessary  tor  » 

normal  consistency  was  used  throughout:  ^^^^^}'  ^,         .              .,             ,          ,     •          -    , 

The  percentage   of   water   required   for   A    was    26;  R -There  is  no  evidence  of  catalysis  and  the  action 

R      -•  r      fi-  n  takes  place  principally  by  disturbing  the  equilibrium. 

'The    a'ccompanying    diagrams    show    the    results    of  '■'^'"'ZZZ'TZ'::^'^:^'^'' 

tests  made  with  various  percentages  of  organic  com-  Seattle 

pounds,  the  time  of  setting  being  shown  in  hours.      In  

addition  to  these   substances,   admixtures  of  one-half  j^^  Ugg  Qp  pjjjg  EARTH  IN  MORTARS 

per    cent    of    the    compounds    enumerated    in    Table    I  ^^  ^   j.    g^^.^o^  ^^^  j   g.  herrick 

were  studied.  Received   July   7,    1914 

Table  i-RETARDAT,oN  OF  SETTING  CEMENT  construction    of    concrcte    foundations    for 

A— Olympic  straight                                C— Superior  straight  ■'^      ""^ 

B— Olympic  plus  gypsum               D— Superior  plus  gypsum  paving  country  Toads,  Sand  and  gravcl  are  often  trans- 

^         ,         P     ■    S — _, 2 .  ported  considerable  distances.      It  is  evident  that  much 

Asparagine             'o' 00  ""oo  't^ ^  2" oo' ""oo    Jfoo  2"' .To  advantage  can  be  derived  by  using  the  soil  itself  if  it 

Cumarine..'::::.:    0.0132.00    6.30  22.00    23.30  32.00     8. .30  21.00  can  be  shown  that  Sufficient  Strength  Can  be  developed 

GlycocoU 0.0121.00  3.0031.00   17.0036.00   14.0031.00  ,      ,          .    •,     j       •*  ui   U'  J       4  «„.v,Ko,- 

isoborneoi               0  00  21.00    5.00  16.00    10.00  23.00     7.00  17.00  m  mixtures  of  SOU  and  a  suitable  binder.     A  number 

Q"'-''----- °°«  ■^■^°    '"^  ''■'"'    "•3"  2*0"     *•""  '*o"  of  experiments  were  accordingly  undertaken  and  the 

DISCUSSION  results,  although  partial  and  incomplete,  are  herewith 
The  addition  of  the  various  substances  in  some  cases  presented, 
was  accompanied  by  apparent  chemical  action  such  as  The  soil  of  the  campus  of  the  University  of  Wash- 
heat  liberation,  color  change  and  formation  of  pre-  ington  is  described'  as  the  Everett  gravelly  sandy  loam, 
cipitate.  The  nature  of  these  reactions  is  indicated  is  formed  from  a  deep  glacial  till,  and  is  representative 
in  Table  II.  To  ascertain  the  component  of  the  of  a  large  proportion  of  the  Puget  Sound  Basin.  From 
cement  with  which 'such  reaction  takes  place,  compar-  a  cut  twelve,  feet  in  depth,  samples  of  soil  were  taken 
ison  is  made  with  a  calcium  salt  in  solution.     If  we  at   different   levels.     Sample    No.    i    was   a   fine   sand, 

■  BulUVt,  Bureau  of  Soils,  U.  S.  Dept.  of  Agriculture.  '  "Reconnaissance  Soil  Survey  of  Eastern  Part  of  Puget  Sound  Basin." 

2  Circ.  33,  U.  S.  Bureau  of  Standards.  Bureau  of  Soils,  U.  S.  Department  of  Agriculture. 
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containing  considerable  clay,  taken  at  the  bottom  of 
the  cut.  Sample  No.  2,  from  the  middle  of  the  next 
stratum,  about  4  feet  above  the  bottom  of  the  cut, 
was  very  hard  and  compact  in  the  bank  and  contained 
numerous  pebbles.  Sample  No.  3,  from  the  next 
stratum  above,  about  6  feet  from  the  bottom  '  of 
the  cut,  was  stained  yellow  and  was  sandy  in  texture. 
Sample  No.  4,  10  feet  from  the  bottom  of  the  cut,  was 
a  yellow  loam  containing  considerable  fine  material 
and  humus  and  resembled  a  typical  garden  soil  in 
texture  and  appearance.  Sample  No.  5,  the  subsoil, 
was  apparently  a  decomposed  glacial  till,  having  the 
same  color  and  characteristics  as  No.  2  but  not  being 
hard  or  difficult  to  loosen.  Sample  No.  6  was  taken 
from  the  surface,  formerly  a  garden,  and  contained 
considerable  humus.  All  the  samples  were  air-dried, 
and  passed  through  a  ten-mesh  sieve,  the  residue, 
comprising  30  to  40  per  cent,  being  discarded. 

The  analyses  of  the  fine  earths  thus  obtained,  to-* 
gether  with  that  of  Sample  7,  an  ordinary  mortar 
sand,  are  given  in  Table  I. 

Table  I — Sieve  Analysis  of  Fine  Earths 
Percentages  passing  mesh  indicated 

Sample  No.  200  100  50  40  30  20              10 

1 77.2  yS.O  99.0  All 

2 17.0  29.7  64.4  74.3  8.S .  0  90,5  95.6 

3 6.4  14.3  57.5  69.1  82.7  92.2  All 

4 10.7  18.7  52.8  65.0  79.8  91.7  All 

5 17.2  32.5  68.7  79.5  87.8  93.1  All 

6 14.6  26.6  64.5  76.7  85.5  93.1  All 

7. 0.5  5.0  71.9  90.0  97.5  All 

For  the  preparation  of  the  mortar  from  the  fine 
earth  and  the  cementing  agent,  the  general  procedure 
was  to  mix  thoroughly,  add  12  per  cent  water,  silo  in 
a  moist  closet  for  24  hours,  mold  into  bricks,  i  in.  X 
4  in.  X  4  in.,  and  press  into  shape  under  a  hydraulic 
pressure  of  2000  pounds  per  square  inch.  These  bricks, 
after  air-drying  for  24  hours,  were  then  placed  in  an 
autoclave  and  subjected  to  the  action  of  live  steam 
under  80  pounds  pressure  for  8  to  16  hours.  The 
bricks  were  then  broken  in  an  Olsen  machine,  each 
brick  being  laid  on  the  flat  surface.  Tables  II  and  III 
give  the  results  obtained  by  the  use  of  various  mixes 
of  fine  earth  and  cementing  agent. 

Table  II — Fine  Earth  Mixtures  with  Lime  and  with  Portland  Cement 

Percentage         Crushing  Percentage  Crushing 

' * s     strength       ^ * strengtli 

Fine                        Lbs.  per         Fine  Portland  Lbs.  per 

Sample  No.                earth       Lime         sq.  in.          earth  cement  sq.  in. 

1 90             10               5497               90  10               3380 

80            20               6200               80  20               6250 

70  30               7725 

2 90  10               6250 

80     20      3460      80  20      6250 

70  30      5700 

3 90     10      3290 

80     20      2740 
70     30      2650 

4 90     10      2540 

80     20      2440      80  20      6250 

5 90     10      3680      90  10      1500 

80     20      3820      80  20      5850 
70     30      2980 

6 90  10      1940 

80     20      2720      80  20      2920 

70     30      3410      70  30      6070 

7 85      15      6200      90  10      4700 

80  20      4800 

70  30      9750 

In  using  Portland  cement,  siloing  of  the  mixes  was 
of  course  impracticable,  but  the  other  steps  were 
followed  as  above  outlined.  Since  it  has  been  shown 
by  Acheson  and  others  that  soluble  organic  matter 
increases  the  colloidal  content  of  clay,  it  was  believed 
that  soils  of  loamy  character  might  be  advantageously 


treated  with  straw  infusion  made  by  boiling  oats 
straw  with  water  and  decanting  the  clear  liquid.  A 
quantity  of  the  infusion  necessary  to  produce  the  maxi- 
mum plasticity  was  then  incorporated  with  the  lime 
and  fine  earth  mixtures  and  the  resulting  bricks  tested. 
The  earths  of  sandy  texture  either  disintegrated  in 
the  autoclave  or  gave  low  strength  tests  while  the 
loamy  earths  gave  a  crushing  strength  of  above  3000  lbs. 
in  mixtures  containing  less  than  10  per  cent  lime. 
Similar  results  were  obtained  with  a  2  per  cent  solution 
of  tannic  acid. 

To  confirm  the  results  given  in  Table  II,  new  mix- 
tures were  made  up  with  varying  quantities  of  lime, 
the  results  of  which  are  given  in  Table  III. 

Table  III — Lime — Fine  Earth  Mi.xtl'res 
Percentage 

, ■ ,  Crushing  strength 

Sample  No.                     Fine  earth                     Lime  Lbs.  per  sq.  in. 

7                                          90                                  10  5550 

4 85                                  15  4630 

•            97   5                                2.5  3300 

5                             ....      92.5                                7.5  5820 

95                                    5.0  6200 

CONCLUSIONS 

As  the  result  of  this  work,  it  is  shown  that  under  the 
influence  of  heat  and  pressure,  various  fine  earth  plas- 
tics may  be  hardened  to  an  extent  approaching  that  of 
concrete.  The  presence  of  soluble  organic  matter 
does  not  prevent  the  hardening  of  loamy  mixtures  of 
fine  earth  and  lime.  Furthermore,  as  small  quantities 
of  lime  as  2V2  per  cent  develop  considerable  strength 
in  the  hardened  brick. 

Laboratory  of  Industrial  Chemistry 

University  of  Washington 

Seattle 

WATER  PURIFICATION  BY  OZONE— WITH   REPORT  OF 
THE  ANN  ARBOR  PLANT 

By    R.    W.    Pryer 
Received  June  13.  1914 

The  problem  of  obtaining  a  safe  water  supply  is 
one  of  the  greatest  questions  of  the  day  for  many 
cities.  The  difficulty  of  obtaining  a  pure  water  in 
sufficiently  large  quantities  has  proved  too  great  for 
most  cities  of  any  considerable  size,  and  compelled 
them  to  use  a  less  desirable  supply  and  to  purify  the 
same. 

A  method  of  purification  that  has  met  with  some  suc- 
cess in  several  European  cities  is  that  of  ozonization. 
Some  cities  that  have  all,  or  part  of  their  water  supply 
purified  in  this  way,  are  Paris,  Lille  and  Nice  in  France, 
Ginnekin  in  Holland,  and  St.  Petersburg  in  Russia. 
In  this  country  there  are  only  a  few  of  these  plants, 
none  of  them  of  any  great  size,  and  none  of  them  at- 
tracting any  particular  notice  as  examples  of  cheap 
efficient  water  purification. 

In  the  summer  of  1912  a  large  force  of  men  were  at 
work  just  above  the  intake  of  the  Ann  Arbor  Water  Co. 
plant,  building  a  dam  for  the  Eastern  Michigan 
Edison  Co.  The  situation  was  very  similar  to  that  at 
Ithaca,  New  York,  at  the  time  of  the  epidemic  of 
typhoid  fever  in  1903;  with  this  disastrous  experience 
in  mind,  these  two  companies  united  to  avoid,  if  possi- 
ble, an  epidemic  in  Ann  Arbor. 

The  major  part  of  the  work  was  done  during  this 
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time,  while  the  writer  was  in  the  service  of  these  two 
corporations  as  sanitary  inspector.  The  usual  pre- 
cautions, such  as  locating  the  camps  below  the  intake, 
having  all  closets  that,  were  above  the  intake  water- 
tight, and  having  the  contents  burned  below,  were 
taken.  The  water  was  plated  daily  and  as  soon  as 
the  course  of  the  river  was  turned,  hypochlorite  of 
lime  was  used  in  large  amounts.  It  is  indeed  grati- 
fying to  report  that  not  a  single  case  of  typhoid  fever, 
that  could  be  in  any  way  laid  to  the  water,  developed 
during  this  time. 

WATER    SUPPLY 

The  water  that  is  treated  at  the  Ann  Arbor  plant 
is  taken  from  the  Huron  River  about  two  miles  above 
the  city.  The  source  of  the  river  is  in  a  chain  of  lakes 
twenty  to  thirty  miles,  by  river,  from  this  place.  The 
river  is  comparatively  free  from  contamination  by 
man,  but  as  the  valley  of  the  river  and  its  tributaries 
are  much  used  for  grazing  purposes,  chances  for  con- 
tamination from  animals  are  exceedingly  good.  In- 
deed the  writer  has  pictures  showing  thirty-five  head 
of  cattle  wading  in  the  river  less  than  one  mile  above 
the  intake. 

The  water  is  pumped  from  the  river  to  a  roughing 
filter  located  on  a  hillside  back  of,  and  above,  the 
pumping  station.  This  filter  is  30  ft.  square  and  con- 
sists of  about  s  ft.  of  sea  sand.  Head  of  water  on  fil- 
ter is  from  4  to  5  ft.  The  filter  is  washed  frequently 
by  reversing  the  flow  of  the  water. 

From  the  filter  the  water  flows  by  gravity  to  the  bot- 
tom of  the  fore  bay,  a  single  compartment  just  in  front 
of  the  rear  bays.  From  this  fore  bay  the  water  flows 
through  regulating  valves  into  the  rear  bays,  which 
are  three  separate  compartments  located  in  front  of 
the  first  well  of  each  unit.  Concrete  construction  is 
used  throughout. 

STERILIZING    WELLS 

These  wells  are  from  8  to  9  ft.  from  water  level  to 
the  bottom,  and  are  arranged  in  step-like  formation, 
the  bottom  of  each  being  about  5  ft.  lower  than  that 
of  the  one  before.  There  are  three  of  these  wells 
in  each  unit  and  three  units  in  all.  The  water  flows 
from  the  rear  bays,  through  pipes,  to  the  bottom  of 
the  first  well,  rises  through,  flows  over  and  through 
pipes  to  the  bottom  of  the  second  well  and  similarly 
from  the  second  to  the  third.  The  openings  from  the 
third  well  lead  directly  into  the  pumping  basin. 
The  ozonized  air  under  from  s  to  8  lbs.  pressure  is 
forced  up  through  each  well,  which  is  divided  into  two 
sections  by  baffling  plates  consisting  of  a  metallic 
screen  covered  with  small  pebbles  to  a  depth  of  about 
6  in. 

TYPE    OF    OZONIZER    USED 

The  ozonizer  in  use  is  very  similar  to  the  Siemens-De 
Frise  type,  some  of  the  differences  being  the  use  of  an 
outer  aluminum  pole,  substitution  of  mica  tubes  for 
a  glass  dielectric  and  the  absence  of  a  water  jacket 
for  cooling  purposes. 

The  outer  aluminum  pole  is  fastened  in  an  iron 
casing  and  is  grounded,  while  the  inner  aluminum 
pole  is  insulated  away  from  the  casing  and  is  connected 


directly  to  the  transformer.  Between  these  aluminum 
poles  are  the  mica  dielectrics,  and  the  space  between 
the  dielectrics  and  the  aluminum  poles  is  about  Vi« 
in.  There  are  109  sets  of  tubes  in  each  ozonizer,  and 
three  ozonizers  are  used.  When  the  current  is  turned 
through  the  ozonizer,  the  discharge  takes  place  through 
the  mica  tubes,  and  is  what  is  known  as  the  silent 
or  brush  discharge,  characterized  by  a  peculiar  bluish 
violet  radiation. 

A  no  volt  alternating  current  generator  furnishes 
the  power,  which  is  stepped  up  by  transformers  to 
from   11,000  to   12,000  volts. 

A  steam-driven  air  compressor  forces  air,  under 
from   5  to  8  lbs.  pressure,  through   the  space  around 
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Plate  I — .^rr.angement  of  Ozonizing  Wslls 

the  mica    dielectrics,  where    it  is  ozonized,  and    from 
there  to  the  bottom  of  the  sterilizing  wells. 

OZONE    CONTENT    OF    AIE    AND    VOLUME    RATIO    OF    OZON- 
IZED   AIR    TO    WATER 

The  average  of  several  determinations  of  ozone  in 
the  ozonized  air  shows  that  the  amount  of  actual  ozone 
averages  about  0.5  gram  per  cubic  meter,  the  lowest 
amount  found  being  0.3S4  gram,  and  the  highest 
amount  being  o.  705  gram.  It  should  be  said,  however, 
that  when  the  amount  of  ozone  Vas  found  to  be  o.  705, 
the  voltage  on  the  circuit  from  the  generator  was 
125,  indicating  a  voltage  of  12,500  in  the  ozonizers. 
This  is  higher  than  is  usually  carried  and  indeed 
higher  than  can  be  carried  without  constant  danger  of 
breakage.  The  amount  of  water  passing  through 
the  ozonizing  wells  per  hour  is  calculated  to  be  50,000 
gallons,  or  1S9.4  cubic  meters.     The  amount  of  ozo- 
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nized  air  varies  somewhat,  but  the  maximum  amount 
observed  by  the  writer  was  85.4  cubic  meters  per 
hour.  This  makes  the  ratio  of  ozonized  air  to  water 
1:2.2  and  the  amount  of  actual  ozone  averages  0.227 
gram  per  cubic  meter  of  water,  or  is  0.227  part  per 
million. 

The  comparison  of  the  ozone  content  and  the  vol- 
ume ratio  of  ozonized  air  to  water  at  this  plant,  with 
the  figures  from  some  other  plants,  presents  an  inter- 
esting contrast. 

Ozone  content 

Ratio  of 


Plant  at 
Saint  Mi 


Ozone  content 
Grams  per 
cubic  meter 


2.0 

2.591 

St.  Petersburg 2.5 

Ann  Arbor 0.5 


COST    OF    OPERATION 


The  exact  cost  of  operating  this  plant  is  rather  diffi- 
cult to  obtain,  owing  to  its  close  connection  with  the 
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Plate  II — Cross  Section  of  Ozonizing  Welus 

rest  of  the  system,  and  these  figures  must  be  regarded 
as  an  estimation  only.  This  estimate  does  not  include 
the  cost  of  pumping  from  the  river,  as  it  is  assumed 
that  this  would  be  done  whether  the  ozone  plaftt  were 
operated  or  not. 

For  the  production  of  the  electrical  energy  about  12 
H.  P.  are  required,  while  the  air  compressor  is  estimated 
to  require  7  H.  P.  On  the  assumption  that  i  H.  P. 
per  hour  requires  4  lbs.  of  coal,  this  would  make  the 
operating  cost  for  coal  alone,  approximately  $1.90 
per  million  gallons.  Oil  packing  repairs,  etc.,.  total  to 
about  $1.44  per  million  gallons.  To  this  must  be 
added  $6.56  to  cover  interest  on  investment,  calcula- 
ted at  s  per  cent,  taxes  and  insurance,  calculated  at 
prevailing    rates,    and    depreciation    calculated    at    4 


per  cent  per  year.  This  makes  a  total  operating  cost 
of  approximately  $9.90  per  million  gallons.  As 
ordinarily  operated,  one  million  gallons  pass  through 
in  20  hours.  Estimates  of  the  operating  costs  per 
million  gallons  for  several  other  ozone  plants  are  as 
follows:  St.  Maur,  $15.60;  Ginnekin,  $20.00;  How- 
ard-Bridge System,  $16.80  (estimate  for  10,000,000 
gallon  plant,  $7.20);  Estimate  for  20,000,000  gallon 
plant   for    Paris,    $8.00. 

BACTERICIDAL    ACTION 

The  writer  has  tested  this  plant  frequently  during 
the  last  two  years,  and  at  no  time  has  found  any  con- 
siderable reduction  in  the  bacterial  count  between  the 
ozonized  and  the  filtered  water;  indeed,  usually  more 
bacteria  were  found  in  the  ozonized  than  in  the  fil- 
tered water.  Possible  reasons  for  this  will  be  consid- 
ered later. 

The  results  as  shown  in  the  tables  below  were  ob- 
tained with  the  ozonizing  wells  as  described  in  the  first 
part  of  this  article.  Several  changes  have  been  made 
in  the  arrangement  and  operation  of  these  wells, 
and  they  were  tested  out  thoroughly  with  no  noticeable 
improvement  as  regards  bactericidal  action. 

The  first  change  made  was  to  turn  all  the  ozone 
through  wells  No.  i  and  No.  2  of  each  unit.  The  second 
to  cut  out  one  unit  entirely  and  turn  all  the  ozone 
through  wells  No.  i  and  No.  2  of  units  No.  i  and  No.  2. 
No  apparent  benefit  resulted  from  these  changes, 
however,  and  the  tables  give  one  a  fair  idea  of  the 
action  of  the  filter  alone  and  of  the  filter  and  ozone 
combined.  These  tables  show  the  total  number 
of  organisms  found  per  cc.  on  standard  nutrient  agar 
after  48  hours  at  37°  C. 


Vug.  15,  1912 

9  A.M 

1  1  A.M 

No. 

," 

Bacteria  i 
Raw 
650 
440 
370 

'700 
460 
350 
580 

450 
480 
420 
280 
520 
460 
340 
610 
200 
320 
410 
460 
.30  a.m. 

240 
160 
140 
160 

70 
300 
382-1- 

N  Water 

Filtered 

560 

300 

190 

480 
170 
120 

270 

70 
180 

90 
200 
150 
140 
140 
180 
130 
120 
220 
130 

200 
110 
60 
20 
40 
120 
1754- 

Ozonized 
620 
220 

160 

Filter  washed  at  2 
3  p.M 

30 

710 

5  p.M 

210 

7  p.M  .   . 

140 

■9  P.M 

310 

Aug.  27,  1912 
9  A.M..  .   . 

220 

ID  A.M 

120 

11  A.M 

12  m 

120 
140 

1  P.M 

160 

2  P.M 

130 

3  P.M 

130 

4  P.M 

170 

5  P.M 

210 

6  P.M 

150 

7  P.M 

180 

120 

Filter  was  washed  at  8 
Nov.  23,  1912 

10.30  A.M 

120 

12.30p.m.... 
3  45  P  M 

60 
30 

5.45  p.M 

30 

8.30  p.m.... 

160 

9.30p.m.... 
Average  of  25 

samples 

90 

1884- 

Particular  attention  was  paid  during  this  time  to 
presumptive  tests  for  the  colon  germ.  During  the 
summer  this  organism  was  only  occasionally  found 
in  the  river  water  and  very  rarely  found  past  the  fil- 
ter. However,  on  Nov.  23,  1912,  and  many  times 
since,  many  acid-producing  colonies  were  found  on 
the  writer's  plates  of  the  water  made  with  Conradi- 
Drigalski  media,  and  these  seemed  to  be  practically 
as  numerous  in  the  ozonized  as  in  the  filtered  water. 
Many    of    these    acid-producing    colonies    have    been 
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tested  out  in  pure  culture,  and  the  fact  that  B.  coli 
can  go  through  the  ozonizing  wells  has  been  proven 
beyond  a  doubt. 

As  an  explanation  of  the  negative  efficiency  of  the 
ozone  consid(?red  alone,  I  might  state  that  the  bottom 
of  the  third  well  of  each  unit  is  lower  than  the  height 
of  water  in  the  pumping  when  full.  Consequently, 
these  third  wells  are  flooded  with  basin  water,  and  as 
this  is  open  and  located  near  a  railroad,  it  is  liable 
to  receive  more  or  less  contamination.  This  is  the 
explanation  advanced  by  some;  but  each  day,  during 
the  entire  time  that  the  writer  was  taking  samples, 
the  water  in  the  basin  was  low,  and  consequently  no 
basin  water  could  get  back  into  these  wells.  It  would 
seem  that  they  would  gradually  sterilize  themselves 
if  the  ozone  were  present  in  large  enough  quantities 
to  have  any  beneficial  action  on  the  water  in  them, 
but  samples  taken  after  ten  hours'  continual  opera- 
tion, during  which  time  no  basin  water  could  get 
into  these  wells,  showed  no  improvement  in  the  ozon- 
ized water. 

Another  explanation  of  this  negative  efficiency, 
advanced  by  Dr.  F.  G.  Novy,  professor  of  bacteriology 
in  the  University  of  Michigan,  is  as  follows:  a  micro- 
scopical particle  of  organic  matter  may  contain  several 
bacteria  and  still  appear  as  one  colony  and  be  counted 
as  an  individual.  Now  this  ozonized  air  tears  through 
the  water  under  several  pounds  pressure,  and  it  is 
probable  that  some  of  these  particles  of  organic  matter, 
containing  germs,  are  broken  into  several  sections 
and  give  several  colonies,  whereas  they  all  showed 
as  one  colony  in  the  raw  or  filtered  water. 

In  the  summer  of  1912  a  large  dam  was  built  just 
above  the  former  intake  of  the  water  company.  As 
the  manager  of  this  company  wished  to  be  absolutely 
sure  of  the  quality  of  the  water  supplied  to  the  city, 
the  use  of  hypochlorite  of  lime  was  begun.  Plate 
counts  of  the  tap  water  in  the  city  are  made  every  day 
and  the  amount  of  lime  is  varied  to  suit  the  require- 
ments. At  the  present  time  the  intake  is  above  this 
dam,  and  as  the  water  is  backed  up  for  nearly  two 
miles,  a  very  good  settling  basin  is  formed.  This 
water  contains  considerable  organic  matter  and  the 
amount  of  hypochlorite  used  is  rather  high,  from  10 
to  16  lbs.  per  million  gallons.  The  percentage  of 
available  chlorine  in  this  averages  about  a^/z  per 
cent,  thus  making  the  available  chlorine  used  come  to 
an  average  of  about  o.  5  part  per  million.  Even  with 
this  comparatively  high  amount  of  hypochlorite, 
the  germ  count  in  the  service  water  will  average 
more  than  50  per  cc.  However,  the  colon  bacillus  is 
rarely  found. 

Now  chlorine  is  much  more  soluble  in  water  than  is 
ozone,  and  gram  for  gram  is  as  strong,  if  not  a  stronger, 
disinfecting  agent.  Consequently,  the  fallacy  of  try- 
ing to  purify  a  water  with  0.227  part  per  million  of 
ozone,  when  the  water  is  comparatively  rich  in  organic 
matter,  and  when  0.5  part  per  million  of  available 
chlorine  does  not  give  ideal  results,  must  be  plain  to 
all. 

The  writer  wishes  to  thank  Dr.  A.  K.  Hale,  of  the 
Ann    Arbor    Water    Co.,    for    his    many    favors.      The 


writer  desires  also  to  thank  Dr.  V.  C.  Vaughan  and  Dr. 
F.  G.  Novy,  of  the  University  of  Michigan,  and  Mr. 
Gardner  S.  Williams  for  their  many  helpful  sugges- 
tions. 
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STUDIES  ON  THE  ABSORPTION  OF  WATER  BY  BUILD- 
ING BRICK 

By  Hermann  W.  Mahr 
Received  July  2,    1914 

The  absorption  of  water  by  building  brick  has  prob- 
ably been  given  more  attention  than  all  the  other  prop- 
erties of  this  important  construction  material.  We 
are,  however,  still  in  doubt  as  to  the  best  method  of 
conducting  the  test  for  absorptive  power.  Attempts 
to  explain  the  significance  of  the  amount  of  water  taken 
up  and  the  relation  of  this  value  to  the  strength  of  the 
material  have  been  unavailing.  Howard'  has  pre- 
sented papers  pointing  out  the  indefiniteness  of  the 
term  absorption  as  applied  to  brick.  In  spite  of  this 
confusion,  the  absorption  requirement  is  regarded  as  of 
importance  in  jvidging  quality,  apparently  because  of 
a  well-grounded  belief  that  future  investigations  would 
open  up  this  dark  continent. 

Some  experimenters  have  attempted  to  evolve  ab- 
sorption test  methods  which  give  total  porosity,  and 
the  standard  method  of  The  American  Society  for 
Testing  Materials,  proposed  in  1913,  has  this  object 
in  view.  It  has  been  pointed  out  by  several  authorities, 
among  them  J.  C.  Jones, '^  that  no  constant  relation 
exists  between  the  absorptive  power  and  porosity  of 
bricks.  We  are,  therefore,  forced  to  conclude  that  the 
two  are  distinct  properties  having  some  small  depend- 
ence on  one  another.  Investigations  of  absorption 
of  water  have  been  mainly  from  the  exterior  of  the 
brick,  and  these  have  failed  to  answer  many  queries. 
Necessarily  the  structure  of  the  brick  holds  these 
secrets. 

To  investigate  the  structure  of  bricks  as  revealed 
by  the  absorption  test  and  the  significance  of  the  latter, 
a  study  of  these  materials  was  undertaken.  The 
bricks  employed  were  of  different  degrees  of  burning 
and  were  submitted  by  Hudson  River  and  New  Jersey 
manufacturers.  Previous  to  immersion  they  were 
dried  for  24  hours  at  110°  C.  They  were  then  sub- 
jected to  absorption  tests,  either  the  48  hours'  total 
immersion  or  the  boiling  test  proposed  by  a  committee 
of  The  American  Society  for  Testing  Materials  in 
1Q13.'  The  immersion  liquid  was  a  2  per  cent  solution 
of  potassium  ferrocyanide.  At  the"  close  of  the  test 
superficial  moisture  was  removed  and  weights  deter- 
mined. The  bricks  were  then  split  across  (or  length- 
wise), into  sections,  by  means  of  a  brick  chisel.  The 
surfaces  thus  obtained  were  treated  with  a  5  per  cent 
solution  of  ferric  chloride.  When  the  section  was  dried 
the  zones  and  channels  of  penetration  by  the  liquid 
were  colored  blue.  The  two  surfaces  from  the  same 
fracture  showed   markings  in  practically   all   instances 

1  National '  Brick  Manufiicturers"  Association.  Buffalo  Meeting,  Febru- 
ary ,S.  1909. 

:  Trans.  Amer.  Ccr.  Soc,  9. 

"  Prot.  Amcr.  Soc.  for  Testing  Materials.  IS  (191,1).  287. 
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the  same.  This  indicated  that  the  coloring  was  definite 
and  characteristic  of  the  penetration  at  that  place, 
and  not  due  to  flowing  of  the  absorbed  solution  on  the 
fractured  surfaces  or  other  chance  phenomena.  In 
some  cases  splintering  of  the  brick  at  the  surfaces,  due 
to  the  operation  of  cutting,  gave  colorings  and  zones 
somewhat  different  on  the  two  adjoining  surfaces. 

The  procedure  just  outlined  gave  well-defined  pic- 
tures of  the  penetrated  sections;  the  coloring  was,  how- 
ever, not  deep  and  did  not  contrast  as  sharply  with  the 
unpenetrated  parts  as  when  the  following  treatment  was 
employed.  After  cutting,  the  sections  were  placed  in 
an  oven  at  110°  C.  and  dried  one-half  to  one  hour. 
The  potassium  ferrocyanide  was  thus  concentrated  on 


Table  I — Boiling  Test  According  to  Proposed  -Method  of  A.  S.  T.  M. 

Percentage  absorption 
by  weight  in  2% 
ium  ferrocyanide 
solution 


LE     II— Fo 

RTy-EK 

;ht    Hours    Total 

Immersion    Test 

Sample 

Percentage  absorption 
in  water,  by  weight 

Percentage  absorption 

by  weight  in  2% 

potassium  ferrocyanide 

solution 

42-    1 
42-13 
44-21 
44-31 

18.1 
11  .0 
14    1 
14.7 

18.2 
11.3 
12.4 
14.5 

The    results     were    illuminating     and     revealed    the 
structure    considerably    better   than    breaking   the    un- 


3 


■■■w. 


T 


the  surface  of  the  penetrated  parts.  .They  were  then 
dipped  into  the  ferric  chloride  solution,  dried  and  washed 
well.  The  washing  removed  the  excess  of  salts  and 
intensified  the  marking.  This  method'  was  adopted 
for  the  treatment  of  the  bricks  hereafter  described'. 

The  amount  of  absorption  in  2  per  cent  potassium 
ferrocyanide  was  practically  the  same  for  both  the  48 
hours  immersion  and  boiling  tests  as  when  pure  water 
was  used.      This  will  be  seen  from  the  following  tables: 

'  Mr.  Gilbert  Rigg  U.  Sor.  Chem.  Ind..  33,  619 — June  30.  1914)  has 
very  recently  described  a  method,  somewhat  similar  in  principle  to  the  above, 
which  he  used  in  studying  fire-brick.  His  method  consisted  in  allowing 
colored  gelatin  solutions  to  penetrate  the  refractories,  and  had  for  its  object 
the  revealing  of  the  method  and  form  in  which  fire-brick  would  be  penetrated 
by  molten  slag. 


treated  brick  and  visual  examination  are  able  to. 
Some  of  the  grosser  defects  and  variations  in  composi- 
tion are  shown  by  the  latter,  but  the  method  in  ques- 
tion showed  vitrified  and  soft  portions  which  are  in- 
distinguishable in  the  untreated  brick. 

Some  of  the  results  illustrative  of  the  penetration 
into  various  types  of  bricks  were  photographically 
reproduced.  The  photographs  fall  far  short  of  pre- 
senting the  finer  lines  and  areas  of  penetration,  because 
of  the  irregularity  of  the  fractured  surfaces  and  con- 
trasts poorly  suited  for  photographing. 

Fig.  I  represents  opposite  surfaces  from  the  same 
fracture,  the  sections  being  in  the  position  of  having 
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been  folded  open.  This  shows  the  great  similarity  of 
the  markings  obtained  on  such  surfaces. 

Fig.  2  is  a  photograph  of  a  soft  absorbent  brick  sub- 
jected to  the  treatment.  The  absorption  was  18.2 
per  cent  in  forty-eight  hours  total  immersion.  The 
penetration  was  complete  at  this  point.  At  other 
places  it  was  not  as  thorough. 

Fig.  3  shows  the  manner  in  which  a  hard,  vitreous 
brick  absorbed  the  liquid.  This  absorption  was  only 
6.5  per  cent.  The  liquid  entered  into  small  channels 
and  soft  absorbent  zones. 

The  method  in  which  the  liquid  penetrated  a  brick 
with  a  hard  vitreous  core  is  shown  in  Fig.  4.  The 
penetration  was  even  in  character  to  the  core.  This 
brick  absorbed  12.4  per  cent.  Some  of  these  non- 
absorbent  cores  extended  the  entire  length  of  the 
brick  and  their  presence  on  the  outside  surface  was 
shown  by  the  treatment.  Fig.  5,  a  photograph  of 
the  end  surface  of  the  preceding  brick,  shows  an  in- 
stance of  this. 

A  brick,  with  a  large  black  core,  which  has  been  sub- 
jected to  the  absorption  test,  is  shown  in  Fig.  6.  This 
brick  took  up  only  4.1   per  cent.     The  core,  while  un- 


way  they  had  been  penetrated,  the  exception  being 
soft  absorbent  bricks  which  were  penetrated  evenly 
and  apparently  to  the  same  extent  by  both  methods  of 
treatment.  Half  bricks  containing  vitreous  cores 
were  penetrated  only  to  the  core  as  a  result  of  the  48 
hours  immersion,  while  the  cores  were  more  or  less 
permeated  'with  liquid  by  the  boiling  operation. 

In  Fig.  7  the  lower  section  is  from  a  half  brick  which 
was  totally  immersed  for  48  hours.  The  upper  is 
a  section  from  the  other  half  of  the  same  brick,  sub- 
jected to  the  boiling  test.  They  both  contained  the 
same  core,  but  it  was  penetrated  by  the  liquid  as  a 
result  of  boiling.  The  absorption  by  the  latter  treat- 
ment was  1 2. 1  per  cent  against  4.1  per  cent  in  the  half 
immersed  at  ordinary  temperature. 

The  results  of  the  experiments  lead  to  several  con- 
clusions regarding  the  methods  in  which  liquids  pene- 
trate building  brick.  The  manner  of  penetration  is 
primarily  governed  by  the  type  and  structure  of  the 
brick.  The  following  generalities  have  resulted  from 
the  studies  made: 

I — Soft,  uniform,  absorbent  bricks  take  up  water 
uniformly  and  distribute  it  evenly  to  all  parts  of  their 


Table  III — Experiments  on  Accuracy  of  Water  Absorption  Tests 


48  Hours  Total  Imi 

nERSiON  AT  Room  Temperature 

American  Society  for 

Testing 

.  Materials  Boiling 

Method 

PercentaRe  mo; 

isture  absorbed 

Dev 

iations 

from  I 

nean 

Percentage  moisture  absorbed 

Deviations  from  mear 

Test 

Test 

Test 

Test 

Test 

Test 

Aver- 

Test 

Test 

Test 

Test 

Test 

Test 

Test 

Test 

Aver- 

Sample 

1 

2 

3 

Mean 

1 

2 

3 

age 

1 

2 

3 

4 

Mean 

1 

2 

,     3 

4 

age 

40-12, . . 

.      18.14 

18.39 

19.  15 

18.56 

0.42 

0.17 

0.59 

0.39 

19.67 

19.08 

19.71 

19.61 

19.52 

0.52 

0.44 

0.19 

0,09 

0.22 

40-22... 

15.94 

15.94 

15.94 

15.94 

0.00 

0.00 

0.00 

0.00 

17.09 

16.33 

17.28 

17.09 

16.95 

0.14 

0.62 

0,33 

0.14 

0.41 

41-31... 

. .      12.88 

12.54 

12.88 

12.77 

0.11 

0.23 

0.11 

0.15 

13.77 

15.00 

14.42 

14.40 

0.63 

0.60 

0.02 

0,00 

0.42 

42-  1... 

. .      18.05 

15.99 

15.93 

15.99 

0.06 

0.00 

0.06 

0.06 

20.98 

19.46 

21.23 

20.86 

20.63 

0,35 

1,17 

0,60 

0.23 

0.59 

42-13... 

. .      10.78 

9.44 

10.35 

10.  19 

0.59 

0.75 

0.16 

0.50 

14.11 

12.97 

14.11 

13.87 

13.77 

0,35 

0,80 

0,35 

0,10 

0.40 

43-  1... 

17.05 

16.93 

16.55 

16.8+ 

0.21 

0.09 

0.29 

0.20 

19.23 

17.78 

19.54 

18.65 

18.80 

0,43 

1,02 

0,74 

0.  15 

0.68 

44-24.. 

. .       12.85 

13.50 

13.14 

13.16 

0.31 

0.34 

0.02 

0.22 

14.45 

14.38 

15.67 

15.38 

14.97 

0.52 

0.59 

0.70 

0,41 

0,55 

44-31.. 

. .      14.44 

13.79 

13.85 

14.03 

0.41 

0.24 

0.18 

0.27 

15.94 

14.75 

15.28 

15,65 

15.40 

0.54 

0,65 

0.12 

0.25 

0.39 

45-  1.. 

..      21.38 

21.20 

20.93 

21.17 

0.21 

0.03 

0.24 

0.  16 

25.64 

24.95 

26.42 

25.91 

25.73 

0.09 

0,78 

0.69 

0,18 

0.43 

45-23 . . 

12.73 

12.46 

12.73 

12.64 

0.09 

0.18 

0.09 

0.12 

14.80 

13.87 

16.08 

16.57 

15,33 

0.53 

1.46 

0.75 

1,24 

1. 00 

Avera: 

ee  deviation  from  the  mean 

I  for  method 

0.21 

0.51 

penetrated,  appears  to  be  quite  soft.  The  brick  is  ap- 
parently one  which  while  having  a  very  low  absorption, 
has  also  low  mechanical  strength. 

In  order  to  compare  the  effect  of  the  penetration  by 
the  boiling  test  and  by  the  forty-eight  hours  total  im- 
mersion, we  proceeded  as  follows: 

A  number  of  bricks  were  cut  into  halves  and  the 
large  openings  in  the  fractured  surfaces  stopped  with 
putty.  These  faces  were  then  given  two  coats  of 
shellac  varnish,  each  coating  followed  by  a  baking 
at  110°  C.  A  coat  of  good  spar  varnish  and 
another  baking  completed  the  treatment,  which 
was  designed  to  prevent  absorption  through  any 
but  the  natural  external  surfaces  of  the  brick. 
One-half  of  each  brick  was  then  subjected  to 
the  boiling  test  of  the  American  Society  for  Testing 
Materials,  in  potassium  ferrocyanide  solution,  and  the 
other  half  to  the  48  hours  total  immersion  in  the  same 
medium. 

The  halves  absorbed  approximately  the  same 
amounts  as  the  whole  brick  did  when  subjected  to  the 
same  test.  Since  the  ends  of  the  brick  may  differ  in 
absorptive  capacity,  exact  agreement  with  results  ob- 
tained on  the  whole  brick  is  not  to  be  expected.  The 
half  which  was  boiled  showed  the  usual  increase  in 
absorption  percentage  over  the  other  half  which  was 
immersed  for  48  hours. 

After  treatment  with  ferric  chloride  the  halves  of 
the  same  brick  showed  considerable  differences  in  the 


structure.  This  is  true  for  both  the  48  hours  total  im- 
mersion and  the  boiling  tests. 

2 — Hard,  vitrified  bricks  are  penetrated  only  through 
channels  and  small  absorbent  zones  by  the  48  hours 
immersion.  The"  boiling  test  opens  up  more  of  the 
channels,  but  no  large  sections  of  bricks  of  this  class  are 
uniformly  penetrated. 

3 — Bricks  containing  hard  vitrified  cores  are  pene- 
trated to  the  latter  when  merely  immersed.  These 
cores  are  well  defined  and  the  penetration  apparently 
takes  place  naturally  to  the  core.  Boiling  forces  the 
water  into  these  cores  to  a  greater  or  less  extent. 

4 — An  important  reason  for  the  lack  of  definite  re- 
lation between  the  absorption  and  porosity  is  the  exist- 
ence in  some  bricks  of  highly  porous  cores  which  are 
impenetrable  in  the  ordinary  immersion  test.  The  ab- 
sorption test  has,  therefore,  many  points  of  view  from 
which  it  should  be  regarded  and  interpreted. 

5 — The  48  hours  total  immersion  test  fails  to  pene- 
trate hard  cores  and  apparently  gives  results  which  are 
more  indicative  of  the  natural  absorptive  capacity 
than  the  boiling  test. 

The  assumption  that  the  48  hours  total  immersion 
is  a  measure  of  the  true  natural  absorption  value  has 
been  borne  out  by  another  set  of  experiments. 

A  number  of  bricks  were  three  times  subjected  to  the 
48  hours  total  immersion  test,  and  the  same  bricks  were 
likewise  subjected  to  the  boiling  test  of  The  American 
Society  for  Testing  jMaterials  a  number  of  times.     The 
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results  are  given  in  Table  III.  In  relation  to  these 
tests  it  may  be  cited  that  Douty  and  Beebe'  have  found 
that  no  change  in  the  absorption  value  was  caused  by 
repeated  dryings  and  immersions. 

The  mean  results  for  each  brick  by  each  method  were 
then  calculated.  Similarly  the  deviation  of  each  result 
from  the  mean  absorption  for  the  brick  by  each  method 
was  obtained.  The  latter  are  given  in  the  columns 
marked  "Deviations  from  mean."  The  average 
deviation  from  the  mean  for  each  brick  is  also  listed 
under  the  preceding  heading.  The  average  of  the  latter 
for  all  the  bricks  is  a  measure  of  the  accuracy  with 
which  the  test  can  be  carried  out.  The  average  devia- 
tion for  the  48  hours  immersion  is  0.21  per  cent  and 
for  the  boiling  test  0.51  per  cent.  The  balance  used  for 
weighing  the  bricks  was  accurate  to  a  gram.  The  con- 
stant error  due  to  weighing  is,  therefore,  about  0.06 
per  cent  and  is  the  same  for  both  methods. 

With  the  same  instruments  and  care,  results  more 
than  twice  as  concordant  may  be  obtained  by  the  48 
hours  total  immersion  test  than  by  the  boiling  test. 
The  former  being  more  accurate  and  uniform  in  indi- 
cations is  better  adapted  for  contractual  testing.  The 
48  hours  total  immersion  test  at  ordinary  temperatures 
gives  absorption  values  which  uniformly  and  readily 
approach  the  same  figure.  This  is  apparently  a  sub- 
stantiation of  the  theory  that  the  absorption  by  this 
method  is  that  natural  and  characteristic  of  the  brick. 

Standard  Testing  Laboratory 

Board  of  Estimate  and  Apportionment 

New  York  City 


ISOPRENE  FROM  COMMERCIAL  TURPENTINES- 

By  Chas.   H.  Herty  and  J.  O.   Graham 
Received  July  27,  1914 

In  connection  with  the  studies  of  rubber  made 
by  polymerization  of  isoprene.  Harries  and  Gottlob^ 
described  a  method  for  the  preparation  of  isoprene 
from  spirits  of  turpentine  by  means  of  the  "isoprene 
lamp."  In  this  method  the  spirits  of  turpentine  is 
boiled  in  a  flask,  in  which,  just  below  the  neck,  is 
suspended  an  electrically  heated  platinum  wire  coiled 
somewhat  like  the  filament  of  a  tantalum  incandescent 
bulb.  A  part  of  the  vapors  are  decomposed  as  they 
pass  upward  across  the  heated  wire.  The  flask  is 
attached  to  an  upright  condenser  maintained  at  a 
temperature  of  5°°  C.,  for  condensing  the  unchanged 
vapors  of  spirits  of  turpentine.  The  upright  condenser 
is  connected  with  an  inclined  condenser  fed  with 
tap  water  and  this  in  turn  is  connected  with  a  receiver 
surrounded  by  a  freezing  mixture.  The  crude  product 
collected  in  this  receiver  is  fractionated  and  the  iso- 
prene collected  as  the  fraction  boiling  between  35° 
and  37°  C. 

With  this  apparatus.  Harries  and  Gottlob  obtained 
a  yield  of  only  i  per  cent  of  isoprene  from  commercial 
pinene  as  against  30  to  50  per  cent  from  commercial 
limonene.  They,  therefore,  concluded  that  the  yield 
of  isoprene  from  spirits  of  turpentine  is  due  chiefly 
to  the  presence  of  dipentene  (limonene). 

'  Proc.  Amer.  Soc.  for  Tfsline  Materials.  11,  770. 

2  Presented  at  the  48th  Meeting  6f  the  American   Chemical  Society, 
Rochester,  September  8-12.  1913. 
'Ann.,  383,  228. 


In  view  of  the  general  interest  in  the  production 
of  rubber  from  isoprene,  it  seemed  desirable  to  ex- 
tend these  studies  to  commercial  products  closely 
related  to  spirits  of  turpentine  and  to  test  further 
the  point  mentioned  above  as  to  the  origin  of  the  iso- 
prene from  spirits  of  turpentine.  Accordingly,  studies 
have  been  made  using  commercial  spirits  of  turpentine, 
fractions  of  the  same,  pine  oil,  the  volatile  oil  of  Pinus 
serotina  (pond  pine)  and  refined  spruce  pine  turpentine. 

The  apparatus  used  closely  resembled  that  of 
Harries  and  Gottlob,  short-circuiting  of  the  sections 
of  red  hot  platinum  wire  being  prevented  by  winding 
the  wire  on  a  pipe  stem  triangular  prism.  A  constant 
current  of  2.25  amperes  maintained  an  even  tempera- 
ture of  the  wires  at  a  red  glow.  The  flask  containing 
the  turpentine  was  heated  by  means  of  a  bath  of 
cottonseed  oil  containing  a  thermometer.  The  re- 
ceiving vessel  in  the  freezing  mixture,  salt  and  ice, 
was  a  small  sulfurous  acid  condenser.  The  crtide 
products  were  refined  by  distillation  through  a  Hempel 
column  filled  with  glass  beads.  The  yield  of  pure 
isoprene  in  each  of  the  experiments  which  follow 
represents  the  fraction  collected  between  35°  and  3  7  °  C. 

SPIRITS    OF    TURPENTINE 

200  cc.  of  spirits  of  turpentine  were  boiled  in  the 
isoprene  lamp  until  condensation  ceased  in  the  inclined 
condenser.  At  two-hour  intervals  the  crude  product 
was  removed  from  the  receiver  and  fractionated. 
Following  this  experiment,  similar  experiments  were 
conducted  with  200  cc.  fractions  of  spirits  of  turpen- 
tine obtained  by  fractionation  by  means  of  a  Young's 
still  head.  The  first  fraction  was  collected  between 
155°  and  156°  C,  the  pine-ne  fraction;  the  second, 
between  169°  and  175°  C.;  the  third  fraction  from 
175°  C.,  up.  These  two  last  fractions  should  include 
the  dipentene  content  of  the  original  spirits  of  tur- 
pentine. 

The  heating  of  the  two  last  fractions  was  continued 
only  two  hours,  as  after  that  time  no  further  con- 
densation could  be  observed  in  the  inclined  condenser. 

The  results  of  the  three  experiments  are  shown  in 
Table  I. 

Table  I 

Volume 
Volume  of  of  res- 
Time                              distillate  idue  in 

of      Temper-  ^ ^    Per  cent  heating 

heating  ature  of   Crude         Refined         of  flask 
Substance  used              Hrs.     oil  bath     Cc.                Cc.      isoprene         Cc. 

(2  175°  17  6..S  3.25 

Spirits  of  turpentine .  .      il  175°  12  3.5  1.75 

(2  185°  8  1.0  0.50  103 

Totals 6  37  11.0        j_.j0  103 

/  2  175°  10  6  3.00 

Fraction  155°- 156°        )^  '~-''°  "  ■''  ^-^^ 

rraci.on  100      ioo...    <,  j.^„  ^  ^  ^^^ 

I  2  175°  4  1  0.50 

Totals 8  27  16  8.00  50 

Fraction  169''-175'' 2  180°  6.5  1  0.5J)  192 

Fraction  175° -(- 2  185°  3.25  0  D^OO  195 

From  the  direct  proof  thus  obtained  it  is  evident 
that  the  yield  of  isoprene  from  spirits  of  turpentine 
is  due  to  pinene,  rather  than  to  dipentene  as  claimed 
by  Harries  and  Gottlob. 

THE    VOLATILE    OIL    OF    PINUS    SEROTINA 

This  substance  has  been  studied  by  Herty  and 
Dickson'    and    was   found   to    be    particularly   rich    in 

'  J.  Am.  Chem.  Soc.  SO,  872. 
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limonene.  Since  Harries  and  Gottlob  obtained  30 
to  50  per  cent  of  isoprene  from  commercial  limonene 
with  the  isoprene  lamp,  it  seemed  desirable  to  study 
this  volatile  oil  and  compare  its  yield  with  that  from 
ordinary  spirits  of  turpentine. 

In  preparing  the  material  from  the  oleoresin  the 
difficulties  formerly  met  with  in  distillation  by  a 
current  of  superheated  steam  were  easily  overcome 
by  heating  the  oleoresin  at  a  pressure  of  one  millimeter, 
the  volatile  oil  readily  passing  off  without  any  tendency 
to  froth  in  the  flask  and  with  largely  decreased  op- 
portunity for  polymerization  during  distillation. 
Table    II    gives   the    results   with    the   isoprene   lamp. 


Volume 

of 

Volui 

Tie  of 

residue 

Time 

Temper- 

distillate 

in 

of 

ature 

Per  c 

■pnl 

Substance                   heating 

of 

Crude 

Refined 

of 

flask 

used                            Hrs. 

oil  bath 

Cc. 

Cc 

isopr 

ene 

Cc. 

/  2.0 

17.'i'> 

6,50 

5.0 

2 

.5 

200  cc.  of   volatile  oil    )  2  0 

MS" 

4.75 

3.0 

I 

5 

of  Pinus  serolina..   \  2.S 

185° 

1 1  .  00 

8.0 

4 

0 

I2   5 

185" 

11.00 

8.0 

4 

.0 

25.0 

TotaLs 9.0 

33.25 

24.0 

12 

.0 

25.0 

No  further  condensate  could  be  obtained  by  con- 
tinued heating  of  the  residue.  As  was  to  be  expected 
the  yield  of  isoprene  from  this  volatile  oil,  rich  in 
limonene,  shows  a  largely  increased  yield,  practically 
doubled,  as  compared  with  ordinary  spirits  of  tur- 
pentine. 

PINE    OIL 

When  resinous  pine  wood  is  finely  divided  and 
treated  with  steam  a  crude  oil  distils  off  which  on 
fractionation  yields  wood  spirits  of  turpentine  and 
pine  oil.  Teeple'  has  fpund  that  pine  oil  consists 
chiefly  of  a-terpineol.  The  specimen  used  in  this 
work  showed  at  15°  C.  a  specific  gravity  of  0.9403 
and  an  index  of  refraction  of  1.4901.  The  results 
with  the  isoprene  lamp  are  given  in  Table  III. 

T.^BUE    III 

Volume  of 
Time    Temper-  distillate  Volume 

of         ature        . ■ ,  Per  cent        of 

Crude       Refined        of         residue 


0.5 
4.0 


REFINED    SPRUCE    PINE    TURPENTINE 

This  substance,  consisting  chiefly  of  cymene,  is 
collected  as  a  by-product  in  blowing  off  the  digesters 
in  the  manufacture  of  wood  pulp  from  spruce  pine. 
The  specimen  was  furnished  by  the  A.  D.  Little 
Laboratory  of  Boston.  It  showed  at  15°  C.  a  specific 
gravity  of  0.8639  and  an  index  of  refraction  of  1.4916; 
80  per  cent  distilled  between  171.3°  and  174.9°  C.:  200 
cc.  of  this  substance  were  boiled  three  hours  in  the 
isoprene  lamp  but  no  crude  distillate  could  be  ob- 
served. 


INVESTIGATIONS  ON  OIL  OF  BLACK  SAGE 

liy  Chahi.es  E.   Hurke  and  Charles  C.  .Scalione 
Received  June  22,  1914 

In   1912  a  bulletin  was  published  by  the   Bureau  of 


'  J.  Am.  c lie 


.  so,  413. 


Plant  Industry  (No.  235),  reporting  an  analysis  of 
the  oil  of  black  sage,  Ramona  Slachyoides,  of  Southern 
California.  This  analysis  accounted  for  62.5  per  cent 
of  the  oil  (camphor,  40  per  cent;  cineol,  22.5  per  cent), 
but  the  other  constituents  were  not  definitely  identi- 
fied. 

Since  the  black  sage  grows  extensively  in  Southern 
California  and  might  become  of  more  or  less  commercial 
importance,  it  seemed  to  us  advisable  to  continue  this 
work,  first  with  the  idea  of  determining  the  yields  of 
camphor  and  cineol  at  a  slightly  different  season  of 
the  year;  secondly,  to  definitely  determine  the  other 
constituents,  and  whether  or  not  any  of  the  constituents 
were  present  in  sufficient  quantity  to  be  commercially 
important. 

Through  the  kindness  of  Professor  C.  S.  Milliken, 
Assistant  Superintendent  of  University  Extension  of 
Agriculture,  several  hundred  pounds  of  leaves  and  twigs 
which  had  been  simply  snipped  from  the  ends  of  the 
branches,  were  forwarded  to  us  from  the  University 
Experiment  Station  at  Riverside,  in  February.  These 
were  several  weeks  in  transit  and  probably  suffered 
some  loss  from  exposure  but  upon  distillation  with 
steam  gave  a  yield  of  oil  corresponding  to  0.90  per  cent 
of  the  weight  of  material  used.  This  yield  is  very  much 
higher  than  that  obtained  by  the  Bureau  of  Plant  Indus- 
try, who  made  their  distillation  about  two  months  later 
in  the  season,  while  the  plant  was  in  bloom,  and  ob- 
tained a  yield  of  only  0.75  per  cent. 

Not  only  was  the  yield  much  greater,  but,  as  might 
be  expected,  the  physical  constants  of  the  oil  were  quite 
different  from  those  obtained  by  the  Bureau  of  Plant 
Industry,  as  may  be  seen  from  the  following  comparison: 

Bureau  of  Plant  Industry  Our  determination 

•Specific  gravity 24°         0.9144  15°         0.8979 

rotation 30.2  24.4 

Index  of  refraction 1 .  4682  1 .  4729 

Sol.  in  70  per  cent  alcohol.  .  .  .  Sol.  in  1  Vs  to  3V'3  vol.  Insoluble 

Acid  No 2  2,2 

Ester  No 2.5  1.6 

On  cooling  to  — 20°  C '    Solid  separated  No  solid  separated 

In  order  to  determine  approximately  the  number  of 
constituents  in  the  oil  and  the  relative  quantities  of 
each,  we  adopted  a  method  which  has  been  successfully 
used  by  L.  F.  Hawley  in  "Wood  Turpentines"  (Forest 
Service  Bulletin,  No.  105)-  This  method  consists  in 
fractionally  distilling  the  oil  with  a  Hempel  column  and 
plotting  curves  as  follows: 

(a)  Temperature  of  distillation  against  the  per- 
centage weight  which  the  fraction  distilling  at  that 
temperature  bears  to  the  total. 

(b)  Specific  gravity  against  percentage  weight. 

(c)  Index  of  refraction  against  percentage  weight. 
Bulletin  105,  Forest  Service,  gives  a'pproximately  the 
following  interpretation  of  these  curves. 

Suppose  we  are  dealing  with  two  volatile,  miscible 
components  (A)  and  (B),  having  boiling  points  T  and 
Ti,  respectively.  (A)  and  (B)  are  each  present  to  the 
extent  of  50  per  cent.  If  (A)  had  no  effect  on  (B)  then 
all  of  (A)  would  distil  over  before  any  of  (B)  began  to 
come  over,  and  plotting  the  percentage  distillate 
against  boiling  points  the  two  vertical  lines  AX  and  BY 
would  result.  The  break  in  the  curve  would  indicate 
a  change  of  composition.  In  an  actual  distillation  this 
complete  separation  is  never  obtained,  one  component 
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affecting  the  boiling  point  of  the  other.  The  curve  ob- 
tained when  an  ordinary  mixture  is  distilled  is  repre- 
sented by  Curve  I  where  there  is  a  gradual  gradation 
of  the  two  components.  A  better  separation  is  ob- 
tained by  the  use  of  a  fractionating  column  and  such 
separation  would  be  represented  by  Curve  II.  In 
general,  approaching  the  vertical  indicates  a  fairly 
constant  composition,  a  change  towards  the  horizontal 
indicates  a  rapid  change  of  composition.  Placing  this 
interpretation  upon  it.   Curve   II   would  represent   45 

JOO 


Illustrating  Th8  Theory  of  Fractional 
Distillation 

per  cent  pure  (A),  10  per  cent  rapidly  changing,  mix- 
ture, and  the  rest  pure  (B).  In  a  like  manner,  the 
curves  obtained  from  the  specific  gravity  and  index  of 
refraction  (two  of  the  most  constant  properties  of 
any  oil)  should  be  considered.  A  rapid  change  of  the 
specific  gravity  or  index  of  refraction  indicates  a  rapid 
change  of  composition. 

Table  I — Fractiona 


Fraction  i  had  a  pinene-like  odor.  Fractions  2-7 
had  a  cineol  odor,  and  the  rest  of  the  fractions  a  cam- 
phoraceous  odor.  A  small  amount  of  solid  matter 
began  to  form  in  the  condenser  in  Fraction  8  as  the 
200°  mark  was  reached;  this  solid  matter  collected  so 
rapidly  in  Fraction  9  that  the  condenser  had  to  be 
steam-jacketed  to  carry  on  further  distillation.  The 
specific  gravities  were  determined  with  a  pycnometer, 
the  index  of  refraction  with  a  Pulfrich  refractometer. 

From  this  data  the  curves  in  Fig.  II  were  plotted. 

SOr 


?  Sage  Oil  Showing  Physical  Propertie 
Each  Fraction 


Tempera- 
tures 
Fraction  °  C. 

1 150-160 

2 160-170 

3 170-175 

4 175-180 

5 180-18,1 

6 183-186 

1 186-195 

8 195-200 

9 200-205 

■  205 


Per  cent     Specific 
distilled       gravity 
over  15°  C. 

0.878 
0.892 
0.896 
0.914 
0.926 
0.936 
0.939 
0.930 
0.940 


18.6 
17.3 
6.8 
9.3 
3.3 
6.  1 
18.6 
12.4 


23.9 
23.2 
22.3 
22.3 
20.5 
21.2 
25.9 
(a) 


15°  C. 
1  4616 
1 .4619 
1 . 4622 
1 . 4626 
1 . 4633 
1 . 4643 
1.4646 
(a) 


■  to  formation  of  solid  particle 


'a)    Optical  constants  not  take 

Table  I  shows  the  fractions  we   obtained  from  oil  of 
black  sage  with  the  constants  for  each  fraction. 


o        /<so       /SO       2ao 
»  Bo///nf  Prs.  .373      -SSs 


■y/s       yjs 

/■^S26      /4S3<S      /4£-*a 


F>G   11— Boiling  Point,  Specific  Gravity.  Inde.x  of  Refraction 
Curves  for  Sage  Oil 

An  examination  of  the  curves  in  Fig.  II  shows  at 
least  five  components  with  possible  traces  of  others. 
The  first  component  is  largely  separated  in  Fractions 
I  and  2;  Fractions  3  to  7  contain  at  least  two  constitu- 
ents and  Fractions  8  and  9  two  more.  The  sharp 
breaks  between  Fractions  2  and  3  and  7  and  8,  particu- 
larly noticeable  in  the  specific  gravity  curves,  indicate 
a  sharp  separation  of  the  constituents  at  these  points. 

Fractions  i  and  2  were  again  redistilled,  and  with  the 
exception  of  a  small  amount  of  resinous  matter,  prac- 
tically all  distilled  at  the  boiling  point  of  pinene.  This 
well-cooled,  dry  oil  was  saturated  with  hydrochloric 
acid  and  after  some  time  almost  completely  solidified; 
after  one  recrystallization  from  alcohol  the  crystals 
melted  at  130°  C.  Pinene  hydrochloride  melts  at 
131°  C.  The  yield  of  pinene  corresponded  to  some- 
what over  6  per  cent  of  the  whole  material. 

Fractions  3  to  7,  after  redistillation,  were  first  tested 
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for  cineol.  To  the  well-cooled  oil,  glacial  phosphoric 
acid  was  slowly  added  according  to  Scammel's  process.' 
After  decanting  as  much  of  the  oil  as  possible  the  magma 
was  placed  in  a  Biichner  filter,  the  filter  placed  in  a 
centrifuge  cup  and  centrifuged;  in  this  way  we  were 
able  to  get  the  magma  fairly  dry  without  the  loss  of 
any  of  the  adhering  oil.  After  decomposition  of  the 
phosphate  with  hot  water,  a  pure  oil  was  obtained, 
which  melted  at  — 1°  C.  The  cineol  thus  obtained 
constituted  30  per  cent  of  the  whole.  The  cineol  was 
also  identified  by  the  formation  of  the  iodol  which, 
after  recryst^illization  from  benzene,  melted  at  1 1 1- 
112°. 

The  oil  remaining  in  Fractions  3  to  7  after  the  re- 
moval of  the  cineol  constituted  approximately  25  per 
cent  of  the  whole.  This  part  of  the  oil  was  optically 
inactive  and  the  boiling  point  and  specific  gravity  in- 
dicated either  terpinene  or  dipentene.  An  attempt  was 
made  to  form  the  dipentene  tetrabromide,  but  although 
crystals  separated  they  were  not  in  suflScient  quantity 
to  be  identified.  On  treatment  of  the  oil  with  Beck- 
mann's  reagent'^  (30  parts  water,  6  parts  potassium 
dichromate  and  5  parts  sulfuric  acid),  a  heavy  brown 
precipitate  separated  which  showed  that  a  considerable 
portion  of  the  oil  consisted  of  terpinene. 

Fractions  8,  9  and  10  were  subjected  to  a  freezing 
mixture  of  ice  and  hydrochloric  acid,  a  temperature 
• — 20°  being  attained.  Solid  crystals  amounting  to 
25  per  cent  of  the  total  oil  separated.  After  the  first 
sublimation  these  crystals  showed  slight  optical  ac- 
tivity, but  after  the  second  sublimation  were  optically 
inactive.  They  melted  at  173°  C.  Pure  camphor 
melts  at  175°.  The  semicarbazone  prepared  according 
to  the  method  of  Tiemann,'  melted  at  232°.  The 
semicarbazone  of  camphor  melts  at  236-238°.  Un- 
doubtedly these  crystals  were  camphor.  After  the 
removal  of  the  camphor  there  remained  approximately 
10  to  12  per  cent  of  the  original  oil.  The  boiling 
point. was  200°  C,  specific  gravity  0.917°,  and  specific 
rotation  about  25.9°.  To  a  solution  of  the  oil  in 
petroleum  ether,  bromine  was  slowly  added  according 
to  the  method  of  Wallach*  for  preparing  thujone  tri- 
bromide;  crystals  were  obtained  which,  after  twice 
recrystallization  from  ethyl  acetate,  melted  at  1 23- 
124°.     Thujone  tribromide  melts  at  122°. 

A  small  quantity  of  oily  substance  remained  from 
Fractions  8,  9  and  10  after  the  separation  of  the  cam- 
phor and  thujone;  this  was  a  resinous  oil,  probably 
partly  formed  by  polymerization  during  the  process  of 
distillation,  and  partly  consisting  of  other  high  boiling 
terpencs  which  occurred  in  quantities  too  small  to  be 
definitely  determined. 

.\nalysis  by  Bureau  Our 

of  Plant  Industry  analysis 

1  Pinene ?  6.0  per  cent 

2  Cineol 22.5  per  cent  30.0  per  cent 

3  Dipentene,  terpinene, 

etc ?  25.0  per  cent 

4  Thujone Trace  8.0  per  cent 

5i     Camphor 40.0  per  cent  25.0  per  cent 

6     Resinous  material ?  5.0  per  cent 

A  comparison  of  our  analysis  with  that  of  the  Bureau 

'  U.  S.  I'harm.,  1900,  p.  .31,1. 
-  Bacyer.  Ber..  27,  815. 
'Tiemann.  Ibid..  28,  2191 
»  Ann..  276,  \<)h.  286,   i:'). 


of  Plant  Industry  gives  a  good  indication  as  to  the 
variation  of  the  constituents  of  the  oil  with  the  season. 
At  the  earlier  season  at  which  we  obtained  our 
material,  the  oil  contains  a  considerably  higher  per- 
centage of  the  lower  boiling  constituents,  while  at  the 
later  period  a  somewhat  greater  percentage  of  camphor 
was  found. 

Chemical  Laboratory 
University  of  California 


EXAMINATION  OF  CHINESE  WOOD  OIL' 
By  E.  E.  Ware  and  C.  L.  Schumann 

The  use  of  Chinese  wood  oil  as  a  varnish  oil,  although 
of  fairly  recent  adoption,  except  in  the  Orient,  has 
increased  rapidly  until  at  the  present  time  wood  oil 
has  come  to  be  considered  the  important  oil  of  the 
varnish  industry. 

The  value  of  the  oil  has  been  said  to  lie  in  its  ability 
to  form  actual  combinations  with  the  abietic  acid  of 
the  rosin  with  which  it  is  cooked.  This  statem.ent 
may  be  open  to  question,  but  the  fact  remains  that 
varnishes  of  superior  quality  can  be  made  from  wood 
oil  and  rosin  when  they  are  properly  manipulated. 

Most  of  the  Chinese  wood  oil  imported  into  the 
United  States  is  gathered  in  small  quantities  through- 
out the  rural  districts  of  western  China,  and  after 
passing  through  the  hands  of  several  native  collectors 
and  dealers,  reaches  Hankow,  where  it  is  put  into  the 
export  packages.  The  American  buyer,  although 
reasonably  certain  that  he  receives  the  oil  as  packed 
at  Hankow,  has  no  assurance  that  the  oil  he  buys  is 
representative  of  the  oil  as  pressed  from  the  nut. 
The  wide  variations  that  the  varnish-maker  finds  in 
the  oil  as  he  uses  it  may  be  due  to  variations  in  the 
nut  and  in  its  treatment,  or  to  adulteration  by  one 
or  more  of  the  various  middlemen  during  its  open- 
basket  travel  from  interior  China  to  the  forwarder's 
warehouse  at  Hankow. 

METHODS    OF    EXAMINATION 

Numerous  methods  have  been  proposed  for  the 
determination  of  the  relative  purity  of  wood-oil  sam- 
ples. Polymerization  of  the  oil  by  heating  at  a  definite 
temperature  for  a  definite  length  of  time,  various 
modifications  of  which  treatment  have  been  proposed 
by  Bacon,  Worstall,  Potsdamer,  Browne,  and  others, - 
is  the  method  in  most  general  use  at  the  present  time. 
This  method  seems  to  have  given  the  most  satisfaction, 
since  the  analytical  constants  of  wood  oil  vary  within 
rather  wide  limits,  and  this  variation  does  not  seem 
to  be  accompanied  by  a  corresponding  variation  in 
the  working  qualities  of  the  oil,  as  judged  by  its  action 
in  the  varnish  kettle. 

However,  many  buyers  prefer  to  depend  upon  the 
analytical -constants  in  passing  judgment  on  wood  oil, 
claiming  that  the  personal  equation  has  too  strong  an 
influence  on  the  results  obtained  by  the  heat  polym- 
erization   method.      The    iodine    number    and    the    re- 

I  Presented  at  the  17th  .Annual  Meeting  of  the  American  Society  for 
Testing  Materials.  Atlantic  City.  June  30  to  July  3.  1914. 

•  Houghton,  "Testing  of  Chinese  Wood  Oil,"  Proceedings  Am.  Soc. 
Tesl.  Mais..  13  (1913),  923. 
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fractive  index'  seem  to  be  the  most  reliable  constants 
to  use. 

Mcllhiney^  offers  a  method  for  the  examination  of 
this  oil  that  promises  well  when  standardized.  He 
precipitates  the  insoluble  iodine  addition  products 
formed  when  wood  oil  is  treated  with  iodine  in  acetic 
acid  solution,  and  weighs  the  oil  remaining  after 
evaporation  of  the  solvent  from  the  filtrate. 

LIGHT    BREAK 

A  familiar  characteristic  that  seems  to  have  been 
neglected  in  the  consideration  of  methods  for  judging 
the  purity  of  wood-oil  samples,  is  the  light  "break." 
It  is  a  well-known  fact  that  wood  oil  exposed  to  the 
light  in  bulk  soon  exhibits  a  flocculent  white  pre- 
cipitate, which  continually  increases  in  amount  until, 
after  some  months,  the  oil  seems  to  be  a  solid  white 
mass.  This  change  in  wood  oil  upon  exposure  to  light 
is  Reported  by  Nermann^  to  be  a  polymerization. 
Fahrion^  does  not  agree  with  this  view  but  calls  the 
change  a  molecular  transformation.  Nermann  also 
finds  that  light  has  a  similar  eflect  upon  the  potash 
soap  of  Chinese  wood  oil  and  that  the  transformation 
takes  place  more  rapidly  than  with  the  oil. 

This  break  caused  by  sunlight  seems  to  be  char- 
acteristic of  wood  oil  alone,  and  seems  to  be  capable 
of  standardization  to  the  point  that  permits  its  use  as 
an  analytical  method  for  the  estimation  of  the  purity 
of  wood-oil  samples. 

The  authors  in  studying  this  phenomenon  have 
made  use  of  certain  catalytic  agents  that  markedly 
influence  the  rate  of  transformation.  Among  these 
are  iodine,  sulfur,^  hydriodic  acid,  sulfur  chloride, 
carbon  dioxide,  hydrogen  sulfide,  phosphorus  tribrom- 
ide,  and  carbon  bisulfide.^  These  agents  act  at  differ- 
ent rates,  and  bring  to  completion,  in  times  varying 
from  a  few  hours  to  several  weeks,  a  reaction  that 
Morrell'  reports  as  proceeding  only  to  the  extent  of 
6  per  cent  in  one  year.  Sulfur  chloride  and  iodine 
are  the  only  accelerators  studied  that  will  cause  a 
complete  precipitation  within  the  time  that  permits 
the  operation  to  be  classed  as  an  analytical  method. 
Others  of  the  catalyzers  might  be  used  as  a  means  of 
getting  a  less  contaminated  product  for  the  examination 
of  its  characteristics. 

The  action  of  sulfur  chloride  upon  the  drying  and 
semi-drying  oils  is  common  knowledge.  Jenkins*  re- 
ports the  fact  that  sulfur  chloride  added  to  wood  oil 
to  the  extent  of  20  per  cent  will  yield  a  jelly-like  mass. 
The  reaction  is  accompanied  by  an  evolution  of  hydro- 
chloric acid  and  considerable  heat.  Chinese  wood  oil 
is  not  alone  in  exhibiting  this  characteristic,  some  of  the 
semi-drying  oils  showing  quite  as  energetic  an  action 
toward  sulfur  chloride.  The  fact  that  such  com- 
pounds are  formed  may  not  therefore  be  accepted  as  a 
test   for  the   purity   of   wood   oil.     Gardner'    suggests 

1  Wise,  This  Journai,.  4  (1912),  497. 

'-  Ibid.,  1  (1912),  496. 

■  Chem.  Ztg.,  31  (1907),  186. 

*  Chem.  Cenlrlhl..  83  (1912),  2154. 

'  Maquenne,  Compl.  rend.,  135  (1902),  696. 

«  Andes,  ■■Iron  Corrosion  and  Anti-Corrosive  Paints,'^  p.  156. 

'  Transactions  Chem.  So,..  101  (1912),  2082. 

8  J.  Soc.  Chem.  Ind..  16  (1897).  195. 

>  Proceedings  Am.  Soc.  Test.  Mais.,  13  (1913),  946. 


that  as  Chinese  wood  oil  in  carbon  tetrachloride  solu- 
tion will  form  this  addition  product  much  more  rapidly 
than  will  other  oils  under  the  same  conditions,  the 
action  might  be  susceptible  to  a  time  standardization. 

If  the  wood  oil  be  thinned  with  a  solvent  upon 
which  the  sulfur  chloride  will  not  act,  and  the  dilution 
be  to  a  strength  of  solution  of  20  per  cent  or  less,  the 
sulfur  chloride  then  becomes  merely  a  catalytic  agent 
for  the  transformation  of  the  wood  oil  by  light,  and 
there  seem.s  to  be  very  little  if  any  addition  product 
formed.  The  oil  will  break  to  a  considerable  extent 
even  in  the  dark,  but  the  reaction  is  very  much  more 
rapid  if  exposed  to  light.  If  the  concentration  of  the 
sulfur  chloride  be  low  and  the  mass  cool,  the  reaction 
will  proceed  until  within  a  few  hours  the  oil  is  of  the 
consistency  of  lard.  In  order  that  the  reaction  proceed 
to  completion  it  is  necessary  that  the  break  be  filtered 
out  at  intervals. 

The  reaction  between  Chinese  wood  oil  and  iodine 
has  been  used  as  a  qualitative,'  and  the  modification 
introduced  by  Mcllhiney  as  a  quantitative  method  for 
the  estimation  of  the  purity  of  wood  oil.  If  we  carry 
the  thinning  still  further  than  is  recommended  by 
Mcllhiney,  and  use  petroleum  ether  instead  of  glacial 
acetic  acid,  the  addition  of  0.3  per  cent  of  iodine  will 
give  practically  no  additional  products,  but  will  ac- 
celerate the  transformation  of  the  oil  into  the  insoluble 
elaeostearic  glyceride  of  Fahrion. 

ANALYTICAL  METHOD  NO.  I — The  authors'  procedure 
is  as  follows:  Five  grams  of  the  oil  to  be  examined 
are  weighed  into  a  small  beaker,  thinned  with  25  cc. 
of  petroleum  ether  (60°  C.  b.  p.),  and  the  whole  cooled 
to  0°  C.  After  cooling,  5  cc.  of  ice-cold,  saturated 
solution  of  iodine  in  petroleum  ether  are  added  with 
stirring.  Precipitation  starts  within  a  few  minutes; 
the  better  the  light  the  quicker  the  precipitation. 
After  about  i  hour,  more  petroleum  ether  is  added 
and  the  mass  stirred  thoroughly.  The  first  filtration 
should  take  place  after  about  3  hours,  the  precipitation 
having  proceeded  by  that  time  to  show  a  conversion 
of  about  50  per  cent  of  the  wood  oil  present.  Little 
is  gained  by  waiting  longer  before  filtering,  as  the  pre-^ 
cipitate  is  so  heavy  as  to  mask  the  further  action  of 
light  upon  the  oil.  The  filtrate  from  the  first  filtration 
is  cooled  and  again  exposed  to  light.  A  few  milligrams 
of  iodine  in  solution  may  be  added  at  this  point  if  the 
solution  has  become  colorless.  Three  precipitations 
with  the  corresponding  filtrations  are  generally  suffi- 
cient to  give  total  yield.  The  solution  should  be  kept 
cold  at  all  times  during  precipitation,  although  after 
each  filtration  the  extra  petroleum  ether  may  be  evap- 
orated on  the  steam  bath,  if  the  solution  be  thoroughly 
cooled  before  the  further  addition  of  iodine  and  the 
exposure  to  light. 

The  material  taken  out  by  the  third  filtration  is  of 
somewhat  different  character  from  that  precipitated 
earlier  in  tfie  operation.  This  may  indicate  the  presence 
of  a  third  glyceride  as  a  constituent  of  wood  oil,  and 
may  account  for  the  difference  of  opinion  between 
Cloez,^  who  claims  75  per  cent  elaeomargaric  acid  and 

'  Boughton,  J.  Soc.  Chem.  Ind..  28  (1909),  719. 
a  Comft.  rend..  81  (1875),  469. 
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2$  per  cent  oleic  acid,  and   Fahrion'  who  finds  go  per 
cent  and  lo  per  cent. 

In  Table  I  are  compiled  the  data  obtained  by  the 

Table  I — ExAMiNAriON  by  Precipitation  of  Light  Bkeak 
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use  of  this  method  in  the  examination  of  several 
Chinese  wood  oils  and  of  other  samples  in  which  these 
oils  were  mixed  with  varying  amounts  of  sesame  and 
soya  bean  oil.  The  figures  in  the  column  entitled 
"Adulterant  (calculated)"  were  obtained  as  the  differ- 
ence between  the  actual  weight  of  the  residue  and 
the  calculated  weight,  using  7  per  cent  of  the  weight 
of  the  wood  oil  in  the  sample  as  the  average  weight 
of  residue  obtained  from  pure  oil.  In  cases  where  the 
figures  show  negative,  indicating  an  actual  weight  less 
than  the  calculated,  the  figures  were  inserted  merely 
to  show  the  extent  to  which  the  inaccuracy  of  the 
method  is  apparent. 

The  results  in  Table  I  indicate  a  precipitation  of 
approximately  93  per  cent  of  the  wood  oil  present, 
when  using  iodine  as  a  catalyzer.  Sulfur  chloride  does 
not  seem  to  be  so  efficient  in  its  action  upon  the  raw 
oils.  The  precipitation  proceeds  at  a  slower  rate,  and 
there  seems  to  be  a  strong  tendency  for  the  material 
to  skin  over  with  an  oxidized  film  during  the  precipita- 
tion. No  quantitative  results  on  sulfur  chloride  pre- 
cipitation are  included  in  the  table. 

The  method  of  estimation  used  in  arriving  at  the 
figures  given  in  Table  I  is  the  weighing  of  the  final 
filtrate  after  evaporation  of  the  petroleum  ether.  The 
amount  of  adulteration  may  be  considered  as  the  weight 
of  the  filtrate  minus  the  amount  of  the  residue  due  to 
the  unprecipitated  olein  present  in  the  wood  oil.  This 
amount  of  unprecipitable  matter  has  been  taken  as 
7  per  cent  of  the  wood  oil,  that  amount  having  been 
shown  to  be  an  average  for  a  number  of  determinations 
on  supposedly  pure  wood  oil. 

It  is  possible  to  get  an  estimation  of  the  amount  of 
wood  oil  present  by  the  direct  weighing  of  the  pre- 
cipitated matter.  In  that  case  great  care  must  be 
exercised  to  prevent  oxidation  of  this  material  during 
drying. 

The  tabulated  results  show  the  possibilities  of  this 
method  as  a  means  of  detecting  adulteration  in  wood  oil. 
It  is  certain  that  further  refinement  of  the  method  is 
possible,  which  will  add  to  its  accuracy. 

'  Cliem.  CenlrbL,  83  (1912).  2154. 


INSOLUBLE    SOAP 

In  studying  the  characteristics  of  this  solid  pre- 
cipitated glyceride,  it  was  noted  that  the  potassium 
soap  was  but  slightly  soluble  in  absolute  alcohol, 
which  agrees  with  the  findings  of  Nermann'  and  Mor- 
rell^  who  worked  on  the  material  precipitated  by  sun- 
light alone.  Morrell,  however,  also  states  that  the 
soap  is  practically  insoluble  in  water,  which  statement 
is  not  borne  out  by  the  experience  of  the  authors. 

The  comparative  insolubility  of  the  potassium  soap 
of  Chinese  wood  oil  offers  possibilities  of  a  rapid  method 
for  the  detection  of  adulteration  in  wood-oil  samples. 
The  saponified  product  separates  quite  completely 
from  absolute  alcoholic  potash,  and  may  be  washed 
free  from  the  soap  of  the  adulterating  material.  If  the 
method  be  carried  out  at  uniform  temperature,  pref- 
erably o°  C.,'and  the  alcohol  for  washing  the  pre- 
cipitate be  previously  saturated  with  the  soap,  it  is 
possible  to  estimate  the  amount  of  adulteration  within 
fairly  narrow  limits. 

ANALYTICAL  METHOD  NO.  2 — A  3-g.  sample  of  the  oil 
to  be  examined  is  saponified  with  loo  cc.  of  A^'4 
absolute  alcoholic  potash  for  one-half  hour,  using  an 
air  condenser  of  sufficient  length  to  prevent  the  loss  of 
alcohol.  The  saponified  mixture  is  cooled  to  o°  C, 
held  for  lo  minutes  at  that  temperature,  and  filtered 
through  a  Gooch  crucible  using  a  filter-paper  disk 
instead  of  an  asbestos  pad.  The  precipitate,  after 
washing  thoroughly  with  ice-cold  saturated  absolute 
alcohol,  is  removed  from  the  crucible  to  a  cover  glass, 
and  is  dried  at  75  to  80°  C,  under  vacuum,  and  with 
a  stream  of  dry  hydrogen  or  carbon  dioxide  passing 
through  the  desiccator.  After  cooling  without  re- 
moving from  the  desiccator,  the  precipitate  is  taken  out 
and  weighed,  and  the  weight  calculated  to  wood  oil. 

It  is  necessary,  if  the  method  is  to  be  at  all  accurate, 
to  use  absolute  alcohol  both  for  saponification  and  for 
washing  the  precipitate,  as  the  soap  is  appreciably 
soluble  in  the  presence  of  even  small  amounts  of  water. 
This  alcohol  and  alcoholic  potash  should  be  freshly 
saturated  with  the  soap  before  use,  for  although  the 
soap  is  but  slightly  soluble  in  absolute  alcohol,  that 
solubility  changes  on  standing,  especially  if  exposed 
to  light.  It  is  a  comparatively  easy  matter  to  keep 
freshly  saturated  solutions  ready  for  use  by  making 
up  a  batch  of  the  soap  and  introducing  it  into  the  stock 
bottles  of  alcohol  and  alcoholic  potash,  in  quantities 
more  than  sufficient  to  saturate  them  at  o°  C.  When 
about  to  make  a  determination,  the  solution,  may  be 
warmed  until  an  appreciable  amount  of  soap  goes  into 
solution,  after  which  it  may  be  cooled  to  o°  C.  and  held 
for  10  minutes  and  filtered.  This  fresh  filtrate  is 
ready  for  use,  and  the  fact  that  the  procedure  followed 
will  be  duplicated  on  the  saponified  sample  helps  to 
insure  the  accuracy  of  the  determination. 

During  the  washing  of  the  precipitate  the  whole 
must  be  kept  cold,  for  the  solubility  of  the  material 
in  alcohol  is  greatly  increased  by  a  rise  in  temperature. 
This  is  accomplished  by  filtering  through  a  Gooch 
crucible    surrounded    by    cracked    ice.      The    authors 

'  Chem.  Ztg..  SI  (1907),  188. 

!  Trans.  Chem.  Soc,  101  (1912).  2082. 
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have   found  the  apparatus  shown  in  Fig.  I  to  be   quite 
satisfactory. 

The  precipitate  is  susceptible  to  oxidation  and  must 
be  kept  away  from  air  during  drying.  Also,  the  fact 
that  high  temperature  will  char  the 
soap  limits  the  drying  temperature  to 
about  80°  C.  The  precipitate  may  be 
dried  in  a  desiccator  connected  by  a 
long  rubber  tubing  to  a  source  of  hy- 
drogen or  carbon  dioxide,  and  to  a 
vacuum  pump.  After  introducing  the 
precipitate  to  be  dried,  the  desiccator 
may  be  placed  in  a  low-temperature 
steam  drying  oven  for  3  hours. 

The  results  obtained  by  the  use  of 
the  insoluble-soap  method  and  the 
data  from  which  these  results  were 
computed,  are  compiled  in  Table  II. 
In  calculating  the  results  for  this 
table  it  was  decided  to  accept  the 
weight  of  the  dried  insoluble  soap  as 
representative  of  the  weight  of  wood 
oil  present  in  the  sample,  since  the 
error  of  this  assumption  was  consid- 
ered to  be  within  the  limits  of  error  of  the  method. 

Although  neither  of  the  above  methods  has  proved 
entirely  satisfactory  as  a  method  for  the  estimation 
of  wood  oil  in  rosin  varnishes,  the  efforts  made  to  apply 
them  to  that  end  have  resulted  in  some  interesting  data 
regarding  the  conditions  existing  in  this  type  of  varnish. 

Table  II — Examination  by  Precipitation  of  Insoluble  Potassium  Soap 
Wood  Oil 


Sample 


Cal- 


Re 


Adulterant 


o.   G.         G.  Kind 

3   301       ... 
2.814  0.304) 

3.012  O.lSO^Linse! 
2.516  0.506^ 
3.138      ... 

2.859  0.959  1  Soya 
2.642  0.881  (bean 

3.013      

3.006  0.167  (Soya 
2. 051  1.302  I  bean 
2.461  0. 125, 
2.791  0.607  , 
2.742  0.380  : 
2.742  0.183  I 
2.528  ... 
2.524  ... 
2.521  ... 
2.510  ... 
2.321  0.707  I  , 
2.428  0.738  I 
3.019      ... 

3.039  0.409  1  >,.  ■ 
3.199  1.049  P*""^'* 
3.252      


Soap 
G. 

3.334 
2.807 
3.021 
2.508 
3.  170 
2.874 
2.645 
3.006 
2.982 


.  Linseed 


,  Linseed 


2.761 
2.741 
2.501 
2.550 
2.510 
2.514 
2.367 
2.508 
3.019 
3.025 
3.201 


3.224 

o     J.'t/ 1       .  .  .  3   544 

j     3.156      3:014 

4     3.190      3.092 

Note — Wood  oils  Nos.  1.  2  au 
Wood  oil  No.  4  was  furnished  by  Mi 
cational  Bureau  of  the  Paint  Manufact 
American-grown  nuts. 


lated    ered 
G.        % 

3.334  101.0 
2.807  99.8 
3.021  100.3 
2.508  99.8 
3.170  101.0 
2.874  100.6 
2.645  100. I 
3.006  99.8 
2.982  99.2 
2.020  98.1 
2.536  103.0 
2.883  103.3 
2.761  100.7 
2.741  100.0 
2.501  98.9 
2.550  101.0 
2.510  99.5 
2.514  100.2 
2.367  102.0 
2.508  103.3 
3.019  100.0 
3.025  99.5 
3.201  100.3 
3 . 224  99 . 1 
3.544  102.1 
3.014  95.5 
3.092  96.9 
id  3  were  the  s 


Present 

% 


—0.033 
0.311 
0.  171 
0.514 

—0.032 
0.944 
0.878 
0.007 
0.  191 
1,333 

—0.075 
0.515 
0.361 
0.  184 
0.027 

—0.026 
0.011 

— 0.004 
0.661 
0.658 

0^423 
1.038 
0.028 
—0.073 
0.  142 
0.098 


24.7 

24.9 
0.2 
6.0 

39.8 
2.9 

15.2 


1  .  1 

—  1.0 

0.5 

—0.2 

21.8 

20.8 

i2'3 
24.5 
D.9 


5.3 
38.9 

4.8 
17.9 


L.  P. 


B  the  same  as  those  in  Table  I. 
Nemzek,  representing  the  Edu- 
5*  Association.     This  oil  is  from 


An  examination  of  the  separated  constituents  of  a 
Chmese-wood-oil  rosin  varnish  seems  to  show  that  the 
polymerization  of  wood  oil  in  the  presence  of  rosin  is 
practically  as  complete  as  in  the  oil,  subject  to  the 
same  heat  treatment  in  the  absence  of  rosin.  The 
fatty  acid  in  each  case  shows  a  molecular  weight 
double  that  of  the  fatty  acid  of  raw  wood  oil.  The 
difference  in  characteristics  between  these  two  polym- 
erized products  has  not  as  yet  been  satisfactorily  ac- 
counted for. 


A  comparison  of  the  molecular  weights  of  the  fatty 
acids  from  raw  wood  oil  and  the  light  breaks  seems  to 
show  that  this  Hght  break  is  an  isomer  rather  than  a 
polymer,  and  that  there  is  practically  no  difference 
between  the  light  break  formed  slowly  by  sunlight 
alone  and  that  catalyzed  by  iodine. 

University  oif  Michigan 
Ann  Arbor 

OILS  OF  THE   CONIFERAE.     II— THE  LEAF  AND  TWIG, 
AND  BARK  OILS  OF  WHITE  FIR 

By    A.     W.     SCHOROER 

Received  August  15,  1914 

The  white  fir  [Abies  concolor  (Gord.)  Parry]  is  found 
on  the  mountain  slopes  from  southern  Oregon  to  Lower 
California  and  from  Nevada,  Utah,  and  southern  Colo- 
rado through  Arizona  and  New  Mexico.  The  dense 
crown  consists  of  short,  heavily  foliaged  branches. 
The  leaves  at  the  top  of  the  tree  are  usually  i  to  I'/a 
inches  in  length,  while  those  of  the  lower  branches  are 
somewhat  longer — i'/.-!  to  ,s  inches. 

LEAF    AND    TWIG    OILS 

The  oils  were  greenish  yellow  in  color  with  a  green 
fluorescence  with  the  exception  of  samples  Nos.  2439 
and  2487,  which  were  lemon-yellow  in  color  and  showed 
no  fluorescence.  The  residue  left  after  removal  of  the 
terpenes  by  distillation  was  fluorescent  to  a  marked 
degree,  but  this  property  was  not  noted  in  the  "green 
oil"  fraction  obtained,  though  the  oil  owes  its  green 
color  to  this  fraction. 

The  properties  of  the  oils  and  the  yields  are  given  in 
Table  I. 

Table  I — Properties  of  Oils 
Ester 


Ace-       Percent       Yield 

_         ,                                                                          after  tate         alcohol         of  oil 

Sample  Acid   Ester  acetyl-  Per  ^ ■ .  Per 

No.        flis"       "dis"        "Da'       No.       No.      ation  cent  Free  Total      cent 

Leaf  and  Twig  Oils 

2176    0.8758     1.4788    —27.94     1.13     12.52    48.88  4.,^8  10.28     13.73    0  140 

?   ??    Si,"*     '•■*^^*    -20.18     1.81     27.34    54.58  9.57  7.65     15.17    0  029 

o   fl    nilll    Vfn^i    —21.65     1.43    24.03    52.45  8.41  7.99     14.60    0.050 

?l?o    ?:V,V..    VV.l^    —26.87     1.07    20.55    54.22  7.19  9.50     15.15    0.150 

^lln    nilll    VV.ll    —26-59     1-01     14.48    51.83  5.07  10.57     14.55    0.163 

lAl    ofvt,     \-V,l°,     -^■••''«     '■'2     •''•SO    ^-S*  5.18  9.32     13.39    0.095 

2487    0.8777    1.4781    —20.11     1.06    18.79    55.51  6.58  10.39    15.56    0.272 

Mean.  6.63  9.39      14.59    0.128 


Bark  Oils 


2209    0.8767     1.4833    —20.95     1.22 
2423    0.8702     1.4809    —20.15    0.87 


6.88    23.34    2.41 
6.43    20.45    2.25 


Mean.   2.33     4.24      6.08    0.095 

There  is  a  considerable  variation  in  the  ester  and  free 
alcohol  content  in  the  various  samples  but  the  total 
alcohol  content  is  fairly  uniform.  Samples  Nos.  2439 
and  2440  were  distilled  from  material  taken  from  the 
top  and  base,  respectively,  of  the  same  tree.  The 
needles  from  the  top  of  the  tree  show  a  slightly  greater 
total  alcohol  content. 

Six  hundred  grams  of  oil  distilled  as  follows:  161- 
165°,  15-5  per  cent;  165-170°,  42  per  cent;  170-180°, 
18.5  per  cent;  180-195°,  3  per  cent;  195-240°,  13  per 
cent;  240-310°,  3  per  cent. 

IDENTIFICATION    OF    CONSTITUENTS 

FURFURAL — The  first  fraction  was  shaken  out  with 
water.  On  treating  the  aqueous  extract  with  aniline 
and  hydrochloric  acid  a  deep  crimson  color  character- 
istic of  furfural  was  obtained. 

a-PINENE — The  fraction  examined  for  a-pinene  had 
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the   following    properties:      B.    p.    1 56.5°-i590°,    d^^"  in    ether.      The   oil    was   emerald-green   in   color   and 

ogg^j    Q,        2429°.     The  nitrosochloride  separated  showed    no    fluorescence.      No    solid    derivatives    were 

very    slowly   from   the    mother   liquor.     The    purified  obtained.     This  oil  appears  to  be  sim^ilar  to  the  "green 

compound  melted  at  •  103°  and  its  nitrolpiperidine  at  od"  obtained  by  the  author   rom  the  leaf  oil  of  Douglas 

ii8.s°.     The     total     fractions     boiling     below      160°  fir>  and  showed  the  same  color  reactions, 

amounted  to  75  g.  (12.5  per  cent).  bark  oil                           ,         .     , 

CAMPHENE— The  camphene  fraction  b.  p.    160-164°  The  bark  distilled  was  about  one-quarter  of  an  inch 

amounted  to  8  per  cent.     The  fraction  b.  p.  160-162°,  thick  and  had  been  peeled  from  small  trees  cut  for  poles. 

dn"  0.8695,  an    o — 27.39°,  was  tested  according  to  the  The  properties  of  the  oils  and  the  yields  are  given  in 

method  of  Betram  and   Walbaum.i     Qn  treating  the  Table  I.                                              ^     .      j           ..  .■„  ,■ 

saponified  product  with  water  the  isoborneol  separated  The  following  results  were  obtained  on  distillation 

as  a  viscous  oil.     On  steam  distillation  oil  first  passed  of  1 10  g.  of  oil:     b.  p.  162.5-17°  ,  65  per  cent;  b.  p. 

over,  followed  by  isoborneol  that  solidified  in  the  con-  170-180  ,    14   per   cent;   b.   p. ^18.^192   ,   8   per   cent; 

denser.     The  purified  isoborneol   melted   at   209-210°  192-250°,  4  per  cent;  25(^300  ,  s  per  cent, 

in  a  sealed  tube.     The  fraction  b.  p.  162-164°  yielded  identification  of  constituents 

smaller  amounts  of  isoborneol.  furfural— This  aldehyde  was  detected  in  the  first 

/3-piNENE — This    terpene    is    the    major    constituent  fraction  by  the  color  method.     From  the  intensity  of 

of  the  leaf  oil,  since  254  g.  (42.3  per  cent)  were  finally  color  produced  a  larger  quantity  of  furfural  is  present 

obtained  boiling  between   164-170°.     On  oxidation  of  in  the  bark  oil  than  in  the  leaf  and  twig  oil. 

a  fraction,  b.  p.  164-166,5°,  (fi6°  0.8715,  aosjo —23-66°,  a-PiNENE— By  repeated  fractionation  10  g.  (9.1  per 

with  alkaline  potassium  permanganate,  large  quantities  cent)   of  oil   were   obtained  of    b.   p.    160-163°,   a^.^. 

of  sodium  nopinate  were  obtained.     The  free  nopinic  —16.43°.     This  oil  yielded  2.1  g.  (21  per  cent)  of  pinene 

acid  melted  at  126.6-127°.  nitrosochloride.     Its  nitrolpiperidine  melted  at  118°. 

phellandrene— The     fractions     b.     p.      170-180°,  /3-pinene— The   ^-pinene   fractions   distilled   as   fol- 

weighing   90  g.,  gave  large  amounts  of    phellandrene  lows:      (i)  b.  p.  163-165°,  14.9  g.;  (2)  b.  p.  165-170°, 

nitrite.     The    fraction    b.    p.     174-177°,    d,5=    0.8572,  51.2   g.      The  latter  fraction    had     du-    0.8654,  aD2o» 

Q,^       — 28.74°,  formed  a  solid  mass  of  crystals  on  treat-  — 22.52°.     On  oxidation  of  the  oil  a  yield  of  21.7  per 

merit  with  KNO:  and  acetic  acid.     The  nitrite  melted  cent    of    sodium    nopinate    was    obtained.     The    free 

at    102°.     Limonene   was  not   detected   as   either  the  nopinic    acid    melted    at    126-127°.     Five    grams    of 

dihydrochloride  or  tetrabromide.  sodium    nopinate    yielded-    24    per    cent    of    nopinone, 

BORNEOL — The  oil  obtained  by  saponification  of  the  whose  semicarbazone  melted  at  188°. 

fraction  b.  p.    200-240°  distilled  in  about  equal  pro-  dipentene — The  oil  boiling  between   170-180°  had 

portions  between   205-215°  and   215-220°.     The  first  the  rotation  aojjo  — 29-37°-     On  treating   the  dry  oil 

portion  had  the    rotation  0:0240  — 29.16°.      Both    frac-  ^jt^  dry  HCl  gas  a  dihydrochloride  m.  p.  49-50°  «'as 

tions  were  treated  with  phthalic  anhydride.     Sapon-  obtained,    but    no    solid    derivative    was    obtained    on 

ification    of    the    phthalic    esters    yielded     oils.      On  bromination. 

oxidizing  the  latter  with  chromic  acid  mixture  camphor  alcohol  fraction — The  amount  of  oil  obtained  by 

wais    obtained     melting     at     171-172°.     Considerably  saponification  of  the  fraction  b.  p.   192-250°  was  too 

larger  yields  of  camphor  were  obtained  by  oxidizing  small  for  identification   of  the   alcohol  present.     The 

the  borneol  fraction  directly  with  saturated  potassium  ester  and  free  alcohol  have  been  calculated  as  bornyl 

permanganate   solution   without   attempting   its   puri-  acetate  and  borneol  as  it  is  most  probable  that  these  are 

fication  through  the  phthalic  ester.     The  camphor  was  the  constituents  present. 

converted  to  its  semicarbazone  melting  at   236-237°.  "green  oil"— The  fraction  b.  p.  250-300°,  weighing 

acetic  ACID-The    acids   recovered   from   the   ester  5-4  g-,   was  bright  green  in  color  and  from  its^  color 

saponification  liquors  were  precipitated  as  their  silver  reactions  appeared  identical  with  the  '  green  od^^  from 

salts   in    five   fractions.     Analysis   of   portions   of   the  the  leaf  and  twig  oil.     It  is  possible  that  the      green 

various  precipitates  without  further  purification  gave  a  oil"  in  the  leaf  and  twig  oil  is  not   derived  from  the 

silver  content  of  63.04-63.72   per  cent,   showing  that  needles  themselves,  but  from  the  bark  of  the  twigs, 

acetic  acid  must  be  practically  the  only  acid  present,  summary 

since    silver    propionate    theoretically    requires    59-91  The  oils  of  white  fir  have  approximately  the  following 

per  cent  Ag,  silver  acetate  64.64  per  cent  Ag,  and  silver  composition: 

formate  70.59  per  cent  Ag.     The  combined  precipitates  percentages          Leaf  and  Twig  oil                Bark  oil 

were  recrystallized  from  water  several  times.     The  fine  ^  „.piL"fe""'                     "^u"                         ^T^ 

needles  obtained  were  analyzed  as  follows:  i-Camphene 8 

O.II40   g.    silver   salt    gave    0.0736    g.    Ag    =    64.56    per  ;lphellandrVne.','. '.!!;;                 15                  Dipentene   12-13 

.     .  Ester  as  bornyl  acetate                 5.5                                     2.5 

cent  Ag.  Free  borneol 9.5  4.5 

"green  oil" — The  residue  remaining  after  removal  i,?5s"s°.°'.".V.V.'.;: ! ! !             4                              ^ 
of  the  ester  fraction  had  a  strong  green  fluorescence. 

,    .    ,              -       1'.-,,,-    j-»-iij  Forest  Products  Laboratory 

The  fraction  b.  p.   240-310     on  redistillation  distilled  ^o^^^t  sbrvicb,  u.  s.  department  of  agricih-ture 

mainly      between      265-285°.         It      had       dig.s^      0.925,  (in  cooperation  with  the  University  of  Wisconsin) 

«^,5„  1.4936,  ttojoo — o.49°,for  a  37.83  per  cent  solution Madison 

.  Jour,  filr  Prakl.  Chem..  [21  19  (1894).  1.  ■  J°'"'-  A'«-  Cl'cm.  Soc.  36  (1913).  1895-7. 
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A  NEW  METHOD  FOR  THE  DETERMINATION  OF 
ZINC  IN  TREATED  WOOD 

By  M.  Hume  Bedford  and  R.  Pfanstiel 
Received  July  20,  1914 

Several  methods  have  been  proposed  for  the  de- 
termination of  zinc  in  wood  treated  with  zinc  chloride. 
Each  of  these  methods  is  based  upon  the  manner 
in  which  the  organic  matter  is  destroyed.  In  the 
case  of  hard  woods,  particularly  red  oak,  it  was  found 
that  certain  organic  compounds  were  not  destroyed 
by  some  of  the  ordinary  processes,  and  called  for  a 
modified  and  prolonged  operation.  For  this  reason 
this  investigation  has  been  confined  to  treated  red 
oak. 

Francis  C.  Frary'  and  M.  Gordon  Mastin  use  a 
nickel  crucible  and  fuse  the  wood  shavings  with  potas- 
sium hydro.xide  and  a  small  quantity  of  potassium 
nitrate,  added  to  complete  the  oxidation  of  the  organic 
matter.  In  the  above  article,  mention  is  made  of  a 
method  by  L.  A.  Stenger,  in  which  the  sawdust  is 
digested  with  dilute  sodium  hydroxide  solution.  The 
zinc  is  then  determined  by  electrolysis.  Ernst  Bate- 
man^  describes  a  modified  Kjeldahl  digestion  for  de- 
stroying the  organic  matter.  In  this  method  the  wood 
shavings  are  heated  with  a  mixture  of  nitric  acid  and  . 
potassium  chlorate  and  finally  sulfuric  acid  is  added 
and  the  excess  of  nitric  acid  is  evaporated  off. 

In  the  method  here  proposed  the  wood  is  burned 
m  an  iron  bomb  with  sodium  peroxide.  The  accom- 
panying figure  shows  the  design  of  the  bomb.  The 
bowl  is  about  ^\\  in.  internal  diameter  and  5  in.  deep. 
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acid  and  boiled  for  a  few  minutes.  Two  grams  of 
citric  acid,  10  cc.  concentrated  nitric  acid,  and  5  cc. 
of  8  per  cent  ferric  chloride  solution  are  added.  The 
solution  is  then  made  alkaline  and  2  cc.  excess  of  con- 
centrated ammonium  hydroxide  are  added.  After 
dilution  to  400  cc,  the  solution  is  titrated  at  80°  C. 
with  potassium  ferrocyanide.  An  outside  indicator 
of  equal  parts  of  glacial  acetic  acid  and  glycerine  is 
used. 

The  potassium  ferrocyanide  solution  is  made  by  dis- 
solving 5  grams  of  the  salt  in  one  liter  of  water  and  is 
standardized  against  the  zinc  chloride  solution  under 
the  same  conditions  as  exist  in  the  charge.  A  blank 
is  also  run  on  3  grams  of  the  untreated  wood  and  sub- 
tracted from  each  determination. 

It  is  necessary  to  keep  the  conditions  the  same 
throughout  the  titration.  An  excess  of  ammonia 
is  necessary  to  keep  the  solution  from  turning  blue, 
but  a  large  excess  prolongs  the  end  point. 

The  time  required  for  a  determination  is  about  25 
minutes.  The  accuracy  of  this  method  is  shown 
by  a  set  of  six  consecutive  determinations. 

RESULTS 

1  Cc.  Zinc  Chloride  Solution  (Equivalent  to  0.0350  g.  Metallic  Zinc) 
Added  to  3  Grams  of  Wood. 

Zinc  Found  Error 

Per  cent  per  cent 

No.  Grams  of  wood  Grams  of  wood 

\ °  0346  1.153  —0.0004  —0.014 

? '^r,°\\*  ]\il  —0.0006  —0.020 

I °l\l\  •    !«  +0.0001  +0.003 

J 0.0351  1.170  +0.0001  +0  003 

5 0.0350  1.167  0.0000  0  000 

6 OWff  1.160  -0.0002  -0:007 

Average.  0.0348  1.161  —0.0002  —0.005 

This  method  should  give  as  satisfactory  results 
with  any  other  kind  of  wood  as  it  does  with  red  oak. 
The  simplicity,  rapidity,  and  accuracy  of  the  method 
should  make  it  useful  in  industrial  laboratories. 

Kentucky  State  University 
Lexington 


With  walls  •■',,  m.  thKk.  The  plug  P  is  taken  out 
after  firing  a  charge  for  the  purpose  of  injecting  water. 
This  prevents  any  loss  from  foaming  which  takes 
place  when  water  is  added. 

Several  methods  of  determining  the  zinc  after  the 
wood  had  been  burned  were  tried,  but  the  one  that 
gave  the  best  results  is  practically  the  same  as  the 
one  used  by  Bateman.  The  details  of  the  procedure 
as  finally  adopted  are  as  follows:  3  grams  of  red 
oak  sawdust,  previously  dried  at  110°  C,  are  treated 
with  1  cc.  of  zinc  chloride  solution  equivalent  to 
0-0350  g.  of  metallic  zinc  and  dried  at  110°  C.  The 
sawdust  is  then  mixed  with  35  g.  of  sodium  peroxide 
and  fired  in  the  bomb.  After  the  explosion  the  bomb 
IS  cooled  in  water,  and  distilled  water  added  through 
the  plug  P.  The  contents  are  dissolved  by  heating 
on  a  water  bath.  The  solution  is  then  transferred 
to  a  beaker,  acidified  with  concentrated  hydrochloric 

'  This  Journal.  5,  738. 
=  Ibid..  6.    16. 


A    NEW    QUALITATIVE   TEST   FOR  SILICATES  IN  SOAP 

By  Harold  W.  Lhitch 
Received  June  9.   1914 

Silicate  of  soda,  or  water  glass,  is  a  filler  found  in 
many  textile,  household,  and  other  soaps.  Although 
it  may  not  be  harmful  in  all  cases,  it  is  not  a  desirable 
constituent  of  a  soap,  especially  one  used  in  the  textile 
mill.  Upon  some  fibers,  and  many  dyes,  its  action  is 
decidedly  injurious. 

The  writer  has  a  new  qualitative  test  for  soluble 
silicate  in  soap,  and  finds  that  it  works  with  complete 
satisfaction  in  all  cases  tried. 

The  principle  of  the  test  is  the  insolubility  of  alumi- 
num silicate  in  acetone  and  water.  Briefly,  the  test 
is  carried  out  as  follows:  The  soap  is  dissolved  in  water, 
acidified  with  hydrochloric  acid  to  decompose  the  soap,  ■ 
and  filtered  to  separate  fatty  and  other  insoluble  matter. 
The  filtrate  is  neutralized  with  alkali,  and  boiled  with 
alcoholic  potash  to  saponify  any  oil  coming  through  the 
paper,  as  well  as  to  coagulate  any  gelatin  which  may  be 
present.  It  is  then  filtered  to  remove  the  latter,  and 
poured  into  acetone  containing  a  little  water,  sodium 
aluminate  and  chloride  to  precipitate  the  silicate. 
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A  number  of  different  soaps  of  known  composition, 
as  well  as  various  mixtures  of  soap,  impurities,  and 
fillers  were  experimented  with  and  tested.  It  was  found 
that  a  satisfactory  test  could  be  obtained  by  using  0.25 
g.  of  soap,  containing  water  glass  equivalent  to  0.00045 
g.  (0.18  per  cent)  of  SiO?.  To  determine  what  sub- 
stances would  interfere  in  the  test,  40  per  cent  (based 
on  the  actual  weight  of  soap)  of  sodium  carbonate, 
40  per  cent  of  potassium  carbonate,  20  per  cent  of 
borax.  40  per  cent  of  aluminate  of  soda,  10  per  cent  of 
sodium  chloride,  10  per  cent  of  sodium  sulfate,  20  per 
cent  of  dextrin,  20  per  cent  of  corn-starch,  20  per  cent 
of  soluble  potato  starch,  20  per  cent  of  gelatin,  20  per 
cent  of  "Diastafor,"  20  per  cent  of  glucose,  and  20  per 
cent  of  sugar  were  added  to  separate  portions  of  the 
pure  soap  solution,  and  each  of  these  tested  both  with 
and  without  silicate.  Then  all  possible  combinations 
of  two,  three  and  four  solutions  were  tried  out.  Fur- 
thermore, soaps  made  from  the  following  stocks  were 
tested  with  and  without  silicate:  tallow,  palm  oil, 
linseed  oil,  red  oil,  cocoanut  oil,  cottonseed  oil,  and  rosin 
oil.  After  these  numerous  unfailing  tests  it  was  con- 
sidered advisable  to  recommend  the  procedure  given 
below. 

PROCEDURE 

Dissolve  about  i  g.  of  the  sample  of  soap  in  25  cc. 
of  water,  and  add  normal  hydrochloric  acid  5  cc.  in 
excess  of  the  amount  necessary  to  neutralize  the  total 
alkali,  using  methyl  orange  indicator.  Heat  on  the 
water  bath  until  the  fatty  acids  float  to  the  top  and  the 
liquid  beneath  is  clear.  Filter  through  ordinary  filter 
paper,  make  the  filtrate  neutral  or  slightly  alkaline 
with  normal  caustic  soda,  add  10  cc.  of  this  solution 
corresponding  to  about  0.3  g.  of  the  original  sample,  to 
5  cc.  of  normal  alcoholic  caustic  potash,  and  boil  down 
to  10  cc.  on  the  steam  bath.  Pour  this  clear  or  filtered 
solution  into  a  test  tube  containing  10  cc.  of  acetone 
and  1  cc.  of  a  solution  made  by  dissolving  10  g.  of  pure 
sodium  aluminate  and  2  g.  of  sodium  chloride  in  a  liter 
of  water.  If  water  glass  is  present  in  the  sample  of 
soap,  a  flocculent  gelatinous  precipitate  results.  Dex- 
trin or  starch,  if  present  in  the  soap,  will  also  precipitate 
here,  so  that  if  a  test  made  by  adding  a  drop  of  iodine 
solution  to  a  portion  of  the  filtrate  from  the  acidified 
soap  solution  shows  a  blue  or  reddish  brown  coloration, 
a  change  in  the  procedure  must  be  made  just  before  the 
boiling  with  alcoholic  potash.  If  dextrin  or  starch  is 
found  at  this  point,  add  to  the  neutral  or  slightly  alkaline 
filtrate  about  2  g.  of  "Diastafor,"  allow  to  stand  half 
an  hour  at  a  temperature  of  about  35°  C,  and  then 
proceed  as  before. 

NOTES 

If  a  water  solution  of  a  soap  containing  water  glass, 
■gelatin,  starch,  dextrin,  or  free  oil  (of  some  kinds)  is 
added  to  the  final  test  solution  a  precipitate  is  formed. 
Whereas  a  solution  of  soap  having  sodium  or  potassium 
carbonate,  borax,  free  caustic,  sodium  sulfate,  sodium 
chloride,  sugar,  glucose,  or  "Diastafor"  (and  provided 
it  has  no  water  glass,  gelatin,  starch,  dextrin,  or  free 
oil),  if  poured  into  the  acetone-aluminate-salt  solu- 
tion produces  no  precipitate. 

The  first  procedure  takes  care  of   matter  insoluble 


in  water  or  dilute  acid  (fatty  matter,  sand,  pumice, 
oat-meal,  sawdust,  bran,  etc.)  and  gelatin,  while  the 
treatment  with  "  Diastafor"  rids  the  solution  of  dextrin 
and  starch.  A  special  and  well  known  method  for 
separating  and  identifying  gelatin  is  to  treat  the  soap 
solution  with  formaldehyde  and  evaporate  to  dryness, 
when  formo-gelatin,  insoluble  in  boiling  water,  is  formed. 
Thus  the  soap  may  be  redissolved,  the  gelatin  separated 
by  filtration  through  fine  wire  gauze,  and  the  filtrate 
tested  for  silicate  by  the  regular  method.  It  is  well  to 
make  this  separation  if  it  is  expected  that  much  gelatin 
is  in  the  soap. 

From  the  above  statements  it  can  be  seen  that  it  is 
not  always  necessary  to  acidify  and  filter  the  soap 
solution,  neither  is  it  always  required  to  boil  with 
alcoholic  potash;  for,  if  a  soap  when  dissolved  in  water 
and  added  to  the  acetone  test  solution  does  not  give 
a  precipitate,  it  at  once  proves  that  there  is  no  silicate 
in  the  sample.  However,  if  a  precipitate  forms  it 
does  not  show  conclusively  that  silicate  is  present,  but 
indicates  the  necessity  of  separating  the  fatty  matter, 
or  boiling  with  alcoholic  potash,  or  both,  before  making 
the  final  test. 

Lowell  Textile  School 
Lowell,  Mass. 


OXIDATION  OF  SULFUR   COMPOUNDS    OF    COAL,  AND 

OF  NITROGEN  IN  THE  BOMB  CALORIMETER, 

AND  THE  CORRECTION  TO  BE  APPLIED 

IN  DETERMINING  THE  HEATING 

VALUE  OF  COAL' 

By  Samuel  H.  Regestek 

Received  July  16,  1914 

INTRODUCTION 

The  chief  factor  in  determining  the  value  of  a 
coal  is  the  heat  it  evolves  by  combustion.  Extensive 
investigations  made  by  the  United  States  Geological 
Survey  and  by  the  Bureau. of  Mines  have  resulted  in 
a  much  wider  adoption  of  the  heating  value  of  coal 
as  a  basis  for  its  purchase.  This  value  is  obtained  by 
burning  the  fuel  in  a  bomb  calorimeter  under  standard 
conditions  such  as  are  described  in  Technical  Paper 
No.  8  of  the  Bureau  of  Mines. 

Coal  carries  sulfur,  which  by  combustion  develops 
heat.  It  burns  in  the  air  to  sulfur  dioxide  (SOo)  but 
it  is  claimed  that  in  the  calorimeter  it  burns  to  sulfur 
trioxide  (SO3),  evolving  more  heat,  and  that  therefore 
a  correction  should  be  applied  to  the  calorific  value 
obtained  in  the  bomb  in  order  to  ascertain  the  heating 
value  of  the  coal  under  ordinary  conditions.  On  the 
assumption  of  complete  oxidation  of  the  sulfur  to 
sulfur  trioxide,  the  correction  applied  to  the  heat 
value  obtained  in  the  calorimeter  is  2200  calories  per 
gram  sulfur.'-'  This  correction  on  a  coal  containing 
2.5  per  cent  sulfur  and  valued  at  $2.75  per  ton  amounts 
to  2  cents  per  ton. 

From  what  is  known  of  the  equilibrium  of  sulfur 
dioxide,  oxygen,  and  sulfur  trioxide  discussed  later  in 
this  paper,  it  does  not  seem  probable  that  the  sulfur 
of   coal   would   burn   completely  to  sulfur  trioxide   in 

'  This  paper  was  prepared  as  a  dissertation  for  the  degree  of  Doctor  of 
Philosophy  at  the  University  of  Michigan.  The  author  completed  the 
thesis  but  died  May  31.  1914,  before  receiving  the  degree. 

»  Technical  Paper  No.  8,  Bureau  of  Mines,  p.  15. 
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the  bomb  calorimeter  unless  some  catalytic  or  oxidizing 
agent  were  present.  A  correct  knowledge  of  the 
products  formed  in  the  bomb  by  combustion  of  the 
sulfur  is  of  importance  from  two  viewpoints.  It  has  a 
financial  importance  connected  with  the  correction  to 
be  made  for  the  sulfur  of  a  coal  in  obtaining  the  true 
heating  value.  It  has  an  analytical  importance  as 
a  method  of  estimating  the  sulfur  content  of  a  fuel 
by  combustion  in  a  calorimeter  in  excess  of  oxygen 
under  pressure,  and  subsequent  precipitation  of  the 
sulfate  from  the  bomb  washings. 

The  investigations  described  in  the  following  pages 
were  made  in  order  to  determine  whether  or  not  the 
sulfur  compounds  of  coal  burn  completely  to  sulfur 
trioxide  in  the  bomb  calorimeter,  and  if  so,  what 
conditions  are  responsible  for  complete  conversion 
from  the  dioxide.  In  connection  with  the  experiments, 
a  number  of  heat  values  were  calculated  in  order  to 
obtain  the  approximate  heating  value  of  pyrites  per 
gram  sulfur,  and  the  results  are  discussed  at  the  close 
of  this  paper. 

Studies  of  the  effect  of  pressure  upon  the  production 
of  sulfur  trioxide  from  the  combustion  of  sulfur  with 
excess  of  oxygen  have  been  made  by  Walther  Hempel' 
and  H.  Giran.' 

In  Hempel's  experiments  the  combustion  of  the 
sulfur  was  carried  out  in  dry  oxygen  in  small  iron 
containers.  One  of  the  products  formed  by  the  com- 
bustion was  determined  directly  and  the  other  was 
found  by  calculation.      His  results  were  as  follows: 

Percentage  S  i 


S                      Pressure 
Gram              Atmospheres 

SO2                        SCi 

0.238                      31 
0.268                        45 
0,336                        72.5 

66.8                      33.2 
34.7                        65.3 
54.5                        45.5 

Giran  burned  the  sulfur 

in 

a  bomb  calorimeter  in 

an  atmosphere  of  oxygen  and 

obtained  results  as  fol- 

lows: 

Pressure  atmospheres 

Percentage  original  S 
burned  to  SO3 

20 
25 
30 
35 
40 
45 

21.9 
22.8 

27.2 

39.4 

30.7 
31.2 

In  the  quoted  results  neither  Hempel  nor  Giran  has 
stated  the  volume  of  the  bomb  or  the  purity  of  the 
oxygen  used. 

Dr.  R.  Knietsch,  in  his  discussion  of  the  influence 
of  pressure  in  the  "contact  process"  for  the  manu- 
facture of  sulfuric  acid,  has  given  us  some  data  as  to 
the  equilibria  of  sulfur  dioxide,  oxygen,  and  sulfur 
trioxide.'  He  used  platinized  asbestos  as  a  catalyzer, 
and  the  experiments  conducted  at  different  pressures 
show  a  slight  change  in  percentage  conversion  of  sulfur 
dioxide  to  sulfur  trioxide  with  change  of  pressure,  the 
results  being  as  follows: 

Furnace  gas  at  Percentage  Percentage 


°  C.  Pressure 

430  Normal 

430  5.3  Atm. 

490  Normal 

490  0.31  Atm. 


SO2 
7.21 
7.21 
6.60 
6.60 


82.  1(1 


O2  SOi  to  SOs 
10.44  98.90 

10.44  99.49 

11.30  93.76 

11.30  90.85 


'  Chemische  Berichie.  23  (1890),  1455. 
2  Compt.  rend..  139  (1904),  1219-1221. 

'  "Fifth   International   Congress  of  Applied   Chemistry,"   Berlin,    1900, 
Vol.  1,  p.  617. 


It  is  known  that  the  formation  of  SO3  at  high  tem- 
peratures is  considerably  reduced  by  its  dissociation 
into  SO2  +  O2,  which  begins  at  about  400°  C,  so  that 
the  equilibrium  of  sulfur  SO2,  O2  and  SO3  calls  for  all 
sulfur  as  the  trioxide  at  ordinary  temperatures.  In  the 
combustion  of  sulfur  compounds  in  excess  of  oxygen, 
the  SO2  formed  unites  very  slowly  with  the  oxygen  to 
form  SO3  as  the  temperature  drops.  However,  the 
presence  of  a  catalyzer  hastens  the  reaction  and  at 
450°  C.,  in  the  presence  of  finely  divided  platinum, 
the  SO2  and  oxygen  rapidly  form  SO3  until  equilibrium 
is  reached.  At  higher  temperatures  the  conversion 
to  SO3  is  less  complete  and  at  900°  C.,  practically  none 
of  the  trioxide  is  obtained.  At  any  given  temperature 
the  yield  of  SO3  will  be  the  greater  the  higher  the 
partial  pressure  of  the  oxygen.  Theoretically,  in- 
crease of  pressure  would  tend  to  increase  slightly  the 
proportionate  amount  of  SO3  formed,  as  action  would 
tend  to  go  in  that  direction  which  would  bring  about 
decrease  of  pressure  in  the  system.  The  results  pre- 
viously quoted  confirm  this  theory  but,  although  the 
combustion  of  coal  in  the  calorimeter  is  carried  out 
usually  at  18  to  30  atmospheres  pressure,  the  fore- 
going results  do  not  indicate  that  pressure  alone  can 
account  for  complete  conversion  of  the  sulfur  content 
of  a  fuel  to  SO3  in  the  bomb  calorimeter.  If  the  sulfur 
of  coal  burns  completely  to  SO3  as  is  claimed,  there 
must  be  factors  other  than  pressure  to  account  for  it, 
and  it  is  our  problem  to  ascertain  what  catalytic  or 
oxidizing  agent  produces  the  effect. 

RELATIVE  AMOUNTS  OF  THE  SULFUR  OXIDES  FORMED 

WHEN  PYRITES  IS  BURNED  IN  THE  BOMB 

CALORIMETER 

It  is  known  that  in  most  coals  pyrites  is  the  chief 
source  of  sulfur  although  this  element  may  occur  in 
the  fuel  free  or  as  a  constituent  part  of  organic  com- 
pounds. The  equilibrium  of  SO2,  O2  and  SO3,  is,  how- 
ever, independent  of  the  source  of  the  sulfur.  It 
seemed  advisable  to  make  a  study  of  the  products 
obtained  by  combustion  of  pyrites  in  a  calorimeter, 
not  only  because  sulfur  was  wanted  in  a  definite  form, 
but  also  to  ascertain  whether  or  not  the  ferric  oxide 
formed  acted  as  a  catalyzer  in  conversion  of  SO2  to 
SO3,  and  so  a  series  of  experiments  were  made,  varying 
certain  factors  which,  it  was  thought,  might  influence 
the  percentage  of  sulfur  oxidized  to  the  trioxide. 

The  pyrites  was  mixed  with  a  combustible  of  known 
composition,  benzoic  acid,  obtained  from  the  U.  S. 
Bureau  of  Standards,  and  from  0.8  to  1.2  grams  of 
the  mixture  were  used  for  each  combustion.  The  fuel 
was  briquetted  for  all  experiments,  as  trial  combustions 
with  the  loose  mixtures  gave  unsatisfactory  results 
due  to  spattering  of  the  material.  The  determinations 
were  made  in  a  gold-lined  At  water  bomb  of  350  cc. 
capacity,  manipulated  approximately  as  described  in 
the  Journal  of  the  American  Chemical  Society,  July, 
1903.  The  gases  of  combustion  were  conducted  from 
the  bomb  through  an  absorption  train  consisting  of: 
(i)  an  acid  solution  of  barium  chloride  to  detect  the 
presence  of  any  SO3  escaping  from  the  bomb;  (2)  an 
alkaline  solution  of  bromine  water  to  oxidize  any  SOj 
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to  SO3.  A  Friedrich  washer  which  was  used  for  the 
bromine  solution  proved  very  efficient,  no  sulfur 
dioxide  being  detected  at  the  end  of  the  train  where 
tests  were  made. 

When  the  bomb  was  emptied  of  gases  it  was  rinsed 
out  seven  times  with  water  free  from  acid,  the  wash- 
ings were  heated  to  expel  any  SO2  that  might  be  pres- 
ent in  solution,  cooled,  and  then  titrated  for  total 
acidity.  After  titration,  the  sulfate  contained  in  the 
washings  was  precipitated  by  barium  chloride  in  the 
usual  manner,  using  10  cc.  of  a  10  per  cent  solution  of 
the  reagent,  and  precipitating  slowly  from  a  boiling 
solution.  In  a  series  of  over  forty  experiments  only 
two,  as  mentioned  later,  showed  traces  of  SO3  escaping 
with  the  gases  of  combustion.  With  the  exception  of 
these  two,  the  barium  chloride  solution  through  which 
the  gases  were  passed  was  added  slowly  to  the  bromine 
solution  thus  oxidizing  any  SO2  dissolved  in  the  barium 
chloride  solution,  and  at  the  same  time  precipitating 
the  sulfate  contained  in  the  solution.  Care  was  taken 
to  boil  off  all  free  bromine  and,  in  order  to  get  a  pre- 
cipitate which  would  settle  well,  the  solution  contain- 
ing it  was  boiled  for  at  least  one-half  hour,  kept  warm 
for  two  hours,  and  usually  allowed  to  stand  over  night 
before  filtering. 

A  pressure  of  20  atmospheres  was  used  in  each  experi- 
ment and,  since  practically  only  19  atmospheres  were 
delivered  from  the  bomb  by  release  of  pressure,  it  was 
assumed  that  the  SO2  obtained  in  the  absorption  ap- 
paratus represented  only  nineteen-twentieths  of  the 
SO2  in  the  gases  of  combustion.  A  corresponding 
correction  was  made  in  the  calculations  and  ^''/igths  of 
the  sulfur  found  as  SO2  in  the  absorption  apparatus 
was  taken  as  the  approximate  amount  formed  by  the 
combustion. 

It  was  found  that  a  mixture  of  pyrites  and  benzoic 
acid,  even  when  ground  for  considerable  time  in  an 
agate  mortar,  could  not  be  relied  upon  to  be  perfectly 
homogeneous.  This  made  it  difficult  to  determine 
the  exact  weight  of  pyrite  in  each  combustion,  and 
since  our  problem  concerned  only  the  sulfur  as  oxides, 
the  total  sulfur  appearing  as  oxides  after  combustion 
was  taken  as  the  basis  of  our  estimations. 

As  before  mentioned,  investigators  have  found  that 
the  formation  of  SO3  increases  only  slightly  with  in- 
crease of  pressure,  so  no  determinations  were  made  at 
different  pressures.  Thinking,  however,  that  the 
nitrogen  present  might  have  some  influence  (through 
formation  of  nitrogen  oxides)  on  the  oxidation  of  sulfur 
dioxide,  varying  percentages  of  nitrogen  were  mixed 
with  the  oxygen  used  in  the  experiments. 

Series  A,  B,  and  C,  Table  I,  represent  preliminary 
work.  No  deductions  were  made  for  the  small  amount 
of  sulfur  in  the  oxidizing  solution  of  bromine,  so  that 
the  results  are  not  so  reliable  as  the  later  ones.  They 
are  cited,  however,  as  confirmatory  evidence.  In 
Series  A — 2  and  3,  Table  I,  traces  of  SO3  were  carried 
from  the  bomb  by  the  gases  of  combustion.  The 
sulfate  was  determined  quantitatively  but  the  small 
amount  of  SO2  absorbed  by  the  barium  chloride  solu- 
tion was  lost,  making  the  value  here  slightly  low  for 
the  sulfur  as  dioxide. 


The  small  amount  of  nitrogen,  0.53  per  cent,  in  the 
bomb  gases  was  obtained  from  a  special  oxygen  giving 
by  analysis  99.48  per  cent  pure  oxygen.  This  oxygen 
was  manufactured  from  chemical  sources  and  not 
from  liquid  air,  so  that  the  0.5  per  cent  impurity  may 
safely  be  considered  nitrogen  and  not  argon.  The 
bomb  was  filled  to  10  atmospheres,  pressure  released, 
then  filled  to  15  atmospheres,  pressure  again  released, 
and  finally  filled  to  20  atmospheres  for  the  combustion. 

Although  no  great  accuracy  was  attempted  in  the 
experiments  recorded  in  the  first  three  series  of  Table  I, 
yet  they  show  that  the  ferric  oxide  formed  by  com- 
bustion of  the  pyrites  in  coal  does  not  exert  a  sufficient 
catalytic  effect  to  warrant  the  assumption  upon  which 
the  correction  for  the  heating  value  of  the  fuel  is  based. 
They  indicate,  also,  at  least  one  very  interesting  re- 
sult, i.  e.,  that  with  only  a  small  amount  of  nitrogen 
present  in  the  bomb  the  conversion  of  SO2  to  SO3  is 
far  from  complete  and  is  the  more  incomplete  the 
greater  the  percentage  of  sulfur. 

After  a  calibration  of  th3  pressure  gauge,  a  series 
of  experiments  were  made  in  order  to  determine  more 
exactly  the  effect  of  the  nitrogen  concentration  upon 
the  oxidation  of  the  SO2  in  the  bomb.  The  manip- 
ulation of  the  apparatus  was  practically  the  same  as 
that  described  in  experiments  Series  A,  B,  and  C,  but, 
for  the  calculations,  blank  determinations  were  run 
on  the  oxidizing  solution  of  bromine  water  in  order  to 
ascertain  the  amount  of  sulfur.  Three  such  determi- 
nations gave  respectively  0.00046  g.,  0.00041  g.,  and 
0.00046  g.  of  sulfur  per  250  cc.  of  solution,  or  0.00018  g. 
per  100  cc,  and  corresponding  corrections  were  made 
for  the  amount  of  the  oxidizing  solution  used  in  the 
absorption  apparatus. 

It  was  found  in  the  first  set  of  experiments  that 
considerable  sulfur  remained  in  the  residue  after  the 
combustion  of  the  fuel.  It  was  necessary  to  estimate 
this  in  order  to  calculate  the  heating  value  of  a  gram 
of  sulfur,  which  is  given  at  the  close  of  this  paper. 
In  order  to  obtain  this  correction,  the  fuel,  except  in 
Series  F,  was  burned  in  a  platinum  capsule,  the  entire 
residue  fused  with  sodium  carbonate  and  nitrate,  the 
fusion  dissolved  in  water  free  from  sulfate,  filtered, 
acidified,  boiled,  and  the  sulfate  determined  as  usual 
by  precipitation  with  barium  chloride.  In  Series  F  of 
Table  I,  the  sulfur  in  the  ash  was  much  in  excess  of 
that  obtained  in  the  other  residues.  The  fuel  was 
burned  in  a  comparatively  deep  nickel  capsule  in  this 
series  and  this  may  account,  at  least  in  part,  for  the 
amount  of  unburned  pyrites.  The  sulfur  in  all  the 
residues  from  the  mixture  of  benzoic  acid  and  pyrites 
was  higher  than  that  ordinarily  obtained  from  the  ash 
of  coal.  Coal,  however,  carries  silica  which,  during 
the  combustion,  may  unite  with  the  iron  of  the  pyrites 
to  form  ferrous  silicate,  thus  displacing  the  sulfur  and 
effecting  its  more  nearly  complete  elimination  from  the 
ash.  When  sulfur  determinations  were  made  on  the 
residue  from  the  combustion,  artificial  gas  was  used  as 
the  source  of  heat  for  the  fusion,  and,  although  the 
crucible  in  which  the  fusion  was  accomplished  was 
placed  in  a  sheet  of  asbestos  to  prevent  the  products 
of  combustion  of  the  gas  from  entering  the  crucible. 
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yet  blanks  run  in  the  same  manner  and  with  ap- 
proximately the  same  height  of  flame  showed  the 
presence  of  0.00107  g.  of  sulfur,  and  this  deduction 
was  made  in  the  calculations. 

The  results  are  recorded  under  Series  D,  E,  and  F, 
Table  I,  and  they  show  that  the  amount  of  nitrogen 
in  the  bomb  afTects  materially  the  relative  amounts 
of  the  oxides  of  sulfur  formed  by  the  combustion. 
We  see  that  when  the  sulfur  obtained  as  oxides  repre- 
sents approximately  6  per  cent  of  the  fuel  and  when 
0.53  per  cent  of  nitrogen  is  present  in  the  bomb  gases, 
the  sulfur  as  SO2  is  practically  twice  that  as  SO3. 
However,  when  6  per  cent  of  nitrogen  is  present  the 
conversion  to  SO3  is  almost  complete,  the  same  pres- 
sure  (20  atmospheres)   being  used  in  each  case.     We 


Combustions  made  at 
Minutes 


Table  I — Comb 
20  Atmospheres  Pre: 


Kolbe,  who,  in  1846,  called  attention  to  the  nitric 
acid  formed  in  explosions  of  mixtures  of  hydrogen  and 
oxygen.'  These  investigators  found  that  the  nitrogen 
entering  the  reaction  increased  with  increase  in  tem- 
perature of  the  explosion,  and  that  by  lowering  the 
temperature  to  a  certain  point,  no  appreciable  oxida- 
tion of  the  nitrogen  was  obtained.  Quantitative 
determinations  were  made  by  Bunsen,  of  the  amounts 
of  nitrogen  oxides  obtained  by  explosions  of  mixtures 
of  oxy-hydrogen  mixture  and  air  in  varying  propor- 
tions. His  results  were  so  accurate  that  they  were 
recently  used  for  calculations  upon  the  concentration 
and  velocity  of  reaction  between  nitrogen  and  oxygen 
in  the  process  for  the  formation  of  nitrogen  oxides  by 
the  use  of  the  electric  current. 

F  Benzoic  Acid  and  Pyrites 
Weight  of  Benzoic  Acid  Varied  from  0.8  to  1.2  Gram 


firing 
bomb 
120 
120 
15 
120 


before 

bustion 
4.50 
0.53 
0.53 
4.50 
4.50 
0.53 
0.53 
4.50 
4.50 
0.53 
0.53 
6.00 
6.00 
6.00 
6.00 
0.53 
0.53 
0.53 
0.53 
6.00 
6.00 
0.53 


bustion) 
5.70 
7.34 
4.31 
2.13 
2.10 
2.13 
1.92 
1.13 
1.19 
6.59 
6.31 
6.88 
6.18 
1.56 
2.06 
1.40 
1.43 
3.99 
5.76 
5.05 
6.01 
6.24 


in  bomb 
gases 
before 

bustion 
0.3668 
0.4320 
0.4320 
0.3668 
0.3668 
0.0432 
0.0432 
0.3668 
0.3668 
0.0432 
0.0432 
0.4891 
0.4891 
0.4891 
0.4891 
0.0432 
0.0432 
0.0432 
0.0432 
0.4891 
0.4891 
0.0432 


Grams  of  Sulfur  as 


Total 
SOi 
and  SO3 
0.0576 
0 . 069 1 
0.0569 
0.0191 
0.0205 
0.0219 
0.0189 
0.0095 
0.0128 
0.0760 
0.0653 
0.0712 
0.0797 
0.0132 
0.0207 
0.0132 
0.0157 
0.0371 
0 .  0663 
0.0612 
0.0630 
0.0740 


washings 
0.0551 
0.0276 
0.0235 
0.0179 
0.0170 
0.0145 
0.0120 
0.0081 
0.0111 
0.0247 
0.0200 
0.0706 
0.0790 
0.0125 
0.0193 
0.0067 
0.0088 
0.0135 
0.0220 
0.0596 
0.0615 
0.0188 


SO2  from 
bromine 

oxidation 
0.0025 
0.0415 
0.0334 
0  0012 
0.0035 
0.0074 
0 . 0069 
0.0014 

•0.0017 
0.0513 
0.0453 
0.0006 
0.0007 
0.0007 
0.0014 
0 . 0065 
0 . 0069 
0.0236 
0 . 0443 
0.0016 
0.0015 
0.0552 


0.0052 
0.0057 
0.0067 

0.6613 

O.6616 
0.0019 
0.0221 
0.0130 
0.0127 


c.  of  HNOi 
ater  from  N 
sed       oxidized 


bomb 
0.0159 


0.0016 
0.0011 
0.0175 


0.0148 
0.0178 
0.0219 
0.0015 
0.0010 
0.0010 

0.0178 


also  see  that  the  degree  of  the  conversion  varies  with 
the  amount  of  sulfur  in  the  fuel.  In  Series  E — 3  and 
4  with  a  fuel  having  a  sulfur  content  of  approximately 
1.5  per  cent,  the  sulfur  burning  to  SO2  is  a  little  less 
that  that  burning  to  SO3,  while  in  Series  D — i  and  2 
with  a  fuel  giving  6  per  cent  of  sulfur  as  oxides,  the 
SO2  is  twice  the  amount  obtained  as  SO,i,  the  conditions 
being  the  same  in  each  case.  In  Series  F — 5,  no  water 
was  used  in  the  bomb,  and  it  will  be  noted  that  only 
about  one-fourth  of  the  sulfur  was  obtained  as  SO3. 
It  may  be  that,  under  such  conditions,  a  mist  of 
nitrosyl-sulfuric  acid  formed,  which  was  decomposed 
but  little  by  the  water  from  the  combustion.  If  this 
were  true,  the  nitrogen  oxides  held  in  combination 
would  function  but  once  in  the  oxidation  of  SO2  and, 
as  a  result,  less  sulfur  would  be  obtained  as  SO3.  It 
indeed  seems  very  probable  that  the  oxides  of  nitrogen, 
formed  by  the  heat  of  combustion  of  the  fuel,  function 
in  the  oxidation  of  SO2  in  a  manner  somewhat  similar 
to  their  action  in  the  "lead  chamber  process"  for  the 
manufacture  of  sulfuric  acid. 

THE    FORMATION     OF    NITROGEN     OXIDES     BY     OXIDATION 
OF    NITROGEN    OF    THE    AIR 

The  formation  of  nitrogen  oxides  and  the  production 
of  nitric  acid  by  the  oxidation  of  the  nitrogen  of  the 
air  has  been  observed  by  many  chemists.  The  earliest 
record   found   by   the    writer   is   that    of    Bunsen   and 


Observations  made  by  Kolbe  at  a  later  date  showed 
that  when  hydrogen  is  burned  in  oxygen  mixed  with  a 
small  amount  of  air,  some  oxidation  of  the  nitrogen 
of  the  air  occurs.  The  results  obtained  by  Kolbe 
were  also  observed  by  A.  W.- Hoffmann.^  Investiga- 
tions made  by  Zoller  and  Grete'  led  them  to  believe 
that  when  hydrogen  burns  in  air  a  small  amount  of 
ammonium  nitrite  is  obtained.  Later  Wrighf*  in  a 
series  of  experiments  on  the  combustion  of  hydrogen 
in  air,  free  from  ammonia,  found  no  trace  of  the  nitrite 
mentioned  by  Zoller  and  Crete. 

Quantitative  estimations  of  the  amounts  of  nitrogen 
oxides  formed  by  the  oxidation  of  the  nitrogen  of  the 
air  by  the  explosion  of  combustible  gases  under  different 
pressures  and  with  varying  proportions  of  the  gases 
in  the  mixture  were  made  at  later  dates  by  Hempel,' 
Vieth,^  Salvadori,''  and  Berthelot.' 

Hempel  used  in  his  work  an  autoclave  having  a 
capacity  of  28  cc.  and  lined  with  platinum.  In  his 
first  experiments,  he  burned  coal  containing  2.8  per 
cent  nitrogen  in  oxygen  made  from  potassium  chlorate 

1  Annalen  der  Pharmacie,  69  (1846),  208-217. 

=  Chem.  Ber..  S  (1870).  663. 

■'  Jbid..  10  (1877).  2144-2146. 

•  Ibid..  11  (1878).  2146. 

^Ibid..  23  (1890).  1455-1457. 

e  Ibid.,  21.  (1888).  695. 

'  Gazelta  chimiea  Hal..  302  (1900),  389-404. 

»  Compl.  rrnd.,  130  (1900).  1345  and  1430. 
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and  manganese  dioxide.  He  obtained  the  results 
tabulated  below  and  noted  that  the  mass  proportion 
of  the  gases  to  one  another  and  to  the  amount  of  coal 
used  had  a  decided  influence  upon  the  quantity  of 
nitric  acid  formed. 


Results  Obtaine 

D    BY    HEMPEL 

Coal 
Gram 

Atmosphere 

s  pressure 

Nitrogen 
Cc. 

Air 

Oxygen 

0.622 

9.5 

3.0 

0.576 

32.8 

3.0 

0.599 
0.793 
0.616 
0.622 
0.595 
0.711 
0.683 

24 
13 
92 

64.2 
72.0 
80.0 
68.0 

79.0 
125.5 
243 . 0 

8.5 
9.0 
7.6 
14.0 
20.5 
5.0 
8.0 

Knowing  that  the  nitrogen  oxides  formed  in  the 
above  experiments  came  in  part  from  the  nitrogen 
of  the  coal,  Hempel  made  a  second  series  of  experiments 
using  oxygen  and  hydrogen  in  theoretical  proportions 
instead  of  coal  and  obtained  the  following  results: 


Atmospheres 

pressure 

Nitrogen 
oxides 
Cc. 
4.8 
6.4 
8.0 
9.0 
10.0 

Mr                 Oxygen 
1                       17.2 
1                      26.0 
1                      53.0 
1                      54.0 
1                      54.0 

Oxygen- 
hydrogen  mixture 
25.2 
30.0 
60.0 
118.0 
156.5 

Berthelot  made  quantitative  determinations  of  nitro- 
gen oxidation  in  the  bomb  calorimeter  by  combustion 
of  carbon  and  sulfur  in  an  atmosphere  of  oxygen  con- 
taining 8  per  cent  nitrogen  at  a  pressure  of  25  atmos- 
pheres. He  found  that  with  the  combustion  of  i  g. 
of  amorphous  carbon,  o.oii  g.  of  the  nitrogen  in  the 


to  from  250  to  300  cc,  no  appreciable  amount  of  nitric 
acid  was  lost  by  this  process.  The  value  of  the  stand- 
ard alkali  used  was  estimated  by  titrating  it  against  a 
standard  hydrochloric  acid  solution  already  made  up 
in  the  laboratory.  Methyl  red  was  used  as  the  in- 
dicator both  in  finding  the  value  of  the  standard  alkali 
and  in  titrating  the  bomb  washings.  The  alkali  re- 
quired for  total  acidity  minus  that  required  for  the 
sulfuric  acid  found  by  precipitation  from  the  bomb 
washings  was  taken  as  the  amount  necessary  to  neutral- 
ize the  nitric  acid  formed  in  the  bomb. 

A  number  of  quantitative  determinations  are  given 
in  Table  I,  and,  when  we  compare  these  results  with 
the  relation  between  the  sulfur  oxides  from  the  same 
table,  it  is  quite  evident  that  the  nitrogen  oxides  are 
important  factors  in  the  oxidation  of  SO2  in  the  bomb. 

There  has  been  much  discussion  concerning  the  re- 
actions which  take  place  between  the  oxides  of  nitrogen 
and  SO2  when  water  is  present,  and  the  conditions 
existing  in  the  bomb  do  not  tend  to  make  the  reactions 
less  complex.  A  summary  of  the  investigations  made 
upon  this  problem,  including  his  own  extensive  re- 
searches along  the  same  line,  are  given  by  Lunge.' 

COMBUSTION    OF    COAL    IN    THE    BOMB    CALORIMETER 

The  results  obtained  by  the  combustion  of  the  mix- 
tures of  benzoic  acid  and  pyrites  do  not  justify  the 
assumption  that  all  sulfur  of  a  fuel  necessarily  burns 
to  SO3  in  the  bomb  calorimeter.  This  assumption  is 
not  correct  when  oxygen  containing  a  very  small 
amount  of  nitrogen  is  used.  A  coal  was  then  burned 
under  the  same  conditions  as  the  benzoic  acid-pyrites 


Table  II — Combustion  of  Coal  j 
Combustions  Made  at  20  Atmosphe 

Minutes 


0  OF  Mixtures  Containing  Nitrogen  Compounds 
;  Pressure:  0.5  cc.  Water  Used  in  Bomb  in  Each  Case 
Grams  Nitrogen 


Grams  of  Sulfur 


SE 


ExPERIN 


Series  and  materials 

G— Coal 

H — Coal  and  pyrites {  2 

I — Coal  and  pyrites 

J — Benzoic  acid,  pyrites  and  carbamide 

K — Coal,  pyrites  and  carbamide 

L — Benzoic  acid,  pyrites  and  anthranilic  acid 

M — Coal,  pyrites  and  albumen 

N-^ Benzoic  acid,  pyrites  and  albumen 

O — Benzoic  acid,  pyrites  and  ammonium  carbonate. 
P — Coke  and  pyrites 


\2 


120 
18 
120 


120 
15 

120 
15 

120 


BS 


0.53 
6.00 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 


0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0,53 


1.11  0.0432 

1.07  0.4891 

1.83  0.0432 

1.91  0.0432 

7.10  0.0432 

7.17  0.0432 

5.39  0.0432     0.0114 

5.39  0.0432     0.0143 


5  <  SOj  SOj 

0.0146     0.0111      0.0108  0.0003 
0.0146     0.0110     0.0107   0.0003 


0,0184  0.0003 
0.0204  0.0011 
0.0136  0.0835  0.0537  0.0298 
0.0589  0.0148 
0.0159  0.0374 
0.0670     0.0212  0.0458 


7.35  0.0432  0.0351  0.0935 

4.60  0.0432  0.0210  0.0557 

4.08  0.0432  0.0244  0.0572 

7.06  0.0432  0.0626  0.0788 

6.99  0.0432  0.0583  0.0727 


0001 
0033 
0048 


0.0931  0.0004 

0.0253  0.0304 

0.0262  0.0310 

0,0402  0.0386 

0.0374  0.0353 

0.0714     0.0700  0.0014 

0.0792     0.0772  0.0020 


0.0153 
0.0321 
1.6     0.0153 
0.0112 


0.0107 
0.0015 
0.0020 


5  SO3      SOi 

97.3     2.7 
0007     97.3      2 
0003     98.4 

94.9 

64.3  35.7 
79.9  20.1 
29.9    70.1 

31.6  68.4 
98.9     1.1     0.0173 

71.7  28.3 

34.4  65.6 

31.4  68.6 

97.5  2.5 

99.6  0   4     0.0255 
45.4   54.6     0.0026 

45.8  54.2 
51.0  49.0     0.0051 

51.4  48.6 
98.0     2.0 

97.5  2.5 


0  0025 
0.0018 
0,0184 


bomb  entered  into  combination  with  the  oxygen,  but 
when  sulfur  was  used  instead  of  carbon  only  one- 
eleventh  as  much  nitrogen  was  oxidized. 

The  writer  estimated  the  amount  of  nitric  acid  in 
the  bomb  as  follows:  The  washings  which  were  ob- 
tained by  carefully  rinsing  out  the  bomb  were  boiled 
to  expel  any  SO2,  cooled,  and  then  titrated  for  total 
acidity.  Since  only  a  small  amount  of  nitric  acid  was 
contained    in    the    washings    whose    volume    amounted 


mixtures  in  order  to  determine  the  products  formed  by 
the  sulfur  content.  For  this  purpose  a  Pittsburgh 
coal  carrying  1,07  per  cent  of  sulfur  was  used. 

The  experiments  were  conducted  as  previously 
described  and  the  results  are  summarized  in  Series  G, 
Table  II.  In  these  experiments  almost  all  the  sulfur 
was.  found  as  SO3  and  they  therefore  justify  the  as- 

1  "Manufacture  of  Sulfuric  Acid  and  Alkalies,"  Lunge,  fourth  edition. 
Vol    1,  pp.  330  to  357  (1913). 
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sumption  with  which  the  sulfur  correction  on  the 
heating  value  of  coal  is  concerned. 

How,  then,  are  we  to  account  for  the  almost  complete 
oxidation  of  the  sulfur  of  coal  to  SO3  with  only  0.53 
per  cent  nitrogen  in  the  bomb  gases,  when,  under  the 
same  conditions,  the  mixtures  of  benzoic  acid  and 
pyrites  gave  a  conversion  of  SO2  to  SO3  which  was  far 
from  complete.  We  would  infer  from  the  results  in 
Table  I  that  an  increased  amount  of  nitrogen  oxides 
was  formed. 

Titrations  for  the  amount  of  acid  in  the  bomb  wash- 
ings showed  a  marked  increase  in  the  formation  of 
nitric  acid  over  that  produced  by  the  combustion  of 
a  fuel  containing  no  nitrogen,  under  the  srme  condi- 
tions. The  titra  ons  gave  3.0  cc.  of  the  standard 
alkali  required  to  neutralize  the  nitric  acid  formed  in 
Scries  G — i  \vh:'j  only  0.3  cc.  was  required  when 
benzoic  aciil  anl  pyrites  were  used.  This  shows  that 
the  nitroc;(.'!i  contained  in  the  fuel  is  much  more  efficient 
in  the  p  eduction  of  nitrogen  oxides  than  is  the  nitrogen 
in  the  gas  with  which  the  bomb  was  filled.      In  this  case 

Tablb  III — Summary  of  Results  (Com 


Iaterials 

nd  pyrites. 


of  the  nitrogen  present  in  the  bomb  gns  at  the  above 
concentration  produced  nitric  acid.  In  Series  G — 2, 
the  nitric  acid  in  the  bomb  required  6.3  cc.  of  standard 
alkali  for  neutralization.  This  is  about  what  we 
would  expect  since  we  find,  Table  III,  that  the  bomb 
gases  with  a  6  per  cent  nitrogen  concentration  gave, 
with  a  nitrogen-free  fuel,  nitric  acid  requiring  3.5  cc. 
of  the  standard  alkali,  and  this  added  to  the  2.7  cc. 
required  for  the  nitric  acid  from  the  coal,  would  give 
us  6.2  cc.  of  the  standard  alkali.  It  will  be  noted  that 
these  results  do  not  justify  the  assumption  made  by- 
some  that  all  nitrogen  of  coal  when  burned  in  the  bomb 
calorimeter  goes  to  nitric  acid. 

If  the  foregoing  conclusions  be  true,  i.  e.,  if  the 
nitrogen  in  the  coal  furnishes  by  combustion  of  the 
fuel  a  very  much  greater  amount  of  nitrogen  oxides 
than  the  nitrogen  of  the  commercial  oxygen,  and  i£ 
the  nitrogen  oxides  so  formed  are  effective  agents  in 
the  oxidation  of  SO2,  then  it  must  follow  that  the  sulfur 
of  pyrites,  when  burned  with  coal  in  the  calorimeter, 
will    be   converted   to   SO3   to   a   much   greater   extent 

USTIONS    AT    20    .\T.M0SPHERES    PRESSURE) 


Per  Cent  Nitrogen 


Benzoic 
Benzoic 
Benzoic 


acid  and  pyrite 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites, 
acid  and  pyrites. 


Coal  and  pyrites 

Coal  and  pyrites 

Benzoic  acid,  pyrites  and  albun 
Benzoic  acid,  pyrites  and  albun 
Benzoic  acid,  pyrites  and  carba 

d.  pyrites  and  carba 

d.  pyrites  and  anthr 
Benzoic  acid,  pyrites  and  anthr 
Benzoic  acid,  pyrites  and  carba 
Benzoi.2  acid,  pyrites  and  i 
Benzoic  acid,  pyrites  and  i 

Coal  and  pyrites 

Coal  and  pyrites 

Coke  and  pyrites 

Coal,  pyrites  and  carbamide 

Coke  and  pyrites 

Coal,  pyrites  and  albumen 

"  r  acid,  pyrites  and  anthranilic  acid 


imb  gases 
0.53 
0.5,? 
0.53 
0.53 
0.53 
0.53 
6.00 
6.00 
6.00 
6.00 
6,00 
6.00 
0.53 
6.00 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0.53 
0,53 
0.53 
0.53 
0.53 
0.53 
0,53 
0.53 
0.53 
0.53 
0.53 
0 ,  53 


1  41 
1  .41 
1  ,37 
1  .37 
1  .74 
1  .74 
1  .  15 
I.  15 
1.53 
1  .53 
5.60 


%  S  in  fuel 

(from  SO! 

and  SOj 

formed  in 

combustion) 

1  .40 

1.43 

3.99 

5,76 

6.31 

6   59 

1.56 

2.06 

5,06 

6.01 

6.  18 
6,88 
111 
1  07 
1  ,83 
1  91 
4.08 
4,60 
5,39 
5,39 
6,71 

6  82 
6,90 
6,99 
7,06 

7,  10 
7.  17 
7.23 
7.31 
7.34 
7,35 

7  65 


Grams 
as  SO! 
and  SO3 
0.0132 
0.0157 
0.0371 
0.0664 
0.0653 
0.0760 
0.0132 
0.0207 
0.0612 
0.0631 
0  0797 
0,0712 
0.0111 
0.0110 
0,0187 
0,0215 
0,0572 
0.0557 
0 , 0533 
0,0670 
0,0786 
0.0750 
0.0738 
0.0727 
0.0788 
0.0835 
0.0737 
0.0714 
0  0815 
0,0792 
0 . 0935 
0,0784 


SOi 
50,8 
56,0 
36.4 
33.2 
30.7 
32.5 
94.7 
93.3 
97.4 
97.6 
99.2 
99.  1 
97.3 
97.3 
98,4 
94,9 
45.8 
45.4 
29,9 
31  6 
31  ,4 
34,4 
98  9 
51.4 
51,0 
64  3 
79.9 
98.0 
71  .7 


0.3 
0.4 
0.5 
0.2 


2.7  CC.  of  the  standard  alkali  were  required  to  neutralize 
the  nitric  acid  formed  from  the  nitrogen  in  the  coal. 
The  amount  of  coal  used  in  the  above  experiments  was 
approximately  1  g.,  and,  as  the  coal  contained  1.4 
per  cent  nitrogen,  0.014  g-  nitrogen  was  present  in 
the  fuel.  The  2.7  cc.  of  the  standard  alkali  used  to 
neutralize  the  nitric  acid  from  the  coal  are  equivalent 
to  0.0031  g.  of  nitrogen  since  each  cubic  centimeter 
of  the  standard  alkali  contained  0.00457  g.  of  potas- 
sium hydroxide.  In  this  case,  then,  c.0031  divided 
by  0.014,  or  about  22  per  cent  of  the  nitrogen  of  the 
coal  was  oxidized  to  nitric  acid.  The  gas  used  in  the 
bomb.  Series  G — i,  contained  0.53  per  cent  nitrogen. 
Since  the  capacity  of  the  bomb  was  350  cc.  this,  at 
20  atmospheres  pressure,  would  be  equivalent  to 
0.0432  g.  of  nitrogen.  The  0.3  cc.  required  to  neutral- 
ize the  acid  formed  from  this  nitrogen  is  equivalent 
to  0.00034  g.  of  nitrogen,  so  a  little  less  than  i  per  cent 


than  when  burned  with  benzoic  acid.  Accordingly, 
a  test  of  these  conclusions  was  made,  using  for  the 
combustion  the  same  coal  mixed  with  sufficient  pyrites 
to  give  a  sulfur  content  corresponding  to  that  in  Series 
E — 3  and  4,  and  burned  in  oxygen  containing  a  nitrogen 
concentration  of  o.  53  per  cent.  The  results  substantiate 
our  conclusions  as  is  shown  by  Series  H,  Table  II. 

To  test  our  conclusions  still  further,  a  second  mix- 
ture of  coal  and  pyrites  was  made,  using  the  same  coal 
as  in  Series  H,  and  adding  enough  pyrites  to  give  a 
sulfur  content  corresponding  approximately  to  that  in 
Series  D — i  and  2,  Table  I,  in  which  the  benzoic  acid 
was  used  with  the  pyrites.  These  results  are  recorded 
in  Series  I,  Table  II,  and  when  we  compare  them  with 
Series  D — 1  and  2,  it  at  once  becomes  evident  that  our 
conclusions  hold  as  to  the  eflect  produced  upon  the 
extent  of  oxidation  of  SO2  by  the  nitrogen  oxides  ob- 
tained by  the  combustion  of  the  coal. 
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INFLUENCE       OF       NITROGF.N-CONTAINING       SUBSTANCES, 

OTHER     THAN     COAL,     ON     THE     OXIDATION     OF   SO2 

WHEN    BURNED    IN    THE    BOMB    CALORIMETER 

We  have  found  that  when  coal  is  burned  in  a  cal- 
orimeter its  nitrogen  forms  oxides  which  have  a  marked 
influence  on  the  extent  of  the  oxidation  of  the  SO2. 
Can  we  say  as  much  concerning  other  nitrogen-con- 
taining bodies?  Coal  by  distillation  yields  ammonia; 
hence  an  amido  compound,  carbamide,  CO(NH2)2, 
was  mixed  with  benzoic  acid  and  pyrites  in  sufficient 
quantity  to  furnish  1.15  per  cent  nitrogen,  the  amount 
furnished  by  the  pyrites-coal  mixture  in  Series  I,  and 
this  mixture  burned  under  the  same  conditions  as  the 
•,preceding  series.  The  results  are  tabulated  in  Series 
jT — I  and  2,  Table  II.  These  experiments  show  that 
with  a  small  amount  of  carbamide  in  the  fuel  (suffi- 
cient to  furnish  1.15  per  cent  nitrogen)  there  is  very 
slight  if  any  change  in  the  extent  of  oxidation  of  the 
SO2  from  that  in  Series  D — i  and  2,  Table  I,  in  which 
the  fuel  contained  no  nitrogen  and  carried  even  a 
slightly  greater  percentage  of  sulfur;  also,  there  was 
no  increase  in  the  amount  of  nitric  acid  formed,  over 
that  obtained- by  the  combustion  of  the  fuel  containing 
no  nitrogen.  However,  when  sufficient  carbamide 
was  added  to  furnish  5.6  per  cent  nitrogen  in  the 
mixture  of  benzoic  acid  and  pyrites,  a  decided- change 
in  the  extent  of  the  oxidation  of  SO2  was  obtained,  as 
is  shown  in  Series  M — 3,  and  a  corresponding  change 
in  the  amount  of  nitric  acid  formed. 

The  calorific  value  of  benzoic  acid  per  gram  is  less 
than  that  of  the  coal  used,  therefore  the  heat  generated 
per  gram  of  fuel  in  Series  J — i  and  2  was  less  than  that 
in  Series  I.  Since  it  is  known  that  temperature  affects 
the  formation  of  nitrogen  oxides,  it  was  thought  best 
to  make  another  test.  In  order  to  make  such  a  test 
at  a  temperature  equal  approximately  to  that  in  the 
combustion  of  Series  I,  there  was  added  to  the  mixture 
in  that  series  as  much  nitrogen  in  the  form  of  carbamide 
as  was  present  in  the  coal,  and  the  effect  upon  the 
oxidation  of  the  SO2  was  determined.  The  results 
tabulated.  Series  K,  Table  II,  show  only  a  slight 
change  in  the  percentage  of  sulfur  oxidized  to  SO2  from 
that  in  Series  J. 

The  nitrogen  of  carbamide  proved  to  have  a  much 
weaker  influence  upon  the  percentage  of  sulfur  oxidized 
to  SO3  than  the  nitrogen  of  coal,  and  the  writer  later 
found  from  the  work  of  J.  A.  Fries,  U.  S.  Dept.  of 
Agriculture,  that  this  is  what  might  have  been  expected. 

Fries  found  that  the  quantity  of  nitrogen  oxidized 
varies  with  the  substance  burned,  the  total  heat 
generated,  and  the  quantity  of  nitrogen  in  the  bomb. 
The  averages  of  a  large  number  of  experiments  are 
given  on  pages  29  and  30  of  his  report'  from  which  we 
learn  that  the  nitrogen  behaves  very  differently  in 
different  substances  as  is  seen  from  his  data  which  is 
quoted  in  part: 

Percentage  of 
nitrogen  of  sample 
Substance  burned  oxidized  to  nitric  acid 

Hair  and  dandruff 43 .  02 

Gelatin 5.83 

Gelatin  with  alcohol 19.75 

Urine  with  cellulose 0,00 

Linseed  meal 3.37 

1  liulUtin  94  (1907).  Bureau  of  Animal  Industry.   U,  S    Dept,  of  Agri- 
culture. 


Fries  accounts,  at  least  in  part,  for  the  above  results 
by  assuming  that  most  of  the  nitrogen  oxide  is  formed 
at  the  contact  with  the  ash  or  skeleton  of  the  substance 
burned,  that  is,  at  the  point  of  greatest  chemical 
activity.  Since  a  large  number  of  chemical  changes 
take  place  at  that  point  in  a  very  short  time,  it  may  be 
that  the  jJroduct  formed  will  possess  such  an  attraction 
for  the  nitric  acid  that  it  will  not  escape  to  the  walls 
of  the  bomb.  This  he  believes  to  be  true  in  the  case 
of  urea  and  other  substances  where  the  ash  is  some- 
what alkaline.  If  such  conditions  exist  it  is  quite 
evident  that  no  change  in  the  percentage  of  sulfur 
oxidized  to  SO3  would  occur. 

It  was  next  thought  advisable  to  try  the  effect  of 
some  other  nitrogen-containing  substances  upon  t^e 
oxidation  of  the  SO2  when  pyrites  was  burned  in  the 
calorimeter.  For  this  purpose  anthranilic  acid  (C6H4- 
NHoCOOH),  egg  albumen,  and  ammonium  carbonate, 
(NH4)2C03,  were  used.  The  results  of  the  experi- 
ments together  with  the  conditions  under  which  they 
were  made  are  recorded  in  Table  II. 

Series  L  corresponds  to  Series  J,  in  which  the  fuel 
contained  carbamide,  except  that  anthranilic  acid 
was  used  as  the  nitro-body  and  the  amount  present 
in  Experiments  i  and  2  was  sufficient  to  give  to  the 
fuel  a  nitrogen  content  of  1.5  per  cent.  The  results 
show  but  slight  change  in  the  extent  of  oxidation  of 
th.e  SO2  from  that  in  Series  J — i  and  2,  and  little  in- 
crease in  the  amount  of  nitric  acid  formed. 

In  Series  L — 3,  sufficient  anthranilic  acid  was  added 
to  the  mixture  to  give  5.6  per  cent  nitrogen  in  the  fuel; 
and,  as  in  Series  J — 3,  a  decided  change  occurred  in 
the  percentage  of  sulfur  oxidized  to  SO3,  this  change 
being  again  accompanied  by  a  corresponding  increase 
in  the  amount  of  nitric  acid  formed  in  the  bomb. 

Series  M  corresponds  to  Series  I  except  that  suffi- 
cient egg  albumen  was  added  to  give,  with  the  nitrogen 
of  the  coal,  2.76  per  cent  nitrogen  in  the  fuel.  Here 
the  oxidation  of  the  sulfur  to  SO3  was  practically  com- 
plete while  in  Series  I  not  more  than  80  per  cent  of  the 
sulfur  burned  to  SO3.  The  weight  of  the  fuel  pellet 
in  this  experiment  was  seven-sixths  of  that  in  Series  I, 
and  the  increased  amount  of  heat  may  account  in  part 
for  the  conversion  of  the  sulfur  to  SO3  but  it  seems 
probable  that  the  albumen  was  also  an  agent  in  the 
change  of  extent  of  oxidation. 

Series  N  represents  a  further  test  of  the  egg  albumen 
in  forming  nitrogen  oxides  and,  consequently,  in  in- 
creasing the  percentage  of  sulfur  obtained  as  SO3. 
The  fuel  consisted  of  egg  albumen  and  pyrites  in  the 
same  proportions  as  for  Series  M,  and  benzoic  acid 
corresponding  to  the  amount  of  coal  in  that  series. 
The  results  obtained.  Table  II,  do  not  show  a  change 
in  oxidation  of  sulfur  comparable  to  that  obtained 
with  coal  containing  a  smaller  percentage  of  nitrogen 
in  the  fuel. 

The  mixture  of  ammonium  carbonate,  benzoic  acid, 
and  pyrites.  Series  O,  Table  II,  contained  5.16  per  cent 
nitrogen  and,  although  the  results  obtained  by  com- 
bustion of  the  fuel  show  considerable  effect  upon  the 
extent  of  oxidation  of  SO2,  yet  the  change  is  not  nearly 
so   marked   as  in  experiments,  Series  J — 3   and  Series 
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L — 3,  in  ■n-hich  the  same  percentage  of  nitrogen  was 
present  in  the  fuel. 

It  will  be  noted  that  the  nitrogen  content  of  a  fuel 
consisting  of  benzoic  acid,  pyrites,  and  a  nitrogen 
body,  other  than  coal,  when  burned  in  the  bomb  has 
much  less  effect  upon  the  conversion  of  SO2  to  SO3 
than  has  the  nitrogen  of  coal.  This  is  accounted  for 
by  the  following  facts:  (i)  the  quantity  of  nitrogen 
oxides  formed  varies  with  the  nature  of  the  substance 
burned;  (2)  the  weight  of  the  fuel  pellet  used  was 
approximately  the  same  in  each  case,  and  since  the 
calorific  value  of  the  .coal  is  greater  than  that  of  the 
mixture  of  benzoic  dcid,  pyrites,  and  nitrogen  body, 
the  greater  heat  evolved  by  the  combustion  of  the 
•Goal  would  of  itself  produce  a  slightly  greater  oxidation 
of  nitrogen;  (3)  the  physical  conditions  under  which 
the  components  of  coal  exist  as  well  as  the  compounds 
present  can  be  approximated  only  by  artificial  mixtures. 

As  an  example  of  the  small  amount  of  nitrogen 
oxidized  by  the  combustion  of  the  pyrites  mixtures 
containing  nitrogen  compounds,  let  us  consider  Ex- 
periment 3,  Series  O,  to  which  ammonium  carbonate 
was  added.  In  this  experiment  the  weight  of  nitrogen 
in  the  fuel  was  0.0579  g-  and  that  of  the  nitric  acid 
formed  was  0.0184  g-  The  weight  of  nitric  acid  formed 
in  the  bomb  by  the  combustion  of  a  non-nitrogenous 
fuel  with  only  0.53  per  cent  nitrogen  concentration 
in  the  bomb  gases  was  0.0015  g-  The  amounV.  of 
nitric  acid  formed  by  the  oxidation  of  the  nitrogen 
in  the  fuel  was  0.0184  g-  —  0.0015  g-i  or  00169  g- 
This  quantity  of  nitric  acid  is  equivalent  to  0.0038  g. 
in  terms  of  nitrogen,  and  since  the  fuel  contained 
°-°S79  g-  of  nitrogen,  a  little  more  than  6.5  per  cent 
was  oxidized  by  the  combustion,  while  in  the  cor- 
responding experiment  where  coal  was  used,  approxi- 
mately 22  per  cent  of  the  nitrogen  content  burned  to 
nitrogen  oxides. 

Since  the  volatile  compounds  of  coal  yield  am- 
monia by  distillation,  it  seems  probable  that  their 
action  in  the  bomb  calorimeter  would  be  somewhat 
similar  to  the  nitrogen  content  of  carbamide  and 
anthranilic  acid,  both  of  which  contain  the  amido- 
group  (NH2).  The  decreased  oxidation  of  the  nitrogen 
in  these  compounds  below  that  of  the  nitrogen  in  coal 
would  lead  us  to  believe  that  it  is  the  fixed  nitrogen  of 
coal  which  is  the  more  efficient  in  the  formation  of 
nitrogen  oxides  in  the  bomb.  If  this  be  true,  the 
nitrogen  of  coke  should  give  a  greater  oxidation  of 
SO2  than  the  nitrogen  of  coal.  To  test  this  assumption 
a  mixture  of  coke  and  pyrites  was  made  corresponding 
in  sulfur  content  to  Series  I,  and  burned  under  the 
same  conditions.  The  nitrogen  was  not  determined 
in  the  particular  sample  of  coke  but  the  general  as- 
sumption is  that  coke  carries  about  50  per  cent  of  the 
nitrogen  of  the  coal.  Almost  complete  oxidation  of 
the  sulfur  to  SO3  occurred  as  is  shown  by  Series  P, 
Table  II.  As  only  partial  conversion  of  SO2  to  SO3 
occurred  in  Series  I,  it  seems  very  probable  that  our 
assumption  as  to  the  activity  of  the  fixed  nitrogen  in 
coal  is  correct. 

The  results  obtained  by  introducing  a  nitrogen 
carrier  into  the  fuel  for  combustion  are  in  agreement 


with'  our  former  evidence  concerning  the  efTect  of  the 
nitrogen  oxides  formed  in  the  bomb  upon  the  extent 
of  oxidation  of  the  SO2.  With  this  confirmation  of 
our  former  results,  we  believe  we  have  established 
that  the  nitrogen  oxides  formed  in  the  bomb  have  a 
marked  efTect  upon  the  oxidation  of  the  SO2.  We 
therefore  feel  justified  in  calling  attention  to  the 
possibility  of  error  in  the  correction  for  sulfur  on  the 
calorific  value  of  a  fuel  carrying  little  or  no  nitrogen, 
and  in  estimating  its  sulfur  content  by  precipitation 
from  the  bomb  washings,  when  a  very  small  con- 
centration of  nitrogen  is  present  in  the  bomb  gases. 

The  varying  effects  of  the  nitrogen  content  of  the 
bomb  gases,  of  the  coal,  and  of  the  pyrites  mixtures- 
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upon  the  oxidation  of  SO2  through  the  action  of  nitrogen 
oxides  formed  by  combustion  of  the  fuel  in  the  bomb 
calorimeter  are  shown  graphically  in  Fig.  I.  The 
grams  of  nitrogen  present  in  the  bomb  per  gram  sulfur 
are  plotted  with  reference  to  the  percentage  of  sulfur 
oxidized  to  SO3.  These  results,  in  general,  indicate 
increased  percentage  of  SO3  with  increased  amount 
of  nitrogen,  and,  where  several  results  have  been  ob- 
tained using  the  same  fuel,  as  in  the  mixtures  of  ben- 
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zoic  acid  and  pyrites,  and  in  the  combustions  with  coal 
as  nitrogen-carrier,  the  results  indicate  a  fairly  regular 
curve,  the  curve  depending  upon  the  substance  burned. 
In  order  to  bring  out  still  more  clearly  the  oxidizing 
action  of  the  nitrogen  oxides  formed  in  the  bomb,  the 
results  of  nine  titrations  for  nitric  acid,  together  with 
the  percentage  of  sulfur  appearing  as  SO3,  are  plotted 
in  Fig.  II.  These  quantitative  estimations  of  nitric 
acid  were  made  as  previously  described.  Only  those 
results  are  plotted  which  were  obtained  when  the 
fuel  for  combustion  contained  6  to  8  per  cent  sulfur 
and   a   sufficient   quantity    burned   to   produce   0.06   g. 
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to  o.oS  g.  of  sulfur  as  oxides.  Since  the  nitrogen 
oxides  formed  convert  only  a  certain  amount  of  SOo 
to  SO3,  depending  upon  conditions  existing  in  the 
bomb,  it  is  evident  that  to  represent  properly  the 
oxidizing  effect  graphically,  the  percentage  of  sulfur 
in  the  fuel  and  the  weight  of  the  fuel  pellet  burned 
should  both  be  constants.  This  is  not  the  case  in  our 
work.  The  limits  selected  above  restrict  us  to  a  few 
experiments  whose  initial  conditions  are  in  sufficiently 
close  agreement  to  give  concordant  results.  Fig.  II 
represents  the  relation  existing  between  the  percentage 
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of  SO3  and  the  weight  of  nitric  acid  formed  in  the  bomb 
under  the  conditions  of  the  experiment. 

CONCLUSIONS   CONCERNING   ESTIMATION   OF   THE    SULFUR 

CONTENT     OF     A     FUEL     BY     C0MB;JSTI0N     IN     A 

CALORIMETER  AND   PRECIPITATION   OF 

THE     SULFATE     FROM     THE     BOMB 

WASHINGS 

None  of  the  experiments  tabulated  in  this  paper 
show  a  complete  absence  of  SO;,  yet  they  do  warrant 
the  conclusion  that  the  sulfur  content  of  a  fuel  may  be 
determined  approximately  by  combustion  in  oxygen 
in  a  bomb  calorimeter  and  subsequent  precipitation 
of  the  sulfate  from  the  bomb  washings,  provided  cer- 
tain conditions  are  fulfilled.  In  our  work,  favorable 
results,  on  a  fuel  carrying  no  nitrogen,  were  obtained 
in  a  bomb  of  350  cc.  capacity,  at  a  pressure  of  20 
atmospheres,  with  6  per  cent  nitrogen  concentration 
in  the  bomb  gases  before  ignition  when  the  fuel  con- 
tained as  much  as  7.0  per  cent  sulfur.  We  have 
shown  that  the  nitrogen  content  of  coal  burns  in  part 
to  nitrogen  oxides  and  that  these  tend  to  oxidize  any 
SO2  to  SO3.  It  is  then  evident  that  with  such  a  fuel 
the  nitrogen  concentration  in  the  bomb  gas,  and  the 
pressure,  either  or  both,  may  be  made  less  than  that 
above  stated  and  still  have  practically  all  sulfur  con- 
verted to  SO3,  the  limits  of  such  decrease  being  de- 
termined in  part  by  the  amount  of  nitrogen  oxides 
formed  by  combustion  of  the  fuel.  On  the  other  hand, 
if  a  fuel  containing  a  very  high  percentage  of  sulfur 
be  burned  in  the  calorimeter  with  the  same  concen- 
tration of  nitrogen  in  the  bomb,  the  pressure  will  have 
to  be  increased  if  the  sulfur  be  obtained  as  SO3.  This 
increase  would  tend  not  only  to  complete  the  oxidation 
of  the  sulfur  but  also  to  increase  th,e  formation  of 
nitrogen  oxides  which  would  oxidize  SO2. 

This  is  in  accord  with  the  findings  of  A.  C.  Fieldner, 
of  the  Bureau  of  Mines,  Pittsburgh,  Pa.'  Fieldner 
burned  a  coal-pyrites  mixture  containing  25'  per  cent 
sulfur,  in  a  calorimeter,  at  18  atmospheres  pressure, 
and  upon  opening  the  bomb  detected  SO2.  At  a 
pressure  of  30  atmospheres  almost  all  the  sulfur  was 
obtained  as  SO3. 

It  must  be  remembered  that  the  result  obtained  for 
sulfur  by  the  method  previously  described  is  not 
exact  and  will  usually  be  a  little  below  the  true  value. 
The  fuel  used  by  the  writer  in  experiments.  Series  G 
and  H,  shows  a  loss  of  2  to  s  per  cent  of  sulfur  content 
by  estimation  from  the  bomb  washings,  and  similar 
low  values  are  recorded  by  Parr,  Wheeler,  and  Berolz- 
heimer,^  and  by  E.  E.  Somermeier.'  Undoubtedly 
these  low  values,  as  shown  by  this  paper,  are  due  to 
loss  of  sulfur  as  SO2. 

TIME     A     FACTOR     IN     DETERMINING     RATIO     OF     SULFUR 
OXIDES    IN    THE    BOMB 

Another  point  of  interest  noticeable  in  the  results 
of  the  experiments  tabulated  in  this  paper  is  the  effect 
of  time  upon  the  conversion  of  SO2  to  SO3.  In  several 
instances.  Tables  I  and  II,  two  groups  of  experiments 
were    made,    the    only    factor    changed   in   each    group 

1  Technical  Paper  No.  26,  Bureau  of  Mines,  p.  10,  note  H. 

•-  Tins  Journal,  1  (1909),  689. 

'  Professional  Paper  No.  +8,  U.  S.  Geological  Survey;  p.  277. 
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being  that  of  the  time  intervening  between  the  firing 
and  emptying  of  the  bomb.  Usually  the  results  show 
a  greater  oxidation  of  SO2  when  the  bomb  stood  two 
hours  than  when  it  was  emptied  fifteen  minutes  after 
firing.  However,  this  did  not  always  hold  true. 
Such  a  change  in  the  oxidation  of  the  SO2  is  what  we 
would  expect  if  the  nitrogen  oxides  function  here 
somewhat  as  in  the  manufacture  of  sulfuric  acid. 

THE    HEATING    VALUE    OF    SULFUR    AS    PYRITES 

The  heating  value  of  sulfur  as  pyrites  has  been 
determined  by  combustion  in  a  bomb  calorimeter,  and 
reported  by  E.  E.  Somermeier.'  He  found  that  some 
of  the  sulfur  remained  in  the  ash  and  that  a  small 
amount  escaped  with  the  bomb  gases  as  SO2.  He 
made  corrections  on  the  calorific  value  for  the  sulfur  as 

502  and  for  that  in  the  ash,  assuming  the  latter  to 
exist  as  ferrous  sulfide  (FeS),  and  obtained  an  average 
value  of  4957  calories  per  gram  sulfur.  On  page  564 
of  the  journal  containing  the  above-mentioned  report, 
the  seven  results  given  for  the  calorific  value  of  pyrites 
per  gram  lie  between  2480  and  2686  calories,  that  is, 
between  4663  and  5049  calories  per  gram  sulfur; 
however,  the  four  values  selected  as  being  most  proba- 
ble are  in  very  close  agreement. 

In  connection  with  the  experiments  made  to  deter- 
mine the  relation  existing  between  the  oxides  of  sulfur 
in  the  bomb,  a  number  of  calorific  estimations  were 
made  by  the  writer  with  special  reference  to  the 
heating  value  of  sulfur  as  pyrites.  A  calibrated 
Beckmann  thermometer  was  obtained  from  the  U.  S. 
Bureau  of  Standards.  The  thermometer  was  gradu- 
ated to  0.01°  C.  and  no  attempt  was  made  to  take 
readings  closer  than  0.005°.  The  water  used  in  the 
calorimeter  plus  the  water  equivalent  of  the  apparatus 
was  equal  to  2120  grams,  so  an  error  of  0.003°  in  the 
temperature'  reading  would  make  a  difference  of  six 
calories.  In  two  of  the  calculated  results,  less  than 
0.02  g.  of  sulfur  was  present  in  the  fuel  and  an  error 
of  six  calories  on  0.02  g.  would  be  equivalent  to  300 
calories  per  gram  "sulfur.  The  sulfur  obtained  as 
oxides  by  combustion  and  that  in  the  ash  was  taken 
as  the  basis  of  the  calculations,  and  the  results  ob- 
tained are  subject  to  any  errors  which  may  have  been 
made  in  those  determinations. 

Grams  of  sulfur       Calories  corrected  Calories  per 

as  pyrites  for  FeS  and  SO:  gram  S 

0.0779  389  4993 

0.0779  390  5007 

0.0177  82  4632 

0.0145  67  4621 

0.0769  388  5046 

0.0614  323  5260 

0.0738  382  5176 

0.0794  402  5062 

The  average  value  of  sulfur  as  pyrites  burning  to 

503  is,  from  above  results,  4975  calories. 

In  obtaining  the  above  values,  corrections  were 
made  for  the  iron  wire  fuse,  for  the  sulfur  as  SO2  in 
the  bomb  gases,  and  for  the  sulfur  in  the  ash,  assuming 
that  in  the  residue  to  exist  as  ferrous  sulfide.  The 
corrections  applied  are  those  given  by  Somermeier  in 
the  aforementioned  article  and  are  calculated  from 
values  given  in  the  third  edition  of  Ostwald's  "Grund- 
riss  der  Algemeinen  Chemie." 

■  J.  Am.  Chem.  Soc,  26  (1900),  555-568. 


SUMMARY 

The  aim  of  this  investigation  was  to  determine 
whether  or  not  the  correction  made  for  sulfur  on  the 
heating  value  of  a  coal  as  obtained  by  combustion  in 
a  bomb  calorimeter  is  justifiable,  but  since  this  cor- 
rection involved  the  assumption  that  the  sulfur  of  the 
fuel  burns  completely  to  SO3  in  the  calorimeter,  the 
real  problem  concerned  the  relative  quantities  of  sulfur 
as  SO2  and  SO3  in  the  bomb,  and  the  conditions  which 
affect  them.  In  connection  with  the  experiments 
necessary  for  the  above  study,  it  was  one  purpose  to 
ascertain  the  accuracy  of  sulfur  estimations  on  a  fuel 
by  combustion  in  the  bomb  and  subsequent  precipita- 
tion of  the  sulfate  from  bomb  washings;  also  to  obtain 
data  from  which  to  calculate  the  heating  value  of  sulfur 
as  pyrites, 

I — We  have  quoted  from  other  investigators 
results  which  lead  us  to  believe  that  pressure  alone 
cannot  account  for  the  complete  conversion  of  SO2 
to  SO3  in  an  atmosphere  of  oxygen, 

II — We  have  established  by  a  number  of  ex- 
periments that  when  the  chief  sulfur  compound  of 
coal,  pyrites,  is  burned  with  a  non-nitrogenous  fuel 
in  the  calorimeter  in  an  atmosphere  of  oxygen  under 
pressure,  a  fairly  stable  condition  results.  This  con- 
dition is  intermediate  between  the  practically  complete 
conversion  to  SO3  existing  under  the  conditions  of 
equilibrium  at  room  temperatures,  and  the  almost 
total  absence  of  SO3  characteristic  of  combustions 
taking  place  without  a  catalyzer  to  convert  the  SO2 
to  SO3  as  the  temperature  drops.  The  relative  amount 
of  sulfur  appearing  as  SO3  increases  to  a  marked 
degree  with  increasing  amount  of  nitrogen  oxides 
formed  in  the  bomb,  but  does  not  depend  to  a  measur- 
able extent  upon  any  catalytic  effect  of  the  ash  (see 
Table  III). 

We  have  also  quoted  authorities  showing  that  the 
amount  of  nitrogen  oxides  formed  with  a  given  con- 
centration of  nitrogen  in  the  bomb  increases  with 
increasing  pressure  and  with  the  heat  of  combustion 
of  the  fuel. 

Ill — Our  experiments  show  that  the  nitrogen  of 
coal  is  much  more  efficient  in  forming  nitrogen  oxides 
than  is  the  nitrogen  of  the  bomb  gases.  This,  in  con- 
nection with  the  fact  that  in  ordinary  work  the  nitrogen 
concentration  in  the  bomb  gases  before  ignition  is  at 
least  5  per  cent,  accounts  for  the  almost  complete 
oxidation  of  the  sulfur  of  coal  to  SO3. 

IV — Not  only  have  we  found  that  a  change  in  the 
oxidation  of  sulfur  is  produced  by  different  amounts  of 
nitrogen  in  the  bomb  gases  and  by  that  in  a  coal,  but 
we  have  confirmed  these  observations  by  introducing 
a  nitrogenous  material  into  a  non-nitrogenous  fuel,  and 
found  that,  with  combustion,  a  change  occurred  in 
the  extent  of  oxidation  of  the  SO2. 

V — From  our  results  we  have  drawn  conclusions 
as  to  the  feasibility  of  estimating  the  sulfur  content  of 
a  fuel  by  combustion  in  a  bomb  calorimeter  and  pre- 
cipitation of  the  sulfate  from  the  bomb  washings,  and 
have  found  that  approximate  results  may  be  obtained 
from  non-nitrogenous  substances  carrying  less  than 
0.08  g.  of  sulfur  in  the  fuel  burned,  at  20  atmospheres 


822 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY      Vol.  6,  Xo.  lo 


pressure,  when  a  nitrogen  concentration  of  6  per  cent 
is  present  in  the  bomb  gases.  With  coal,  to  which 
sufficient  pyrites  had  been  added  to  furnish  a  sulfur 
content  of  7  per  cent,  only  about  three-fourths  of 
the  sulfur  was  obtained  as  SO3  when  a  gram  of  the  fuel 
was  burned  at  20  atmospheres  pressure,  with  0.53  per 
cent  nitrogen  by  volume  in  the  bomb  gases.  Under 
these  conditions,  estimation  of  the  sulfur  content  of 
the  fuel  from  the  bomb  washings  would  be  much  in 
error.  However,  with  a  greater  percentage  of  nitrogen 
in  the  bomb  gases  and  at  a  higher  pressure,  satisfactory 
results  may  be  obtained. 

VI — We  have  calculated  the  heating  value  of  sulfur 
as  pyrites  burning  to  SO3,  applying  the  proper  cor- 
rections, and  have  found  that  the  average  of  our  results 
gave  us  4975  calories  per  gram  sulfur. 

VII — The  corrections  prescribed  in  the  proposed 
Standard  Method'  for  the  oxidation  of  sulfur  in  coal 
in  a  bomb  calorimeter  are  shown  to  be  correct  only 
within  certain  limits. 

In  the  usual  procedure,  when  coal  with  less  than 
2  per  cent  of  sulfur  is  burned  in  a  bomb  calorimeter 
from  which  the  initial  charge  of  air  is  not  removed  by 
rinsing  out  with  oxygen,  there  will  be  sufficient  forma- 
tion of  oxides  of  nitrogen  to  ensure  the  oxidation  of 
almost  all  the  sulfur  to  SO3.  Under  these  conditions 
the  corrections  prescribed  by  the  committee  are  proper. 
If  coals  are  high  in  sulfur  there  may  be  a  material 
amount  of  the  sulfur  left  as  sulfide  in  the  ash  and  as 
SO2  in  the  gas.  If  oxygen  of  high  purity  is  used  and 
the  air  in  the  bomb  blown  out,  as  recommended  by 
the  Committee  on  Coal  Analysis,  so  that  the  con- 
centration of  nitrogen  in  the  bomb  may  be  only  a 
fraction  of  i  per  cent,  and  if  a  fuel  free  from  nitrogen 
is  being  burned,  then  only  a  small  amount  of  oxides 
of  nitrogen  will  be  formed,  and  even  if  the  fuel  contain 
only  2  per  cent  sulfur,  only  a  part  (sometimes  only 
one-half)  of  the  sulfur  will  appear  as  SO3. 

University  of  Michigan 
Ann  .^reor 

ETHYL  ESTER  OF  LINOLIC  TETRABROMmE  AS  A  PROD- 
UCT IN  THE  ANALYSIS  OF  COTTONSEED  OIL- 

liy   LEKuy  S.   Paumer  and  Philip  .\.    Wku.iit 
Received  July  \i,   1914 

In  the  course  of  some  studies  of  the  composition  of 
cottonseed  oil,  in  which  we  were  isolating  the  un- 
saturated acids  according  to  the  method  of  Tortelli 
and  Ruggeri,^  i.  e.,  making  use  of  the  solubility  of  their 
lead  soaps  in  ether,  and  eventually  recovering  the 
linolic  acid  as  the  tetrabromide,  we  obtained  in- 
stead large  clustering  needles  melting  sharply  at  58— 
58.5°  C*  The  crystals,  in  addition,  showed  a  much 
greater  solubility  in  ninety-five  per  cent  alcohol, 
glacial  acetic  acid,  petroleum  ether,  etc.,  than  lino- 
lic tetrabromide,  from  all   of    which  solvents  the  crys- 

1  "Report  of  Committee  on  Coal  Analysis,"  This  Journau.  6  (19U), 
526-527;  Technical  Paper  No.  8,  Bureau  of  Mines,  p.  15. 

2  The  greatest  part  of  the  investigation  here  reported  is  taken  from  the 
Thesis  presented  by  Philip  Anson  Wright  to  the  Faculty  of  the  Graduate 
School  of  the  University  of  Missouri  in  1913,  in  partial  fulfilment  of  the 
requirements  for  the  degree  of  Master  of  Arts. 

'  1,'Orosi.  April,  1900;  Lewkowitsch,  "Oils,  Fats  and  Waxes,"  Vol. 
I,  p.  447  (1909  edition). 

'  Linolic  tetrabromide  melts  at  113-115°  C. 


tals  could  be  recovered  in  the  same  form  and  with  the 
same   melting  point. 

The  new  compound  was  very  readily  shown  to  be 
a  bromide;  and  its  melting  point  was  so  strikingly 
similar  to  the  melting  point  of  the  tetrabromide  of 
the  isomeric  telfairic  acid  of  Thoms,'  i.  e.,  57-58°  C, 
that  it  suggested  the  presence  of  a  similar,  hereto- 
fore undiscovered  acid  in  cottonseed  oil. 

Attempts  to  determine  the  molecular  weight  of  the 
low-melting  bromide  by  the  titration  method  of 
Farnsteiner'^  showed,  however,  that  it  had  no  neutral- 
ization value.  Molecular  weight  determinations  by 
the  cryoscopic  method  in  glacial  acetic  acid  were  alsO' 
of  little  value,  the  results  varying  between  600  and 
700,  although  great  care  was  taken  to  exclude  mois- 
ture.^ 

Ultimate  analysis  of  the  low-melting  bromide  gave 
the  following  results: 

Oxygen 

Determination                                      Bromine  Hydrogen    Carbon      (by  diff.) 

No.                                                  Per  cent  Per  cent    Per  cent    Per  cent 

1 51.10  6.064          36.18 

2 50.01  5.924          38.97 

3 50.56  5.795           38.56 

4 50.94  6.012          38.92 

Average 50.63         5.95  38.16         5.24 

Calculated   for  linolic   tetra- 
bromide       53.30  5.36  35.99  5.35 

The  bromine  content  was  determined  on  separate 
samples.  Since  methods  of  determining  the  bromine 
in  compounds  of  this  character  are  not  commonly 
described  in  the  literature,  the  method  used  by  us  may 
be  of  interest  at  this  point. 

The  substance''  was  dissolved  in  95  per  cent  alco- 
hol, a  small  stick  of  KOH  added,  and  the  solution 
boiled  under  a  reflux  for  one  hour.  The  hot  alkaline 
solution  was  washed  out  into  a  beaker  with  hot  water 
and  the  solution  diluted  to  300  or  400  cc.  with  water. 
The  beaker  was  then  allowed  to  stand  on  the  steam 
bath  until  most  of  the  alcohol  was  dispelled.  A  slight 
excess  of  HNO3  was  added,  and  heating  continued 
until  the  fatty  acids  rose  to  the  top  in  a  clear  layer. 
The  solution,  which  was  not  allowed  to  be  too  concen- 
trated at  this  point,  was  then  cooled  and  washed  with 
water  and  ether  into  a  separatory  funnel.  It  was 
then  shaken  carefully  with  ether,  and  the  aqueous 
layer  drawn  off.  The  ether  extract  was  washed 
carefully  several  times  with  fresh  water,  the  washings 
being  added  to  the  first  portion  drawn  off.  The  com- 
bined aqueous  solutions  were  then  heated  on  the  steam 
bath  until  the  ether  was  dispelled,  care  being  taken 
to  use  a  very  gentle  heat  to  avoid  spattering.  The 
solution  was  then  evaporated  to  250-300  cc.  and  the 
bromine  determined  in  this  solution  by  precipitating 
with  AgNOa.  The  determination  was  carried  out 
from  this  point  in  the  usual  way  for  determining 
AgBr. 

A  comparison  of  the  analyses  obtained  with  the 
calculated  composition  of  linolic  tetrabromide  shows 
that  the  low-melting  bromide  has  a  lower  content 
of  bromine  and  oxygen  and  a  higher  content  of  car- 

'  Arch.  d.  Pharm.,  238  (1900).  48. 

2  Zcit.l  Vnlersuch.  Xahr.  u.  Cenussm..  3  (1899),  1. 

'  Stirring   was   accomplished    by    means   of   a   magnetically    propelled 

'  Approximately  0.1   g.  of  the  bromide  was  used,  and  an  excess  of  the 
amount  of  KOH  required  to  combine  with  the  bromine. 
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bon  and  hydrogen.  As  any  variation  in  the  number 
of  bromine  and  oxygen  atoms  of  linolic  tetrabro- 
mide  would  make  much  greater  variations  in  their 
respective  percentages  than  are  found  for  the  low- 
melting  bromide  it  was  apparent  that  whatever,  dififer- 
ence  existed  between  the  composition  of  the  two 
compounds  must  lie  in  the  number  of  carbon  and 
hydrogen  atoms. 

Calculation  of  formulae  from  the  ultimate  analyses 
indicated  a  very  close  agreement  of  the  low-melting 
bromide  with  the  formula  for  ethyl-bromo-linolate, 
CiTHsiBrjCOOCjHs,  as  is  shown  below: 

Calculated  for  Found  for  low- 

CiTHjiBriCOOCiHs  melting  bromide 

Carbon 38.22  38.16 

Hydrogen 5.78  5.9.5 

Oxygen 5.09  5.35 

Bromine 50.97  50 .  63 

By  taking  particular  analyses  even  closer  agreement 
is  obtained.  The  conclusion,  therefore,  seemed  justi- 
fied that  the  low-melting  bromide  is  merely  the  ethyl 
ester  of  linolic  tetrabromide. 

In  order  to  verify  this  conclusion,  ethyl-bromo- 
linolate  was  prepared  from  linolic  tetrabromide  ac- 
cording to  the  method  of  Reformatsky'  for  preparing 
ethyl  linolate  from  linolic  acid.  The  tetrabromide 
was  dissolved  in  absolute  ethyl  alcohol  and  dry  HCl 
gas  passed  in  for  an  hour.  The  product  which  re- 
sulted was  crystallized  out.  After  purification  it 
showed  all  the  properties,  including  the  melting 
point  of  58-58.5°  C,  of  the  compound  obtained 
from  cottonseed  oil. 

It  is  probably  a  mere  coincidence  that  the  ethyl 
ester  of  linolic  tetrabromide  has  a  melting  point  so 
nearly  identical  with  the  melting  point  of  the  tetra- 
bromide of  the  isomeric  telfairic  acid.  It  is  possible, 
however,  that  Thorns'  work  on  the  unsaturated  acids 
of  koeme  oil  requires  repetition.  It  was  our  inten- 
tion to  do  this,  but  we  were  unable  to  secure  any  of 
the  oil  in  this  country. 

The  cause  of  the  production  of  the  ethyl  ester  in- 
stead of  the  ordinary  linolic  tetrabromide  in  our  studies 
of  cottonseed  oil  has  been  the  object  of  much  specula- 
tion. We  have  given  the  matter  some  study  without, 
however,  being  able  to  arrive  at  any  definite  conclu- 
sions. 

As  previously  stated,  the  unsaturated  acids  were 
isolated  from  the  oil  according  to  the  method  of  Tor- 
telli  and  Ruggeri,  by  making  use  of  the  ready  solu- 
bility of  their  lead  soaps  in  ether.  The  lead  soaps 
thus  obtained  were  decomposed  with  dilute  HCl, 
the  ether  solution  of  the  acids  washed  free  from  HCl 
with  water,  and  the  fatty  acids  brominated  directly 
in  this  solution  at  a  low  temperature,  using  liciuid 
bromine.  Excess  bromine  was  washed  out  with  di- 
lute sodium  thiosulfate  solution.  The  ether  was  then 
washed  with  water,  dried  over  fused  CaCU,  decanted, 
evaporated  at  a  low  temperature,  and  the  liquid  mixed 
bromides  treated  with  petroleum  ether  (b.  p.  30- 
50°  C).  The  oleic  and  linolic  bromides  were  thus 
roughly  separated,  the  latter  being  but  little  soluble 
in  this  solvent  at  a  low  temperature.  The  insoluble 
.tetrabromide    was    recrystallized    from    alcohol.     The 

'  Beilstein.  "Handbuch.  der  Organ.  Chem."  Vol.  I,  p   536 


ethyl  ester  was  obtained  while  using  the  above  pro- 
cedure. 

Without  describing  our  investigations  in  detail, 
which  included  many  variations  in  the  method  of 
bromination,  amount  of  HCl  used  in  decomposing 
the  lead  soaps,  etc.,  it  may  be  stated  that  apparently 
the  step  in  the  isolation  that  determines  the  charac- 
ter of  the  linolic  acid  end  product  is  the  solution  of 
the  lead  soaps  in  ether.  When  the  mixed  lead  soaps 
of  the  cottonseed  oil  acids  are  allowed  to  stand  under 
the  ether  for  48  hours  or  more  before  filtering  off 
and  decomposing  with  HCl,  the  ether  takes  on  a  car- 
mine-red color.  This  color  is  completely  destroyed 
when  the  lead  soaps  are  decomposed  with  HCL  It 
seems  almost  assured,  however,  that  the  changes 
that  result  in  the  ultimate  production  of  the  ester  in- 
stead of  the  ordinary  tetrabromide  are  associated  in 
some  way  with  the  production  of  this  red  color. 
Whether  a  definite  chemical  reaction  takes  place  at 
this  point  was  not  determined,  although  such  a  condi- 
tion seems  very  probable.  That  the  reaction  was 
sometimes  only  partially  complete  was  shown  in  a 
number  of  test  cases  where  the  lead  soaps  were  al- 
lowed to  stand  for  varying  lengths  of  time  under  ether, 
with  the  result  that  the  ultimate  product  was  a  mix- 
ture of  linolic  tetrabromide  and  the  ester,  crystals  of 
each  being  obtained.  The  ester  usually  crystallized 
out  first  from  a  mixed  alcoholic  solution. 

The  foregoing  results  present  several  points  of  in- 
terest. In  the  first  place  it  appears  that  some  care 
is  required  not  to  allow  the  lead  soaps  to  stand  under 
ether,  in  isolating  the  unsaturated  acids  of  cottonseed 
oil  by  the  lead  soap  ether  method,  if  the  product  de- 
sired is  ordinary  linolic  acid  or  its  bromide.  In  the 
second  place  there  is  opened  up  a  field  of  new  products 
of  the  unsaturated  acids,  namely  the  esters  of  the 
bromides.  Heretofore  esterifica-tion  has  been  con- 
fined to  the  acids  themselves.' 

We  have  prepared  a  few  of  these  bodies,  namely, 
methyl  bromo-linolate  and  the  methyl  and  ethyl 
esters  of  oleic  dibromide.  We  found  the  methyl 
ester  of  linolic  tetrabromide  to  crystallize  from  alco- 
hol in  white  glistening  plates  resembling  the  ethyl 
ester.  The  slightly  impure  crystals  melted  between 
50°  and  56°  C.  The  two  esters  of  oleic  dibromide 
were  found  to  be  yellow  oils,  very  soluble  in  most 
solvents,  but  very  little  soluble  in  their  corresponding 
alcohols  saturated  with  HCl  gas.- 

At  present  actual  analysis  of  cottonseed  oil  for 
linolic  acid  falls  far  short  of  the  theoretical  value  in- 
dicated by  the  iodine  value  of  the  oil  or  the  mixed 
unsaturated  acids.'  It  is  hoped  that  the  ease  with 
which  esters  of  the  bromides  of  the  unsaturated  acids 
are  formed,  especially  linolic  acid,  may  eventually  be  of 
value  in  clearing  up  the  composition  of  cottonseed  oil. 

Dairy  Chemistry  Laboratory 
University  of  Missouri,  Columbia 

'  With  the  exception  of  the  ethyl  ester  of  hexabromolinolenic  acid 
which  has  been  prepared  by  brominating  the  ethyl  ester  of  a-linolenic  acid. 

2  The  esters  of  the  bromo-Hnolates  are  very  soluble  in  alcohol  saturated 
with  HCl.  Attempts  to  make  use  of  this  difference  for  the  quantitative 
separation  of  oleic  and  linolic  acids  have,  however,  not  proved  successful. 

>  Compare  Lcwkowitsch,  Vol.  II.  p.  157  (1909  Edition). 
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HISTORY 

Aspergillus  oryzae,  an  insignificant  species  of  fungi, 
belonging  to  the  genus  Aspergillacea,  plays  an  important 
role  in  the  national  economy  of  Japan,  on  account  of 
the  particular  enzymes  it  generates  during  its  growth. 
Other  species  of  the  same  genus  are  also  largely  em- 
ployed for  production  of  various  dietary  articles  in 
almost  all  countries  of  the  Orient  besides  Japan.  Never- 
theless, its  utilization  in  Occidental  countries  is  singu- 
larly lacking.  Calmette  and  Bodin's  investigation  on 
amylomyces  with  a  view  to  utilizing  it  in  the  spirit 
industry  is  an  isolated  instance  in  Europe,  and  their 
process,  known  as  the  amylo-process,  has  been  in 
operation  in  France  since  1891. 

In  1 89 1,  I  made  an  arrangement  with  the  Distilling  & 
Cattle  Feeding  Co.,  ofPeoria,  111.,  and  carried  out  on  a 
practical  scale  the  application  of  the  Aspergillus  oryzae 
to  the  American  Distillery.  My  experiments,  which 
ran  for  a  couple  of  months  on  a  2000  bushel  scale  at 
the  Manhattan  Distillery,  were  partially  successful, 
but  unfortunately  the  process  did  not  attain  general 
recognition  of  its  merit,  because  it  still  lacked  means 
to  overcome  various  impediments  due  to  trade  con- 
ditions and  difficulties  in  adapting  the  process  in 
the  new  field  of  application.  I  did  not  forsake  the 
investigation  after  this  first  trial,  but  became  even  more 
enthusiastic  about  perfecting  the  method.  Improve- 
ment after  improvement  was  added  and  I  now  believe 
that  I  can  soon  demonstrate  its  usefulness. 

For  many  centuries  Aspergillus  oryzae  has  been  em- 
ployed in  Japan  for  vaj-ied  purposes:  Sake  or  rice  beer, 
Soy  and  Miso  are  the  products  which  are  made  by  the 
use  of  this  fungus.  The  fermentation  of  Sake  for  the 
fiscal  year  of  191 2  contributed  to  the  national  treasury 
the  goodly  sum  of  $41,974,630  revenue.  The  tax  on 
the  production  of  Soy  (Bean  sauce)  amounted  to 
$2,048,141.  The  total  cost  of  both  and  other  articles 
produced  by  aid  of  the  fungus  in  question  is  put  at  an 
aggregate  of  $200,000,000.  It  will  thus  be  seen  how 
important  a  role  the  fungus  is  playing  in  the  national 
economy  of  Japan.  If  we  add  to  the  above  statement 
the  products  and  cost  of  the  articles  which  are  put  out 
through  the  useful  services  of  this  fungus,  or  other 
species,  rendered  in  all  the  countries  of  the  Orient,  the 
grand  total  is  an  enormous  amount.  Curiously  enough 
this  tiny  and  important  hustler  has  scarcely  attracted 
attention  in  the  Occident,  and  this  fact  made  me  de- 
termine to  work  for  its  introduction  to  industrial  use 
in  the  United  States. 

Scientifically,  Aspergillus  oryzae  has  attracted  the 
attention  of  Occidental  investigators  as  far  back  as 
1875.  Prof.  Kozai,  of  Tokyo  Imperial  University, 
reviewed'  the  literature  regarding  the  early  investi- 
gations on  the  subject  of  Aspergillus  oryzae  and  its 
industrial  applications,  and  gives  credit  to  Hoffmann 
and    Korshelt   as   the   first   writers   upon   the   subject. 

'  C  enlralblatl  fUr  Bakteriologie,  6  (1900),  No.  12. 


Korshelt'  made  an  important  contribution  to  the 
knowledge  of  the  fungus  in  Europe.  His  report  was 
upon  Sake  fermentation  with  special  reference  to  an 
amyloclastic  enzyme  which  occufs  in  the  culture  of 
the  fungus  on  rice  and  which  he  named  Eurotius. 
In  his  "Chemistry  of  Sake  Brewing,"  Atkinson  dis- 
cusses the  function  of  the  enzyme  just  named.  The 
fungus  was  then  known  as  Eiirotium  oryzae,  being  first 
identified  by  Ahlburg  in  1876  but  Cohn  later  in- 
vestigation led  to  renaming  it  Aspergillus  oryzae.^ 
It  was  re-examined  by  Bosgen,  Schroter  and  later 
Wehmer  who  gave  full  morphological  descriptions  of  it. 
O.  Kellner  and  his  pupils'  investigations  on  invertase 
amylase  and  maltase  are  worthy  of  note.  Contro- 
versies then  existed  with  regard  to  the  function  of 
Aspergillus  oryzae  in  Sake  fermentation.  It  was 
thought,  on  the  one  hand,  that  the  conidia  (spores  of 
the  fungus)  may  transform,  under  certain  favorable 
conditions,  to  peculiar  yeast  cells  whose  action  in- 
duces the  saccharified  mash  of  rice  to  Sake,  containing 
10-15  per  cent  alcohol.  Korshelt  propounded  this 
theory  but  was  opposed  by  Atkinson.  I,  myself, 
confess  that  I  shared  the  same  view  with  Korshelt, 
but  later  was  led  to  abandon  it.  Juhler,  confirmed  by 
Jorgenson^  and  Hansen,^  also  gave  opinions  agreeing 
with  the  transformation  theory.  Kozai  and  Yabe* 
showed  that  Aspergillus  and  Saccharomycetis  have 
nothing  in  common.  Klocker,  Schioning,  Seiter  and 
Sorrel  finally  established  the  error  of  the  transformation 
theory. 

Acclimatization  of  Aspergillus  Oryzae — For  a  few 
years  I  have  been  working  on  acclimatizing  Aspergillus  < 
oryzae  to  various  kinds  of  antiseptics.  The  art  of 
acclimatizing  fungi  to  antiseptics  is  not  new,  e.  g..  the 
growth  of  yeast  in  a  medium  containing  fluoric  acid 
or  other  antiseptics  has  been  tried  and  also  put  into 
practice.  Effront's  attempt  to  increase  fermentation 
products  in  the  distillery  by  means  of  his  process  is 
well  known.  It  consists  of  acclimatizing  yeast  to 
hydrofluoric  or  some  other  inorganic  acid  and  then 
employing  it  in  a  mash  containing  the  acids  so  that 
yeast  can  multiply  without  being  disturbed  by  the 
various  bacteria  which  gradually  infect  the  mash. 
So  far  as  I  know,  nobody  has  yet  tried  to  acclimatize 
Aspergillus  oryzae  for  practical  purposes.  This  is 
because  the  utilization  of  this  interesting  fungus  is 
very  little  known,  or  is  ignored  in  the  U.  S.  and  Europe, 
while  the  use  of  antiseptics  is  rather  unnecessary  in 
the  fermentation  industry  of  the  Orient,  since  it  prefers 
mixed  culture  to  the  pure,  on  account  of  the  flavor 
or  bouquet  of  products  still  thought  to  be  imparted 
from  a  mixed  culture. 

Since  my  object  in  producing  the  culture  of  Asper- 
gillus oryzae  is  chiefly  concerned  with  the  utilization 
of  its  amyloclastic  property  developed  during  its 
growth  and  multiplication,  it  matters  little  whether 
the    culture    medium    employed    contains    antiseptics 

>  Mittheilungen  deutschen  Cesdlschaft  fiir  Natur  und  Votkerkunde  Os- 
tasietis  sr  Tokyo,  Heft  16. 

: 'Wakreobericht  der  Schleisiochen  Gessellschaft  (iir  Vaterl."  Kultcr, 
Bd.  LXI  (1883).  p.  226. 

!  CentralblaU  fiir  Bakteriologie,  II,  Bd  I.  pp.  16.  326. 

<  Loc.  cil.,  p.  65. 

'  Cenlralfilall  fUr  Bakteriologie,  II  Abt..  Bd.  I.  p.  619. 
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or  not,  provided  I  can  get  the  culture  which  is  possessed 
of  maximum  enzymic  function.  To  the  growth  of 
Aspergillus  oryzae  on  wheat  bran  as  a  culture  medium 
I  gave  the  convenient  name  of  Taka-Koji  and  have 
employed  it  for  a  number  of  years  to  distinguish  it 
from  that  known  in  Japan  as  Koji  which  is  a  culture 
on  steamed  rice. 

Taka-Koji  is  designed  for  a  substitute  for  malt  as  an 
amyloclastic  agent  in  varied  fermentation  and  other 
allied  industries.  Its  proposed  use  is  encouraged  by 
the  fact  that  the  cost  of  malt  is  subject  to  fluctuations 
according  to  the  crop  conditions  of  barley  while  bran 
is  exempt  from  similar  market  conditions.  Besides, 
the  transformation  of  bran  into  Taka-Koji  can  be 
accomplished  in  48  hours,  while  malting  needs  three 
or  four  times  as  long  for  completion  of  the  process. 

The  making  of  Taka-Koji,  as  it  was  formerly  prac- 
ticed, was  described  by  myself  some  years  ago,  before 
the  New  York  Section  of  the  Society  of  Chemical 
Industry.'  Later,  several  improvements  were  made  and 
quite  recently  a  radical  departure  was  made  in  the 
mode  of  effecting  the  culture.  I  will,  however,  describe 
briefly  the  process  as  practiced  some  years  ago,  so  as 
to  facilitate  my  exposition  of  the  subject  matter. 

The  process  consists  of  first  moistening  and  then 
steaming  wheat  bran,  so  as  to  sterilize  the  material 
and  at  the  same  time  to  gelatinize  the  starch. .  After 
cooling  the  steamed  mass  down  to  40°  C.  a  small 
quantity  of  the  spores  of  fungus  are  intimately  mixed 
with  it.  It  is  now  carried  into  a  room  where  the  floor 
is  cemented,  and  spread  in  a  thin  layer  of  about  i',  2 
inches  thick.  It  is  still  better  if  put  into  a  number  of 
trays  with  wood  or  metal  frames,  and  provided  with  a 
false  bottom  of  wire  netting,  fine  enough  to  hold  the 
particles  of  bran.  The  layer  can  be  made  in  this  case 
a  little  thicker  since  air  supply  can  be  obtained  from 
both  top  and  bottom.  Such  trays  are  placed  upon  a 
specially  constructed  rack  to  hold  the  trays  one  above 
the  other  and  about  2  inches  apart.  The  temperature 
of  the  room  is  kept  at  about  30°  C.  at  the  beginning 
by  means  of  opening  steam  jets  direct  into  the  space. 
This  also  keeps  the  room  moist  and  warm.  Within 
16  to  18  hours  the  fungus  commences  to  multiply, 
which  action  is  easily  followed  by  the  gradual  rise  in 
temperature  in  the  room.  From  this  time  on  steam  is 
turned  off  gradually  and  at  last  entirely  shut  off. 
After  20  to  24  hours  from  the  time  of  inoculation  the 
growth  and  multiplication  of  the  fungus  becomes  so 
vigorous  that  it  is  necessary  to  cool  the  room  by  the 
introduction  of  fresh,  cool  air.  Carbon  dioxide  re- 
sulting from  the  vigorous  growth  of  the  fungus  becomes 
very  conspicuous  and  the  room  needs  the  renovation 
of  air  which  is  effected  by  the  air  draft  introduced 
for  cooling  purposes.  Care  should  be  taken  that  the 
air  is  supersaturated  with  moisture,  so  that  the  culture 
medium  can  always  be  kept  from  drying.  The  tem- 
perature of  the  room  often  goes  up  as  high  as  40-42°  C. 
As  long  as  the  growth  of  fungus  is  comparatively  pure 
and  the  mass  is  kept  moderately  moist  to  furnish  the 
necessary  amount  of  water  for  the  culture,  such  a 
high  temperature  does  not  interfere  with  the  genera- 

>  Journal  of  Applied  Society  of  Chemical  Industry,  London.  Feb.  28.  1898. 


tion  of  amyloclastic  enzyme  in  fungus  cells  and  its 
secretion  into  the  medium.  The  optimum  tempera- 
ture of  the  fungus  growth  lies,  however,  between  30- 
35°  C.  It  is,  of  course,  desirable  to  keep  the  tempera- 
ture as  nearly  as  possible  between  these  limits.  For 
8  or  10  hours  the  multiplication  of  fungus  is  most 
vigorous  and  there  high  temperature  prevails.  Then 
a  gradual  decrease  in  temperature  is  noticed  until 
the  culture  medium  is  replete  Vith  the  mycelia  of 
fungus  within  48  hours  from  the  time  of  inoculation. 
At  this  point  vigorous  and  numerous  conidiophores 
are  already  to  be  seen  with  yellow  or  greenish  yellow 
conidia  (spores).  The  diastatic  strength  of  Taka-Koji 
has  now  reached  its  maximum  and  the  Taka-Koji  is 
ready  to  be  taken  out  for  use.  When  the  vigorous 
growth  of  fungus  has  ceased  the  medium  is  liable  to  be 
easily  infected  with  injurious  bacteria  which  may  de- 
stroy the  diastase  already  generated.  It  is,  therefore, 
necessary  to  conduct  dry  air  into  the  room  where 
Taka-Koji  is  manufactured,  so  that  it  shall  be  dried 
and  made  exempt  from  destructive  infection.  When 
the  moisture  of  Taka-Koji  is  reduced  to  10-15  per  cent, 
it  is  immune  from  infection  of  bacteria  and  can  be 
kept  for  several  months.  By  use  of  antiseptics  such 
as  formaldehyde,  benzoic  or  salicylic  acid  bacterial 
infection  of  Taka-Koji  can  be  easily  avoided. 

While  mould  fungi  in  general  can  tolerate  quite 
a  quantity  of  antiseptics,  nevertheless,  if  they  are 
acclimated  to  same  such  toleration  will  attain  to  a 
conspicuous  degree.  One  part  of  formaldehyde  to 
2500  parts  of  a  culture  medium  does  not  considerably 
hinder  the  development  of  fungus.  As  to  benzoic  or 
salicylic  acid,  one  part  to  300  parts  of  a  medium  is 
almost  immune  to  fungi.  I  had  Aspergillus  oryzae 
acclimated  and  the  result  of  using  it  enabled  me  to 
obtain  Taka-Koji  100  per  cent  stronger  in  amyloclastic 
power  than  the  product  obtained  by  the  old  process. 

DRUM    EXPERIMENTS 

Encouraged  by  this  result,  I  thought  of  growing 
the  acclimated  fung.us  on  the  culture  medium  placed 
in  a  cylinder  similar  to  a  pneumatic  malt  drum.  This 
is  not  a  new  idea.  I  carried  out  a  series  of  experi- 
ments nearly  twenty  years  ago,  but  then  without  the 
use  of  the  acclimatized  variety  of  Aspergillus  oryzae. 
My  experiments  were  then  a  total  failure,  which  made 
me  think  the  fungus  could  not  grow  on  the  material 
in  motion.  If  we  consider  the  case  of  sprouting  barley 
in  a  pneumatic  drum,  it  is,  of  course,  seen  that  the 
development  comes  from  within,  where  the  vitality  of 
the  seed  resides;  hence  the  slight  impediment,  due  to 
frictions  between  the  moving  mass,  is  not  sufficiently 
severe  to  totally  inhibit  the  sprouting  of  the  grains. 
The  case  is  different  when  the  fungus  is  grown  on  the 
culture  medium  in  motion,  since  it  must  develop  and 
multiply  where  frictions  must  always  be  injuring  deli- 
cate mycelial  cells  of  fungus.  In  my  early  experi- 
ments, it  was  noticed  that  the  fungus  shows  an  initial 
growth  indicated  by  the  rise  of  temperature  and  also 
observed  under  the  microscope,  but  it  gradually  retro- 
grades. Meanwhile,  bacterial  infection  sets  in  and 
totally  destroys  the  fungus  growth. 
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The  subject  once  almost  forgotten,  returned  to  my 
mind  as  I  said  above,  and  I  decided  to  repeat  experi- 
ments again.  A  small  experimental  cylinder  revolving 
a  few  times  per  minute  was  made  out  of  a  Mason  jar 
and  clock  mechanism.  About  30  grams  of  steamed 
bran  were  put  in  it  and  mixed  with  the  new  variety  of 
acclimated  fungus  and  the  whole  was  kept  in  an  en- 
closure maintained  at  30°  C.  Unexpectedly  a  fair  re- 
sult was  obtained  in  which  I  noticed  a  very  interesting 
fact,  namely,  one  side  of  the  bran  particle  is  covered 
with  the  fungus.  It  is  the  inner  side  of  the  bran. 
This  side  is  coarse  in  structure  and  is  rich  in  starch  and 
protein  matter.  If  the  bran  is  moistened  and  steamed, 
this  particular  side  shows  a  tendency  to  curl  inward 
and  assumes  the  shape  of  pericarp  previous  to  its 
severing  from  the  kernel.  When  each  particle  of  the 
bran  has  curled,  the  inner  side  is  naturally  protected 
from  the  friction  between  particles  when  they  are 
put  in  cylinders  and  motion  is  imparted  to  the  mass 
by  revolution. 

My  success  and  observations  encouraged  me  to 
constrvict  larger  apparatus  for  100  grams,  i  kilo, 
S  kilos,  20  kilos  and  finally  70  kilos  capacity.  I  was 
very  glad  to  confirm  in  every  experiment  my  belief 
that  the  process  of  making  Taka-Koji  in  a  pneumatic 
drum  is  feasible.  Therefore,  I  ordered  a  drum  of 
about  4800  pounds  capacity  for  Taka-Koji  manufacture, 
which  is  the  size  for  an  8-ton  malt  drum.  In  this  drum 
many  new  devices  were  introduced,  but  to  my  grief, 
such  elaborate  devices  became  in  fact  stumbling  blocks 
and  the  experiments  were  far  from  successful.  The 
new  devices  were  taken  out  one  after  another  until 
at  last  the  drum  remained  as  simple  as  that  of  my  own 
laboratory  make.  At  length,  after  repetitions  of  more 
than  fifty  experiments,  I  was  enabled  to  obtain  a 
fairly  good  outcome  and  was  able  to  show  that  the 
process  could  be  accomplished  successfully  on  a  large 
scale.  The  first  drum  became  so  dilapidated  from  the 
alterations  and  changes  that  I  had  to  order  the  second 
apparatus.  It  is  now  ready  and  I  am  soon  to  try  it 
out.     Its  success  is  hardly  to  be  doubted. 

The  drum  consists  of  a  huge,  "plain  iron  cylinder 
provided  with  inlet  on  one  side  and  outlet  on  the  other, 
through  which  air  can  be  passed  by  means  of  a  suction 
fan  located  on  the  outlet  side.  The  apparatus  is 
furnished  with  mechanism  to  turn  the  cylinder  at  the 
rate  of  once  per  minute.  An  iron  pipe  runs  through 
the  center  of  the  cylinder  independent  from  it.  It 
branches  out  in  several  places  along  the  whole  length, 
each  branch  ending  in  a  spray  nozzle,  through  which 
water  or  steam  can  be  turned  upon  the  material. 
The  Koji  manufacture  in  this  drum  is  carried  out  as 
follows:  The  wheat  bran  is  dumped  in,  then  the 
necessary  quantity  of  water  and  finally  the  steam  is 
added,  the  mass  being  put  in  motion  by  revolution  of 
the  drum.  As  soon  as  the  mass  is  properly  steamed, 
it  is  cooled  to  45°  C.  cool  moist  air.  Into  this  mass  an 
aqueous  solution  of  antiseptics  and  then  spores  of 
the  fungus  suspended  in  water  are  sprayed.  The 
temperature  of  the  mass  is  generally  at  38-40°  C.  The 
drum  is  now  brought  to  a  standstill  and  left  for"about 
12   hours,   when  the  gradually  decreased  temperature 


again  commences  to  go  up.  This  means  initial  growth 
of  the  fungus.  The  drum  is  now  put  in  motion  and  a 
slight  air  current  is  passed  over  the  mass,  care  being 
taken  that  the  temperature  should  not  be  lower  than 
30°  C.  At  the  eighteenth  hour  the  temperature  shows 
a  tendency  to  rise  quickly  and  at  the  twenty-fourth 
hour  it  reaches  its  maximum.  The  force  of  the  air 
current  is  increased  accordingly  to  keep  the  tempera- 
ture at  about  38°  C.  A  suction  pump  of  1600  to  1800 
cubic  feet  capacity  per  minute  was  put  in  full  action 
yet  the  mass  of  2400  pounds  was  barely  within  the 
limit  of  38°  C.  According  to  my  small  experiment, 
a  higher  temperature  of  42°  C.  did  not  impair  the 
diastatic  activity  formed  by  the  growth  of  the  fungus; 
but  if  it  is  kept  within  40°  C.  it  is  so  much  better  for 
the  process,  that  the  air  is  previously  cooled  and 
saturated  with  moisture  by  drawing  through  a  freely 
sprayed  coke  tower.  In  48  hours  the  process  is  con- 
cluded. 

The  Taka-Koji  manufactured  in  the  drum  is  more 
compact  and  glossy  than  that  grown  otherwise.  The 
inward  side  of  the  bran  is  covered  with  a  felt-like 
growth  of  mycelia  which  do  not  branch  out  many 
cpnidiophores  bearing  spores;  hence  the  color  is  whitish. 

The  labor  needed  for  this  process  is  reduced  to  one- 
sixth  of  that  necessary  in  the  old  process.  The  saving 
of  space  is  also  considerable  and  the  quality  of  Taka- 
Koji  is'  excellent.  Thus  the  process  promises  well 
for  furnishing  a  substitute  for  malt  in  alcoholic  fer- 
mentation and  other  industries,  where  amyloclastic 
enzyme  is  required. 

Dr.  Niels  Ortved,  Chief  Chemist  of  Hiram  Walker  & 
Sons,  of  Walkerville,  Ontario,  Canada,  kindly  carried 
out  a  series  of  experiments  in  his  distillery  and  pub- 
lished his  results  in  his  paper  contributed  to  the  last 
Congress  of  Applied  Chemistry,  held  here  in  New  York. 
To  quote  briefly,  he  said: 

"On  account  of  the  numerous  great  variations  in 
the  price  of  barley  malt  (in  two  consecutive  years  the 
price  varied  100  per  cent),  it  would  be  of  great  value 
to  the  distilling  industry  if  a  converting  medium  of 
moderate  and  more  uniform  price  could  be  employed 
instead  of  barley  malt.  Eliminating,  therefore,  the 
different  grains  as  a  source  of  converting  medium, 
I  turned  to  the  diastase  produced  by  a  microorganism, 
the  Aspergillus  oryzae.  Takamine  was  the  first  to 
introduce  the  Koji  process  in  America.  As  far  back 
as  1889  he  advocated  the  use  of  Koji  in  the  distilling 
industry.  Instead  of  growing  the  fungus  on  rice. 
Takamine  employed  a  material  far  cheaper  for  this 
country,  namely,  wheat  bran.  An  extract  of  the  wheat 
bran,  on  which  the  Aspergillus  oryzae  had  been  allowed 
to  germinate,  contained  the  diastase,  produced  by 
the  Aspergillus,  and  this  extract  .was  mixed  with  the 
mashed  grain,  bringing  about  the  conversion  of  the 
starchy  materials.  Lately,  I  understand,  -he  has 
succeeded  in  adapting  a  modification  of  the  Galland- 
Henning  malt  drum  system  to  his  process.  This 
should  be  a  great  improvement  over  the  old  floor 
system,  in  so  far  as  it  makes  it  possible  to  work  under 
absolutely  sterile  conditions.  For  my  experiments 
I   decided  to  use  the   Taka-Koji  itself  instead  of  the 
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diastatic  extraction  of  same  and  add  it  to  the  mash 
in  the  same  way  as  malt.  Before  beginning  the  prac- 
tical experiments  in  the  distillery,  laboratory  experi- 
ments were  conducted  on  a  small  scale  to  ascertain 
the  amount  of  Taka-Koji  which  was  necessary  to 
convert  a  certain  amount  of  starch  into  sugar,  and  also 
the  optimum  temperature  at  which  to  conduct  the 
conversion.  It  was  found  that  4  g.  of  Taka-Koji 
was  sufficient  to  give  a  complete  conversion  in  a  mash 
made  from  96  g.  of  corn  and  rye,  the  corn  containing 
15.0  per  cent  of  moisture  and  the  rye  14.0  per  cent. 
Three  experiments  were  made  in  the  distillery.  For 
the  first  experiment  only  a  14  gallon  can  was  used 
and  a  portion  of  our  ordinary  mash  from  the  mashtub 
was  employed,  the  mash  being  taken  from  the  main 
mash  just  before  malt  was  going  to  be  added  for  con- 
version. The  second  experiment  was  performed  on  a 
somewhat  larger  scale.  Instead  of  using  mash  ma- 
terial from  the  mashtub,  the  mash  was  made  separately. 
It  consisted  of  500  kg.  altogether,  of  which  20  kg. 
were  Taka-Koji.  The  third  experiment  was  performed 
on  a  good-sized  working  scale.  Two  mashes,  each 
consisting  of  3,401.94  kg.  (of  which  131.5  kg.  were 
Taka-Koji),  were  prepared.  The  two  mashes  were 
filled  in  Turn  No.  25  of  Friday,  May  26,  191 1. 
Turn  No.  25  was  distilled  separately  and  the  yield 
was  36  liters  of  100  per  cent  alcohol  per  100  kg.  of  mash 
material,  just  a  trifle  higher  than  the  yield  of  the  other 
mashes  which  were  made  the  same  day.  In  judging 
the  adaptability  of  Taka-Koji  for  use  in  distilleries 
several  questions  must  be  asked  and  answered: 

"Is  Taka-Koji  capable  of  giving  a  complete  conver- 
sion of  the  starchy  materials  in  the  mash? 

"Yes,  4  per  cent  of  the  air-dried  Taka-Koji  will  in 
15  to  20  minutes  give  a  complete  conversion  of  well 
prepared  mash  material. 

"Is  the  fermentation  a  satisfactory  one? 

"While  it  is  accompanied  by  a  strong  odor,  which  is 
prevalent  in  the  fermenting  room,  the  fermentation, 
however,  is  very  rapid  and  complete,  and  on  this  ac- 
count should  give  rise  to  the  least  amount  of  infection. 

"Is  the  yield  of  spirit  satisfactory? 

"Yes,  the  yield  obtained  was  a  little  higher  than  the 
yield  gotten  from  the  barley  malt  mashes,  although 
the  total  fermentable  extract  available  in  the  mash 
material  was  less.  The  yield  of  36  liters  of  100  per 
cent  alcohol  per  100  kg.  of  mash  material  is  of  course 
only  a  comparative  yield.  In  distilleries  which  em- 
ploy cookers  and  boil  the  corn  under  pressure,  a  higher 
yield  would  naturally  result. 

"Therefore,  I  should  say  as  a  final  conclusion  that  in 
distilleries  which  make  commercial  or  potable  neutral 
spirit,  the  Taka-Koji  process  could  be  introduced  to 
advantage.  Aside  from  a  probable  higher  yield  in 
spirit,  the  saving  in  malt  bill  would  be  worth  while  in 
years  with  normal  malt  prices  and  very  considerable 
in  years  when  the  malt  prices  become  abnormal." 

TAKA-DIASTASE 

An  aqueous  extract  from  the  Taka-Koji  can  be 
easily  made  by  percolation  and  an  enzyme  can  be 
precipitated  by  adding  alcohol  to  such  extent  as  to 
contain  70  per  cent  by  volume  of  same  in  the  mixture. 


The  precipitate  is  dehydrated  by  means  of  strong  alcohol, 
dried  and  powdered.  It  is  a  white  or  yellowish  white 
powder  of  hygroscopic  nature.  It  is  marketed  in 
this  form  for  medical  use  under  the  name  Taka- 
Diastase. 

Though  known  as  an  amyloclastic  agent,  it  contains 
various  enzymes;  nevertheless,  amyloclastic  and  pro- 
teolytic enzymes  predominate.  O.  Kellner  and  his 
pupils  early  reported'  the  presence  of  invertase  maltase 
beside  amylase.  Newcombe'  established  the  presence 
of  cytase,  while  Aso  reports,  in  a  Bulletin  of  the  Agri- 
cultural College  of  Japan,  the  presence  of  orydase  in 
Koji  extract.  According  to  Brunstein,  Koji  contains 
an  emulsin-like  substance  that  decomposes  helicin 
into  salicylic  aldehyde  and  glucose  which  former  is 
later' oxidized  into  salicylic  acid;  amygdalin  is  decom- 
posed into  cyanhydrin  and  glucose,  which  former  is 
later  oxidized  to  mandelic  acid. 

Investigations  on  peptase  and  ereptase  carried  out 
by  S.  H.  Vines^  are  replete  with  interesting  observa- 
tions. He  found  that  Taka- Diastase  contains  the 
above  enzymes  and  effected  the  separation  of  one 
from  the  other.  By  treating  Taka-Diastase  with 
50  per  cent  ethyl  alcohol  and  leaving  it  over  48  hours 
ereptase  went  into  solution  while  peptase  remained 
behind.  Equally  valuable  and  interesting  are  re- 
searches of  J.  Wohlgemuth.''  He  states  that  Taka- 
Diastase  contained  an  enormous  amyloclastic  function; 
the  valuation  of  same  according  to  his  method  showed 
to  be  D24 1,  =  62,500  ("D"  Diastatic  power  digested 
at  38°  C.  for  24  hours).  Testing  tryptic  action  of 
Taka-Diastase  he  found  that  one  gram  corresponds 
to  nearly  100  cc.  of  the  pancreatic  juice  of  man  as  well 
as  dog;  hence  he  recommended  the  use  of  Taka-Diastase 
for  therapeutics  in  cases  of  general  debility.  Wohlge- 
muth also  proved  the  presence  of  maltase,  chimosin, 
ereptase,  and  lipase  in  Taka-Diastase. 

Quite  recently,  Kita'  reports  the  discovery  of  a 
specific  enzyme  in  Taka-Diastase  or  in  a.  Koji  extract, 
whose  function  is  to  transform  starch  direct  into  glu- 
cose. He  doubts  very  much  the  opinions  entertained  by 
preceding  investigators  that  Taka-Diastase  first  trans- 
forms starch  to  maltose  and  that  the  latter  is  converted 
to  glucose  by  the  action  of  the  maltase  present. 
His  experimental  data  have  not  yet  been  confirmed  by 
any  other  experimenter.  Such  an  enzyme  as  Kita 
reports  probably  exists  but  confirmation  by  more 
exhaustive  proofs  than  he  has  furnished  must  be  had. 

The  resistance  of  amyloclastic  enzyme  of  Taka- 
Diastase  toward  acid  is  reported  by  many  investiga- 
tors. This  fact  becomes  very  significant  when  applied 
to  the  practical  conversion  of  grain  mash.  In  a  grain 
mash  where  10  to  15  per  cent  sugar  is  to  be  finally 
produced  an  addition  of  mineral  acid,  say  sulfuric 
acid,  to  an  amount  of  i  part  to  2000  parts  of  mash 
accelerates  the  diastatic  action  at  least  10  to  15  per 
cent.     An    equivalent    of    hydrochloric    acid    gives    a 

1  Zeilschrifl  fUr  physiologische  Chtmit.  14,  Part  III. 
!  "Annals  of  Botany."  IS  (1889),  No.  49. 
'  Ibid..  21  (1910).  No.  9,1. 

•Biochemis<hc  Zeilschrifl.  39,   Parts  .■!  and  4. 
'  This  Journal,  6  (191,1).  220. 
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similar  result.  Malt  diastase  is  entirely  inactive  with 
such  a  high  percentage  of  acid  in  mash. 

Taka-Diastase  possesses  an  important  property  as 
a  medical  agent;  i.  e.,  it  is  more  stable  than  the  diastase 
of  malt.  The  latter  loses  its  activity  gradually  and 
within  several  months  its  activity  dwindles,  while 
Taka-Diastase  remains  almost  unchanged  for  several 
years.  How  this  stability  is  imparted  to  it  is  a  sub- 
ject full  of  interest  for  investigation.  Taka-Diastase 
contains  generally  lo  to  15  per  cent  of  ash;  this  can  be 
reduced  to  4  to  5  per  cent  by  reprecipitations  but 
the  activity  of  the  enzyme  does  not  increase  even  by 
this  apparent  purifying  process  but  on  the  contrary 
a  loss  of  activity  is  occasioned  in  most  cases. 

The  author  extends  his  thanks  to  Mr.  Wooyenaka 
for  his  untiring  and  valuable  assistance  and  to  Parke, 
Davis  &  Co.,  for  affording  every  facility  for  carrying 
out  the  "  Drum  Experiments." 

5.52  West   H-Ird  St.,  New  York 


ALCOHOL  IN  THE  MANUFACTURE  OF  PHOSPHORIC 
ACID  AND  PHOSPHATES 

By  Pauu  J.  Fox> 
Received  June  1.  1914 

The  increasing  tendency  in  the  fertilizer  trade  in 
this  country  to  produce  a  concentrated  complete 
fertilizer  makes  the  question  of  the  production  of  cheap 
phosphoric  acid  of  special  interest.  Whatever  process 
of  separation  is  used,  it  is  clear  that  the  original  source 
can  be  only  the  natural  tri-phosphates  of  lime — phos- 
phorites, apatite,  and  the  rock  and  pebble  phosphate 
of  the  sedimentary  beds.^ 

For  the  separation  of  the  phosphoric  acid,  a  large 
number  of  methods  have  been  patented.  It  is  not 
the  writer's  intention  to  review  or  even  enumerate 
these  methods.  He  desires  merely  to  make  a  sugges- 
tion. 

It  is  difficult  to  see,  when  the  energy  relations  are 
considered,  how  anything  cheaper  can  be  found  than 
sulfuric  acid  as  the  prime  separator  of  phosphoric  acid 
from  calcium  phosphate.  When  we  consider  that 
sulfuric  acid  is  in  part  formed  by  the  combustion  of 
a  substance  very  common  in  nature  and  very  cheaply 
obtained,  and  moreover  is  a  product  which  must  be 
manufactured  in  some  cases  to  avoid  damage  to  vegeta- 
tion, it  is  clear  that  with  the  progress  of  chemical 
technology,  we  may  expect  the  present  price  of  about 
four  dollars  and  a  half  per  ton  to  go  down  rather  than  up. 

In  view  of  these  considerations,  it  appears  that 
the  cheapening  of  the  production  of  relatively  pure 
phosphoric  acid  is  rather  a  question  of  extraction  than 
of  some  other  method  of  setting  free  the  phosphoric 
acid  from  phosphate  rock.  The  writer  suggests  the 
use  of  denatured  alcohol  for  this  purpose.  The  plan 
would  be  to  treat  the  phosphate  rock  with  the  theoret- 
ical amount  of  sulfuric  acid  of  about  5°°  Baumd, 
taking    care    to    bring    about    thorough    incorporation 

■  Scicnlist  in  Pliysical  and  Cliemiral  Investigations,  Bureau  of  Soils. 

'  It  is  not  meant  to  imply  that  there  is  any  such  definite  chemical 
compound  as  calcium  triphosphate.  The  material  of  approximately  this 
composition  is  probably  a  solid  solution.  See  Cameron  and  Seidell,  Jour. 
Am.  Chem.  Soc,  27  (1905),  1503;  and  Cameron  and  Bell,  Ibid.,  p.  1512. 
Apatite  always  contains  chlorine  or  fluorine.  See  Cameron  and  McCaughey. 
Jour.  Phys.  Chem..  [5]  16  (1911),  463. 


of  the  acid  and  consequent  decomposition  of  the  rock, 
by  mechanical  mixing.  The  mixed  mass  of  phosphate 
rock  and  sulfuric  acid  is  then  leached  with  denatured 
alcohol,  the  residue  being  filter-pressed.  This  yields 
a  pure  alcoholic  solution  of  phosphoric  -acid,  the  sul- 
fates, undecomposed  phosphates,  etc.,  being  left 
behind.' 

The  most  favorable  strength  of  alcohol,  whether 
95  per  cent  or  more  dilute,  to  be  used  in  the  process, 
would  have  to  be  determined  under  factory  conditions, 
and  would  depend  on  the  subsequenttreatmentadopted. 
The  same  remark  applies  to  the  sulfuric  acid. 

The  method  involves  nothing  new  in  theory,  but 
so  far  as  the  writer  knows  has  no  application  on  an 
industrial  scale.  Besides  the  obvious  advantage  of 
yielding  a  phosphoric  acid  substantially  free  from  cal- 
cium, the  plan  offers  the  following  further  features: 
If  it  is  desired  to  evaporate  the  extract  to  produce 
pure  phosphoric  acid,  the  specific  heat  of  alcohol  is 
only  0.5452  to  that  of  water  as  unity.  The  boiling 
point  of  alcohol  is  78.4°  as  against  100°  for  water. 
The  latent  heat  of  vaporization  of  alcohol  is  206.4° 
(at  78°  C,  Schall)  as  against  536  (at  100°  C.)  for  water. 
The  figures  for  specific  heats  and  latent  heat  of  vapori- 
zation refer,  of  course,  to  unit  weight.  When  we 
consider  unit  volume,  we  see  that  the  thermal  capacity 
of  a  given  volume  of  alcohol  is  (taking  density  of  alcohol 
at  20°  =  0.789)  only  0.430  to  water  as  unity,  and  the 
latent  heat  of  vaporization  similarly  computed  is 
0.304  to  water  as  unity. 

Another  phase  of  the  question  is  of  interest.  In 
case  it  is  desired  not  to  separate  the  phosphoric  acid, 
but  to  prepare  immediately  a  concentrated  fertilizer 
of  saline  character,  many  double  decompositions  and 
precipitations  can  take  place  in  alcoholic  solution  which 
are  impossible  in  aqueous  solution  except  at. a  great 
concentration.  For  example,  various  potassium  and 
ammonium  phosphates  may  be  more  easily  precipi- 
tated in  alcoholic  solution  than  in  aqueous. 

In  particular  various  phosphates  can  be  precipi- 
tated by  merely  adding  aqueous  ammonia,  in  slight 
excess,  to  an  alcoholic  solution  of  potassium  chloride 
and  phosphoric  acid;  or  better  by  conducting  in  gaseous 
ammonia.  The  double  decomposition  depends  on  the 
solubility  of  potassium  chloride  in  alcohol  of  various 
concentrations  and  the  insolubility  of  potassium  and 
other  phosphates  in  that  medium.  Again,  by  merely 
digesting  solid  potassium  chloride  with  alcoholic  phos- 
phoric acid,  potassium  phosphate  results,  though  the 
progress  of  the  double  decomposition  is  limited  by  the 
hydrochloric  acid  set  free.  The  progress  of  the  double 
decomposition  may  be  followed  in  a  roughly  quantita- 
tive manner  with  a  microscope  provided  with  nicol 
prisms,  as  the  potassium  chloride  is  isotropic  and  the 
potassium  phosphate  anisotropic.  If  the  hydrochloric 
acid  thus  set  free,  however,  is  neutralized  by  aqueous 
or  gaseous  ammonia,  ammonium  phosphate  and  po- 
tassium phosphate  are  precipitated,  certainly  as  a 
mixture  of  two  or  more  salts  and  possibly  in  part  as 

1  Dr.  Cameron  has  suggested  that  a  plan  might  be  worked  out  whereby 
the  phosphate  rock  would  be  treated  in  one  process  with  a  mixture  of  alcohol 
and  sulfuric  acid. 
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a  double  salt.  In  any  case  it  appears  to  be  necessary 
to  work  in  acid  solution  in  order  to  prepare  a  stable 
salt,  or  mixture  of  salts,  of  the  fertilizer  constituents. 
The  correct  strength  of  alcohol  and  many  other  de- 
tails would  have  to  be  worked  out. 

Another  interesting  feature  is  the  per  cent  of  water 
in  the  alcohol  distilled  off.  Does  the  calcium  sulfate 
form  hydrate  itself  at  the  expense  of  the  water  in 
dilute  alcohol?  The  answer  to  this  question  would 
depend  on  the  range  of  existence  of  calcium  sulfate 
di-hydrate  in  contact  with  alcohol  of  various  concen- 
trations, at  the  temperature  worked  with;  also  on  the 
vapor  pressure  of  mixtures  of  phosphoric  acid  and 
alcohol.  It  is,  of  course,  presumed  that  the  original 
calcium  phosphate  is  nearly  dry,  or  at  least  contains 
no  more  water  than  can  be  absorbed  by  the  sulfuric 
acid  used.  The  points  involved  would  require  a  good 
deal  more  investigation  than  the  writer  has  time  for. 
A  laboratory  trial  showed  that  the  resulting  calcium 
sulfate  was  not  hydrated  to  the  extent  of  two  mole- 
cules of  water  to  one  of  calcium  sulfate.  Though 
calcium  sulfate  is  so  abundant  in  nature,  especially 
in  the  arid  regions  of  the  far  west,  as  to  have  slight 
value,  it  is  extensively  used  for  plaster  and  other  pur- 
poses, and  is  mined  in  convenient  places.  It  is  possible 
that  the  extremely  fine  grain  of  the  calcium  sulfate 
resulting  from  the  production  of  phosphoric  acid, 
together  with  the  accessible  places  at  which  it 
would  be  prepared,  would  give  it  some  commercial 
value. 

To  the  advantages  set  forth  may  be  added  the  fact 
that  the  alcoholic  solutions  are  easy  to  filter  and  less 
corroding  on  the  filters  than  aqueous  phosphoric 
acid.  Of  course  there  would  be  some  loss  of  alcohol 
which  would  escape  recovery.  But  with  the  advance 
of  chemical  technology,  it  is  believed  that  these  losses 
can  be  minimized.  Evaporators  designed  for  remov- 
ing volatile  solvents  are  becoming  very  common. 
Alcohol  is  tending  to  become  cheaper  rather  than  dearer. 
Especially  if  the  manufacture  of  plaster  is  combined 
with  that  of  phosphoric  acid,  the  problem  would  be 
simple,  as  the  heating  of  the  residue  to  bring  it  to  the 
right  state  of  hydration  would,  at  the  same  time,  make 
recovery  of  the  alcohol  possible.  As  a  last  resort, 
the  fuel  value  of  the  alcohol  might  be  utilized  by  draw- 
ing the  draft  for  the  boiler  fires  over  it,  with  appro- 
priate devices  to  prevent  back  firing  or  ignition  of 
the  possibly  explosive  mixture  of  air  and  alcohol 
vapor. 

As  a  denaturing  agent  for  the  alcohol,  pyridin  would 
probably  serve  best,  as  only  an  exceedingly  small  per 
cent  (which  would,  in  no  way,  interfere  with  the  re- 
actions) is  necessary  to  give  the  alcohol  such  an  odor 
as  effectually  to  prevent  the  consumption  of  it  for  any 
purpose  other  than  that  intended. 

All  the  foregoing  is  intended  to  be  merely  in  the 
nature  of  suggestion.  To  work  out  all  the  problems 
involved,  physical-chemical  and  technical,  would  re- 
quire much  time,  and  in  so  far  as  the  technical  features 
are  concerned,  special  facilities.  However,  to  test 
the  ease  of  extraction  of  the  phosphoric  acid  by  alcohol, 
two   experiments    were    made,    each    on    one    hundred 


grams  of  calcium  phosphate.      The   material  used  had 
the  following  composition: 

Per  cent 

P20s 37.6 

CaO 42.2 

Water 14.5 

Undetermined  (by  difference) 5.7 

100.0 

EXPERIMENT  I — The  One  hundred  grams  of  phos- 
phate (after  being  treated  with  the  sulfuric  acid  of 
50°  Baume)  were  extracted  with  95  per  cent  alcohol, 
using  a  large  Buchner  funnel.  After  drying  in  a  vacuum 
over  sulfuric  acid,  the  residue  amounted  to  105.5 
grams  and  contained  0.3  of  one  per  cent  of  P^Os, 
amounting  to  an  extraction  of  99.2  per  cent  of  the 
P2O5. 

EXPERIMENT  II  was  the  same  except  that  50  per 
cent  alcohol  was  used  for  the  extraction.  The  residue 
was  106.0  grams  and  contained  0.6  per  cent  P2O5, 
giving  an  extraction  of  98.7  per  cent. 

No  particular  significance  is  to  be  attached  to  these 
small  differences  in  extraction,  except  possibly  that 
the  stronger  alcohol  as  it  penetrates  the  mass  with 
extreme  readiness,  extracts  the  phosphoric  acid  a  little 
more  thoroughly.  With  the  strong  alcohol  especially, 
the  extraction  works  with  great  ease  and  rapidity 
and  from  this  point  of  view  at  least,  the  use  of  strong 
alcohol  is  advantageous. 

Bureau  of  Soils,  Washin 


THE  ACTION  BETWEEN    CLAY   FILTERS  AND   CERTAIN 
SALT  SOLUTIONS' 

By  W.  B.  Hicks 
Received  June  5,  1914 

Colloidal  suspensions  such  as  are  obtained  when  soils 
and  clays  are  extracted  with  water  pass  readily  through 
the  best  grades  of  filter  paper,  but  yield  perfectly  clear 
filtrates  when  filtered  through  Pasteur-Chamberland 
or  other  close-grained  porcelain  filters.  In  many  cases, 
however,  this  treatment  changes  the  composition  of  the 
solution.  Briggs-  has  shown  by  titrating  the  chlorine 
that  no  change  in  concentration  occurs  when  iV/iooo 
solutions  of  sodium  chloride  are  passed  through  clay 
filters.  By  titrating  the  alkalinity  the  same  inves- 
tigator observed  no  change  in  N/20  sodium  carbonate 
and  bicarbonate  solutions,  a  decrease  of  2  per  cent  in 
N/100,  and  a  diminution  of  15  per  cent  in  iV/iooo 
sodium  carbonate  solutions.  By  conductivity  measure- 
ments he  found  a  slight  decrease  in  concentration  in  the 
first  50  cc.  fraction  on  filtering  N/iooo  solutions  of  a 
number  of  salts.  Sullivan'  observed  that  clay  filters 
absorb  about  18  per  cent  of  the  iron  from  iV/iooo  ferric 
sulfate  solutions  without  absorbing  any  of  the  SO4 
radicle.  He  noted  that  other  bases  go  into  solution, 
but  in  quantities  insufficient  to  account  for  the  iron 
absorbed. 

The  results  of  these  investigators  show  that  clay 
filters  retain  very  little  or  none  of  the  acid  radicle,  but 
may  retain  considerable  quantities  of  the  base  when 
salt  solutions  are  passed  through  them.  However, 
it  was  thought  necessary  to  repeat  some  of  Briggs' 
work  in  order  to  determine   whether  such   filters  are 

'  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
2  U.  S.  Dept.  Agr.,  Bur.  Soils,  Bull.  19,  1902. 
>  Econ.  Ceol.,  3  (1908),  754. 
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uniform  in  their  behavior  during  filtration.  At  the 
same  time  a  more  extended  investigation  of  the  sub- 
ject was  considered  desirable.  It  seemed  important 
to  know  the  composition  of  the  filters,  how  much  they 
arc  dissolved  by  salt  solutions  and  to  what  extent  they 
become  "salted"  and  thereby  contaminate  a  succeeding 
solution  filtered  through  them.  Answering  these  ques- 
tions experimentally  and  thus  obtaining  a  more  definite 
idea  concerning  the  action  between  clay  filters  and  salt 
solutions  led  to  the  experimental  results  here  presented. 
In  the  experiments  ordinary  8  in.  Pasteur-Chamber- 
land  water  filters  were  used.  These  showed  on  analysis 
the  following  percentage  composition: 

0.39 

Total 100.41 


The  filters  were  fitted  with  200  ce.  glass  containers 
and  ordinary  side  neck  filter  flasks.  They  were  cleaned 
by  washing  in  turn  with  water,  concentrated  hydro- 
chloric acid,  and  then  with  water  until  the  last  washings 
showed  only  a  slight  opalescence  with  silver  nitrate. 


The  first  series  of  experiments  was  carried  out  by 
washing  the  filters  with  water  until  the  washings  were 
free  from  salts,  sucking  air  through  them  to  remove  as 
much  water  as  possible,  passing  the  particular  salt 
solution  iinder  investigation  through  the  filter,  discard- 
ing the  first  50  cc,  and  analyzing  the  filtrate.  The 
solutions  were  prepared  from  Baker's  analyzed  chemi- 
cals, and  were  analyzed  in  the  same  manner  as  the 
filtrates.     The  results  are  given  in  Table  I. 

On  studying  these  results  it  will  be  observed  that 
filtration  through  porcelain  clay  filters  produces  no 
change  in  the  boric  acid  content  in  N/10  borate  solu- 
tions and  only  very  slight  changes — roughly  a  loss  of 
0.2  per  cent — in  N/10  sulfate  solutions  of  the  alkalies. 
With  chloride  solutions,  the  loss  in  concentration  is 
slightly  greater,  amounting  to  about  0.3  per  cent  in 
N/10  and  0.5  per  cent  in  N/100  solutions.  It  will  be 
further  noted  that  the  percentage  loss  in  chlorine  cor- 
responds to  that  of  the  total  solids,  indicating  that  both 
ions  of  the  salt  in  question  are  retained  by  the  filter. 


Table  I — Action  of  Porcelain  Clay  Filter 
Cc.  taken 


Solution 


Cc. 


for 


ON  Pure  Salt  Solutions 
Change 


filtered  analysis 

iV/10Na2SO<— Original 25 

Filtrate  from  Filter  1 400  25 

Filtrate  from  Filter  2 400  25 

iV/10  KiSOj— Original 25 

Filtrate  from  Filter  1 400  25 

Filtrate  from  Filter  2 400  25 

Ar/9.84  NajB.Ov— Original 25 

Filtrate  from  Filter  1 400  25 

Filtrate  from  Filter  2 400  25 

Af/10  NaCl— Original 25 

Filtrate  from  Filter  1 400  25 

Filtrate  from  Filter  2 400  25 

iV/IO  KCl— Original 25 

Filtrate  from  Filter  1 400  25 

Filtrate  from  Filter  2 400  25 

Af/100  KCl— Original 

Filtrate  from  Filter  1 400 

Filtrate  from  Filter  2 400 

Af/7.85  CaClj— Original 

Filtrate  from  Filter  1 400 

Filtrate  from  Filter  2 400 

N/10  NaiCOj— Original 

Filtrate  from  Filter  1 400 

Filtrate  from  Filter  2 400 

W/IO.SS  KjC03— Original 

Filtrate  from  Filter  I 400 

Filtrate  from  Filter  2 400 

iV/10.33  KiCOj— Original 

Filtrate  from  Filter  1 800 

Filtrate  from  Filter  2 800 


Residue     concentration     CI  by 


100 
100 
100 


500 
500 
500 


Gran 

0.1777(o) 

0.1773 

0.1775 

0.2175 

0.2171 

0.2171 
25.40      (6) 
25.40 
25.45 

0.1457(c) 

0.1453 

0.1453 

0.1864 

0.1859 

0.1860 

0.0746 

0.0742 

0.0742 

0.2179(<i) 

0.2177 

0.2177 

0. 1460(e) 

0.1469 

0.1471 

0. 1805 

0. 1809 

0.1810 

0.0361 

0.0387 

0.0397 


Per  cent      titrai 


0.0886 
0.0882 
0.0882 
0.0887 
0.0885 
0.0886 
0.0355 
0.0353 
0.0355 
0.1128 
0. 1124 
0. 1124 


nd  Mannitol-Cc.  (rf) 

To  obtain  a  measure  of  the  solvent  action  of  water  on 
these  filters,  300  cc.  of  distilled  water  after  passing 
through  them  were  evaporated,  ignited  and  weighed. 
The  results  from  each  of  two  filters  gave  0.0013  g-  or 
0.0004  g-  per  100  cc.  This  was  repeated,  after  passing 
2000  cc.  of  water  through  each  filter,  with  a  residue  of 
0.0003  and  0.0002  g.  per  100  cc.  The  evaporation  of 
250  cc.  of  distilled  water  left  a  residue  of  0.0002  g.  per 
100  cc.  It  is  thus  seen  from  these  results  that  the  sol- 
vent action  of  water  on  these  filters  is  very  small. 

In  order  to  determine  what  changes  take  place  in  a 
solution  on  passing  through  clay  filters,  two  series  of 
experiments  were  carried  out: 

I — Pure  salt  solutions  of  known  composition  were 
allowed  to  pass  through  the  filters  and  the  resulting 
change  in  concentration  determined  by  analyzing  the 
filtrates. 

II — The  quantity  of  base  retained  by  a  filter  when  a 
salt  solution  is  allowed  to  pass  through  it  was  deter- 
mined directly  by  extracting  the  base  with  a  different 
salt  solution  and  analyzing  the  extract. 


25.00 
0.0012  24.95 
0.0013    24.95 

24.20 
0.0007  24.10 
0 . 0009  24 .  08 
4.84 
0.0017  4.35 
0.0017     4.50 

(f)     On  evaporation 


However,  we  must  consider  the  fact  that  the  magnitude 
of  the  changes  with  which  we  are  dealing  is  quite  small, 
and  therefore  the  apparent  changes  may  be  due,  in  part, 
at  least,  to  errors  in  analytical  operations.  At  the 
same  time  the  fact  that  all  the  sulfate  and  chloride  solu- 
tions examined  show  a  distinct  loss  in  concentration, 
points  out  clearly  that  the  filters  do  retain  a  portion 
of  these  salts.  No  calcium,  aluminum,  or  silica  could 
be  found  in  the  filtrates,  indicating  that  these  solutions 
have  very  little  solvent  action  on  the  filters.  With 
carbonate  solutions  of  the  alkalies,  as  the  chemical 
data  show,  the  results  are  somewhat  different.  There 
is  an  actual  increase  in  total  solids  determined  as 
chlorides  amounting  roughly  to  0.5  per  cent  in  N/10 
solutions,  and  8  per  cent  in  jV/ 1000  solutions.  Silica 
was  extracted  from  the  filter  in  quantities  almost  equiv- 
alent to  this  gain.  Calcium  was  also  found  in  the  ex- 
tract. The  alkalinity  determined  by  titration  with 
N/10  hydrochloric  acid  and  methyl  orange  showed  a 
slight  diminution  in  N/10  solutions,  and  about  8  per 
cent   decrease   in    AViooo  solutions.     This   loss  in   al- 
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kalinity  indicates  a  direct  absorption  of  the  salt  or  of 
free  base. 

In  the  second  series  of  experiments  it  was  attempted 
to  make  a  direct  determination  of  the  quantity  of  salts 
retained  by  porcelain  clay  filters. 

In  this  case  the  filters  were  washed  with  a  large  excess 
of  the  salt  solution  under  investigation  to  make  sure 
that  the  maximum  absorption  had  taken  place,  and 
then  with  distilled  water  until  the  washings  were  free 
from  the  salt  in  question.  This  treatment  presumably 
left  the  filters  still  containing  only  the  quantity  of  salt 
held  so  tenaciously  that  water  would  not  remove  it 
or  at  most  would  remove  it  very  slowly.  In  the  case  of 
chlorides  the  filters  were  washed  until  only  a  slight 
opalescence  was  shown  with  silver  nitrate  in  200  cc. 
of  the  filtrate;  with  carbonates,  until  no  alkalinity  could 
be  detected.  This  required  from  2400  cc.  to  4000  cc. 
of  water,  depending  on  the  character  and  concentration 
of  the  solution.  The  salt  which  was  still  retained  was 
then  washed  out  by  100  cc.  portions  of  a  solution  of 
iV/5  ammonium  chloride,  until  a  negligible  or  constant 
residue  was  obtained  on  evaporation  and  ignition. 
The  various  fractions  were  then  analyzed  with  the  re- 
sults given  in  Table  II. 

Table  II — Salts  Extracted  from  Filters  by  100  Cc.  Portions  of  N/b 
NHiCl  AFTER  Prior  Treatment  with: 

A — 400   Cc.    2   Per  cent  KCl   and  Thorough   Washing    with   Water 
Combined  filtrates 

Filter  RESiDUE(a) . ■ .       Grams  K 

No.         Gram       Grams  KCl  Grams  K     Calculated 

(200  cc.  Water) 1  0.0010  1  q  0007  0  0004  (0.0002 

2  0.0011 (  O  """'  U.UUU4  jo. 0002 

Fraction  1 1  0.00551  „  nm  i  nnnil  (0.0008 

2  0.0056  (  o™*'  U.UU15  j  0.0008 

Fraction  II 1  0.0020  1  „  „„„„  „  „„„,  0.0003 

2  0.0020)  ""OOJ  u.uuu:>  io.0003 

Fraction  III 1  0.0014  1  nnnii  n  iM\nf.  (0.0003 

2  0.0014}  0.0011.  0  0006  jo. 0003 

Fraction  IV 1  0.0016  1  „  oOOS  0  0004  0.0002 

2  0.0017  (  00008  0.0004  j Q . 0002 

B — 1000  Cc.  A'.'lOO  KCl  AND  Thorough  Washing  with  Water 

C200CC.  Water) 3  0.0031  (  g   „„„3  „   „„p,  j  0.0002 

4  0.0026)  "  O""^  u.uuuj  j 0.0002 

Fraction  1 3  0.00951  „  on^s  nooiR  )  0.0009 

4  0.0095)  0  0035  0.0018  j 0.0009 

Fraction  II 3  0.00251  „  0009  0  OOOS  0.0003 

4  0.0026  I  00009  0.0005  j  0.0003 

Fraction  III 3  0.0014  1  n  nnne.  n  nnns  (0.0002 

4  0.0010  !  "O""''  OO""*  i  0.0002 

Fraction  IV 3  0.0019  1  „  nnnA  n  nooi  (0.0002 

4  0.0018  j  "■O"'"'  °°°°*  i  0.0002 

C — 400  Cc.  N/IO  K2CO3  AND  Thorough  Washing  with  Water 

Fraction! 1  0.00701  0  0033  0  0017  |0.0009 

2  0.0064(  00UJ3  0.001/  jo. 0009 

Fraction  II 1  0.0017  1  0  0009  0  0004  (0.0002 

2  0.0017  (  0.0009  0.0004  j 0.0002 

Fraction  III 1  0.0018  1  r,  nnnf.  n  nnni  (0.0002 

2  0.0019  1  °°°°''  °°°°^  i  0.0002 

Fraction  IV 1  0.0017  1  n  nnne.  n  nnni  (0.0002 

2  0.0017)  00006  0.0003  jo.0002 

(a)  All  residues  evaporated  and  weighed  as  chlorides. 

The  ammonia  similarly  retained  by  the  filters  from 
solutions  of  ammonium  chloride  was  removed  by  wash- 
ing with  200  cc.  of  a  2  per  cent  potassium  chloride  solu- 
tion, the  filtrate  being  caught  in  dilute  hydrochloric 
acid.  The  ammonia  was  determined  in  the  filtrate  by 
the  areometric  method  after  evaporation  to  small  bulk. 
To  make  sure  that  accurate  results  in  the  estimation  of 
ammonia  were  obtained  in  this  way,  several  deter- 
minations on  known  samples  were  made,  with  a  re- 
covery of  99.5  to  IOCS  per  cent.  The  results  are  given 
in  Table  III. 

As  these  results  show,  a  small  but  appreciable  quan- 
tity of  potassium  is  persistently  retained  by  the  filters 
even  after  long  washing  with  water.  This  is  largely 
but  not  completely  removed  by  extraction  with  loo  cc. 


of  N/ s  ammonium  chloride,  a  small  and  uniform  quan- 
tity being  extracted  by  succeeding  fractions.  Deter- 
mined in  this  way,  practically  the  same  quantities  of 
potassium  are  retained  by  the  filters  from  all  the  solu- 
tions tested,  indicating  that  the  amount  retained  is 
independent  of  the  concentration  and  character  of  the 
solution  and  possibly  dependent  only  on  the  filters 
themselves.  Moreover,  the  ammonia  similarly  retained 
from  ammonium  salts  corresponds  closely  to  that  found 

Table  III — Ammonia  Extracted  from  the  Filters  by  2  Per  cent  KCl 
AFTER  Prior  Treatment  with  400  Cc.  of  N/5  NHtCl  and 

Thorough  Washing  with  Water 

Cc.  2  per  cent  KCl    Filter       Cc.  for  titration  NH3 

solution  used  No.        N/IQ  equivalent  Gram 

200  2  0.37  0.0007 

200  3  0.37  0.0007 

200  4  0.42  0.0008 

for  potassium  salts.  It  thus  appears  that  the  filters 
become  "salted"  to  a  small  degree  and  contaminate  a 
succeeding  solution  filtered  through  them.  At  the  same 
time  the  total  residue  extracted  by  ammonium  chloride 
is  much  greater  than  the  potassium  content  even  when 
considered  as  the  oxide  or  chloride,  indicating  that 
ammonium  chloride  exerts  an  appreciable  solvent 
action  on  the  filters. 

In  conclusion  it  may  be  pointed  out  that  filtration 
through  porcelain  clay  filters  of  the  size  here  employed 
produces  little  or  no  change  in  the  boric  acid  content 
from  borate  solutions,  a  slight  decrease  in  concentration 
in  sulfate  and  chloride  solutions  of  the  alkalies,  a  larger 
decrease  in  N/io  carbonate,  and  a  considerable  decrease 
in  TV^/iooo  carbonate  solutions.  It  may  be  observed 
further  that  the  filters  become  "salted"  to  a  slight  de- 
gree during  filtration,  and  also  that  they  are  appreciably 
dissolved  by  solutions  of  ammonium  chloride.  There- 
fore, it  may  be  said  that  the  application  of  these  filters 
depends  on  the  character  and  concentration  of  the  solu- 
tion to  be  filtered.  For  moderately  concentrated 
solutions  and  even  for  very  dilute  solutions  of  the  chlor- 
ides and  sulfates  of  the  alkalies  the  percentage  change, 
as  a  rule,  is  very  small.  By  discarding  the  first  portion, 
say  100  cc,  of  the  filtrate,  the  liability  of  introducing 
a  significant  error  can  be  much  diminished. 

U.  S.   Geological  Survey 
Washin 


SELECTIVE  ADSORPTION 

By    E.    G.    Parker 
Received  June   15,    1914 

Adsorption,  or  sorption — a  term  recently  proposed — - 
is  most  satisfactorily  explained  at  present  as  a  con- 
centrating of  a  solute  at  a  surface,  whether  this  concen- 
trating effect  is  due  to  differences  in  surface  tension 
or  electrical  potential.  This  adsorption  of  solute 
from  solution  follows  certain  arbitrary  laws,  a  new 
constant  being  required  according  to  the  substance 
used,  which  furnishes  the  surface,  the  character  of  the 
surfaces  of  two  different  substances  being  apparently 
never  the  same.  That  certain  surfaces  not  only  have 
the  power  of  adsorbing  a  solute  as  a  whole  from  solution, 
but  also  have  the  power  of  absorbing  a  part  of  the 
solute  at  a  greater  rate  than  the  other,  or  of  selec- 
tively adsorbing,  can  be  shown  qualitatively  in  numer- 
ous ways.  In  case  of  the  selective  adsorption  of  one 
ion    of    an    electrolyte    an    accompanying    or   previous 
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hydrolysis  of  the  electrolyte  is  necessary,  and  the  use 
of  some  of  our  common  acid-alkali  indicators  is  valua- 
ble in  observing  this  phenomenon. 

A  silver  nitrate  solution  shaken  with  animal  char- 
coal and  the  supernatant  filtered  off  and  tested  with 
methyl  orange  or  litmus  gives  a  distinct  acid  test. 

A  potassium  chloride  or  nitrate  solution  shaken  with 
cane  sugar  charcoal  and  the  supernatant  liquid 
tested  with  phenolphthalein  gives  the  strong  red  color 
of  alkaline  reaction. 

An  interesting  case  of  selective  adsorption  is  to  be 
found  with  Congo  red  and  absorbent  cotton.  If  the 
base  of  a  column  of  absorbent  cotton  is  immersed 
in  a  solution  of  Congo  red  made  very  slightly  acid, 
in  a  very  few  minutes  the  cotton  immediately  above 
the  solution  is  colored  blue  (acid  reaction),  while  above 
the  blue  color  for  about  an  inch  is  seen  the  red  color 
of  neutral  or  alkaline  reaction.  Above  the  red  the  cot- 
ton is  wet  with  water. 

Innumerable  other  cases  of  selective  adsorption  in  a 
qualitative  way  might  be  given.  The  object  of  this 
work  is  to  attempt  to  show  that  in  certain  cases  selec- 
tive adsorption  is  quantitative  as  well  as  qualitative. 

When  a  solution  of  a  neutral  salt  is  brought  in  con- 
tact with  a  soil  a  loss  in  the  amount  of  the  cation  is 
obtained.  The  bases  of  the  soil  (Ca,  Mg,  etc.)  are 
found  in  the  resulting  solution  in  amounts  a  little  less 
than  equivalent  to  the  loss  in  that  of  the  cation.  The 
resulting  solution  is  acid  to  common  indicators.  The 
loss  of  the  anion  in  the  solution  is  generally  not  appre- 
ciable. The  amount  of  loss  of  the  cation,  of  bases 
found  in  the  resulting  solution  and  the  acidity  of  the 
resulting  solution  differ  widely  with  the  salt  used. 
Methods  of  determining  soil  acidity  by  shaking  a  soil 
with  a  neutral  salt  solution  are  therefore  useless  as 
almost  any  desired  acidity  within  limits  might  be  ob- 
tained by  selecting  the  right  salt.  These  are  not  re- 
cent observations  but  have  been  explained  contra- 
dictorily from  time  to  time  by  various  authors. 

The  absorptive  properties  of  soils  have  been  under 
investigation  in  this  laboratory  for  several  years  under 
the  direction  of  Dr.  Frank  K.  Cameron,  and  several 
publications  describing  this  work  have  appeared 
from  time  to  time.' 

On  treating  kaolin  with  solution  of  magnesium 
and  sodium  chlorides,  Kohler-  found  the  resulting 
solution  to  be  slightly  but  distinctly  acid  to  litmus, 
and  attributed  this  to  the  fact  that  a  selective  concen- 
tration of  the  dissolved  substance — an  adsorption  of 
the  base — had  taken  place. 

E.  C.  Sullivan'  repeated  these  experiments  and  ob- 

'  Cameron,  F.  K..  and  Bell.  J.  M.,  "The  Mineral  Constituents  of  the 
Soil  Solution,"  U.  S.  Dept.  Agr.,  Bur.  Soils,  Buil.  30,  1905;  Cameron. 
F.  K.,  and  Patten,  H.  E  ,  "The  Distribution  of  Solute  between  Water  and 
Soil,"  Jour.  Phys.  Chem.  2  (1907).  581-.'i93;  Patten,  H.  E.,  "Some  Surface 
Affecting  Distribution,"  Trans.  Amer.  EUclrochem..  Soc.  10  (1906), 
.  E.,  and  GnUagher,  F.  E..  "Absorption  of  Vapors  and  Gases 
Dept.  Agr.,  Bur.  Soils,  Bull.  SI,  1908;  Patten,  H.  E.,  and 
H.,  "Absorption  by  Soils,"  U.  S.  Dept.  Agr.,  Bur.  Soils, 
Ostwald,  and  Failyer,  G.  H.,  "The  Absorption 
of  Phosphates  and  Potassium  by  Soils,  U.  S.  Dept.  Agr.,  Bur.  Soils,  Bull. 
32,  1906. 

'  Kohler,  Ernst,  "Adsorptionsprozesse  als  Faktoren  der  Lagersatten- 
bildung  und  Lithogenesis,"  Zlschr.  Prakl.  Ceol.,  Jahrg.,  11  (1903).  49-59. 

=  Sullivan,  E.  C.  "The  Interaction  between  Minerals  and  Water 
Solutions,"  U.  S.  Geol.  Survey,  Bull.  312. 
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tained  the  same  result,  accounting  for  it  by  an  ex- 
change of  the  sodium  and  magnesium  of  these  salts 
in  part  for  the  iron  and  aluminum  of  the  kaolin,  the 
salts  of  the  latter  undergoing  extensive  hydrolysis  in 
dilute  solution. 

Van  Bemmelen'  treated  loo  grams  of  soil  with  200 
cc.  portions  of  solutions  containing  8  and  40  milligram 
equivalents  of  potassium  chloride.  After  filtration 
the  solutions  were  analyzed,  and  it  was  found  that  an 
almost  complete  change  of  potassium  for  sodium, 
calcium  and  magnesium  had  taken  place.  Chlorine 
was  determined  in  one  experiment  and  had  not  changed. 

Sullivan^  found  that  by  treating  kaolin  and  various 
other  silicates  with  salt  solutions  a  quantity  of  bases 
almost  equivalent  to  the  loss  of  the  base  from  the  salt 
was  dissolved  in  each  case. 

Wiegner'  found  that  on  treating  an  artificial,  amor- 
phous, water-containing  (hydrated),  so-called  double 
silicate  with  a  neutral  salt  solution  the  cation  of  the 
neutral  salt  was  taken  in  part  from  the  solution,  and 
in  its  place  the  cations  of  the  silicate-gel  in  nearly 
equivalent  amounts  entered  the  solution.  The  anion 
of  the  neutral  salt  remained  unchanged,  provided 
secondary  reaction  did  not  take  place. 

The  soil,  when  brought  in  contact  with  a  solution, 
presents  a  comparatively  large  surface,  the  nature  of 
the  surface  being  apparently  such  that  the  base  of  an 
electrolyte  is  adsorbed  at  a  greater  rate  than  the  acid, 
since  the  resulting  solutions  are  generally  acid  to  in- 
dicators. By  using  a  potassium  salt  solution  (for 
example)  and  a  soil,  and  assuming  all  the  potassium 
removed  from  the  solution  to  be  adsorbed,  the  aciditj' 
of  the  solution  will  vary  according  to  the  amount  of 
acid  used  up  at  equilibrium  in  a  secondary  reaction  of 
the  acid  with  the  constituents  of  the  soil.  The  amount 
of  bases  of  the  soil  found  in  the  resulting  solution  will 
be  equivalent  to  the  acid  used  up  in  this  secondary 
reaction.  The  amount  of  anion  adsorbed  by  a  soil 
in  the  large  number  of  cases  is  practically  negligible. 
That  these  assumptions  are  correct  is  indicated  by 
the  following  experimental  data:  500  g.  portions 
of  a  Durham  sandy  loam  were  shaken  with  200  cc. 
of  a  solution  of  potassium  chloride,  of  potassium 
acetate,  and  of  water,  at  frequent  intervals  for  two 
days.  The  soil  was  allowed  to  settle.  Portions  of 
the  clear  supernatant  liquid  were  then  pipetted  off, 
filtered  and  analyzed.  The  supernatant  liquid  from 
the  soil,  shaken  with  pure  distilled  water,  showed  no 
appreciable  presence  of  material  dissolved  from  the 
soil,  while  analyses  of  the  supernatant  liquid  from  soil 
shaken  with  the  above  solution  showed  soil  material 
present.  The  potassium  chloride  equivalents  of  the 
various  constituents  determined  by  these  analyses 
are  given  in  Table  I. 

In  the  foregoing  experiments  the  determination  of 
the  free  acid  is  unreliable,  considering  the  fact  that  no 
indicator  could  be  used  for  titrating,  which  was  sensi- 
tive enough  and  at  the  same  time  unaffected  by  car- 

•  Van  Bemmelen.  J.  M.,  "Das  .\bsorptionvermogen  der  .\ckererdc." 
Landw.   Ffrv.  .S(a(.,  21  (1877),  1,15-191. 

'  Sullivan,  E.  C.  Op.  cil. 

'  Wiegner.  Georg..  "  Zum  Basenaustausch  in  der  .\ckererde."  Journ. 
Landw..  60  (1912):  111-150.  197-222. 
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bon  dioxide.  The  results  can  be  considered  only  as 
approximations.  Boiling  to  remove  the  carbon  di- 
oxide is  impossible  when  potassium  acetate  is  used, 
since  it  hydrolyzes  on  boiling,  giving  an  alkaline  re- 
action to  indicators.  Iron  and  titanium  were  deter- 
mined in  several  cases  and  found  to  be  present  in  negligi- 
ble amounts  in  the  precipitated  alumina. 

From  the  data  obtained,  when  the  potassium  chloride 
is  used,  the  amount  of  potassium  chloride  equivalent 
to  loss  of  potassium  (0.7650 — 0.6950  =  0.0700  g. 
per  100.  cc.)  during  contact  is  greater  than  the  amount 
of  potassium  chloride  equivalent  to  the  bases  dissolved 
from    the    soil    (0.0107   +  °°353   +  ooi57    =  0.0617 


Tabls    I — Adsorption   ; 
Sol 
Results  stated 


lY    Du 


Lo.^ 


Potassium    from 


.  equivalent  to  con- 

From        From 

KCl   CH3COOK 

solution    solution 

Gram       Gram 

0.0157     0.0167 


Salts 

chloride  per  100  c 

ined  by  analyses 

From       From 

KCl   CH3COOK 

Constituents    solution  solution       Constituents 

by  analysis         Gram      Gram         ■  by  analysis 

K  before  contact  0.7650  0.7470   Mg  after  contact 

K  after  contact     0.6950  0.6560   Na  after  contact 

AI  after  contact     0.0107   0  .0015   Free  acid  after  contact   0.01 12      0.0402 

Ca  after  contact  0.0353  0.0514  Anions  after  contact       0.7647     0.7450 

g.  per  100  cc.)  by  an  amount  (0.0700  —  0.0617  = 
0.0083  g-  per  100  cc.)  about  equal  to  the  amount 
of  potassium  chloride  equivalent  to  the  estimated 
free  acid  (0.0112  g.  per  100  cc).  When  potas- 
sium acetate  is  used,  the  amount  of  potassium  chloride 
equivalent  to  the  loss  of  potassium  (0.7470  —  0.6560  = 
0.0910  g.  per  100  cc.)  during  contact  is  again  greater 
than  the  amount  of  potassium  chloride  equivalent 
to  the  bases  dissolved  from  the  soil  (o.  0015  +  0.0314-I- 
0.0167  =  0.0496  g.  per  100  cc.)  by  an  amount 
(0.0910  —  0.0496  =  0.0414  g.  per  100  cc.)  about 
equal  to  the  amount  of  potassium  chloride  equivalent 
to  the  estimated  free  acid  (0.0402  g.  per  100  cc). 

When  potassium  acetate  is  used,  the  bases  dissolved 
from  the  soil  are  54.5  per  cent  [(0.0496  -^  0.0910)  X 
100]  of  what  they  would  be  if  a  complete  exchange  of 
bases  had  taken  place,  while,  when  potassium  chloride 
is  used,  this  percentage  is  88.1  per  cent  [(0.0616  -i- 
0.0700)   X  100]. 

If  now  this  secondary  reaction  between  the  soil  and 
the  free  acid  present,  due  to  the  adsorption  of  potas- 
sium by  the  soil,  be  prevented  by  the  addition  of  a 
small  amount  of  sodium  hydroxide  to  the  solution, 
it  having  been  previously  determined  that  sodium  hy- 
droxide is  not  appreciably  adsorbed  by  the  soil,  it  is 
found  that  bases  of  the  soil  are  not  present  in  the  re- 
sulting solution  in  appreciable  amounts.  A  loss  of 
potassium  is  obtained  of  about  the  same  magnitude 
as  in  the  previous  case  when  the  acid  is  not  neutral- 
ized, and  is  allowed  to  react  with  the  soil.  A  solu- 
tion containing  18.38  g.  of  potassium  chloride 
and  about  i  g.  of  sodium  hydroxide  per  liter  in 
contact  with  a  soil  lost  an  amount  of  potassium  equiv- 
alent to  o.  1520  g.  per  100  cc.  of  potassium  chloride. 
The  chlorine  concentration  remains  unchanged.  If 
too  great  an  excess  of  sodium  hydroxide,  over  that 
theoretically  required  to  neutralize  the  acid  present, 
is  added,  the  resulting  solution  is  discolored  and  iron 
in  appreciable  amounts  is  found  to  be  present. 

Believing,  from  the  above  and  previous  observa- 
tions,  that  the  loss  of  potassium  from   a  solution   of 


a  potassium  salt  in  contact  with  a  soil  is  due  entirely 
to  a  selective  adsorption  of  potassium,  the  hope  of 
finding  the  effect  of  concentration,  of  size  of  soil 
particles,  of  nature  of  surface,  and  of  presence  of 
other  substances  on  this  selective  adsorption  of  potas- 
sium  led   to   the   following  experimental  work. 

EFFECT  OF  CONCENTRATION 

Thirty-five  gram  portions  of  a  Norfolk  sandy  loam 
and  a  Marshall  silt  loam  were  placed  in  200  cc.  bottles 
with  solutions  of  potassium  chloride,  containing  vary- 
ing amounts  of  potassium  chloride  and  a  small  amount 
of  sodium  hydroxide.  The  bottles  were  then  rotated 
in  a  thermostat  at  room  temperature  for  two  days, 
and  the  resulting  solutions  analyzed.  The  results 
of  the  analyses  are  given  in  Table  II. 

Table    II — Effect   of    Concentration   on    Adsorption   op   Potassium 
FROM  Solutions  of  Potassium  Chloride  by  Norfolk  Sandy  Loam 
AND  BY  Marshall  .Silt  Lo.\m 
KCl  equivalent  to  the 
K  per  100  cc.  of  solution  Loss 


Before 
contact 

Grams 
Norfolk  Sandy  Loam 
25.8550 
14.7700 

9.1250 

6.2580 

4.7400 

3. 1120 

1 .8380 

0.6406 

0.3064 

0. 1283 
Marshall  Silt  Loam 
1 1 . 8400 
10.0450 

6.6950 

4.4860 

2.6700 

1 . 1640 


After 
contact 

25.6750 
14.6500 
8.9650 
6. 1100 
4.5950 
2.9600 
1.7010 
0.5640 
0.2650 
0 . 0960 

11.3500 
9.5700 
6.2450 
4.0420 
2 . 2400 


.  of 


0. 1800 
0. 1200 
0.1600 
0.1480 
0. 1450 
0. 1520 
0. 1370 
0.0766 
0.0414 
0.0323 

0 . 4900 
0.4750 
0.4500 
0 . 4440 
0.4300 
0 , 3940 


0.70 
0.81 
1.75 
2.36 
3.06 
4.89 
7.45 
11.96 
13.51 
25.18 

4.14 
4.73 
6.72 
9.90 
16.11 
33.81 


From  the  results  of  this  experiment  (see  Fig.  I) 
we  find  that  from  zero  concentration  of  potassium  chlor- 
ide, where  necessarily  the  adsorption  of  potassium  is 
zero,   the   loss   of   potassium   during   contact  increases 
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Concent  rati  on  fffroms  /fCl  per  /OO  cc.) 

Fig.  I — Curves  Showing  the  Effect   of  Concentration  on  the  Selec- 
tive   Adsorption    of    Potassium    from    Solittions    of    Potassium 
Chloride  by   a   Norfolk  Sandy  Loam  and  by  a   Marshall  Silt 
Loam 

regularly  with  the  concentration  up  to  a  certain  point 
and  then  remains  practically  constant,  the  surface  of 
the  soil  particles  having  apparently  taken  up  the 
greater  part  of  the  potassium  possible  at  this  point. 
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The  point  at  which  the  adsorption  of  potassium  be- 
comes constant  is  much  lower  in  the  case  of  the  sandy 
loam  than  of  the  silt  loam.  The  percentage  of  potas- 
sium adsorbed  increases  asymptotically  as  the  concen- 
tration of  potassium  chloride  decreases,  and  it  may 
be  concluded  that  the  adsorption  of  potassium  be- 
comes practically  complete  at  very  low  concentra- 
tions of  potassium  chloride.  Chlorine  was  determined 
in  several  cases  and  was  found  to  have  remained 
practically   unchanged. 

EFFECT  OF  SIZE  OF  SOIL  PARTICLES 

Thirty-five  gram  portions  of  a  Cecil  clay,  a  Marshall 
silt  loam,  a  Norfolk  sandy  loam,  a  Decatur  clay  loam, 
and  a  Carrington  loam  were  placed  in  200  cc.  bottles 
with  solutions  of  potassium  chloride  of  about  the  same 
concentrations,  and  treated  as  in  the  previous  experi- 
ment.    The  results  are  given  in  Table  III. 

Table  III — Efpect  of  Amount  of  Surface  Exposed 
KCl  equivalent  to  the 
K  per  100  cc.  of  solution 

Type  of  Soil  . ■ . 

The  soils  in  this  table  Before  After 

are  arranged  in  order  of  the  contact  contact       Difference 

relative  amount  of  surface  exposed   Grams  Grams  Gram 

Cecil  clay 6.7350  6.4100  0.3250 

Decatur  clay  loam 6.5550  6.3150  0.2400 

Marshall  silt  loam 6.6950  6.2450  0.4500 

Carrington  loam 6 .  4300  6 .  2050  0 .  2250 

Norfolk  sandy  loam 6.2580  6.1100  0.1480 

As  was  expected,  since  the  removal  of  adsorption 
of  potassium  is  undoubtedly  a  surface  phenomenon, 
in  general  the  smaller  the  soil  particles  the  greater 
was  the  adsorption  of  potassium.  The  classification 
of  the  different  types  of  soil  is  based  entirely  on  their 
mechanical  analysis.' 

EFFECT  OF  NATURE  OF  SURFACE 

A  clay,  as  is  observed  in  the  previous  experiment, 
in  spite  of  the  fact  that  the  size  of  the  particles  is 
smaller  than  of  other  types  of  soil  does  not  show  a 
correspondingly  greater  adsorptive  power,  the  surface 
of  the  clay  particles  being  undoubtedly  of  a  different 
nature.  Enstatite,  a  silicate  of  calcium  and  mag- 
nesium, when  brought  in  contact  with  a  solution  of 
potassium  chloride  might  be  expected  to  adsorb  potas- 
sium at  a  greater  rate  than  chlorine,  so  that  the  resulting 
solution  would  be  acid  with  calcium  and  magnesium 
present,  as  in  the  case  of  a  soil.  As  a  matter  of  fact, 
the  resulting  solution  is  alkaline  to  phenolphthalein 
and  no  bases  other  than  potassium  are  found  in  the 
resulting  solution.  The  nature  of  the  surface  is  ap- 
parently such  that  chlorine  is  adsorbed  at  a  greater 
rate  than  potassium. 

This  suggests  the  possibility  that  the  selective  ad- 
sorptive power  of  a  soil  may  be  an  additive  property, 
since  a  soil  is  composed  of  various  minerals,  so-called  col- 
loidal hydroxides  of  iron,  alumina,  organic  matter,  etc. 
The  fact  that  the  anion  concentration  generally  re- 
mains unchanged  when  a  soil  is  shaken  with  a  solu- 
tion of  a  neutral  salt,  indicates  that  if  the  selective 
adsorption  by  a  soil  is  an  additive  property,  the  ad- 
sorptive power  of  the  various  constituents  of  the  soil 
is  generally  greater  for  the  cation  than  for  the  anion. 

EFFECT  OF  PRESENCE  OF  OTHER  SUBSTANCES 

Portions    of    35     g.     each     of     Marshall    silt   loam 

'Fletcher,    C.    C.    and    Bryan,    H.,    "Modification    of   the    Method    of 
Mechanical  Soil  Analysis,"  U.  S.  Dept.  Agr,.  Bur.  Soils,  Bull.  84.    1912 
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were  placed  in  200  cc.  bottles  with  solutions  contain- 
ing varying  amounts  of  potassium  chloride.  To 
some  were  added  10  g.  of  sodium  nitrate,  to  others 
10  g.  of  monobasic  calcium  phosphate.  These 
were  treated  as  in  the  previous  experiment.  A  solution 
containing  28.25  g.  of  potassium  chloride  per  liter 
in  contact  with  calcium  phosphate  alone  lost  an  amount 
of  potassium  during  contact  equivalent  to  0.0500 
g.  of  potassium  chloride  per  100  cc. 

The  results  of  analyses  of  the  supernatant  liquids 
are  given  in  Table  IV. 


Table   IV — Effect   of 


Prese.nce    Of 

SORPTION 

KCl  equivalent  to  the 
K  per  100  cc.  of  solution 


Other   Substances   on   .\d 


Experiment 


8.9950 
6.2400 
4.4270 
2.0450 
0.8270 


9.1300 
6.3400 
4.5830 
1.9930 
0.9190 


10.3750 
8.2650 
5 . 6600 
3  9470 
1.7140 
0.5950 

10.5700 
8 . 6200 
5.8500 
4.1200 
1  5480 
0.5500 

5.8200 

5 . 9000 


0.8100 
0.7300 
0.5800 
0.4800 
0.3305 
0,2320 

0 . 5400 
0.5100 
0.4900 
0.4630 
0.4405 
0.3690 

0.5750 

0.4850 


8.12 
9  30 
10.83 
16.  15 
28.05 


10.10 
22.10 
40.15 

9.00 

7.60 


Table  IV  and  Fig.  II  show  that  the  presence  of  sodium 
nitrate  decreases  the  adsorption  of  potassium  from  a 
potassium  chloride  solution  by  a  soil  up  to  a  concen- 
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Fig.    II — Curves   Showing   the    Effect   of   the   Presence   of   Sodium 
Nitrate  and  Calcium   Phosphate  on  the  Selective   .Adsorption 
of  Potassium  from  Solutions  of  Potassium  Chloride 

tration   of   about   37.50  g.   of   potassium   chloride  per 
liter,  and  increases  it  above  this  concentration. 

They  also  show  that  the  presence  of  monobasic  cal- 
cium phosphate  does  not  alter  the  adsorption  of  potas- 
sium appreciably;  what  change  there  is  in  the  form 
of  the  curve  is  due  probably  to  the  removal  of  potas- 
sium by  the  calcium  phosphate  not  in  solution,  either 
by  a  chemical  or  physical  reaction   (adsorption). 

CONCLUSIONS 

Soils  not  only  have  the  power  of  adsorbing  dissolved 
salts  from  solution,  but  also  of  adsorbing  one  ion  at  a 
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greater  rate  than  the  other,  or  of  selectively  adsorbing 
to  an  extent  easily  determined  quantitatively. 

The  nature  of  the  surface  of  the  constituents  of  a 
soil  is  such  that  the  cation  is  adsorbed  at  a  much 
greater  rate   than   the   anion. 

The  presence  of  bases  of  the  soil  (Ca,  Mg,  etc.)  in 
solution,  after  contact  of  certain  salt  solutions  with  a 
soil,  is  not  due  to  a  direct  chemical  reaction  of  the  salt 
in  solution  with  the  silicates  of  the  soil,  but  to  a  sec- 
ondary reaction  of  free  acid,  resulting  from  the  selec- 
tive adsorption  of  the  cation,  with  the  mineral  con- 
stituents of  the  soil. 

In  general,  the  smaller  the  soil  particles,  the  greater 
the  selective  adsorption  of  the  cation. 

The  selective  adsorption  of  the  cation  from  a  solu- 
tion of  an  electrolyte  by  a  soil  increases  with  the  con- 
centration up  to  a  certain  point,  and  then  remains 
practically  constant,  the  surface  of  the  soil  particles 
having  taken  up  all  that  it  is  able  at  this  point.  At 
very  low  concentrations  the  adsorption  of  the  cation 
is  practically  complete. 

The  presence  of  other  substances  may  or  may  not 
affect  the  selective  adsorption  by  a  soil. 

Bureau  of  Soils 
Washington 


THE   ESTIMATION    OF   THE   LIME   REQUIREMENT    OF 

SOILS  BY  MEANS  OF  THE  HYDROXIDE  OF  THE 

ALKALIN  EARTHS' 

By  C.  R.  MouLTON  and  P.    F.  Trowbridge 

The  methods  which  are  in  use  for  estimating  the 
acidity  of  soils  are  not  proving  to  be  entirely  satisfactory 
and  this  gives  rise  to  new  methods  and  proposals  for 
new  methods.  The  old'  provisional  method  of  the 
Association  of  Official  Agricultural  Chemists — shaking 
out  the  acids  and  acid  salts  with  normal  potassium 
nitrate — is  open  to  criticism  both  on  the  score  of  the 
length  of  time  needed  for  the  determination  and  be- 
cause the  process  does  not  bear  any  direct  relation  to 
the  practice  of  liming  soils.  The  method  in  use  now, 
that  of  Veitch,^  is  not  open  to  the  last  objection  but 
is  to  the  first — according  to  some  critics — as  it  fre- 
quently takes  a  large  number  of  determinations  to  fix 
the  lime-absorbing  power  of  the  soil. 

In  order  to  cut  down  the  length  of  time  involved  in 
the  Veitch  method,  Bizzell  and  Lyon'  have  proposed 
a  modification  of  R.  Albert's  method.  The  essential 
points  of  the  new  method  are  boiling  the  soil  with  an 
excess  of  N/io  barium  hydroxide  solution  and  measur- 
ing the  excess  by  means  of  ammonia  set  free  from 
added  ammonium  chloride.  The  ammonia  is  dis- 
tilled off  and  caught  in  N/10  acid.  The  barium  hy- 
droxide is  standardized  by  direct  titration  against 
the  acid  and  a  correction  is  made  for  the  power  of  the 
soil  to  set  free  ammonia  from  ammonium  chloride. 
Fifty  cc.  of  barium  hydroxide  are  used  and  25  g.  of 
soil.  A  fixed  amount  is  consequently  always  present 
which  may  greatly  exceed  the  amount  needed  by  the 
soil  or  may  not  exceed  it  materially. 

'  Read  before  the  University  of  Missouri  Section  of  tlie  .-Xn 
ical  Society,  March  6,  1914. 

2  /.  Amer.  Chem.  Sor..  24,  1  120. 
'  This  Journai    6,  1011, 


Now  in  the  Veitch  method  it  is  tacitly  admitted  that 
an  excess  of  lime  water  will  cause  more  calcium  oxide 
to  be  absorbed  by  the  soil,  and  so  the  least  amount  that 
will  show  an  excess  is  used  as  the  lime  requirement. 
Some  of  the  effects  of  this  mass  reaction  have  been 
studied  in  the  laboratories  here  in  the  past  when  an 
attempt  was  made  to  modify  the  Veitch  method  by 
titrating  back  the  excess  of  lime  water.  The  lime  re- 
quirement was  determined  by  the  Veitch  method. 
Then  to  fresh  samples  of  soil  various  amounts  of  lime 
water  were  added,  as  5,  10,  15,  20,  25  and  30  cc.  Thus 
in  some  cases  there  was  an  excess  of  lime  water  amount- 
ing to  10  cc.  and  in  other  cases  the  same  deficiency. 
It  was, found  that  when  evaporating  the  solution  with 
phenolphthalein  a  considerable  deficiency  required  but 
a  very  few  cc.  more  lime  water  to  give  a  color  than  did 
a  slight  deficiency.  Likewise,  a  great  excess  required 
but  little  more  acid  to  neutralize  than  did  a  small  ex- 
cess. In  some  cases  but  2  or  4  drops  of  acid  or  lime 
water  represented  a  difference  of  10  cc.  of  lime  water. 

An  attempt  was  made  to  determine  what  ingredients 
of  the  soil  were  using  this  excess  of  lime  water.  It  was 
found  that  thoroughly  washed  and  ignited  sea  sand 
when  used  in  place  of  soil  with  the  Veitch  method  used 
up  considerable  lime  water  as  shown  by  the  few  drops 
of  tenth-normal  acid  needed  to  destroy  the  color  when 
S,  10,  or  even  15  cc.  of  lime  water  were  used.  Sand 
treated  once  with  lime  water  would  use  up  considerable 
amounts  of  lime  water  added  subsequently  after  de- 
canting and  washing  free  of  the  previous  addition. 

Enough  of  this  unpublished  work  has  been  quoted 
to  show  that  in  this  laboratory  it  was  considered  to  be 
demonstrated  that  an  excess  of  calcium  hydroxide  in- 
creased the  lime  requirements  of  soils.  It  was  the  re- 
sults of  this  work  that  led  us  to  investigate  the  work 
of  Bizzell  and  Lyon  to  determine  if  barium  hydroxide 
acted  any  differently  than  did  calcium  hydroxide. 

Lime  requirements  were  determined  on  a  sample  of 
soil  by  the  method  of  Bizzell  and  Lyon,  using  50  and 
100  cc.  of  barium  hydroxide.  No  blanks  were  run  on 
the  soil  as  they  would  not  effect  the  results  found. 
Table  I  shows  the  results  of  this  soil. 

The  Veitch  method  gave  a  lime  requirement  of 
10,420  pounds  of  lime  per  acre  foot.  The  Bizzell  and 
Lyon  method  accurately  followed  gave  only  85  per  cent 


Cc. 

Cc.  Ba(OH): 

G. 

Parts  per 

Pounds 

(OH), 

used  by  soil 

CaO 

million 

per  acre  foot 

50 

30.40 

0.06958 

2783 

8,350 

50 

32.90 

0.07530 

3012 

9,(J36 

50 

27.29 

0.06246 

2498 

7,495 

100 

60.00 

0.13734 

5494 

16.481 

100 

59.  14 

0.  13537 

5415 

16,244 

100 

61.20 

0.14008 

5604 

16,811 

35 

9.80 

0.02243 

896 

2,688 

35 

6.34 

0.01451 

580 

1  .741 

of  this  amount,  varying  from  7,500  to  9,000  lbs.  When 
double  the  amount  of  barium  hydroxide  called  for  by 
the  Bizzell  and  Lyon  method  was  used  the  lime  re- 
quirement was  increased  to  over  16,000  lbs.,  thus 
doubling  the  lime  requirement. 

Since  about  30  cc.  of  hydroxide  were  sufficient  to 
satisfy  the  soil  when  the  determination  was  made  as 
directed  by  the  Bizzell  and  Lyon  method,  duplicate 
samples  were  run,  using  35  cc.  of  hydroxide.     In  this 


836 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY    -Vol.  6,  Xo.  lo 


case  the  lime  requirement  fell  to  about  one-fourth  of 
the  first  value. 

The  method  was  further  tested  with  a  different  soil 
and  by  different  chemists,  using  various  amounts  of 
barium  hydroxide  water,  the  treatment  otherwise 
being  the  same  as  in  the  Bizzell  and  Lyon  method. 
Table  II  shows  the  results  on  this  second  soil.  A 
blank  was  run  on  this  soil  in  order  to  be  able  to  make 
a  better  comparison  with  the  Veitch  method.  Enough 
ammonia  was  freed  by  the  soil  to  represent  1.05  cc. 
of  Ba(0H)2  solution  and  this  correction  was  made  on 
the  following  determinations: 


Table  II 

G.  soil 

Cc. 

Cc,  Ba(OH) 

G. 

Parts  per 

Pounds 

No.  3b 

Ba(0H)2 

used  by  soil 

CaO 

million 

per  acre  fc 

Chemist  A 

25 
25 

00 
00 

1.171  , 
0.92(  '• 

05  blank 

25 

5 

3.16 

0.00858 

343 

1,030 

25 

5 

3.49 

0.00947 

379 

1,136 

25 

25 

11.18 

0.03035 

1214 

3.642 

25 

25 

8.86 

0.02405 

962 

2,866 

25 

50 

•      14.11 

0.03811 

1523 

4,597 

25 

50 

10.41 

0.02831 

1130 

3,391 

Chemist  B 

25 

50 

13.41 

0.03641 

1456 

4,369 

25 

50 

12.59 

0.03418 

1367 

4,102 

25 

75 

15.15 

0.04113 

1645 

4,936 

25 

75 

15.50 

0.04208 

1683 

5,050 

25 

100 

9.23 

0.02506 

1002 

3,007 

25 

100 

16.66 

0.04523 

1809 

5,428 

25 

100 

21.05 

0.05715 

2286 

6,858 

25 

100 

22.15 

0.06014 

2406 

7,217 

The  Veitch  method  gave  6,855  lbs.  of  lime  per  acre 
foot,  whereas  the  method  of  Bizzell  and  Lyon  gave 
various  amounts  according  to  the  amount  of  barium 
hydroxide  used.  In  some  cases  the  lime  requirement 
found  was  not  at  all  proportional  to  the  barium  hydrox- 
ide used  but  in  general  it  increased  as  the  hydroxide 
increased  and  frequently  in  strict  proportion  to  the 
hydroxide. 

In  the  third  table  the  following  variation  of 
the  method  was  used.  The  first  two  duplicates 
were  treated  as  per  the  regular  Bizzell  and  Lyon 
method  until  the  digestion  was  complete  when  the 
soils  were  decanted  upon  a  filter  and  washed  three 
times  by  decantation  with  hot  water.  These  washings 
were  distilled  with  ammonium  chloride  as  usual  with 
the  result  that  from  38  to  39  cc.  of  the  50  cc.  of  hy- 
droxide added  had  not  been  washed  out  of  the  soil. 
The  soil  residue  was  again  treated  with  50  cc.  of  lime 
water  as  above  and  this  time  a  further  35  to  36  cc.  of 
the  second  50  cc.  of  hydroxide  remained  with  the  soil. 
The  soil  residue  holding  about  75  cc.  of  barium  hy- 
droxide was  then  distilled  and  all  but  13.90  cc.  re- 
covered by  distillation,  thus  making  the  lime  require- 
ment comparable  to  that  found  when  75  cc.  had  been 
used  in  Table  II. 

Table  III 


Soil  3b 
1st  washing. . 
1st  washing. . 
2nd  washing. 
2nd  washing. 

Soil 

Soil 


Cc. 

Cc.  Ba(OH)j 

G. 

Parts  per 

per 

Ba(OH)i 

used  by  soil 

CaO 

million 

acre  foot 

50 

39.30 

50 

38.21 

50 

35.59 

50 

36.04 

residue 

15.34 

0 

04 165 

1666 

4,998 

residue 

13.90' 

0 

03774 

1510 

4,529 

In  Table  II  and  all  following  work  the  barium  hy- 
droxide solutions  used  were  standardized  not  by  direct 
titration  but  by  distillation  exactly  as  in  the  determi- 
nation but  omitting  the  soil.  It  seems  to  the  authors 
that  this  is  the  only  logical  method  of  standardization, 


for  then  conditions  are  all  alike  in  all  cases.  Any  effect 
that  boiling  in  the  flasks  has  upon  the  barium  hydroxide 
will  have  an  influence  upon  both  the  standardization 
and  the  determination. 

An  extremely  acid  soil  was  selected  for  further  study. 
In  this  case  as  the  barium  hydroxide  was  increased, 
the  water  added  before  distillation  was  docreased  by 
the  same  volume  so  that  the  same  amount  of  distillate 
would  represent  the  same  part  of  the  whole.  Other- 
wise the  determination  was  carried  out  as  usual. 


Table  IV 

G.  soil 

Cc. 

Cc.  Ba(OH), 

Parts  per 

Pounds  per 

4-4-16 

Ba(OH) 

by  soil 

G.  CaO 

million 

acre  foot 

25 

10 

—2.20 

25 

10 

—2.09 

25 

25 

0.60 

0.06120 

48 

144 

25 

25 

4.46 

0.00892 

357 

1.071 

25 

50 

11.43 

0.02286 

914 

2.742 

25 

50 

10.86 

0.02172 

869 

2,607 

25 

100 

30.14 

0.06028 

2411 

7.233 

25 

100 

Lost 

Table  IV  gives  the  results  on  this  soil.  The  Veitch 
method  gave  a  lime  requirement  of  17,250  lbs.  per  acre 
foot.  When  10  cc.  of  hydroxide  were  used  more  am- 
monia was  recovered  in  the  distillate  than  corresponded 
to  the  hydroxide.  Had  a  blank  been  run  on  this  soil 
it  might  account  for  the  difference.  The  sample  of 
soil  was  exhausted,  and  so  no  blank  could  be  run. 
The  lime  requirement  increases  much  more  rapidly 
than  does  the  barium  hydroxide  used,  but  not  even 
with  100  cc.  does  the  lime  requirement  reach  more  than 
a  third  of  that  found  by  the  Veitch  method. 

Exactly  similar  results  were  obtained  from  another 
strongly  acid  soil.  The  Veitch  method  gave  18,630 
lbs.  of  lime  needed  per  acre  foot  and  the  Bizzell  and 
Lyon  method  gave  681  and  1,032  lbs.  per  acre  foot. 
A  soil  which  was  alkaline  by  "the  Veitch  method  at  no 
cc.  of  lime  water  was  next  studied.  The  blank  by  the 
Bizzell  and  Lyon  method  was  56.05  cc.  of  acid  used  by 
the  ammonia  freed  by  the  soil.  Table  N  gives  the 
results  of  this  work.  In  all  cases  the  soil  showed  a  lime 
requirement,  that  is,  in  no  case  was  sufficient  ammonia 
recovered  in  the  distillate  to  represent  the  power  of 

Table  V 


ioil  Cc.        Cc.  Ba(OH)i             G. 

-109  BalOH)3  used  by  soil            CaO 

>  10  10.72  (a)  0.029105 
)  10  15.32  (0)  0.041590 
)  25  15.86  0.04306 

i  25  12.21  0.03315 

>  •  50  20.82  0  05652 
)  50  18.23  0.04949 
i  50(6)  7.56  0.02052 

50  (6)  10.43  0.02832 


100 
100 


28.55 
30.78 


0.07751 
0.08356 


1,164  3,492 

1,664  4.992 

1.722  5,166 

1.326  3,978 

2,261  6.783 

1,980  5,940 

821  2.463 

1,133  3.399 

9.300 
10.026 


3.100 

3.342 


(a)  The  cc.  of  Ba(OH)2  used  by  the  soil  is  expressed  in  terms  of  a  tenth- 
normal acid  which  is  weaker  than  the  Ba(OH)!  solution. 

(M  These  two  determinations  were  run  by  a  chemist  other  than  the  on  e 
making  the  others. 

both  the  Ba(0H)2  and  the  soil  to  free  ammonia  from 
ammonium  chloride.  Consequently  when  the  soil 
blank  was  accounted  for  there  remained  some  of  the 
Ba(0H)2  which  was  held  back  by  the  soil.  So  even 
with  an  alkaline  soil  some  of  the  added  hydroxide 
solution  will  be  held  back  on  distillation  and  will  not 
free  ammonia  from  ammonium  chloride.  The  so- 
called  lime  requirement  we  find  by  this  method  is  con- 
siderably greater  for  this  alkaline  soil  than  it  was  for 
the  other  strongly  acid  soils. 

The  behavior  of  some  of  the  determinations  above 
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was  such  as  to  raise  the  question  whether  the  lime  re- 
quirement could  not  be  varied  by  the  length  of  dis- 
tillation of  the  ammonia.  Some  of  the  samples  at  the 
end  of  20  minutes  had  used  up  all  the  hydrochloric 
acid  in  the  receiving  flask,  showing  an  alkaline  reaction. 
Five  cc.  more  of  acid  were  added  and  again  the  solution 
in  the  flask  turned  alkaline  at  the  end  of  25  minutes, 
necessitating  a  second  addition  of  acid  which  was  largely 
used  up.  To  further  test  this  continued  freeing  of 
ammonia,  some  determinations  were  made  and  the 
distillate  was  caught  in  different  receiving  flasks  by 
means  of  an  adapter  having  a  two-way  stopcock  be- 
tween condenser  and  receiving  flask.  About  450  cc. 
of  water  were  used  and  an  800  cc.  Kjeldahl.  Table 
VI  gives  results  on  both  the  acid  and  alkaline  soil. 

Tablb  VI 


Soil                     Time  Cc.  Ba(0H)2        G. 

14-4—16             Minutes,     used  by  soil  CaO 

1       20  24.32  0.04864 

25/.                        40  13.29  0.02658 

I?''                  \       60  7.38  0.01476 

i    ,^u^                  '5  3.97  0.00794 

UalUHh      J       90  0.79  0.00158 

20  35.86  0.07172 

40  21.31  0.04262 

60  13.24  0.02648 

75  6.99  0.01398 

90  3.12  0.00624 

14-1-109      -I        20  39.90  0.10833 

25  g.  soil              35  24.30  0.06597 

and                 V       50  13.80  0.037466 

50  cc.                     65  7.41  0.02012 

Ba(OH).       J       80  4.63  0.01257 

20  33 . 89  0 . 092005 

35  16.38  0.04447 

50  7.46  0.020254 

65  0.42  0.001140 

80  0.27  0.000733 


1,946  5,838 

1,063  3,189 

590  1,770 

318  954 

63  189 

2,870  8,610 

1.705  5,115 

1,060  3,180 

560  1,680 

250  750 

4,333  12,999 

2,639  7.919 

1,499  4,497 

805  2,415 

503  1.509 

3,680  11.040 

1,779  5,337 

810  2.430 

138 


29 
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The  figures  shown  are  for  the  total  time  given.  As 
more  ammonia  was  freed  the  barium  hydroxide  held 
by  the  soil  was  decreased  until  at  the  end  of  80  or  90 
minutes  it  had  been  decreased  to  an  insignificant 
amount  which  in  the  acid  soil  might  have  been  reduced 
to  nothing  if  a  blank  had  been  run  on  this  soil.  The 
total  volume  of  distillate  was  about  450  cc.  and  was 
distributed  among  the  aliquots  about  in  proportion 
to  the  time  of  each  separate  collection. 

A  brief  survey  of  the  data  presented  seems  to  es- 
tablish the  fact  that  the  lime  requirement  found  by  the 
method  of  Bizzell  and  Lyon  is  proportionate  to  the 
barium  hydroxide  «sed  and  not  to  the  acidity  of  the 
soil.  The  lime  requirement  is  considerably  lower  than 
when  the  Veitch  method  is  used.  The  lime  require- 
ment varies  with  the  length  of  time  of  the  distillation 
and  volume  of  distillate  until  a  zero  lime  requirement 
is  obtained. 

No  consideration  of  the  speed  of  a  method  is  worth 
while  when  its  performance  is  such  as  is  indicated  by 
this  study.  However,  the  experience  in  this  laboratory 
shows  that  at  least  as  much  attention  on  the  part  of 
the  operator  is  needed  for  the  method  of  Bizzell  and 
Lyon  as  for  the  Veitch  method.  The  time  consumed 
in  evaporating,  and  so  forth,  does  not  enter  into  con- 
sideration when  a  chemist  has  other  work  in  progress. 

Department  of  Agricultural  Chemistry 
University  of  Missouri,  Columbia 
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The  AUentown  Quadrangle  is  located  in  the  extreme 


eastern  part  of  Pennsylvania  and  is  included  between 
the  parallels  of  40°  30'  and  40°  45'  and  the  meridians 
7S°  15'  and  75°  30'  west,  covering  an  area  of  about  226 
square  miles.  It  lies  in  Lehigh  and  Northampton  coun- 
ties with  its  southeastern  corner  in  Bucks  county. 
Most  of  the  rocks  in  this  section  are  more  or  less  crys- 
talline, being  either  sediments  which  have  changed 
to  slates,  quartzites,  schists  and  gneisses  by  varying 
degrees  of  metamorphism,  or  igneous  rocks,  such  as 
granite  and  diabase  which  have  solidified  from  a  molten 
magma. 

The  basal  complex'  of  the  region  consists  chiefly 
of  gneisses  and  schists.  Following  the  formation  of 
these  deep-seated  rocks  occurred,  a  long  period  of 
erosion,  after  which  a  portion  of  the  land  was  sub- 
merged beneath  the  sea,  and  sand,  gravel,  mud  and 
calcareous  ooze  were  laid  down  in  the  form  of  marine 
sediments.  In  these  deposits,  now  hardened  to  sand- 
stone, conglomerate,  shale  and  limestone,  are  to  be 
seen  fragments  of  waste  from  the  igneous  and  meta- 
morphic  rocks  of  the  adjacent  land.  Those  strata  are 
not  continuous  sheets,  for  portions  of  the  sea  bottom 
were,  at  times,  uplifted  into  land  and  the  sediments 
that  had  been  deposited  were  subjected  to  erosion, 
while  other  portions  were  still  submerged.  The  sea 
in  which  these  sediments  were  laid  down  was  a  body 
of  water  occupying  the  interior  of  the  American  con- 
tinent and  its  eastern  shore  oscillated  back  and  forth 
across  what  is  known  as  the  Appalachian  province,  in 
the  eastern  part  of  which  the  AUentown  Quadrangle  is 
situated.  Submergence  began  at  least  as  early  as  the 
Cambrian,  probably  as  early  as  the  Algonkian,  and 
continued  to  the  close  of  Carboniferous  Time. 

Several  great  cycles  of  sedimentation  are  recorded 
in  the  rocks  of  this  region.  The  first  sedimentary 
rocks — conglomerates,  sandstones  and  shales — were 
laid  down  early  in  Cambrian  time  along  the  eastern 
border  of  the  interior  sea  as  it  encroached  on  the  sinking 
land.  As  the  land  was  worn  down  and  erosion  became 
less  active,  the  sediments  became  finer  until  in  late 
Cambrian  time  very  little  mechanical  detritus  reached 
the  sea  and  the  deposits  were  mainly  carbonates  of 
lime  and  magnesia.  This  condition  continued  into 
Ordovician  time  with  no  marked  break  in  sedimen- 
tation. During  Silurian  time,  however,  great  beds 
of  quartz  sand  and  pebbles  were  laid  down  over  the 
limestones  of  the  preceding  age.  The  Carboniferous 
began  with  the  formation  of  marine  deposits,  in  large 
part  limestone,  which,  in  the  southern  part  of  the 
province,  are  of  great  thickness. 

The  sedimentary  rocks  of  the  Quadrangle  are  those 
laid  down  in  pre-Cambrian,  Cambrian  and  Ordovician 
time. 

The  pre-Cambrian  formations  of  the  Quadrangle  are 
known  as  the  Shimer  graphite  schist  and  the  Franklin 
limestone  and  are  of  no  importance  in  this  investigation. 

The  Cambrian  formations  are  known  as  the  Hardy- 
ston  quartzite,  the  Leithsville  limestone  and  the  Allen- 
town  limestone. 

Of  the  Ordovician  formations,  the  only  one  of  im- 
portance to  us  is  the  Coplay  limestone. 

'  G.  W.  Stose.  Mercersburg-Chambersburg  Folio.  Geological  Atlas  of 
the  United  States.  No.  170. 
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CAMBRIAN    rORMATIONS 

Conformably  overlying  the  Hardyston  quartzite 
there  is  a  layer  of  limestone  some  two  thousand  feet 
thick,  known  as  the  Leithsville  formation.  There  is 
abundant  evidence  that  this  limestone  was  laid  down 
in  shallow  water;  the  finding  of  ripple  marks  and  sun 
cracks  in  shaly  layers,  the  occurrence  of  shaly  layers 
having  a  wavy  structure  which  probably  indicates  the 
surface  of  beds  eroded  by  wave  action  and  the  presence 
of  sandy  layers  interbedded  with  the  limestone,  all 
lead  to  the  presumption  that  the  water  could  not  have 
had  any  great  depth.  Fossils  seem  to  have  been  en- 
tirely absent  from  this  formation  and  rather  suggest 
a  chemical  origin  for  the  limestones. 

ALLENTOWN  LIMESTONE' — The  upper  half  of  the 
Cambrian  limestone  is  more  dolomitic  than  the  Leiths- 
ville formation  and  consists  of  a  dense  bluish  rock, 
which  is  very  hard  and  brittle  and  does  not  eflfervesce 
with  cold,  dilute  hydrochloric  acid,  but  usually  gives 
a  strong  kaolin  odor  when  breathed  upon.  The  only 
fossil  thus  far  recognized  in  this  formation  is  Crypl- 
ozoon  Proliferum,  which  occurs  in  rounded  heads  vary- 
ing in  diameter  from  i  inch  to  1.5  feet.  One  of  the 
principal  characteristics  of  the  Allentown  is  the  layers 
of  oolite  which  are  commonly  found  in  this  formation 
closely  associated  with  the  fossils.  As  in  the  case  of  the 
Leithsville,  it  is  known,  by  the  conglomeratic  basal 
strata  and  other  evidences,  that  this  limestone  was  laid 
down  in  rather  shallow  water.  Mr.  G.  W.  Stose^ 
suggests  that  these  formations  were  deposited  in 
water  so  shallow  that  the  waves  oscillated  the  growing 
particles  on  the  sea  bottom  and  so  produced  the  con- 
cretions.' However,  the  Leithsville  formation,  which 
shows  ample  evidence  of  having  been  deposited  in 
shallow  water,  differing  only  from  that  in  which  the 
Allentown  was  deposited  by  being  more  muddy,  is 
entirely  lacking  in  oolites. 

ORDOVICIAN    FORMATION 

THE  COPLAY  LIMESTONE — This  formation,  having  a 
thickness  of  2000  ft.,  is  the  lowest  of  the  Ordovician 
formations  found  in  the  Allentown  Quadrangle.  It 
consists  of  dark  blue  dolomitic  limestone  which,  in 
the  hand  specimens,  closely  resembles  the  Allentown 
limestone.  In  the  field  it  is  distinguished  by  the  ab- 
sence of  Cryptozoon  Proliferum  and  by  a  laminated 
appearance  on  the  weathered  surface  of  many  of  the 
beds,  due  to  their  impurities.  Fossil  remains  of  ceph- 
alopods  and  gastropods  are  of  somewhat  common 
occurrence,  but  are  not  very  well  preserved.^  Layers 
high  in  lime  content  sometimes  show  crystal  faces  of 
calcite  scattered  through  the  ground  mass  and  will 
effervesce  with  cold,  dilute  acid.  Near  the  base  of 
the  formation  are  sometimes  found  silicious,  banded 
beds. 

STRUCTURES  IN  THE  QUADRANGLE 

The  greater  part  of  the  quadrangle  is  covered  by 
thick  beds  of  sediments    conformable  with  each  other 

'  B.  I,.  Miller.  Reporl  No.  4,  Topographic  and  Geologic  Survey  of  Pa. 

-  Merccrsburg-Chambersburg  Folio.  Ceol.  Alias  of  the   U.  S. 

'  Mon.  U.  S.  Geol.  Surv.  Vol.  11,  61  (1885).  189. 

*  H.  L.  Miller,  Rept.  No.  4.  Topographic  and  Geologic  Survey  of  Pa. 


and  resting  unconformably  upon  the  pre-Cambrian 
gneiss  which  forms  the  basal  complex  of  this  whole 
region.  These  beds  of  sediment  consist  of  successive 
layers  of  Hardyston  quartzite,  Leithsville  limestone, 
Allentown  limestone  and  Coplay  limestone,  all  con- 
formable with  each  other.  Across  the  quadrangle, 
separating  the  Allentown  limestone  from  the  Coplay 
limestone,  there  exists  a  local  fault  line  which  probably 
originated  when  the  gneiss,  which  forms  the  Camel's 
Hump,  was  thrust  through  the  sediments. 

The  oldest  rocks  in  the  area  are  the  pre-Cambrian 
gneisses  forming  the  ridge  known  as  South  Mountain 
and  presumably  underlying  the  whole  area.  These 
rocks  were  probably  formed  by  a  sediment  which  grew  to 
a  thickness  undetermined  and  in  a  period'not  definitely 
known.  The  beds  were  subsequently  uplifted  and  then 
depressed,  the  depression  became  filled  with  water  and 
during  the  long  period  following,  the  sedimentary 
rocks — the  Hardyston  quartzite,  Leithsville  limestone, 
Allentown  limestone  and  Coplay  limestone — were  laid 
down.  During  this  period  of  lime  deposition  the 
erosion  of  the  surrounding  land  was  probably  very  small, 
or  at  least  little  land  derived  material  was  transported 
to  this  region,  and,  since  wave  marks  and  various  other 
indications  of  shallow  water  occur  in  the  area,  the  sea 
which  existed  here  could  not  have  been  of  any  great 
depth.  However,  the  occurrence  of  thin  shaly  strata 
(see  samples  7  and  12,  Quarry  "E"),  and  scattered 
seams  of  sandstone  interbedded  with  the  limestone 
shows  an  influx  of  land  sediments  at  recurrent  intervals, 
interrupting  the  formation  of  the  limestone. 

During  the  limestone-forming  periods,  instead  of 
transporting  mechanical  detritus,  the  streams  carried 
calcium  and  magnesium  and  other  soluble  salts  dis- 
solved from  the  decomposing  rocks  by  the  combined 
action  of  rain  water  and  carbon  dioxide.  Some  of  the 
calcareous  material  was,  no  doubt,  secreted  from  the 
sea  water  by  molluscs,  corals  and  other  types  of  marine 
organisms.  In  the  larger  part  of  the  deposits,  however, 
few  or  no  fossils  can  be  found,  due  probably  to  the  fact 
that  conditions  were  not  favorable  to  life  in  the  lime- 
depositing  sea,  so  there  is  ground  for  the  belief  that 
most  of  the  limy  sediment  was  a  result  of  direct  pre- 
cipitation from  water  and  was  not  produced  by  secre- 
tion of  organisms.  This  almost  complete  absence  of 
fossils  seems  to  have  been  apparently  due  to  the  large 
amount  of  magnesium  salts  present  in  the  water,  al- 
though dolomitic  rocks  found  in  other  parts  of  the 
region  covered  by  the  Paleozoic  sea  contain  large  num- 
bers of  fossils.' 

The  deposition  of  rock  ended  near  the  close  of  the 
Carboniferous  period,  the  interior  of  the  great  sea  was 
raised  into  land,  the  muds  and  sands  were  compacted 
and  to  a  large  extent  hardened  by  their  own  weight, 
but  the  compression  and  folding  consolidated  them 
into  firm  rocks  and  materially  altered  their  constitution 
and  texture.  Since  that  time  the  Allentown  Quad- 
rangle, with  the  exception  of  the  southeast  corner,  has 
not  been  below  the  sea  and  the  rocks  have  been  sub- 
jected to  erosion  during  the  long  lapse  of  time  since 
then. 

'  G.  W.  Stosc.  ['.  .S.  Geological  Atlas,  No.  170. 
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EXPERIMENTAL    PART 

The  chemical  work  in  connection  with  this  investi- 
gation consists  of  the  analyses  of  some  one  hundred 
samples  of  magnesian  limestones  taken  from  quarries 
so  located  that  the  whole  area  is  well  represented. 
All  the  samples  were  analyzed  for  magnesium  oxide 
from  which  the  equivalent  magnesium  carbonate  was 
calculated,  while  a  few  samples  were  analyzed  for 
silica,  iron  and  alumina  and  lime.  From  a  considera- 
tion of  the  results  of  these  analyses  and  from  deductions 
drawn  from  observations  in  the  field  we  believe  that  the 
Allentown  and  Coplay  limestones  of  this  region  were 
laid  down  as  chemical  precipitates  and  were  not  formed 
by  the  alteration  of  calcium  carbonate,  although  we 
concede  that  probably  the  high  percentages  of  magnesia 
were  caused  in  part  by  the  leaching  away  of  calcium 
carbonate.  We  shall  also  attempt  to  explain  the  pres- 
ence of  silica  in  these  formations  and  also  the  occurrence 
of  quartz  crystals  at  points  where  no  extensive  meta- 
morphosis has  taken  place. 

QUARRY    "a" 

Quarry  "A"  is  situated  in  Northampton  county, 
^/  8  of  a  mile  west  of  Georgetown  Four  Corners  on  the 
Centreville  road  and  is  i^/s  miles  from  the  northern 
boundary  of  the  Quadrangle.  As  can  be  seen  from 
Plate    I,   the  strata   here   are  nearly   vertical   and   vary 


Plate  I— Quarry  "A  • 

in  thickness  from  2  to  S  ft.  Near  the  center  some 
folding  and  faulting  occur  so  that  it  is  difficult  to 
follow  the  strata  to  the  top  of  the  quarry. 
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MgCO] 

SiO- 
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CaO 
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A-l-a 

15.41 

32.20 

South  face 

.\~\-b 

17.  14 

35,84 

5.82 

1.23 

28.  19 

South  face 

A-l-c 

16.81 

35,12 

South  face 

A-2 

18.95 

39 ,  60 

2'   <  ft. 

A-3 

17.09 

35 .  72 

3i,'3ft. 

A-4 

16.78 

35,05 

10.35 

5.25 

47.08 

7',/,,  ft. 

A-5 

18.00 

37,64 

3'/oft. 

A-6 

18.45 

38,54 

3'/jft. 

A- 7 

18.48 

38,74 

6'  -jft. 

.\-8 

17.32 

35 ,  20 

4  ft. 

A -9 

17.56 

36.65 

7.35 

3,85 

29.56 

2V<  ft. 

a-10 

17.72 

37 ,  04 

(,^/z  ft. 

A-11 

18.33 

38,34 

2'   ijft. 

A-12 

17,  12 

35  ,  80 

2  ft. 

A-1,S 

18.68 

39 ,  00 

8Vift. 

A-14 

17.59 

36,67 

2',.  ft. 

A-l.S 

15.29 

3 1  ,  93 

1  ■    6  ft. 

A-16 

18,40 

38,47 

8.92 

2.90 

27.48 

Xorth  face 

Highest 

s  A-13-18 

68  f^ 

39% 

Lowest  i 

s  A-15-15.29':-i 

.\verage  17 

51% 

These  results  show  quite  small  variation,  considering 
the  number  of  strata,  the  greatest  difference  being 
3.39  per  cent;  yet  the  difference  is  large  enough  in  our 
opinion  to  preclude  the  idea  of  replacement.  The 
average    of    the    CaO    seems    to    be    about    28.41    per 


cent.  Sample  A-4  shows  a  very  large  increase  in 
CaO  with  a  drop  of  0.8  per  cent  MgO  from  the  average 
of  the  quarry.  This  large  increase  of  CaO  in  Sample 
A-4  over  the  beds  A-i-b  and  A-9  on  both  sides  of  it  is 
significant  and  will  be  noted  later. 

QUARRY    "b" 

Quarry  "B"  is  located  in  Northampton  county,  '/s 
mile  north  of  Broadheads  on  the  Nazareth  turnpike, 
4^/8  miles  from  the  northern  boundary  and  4'/2  miles 
from  the  eastern  boundary  of  the  Quadrangle.  This 
quarry  faces  the  west,  is  700  feet  long  and  about  30 
feet    high,    with   bedding    and    cleavage    planes  nearly 


Plate  II — Qi  ,^l<K^      i. 

indistinguishable,  as  may  be  seen  in  Plate  II.  Samples 
were  taken  every  35  feet  at  various  heights  from  the 
base. 


,ample 

MgO 

MgCO, 

SiOz 

RiOj 

13-    1 

19.13 

39.98 

2,36 

I  ,97 

B-   2 

20,49 

42 .  83 

B-  3 

18,68 

39,04 

B-   4 

19,94 

41  ,68 

7.70 

3 

85 

B-  5 

20.16 

42,14 

B-  6 

19,43 

40,61 

B-   7 

19,98 

41.76 

B-  8 

20,25 

42.32 

B-  9 

29,35 

42.53 

B-10 

20.54 

42.93 

B-U 

20,47 

42.78 

1  ,74 

1  ,  17 

B-12 

19,75 

41,28 

B-13 

19,88 

41  ,55 

B-14 

19,29 

40,32 

B-15 

20,37 

42,57 

2.45 

0 

93 

B-16 

20,34 

42.51 

B    17 

19.85 

41.49 

B-18 

18,79 

39.27 

B-19 

20.  16 

42.14 

B-20 

19,00 

39.71 

Highes 

B-10— 20 

54% 

Lowest  : 

3-3 

CaO 
28.89 


Height  fron 

base 

3  ft. 
10  ft. 
20  ft. 
15  ft. 
13  ft. 

3  ft. 
25  ft. 

5  ft.' 
10  ft. 

8  ft. 
15  ft. 
ID  ft. 
25  ft. 

7  ft. 

7  ft. 

7  ft. 

7  ft. 


The  greatest  difference  is  1.86  per  cent  MgO  and  the 
average  is  19.84  per  cent  MgO. 

The  results  here,  as  might  be  expected  from  the 
structure,  show  less  variation  than  in  Quarry  "A," 
while  the  average  is  2.3  per  cent  higher.  The  greatest 
difference  is  only  1.86  per  cent  MgO,  this  quarry  being 
the  most  regular  in  the  distribution  of  the  magnesia 
of  any  that  we  have  analyzed.  The  lime  content  is 
alsQ  quite  regular,  the  greatest  variation  of  any  of  the 
constituents  being  in  the  percentages  of  silica. 

QUARRY    "c" 

Quarry  "C"  is  located  in  Lehigh  County,  about  one 
hundred  yards  north  of  the  Coplay  station  of  the 
Lehigh  Valley  railroad:  3V8  miles  from  the  western 
boundary  of  the  Quadrangle  and  6'/4  miles  from  the 
northern  boundary.  As  can  be  seen  from  Plate  III, 
the  beds  here  are  of  varying  thickness,  are  vertical, 
or  nearly  so,  and  some  of  them  are  intricately  folded. 
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This  latter  is  quite  characteristic  of 
stone. 

Sample  MgO  MgCOj  SiOi           RiOj 

C-  0  13.29  27.72           

C-  1  17.54  36.66          

C-  2  15.10  31.56      

C-  3  00.97  2.03          

C-  4  00.76  1.40          

C-  5  16.72  34.95          

C-  6            8.46  17.68  15.57          5.36 

C-  7  15:57  32.54           

C-  8  15.46  32.31           

C-  9  00.87  1.82           

C-10  13.76  28.76  12.38          6.30 

C-11  No  sample 

C-12  16.98  35.49           

C-13  16.47  34.42           

C-14  No  sample 

C-15  15.66  32.73           . 

C-16  17.33  36.22  6.22          3.96 

C-I7  16    19  33.84           

C~18  14.41  30.12           

C-19             1.52  3.18           

C-20  12.58  26.29           

C-21  16.77  35.05  6.44         4.60 

C-22  14  29  29.87           

C-23  16.64  34.78  6.01           5.13 


the    Coplay    lime- 


Thickness  of 

CaO  beds 

'.'.'.'.'.  'ivVf't. 

21A  ft. 

42 .  64  8  ft. 

54.58  15  ft. 
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53.47  8V«ft. 
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2V)  ft. 

lVi2ft. 

IV.  ft. 

29.22  2Vijft. 

1  v.  ft. 

2  ft. 

52.48  4  ft. 

4Va  ft. 

28.64  PA  ft. 

IVsft. 


29.73 


<  ft. 


The  highest  is  C-i — 17.54  per  cent  MgO  and  the  lowest 
is  C-20 — 12.58  per  cent  MgO.  This  is  with  samples 
3,  4,  6,  9,  and  19  excluded.  The  average  is  about 
15.58  per  cent  of  MgO. 

The  very  low  per  cent  of  MgO  in  Samples  3,  4,  6,  9 
and  19  can  be  accounted  for  by  an  inspection  of  the 


Plate  HI— Quarry  "C" 

hand  samples,  each  of  which  shows  crystals  of  calcite 
scattered  throughout  the  ground  mass.  All  these 
samples  effervesce  greatly  with  cold  dilute  hydrochloric 
acid  and  the  analysis  shows  them  to  be  nearly  pure 
limestone.  In  connection  with  the  high  lime,  the 
high  silica  and  low  magnesia  in  Samples  6  and  10  are 
to  be  noted. 

QUARRY    "d" 

Quarry  "D"  is  located  in  Lehigh  County  about     V2 
mile  north  of  Friedensville,  4^/4  miles  from  the  southern 


Sample        MgO 


19. 


D-  7 
D-  8 
D-  9 
D-10 
D-11 
D-12 
D-13 
D-14 
D-15 
D-16 
D-17 


18.33 
19.56 
19.00 
16.80 
16.62 
16.54 
12.95 
15,59 


17.97 

17.69 

18.63 

16.39 

19.09 
Highest  D-4 — 19.79%  MgO 
Lowest  D-1 1  —  12.95%  MgO 


MgCOs 
37 .  88 
40.98 
40.15 
41.38 
38.34 
40.90 
39.73 
35.  13 
34.75 
34.59 
27.08 
32,60 
37.58 
36.90 
38.93 
34.27 
39.92 


6V3  ft. 

6.40 

1.39 

18.23 
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3.89 

1.40 

28.33 
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8.91 
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27.44 
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28.10 

1  ft. 
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3.48 
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ll'Aift. 
4  ft, 

Greatest  difference  6 

84%  MeO 

Average 

7.87%  MgO 

mine  and  in  Plate  IV  it  can  be  seen  that  the  beds  are 
nearly  vertical  while  the  hand  specimens  show  con^ 
siderable  weathering. 

This  quarry  shows  the  greatest  diflference  in  mag- 
nesia of  any  of  the  quarries,  yet  the  average  is  within 
about  0.3  per  cent  of  that  of  Quarry  "A,"  located  near 
the  northern  boundary  of  the  Quadrangle.  These 
beds  are  characterized  by  rather  low  lime  content  and 
high  silica.  In  particular,  Samples  ii  and  12  show,  for 
reduced  magnesia,  an  increase  in  silica  rather  than  in 
lime,  as  might  be  expected. 

QUARRY    "e" 

Quarry  "E"  is  located   in    Xorthampton  County,  '/, 


Plate  IV— Qua 


mile  west  of  Quarry  "B,"  being  a  cut  of  the  Lehigh  and 
New  England  railroad.  As  may  be  seen  in  Plate  V, 
the  beds  are  sharply  inclined  to  the  north. 


8.08 


boundary  and   sVs  miles  from  the  western  boundary 
of  the  Quadrangle.     This  location  is  an  abandoned  zinc 


MgCOj         SiOi  R2OJ  CaO 

35.47  12.03  4.06  29.03 
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35 .  24 

3 1  .  02 

30,85 

Highest  E-15— 18.36%  MgO 

Lowest  E-8 — 12,65%  MgO,  excluding  Samples  3.  7.  12.  13 
Greatest  difference  5.71%  MgO 
Average  15.10%  MgO 

Samples  3,  7,  12  and  13  are  excessively  low  in  mag- 
nesia.    Inspection  of  the  hand  specimens  shows  that 
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3  and  1 7  contain  crystals  of  calcite  throughout  the 
ground  mass,  while  7  and  12  are  clay  shales  and  give 
off  an  earthy  odor  when  breathed  upon. 

The  difference  in  content  of  lime  is  also  to  be  noted, 
ranging  from  16.62  per  cent  in  E-3  to  33.63  per  cent 
in  E-16,  a  difference  of  17  per  cent.  There  is  also  con- 
siderable variation  in  the  silica. 

CONSIDERATION    OF    RESULTS 

The  comparatively  small  variation  in  the  averages 
of  the  contents  of  magnesia  in  these  several  quarries, 
located  so  close  together  and  the  sharp  differences  in 
the  amounts  of  magnesia  and  lime  occurring  in  the 
various  strata  in  the  same  quarry,  lead  us  to  the  belief 
that  the  rocks  of  this  section  were  laid  down  by  chem- 
ical precipitation  rather  than  by  alteration  of  the  lime- 
stone; a  fact  which  tends  to  support  this  theory  is  the 
thinness  of  the  strata  in  the  various  quarries.  This, 
together  with  the  occurrence  of  clayey  layers  as  in 
"Quarry  E"  and  the  fact  that  we  find  ripple  marks 
and  other  evidences  of  shallow  water  commonly  occur- 
ring in  this  formation  shows  that  the  Paleozoic  sea 
was    very   shallow    and    probably   receded   frequently. 


Hence  this  area  could  not  have  been  far  removed  from 
land,  from  whence  it  would  receive,  by  drainage,  waters 
containing  not  only  carbonate  of  lime  in  solution,  but 
also  carbonate  of  magnesia.  Provided  the  two  car- 
bonates were  in  solution  at  the  same  time,  the  shallow- 
ness of  the  sea  would  facilitate  their  precipitation 
because  the  evaporation  taking  place  at  the  surface 
would  throw  the  salts  out  of  solution  while  at  the  same 
time  this  same  shallowness  would  prevent  them  from 
going  back  into  solution  as  they  settled  to  the  bottom. 
The  theory  that  the  rocks  in  this  section  were  orig- 
inally of  marine  origin,  that  is,  that  they  were  more  or 
less  pure  calcium  carbonate,  which  was  afterward 
removed  from  solution  and  was  replaced  by  carbonate 
of  magnesia,  would,  in  the  first  place,  presuppose  a 
sea  of  enormous  extent  and  great  depth:  a  sea  large 
enough  in  extent  so  that  the  waters  flowing  from  the 
surrounding  igneous  rocks  could  not  carry  any  appre- 
ciable amount  of  magnesia  to  this  area.  During  this 
time,  then,  limestone  would  be  deposited,  not  in  thin 
strata,  but  in  thick  ones,  which,  as  can  be  seen  from  an 
inspection  of  the  region,  do  not  occur. 


In  order  to  replace  the  carbonate  of  lime  with  car- 
bonate of  magnesia,  there  would  be  required  a  body  of 
water  containing  a  comparatively  large  content  of 
soluble  magnesium  salts.  In  consideration  of  the 
fact  that  in  water  free  from  carbonic  acid,  magnesium 
carbonate  is  about  sixty  times  as  soluble  as  calcium 
carbonate  and  that  in  water  saturated  with  carbon 
dioxide  the  magnesium  salt  is  about  twenty-seven  times 
as  soluble  as  the  corresponding  calcium  salt,  we  can 
not  comprehend  how  percolating  waters,  or  the  lower 
layers  of  sea  water,  can  enrich  the  rock  with  magnesia 
by  extracting  the  lime.  And  even  if  this  were  possible, 
due  to  some  selective  action  of  the  solution  which  in 
turn  might  depend  upon  its  content  of  other  soluble 
salts,  we  do  not  believe  that  a  compact  rock  would  re- 
sult. This  conclusion  has  also  been  reached  by  E. 
Blackwelder.' 

In  case  such  replacement  could  take  place  it  is  reason- 
able to  assume  that  such  replacement  would  be  quite 
uniform  within  narrow  limits;  but  in  our  investigation 
we  find  just  the  opposite  the  case.  For  instance,  in 
Quarry  "C,"  Sample  2  carries  15.10  per  cent;  Sample 
3,  00.98  per  cent;  Sample  4.  00.67  per  cent;  and  Sample 
5,  16.72  per  cent  of  magnesia.  In  each  of  these  cases 
the  content  of  calcium  carbonate  fluctuates  accordingly, 
being  very  high  where  the  magnesia  is  low.  Other 
instances  can  be  seen  in  Quarries  "A"  and  "E."  From 
such  evidence  we  do  not  believe  that  the  high  mag- 
nesia is  a  result  of  secondary  action  but  that  it  was 
originally  laid  down  in  this  condition. 

It  may  be  and  probably  is  true  that  some  of  the 
limestone  in  this  region  has  been  enriched  in  magnesia 
by  the  solution  of  portions  of  the  lime  by  percolating 
waters  saturated  with  carbon  dioxide;  still  why  these 
waters  should  shun  the  strata  represented  by  Samples 
E-3  and  E-4,  leaving  a  high  content  of  magnesia,  we 
can  not  understand,  when  the  strata  on  both  sides  are 
lower  in  calcium  carbonate  and  higher  in  magnesium 
carbonate.  If  any  enrichment  has  taken  place,  it 
must  have  been  locally  and  did  not  affect  the  region 
as  a  whole. 

The  scarcity  of  fossils  in  these  rocks  is  also  significant. 
Both  the  Allentown  and  the  Coplay  limestones  are 
rather  deficient  in  organic  forms  of  life  and  those  that 
are  found  are  not  very  well  preserved.  In  a  way  this 
proves  our  contention  that  the  rocks  are  chemical  pre- 
cipitates, for  it  shows  that  the  original  material  of  the 
rocks  has  not  been  withdrawn  from  the  sea  water  by 
organic  forms  of  life.  While  it  may  be  possible  that 
the  life  which  existed  has  been  obliterated,  yet  it  is 
a  well  known  fact  to  biologists  that  increasing  per- 
centages of  magnesium  salts  cause  stupefaction  of 
such  organic  forms  as  sea  anemones  and  the  like  and 
it  may  well  be  that  waters  of  high  magnesia  content 
are  not  conducive  to  the  growth  of  lime-secreting  forms 
of  life.2 

Another   evidence   of   chemical    precipitation   is   the 

'  "Origin  of  the  Big  Horn  Dolomite  of  Wyoming,"  Bull.  Ceol.  Soc.  0/ 
Am..  Dec.  1913. 

'  TuUberg,  Arch.  Zodlog.  Exper.  el  Gen..  10  (1892).  11;  Redenbaugh. 
Amer.  NaluralisI,  J9  (1895).  399;  Journ.  Royal  Micro.  Soc,  1896,  p.  385; 
Gerould.  Bull.  Mus.  Comp.  Zodlogy.  Harvard.  29  (1896).  123. 
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occurrence  of  oolitic  layers  interbedded  with  the  Allen- 
town  limestqne  and  closely  associated  with  the  only 
fossil  recognized  in  this  formation,  namely  the  Crypt- 
ozoon  Prolijerum.  It  is  conceded  by  various  authorities 
that  these  formations  are  caused  by  chemical  precipi- 
tation' and  in  addition  they  are  evidences  of  the  shallow- 
ness of  the  sea  during  their  formation.  A  shallow  sea 
seems  to  be  necessary  to  the  formation  of  limestone, 
for  the  ocean  depths  are  covered  with  red  clay. 

Lastly,  even  at  the  present  time  we  have  waters 
which  contain  comparatively  large  quantities  of  mag- 
nesia as  compared  with  the  lime.  For  instance, 
Thresh^  gives  analyses  of  waters  which  are  derived 
from  argillaceous  beds  of  the  early  Eocene  period  and 
which  underlie  clays  in  which  the  content  of  carbonate 
of  lime  ranges  from  1.75  to  39.00  parts  per  100,000, 
while  the  magnesium  carbonate  ranges  from  0.35  to 
11.75  parts  per  100,000.  These  figures  are  in  ratios 
which  compare  favorably  with  the  ratios  found  in  the 
rocks  under  investigation. 

In  concluding,  then,  that  these  formations  were 
caused  by  the  precipitation  of  carbonates  of  magnesia 
and  lime  at  the  same  time,  we  must  consider  the  pres- 
ence of  the  silica.  If  our  hypothesis  is  correct  that  no 
replacement  of  calcium  carbonate  by  magnesium  car- 
bonate subsequent  to  formation  has  taken  place;  also 
that  no  enrichment  of  the  magnesia  by  the  leaching 
away  of  the  lime  has  taken  place — at  least  to  no  ap- 
preciable extent  and  only  locally — it  must  be  that  the 
silica  content  of  the  rock  was  deposited  at  the  same 
time  as  the  other  constituents. 

From  the  analyses  it  will  be  seen  that  the  silica  con- 
tent varies  with  the  amounts  of  magnesia  and  lime 
present.  In  most  cases  we  find  that  low  percentages 
of  magnesia  are  accompanied  by  higher  percentages 
of  silica  and  these  are  increased,  in  some  cases,  by  the 
low  content  of  lime  as  in  Sample  E-ii-6,  where  the 
magnesia  is  lower  than  the  average,  the  silica  is  very 
high  and  the  lime  is  much  lower  than  the  average  of 
the  lime.  If  these  substances  were  in  solution  origi- 
nally, some  such  ratios  might  readily  be  expected  from 
the  differences  in  their  solubilities.  An  inspection  of 
the  hand  specimens  shows  that  no  silica  can  be  detected 
and  it  is  probable  that  the  silica  is  distributed  quite 
evenly  through  the  rock.  This,  together  with  the 
variation,  tends  to  support  the  theory  of  precipitation. 
That  silica  has,  in  the  past,  been  carried  in  the  waters 
of  this  region  is  evidenced  by  the  finding  of  quartz 
crystals  north  of  Camel's  Hump  or  about  in  the  center 
of  the  Quadrangle.  The  formation  of  quartz  crystals 
from  solution  has  been  noted  in  many  cases.'  Silica 
is  more  or  less  soluble  in  water, ^  the  amorphous  forms 
more  readily  than  the  crystallized  forms,  and  the  solu- 
bility is  appreciably  increased  by  the  presence  in  the 
water  of  dissolved  carbon  dioxide  and  particularly  by 
the    presence    of    dissolved    carbonates    of    the    alkali 

'  F.  W.  Clarke.  "Data  of  Geochemistry,"  pp.  146.  .S25. 

'  "Examination  of  Water  and  Water  Supplies." 

»  Spezia,  G.,  Jour.  Chem.  Soc.  76  (1899),  Pt.  2,  300;  Clarke.  F.  VV.. 
"Data  of  Geochemistry."  p,  344,  Levallois,  F.,  Ceramique,  15,  13.S. 

«  Rogers,  W.  B.  and  R.  E..  Amcr.  J.  Sri.,  |2]  B,  1848;  Hcadon.  W.  P.. 
Ibid..  (4]  16,  1903;  Hilgarde.  E.  W,.  Ibid..  [4]  2,  1896;  Comey,  A.  M., 
"Dictionary  of  Chemical  Solubilities;"  Clarke,  F.  W.,  "Data  of  Geochem- 
istry," pp.  457-8. 


metals  and  those  of  the  alkaline  earths.  Dienert' 
asserts  that  there  is  a  definite  relationship  between  the 
alkalinity  of  water  and  the  dissolved  silica  which  can 
be  expressed  by  the  formula  x  —  y  =  Ky. 

The  formation  of  quartz  crystals  from  a  water  solu- 
tion presupposes  the  united  action  of  heat  and  pressure, 
both  of  which  can  be  readily  assumed  to  have  been 
present.  The  pressure  was  due  to  the  weight  of  the 
overlying  material,  of  which  it  is  safe  to  say  there  has 
been  removed  by  solution  15,000  to  20,000  ft.  from 
this  region.  The  heat  was  due  partially  to  pressure, 
but  more  particularly,  we  believe,  to  friction  caused 
by  the  upheaval  and  bending  of  the  strata.  In  several 
places,  notably  at  Coplay,  this  bending  of  the  strata 
has  been  so  great  that  contractions  of  as  much  as 
from  5  ft.  to  I  ft.  have  taken  place.  In  such  cases 
enormous  amounts  of  heat  must  have  been  generated, 
enough  in  several  instances  to  have  caused  the  rock  to 
have  become  partially  plastic,  since  in  the  folds  at 
Coplay  no  fissuring  has  taken  place  even  in  the  case  of 
strata,  which  have  been  almost  bent  back  upon  them- 
selves. The  heat  which  would  cause  the  smooth  bend- 
ing of  the  rock  would,  in  our  opinion,  be  much  more 
than  necessary  to  produce  quartz  crystals  from  a 
water  solution,  since,  according  to  Maschke,-  the 
amount  of  heat  necessary  is  equivalent  to  something 
over  180°  C,  and  according  to  K.  Chrustschoff'  240° 
to  300°  C,  and  according  to  Ramsay  and  Hunter^ 
about  200°  C. 

As  a -matter  of  interest  we  have  calculated  the  amount 
of  heat  that  would  be  generated  by  a  column  of  mag- 
nesian  limestone,  15,000  ft.  in  height  and  i  sq.  ft.  in 
cross  section,  slipping  a  distance  of  one  foot  in  a  minute. 
We  have  taken  the  coefficient  of  friction  to  be  0.65 
and  the  specific  heat  of  magnesian  limestone  to  be 
0.217.  The  amount  of  heat  liberated,  then,  is  enough 
to  raise  the  temperature  of  217  pounds  of  rock  1°  C, 
which,  added  to  the  rise  in  temperature  due  to  pressure 
alone,  would  give  heat  enough  to  satisfy  the  require- 
ments for  crystallization.  Also  since  the  specific  heat 
of  limestone  is  high,  it  is  safe  to  assume  that  most  of 
the  heat  would  be  confined  close  to  the  region  at  the 
point  of  slippage.  The  limestone  in  the  neighborhood 
of  the  Camel's  Hump  and  generally  throughout  the 
region  shows  more  or  less  metamorphism  but  at  no 
point  is  this  enough  to  indicate  the  formation  of  quartz 
from  a  state  of  fusion. 

From  the  facts  and  assumption  above  outlined  we 
believe  it  is  safe  to  conclude  that  the  silica  found  in  the 
region  was  originally  in  a  solution  and  was  deposited 
when  the  other  materials  were  laid-  down  and  was 
not  deposited  as  a  result  of  subsequent  seepage  of 
waters. 

In  conclusion,  we  believe  that  the  following  facts 
support  the  theory  of  chemical  precipitation: 

I — The   magnesia  content   does  not   vary   greatly 
over  the  region. 

'  Compl.  rend..  166.  797. 
'-  Pose.  .Ann  .  145,  549;  146,  90. 

'  .-Xmer.  Chrfnisl.  3  (1873),  281;  Comft.  rend..  104  (1887).  602;  .Veufj 
Jalirb.lS^l.  Pt    1.  240. 

•  Kept.  British  .Assoc.  Ade.  Set..  188S,  p.  239. 
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II — The  strata  are  separated  at  several  points  by  was  laid  down  when  the  rest  of  the  constituents  were 

beds  of  nearly  pure  limestone.  precipitated. 

Ill — Few    fossils    are    found    in    the    rocks    of    the  VI — We  find  waters  containing  carbonates  of  mag- 
region,  nesia  and  lime  in  about  the  same  proportion  that  we 

IV — The  occurrence  of  oolitic  layers  in  the  Allen-  find  them  in  the  rocks  of  this  region, 
town  limestone.  ^^^^^^  un.vers.tv 

V — The  silica  seems  to  have  been  in  solution  and  south  Bethlehem,  Pa, 
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DETERMINATION  OF  CARBON  IN  STEEL  BY  THE 
DIRECT  COMBUSTION  METHOD 

By  Wm.   Brady 
Received  July  27,  1914 

This  method  consists  of  the  direct  combustion  of 
the  metal  in  oxygen.  The  carbon  dioxide  obtained 
is  absorbed  in  a  known  excess  volume  of  barium  hy- 
droxide solution,  the  precipitated  barium  carbonate 
and  the  excess  barium  hydroxide  are  rinsed  into  a 
flask,  and  the  latter  is  titrated  with  standard  hydro- 
chloric acid  using  phenolphthalein  as  an  indicator. 
This  titration  subtracted  from  a  blank  titration  of  the 
standard  acid  against  the  same  volume  of  barium 
hydroxide  used,  gives  a  measure  of  the  carbon  con- 
verted to  carbonate. 

APPARATUS 

PURIFYING  TRAIN — The  Only  purifying  train  required 
before  the  furnace  is  a  wash  bottle  containing  a  solu- 
tion of  KOH  of  about  1.27  sp.  gr.,  and  an  8-inch  tower 
containing  soda  lime.  The  KOH  solution,  besides 
absorbing    any    CO2    which    might    be    present    in    the 


in  the  forward  part  of  the  combustion  tube.  In_order 
to  keep  the  forward  stopper  cool,  however,  a  small 
cylindrical  platinum  basket  filled  with  asbestos  is  con- 
nected to  the  rubber  stopper  at  the  entrance  of  the  tube, 
by  means  of  a  copper  wire.  Removal  of  the  stopper 
to  insert  a  boat  removes  this  basket  at  the  same  time. 
The  other  end  of  the  combustion  tube  is  kept  cool  by 
being  filled  from  the  catalyzer  to  the  extreme  end  with 
broken  pieces  of  quartz  tubing.  This  packing  further- 
more reduces  the  necessary  time  of  aspiration. 

COMBUSTION  APPARATUS — Both  gas  and  electrically 
heated  furnaces  are  used.  In  either  case  the  tem- 
perature is  maintained  at  about  960°  to  1000°  C. 
There  are  occasions  when  more  heat  is  required,  for 
example,  with  very  low-carbon  steel  when  the  drillings 
are  not  as  fine  as  they  should  be.  In  such  cases  tem- 
peratures up  to  1100°  C.  may  be  used.  A  '/4-inch 
quartz  tube  24  inches  long  is  used. 

BOATS — Nickel  or  platinum  boats  are  used.  Care 
must  be  exercised  when  using  platinum  to  carefully 
protect    the    boat    with    the    alundum.      Nickel    boats 


oxygen,  also  furnishes  means  of  judging  the  rate  of 
flow  of  this  gas.  No  precautions  are  necessary  to 
prevent  access  of  water  vapor,  but  a  bubble  tube  con- 
taining granulated  zinc  of  about  20  mesh  is  inserted 
between-  the  furnace  and  the  absorption  apparatus 
to  absorb  any  SO3  formed  from  the  oxidation  of  sulfur 
in  the  steel. 

MATERIAL      FOR       LINING       BOATS Alundum,      "R      R 

Alundum,  60  mesh,  alkali-free,  specially  prepared  for 
carbon  determination"  is  used. 

CATALYZERS — Platinized  asbestos  mixed  with  broken 
pieces  of  quartz  tubing  is  used  as  a  catalyzer  in  the 
hot  part  of  the  combustion  tube  just  following  the 
position  occupied  by  the  boat.      No  catalyzer  is  used 


must  be  thoroughly  burned  in  a  stream  of  oxygen  until 
they  give  no  blank  before  being  used. 

ABSORPTION  TUBE — A  combination  of  an  Erlenmeyer 
flask  of  500  cc.  capacity,  taking  a  No.  6  stopper,  a 
row  of  nine  small  bulbs  with  a  stem  bent  at  an  angle 
parallel  to  the  side  of  the  Erlenmeyer  flask,  a  small 
glass  entrance  tube  and  a  No.  6  two-hole  rubber  stopper 
is  used  to  absorb  the  COj  formed  by  the  combustion. 
A  heavy  wall  rubber  tube  connects  the  exit  end  of  the 
zinc  bubble  tube  with  the  small  glass  entrance  tube 
which  is  inserted  through  one  of  the  holes  in  the  No.  6 
stopper.  The  stem  of  the  row  of  small  bulbs,  or  bulb 
tube,  is  inserted  through  the  other  hole  of  the  stopper. 
The  charge  of  80  cc.  of  Ba(OH);  solution  is  placed  in 
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the  flask,  and  the  No.  6  stopper,  holding  the  two  tubes, 
is  inserted  in  the  neck  of  the  flask.  By  inclining  the 
flask  on  its  side  so  that  the  bent  stem  reaches  the  bot- 
tom edge  of  the  same,  the  Erlenmeyer  acts  as  the  large 
bulb  of  a  Meyer  tube,  and  the  gases  entering  through 
the  small  entrance  tube  force  the  barium  hydroxide 
up  into  the  nine  small  bulbs.  At  the  end  of  the  de- 
termination the  flask  is  set  on  its  bottom  so  that  the 
bulb  tube  is  in  a  vertical  position,  the  stopper  is  loosened 
and  a  stream  of  water  is  forced  into  the  upper,  or  exit 
end,  of  the  bulb  tube.  This  rinses  the  precipitated 
BaCOa  and  the  excess  Ba(0H)2  into  the  flask.  The 
stem  of  the  bulb  tube  is  then  rinsed  off,  and  the  flask 
withdrawn.  Another  flask  containing  a  fresh  charge 
of  Ba(0H)2  is  attached  in  its  place,  the  boat  containing 
the  burnt  steel  is  replaced  with  another  containing  a 
new  sample,  and  the  next  determination  is  thus  started 
with  no  loss  of  time  for  adjustment  of  the  oxygen. 
An  experienced  operator  can  thus  keep  a  number  of 
furnaces  under  continuous  operation  without  touching 
the  oxygen  valves. 

REAGENTS 

OXYGEN — Linde  oxygen,  in  cylinders  containing 
loo  cu.  ft.  of  gas  at  approximately  i8oo  lbs.  pressure, 
is  used.  A  reducing  valve  reduces  the  pressure  to 
about  15  lbs.,  and  supplies  all  the  furnaces  shown  in 
the  photograph. 

STANDARD   HYDROCHLORIC   ACID 8. 1  25    CC.    of    HCl   of 

1.20  sp.  gr.  diluted  to  looo  cc.  standardized  by  means 
of  a  standard  steel  of  known  carbon  content. 

BARIUM  HYDROXIDE  SOLUTION — 15  grams  of  Ba(0H)2 
crystals  per  looo  cc.  distilled  water.     The  precipitate 


continuous  determination  of  carbon  in  regular  heats, 
billets  and  extra  or  special  samples.  With  medium- 
or  high-carbon  steel  the  sample  is  sieved,  and  that 
which  passes  a  lo-mesh  and  remains  on  a  40- mesh 
sieve  is  taken  for  combustion.  With  low-carbon  steel 
it  is  preferable  to  use  a  20-mesh  sieve  in  place  of  the 
lo-mesh.  By  alterations  in  the  method  of  placing  the 
sample  in  the  boat,  rate  of  supply  of  oxygen,  and 
temperature  of  the  furnace,  an  experienced  operator 
can  burn  drillings  much  larger  than  those  above 
specified. 

METHOD 

Place  2  grams  of  fine  drillings  in  a  V-shaped  de- 
pression made  in  a  refractory  lining  of  a  suitable  com- 
bustion boat.  By  means  of  an  overflow  pipette,  place 
exactly  80  cc.  of  Ba(0H)2  solution  in  a  500  cc.  Erlen- 
meyer flask.  Connect  this  flask  to  the  special  ab- 
sorption tube  at  the  exit  end  of  the  combustion  train. 
Then  insert  the  boat  containing  the  sample  in  the 
combustion  tube,  which  is  maintained  at  960°  to  1000° 
C,  by  means  of  a  suitable  furnace.  Replace  the  stop- 
per at  the  entrance  end  of  the  combustion  tube,  and, 
by  means  of  a  needle  valve,  turn  on  the  current  of 
oxygen.  Regulate  the  supply  of  oxygen  so  that  there 
is  a  continuous  bubbling  in  the  wash  bottle  with  such 
rapidity  that  the  individual  bubbles  can  just  be  counted 
for  a  short  time.  Continue  the  flow  at  this  rate  for 
25  minutes.  No  adjustments  are  necessary.  At  the 
end  of  this  time  loosen  the  stopper  in  the  Erlenmeyer 
flask,  and,  without  withdrawing  the  stem  of  the  ab- 
sorption tube,  rinse  out  the  latter  thoroughly.  Finally 
rinse    off    the    stem    of  the  absorption  tube,  and  with- 
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Barium  Hydroxide  Tube  for  Carbon  Combustions 


of  BaCOa  is  allowed  to  settle  and  the  clear  solution 
decanted.  In  use  the  solution  is  kept  in  a  large  bottle 
on  an  overhead  shelf  and  siphoned  over  as  required 
into  an  80  cc.  overflow  pipette.  Both  the  bottle  and 
pipette  are  protected  from  CO2  by  a  soda  lime  tube. 

PHENOLPHTHALEIN — 2  g.  dissolved  in  I  liter  of 
ethyl  alcohol. 

FACTORS    INFLUENCING    DIRECT    COMBUSTIONS 

The  size  of  the  drillings,  the  rate  of  flow  of  the 
oxygen  and  the  temperature  of  the  furnace  are  the 
three  important  factors  in  direct  combustions.  The 
rapid  method,  wherein  samples  are  burned  at  such 
high  temperatures  that  fusion  takes  place,  is  sometimes 
used  where  speed  is  required.  The  method  used  in 
routine  work,  however,  is  a  slower  method  but  one 
which  experience  has  shown  to  be  best  suited  to  the 
continuous  operation  of  a  battery  of  combustion 
furnaces.     The    method    here    given    is    used   for   the 


draw  the  flask.  Add  several  drops  of  phenolphthal- 
ein,  and  titrate  with  standard  HCl  to  the  disappear- 
ance of  the  pink  color. 

A  blank  determination  is  carried  out  exactly  as 
described  above,  using  the  same  volume  of  Ba(0H)2 
solution,  but  with  no  steel  in  the  furnace.  The  differ- 
ence between  the  amount  of  standard  acid  equivalent 
to  the  Ba(0H)2  used,  as  determined  by  this  blank 
titration,  and  the  amount  used  in  the  actual  titration, 
multiplied  by  the  carbon  value  of  the  acid,  corresponds 
to  per  cent  carbon. 

NOTES 

A  Standard  should  be  run  every  time  the  acid  reser- 
voir supplying  the  burette  is  refilled,  or  at  least  daily 
in  each  furnace.  Blanks  should  be  run  each  time  the 
bottle  of  distilled  water  or  barium  hydroxide  is  refilled. 

Under  continuous  operating  conditions,  SOs  formed 
by  oxidation  of  sulfur  in  the  steel,  combines  with  water 
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vapor  to  form  sulfuric  acid  which  condenses  in  the 
packing  in  the  exit  end  of  the  combustion  tube.  The 
zinc  tube  prevents  any  sulfuric  acid  thus  formed  from 
entering  the  absorption  tube,  but  the  bulk  of  it  con- 
denses in  the  cold  end  of  the  combustion  tube.  It  is 
important  to  burn  out  this  accumulation  after  making 
about  50  combustions,  in  the  following  manner:  Dis- 
connect the  stopper  from  the  exit  end  of  the  tube  and 
pull  the  latter  forward  so  that  the  exit  end  is  heated 
to  the  temperature  of  the  furnace.  Keep  a  slow  stream 
of  oxygen  passing  through  the  tube  until  the  fumes  of 
sulfuric  anhydride  are  no  longer  visible.  This  takes 
but  a  few  minutes  each  day,  and  ensures  better  results. 

When  the  supply  of  oxygen  is  correctly  adjusted 
about  nine  minutes  should  elapse  between  the  time 
the  boat  is  inserted  and  the  first  appearance  of  turbidity 
in  the  absorption  flask. 

The  titration  with  standard  hydrochloric  acid  should 
be   accompanied  by  thorough   agitation   of  the   flask. 
The  last  5  or  10  cc.  should  be  run  in  rather  slowly. 
Chemical  Laboratory 
IiUNOis  Stbel  Company 
South  Chicago,  Ir,L. 


AN  APPARATUS  FOR  THE  ANALYSIS  OF  COMPLEX  GAS 

MIXTURES' 

By  Guy  B.  Taylor 

Received  July  7,  1914 

In  making  a  study  of  the  gases  evolved  from  coal 
at  various  temperatures,  it  has  been  found  necessary 
to  make  analyses  of  gases  of  very  complex  composi- 
tion. The  usual  forms  of  apparatus  described  in 
the  gas  manuals  are  accurate  enough  for  mixtures 
containing  only  a  few  simple  constituents,  or  for  tech- 
nical work  where  great  accuracy  is  not  required. 
Most  of  these  methods  require  separate  portions  for 
the  estimation  of  hydrogen  and  saturated  paraffin 
hydrocarbons,  since  one  complete  combustion  per- 
mits of  the  calculation  to  hydrogen  and  one  hydrocar- 
bon only.  Even  commercial  coal  gas  contains  appre- 
ciable quantities  of  homologs  higher  than  CH4,  and 
calculation  of  the  combustion -data  to  hydrogen  and 
methane  only  is  open  to  question. 

Bone  and  Wheeler^  have  described  an  apparatus 
for  the  analysis  of  complex  gases  in  which  the  absorp- 
tions are  carried  out  in  a  single  pipette  with  fresh  re- 
agent for  each  absorption  and  in  which  the  changes 
caused  by  these  absorptions  are  measured  at  constant 
volume  by  difference  in  pressure.  In  the  apparatus 
described  here,  use  of  the  Bone  and  Wheeler 
method  of  absorption  has  been  combined  with  the 
usual  form  of  compensated  burette  (A),  Fig.  I,  a  copper- 
oxide  U-tube  for  the  estimation  of  hydrogen  and  car- 
bon monoxide  (C),  aind  a  slow-combustion  pipette 
(B)  for  burning  hydrocarbons.  The  absorption  ves- 
sels (D,  E)  dip  into  a  wooden  trough  containing  mer- 
cury. The  reagents  are  introduced  by  means  of 
curved  pipettes  under  the  lower  edge  and  after  use 
are  discharged  into  G  by  applying  suction  at  g. 

Although  the  surface  exposed  to  the  gas  in  not  very 
great,  this  is  largely  offset  by  the  use  of  fresh  reagents 

1  Published  by  permission  of  the  Director,  U.  S.  Bureau  of  Mines. 
'  Joiir.  Soc.  Chem.  Ind.,  27  (1908),  10. 


so  that  the  absorption  proceeds  rapidly.  Of  the 
slower-absorbing  reagents,  cuprous  chloride  for  CO 
has  been  eliminated  and  alkaline  pyrogallate  for  ab- 
sorbing oxygen  in  the  concentration  usually  found  in 
gases,  to  which  this  apparatus  is  particularly  adapted, 
does  not  consume  much  time.  The  small  quantity  of 
reagent  has  the  advantage  of  reducing  to  a  minimum 
solution  of  other  gases  not  intended  to  be  absorbed 
by  that  reagent.  For  example,  fuming  sulfuric  acid 
appreciably  attacks  paraffin  hydrocarbons  higher 
in  the  series  than  CH4  and  may  cause  errors  in  either 
the  Hempel  or  Orsat  apparatus.'  Using  about  3  cc. 
fuming  acid  in  the  apparatus  here  described,  73.5  cc. 
of  Pittsburgh  natural  gas  (n  =  1.16  in  C„'H2n+2) 
passed  into  the  pipette  5  times  and  allowed  to  stand 
5  minutes  gave  a  contraction  of  0.05  cc;  similarly 
40  cc.  of  an  oil  gas  (n  —  1.61),  in  which  homologs 
higher  than  methane  predominated,  showed  0.07  cc. 
contraction,  neither  of  which  much  exceeds  the  error 
of  reading. 

DETERMINATION    OF    HYDROGEN   AND    CARBON    MONOXIDE 

BY      FRACTIONAL      COMBUSTION      WITH      COPPER 

OXIDE 

It  has  been  found  in  this  laboratory  that  for  crude, 
unwashed  gases  from  low-temperature  distillations 
of  coal,  the  methods  for  estimating  hydrogen  depend- 
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ing  on  the  catalytic  action  of  palladium,  such  as  pal- 
ladium black  or  colloidal  liquid  absorbents,  are  unsatis- 
factory and  in  most  cases  fail  entirely. 

If  a  mixture  of  CO,  H2,  and  hydrocarbons  of  the 
series  C„H2„+2,  in  absence  of  oxygen,  be  passed  over 
copper  oxide  heated  to  about  250°  C,  the  CO  may 
be  burned  quantitatively  to  CO2  and  the  hydrogen  to 
water,  while  the  hydrocarbons  are  untouched,  in  which 
case  the  contraction  in  volume  is  equal  to  the  hydrogen 
present,  and  the  CO2  formed  equals  the  CO  in  the  mix- 
ture. Nesmjelow^  determines  these  two  gases  simul- 
taneously with  CuO  in  the  presence  of  oxygen,  in  which 
case  the  equivalent  oxygen  necessary  for  the  oxida- 
tion  disappears,   the    CuO   acting   in   intermediary   or 

'  Compare  Burrell  and  Seibert,  Bullelin  42,  Bureau  of  Mines,  p.  46. 
'  Zeit.  anal.  Chem..  48  (1909).  2,12. 
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catalytic    capacity.     Since    the    oxide    itself    furnishes 
the  required  oxygen  this  is  unnecessary. 

In  Fig.  I,  the  inverted  U-tube  C  is  about  5  mm. 
internal  diameter  and  contains  3-4  g.  of  a  mix- 
ture of  fine  and  coarse  cupric  oxide,  which  is  prevented 
by  glass  wool  plugs  from  getting  'into  the  capillary 
connections.  One  capillary  is  sealed  on  before  the 
tube  is  filled  and  the  other  afterward.  The  gas  vol- 
ume of  the  tube  need  not  exceed  2  cc.  It  is  seldom 
necessary  to  renew  the  copper  oxide  if  the  tube  is  re- 
moved and  gently  heated  over  a  free  flame,  while  a 
current  of  air  is  being  blown  through  it,  until  the 
bright  specks  of  reduced-  copper  become  oxidized. 
It  is  advisable  to  revive  the  oxide  thus  after  three  or 
four  times  use.  The  inverted  position  is  chosen  to 
prevent  danger  of  cracking  from  water  running  back 
into  the  heated  part. 

TEMPERATURE  OF  THE  CuO — Jaeger,'  the  origina- 
tor of  the  method  for  hydrogen,  set  the  temperature 
at  250°  C;  Ubbelholde  and  de  Castro^  fix  it  at  270°, 
which  is  the  temperature  advocated  by  Dennis.'  The 
method  of  taking  temperature  by  putting  a  thermome- 
ter bulb  in  an  oven  and  leaving  a  long  emergent  stem 
may  be  many  degrees  in  error.  The  exact  tempera- 
ture that  can  be  used  will  depend  upon  the  nature 
of  the  hydrocarbons  present.  With  CH4  only,  300° 
is  probably  not  too  high,  but  at  this  temperature  there 
is  danger  of  oxidation  of  the  higher  homologs  of  CH4. 
We  have  obtained  satisfactory  results  with  the  ther- 
mometer bulb  next  the  U-tube  in  a  small  electrically 
heated  oven  at  275°  for  gases  in  which  the  average 
value  of  n  in  C„H2„+2  was  as  high  as  i .  65. 

This  oven  may  be  simply  constructed  in  any  lab- 
oratory and  a  few  preliminary  experiments  will  de- 
termine what  temperature  on  the  thermometer  be- 
tween 250°  and  300°  works  best  for  the  gases  to  be 
analyzed,  then  by  noting  the  current  required  the 
heating  conditions  may  be  exactly  reproduced  for  each 
analysis.  For  constructing  the  heater  take  two  glass 
tubes,  35  mm.  diameter,  and  bind  them  together 
side  by  side.  Around  the  two  tubes  wrap  several 
thicknesses  of  heavy  paper.  Over  the  paper  wind 
No.  20  nichrome  or  "Climax"  wire  2  mm.  between 
turns  for  about  a  10  cm.  length  on  the  tubes.  This 
gives  an  oval-shaped  heating  coil  around  which  the 
oven  is  to  be  built.  After  fastening  the  ends,  which 
should  be  twisted  double  to  serve  as  leads,  wrap  a 
layer  of  wetted,  thick  asbestos  paper  tightly  around 
the  coil  and  fasten  it  with  copper  wire  wound  between 
the  resistance  wire  turns.  Then  cover  with  a  thin 
paste  of  magnesium-oxide-sodium-silicate  cement  and 
paste  on  several  layers  more  of  asbestos  paper.  The 
oven  may  be  dried  out  at  once  over  a  free  flame,  which 
bakes  the  wire  covering  hard  and  chars  the  inside  paper 
so  that  the  glass  tubes  may  be  removed.  The  oven 
is  completed  by  wrapping  loosely  several  layers  of 
asbestos  board  for  heat  insulation,  covering  the  ends 
and  cutting  a  slit  in  one  of  them  for  the  entrance 
of  the  U-tube. 

'Jour.  CasbeleuchlMtig.  «1   (1898),  764, 

^  Ibid..  54  (1911),  81(1 

>"Gas  Analysis,"   L.    M.    Dennis  (Macinillan,  101,3),  p.   201. 


TESTS  OF  THE  METHOD — In  Table  I  are  given  some 
of  the  results  obtained  by  the  method  of  fractional 
combustion,  which  shows  that  not  only  may  hydrogen 
and  carbon  monoxide  be  burned  in  the  presence  of 
methane  without  danger  of  oxidation  of  the  latter 
but  also  in  the  presence  of  high  concentrations  of 
higher  parafifins.  The  hydrogen  was  prepared  by 
electrolysis  and  passed  over  a  glowing  platinum 
spiral  to  remove  traces  of  oxygen.  The  CO  was  pre- 
pared from  oxalic  and  sulfuric  acids,  purified  and 
analyzed  by  combustion  with  oxygen.  Hydrocar- 
bon gas  (a)  was  Pittsburgh  natural  gas  in  which  the 
average  value  of  n  in  C„H2n+2  determ.ined  from  the 
combustion  data  was  1.16.  Analyses  of  this  gas 
in  the  Bureau's  laboratories  by  fractional  condensa- 
tion have  shown  that  it  contains  both  ethane  and 
propane.'  Gas  (6)  is  a  natural  oil  gas  (n  =  1.61) 
in  which  homologs  higher  than  methane  predominate. 
Table  I 


Cc. 

found 

Cc,  taken 

COj  formed 
=  CO 

Contraction 
=  H. 

CO 

H2 

C„H2„+2 

12.30 

0.0 

35.0  a 

12.35 

0.0 

34.10 

0.0 

34 . 6  a 

33  .  70 

0.0 

17.35 

0.0 

49.3  6 

17.30 

0.0 

0.0 

20.45 

38.8  6 

0.0 

20.45 

0.0 

15.20 

59.2  d 

0.0 

15.25 

0.0 

50.40 

39.  1  ft 

0.0 

50  30 

4.40 

7.10 

44.0  ft 

4.40 

7.10 

14.80 

23.75 

43.5  ft 

14.55 

23.80 

In  an  artificial  mixture  containing  approximately 
52  per  cent  H;,  15  per  cent  CO,  and  17  per  cent  Pitts- 
burgh natural  gas,  was  found  by  analysis  14.6  per 
cent  CO  by  absorption  with  ammoniacal  cuprous 
chloride  and  14.65  per  cent  CO  by  the  CuO  combus- 
tion method,  52.0  per  cent  H;  by  CuO  after  absorb- 
ing CO,  and  52.1  per  cent  determined  simultaneously 
with   CO  by  the  combustion   method. 

The  time  required  for  the  complete  burning  of  the 
hydrogen  and  carbon  monoxide  does  not  seem  to  be  a 
function  of  the  quantities  present,  as  much  as  the 
nature  of  the  gas  mixture.  For  ordinary  illuminating 
or  producer  gas,  the  hydrogen  is  usually  completely 
removed  in  6—10  slow  passes  over  the  CuO.  With 
some  low-temperature  coal  distillates,  not  scrubbed, 
we  have  consumed  as  high  as  40  minutes  removing 
3-5  cc.  In  general,  when  the  contraction  due  to  the 
burning  of  the  hydrogen  has  ceased  the  CO  may  be 
assumed  to  have  been  also  completely  oxidized,  unless 
it  be  present  in  much  greater  concentration  than  the 
hydrogen,  in  which  case  passage  through  the  CuO 
tube  should  be  continued  some  minutes  longer.  An 
increase  in  volume  occurring  at  any  time  during  the 
operation  may  be  due  to  combustion  of  higher  hydro- 
carbons. 

In  general,  it  may  be  stated  that  the  time  required 
for  the  estimation  of  these  two  constituents  by  this 
method  is  shorter  than  any  direct  absorption  method 
for  CO  alone. 

PROCEDURE  FOR  ANALYSIS  OF  COAL  GAS 

The  reagents  needed  are  30  per  cent  KOH,  potas- 
sium pyrogallate  solution,  and  fuming  sulfuric  acid. 
The  first  two  arc  prepared  in  quantity  and  stored  in 
protected  bottles  with  glass  siphons  leading  to  rubber 

■  HurrcU  .ind   Seibert,    Lor,   ill.,   pp.   91-96. 
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tubes  provided  with  pinch  cocks  and  glass  tips.  These 
tips  are  turned  up  at  the  end  (Fig.  II)  and  the  reagent 
delivered  by  gravity  into  the  absorption  pipette. 
For  washing  out  the  pipette, 
bottles  of  water  and  5  per  cent 
sulfuric  acid  are  similarly  ar- 
ranged. 

At  the  beginning  of  an  analysis 
"^  the  tube  C  is  filled  with  air  and 
_^  the  T  stopcocks  turned  so  as  to 
by-pass  C.  The  burette  (whose 
walls  are,  of  course,  kept  wet), 
the  vessels  B,  D,  E,  and  all 
connecting  capillaries  are  filled 
with  mercury.  The  sample  is  taken  into  the  burette 
at  a.  The  calibration  marks  on  the  burette  include 
the  volume  from  the  stopcock  b.  The  volume  of  the 
capillary  space  from  b  to  d  is  also  known.  After  ascer- 
taining the  volume  of  the  sample,  run  the  gas  into 
D  and  by  lowering  the  leveling  bulb  on  the  burette, 
set  .the  mercury  meniscus  on  a  mark  just  under  the 
stopcock  d.  Now  introduce  3-5  cc.  KOH,  pass  the  gas 
into  the  pipette  several  times,  bring  back  to  the  mark 
d,  and  read  the  contraction  in  volume  equal  to  the  CO2 
in  the  gas.  Bring  the  KOH  to  k  and  discharge  the 
reagent  into  G,  and  after  washing  D  reset  the  mer- 
cury thread  at  d.  The  reading  should  not  have 
changed. 

Introduce  2-3  cc.  of  fuming  acid  by  means  of  a  curved 
pipette  and  absorb  the  illuminants.  After  discharg- 
ing the  acid,  the  wash  water,  which  is  acid,  should  be 
run  through  the  bore  of  the  stopcock  at  k  and  a  little 
way  into  the  capillary  connecting  with  the  burette, 
in  order  to  make  sure  that  no  alkali  is  left  to  foul  the 
tubes.  At  this  point  the  added  precaution  should  be 
taken  of  thoroughly  rinsing  both  pipettes  with  dilute 
acid.  Reset  to  the  mark  d  and  introduce  about  ',2 
cc.  KOH  for  absorbing  the  fumes  from  the  previous 
reagent.  Extreme  care  must  now  be  taken  to  avoid 
any  alkali  rising  above  d  until  after  the  hydrogen  has 
been  determined.  Without  removing  the  KOH  in- 
troduce 5-6  cc.  pyrogallate  solution  and  absorb  the 
oxygen. 

The  gases  remaining  (CO,  H;,  CH4,  CsHr,,  etc.) 
are  determined  by  combustion.  Communication 
through  C  having  been  established  by  properly  turn- 
ing the  T  stopcocks,  a  number  of  passes  of  the  gas  into 
the  pyrogallate  pipette  D  are  made  to  remove  com- 
pletely the  oxygen  in  C.  Now  bring  the  heater  over 
C  and  establish  the  temperature  at  about  275°.  Pass 
the  gas  back  and  forth  between  the  burette  and  the 
vessel  E  until  there  is  no  more  contraction  in  volume. 
Bring  the  mercury  from  E  to  the  point  h,  remove  the 
heater  from  C  and  allow  to  cool.  The  observed  con- 
traction equals  the  hydrogen.  Since  the  gas  is  free 
from  oxygen,  the  CO2  formed  may  be  absorbed  in  the 
pyrogallate  and  equals  the  CO  present  in  the  sample. 
Turn  the  T  stopcocks  back  to  their  original  position. 
Discharge  the  reagent  from  D  and  thoroughly  wash 
with  dilute  acid.  Run  the  residual  gas  completely 
into  D,  filling  all  the  capillaries  again  with  mercury. 
Draw    into    the    burette    95—100    cc.    of    oxygen    and 


without  noting  its  exact  volume  run  most  of  it  into  E, 
connect  C  again  and  bring  back  the  oxygen  through 
it  into  the  burette  to  wash  out  the  combustible  gases, 
leaving  C  filled  with  oxygen.  Open  the  by-pass, 
cutting  out  C,  and  bring  the  mercury  to  b  for  measure- 
ment of  the  volume  of  the  oxygen,  which  is  then  run 
into  the  combustion  pipette  B.  Bring  the  gas  in  D 
back  into  the  burette  and  make  the  usual  slow  com- 
bustion for  hydrocarbon,'  noting  the  contraction 
and  CO2  produced.  Attention  is  called  to  the  fact 
that  the  gas  must  always  be  run  into  the  oxygen  and 
never  in  the  reverse  order,  since  the  higher  hydrocar- 
bons are  decomposed  with  deposition  of  carbon  by 
the  glowing  platinum  wire.  In  the  method  here  de- 
scribed of  clearing  the  copper-oxide  tube  of  hydro- 
carbons, care  must  be  taken  never  to  obtain  an  explo- 
sive mixture.  If  the  gas  volume  of  the  tube  does  not 
exceed  2  cc.  and  at  least  95  cc.  of  oxygen  are  used, 
there  is  no  danger  of  this  occurring. 

The  combustion  data  may  be  calculated  to  CH4 
and  CoHs  by  applying  equations  based  on  contraction 
and  CO2  produced,^  but  perhaps  a  better  way  is  that 
suggested  by  Earnshaw'  and  used  in  this  laboratory. 
The  general  equation  for  the  combustion  of  hydro- 
carbons of  the  series  C„H2n-H2  is 

C„H,„+_,  +  (-^""^'^Oj  =  HC02  +  («-f  OHjO 

If  the  volume  of  C„H2„-i-2  be  called  V,    the    CO2    pro- 
duced A,  and  the  contraction  C,  then 
A  =  «V 

c  =  (v  +  ^"-+iv)^«v 

or 

c  =  v(^) 

..       2C— A  A 

V  =  and      n  =  - 

•3  V 

The  above  detailed  procedure  has  been  given  in 
order  to  indicate  a  method  of  manipulation  that  saves 
time.  To  an  operator  analyzing  a  certain  type  of 
gas  in  routine  work  short  cuts  will  suggest  them- 
selves. As  an  illustration  of  the  possibilities  of  this 
apparatus  for  technical  work,  the  following  analyses 
of  coal  gas  drawn  from  the  mains  of  the  city  of  Pitts- 
burgh were  made  in  about   i  hour  each  (Table  II): 

Table  II — Analysis  of  Pittsburgh  Coal  Gas 
I  II 

Cc  Cc.                 Per  cent                        I  II 

Taken  for  analysis 67.  LS  86.6.S  COi 2.45  2.50 

Absorbed  KOH 1    65  2.15  Illuminants 7.90  7.50 

Absorbed  fuming 

H-SOi 5.30  6.45  0« O.IO  0.10 

Absorbed    pyrogallate     0.05  0.10  H2 38.80  38.80 

Contraction,     l„    ,        26.00  3.?. 60  CO 12.50  12.60 

C02  produced  (  ^""-      8.40  10.90  C„H2„  +  2 35.70  35.90 

Contraction  I  Combus-  48.85  63.85  N2..? 2.45  2.60 

COz,  I       tion..    25.75  34.30  ■ 

100.00  100.00 

The  average  value  of  n  in  C„H2«-i-2  is  about  i.oS. 
Had   one   complete   combustion   been    made    after   re- 

'  See  the  gas  analysis  manuals  of  either  Dennis  or  Henipel. 

"■  Burrell  and  Seibert  (lot.  cil..  pp.  80-86)  have  called  attention  to  the 
fact  that  a  correction  for  molecular  volumes  of  carbon  dioxide  and  ethane 
should  be  applied  in  calculating  from  combustion  data,  but  unless  the  con- 
centration of  hydrocarbons  is  great,  the  correction  will  be  small. 

=  Jotir.  Fratik.  Insl..  Sept..  1898.  See  also  Porter  and  Ovitz.  Bureau 
of  Mines.  Bull.  1,  p.  24. 
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moval  of  CO  by  absorption,  which  is  the  usual  tech- 
nical practice,  and  the  data  calculated  to  CH«  and  Hj, 
we  should  have  obtained  36.0  per  cent  Hj  instead 
of  38.8  cer  cent,  and  of  hydrocarbons  38.5  per  cent 
instead  of  35.7  cer  cent. 

SUMMARY 

A  gas  analysis  apparatus  combining  several  old 
principles  has  been  described,  which  is  not  only  adapted 
to  research,  where  precision  in  gas  analysis  is  required, 
but  is  recommended  for  technical  laboratories  as  an 
instrument  of  wide  application,  securing  accuracy 
without  much  sacrifice  of  speed.  A  convenient  and 
accurate  method  for  the  separation  of  the  combusti- 
ble gases,  CO,  H2,  CH<,  C2H6,  etc.,  is  given.  The  num- 
ber of  liquid  absorbents  that  may  be  used  is  unlimited, 
hence  very  complex  gas  mixtures  may  be  analyzed. 
This  apparatus,  in  daily  use  in  this  laboratory  for 
six  months,  has  given  complete  satisfaction. 

expbriubntal  fuhl.s  laboratory 
Bureau  of  Mines,  Pittsburgh 


THE  INSTANTANEOUS  THERMOSTAT  AND  SMOKE  AND 
FUME  MONITORS,  PRECIPITATORS  AND  RECORDERS 

By  W.   W.  Strong 
Received  June  30,  1914 

One  of  the  most  important  developments  in  the  prog- 
ress of  physics  and  chemistry  in  the  past  century  has 
been  the  development  of  the  subject  of  ionization.  In 
contrast  to  atoms  and  molecules,  ions  are  particles 
possessing  a  very  short  life  and  during  their  existence 
they  undoubtedly  experience  many  changes  in  the 
size  of  their  electrical  charge  and  the  number  of  mole- 
cules that  go  to  make  up  the  ion  cluster.  It  is  from 
the  temporary  character  of  ions  that  the  following 
instruments  derive  most  of  their  utility: 

In  engineering  work  of  a  chemical  nature  many 
processes  are  accompanied  by  intense  ionization  and 
among  these  one  of  the  most  prominent  is  that  of  the 
metallurgical  furnace.  The  high  temperature  and  the 
chemical  reactions  taking  place  in  these  furnaces  are 
invariably  accompanied  by  intense  ionization  which 
may  include  the  emission  of  electrons  by  the  hot 
surfaces,  the  emission  of  thermions,  the  recombina- 
tion of  ions,  the  clustering  of  molecules  and  ions, 
the  diffusion  of  ions,  and  the  other  ionic  phenomena 
that  have  recently  been  investigated  by  scientists. 

AN    INSTANTANEOUS    THERMOSTAT 

The  sluggishness  of  the  ordinary  mercury  or  gas 
thermometer,  the  thermopile,  the  electric  resistance 
thermometer,  and  other  temperature  recording  in- 
struments is  well  known.  This  sluggishness  is  due  in 
part  to  the  thermal  element  being  covered,  and  in 
part  to  the  thermal  capacity  of  the  instrument  itself. 
When  the  temperature  of  a  gas  is  to  be  measured 
the  thermal  capacity  of  the  thermometer  may  play 
a  very  considerable  role  in  causing  a  considerable 
time  to  elapse  for  an  equilibrium  of  temperature  to 
take  place. 

In  many  cases  the  intensity  of  the  ionization  in  a 
gas  may  be  a  more  or  less  known  function  of  the  tem- 
perature of  the  gas,  due  regard  being  given  to  the 
life  history  of  the  ions  in  the  gas.     Let  us  assume  that 


little  or  no  dust  or  fumes  is  present  in  the  gases  and 
that  the  gases  are  subjected  to  an  intermittent  flame. 
Under  these  conditions  the  gas  will  also  be  subject 
to  an  intermittent  ionization  and  this  will  give  it  an 
intermittent  conductivity.  In  my  instantaneous  ther- 
mostat I  use  a  piece  of  apparatus  similar  to  my  fume 
and  smoke  monitor  (described  in  the  latter  part  of 
this  article)  which  contains  two  electrodes  disposed 
within  the  gas.  The  thermostat  is  made  to  respond 
to  variations  in  the  conductivity  of  the  gas  in  this 
gap — -the  conductivity  being  high  when  there  is  flame 
or  high  temperature  and  low  when  there  is  little  or 
no  flame  or  low  temperature.  As  there  is  no  thermal 
conductivity  or  capacity  involved  in  this  indicating 
thermostat,  it  is  seen  that  its  action  is  practically 
instantaneous.  It  will  be  recognized  immediately 
that  the  relation  between  the  ionization  and  the  tem- 
perature would  have  to  be  known  before  this  type 
of  instantaneous  thermostat  could  be  used  to  indicate 
absolute  temperatures.  There  are  many  commercial 
conditions,  however,  where  absolute  temperatures 
are  not  required. 

THE  SMOKE  AND  FUME  MONITOR 

When  the  gases  from  furnaces  contain  fumes,  dust 
or  smoke  particles,  it  is  found  that  the  ions  combine 
with  these  particles  and  lose  their  charge.     In  this  way 


i 

■            ■   «  '  '         :^      7' — > 

■■ 

|B 

i 

tlie  conductivity  of  the  furnace  gases  is  greatly  dimin- 
ished and  this  decrease  in  conductivity  can  be  util- 
ized to  indicate  the  density  of  the  fumes,  dust  or  smoke. 
In  many  cities  ordinances  prohibit  the  emission  of 
coal  smoke  exceeding  a  certain  density  and  the  above 
principle  can  be  used  as  the  basis  of  an  apparatus  for 
indicating  when  a  smoke  stack  is  violating  the  city 
ordinance. 

Fig.  I  is  a  photograph  of  a  smoke  monitor  of  this 
type.  It  is  designed  to  give  an  instantaneous  indica- 
tion when  a  stack  is  disobeying  the  city  ordinance 
by  ringing  a  bell  (an  alternating  current  bell  such  as 
B)  and  by  illuminating  certain  directions  which  should 
be  followed  by  the  furnace  operator.  These  direc- 
tions may  be  anything  that  will  result  in  the  most 
efiicient  and  smokeless  operation  of  the  furnace.  In 
the  figure  the  directions  apply  to  a  hand-fired  furnace 
and   are: 
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"smoking" 

I — Fire  one  door  at  a  time  and  wait  until  fire  is  in 
good  shape  before  charging  the  other  door. 

2 — Leave  furnace  door  slightly  ajar  for  about  2 
minutes  after  firing. 

3 — Fire  frequently  at  regular  intervals  and  in  small 
quantities. 

4 — Keep  the  fires  clean. 

5 — Carry  a  level  surface  over  entire  grate.  Avoid 
thin  or  bare  spots  on  grate. 

6 — Break  lumps  of  coal  to  fist  size. 

The  monitor  can  be  made  to  operate  many  arrange- 
ments automatically  and  in  coal  furnaces  these  may  be 
steam  jets,  dampers,  draft-producing  fans,  and  similar 
apparatus. 

THE  SMOKE  AND  FUME  PRECIPITATOR 

In  previous'  papers  I  have  decribed  a  method  of 
precipitating  fumes,  dust  and  smoke  from  gases  by 
means  of  the  corona  discharge.  The  portable  instru- 
ment shown  in  Fig.  II  may  be  used  to  precipitate 
any  kind  of  dust,  fumes  or  smoke  from  gases  and  will 
clean  about  100  cu.  ft.  of  gas  per  minute.  The  main 
part  of  the  apparatus  is  a  small  high  voltage  trans- 
former, and  although  it  can  be  used  as  a  monitor 
or  recorder  it  is  just  as  well  adapted  for  precipitation 
work. 

There  are  many  cases  where  gases  should  be  cleaned 
of  smoke  or  fumes  before  being  analyzed,  such  as  in 
many  of  the  CO2  recorders.  The  portable  precipita- 
tor is  designed  for  problems  of  this  kind.  In  common 
with  the  monitor  and  recorder  it  consists  of  a  trans- 
former T,  using  about  150  watts  or  less  of  energy 
operating  from  any  convenient  alternating  lamp 
socket.  The  transformers  are  designed  to  give  about 
26,000  volts  on  the  high  tension  side  of  the  circuit.  The 
chamber  containing  the  precipitating  electrode  is 
not  shown.  It  is  very  small  and  simple,  however, 
and  can  be  made  of  a  metal  that  will  not  be  corroded 
by  the  given  fumes  or  smoke.  The  electrodes  are  so 
small  that  they  can  easily  be  placed  on  balances  and 
weighed.  Fine  smoke,  such  as  that  from  cigarettes, 
is  precipitated  with  the  greatest  of  ease. 

THE  SMOKE  AND  FUME  RECORDER 

Figs.  II  and  III  represent  different  types  of  smoke 
and  fume  recorders,  Fig.  II  representing  the  portable 
type.  Like  the  monitor  (Fig.  II  is  a  combination 
monitor  and  recorder,  B  being  a  bell  and  F  the  indi- 
cating sign  "fuming"  or  "smoking"),  the  recorder 
consists  of  a  high  tension  low  wattage  (about  100 
watts  or  even  less  in  many  instances)  transformer. 
On  the  high  tension  side  there  are  at  least  two  high  re- 
sistance gaps  in  parallel,  one  being  in  the  smoke  or 
fumes  and  the  other  leading  to  a  condenser  (H  and  J 
being  the  condenser  electrodes).  When  little  smoke 
or  fumes  is  present  in  the  stack  the  electrical  discharge 
takes  place  there.  Depending  on  the  length  of  the 
gaps,  there  is  a  certain  density  of  the  smoke  or  fumes 
that    throws    the    discharge    over    to    the    condenser, 

1  Proc.  Am.  Insl.  of  Eiectrical  Engineers,  June  27,  1913;  Journ.  Frank. 
Inst.,  Sept..  1912. 


charges  it  and  thus  closes  an  electrical  circuit  or  oper- 
ates a  watch  or  clock. 

It  is  thus  easily  seen  that  the.  electrical  circuit  can 
be  made  to  operate  many  furnace  appliances  and  the 
watch  can  be  used  to  record  in  various  ways.  The 
record  can  be   a  trace   or  an  integrating  time  record 


as  is  shown  in  Figs.  II  and  III,  these  recorders  giving 
the  total  time  (the  watch  running  only  during  fuming 
or  smoking  that  exceeds  a  certain  predetermined 
density)  that  the  furnaces  have  fumed  or  smoked 
since  the  recorder  has  been  set. 

The  thermostat,  monitor,  precipitator  and  recorder 
are  based  almost  entirely  upon  an  alternating  cur- 
rent transformer,  the  efSciency  and  reliability  of  which 
is   very    well   known.      No   chemical   or   moving   parts 


are  used.  There  is  no  wear  except  in  the  contact 
points  where  the  monitor  sign  and  bell  circuit  is  made 
and  broken.  No  adjusting  is  required  after  the 
gaps  are  set  except  the  tension  on  the  upper  plate  of 
the  condenser  by  means  of  a  vertically  moving  rod  S.  It 
is  thus  seen  that  these  forms  of  apparatus  are  extremely 
simple  and  they  can  be  made  entirely  fool-proof  by 
enclosing  all  the  high  tension  parts  in  a  case  as  in  Fig. 
III.  To  make  adjustments  it  is  then  necessary  to  re- 
move the  case  and  then  the  primary  current  is  broken 
at  S,  C. 

Mechanicsburg,  Pa. 
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AIR  OZONATION' 

By  Milton  W.  Franklin 
The  subject  of  air  ozonation  may  be  divided  into  three  heads: 
I — Ozone  as  an  adjunct  to  ventilation;  II — Destruction  of  odors 
from  industrial  plants  such  as  glue  factories,  fertilizer  plants, 
slaughterhouses,  fish  marts,  etc.;  Ill — Adjunct  to  refrigeration 
in   the  practice  of  cold  storage  and  food  preservation.' 

I — VENTILATION 

The  application  of  ozone  to  ventilation  has  attracted  much 
attention  recently  owing  to  the  publication  of  a  multitude  of 
■conflicting  opinions  concerning  its  merits.  This  confusion  is 
due  to  .several  circumstances  In  general,  the  proponents  of 
ozone  have  claimed  too  much  and  have  advanced  many  conten- 
tions, either  insufficiently  supported  or  in  the  very  nature  of  things 
insusceptible  of  proof.  On  the  other  hand,  the  opponents  of 
ozone  have  attacked  these  claims  with  great  energy  and  often 
have  gone  so  far  as  not  only  to  deny  any  usefulness  whatever 
to  ozone,  but  positively  to  affirm  its  harmfulness  and  dangerous 
character.  In  any  cases  the  attacks  on  ozone  have  been  di- 
rected against  imaginary  claims  that  were  never  made  and 
much  of  the  evidence  against  ozone  is  based  on  laboratory 
experiments  which  bear  little  or  no  resemblance  to  actual 
working  conditions  and  therefore  can  scarcely  be  considered  as 
authentic. 

A  careful  and  unbiased  investigation  of  all  the  evidence 
accessible  in  the  extant  literature  in  connection  with  the  theory 
and  principles  of  ventilation  hygiene  must  result  in  the  convic- 
tion that  ozone,  properly  applied,  is  capable  of  advancing 
greatly  the  art  of  ventilation  and  that  it  is  incapable  of  harming 
persons  exposed  to  its  influence. 

At  the  IX  Congress  for  Heating  and  Ventilating  held  in 
Cologne  in  June,  1913,  two  notable  papers  were  read:  one  by 
Prof.  Czaplewski,^  and  the  other  by  L.  Von  KuptTer,^  which 
presented  in  detail  the  present  status  of  the  question  and  which 
elicited  the  following  comment  from  Dr.  Ing.  H.  Rietschel, 
the  honorary  president  of  the  Congress: 

"  *  *  *  *  *  *  We  have  heard  with  conviction  that 
ozone  has  been  used  in  numerous  cases  with  the  best  of  results 
for  ventilating  plants  and  that  it  can  be  used  for  such  purposes; 
also  that  in  the  diluted  state  in  which  it  is  to  be  used  it  cannot 
be  considered  as  being  harmful.  We  shall,  therefore,  devote 
our  undivided  attention  to  ozone  and  its  application  for  ventila- 
ting purposes." 

The  subject  of  ozone  in  ventilation  was  treated  by  the  present 
writer  in  a  paper  presented  at  the  Fourth  International  Con- 
gress on  School  Hygiene,''  in  which  were  described  some  experi- 
ments which  demonstrated  that  many  odors  arising  from  or- 
ganic sources  were  destroyed  and  not  masked  by  ozone.  It 
was  shown  that 

I — Ozonized  air  does  not  merely  mask  offensive  odors  of 
varied  nature,  but  that  it  actually  destroys  them. 

2 — The  odors  of  some  common  food  materials  (onions,  garlic, 
and  limburger  cheese)  are  destroyed  by  ozonized  air. 

3 — The  odors  resulting  from  decayed  raw  food  materials, 
iish,  eggs,  meat  and  oysters,  are  destroyed  by  ozonized  air. 

4 -The  offensive  odors  of  fertilizers  are  destroyed  by  ozonized 
air. 

.5 — Several  definite  chemical  compounds  which  contribute 
to  the  odor  of  feces,  perspiration  of  feet,  rancid  butter,  sauer- 

'  Presented  at  the  Semi-annual  Meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers.  Cleveland.  July  1(1.  1914 

^Cesundh.  Ins..  Aug.  2.   1913. 

'Ibid.,  Aug.   16,   191,3.  p.  605. 

'  Healing  and  Ventilaling  Magazine.  N.  Y..  Vol.  .\.  Nos.  10  and  11. 
Oft    and  Nov..   im.l. 


kraut  and  limburger  cheese:  namely,  skatol,  valerianic  acid 
and  butyric  acid,  are  also  destroyed  by  ozonized  air. 

6 — The  persistent  odor  of  tobacco  smoke  as  absorbed  by  the 
clothing  is  destroyed  by  ozonized  air  and  the  yellow  color  pro- 
duced by  blowing  smoke  through  cloth  is  bleached  by  ozone. 

The  following  tabulation  presents  some  of  the  materials 
upon  which  the  experiments  were  performed: 

odor  before  treatment  Odor  after  treatment 

with  ferrous  sulfate  with  ferrous  sulfate 

solution  solution 

Odor  from         With  air  With  ozone  With  air  With  ozone 

Onions Strong  onion  Strong  ozone       Strong  onion  None 

Garlic Strong  garlic  Strong  ozone       Strong  garlic  None 

Limburger 

cheese  .  ,  .   Strong  limburger   Strong  ozone      Strong  limburger  None 

Decayed 

fish \'ery  offensive        Strong  ozone       Very  offensive  None 

Decayed 

eggs Very  offensive        Strong  ozone       Very  offensive  None 

Decayed 

meat Very  offensive         Strong  ozone       Very  offensive  None 

Decayed 

oysters. .  .    Very  offensive         Strong  ozone       Very  offensive  None 

According  to  the  modem  theory  of  ventilation,  the  only  bane- 
ful factors  in  "  vitiated  "  air  are  heat,  moisture  and  odors.  If  the 
air  is  stagnant  and  motionless  its  powers  to  absorb  heat  and 
water  are  not  utilized  fully ;  hence,  a  fan  which  circulates  the  air 
generally  adds  much  to  the  comfortableness  of  a  poorly  ventila- 
ted space.  The  ancient  beliefs  that  excess  of  carbonic  acid 
gas  and  deficit  of  oxygen  accounted  for  the  distress  attendant 
upon  inadequate  air  supply  have  been  dispelled  by  the  pub- 
lished labors  of  Halldane,  Hill.  Pfluegge,  and  others.  It  has 
been  shown  that  in  the  worst  cases  the  available  oxygen  is  far 
in  excess  of  the  demand  and  that  CO2  is  harmless  in  the  concen- 
trations likely  to  be  met.  The  conviction  once  prevalent 
that  organic  "crowd  poisons"  were  the  guilty  factors  likewise 
has  been  abolished.  Billings,  Mitchell  and  Bergey'  have  added 
much  to  the  knowledge  of  this  aspect  of  ventilation.  The  most 
recently  demolished  belief  was  that  bacteria  existed  as  a  menace 
in  rebreathed  air.  The  works  of  Pfluegge,-  Chapin,^  Doty.' 
and  of  Winslow  and  Robinson,  have  fairly  disproven  this  con- 
tention. 

The  modem  practice  of  ventilation,  then,  clearly  is  concerned 
only  with  absorbing  the  almost  invariable  quantity  of  heat 
produced  per  capita  of  room  occupants,  of  removing  the  mois- 
ture transpired,  and  of  destroying  the  odors  generated  and  which 
are  due  to  the  presence  of  people,  animals  and  organic  sub- 
stances, including  foodstuffs,  especially  when  in  a  state  of  putre- 
faction. 

Heat  and  moisture  absorption  have  received  weighty  consid- 
eration from  the  engineering  profession  and  may  readily  be 
accomplished  with  accuracy  and  certainty  in  any  given  set  of 
conditions.  Odor  elimination,  by  no  means  the  least  impor- 
tant, may  be  accomplished  best  through  the  agency  of  ozone. 
vSupplying  too  great  an  amount  of  air  in  a  ventilating  system 
constitutes  an  engineering  and  hygienic  error  as  well  as  does 
supplying  too  little  air.  Correct  engineering  .practice  consists 
in  accomplishing  an  end  in  the  least  costly  manner  compati- 
ble with  correct  performance  of  function;  and  too  much  air 
means  dangerous  drafts,  waste,  and  inefficiency.  Ozone  ren- 
ders possible  the  elimination  of  odors  which  often  cannot  other- 
wise be  removed  at  all,  or  possibly  only  by  the  providing  of  a 
prohibitive  excess  of  air  with  the  attendant  probability  of  drafts 
and  low  economy.  But  primarily,  ozone  is  most  useful  in  tliose 
myriad  instances  where  idealized  ventilation  systems  are  sim- 

'  Billings,  Mitchell  and  Bergey,  "Composition  of  Expired  Air  and  Its 
Effect  upon  Animal  Life,"  Smithsonian   Inst..   1895. 

•■  Pfluegge.  Zeit.  f.  Ilyg.  11.  Infekl.  Krankh  .  «,  363  (195). 

>  S.  Chapin.  "Sources  and  Modes  of  Infection,"  p.  314. 

<  Doty.  Med.  Record.  N.  Y..  Nov.  :.  191.',  p.  891. 
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ply  beyond  the  question.  In  these  all  too  numerous,  though 
unfortunately  inevitable  places,  where  perfect  ventilation  is 
impossible,  ozone  will  produce  a  condition  of  the  air  unattain- 
able by  any  other  known  means.  It  imparts  a  freshness  and 
"tang"  to  the  air,  rendering  it  comparable  with  that  in  the 
most  favored  natural  localities. 

Ozone  in  general  destroys  and  does  not  mask  organic  odors 
as  has  been  shown  above. 

It  remains  then  only  to  know  that  ozone  is  inoffensive  and 
incapable  of  harming  persons  breathing  it,  in  such  quantities 
as  are  used  in  ventilation,  before  justifying  and  recommending 
its  use. 

Cramer'  stated  at  the  Frankfurt  Congress  for  Heating  and 
Ventilating: 

"In  earlier  times  we  assigned  to  ozone  a  poisonous  influence 
on  animal  organisms,  while  recent  investigations  have  shown 
that  the  ozone  is  poisonous  only  when  made  chemically  and  not 
pure.  A  mixture  of  chemically  pure  ozone  with  atmospheric 
air  can,  if  the  percentage  of  ozone  is  not  too  concentrated, 
never  hurt  an  organism,  as  statements  from  doctors  and  scien- 
tists show.  Only  in  very  concentrated  form  does  it  attack  the 
lining  of  the  mucous  membrane." 

No  single  instance  of  harm  to  a  person  from  the  proper  use 
of  ozone  in  ventilation  has  been  recorded,  but,  on  the  contrary, 
all  adverse  opinions  have  been  deduced,  by  inference,  from  lab- 
oratory experiments  performed  with  very  high  concentrations, 
while  all  efforts  to  produce  harm  experimentally  with  weak  ozone 
have  failed.  Jordan  and  Carlson  report  that  twenty-six  ani- 
mals, exposed  for  fourteen  days,  during  nine  hours  each  day, 
to  concentrations  high  enough  to  cause  irritation  of  the  eyes 
and  nose,  suffered  no  ill  effect  whatever.  Hill  cites  the  cases 
of  the  numerous  workers  in  the  London  underground  tubes, 
who  have  shown  no  ill  effect  in  three  years.  Gminder  cites 
the  unharmed  workers  in  the  spinning  mills  at  Reutlingen. 
Erlwein^  says: 

"It  is  a  fact  at  any  rate  that  there  have  never  been  proven 
cases  of  sicknesses  of  a  serious  character  due  to  breathing  ozone 
air.  Special  attention  is  called  to  a  large  water  sterilization 
plant  operating  for  more  than  ten  years,  where  the  working 
force  is  constantly  moving  in  an  atmosphere  which  is  more 
strongly  mixed  with  ozone  than  is  ever  found  in  actual  ozone 
ventilation  installations.  There  has  never  been  a  case  where 
these  persons  have  been  forced  to  be  on  sick-leave  due  to  the 
high   ozone  concentrations   in   the   plants." 

Numerous  similar  instances  of  prolonged  proper  use  of  ozone 
without  a  single  complaint  are  in  existence. 

Efforts  to  disinfect  occupied  rooms  have  shown  that  ozone, 
in  concentrations  sufficient  to  produce  sterility  of  the  cultures, 
is  irritating  to  the  mucous  membranes  of  the  respiration  tract 
and  in  fact  will  produce  death  in  guinea  pigs,  but  as  pointed  out 
above,  sterilization  of  atmosphere  has  little  sanitary  value 
and  it  must  be  remembered  that  no  known  method  of  room 
disinfection  can  be  practiced  in  the  presence  of  room  occupants. 
Sulfur  dioxide,  hydrocyanic  acid  and  formaldehyde  would  pro- 
duce death  in  guinea  pigs  more  rapidly  than  would  ozone.  It 
has  been  shown  that  ozone  in  high  concentrations  is  a  local 
mechanical  irritant,  but  there  is  no  evidence  to  justify  the 
opinion  that  it  is  injurious  in  low  concentrations. 

Toxicologists  recognize  two  distinct  classes  of  poisons:  natnely, 
physiological  or  chemical  poisons  and  mechanical  poisons. 
The  former  act  by  being  absorbed  into  the  system  a:id  causing 
trains  of  phenomena  through  the  nervous  mechanism;  the  latter 
act  merely  by  causing  local  destruction  of  the  tissues  with  which 
they  come  into  direct  contact.  Strychnine  is  an  example  of 
a  chemical  poison;  its  action  is  dependent  only  on  the  quantity 
ingested  and  is  wholly  independent  of  its  concentration.     One 

^  Quoted  from  Czaplewski,  Ibid. 

'  Zeit.  f.  Sauer  u  Sticksloffindustrie.  1913,  Nos.  7  and  8. 


grain  administered  internally  will  cause  death,  whether  it  be 
taken  pure  or  copiously  diluted  with  water.  An  example  of  a 
mechanical  poison  is  sulfuric  acid;  its  only  action  is  a  local  de- 
struction of  bodily  tissues,  and  a  quantity  which  would  cause 
death,  if  administered  concentrated,  might  be  taken  with  im- 
punity when  accompanied  by  a  sufficient  diluent.  Ozone  has 
been  shown  to  be  a  mechanical  irritant,  but  to  deduce  the  re- 
sult that  because  strong  ozone  is  harmful,  weak  ozone  also  must 
be  harmful,  is  equivalent  to  arguing  that  because  50  per  cent 
oxygen  breathed  for  a  certain  period  will  cause  death  from  in- 
flammation and  edema  of  the  lungs,  20  per  cent  oxygen, 
such  as  we  inspire  at  every  breath,  is  also  poisonous. 

Experiments  conducted  by  Jordan  and  Carlson  to  determine 
whether  or  not  ozone  in  low  concentrations,  somewhat  higher 
than  might  be  used  in  ventilation,  is  harmful,  have  resulted  in 
the   following   conclusions : 

"All  the  animal  groups  showed  some  increased  body  weight, 
but  the  increase  during  the  ozone  period  is  practically  the  same 
as  during  the  control  period.  Slight  differences  are  of  no  sig- 
nificance. Hence,  as  regards  appetite  and  body  weight,  the  re- 
sults of  the  tests  are  negative,  the  ozone  appearing  to  have  neither 
a  favorable  nor  an  unfavorable  influence.  This  applies  also- 
to  the  general  conditions  of  the  animals.  The  cats  did  not  seem 
disturbed,  even  when  the  ozone  concentration  caused  some 
restlessness  in  the  rabbits,  guinea  pigs  and  rats.  In  all  other 
respects  the  animals  appeared  to  be  normal." 

This  is  a  convincing  demonstration  of  the  harmlessness  of 
even  too  high  ozone  concentrations.  The  animals  were  exposed 
for  fourteen  days  to  ozone,  following  a  period  of  fourteen  days 
confinement  for  control  observation,  but  in  spite  of  the  pro- 
longed close  confinement  and  extremely  inadequate  ventilation 
(sixteen  cubic  feet  per  hour  per  animal),  they  thrived  as  well 
during  the  second  fourteen  days  with  rather  too  strong  ozone 
as  during  the  first  fourteen  days. 

.  So  far  as  is  definitely  known,  the  value  of  ozone  in  ventila- 
tion is  not  due  to  any  beneficial  effect  upon  the  human  economy 
but  to  the  circumstance  that  it  destroys  much  that  may  be  ob- 
jectionable or  harmful  in  foul  air.  The  air  is  not  better  be- 
cause it  contains  ozone  but  because  this  ozone  signifies  the  ab- 
sence of  such  organic  effluvia  as  otherwise  would  be  obnoxious. 

The  well  established  fact  that  ozone  is  a  powerful  germicide 
in  the  presence  of  water  has  led  to  much  experimentation  and 
speculation  on  its  possible  power  of  destroying  the  bacteria  in 
the  air.  Wyssokowitz'  experimented  with  chemically  formed 
ozone  and  found  a  diminution  in  the  air  bacteria,  but  owing  to 
the  many  possible  errors  in  his  method  of  procedure  his  restdts 
are  frankly  admitted  to  be  of  little  value.  He  attributed  the 
effect  observed  to  the  simultaneous  formation  of  acid,  which  ren- 
dered the  soil  unsuitable  for  the  growth  of  bacteria.  Froelich^ 
found  some  diminution  in  air  bacteria  with  strong  ozone.  Sonn- 
tag'  found  no  effect  of  ozone  in  low  concentrations  on  dry  bac- 
teria, but  with  extremely  high  concentrations  (13.5  grams  per 
cbm.)  the  bacLeria  were  destroyed.  Konrich  also  obtained 
negative  results  with  cultures  dried  on  strips  of  filter  paper 
and  on  glass  rods.  Labbe  and  Oudin  produced  diminution  in 
the  bacterial  count  but  they  admit  that  their  results  are  of  little 
importance,  owing  to  possible  sources  of  error. 

Bail*  has  experimented  quite  extensively  and  states: 

"Even  strong  ozonization  of  the  enclosed  air  with  circulation 
never  allowed  the  beginning  percentage  of  the  air  as  regards 
bacteria  to  be  reduced  in  a  conclusive  manner.  The  bacteria 
in  the  air  were  determined  either  on  open  agar  plates  or  else  by 
passing  known  quantities  of  air  through  gelatine.  Passing  air, 
ozonized  as  much  as  possible  in  the  apparatus,  through  tubes 
having   powdered   bacteria   or   through    loose   sand   containing 

'  Mitt.  a.  d.  Bre-mi-r  llnlsanstalt.  Wiesbaden,   1890. 

'  EUctroctech.  Zeit  .  1891,  p.  340. 

>  Zeit.  f.  Hygiene.  8,  1890. 

*  Prae.  med.  Wochenschr..  1913,  No.   17.  p.  :16, 
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bacteria,  gave  no  conclusive  indication  of  an  effective  action 
of  the  ozone  on  the  bacteria.  Experiments  to  change  the  humid- 
ity of  the  air  by  evaporating  water  during  ozonization  and  cir- 
culation produced  no  changes  in  the  results." 

Jordan  and  Carlson  found  little  or  no  effect  on  plated  and 
dried  cultures  with  low  ozone  concentrations,  but  in  four  tests 
on  the  bacteria  suspended  in  the  air,  three  showed  an  average 
decrease  of  53  per  cent  and  one  showed  an  increase  of  10  per 
cent.  The  writer  has  shown  a  decrease  in  the  bacteria  suspended 
in  the  air  but  the  ozone  concentration  probably  was  relatively 
high. 

The  general  evidence  of  laboratory  experimentation  seems 
to  indicate  that  low  concentrations  of  ozone,  at  least,  have  no 
consistently  demonstrable  action  on  dried  bacteria,  whether  in 
cultures  or  floating  in  air.  On  the  other  hand,  there  is  a  con- 
siderable amount  of  evidence  to  the  effect  that  in  storage  cellars 
and  similar  places  the  growth  of  fungi,  molds,  and  similar  micro- 
organisms is  impeded,  if  not  totally  repressed,  by  even  weak 
ozone  concentrations  applied  for  prolonged  periods.  A  possi- 
ble explanation  is  afforded  in  the  work  of  Trillat,'  who  has  shown: 

"That  the  transport  of  pathogenic  microbes  in  the  air  is  ef- 
fected especially  by  the  damp  which  contains,  in  an  infinitesimal 
state,  traces  of  gas-aliments.  Moreover,  it  would  seem  that  the 
air,  when  it  fulfills  certain  conditions  of  dampness,  of  chemical 
composition,  of  temperature,  and  of  age  of  microbes,  is  capable 
of  being  fertilized  directly  by  the  contact  of  a  microbian  source. 
Up  till  now  it  was  thought,  according  to  numerous  observa- 
tions, that  for  microbes  to  be  transported  by  the  air  it  was  neces- 
sary to  project  them  into  it  by  some  mechanical  action,  such  as 
pulverization  or  any  other  means,  the  effect  of  which  would  be 
to  detach  them  from  their  support.  Contrary  to  this  notion, 
Trillat  and  Fouassier  have  established  experiments  demonstra- 
tmg  that  when  the  superposition  of  certain  factors  takes  place, 
the  sowing  of  the  air  is  performed  in  the  same  manner  as  that  of 
a  bouillon  culture,  merely  by  the  play  and  movement  of  the  in- 
visible vesicles  which  constitute  tlie  humidity  of  the  air.  In 
an  infinitely  feeble  volume  of  about  one  hundred-thousandth 
of  a  cubic  millimeter,  these  tiny  drops  are  uninfluenced  by  the 
action  of  the  force  of  gravity.  They  are  always  mobile  under 
the  influence  of  the  least  variation  of  temperature.  M.  Trillat 
and  Fouassier  have  shown  how  the  contamination  of  the  air 
takes  place  in  a  closed  and  tranquil  space,  without  the  interven- 
tion of  the  presence  of  dust  or  of  any  mechanical  means,  as  was 
believed  up  to  the  present  time." 

It  seems  probable  that  the  gradual  lessening  in  the  bacterial 
count  in  the  air  of  places  that  have  been  ozonized  for  some  time 
is  due,  not  to  direct  influence  of  ozone  on  the  bacteria,  but  to 
the  alteration  in  the  air  as  a  culture  medium  and  also  to  the  fact 
that  the  myriad  cracks  and  crevices  in  the  walls,  ceilings,  hang- 
ings, furniture,  etc.,  which  harbor  cultures  that  constantly  sup- 
ply bacteria  in  the  air,  are  gradually  exhausted.  This  would 
account  for  the  discrepancy  between  laboratory  tests  of  brief 
duration  and  actual  prolonged  trials. 

II ODOR   DESTRUCTION 

CASEIN — In  addition  to  the  odor  destruction  tests  outlined 
above  and  already  published,  further  tests  have  since  been  made 
with  casein  and  with  tobacco  smoke.  The  casein  tests  were  un- 
dertaken with  the  object  of  destroying  the  odors  arising  from  a 
factory  producing  about  500,020  lbs.  casein  per  month.  This 
material  had  a  very  bad,  nauseating  odor.  In  drying  the  ma- 
terial, air  is  passed  over  it  or  through  it,  and  this  takes  up  part 
of  the  disagreeable  odor.  This  air  then  passes  up  a  stack  and 
out  into  tlie  atmosphere,  where  it  proves  a  nuisance  to  the  neigh- 
borhood. The  problem  is  to  destroy  the  odor  before  it  passes 
up  the  stack. 

Tests  were  made  on  the  eflSuvium  from  the  casein  to  determine 
•whether  ozone  would  affect  it.  For  this  purpose  about  15 
1  Slh  Iniern.Congr.  Appl.  Chrm.,  19,  71. 


grams  were  put  into  a  Petri  dish  under  a  bell  jar.  When  the 
air  had  become  saturated  it  was  caused  to  displace  the  water 
in  a  Wolff  bottle.  A  measured  amount  of  this  efiluvium  was 
then  allowed  to  mix  with  a  measured  amount  of  ozonized  air 
of  known  concentration.  Several  tests  were  made,  using  various 
quantities  of  ozone,  any  odor  due  to  excessive  ozone  being  re- 
moved with  ferrous  sulfate.  In  each  case  the  odor  due  to  casein 
was  destroyed.  The  least  quantity  of  ozone  which  suflSced 
was  1.84  mg.  per  liter  of  effluvium;  i  75  mg.  per  liter  left  a 
slight  trace  of  the  odor.     The  results  are  presented  herewith. 

I — I  1.  of  effluvium  was  entirely  deodorized  by  0.47  mg.  of 
ozone,  with  a  distinct  excess  of  ozone. 

2 — II  1.  of  effluvium  were  entirely  deodorized  with  0.41  mg. 
of  ozone  or  0.037  ™g-  per  1.  with  excess  of  ozone. 

3 — 14  1.  of  effluvium  were  deodorized  with  0.171  mg.  of  ozone 
or  0.012  mg.  per  1.  with  excess  of  ozone. 

4 — 0.0057  mg.  ozone  per  liter  of  effluvium  materially  lessened 
the  odor  but  did  not  destroy  it  entirely. 

The  proportion  of  air  to  casein  in  the  experiment  was  less 
than  in  the  most  unfavorable  case  that  the  factory  conditions 
exhibit.  The  casein  used  was  in  a  much  more  advanced  state 
of  decay  and  probably  had  odors  that  were  far  stronger  than 
are  ever  obtained  at  the  factory.  Complete  elimination  of  the 
odor  was  the  object  in  the  experiment,  and  this  was  obtained 
at  wUl.  The  qualitative  tests  which  preceded  the  quantitative 
tests  demonstrated  that  actual  destruction  and  not  masking 
of  the  odor  was  attained. 

SMOKE — The  destruction  of  the  odor  of  stale  tobacco  smoke 
and  of  old  moist  cigar  stumps  has  always  constituted  a  most 
graphic  illustration  of  the  power  of  ozone.  Rooms  in  which 
much  smoking  has  occurred  retain  the  odor  of  tobacco  in  the 
walls,  hangings  and  furnishings,  and  this  odor  is  enduring  and 
persistent.  Kxperiments  in  which  it  was  shown  that  the  odor 
imparted  to  cheese-cloth  by  tobacco  smoke  could  be  destroyed 
by  ozone  have  been  published  in  the  previously  cited  paper.' 
There  seems  to  be  some  difference  of  opinion,  however,  regard- 
ing the  effect  of  ozone  on  the  smoke  present  in  an  occupied  room 
during  the  actual  smoking,  and  where  the  ozone  is  of  such 
strength  as  to  be  comfortably  borne  by  the  room  occupants. 

Hill  and  Flack-  noted  that  the  apparent  density  of  the  smoke 
diminished  and  that  the  odor  disappeared.  Kisskalt,  Schwartz 
and  Miinchmeyer'  noted  a  lessening  in  the  smoke  density  and 
total  disappearance  of  the  odor.  Cramer*  states  with  regard 
to  experiments  performed  on  a  large  scale: 

"All  that  could  be  clearly  demonstrated  was  the  fact  that  the 
smoke  haze  became  appreciably  lighter  and  that  the  pungent 
characteristic  of  the  smoke  disappeared,  rendering  it  no  longer 
irritating  to  the  eyes." 

Czaplewski*  states: 

"In  our  own  tests  with  stronger  ozone  concentrations,  ciga- 
rette smoke  was  entirely  destroyed  in  a  room  so  as  not  to  be  per- 
ceived by  a  person  entering  the  room  from  the  outside.  There 
was  no  'after'  smell  and  tobacco  smoke  on  clothing  is  disposed 
of  by  ozone." 

Smoke  consists  of  particles  of  carbon  and  of  various  volatil- 
ized pungent  and  aromatic  suljstances.  Only  the  latter  give 
taste,  smell  and  irritating  i)roperties  to  smoke,  the  carbon  con- 
tributing most  of  the  visibility.  The  volatile  elements  in  smoke 
exist  in  the  gaseous  form,  i.  e.,  in  a  state  of  molecular  subdivi- 
sion, but  the  carbon  particles  exist  in  the  shape  of  molecular 
aggregates,  each  of  infinite  size  compared  with  the  molecules 
themselves,  otherwise  they  would  not  be  visible.  Ozone  can 
combine  only  with  the  volatile  elements  in  smoke.  It  thus 
renders  it  odorless,  tasteless,  and  incapable  of  causing  irritation, 

'  Healing  and  VcntHalinf  Magazine,  N.  Y.,  Vol.  X.  Nos.  10  and  11. 

'  Hill  and  Flack.  Proc.  Roy.  Soc..  Scr.  B.,  84,  p.  404. 

>  Kiesfcalt,  Schwartz  and  Mu  rchmeyer,  Chemiker  Zeil.,  1912,  No.  129. 

•  Cesundh.  Ing.,  1909,  p.  498. 

'  Czaplewski.  Ibid. 
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but  it  cannot  burn  the  carbon  which  in  any  event  is  totally 
inert  and  harmless.  Numerous  tests  with  actual  smoke  have 
shown  this  to  be  true. 

In  my  own  tests  I  have  observed  that  when  the  ozone  is  turned 
on  in  a  smoke-laden  atmosphere  the  density  of  the  smoke  lessens 
and  the  odor  and  pungency  disappear,  the  smoke  being  entirely 
undetectable  excepting  for  its  visibility.  For  some  time  I 
have  suspected  that  the  apparent  diminution  in  visual  density 
might  be  due  to  stirring  up  of  the  air  by  the  fan  which  is  at- 
tached to  all  the  ozonators  with  which  I  have  experimented 
in  this  direction.  Some  experiments  were  performed  to  deter- 
mine whether  or  not  ozone  actually  diminished  the  smoke  density. 
Wolff  bottles  of  2  1.  capacity,  and  furnished  with  a  tubulure  at 
the  base,  were  filled  with  water.  One  of  the  necks  was  stoppered 
and  the  other  attached  by  a  rubber  tube  to  a  glass  funnel  in- 
verted over  a  quantity  of  burning  tobacco.  The  tobacco  was 
burned  on  a  thin,  flat  iron  plate  by  means  of  a  gas  burner  placed 
underneath.  The  funnel  was  supported  with  its  rim  about 
Vs  inch  above  the  plate  and  directly  above  the  tobacco.  When 
the  tubulure  was  opened  and  water  permitted  to  flow  from  the 
Wolff  bottle,  the  air  which  replaced  the  water  flowed  under  the 
edge  of  the  inverted  fumiel  and  over  the  burning  tobacco,  whose 
smoke  was  carried  along  with  the  air.  In  this  manner  each 
of  two  bottles  was  half  filled  with  a  dense  cloud  of  smoke.  One 
of  these  bottles  was  then  connected  to  the  ozone  line  and  the  re- 
maining water  replaced  by  ozonized  air,  leaving  about  V2  inch 
of  water  in  the  bottom  of  the  bottle.  Into  the  other  bottle 
atmospheric  air  was  introduced  in  the  same  manner.  The  bot- 
tles were  then  shaken  to  cause  the  water  to  mix  the  smoke  and 
air  thoroughly,  and  the  bottles  were  placed  side  by  side  on  a 
shelf  and  observed  after  various  periods  of  time.  The  results 
are  presented  in  the  following  tabulation: 


III 


IV 


Test  No.   Ozone  mg-    15  min.  30  min,  1  lir.                 4  hrs. 

1 1.05          Slightly  Slightly  Marked  Marked 

clearer  clearer  clearing  clearing 
(slight) 

2 0.92          Shghtly  Shghtly  Slightly  Marked 

clearer  clearer  clearer  clearing 

3 1,10         No  differ-  SUghUy  Slightly  Slightly 

ence  clearer  clearer  clearer 

4 1.13         Slightly  Shghtly  Marked  Marked 

clearerC?)  clearer  clearing  clearing 

5 0.96         Shghtly  Shghtly  Slightly  Marked 

clearer  clearer  clearer  clearing 
(sUght) 

The  remarks  imder  Columns  III,  IV,  V  and  VI  refer  to  the 
bottles  containing  smoke,  air  and  ozone,  directly  compared  with 
the  corresponding  bottles  containing  only  air  and  smoke.  The 
tobacco  was  of  a  standard  inexpensive  "cut  plug"  variety  sold 
in  ten  cent  packages  and  was  rather  sweet,  strong  and  moist. 
The  amount  of  tobacco  was  completely  burned,  the  entire  gaseous 
products  of  combustion  entering  the  Wolff  bottle.  There  was 
considerable  condensation  on  the  funnel  at  first,  but  later  this 
decreased  greatly,  as  ascertained  on  weighing  the  funnel,  and 
the  results  given  are  of  the  later  tests.  The  smoke  in  the  bottles 
was  much  denser  than  could  be  obtained  in  any  room  by  persons 
smoking. 

It  will  be  seen  that  in  the  bottle  containing  ozone  the  smoke, 
in  general,  cleared  sooner  than  that  in  the  bottle  containing 
only  air.  The  difference,  though  always  unmistakable  after 
several  hours,  was  only  occasionally  quite  marked.  The 
amount  of  clearing  after  the  lesser  periods  of  time  was  so 
slight  as  often  to  be  questionable,  but  in  general  it  can  be  said 
that  the  ozone  makes  a  slight  reduction  in  the  smoke  density. 
In  each  case  the  smoke  settled  slowly  in  a  cloud,  leaving  the  top 
of  the  bottle  clear.  The  "conglomeration"  noted  by  Cramer' 
was  seen  only  in  one  test  (No.  3)  and  then  only  faintly. 

It  might  be  concluded  from  the  above  tests  that  ozone  is 
capable  of  lessening  somewhat  the  visual  density  of  tobacco 
smoke,  but  when  it  is  remembered  that  the  ozone  concentra- 
'  Gesundh.  Ing..  1909,  p.  498  . 


tion  was  about  i  gram  per  cmb.  it  hardly  seems  probable  on 
first  thought  that  the  clearing  noted  when  ozone  at  a  concentra- 
tion not  exceeding  i  mg.  per  cbm.  is  turned  into  a  smoky  room, 
is  due  alone  to  the  action  of  the  ozone.  However,  a  considera- 
tion of  the  quantities  involved  indicates  that  this  may  well  be 
true.  In  the  tests  the  products  of  combustion  of  2  grams  of 
tobacco  were  collected  in  the  space  of  2  1.  in  approximately  2 
minutes.  This  would  be  equivalent  to  burning  41  kg.  tobacco 
in  a  room  of  41  cbm.  (12  ft.  X  12  ft.  X  10  ft.)  in  2  minutes. 
Five  men  smoking  pipes  in  such  a  room  would  burn  only  4.3 
g.  in  the  same  period.  Thus  the  ratio  of  tobacco  consump- 
tion in  the  above  described  laboratory  tests  and  in  this  hypo- 
thetical case  is  approximately  10,000  :  i,  while  the  ratio  of  the 
ozone  concentrations  is  only  1,000  :  1,  or  in  a  similar  actual  case 
occurring  in  practice  the  amount  of  ozone  would  be  about  ten 
times  more  in  proportion  to  the  tobacco  than  in  the  tests  de- 
scribed. Besides  this  there  would  be  approximately  10,000 
times  as  much  air  for  the  smoke  to  diffuse  into  and  a  marked 
clearing  action  is  exercised  by  the  air,  which  may  be  intensified 
by  the  action  of  the  ozone.  The  estimates  of  the  amounts 
of  tobacco  consumed  are  based  on  measurements  of  ten  pipes 
and  on  timing  different  smokers.  The  average  amount  of 
tobacco  (of  the  kind  used  in  the  experiments)  held  by  the  pipes 
was  1.62  g.  and  the  average  time  of  smoking  was  38  minutes. 
In  all  cases  the  odor  of  the  smoke  was  markedly  or  even  com- 
pletely removed,  leaving  it  odorless,  tasteless  and  with  no  power 
to  irritate  the  mucous  membrane  of  the  eyes,  nose,  or  mouth. 

Fragments  of  cloth  were  cut  into  strips  5  cm.  X  8  cm.  and  sus- 
pended in  a  bell  jar  having  a  tubulure  at  the  bottom  and  a  neck 
at  the  top.  The  latter  was  connected  on  an  aspirator  and 
tobacco  smoke  was  drawn  in  at  the  tubulure.  After  the  smoke 
from  2 . 5  grams  of  tobacco  had  permeated  the  cloth  strips  the 
latter  were  removed  and  examined;  they  smelled  strongly  of 
tobacco.  They  were  then  replaced  in  the  bell  jar  and  ozonized 
air  was  drawn  through  for  varying  periods  of  time.  The  con- 
centration was  1 .03  mg.  per  cbm.     The  results  were  as  follows: 

Test 

No.  Material  Result  Time 

1  Cheese-cloth  (thoroughly  washed)  Thoroughly  deodorized  9  min. 

2  Cheviot  (cut  from  an  old  suit)  Thoroughly  deodorized  29  min. 

3  Satin  (cut  from  lining  of  old  suit)  Thoroughly  deodorized  18  min. 

4  Duck  (new)  Thoroughly  deodorized  6  min. 

No.  I  became  most  strongly  odorous  with  the  same  exposure 
as  the  others.  After  a  rest  of  12  hours  No.  2  experienced  a 
slight,  though  distinct,  return  of  odor,  which,  however,  disap- 
peared finally  with  5  minutes'  additional  ozonization.  The 
comparative  thickness  and  microscopic  complexity  of  the  cloth 
undoubtedly  accounts  for  this  phenomenon. 

Ill — COLD  STORAGE  AND  FOOD  PRESERVATION 

Czaplewski  states: 

"A  great  field  for  ozone  ventilation  seems  to  open  in  the  food 
industry,  especially  in  the  cold  storage  chambers  of  abattoirs. 
Ozone  has  been  shown  to  have  caused  direct  saving  in  many  of 
these  plants,  the  meat  remaining  fresh  and  sweet  for  a  much 
longer  period  with  ozone  than  without.  In  egg  cold  storage 
the  ozone  has  given  excellent  results  in  that  the  disagreeable 
straw  and  box  odors  disappear,  the  eggs  last  longer,  and  fewer 
decay." 

Bail'  reports,  referring  to  the  Cologne  abattoir: 

"Meat  that  had  decayed  was  at  least  partially  reclaimed  by 
the  ozone,  the  mold  coating  having  disappeared." 

Saint  Pere- states: 

"Only  pure  ozone  should  be  used  in  food  preservation.  Pure 
ozone  on  decomposition  yields  only  pure  oxygen,  but  this  is 
not  true  of  ozone  contaminated  with  other  gases.  Tht  latter 
gives  a  peculiar  odor  to  eggs,  meats,  etc.,  due  to  the  nitrogen 
oxide   impurities.     The   odor   fixes   itself   permanently   in   the 

'  Bail,  Prog.  med.   Wochenschr.,  1913,  No.   17,  p.  217. 
>  St.  P«re,  Revue  Generate  de  Froid,  No.  34,  March,  1912. 
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moist  parts  of  meats,  as  the  muscular  fibers,  ruining  the  best 
qualities.  This  contamination  in  ozone  does  not  harmfully 
affect  fruits;  the  thickness  of  the  skin  is  apparently  effectively 
increased,  thus  protecting  it  against  the  cold  which  otherwise 
hinders  ripening." 

For  most  varieties .  of  foods  there  exists  a  certain  critical 
temperature  below  which  they  may  not  be  stored  without  in- 
jurious freezing  and  above  which  they  are  liable  to  deleterious 
bacterial  invasion.  It  is  extremely  difficult  to  maintain  rooms 
at  the  right  temperature  owing  to  the  constant  entrance  and 
exit  of  operatives  and  because  masses  of  material  to  be  stored 
diffuse  great  quantities  of  heat  on  cooling  down.  The  function 
of  ozone  is  to  limit  bacterial  activity  at  temperatures  at  which 
they  might  otherwise  thrive. 

EGG  STORAGE — We  have  performed  experiments  with  the 
preservation  of  eggs  at  ordinary  temperatures  and  present  the 
results  herewith : 

Preliminary  tests  were  made  to  determine  the  effect  of  ozone 
on  egg  albumin  and  to  note  the  effect  of  vacua  on  eggs.  The 
eggs  in  all  of  the  tests  were  from  white  Leghorn  hens  and  were 
laid  in  the  morning  of  the  day  of  the  tests. 

The  albumin  of  three  eggs  was  well  mixed,  diluted  with  an 
equal  quantity  of  water  and  divided  into  two  parts.  One  part 
was  put  into  a  Petri  dish,  6  inches  in  diameter  and  */s  inch  deep 
and  placed  under  a  bell  jar  (9  inches  in  diameter  by  12  inches 
high),  with  openings  at  the  top  and  near  the  bottom  at  the  side. 
Glass  tubes  provided  with  stopcocks  were  inserted  through 
corks  in  these  openings,  the  one  passing  through  the  top  open- 
ing extending  downward  inside  the  bell  jar  almost  to  the  Petri 
dish.  The  lower  glass  tube  was  connected  to  an  aspirator  and 
ozonized  air  containing  5  g.  per  cbm.  was  drawn  from  the  upper 
tube  over  the  Petri  dish  at  the  rate  of  i  cbm.  per  hour.  The 
total  amount  of  air  was  170  1.,  ozone  850  mg.,  period  10  minutes. 

The  albumin  coagulated  considerably  and  the  whole  mass 
turned  a  weak  yellowish  gray  color  which  was  distinctly  notice- 
able but  not  pronounced.  There  was  no  odor  of  ozone  in  the 
resulting  coagulum.  Straining  and  weighing  showed  that  the 
coagulum  represented  27.4  per  cent  of  the  total  albumin. 

The  remaining  half  of  the  albumin  solution  was  treated  in 
the  same  way  with  atmospheric  air  instead  of  ozonized  air. 
The  amount  of  air  and  the  period  were  the  same  and  there  was 
16.4  per  cent  coagulation  but  no  discoloration. 

Ten  eggs  were  weighed,  numbered  and  placed  under  the  bell 
jar  in  a  Petri  dish.  The  jar  was  then  evacuated  to  0.46  ram. 
hg.  and  kept  in  this  state  for  two  hours,  when  the  pressure  had 
risen  2  .37  mm.  owing  to  evaporation  from  the  eggs,  none  having 
broken.  The  air  was  then  slowly  introduced  till  atmospheric 
pressure  was  reached  and  the  eggs  removed  and  weighed. 

Weight 1  2  3  4  5 

G 57.1.3  63.06  68.75  61.78  61.61 

Loss,  per  cent....        0.402  0.365  0.465  0.461  0.372 

.Weight 6  7  8  9  10 

G 62.52  54.79  57.23  53.80  57.43 

Loss,  per  cent...       0.335  0.381  0.540  0.473  0.400 

Mean  weight  before 59  .  82  grams 

Mean  weight  after 59 .  57  grams 

Mean  loss,  g 0.  25 

Mean  loss,  per  cent 0 .  42 

These  eggs  were  among  the  checks  in  the  following  experi- 
ments: Ten  salt  mouth  bottles  of  i  1.  capacity  were  fitted- with 
corks  '/j  inch  thick,  boiled  in  paraffine  and  provided  with  two 
glass  tubes  with  stopcocks.  Two  eggs,  weighed  and  numbered, 
were  placed  in  each  bottle  and  the  corks  replaced  and  sealed 
with  paraffine.  The  bottles  were  exhausted  to  0.59  ram.  hg., 
after  which  air  containing  320  mg.  ozone  per  cbm.  was  slowly 
introduced.  Ten  control  bottles  were  prepared  in  precisely 
the  same  way,  with  the  exception  that  the  air  contained  no 
ozone,  and  furnished  with  eggs.  The  bottles  were  numbered 
and  put  away  in  a  dark  room  and  at  periods  of  ten  days  one 
ozonized  bottle  and  one  check  bottle  were  opened  and  the  eggs 


examined  and  compared.  One  egg  from  each  bottle  was  boiled 
and  the  other  fried  in  Crisco  and  wherever  possible  all  of  the 
eggs  were  eaten.  The  temperature  varied  from  16°  C.  to  25°  C. 
during  the  whole  period. 

Ten  days — There  was  no  ozone  left  in  the  bottle.  Both 
eggs  were  all  right  in  every  respect;  loss  of  weight,  o  10  per 
cent  and  0.17  per  cent. 

The  control  eggs  were  all  right;  loss  of  weight  o  19  per  cent 
and  0.24  per  cent. 

The  remaining  bottles  were  then  evacuated  and  ozonized 
as  at  the  beginning  of  the  test  and  the  control  bottles  evacuated 
and  filled  with  air.  In  two  bottles  the  eggs  cracked  and  were 
discarded. 

Twenty  days — The  ozonized  eggs  were  all  right  in  every 
respect ;  loss  in  weight,  o  45  per  cent  and  o  49  per  cent ;  no 
ozone  left. 

Of  the  unozonized  eggs  the  boiled  one  tasted  like  an  old 
storage  egg,  but  the  fried  one  seemed  all  right;  the  bottle  had 
no  smell;  loss  in  weight,  0.57  per  cent  and  0.56  per  cent. 

Thirty  days — The  ozonized  eggs  looked,  smeUed  and  tasted 
all  right;  no  ozone  left;  spot  in  both  shells  because  eggs  had  not 
been  turned;  loss  in  weight,  o  84  per  cent  and  o  55  per  cent. 

The  unozonized  bottle  smelt  frora  mildew;  eggs  looked  weedy 
and  spoiled;  neither  could  be  eaten;  half  of  the  inside  of  shell 
was  black  from  lack  of  turning;  loss  in  weight,  o  72  per  cent 
and  0.75  per  cent. 

Forty  days — Ozonized  eggs  both  good  in  aU  respects;  loss 
in  weight,  o  65  per  cent  and  o  gS  per  cent;  no  ozone  left. 

The  unozonized  bottle  sraelt  frora  raildew;  both  eggs  thor- 
oughly bad;  could  not  be  eaten;  loss  in  weight,  0.88  per  cent  and 
o .  96  per  cent. 

Fifty  days — Ozonized  eggs  both  all  right  in  all  respects;  no 
ozone;  loss  in  weight,  1.25  per  cent  and  1.12  per  cent. 

Unozonized  eggs  essentially  same  as  at  40  days. 

Sixty  days — Ozonized  bottle  showed  slight  trace  of  mildew; 
shells  slightly  mildewed;  eggs  both  eaten  but  did  not  seem  al- 
together fresh ;  loss  in  weight,  i   65  per  cent  and  i .  52  per  cent. 

Unozonized  eggs  essentially  as  in  40  and  60  day  test  but  more 
pronounced ;  loss  in  weight,  i  38  per  cent  and  i   76  per  cent. 

Seventy  days — Smell  of  mUdew  in  ozone  bottle;  boiled  egg 
could  not  be  eaten  but  fried  egg  was  eaten  and  tested  somewhat 
stale;  loss  in  weight,  1.59  per  cent  and  1.69  per  cent. 

Unozonized  eggs  were  thoroughly  rotten  and  mildewed; 
strong  HjS  odor. 

It  should  be  noted  that  the  corks  were  not  tight  after  the 
first  trial;  the  ozone  disappeared  in  a  short  time,  the  period 
lessening  after  each  treatment;  the  ozonized  eggs  lasted  about 
twice  as  long  as  the  unozonized  eggs;  the  temperatures  were 
very  high  throughout.  Further  test  with  ozone  supplied  con- 
stantly are  to  be  reported  later. 

Fresh  eggs  are  covered  with  a  thin  mucilaginous  envelope 
which  renders  them  air-tight,  but  after  a  time  this  dries  and  des- 
quamates, leaving  the  porous  shell  unprotected.  Then  follows 
a  period  during  which  evaporation  takes  place  and  much  of  the 
water  of  the  egg  passes  through  the  shell,  being  replaced  by 
air  from  without.  This  air  carries  a  variety  of  enzymes  and 
other  raicroorganisms  through  to  the  interior  of  the  egg  and  it  is 
probable  that  all  the  putrefactive  changes  in  the  egg  are  due  to 
the  activity  of  these  organisms  because  the  contents  of  fresh 
eggs  are  known  to  be  absolutely  sterile.  Ozone  by  lessening  the 
number  and  activity  of  these  organisms  inhibits  the  putrefac- 
tive processes  to  which  stored  eggs  are  otherwise  liable. 

CONCLUSIONS 

From  the  e\idence  jiresented  above,  the  following  conclu- 
sions may  be  drawn: 

I — Ozone  destroys  tiie  odor  of  certain  foodstuffs  and  other 
organic  sources  of  odor. 

II — Ozone  is  in  no  sense  poisonous,  though  in  great  concentra- 
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tions  it   is  capable   of  causing  local   irritation  of   the   mucous 
membranes  with  which  it  comes  in  contact. 

Ill — Prolonged  ozonization  is  capable  of  ridding,  at  least  in 
a  measure,  the  atmosphere  of  food  storage  rooms  of  germ  life,  prob- 
ably through  rendering  it  an  unsuitable  medium  for  their  support. 

IV — Ozone  is  a  valuable  adjunct  to  ventilation,  its  function 
being  the  destruction  of  odor  with  consequent  partial  purifica- 
tion of  the  air;  there  is  nothing  either  in  the  theory  or  in  recorded 
experience  to  warrant  its  use  for  curtailing  ventilation. 

V — Eggs  may  be  preserved  longer  with  the  aid  of  ozoiie  than 
under  similar  conditions  without. 

VI — The  analogy  between  laboratory  tests  and  actual  prac- 
tical applications  is  often  so  obscure  and  replete  with  modifying 
factors  that  the  extremest  care  must  be  exercised  in  applying 
the  results  of  experimental  observations  to  practice. 
Sprague  Electric  Works,  Bloomfield,  N.  J. 


THE  IMPORTANCE  OF  ENZYMES  AND  ENZYME 
REACTIONS  IN  MEDICINE  AND  SURGERY' 

By  W.  G.  Lyle  and  P.  A.  Kober 

We  wish  to  present  for  your  consideration  this  evening  a  brief 
review  of  the  advances  that  have  taken  place  in  the  methods 
of  obtaining  and  identifying,  for  diagnostic  purposes,  some  of  the 
ferments  present  in  the  human  body.  These  vary  quantita- 
tively so  much,  even  under  normal  conditions,  that  only  their 
absence,  or  marked  diminution,  is  of  importance  in  determining 
to  what  extent  the  organ  itself  is  diseased. 

We  shall  first  discuss  the  digestive  enzymes.  Saliva  contains 
a  ferment  called  ptyalin,  or  better,  salivary  amylase.  Its 
activities  are  restricted  to  the  hydrolysis  of  the  starches,  con- 
verting them  into  maltose  and  a  small  amount  of  glucose.  The 
ferment  acts  best  in  a  slightly  acid  medium,  strong  mineral 
.acids  destroying  it.  Owing  to  the  short  time  that  food  remains 
in  the  mouth,  the  amount  of  starch  digested  there  is  small. 
The  ptyalin,  after  reaching  the  stomach,  is  destroyed  by  the 
.  hydrochloric  acid  present  but  many  pieces  of  starch  embedded 
in  larger  masses  of  food  are  protected  from  its  action  and  may 
still  undergo  digestion,  due  to  the  action  of  the  saliva  swallowed 
with  them.  It  is  estimated  that  this  starch  digestion  in  the 
stomach  may  proceed  for  at  least  thirty  minutes.  In  cases  where 
the  hydrochloric  acid  is  low,  or  absent,  pronounced  digestion  of 
starch  will  occur. 

An  interesting  fact  observed  by  Warfield  and  Koelker  is  that 
saliva  contains  another  ferment,  erepsin,  which  is  capable  of 
splitting  some  of  the  peptids  to  the  amino  acid  stage.  The 
reason  for  the  presence  of  this  enzyme  in  the  mouth  is  not  clear; 
however,  it  is  probably  of  no  digestive  importance,  being  derived 
from  the  cells  which  line  the  ducts  of  the  glands,  from  the  mucous 
membrane  of  the  mouth,  and  from  the  bacteria  present  there. 

In  the  stomach  we  find  the  strong  proteolytic  enzyme  pepsin, 
.acting  in  an  acid  medium.  Its  function  seems  to  be  to  break 
down  the  coarser  colloidal  particles  into  a  non-coagulable  state, 
preparatory  to  their  further  digestion  by  the  enzymes  of  the 
upper  intestinal  tract.  Peptic  digestion  of  proteids  in  the 
stomach  does  not  proceed  as  far  as  the  formation  of  peptids  and 
amino  acids;  on  this  fact  is  based  a  diagnostic  test  for  cancer, 
known  as  the  glycyl-tryptophan  reaction.  Theoretically,  in  the 
normal  stomach,  the  di-peptid,  glycyl-tryptophan,  cannot  be 
broken  up  into  glycine  and  tryptophan  by  pepsin,  whereas,  if 
cancer  is  present  this  will  take  place.  The  tryptophan  thus 
liberated  is  tested  for  with  bromine.  The  splitting  of  this 
peptid  may  be  due  to  an  enzyme  present  in  the  carcinoma  itself, 
or  it  may  be  brought  about  by  the  action  of  erepsin,  a  ferment 
widely  distributed  in  the  cells  of  the  body,  and  undoubtedly 
secreted  during  the  rapid  proliferation  and  breaking  down  of 
the  cancer  cells.     The  practical  difficulty  with  this  test  is  that 

'  Presented  at  the  New  York  Section  of  the  A.  C.  S..  Chemists'  Club, 
June  5,  1914. 


there  may  be  a  regurgitation  into  the  stomach  of  intestinal 
contents  containing  trypsin,  which,  of  course,  will  split  the  peptid, 
and  give  the  reaction,  even  if  no  carcinoma  is  present.  For 
this  reason  the  test  has  not  proved  satisfactory. 

Pepsin  and  hydrochloric  acid  are  absent  in  a  disease  of  the 
stomach  known  as  Achylia  Gastrica,  in  which  the  mucous  mem- 
brane becomes  atrophied,  and  the  glands  do  not  secrete  the  fer- 
ment. The  absence  of  pepsin  and  hydrochloric  acid  is  also 
found  in  many  cases  of  cancer  of  the  stomach,  and  is  a  factor 
of  diagnostic  importance.  It  is  interesting  to  note  that  in  some 
cases  where  these  are  not  present  in  the  gastric  contents,  patients 
may  go  for  years  with  apparently  little  digestive  distmbance,  as 
the  protein  is  probably  digested  by  the  intestinal  enzymes,  thus 
showing  the  comparative  unimportance  of  peptic  digestion. 

The  pancreatic  juice,  which  is  poured  out  through  a  duct 
into  the  upper  part  of  the  small  intestine  known  as  the  duodenum, 
continues  the  digestive  process  begun  in  the  stomach,  and  breaks 
down  the  protein  mass  to  the  amino  acid  stage.  Besides  this 
proteolytic  ferment  called  trypsin,  the  pancreas  secretes  a  nu- 
clease, an  amylase,  and  a  lipase.  Owing  to  its  deep  retro- 
peritoneal position,  and  consequent  difficulty  in  gaining  any 
information  as  to  its  condition  by  palpation  and  methods  avail- 
able for  other  organs,  the  study  of  its  ferments  has  been  utilized 
as  a  diagnostic  help  in  diseased  conditions,  the  supposition  being 
that  if  they  were  absent,  or  greatly  diminished,  either  the  ducts 
through  which  these  were  discharged  into  the  small  intestine 
were  obstructed,  or  the  gland  itself  seriously  diseased. 

Unfortunately,  the  amount  of  these  ferments  normally  present 
is  so  variable,  that  unless  they  are  completely  absent  or  only 
traces  of  them  found,  great  care  must  be  taken  in  drawing 
conclusions  as  to  the  functional  activity  of  the  gland.  However, 
cases  have  been  reported  by  several  observers  where  no  ferments 
were  found  in  the  secretion  of  the  upper  intestine,  and  the  diag- 
nosis of  an  obstruction,  or  disease  of  the  gland,  was  made,  this 
afterwards  being  confirmed  by  operation  or  autopsy. 

Great  advances  have  been  made  in  the  study  of  these  enzymes 
by  the  use  of  the  duodenal  tube.  The  apparatus  consists  of  a 
thin  rubber  tube,  a  quarter  of  an  inch  in  diameter,  and  150  cm. 
in  length.  It  is  weighted  at  the  end  with  an  olive-shaped  metal 
ball,  perforated  on  the  sides.  The  patient  swallows  this  tube  on 
retiring,  and  is  given  a  glass  of  milk  in  the  morning.  After  an 
hour  the  contents  are  aspirated,  and  tested  for  the  presence  of 
ferments.  This  has  a  great  advantage  over  the  stool  examina- 
tion method,  as  we  are  able  to  obtain  the  ferments  in  a  fairly 
pure  condition.  The  usual  test  for  trypsin  is  the  one  recom- 
mended by  Oscar  Gross.  This  consists  of  a  solution  of  one-half 
gram  of  casein  dissolved  in  a  liter  of  sodium  carbonate  (solution 
i-iooo).  Duodenal  contents  are  added  to  this  casein  solution, 
incubated  for  about  eight  hours,  and  then  tested  with  a  i  per 
cent  acetic  acid.  If  the  mixture  is  digested,  showing  the  presence 
of  the  feiment,  the  solution  will  be  clear;  if  no  digestion  has 
taken  place,  a  precipitate  is  thrown  down. 

Other  methods  used  for  determining  the  presence  of  trypsin 
are  the  digestion  of  gelatin  either  in  tubes  or  in  plates,  the  di- 
gestion of  fibrin,  and  of  egg  albumin. 

Amylase  is  tested  for  by  a  method  introduced  by  Wohlge- 
muth. He  uses  six  small  test  tubes  into  which  are  put  5  cc.  of  a  i 
per  cent  soluble  starch  solution.  Tube  i  serves  as  a  control;  to 
the  remaining  five  tubes  are  added  0.05,  0.25,  0.5  and  i.o  cc.  of 
duodenal  juice,  diluted  one-half  with  distilled  water.  The  tubes 
are  incubated  for  about  thirty  minutes  and  to  each  is  added  a 
drop  of  Avio  iodin  solution.  The  tube  is  selected  as  positive 
which  shows  an  entire  disappearance  of  all  the  blue  color. 

Lipase  is  best  determined  by  incubating  a  mixture  of  the 
duodenal  juice  with  triacetin  for  a  given  length  of  time,  then 
titrating  the  acid  formed  in  the  usual  way.  It  is  necessary  in 
doing  this  to  run  blanks. 

As  yet  not  a  sufficient  number  of  cases  of  pancreatic  disease 
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have  been  investigated,  and  the  results  correlated  to  the  findings 
at  operation  and  autopsy,  to  establish  the  value  of  these  methods 
on  a  linn  diagnostic  footing.  But  it  is  likely  that  with  the  de- 
velopment of  better  technique  they  will  prove  of  great  aid  to  the 
surgeon  and  physician  in  diagnosing  these  obscure  conditions. 

Before  closing,  we  must  mention  some  of  the  rmore  recent 
clinical  tests  which  are  the  direct  result  of  enzyme  investigations. 
J — A  method  for  determining  urea  quantitatively  in  the  urine 
and  blood.     2 — A  test  for  the  diagnosis  of  pregnancy. 

UREASE — Following  the  discovery  of  Takeuchi  that  the  soya 
bean  contains  a  urease,  a  method  based  on  this  observation  has 
been  developed  for  estimating  the  amount  of  urea  in  the  urine 
and  in  the  blood.  The  procedure  is  briefly  as  follows:  A  given 
quantity  of  the  extract,  or  powder,  of  the  dried  soya  bean  is 
added  to  the  material  to  be  tested,  and  the  ammonia  which  is 
formed  from  the  urea  is  estimated  in  the  usual  way.  The  ad- 
vantage of  the  test  is  that  it  is  rapid  and  specific. 

Abderhalden's  test  for  pregnancy  is  based  on  the  fact  that 
foreign  proteins  circulating  in  the  blood  call  out  specific  ferments 
which  attack  them.  The  test  is  as  follows:  A  placenta,  or 
after-birth,  is  ground  up,  washed  free  from  all  water-soluble 
material,  and  placed  in  a  dialyzing  bag  with  some  serum  from  a 
suspected  case.  If  the  woman  is  pregnant,  ferments  specific 
for  placental  tissue  are  present  in  her  serum.  These  will  digest 
the  placental  tissue  contained  in  the  bag,  and  the  dialysate  will 
give  the  test  for  protein  with  ninhydrin,  a  reagent  which  gives 
a  blue  color  with  it.  If  she  is  not  pregnant  no  ferments  are 
present,  and  consequently  the  ninhydrin  reaction  is  negative. 
A  similar  method  is  being  tried  for  the  diagnosis  of  cancer,  using 
the  cancer  tissue  instead  of  placenta,  and  dialyzing  it  with  serum 
from  the  suspected  case. 

The  fact  that  proteins  introduced  into  the  circulation  other 
than  through  the  intestinal  tract  are  split  up  by  ferments 
is  of  great  importance  in  the  study  of  anaphylaxis  and  in 
diseases  like  hay  fever,  urticaria,  asthma  and  peculiar  disturb- 
ances in  the  nervous  control  of  the  circulation.  It  seems  that 
proteins  taken  through  the  mouth  are  split  up  by  the  digestive 
juices  in  such  a  way  as  to  deprive  them  of  their  specificity,  and 


they  are  not  absorbed  until  this  has  taken  place.  This  would 
point  to  some  regulating  mechanism  for  preventing  the  re- 
absorption  of  heterogeneous  albumin.  It  is  probable  that  the 
feeding  of  excessive  amounts  of  foreign  proteids  is  responsible 
for  the  condition  known  as  hives,  for  the  disorders  following  the 
eating  of  shell  fish  and  strawberries,  and  probably  for  some  of 
the  digestive  disturbances  found  in  infants  fed  on  cow's  milk. 
In  hay  fever,  the  continued  absorption  of  proteids  present  in 
pollen,  produces,  in  sensitized  individuals,  the  well  known  symp- 
toms of  the  disease. 

Anaphylaxis,  or  in  English,  hypersensitiveness,  is  the  oppo- 
site condition  to  protection.  The  word  was  coined  to  describe 
the  peculiar  effect  which  certain  poisons  possess  of  increasing, 
instead  of  diminishing,  the  sensitivity  of  the  organism  through 
their  action.  A  hypersensitiveness  occurs  after  the  injection  or 
absorption  of  a  foreign  proteid,  and  becomes  manifest  on  the 
repetition  of  the  injection.  For  example,  if  a  guinea  pig  is  in- 
jected with  a  given  non-fatal  amount  of  horse  serum,  and  the 
injection  repeated  at  regular  intervals,  after  a  time  the  animal 
develops  an  immunity,  and  is  able  to  tolerate  a  dose  much  larger 
than  the  original  one.  Whereas,  if  an  inte:-\'al  of  time  is  allowed 
to  elapse,  say  ten  to  fourteen  days  after  the  first  injection,  the 
second  dose  will  produce  a  train  of  symptoms,  in  severe  cases, 
characterized  by  great  restlessness,  rapid  and  labored  breathing, 
collapse  and  death. 

It  is  well  known  that  some  people  are  very  susceptible  to  horse 
serum.  This  should  be  borne  in  mind  if  it  is  necessary  to 
inject  diphtheria  antitoxin,  as  these  very  alarming  and  some- 
times fatal  anaphylactic  phenomena  occur,  especially  if  the 
patient  has  had  a  previous,  protective  dose.  In  this  connection 
it  is  interesting  to  note  that  some  people  are  unable  to  ride  be- 
hind a  horse  without  attacks  of  sneezing,  running  of  the  eyes,  etc. 
Some  asthmatics  who  are  sensitized  to  horse  proteid  have  their 
attacks  brought  on  in  tliis  manner. 

This  brief  resume  suggests  the  great  importance  of  fermest  in- 
vestigation in  the  practice  of  medicine  and  surgery. 

Harrim.^n   Research  Laboratory 

Roosevelt  Hospital.  New  York  City 
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WILLIAM  LOFLAND  DUDLEY 

On  the  morning  of  Tuesday,  September  8,  1914,  en  route  from 
Clifton  Springs  Sanitarium  to  his  home  on  the  Campus  of 
Vanderbilt  University  in  NashvUle,  Tennessee,  William  Lofland 
Dudley  breathed  his  last  after  a  sudden  stroke  of  paralysis. 
During  recent  years,  Dr.  Dudley  had  been  in  poor  health  and 
his  many  friends  became  much  concerned  about  him,  especially 
when  two  years  ago  he  retired  from  active  participation  in  his 
professional,  educational  and  sociological  work. 

Bom  April  16,  1859,  in  Covington,  Kentucky,  Dudley  did  not 
see  the  allotted  three  score  years,  but  that  part  of  his  life  following 
the  attainment  of  his  majority  was  full  of  hard  work,  enriched 
by  good  he  did  on  every  hand,  and  blessed  with  spontaneous 
affection  from  all  those  who  enjoyed  his  friendship. 

Prepared  in  the  public  schools  of  Covington,  he  entered  the 
University  of  Cincinnati  from  which  institution  he  was  graduated 
in  1880  with  the  degree  of  Bachelor  of  Science.  Last  June  he 
was  the  recipient  of  the  degree  of  Doctor  of  Laws  from  his  alma 
mater. 

Dudley  early  exhibited  his  interest  in  chemistry,  coming  as 
a  student  under  the  influence  of  F.  W.  Clarke,  then  professor 
of  physics  and  chemistry  in  the  I'niversity.  As  a  junior  in 
college'  he  prepared  a  selcnocyanate,  an  analogue  of  Buckton's 
double  sulfocyanate.  While  a  senior  under  the  direction  of 
'With  F.  W.  Clarke.  "Some  Sclenocyanates,"  Ber..  11   11878),    1325. 


Professor  Clarke,  he  isolated  a  new  volatile  alkaloid,  "spigclma." 
from  Spigeiia  marilaitdica,  or  pink  root.' 

The  youthful  bachelor  of  science  served  as  demonstrator  of 
chemistry  for  one  year  in  the  Miami  Medical  College  of  Cin- 
cinnati during  which  time  he  worked  out  a  modification  of 
Bottger's  subnitrate  test  for  sugar-  and  a  new  test  for  gallic 
acid.'  During  the  same  time  he  published  a  work  on  the 
"Chemical  Examination  of  Urine"''  and  a  chart  to  be  used  by 
students  in  their  study  of  urine.  He  at  once  became  professor 
of  chemistry  and  toxicology,  in  which  capacity  he  served  that 
institution  for  six  years,  when  he  resigned  to  accept  the  Chair  of 
Chemistry  in  Vanderbilt  University  in  Nashville,  Tennessee. 
In  1S85,  Miami  conferred  upon  him  the  honorary  degree  of 
Doctor  of  Medicine. 

While  at  Miami  he  carried  out  an  elaborate  investigation  on 
tobacco  smoke,  the  poisonous  principle  of  which  he  determined 
to  be  carbon  monoxide.' 

He  was  prominent  among  the  music-loving  people  of  Cincinnati, 
joossessing  a  rich  voice  which  charmed  many  in  solos  and  ensemble 

1  'Preliminary  Notice  of  a  New  Volatile  Alkaloid,"  J.  Am.  Chem.  Soc,  1 
(1879),  286;  and  Am.  Ckem.  J.,  1,  154-5. 

-  "Laboratory  Notes  on  a  Modification  of  B6ettger's  Test  for  Sugar," 
.4m.  Chem.  J..  2  (1880),  47. 

>  "A  New  Test  for  Gallic  Acid,"  Am.  Chem.  J.,  3  {1880),  48. 

<  Broadside.  Cincinnati  (1880). 

»  "Poisonous  Effects  of  Cigarette  Smoking."  Medical  .VraJ  (Philadc^ 
phia),  1883,  p.  53. 
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at  church  and  at  charity  concerts.  He  was  a  communicant  of 
the  Protestant  Episcopal  Church.  He  was  ever  active  in  civic 
affairs,  being  a  commissioner  of  the  Cincinnati  Industrial  Exposi- 
tion from  1 88 1  to  1885  and  vice-president  in  1884. 

During  this  period  he  was  retained  by  John  Holland,  the  famous 
manufacturer  of  gold  pens,  giving  much  of  his  spare  time  to 
the  investigation  of  iridium.  He  published  a  paper  on  the 
iridium  industry'  and  one  on  Holland's  method  for  melting 
iridium. °  In  a  paper  published  in  the  Scientific  Proceedings  of 
the  Ohio  Mechanics'  Institute,  Jan.,  1882,  Dudley  described 
his  own  contributions  to  Holland's  process  of  making  iridium 
points  for  gold  pens.  Holland  found  he  could  melt  iridium  by 
producing  a  phosphide.  Dudley  was  able  to  remove  the  phos- 
phorus afterwards  by  repeatedly  heating  the  phosphide  in  lime. 
From  this  iridium  he  made 
incandescent  electric  fila- 
ments, which  required  no 
vacuum,  and  he  also  sub- 
stituted this  iridium  for  the 
negative  terminal  of  an  arc 
light. 

The  different  status  of 
teaching  in  a  professional 
school  and  a  university  con- 
fronted him  on  moving  to 
Vanderbilt.  He  carried 
into  the  academic  life  the 
knowledge  of  a  man  of 
affairs,  who  was  a  striking 
contrast  to  the  be-cloistered 
student  or  the  frocked 
pedagogue,  especially  char- 
acteristic of  a  denomina- 
tional institution  of  that 
date.  Such  a  teacher,  one 
who  taught  and  with  rare 
power,  one  leading  in  move- 
ments for  community  wel- 
fare, one  associating  inti- 
mately with  public  men,  a 
scholarly  man  of  polish 
who  moved  among  people 
with  grace  and  without 
academic  condescension  or 
bland  servility,  possessing 
the  more  familiar  character- 
istics of  educationalists  of 
today,  was  of  tremendous 
influence,  especially  when 
that  man  remained  the  born 
aristocrat  in  his  concep- 
tions of  honor  and  stand- 
ards of  integrity,  but  who 
at  the  same  time  was  a 
democrat.        He    saw    the 

needs  of  the  middle  southwest — and  he  set  himself  the  task  of 
meeting  some  of  those  needs.  A  powerful  university  was  wanted 
in  that  city  having  more  varieties  of  educational  institutions  than 
any  other  city  of  like  size  in  our  country.  Practical  men  of  edu- 
cation were  needed  to  take  hold  of  important  places  in  the 
industrial  development  of  the  middle  south  and  southwest 
which  is  rich  in  many  ways,  but  even  now  not  operating  to  the 
highest  efficiency.  He  studied  the  professional  status  of  various 
callings  in  that  part  of  the  country.  He  visited  institutions 
of  learning  in  the  North,  South  and  Europe.  He  spent  vacation 
days  seeing  the  industries  where  chemistry  could  help  and  was 


WILLIAM  LOFLAND   DUDLEY 


'  Trans.  Am.  Inst.  Mitt 
'  Chetn.  Nems.  46,  168. 


Ene  .  12,  57 


a  conscientious  attendant  at  the  meetings  of  the  scientific 
societies  and  educational  associations.  As  one  result  his  students 
now  occupy  some  of  the  most  important  technical  positions 
within  the  range  of  the  influence  of  Vanderbilt  University. 
Professor  Dudley  inaugurated  courses  in  organic  chemistry 
and  in  1888  substituted  manganese  oxide  for  copper  oxide  in 
combustion  methods  of  analyzing  carbonaceous  and  hydrogen- 
aceous  substances.' 

Professor  Dudley  began  taking  his  students  to  visit  industries 
that  they  might  get  a  conception  of  chemical  engineering. 
Among  these  was  a  black  powder  plant  and  the  outcome  of  one 
of  these  visits  was  his  description  of  the  "Pierce  Process  for  the 
Production  of  Charcoal,  Wood  Alcohol,  and  Acetic  Acid,"  pub- 
lished in  Hart's  Journal.-  It  is  a  masterpiece  of  accurate 
presentation,  showing  to 
scale  in  careful  drawings 
many  details  of  construc- 
tion. I  had  the  pleasure 
of  being  with  him  while 
gathering  part  of  his  data. 
The  problem  of  "delint- 
ing"  cotton  seed  subse- 
quently to  be  pressed  for  oil 
is  one  of  great  import  to 
the  southern  part  of  our 
country  and  a  problem  t» 
which  many  inventors  have 
devoted  much  attention,  the 
economic  solution  of  which 
still  promises  a  rich  reward, 
for  many  million  dollars 
worth  of  "de-lint"  now  goes 
to  waste.  Dudley  with 
Perry  secured  U.  S. 
Patent  No.  344,951  for  re- 
moving the  lint  chemically.'' 
It  depended  upon  treating 
the  seed  alternately  with 
gaseous  N2O3  and  SO2  and 
air.  The  process  worked 
most  satisfactorily  on  the 
laboratory  scale,  but  never 
seems  to  have  been  tried 
out  commercially.  He  was 
not  much  interested  in  com- 
mercializing once  he  had 
worked  out  his  idea.  He 
had  sufficient  means  for  his 
needs  and  no  desire  for 
wealth. 

Later  he  completed  a 
critical  comparative  study 
of  the  Roese  and  AUen- 
Marquardt*  methods  for 
the  determination  of  fusel 
oil  which  led  to  the  conclusion  that  the  latter  is  more  accurate 
and  more  rapid.  This  study  he  utilized  in  his^  investigation* 
of  the  filtration  of  alcoholic  liquids  through  wood  charcoal,  in 
which  he  concluded  that  oxidation  plays  no  part  in  the  removal 
of  fusel  oil.     To  him  it  was  a  case  of  adsorption. 

'  "Some  Modifications  of  the  Methods  of  Organic  Analysis  by  Com- 
bustion," .4m.  Chetn.  J..  10  (1888),  433  and  Ber.  deul.  chetn.  Ces..  21,  3172. 
=  J.  .\tial.  .\ppl.  Chetn..  5  (1891).  241. 

'  "Process  for  the  Removal  of  the  Lint  from  Cotton  Seed."  J.  Atial. 
Appl.  Chem..  6  (1892),  140. 

•  "Notes  on  the  Roese  Method  for  the  Determination  of  Fusel  Oil  and 
a  Comparison  of  Results  by  the  AUen-Marquardt  Method,"  J.  Atn.  Chetn. 
Soc.  30  (1908),  1271. 

'  "The  Filtration  of  Alcoholic  Liquids  through  Wood  Charcoal,"  J. 
Atn.  Chetn.  Soc,  SO  (1908),  1784. 
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In  1908  he  also  completed  an  investigation  on  the  influence 
of  coal  gas  on  the  corrosion  of  wrought  iron  pipe  laid  under 
the  streets  in  the  city  of  Nashville,  in  which  he  came  to  the 
conclusion  that  coal  gas  had  a  retarding  action. ' 

In  his  scientific  work  there  is  frequent  evidence  of  the  chemico- 
mineralogical  influence  of  his  distinguished  teacher — and  he 
himself  shared  in  that  compensation  of  the  inspiring  teacher 
in  the  work  of  his  own  students  after  they  had  left  him.  In 
1880,-  with  Clarke,  he  described  a  new  occurrence  of  graphite 
at  the  Ducktown  Copper  Mine  and  in  1890  he  published  an 
analysis  and  description  of  a  curious  occurrence  of  vivianite, 
which  was  made  up  of  plant  roots,  i  cm.  in  diameter  and  up  to 
400  cm.  in  length,  entirely  replaced  byhydrated  iron  and  alumi- 
num phosphate.^ 

Not  infrequently  Dudley  harked  back  to  his  work  with  Holland 
and  the  elements  of  the  eighth  group.  He  showed  that  platinum 
black  is  soluble  in  dilute  hydrochloric  acid,  but  only  when  oxygen 
is  present.*  He  worked  on  the  electro-deposition  of  iridium' 
and  showed  that  iridic  hydrate,  Ir(OH)4,  suspended  in  bags 
would  serve  to  keep  the  bath  of  uniform  composition.  This 
was  later  independently  determined  by  Wahl,  who  graciously 
acknowledged  Dudley's  priority,  the  delay  of  publication  of 
whose  work  was  due  to  professional  obligations. 

In  1896  he  prepared  and  described  nickelo-nickelic  hydrate, ° 
Ni30).2H20.  Later'  he  gave  an  account  of  further  work  on 
the  "Action  of  Fused  Sodium  Dioxide  on  Metals,"  describing 
a  ferric  hydrate,  Fe203.H20,  which  was  magnetic,  and  a  hy- 
drated  platinum  sesquioxide,  Pt203.2H20.  His  last  published 
scientific  work,  and  perhaps  his  most  important  in  the  field  of 
pure  inorganic  chemistry,  was  with  E-  V.  Jones  on  a  "Spectro- 
graphic  Study  of  Tellurium,"  in  which  he  found  little  evidence 
of  the  oft-suspected  complexity  of  that  chemical  element  of 
today.* 

Professor  Dudley  made  no  great  contribution  to  the  theories 
of  chemistry.  Few  are  they  that  do.  However,  for  years  he 
sought  a  relation  of  the  color  transmitted  by  thin  films  of  me- 
tallic elements  and  that  emitted  by  their  incandescent  vapors, 
but  was  unable  to  associate  them  to  his  satisfaction,  although 
many  new  data  were  presented  in  the  paper  published  in  1892.' 
I  had  the  pleasure,  as  a  graduate  student,  of  assisting  him  in 
part  of  this  work.  From  a  long  and  critical  study  of  the  relation- 
ship of  the  heat  of  vaporization  of  gases  to  their  density  and  also 
their  boiling  points,"*  he  enunciated  the  following  law: 

"In  any  homologous  series,  the  heat  of  vaporization  in  a  unit 
of  volume  of  the  vapor,  under  the  same  conditions  as  to  tempera- 
ture and  pressure,  is  proportional  to  the  density  and  also  to  the 
absolute  boiling  point." 

In  an  official  capacity  he  attended  the  opening  of  the  Kent 
Chemical  Laboratory  of  the  University  of  Chicago,  which  marked 
a  prominent  forward  movement  in  the  development  of  our  sci- 
ence in  this  country,  and  reported  the  proceedings  for  our 
Society." 

At  that  time  his  own  chemical  laboratory  occupied  the  entire 

ground  floor  of  the  large  Vanderbilt  Hall.     A  bequest  from  the 

'  "Effect  of  Coal  Gas  on  the  Corrosion  of  Wrouglit  Iron  Pipe  Buried 

in  the  Earth,"  J,  Am.  Chem.  Soc,  30  (1908),  247  and  Progressive  Age.  26 

(1908),  137. 

-   'Giaphite  from   Ducktown,  Tenn,"   Am.   Chem.   J.,  2   (1880).  331. 
•'  "A  Curious  Occurrence  of  Vivianite,"  Am.  J.  Set.,  N.  S..  40  (1890),  120. 

•  "The  Action  of  Gaseous  Hydrochloric  Acid  and  Oxygen  on  the  Plat- 
inum Metals,"  J.  Am.  Chem.  Soc.,  15  (1893),  272. 

^  "The  Electro-deposition  of  Iridium,  a  Method  of  Maintaining  the 
Uniform  Composition  of  an  Electroplating  Bath  without  the  Use  of  an 
Anode."  J.  Am.  Chem.  Soc.  16  (1893),  274. 

'  J.  Am.  Chem.  Soc.,  18  (1895).  901. 

'  Am.  Chem.  J.,  28  (1902),  59. 

•  J.  Am.  Chem.  Soc.,  34  (1912).  995, 

•  "The  Colors  and  Absorption  .Spectra  of  Thin  Metallic  Films  and  of 
Incandescent  Vapors  of  the  Metals,  with  Some  Observations  on  Electrical 
Volatility,"  Am.  Chem.  J.,  14  (1892),  185. 

'•  y.  Am.  Chem.  Soc,  17  (1895),  969. 
"  Ibid..  16  (1894),  213. 


Furman  estate  was  intended  for  a  new  laboratory,  but  the  es- 
tate was  long  involved  in  litigation.  Vanderbilt  Hall  was  de- 
stroyed by  fire  and  in  time  the  legal  controversy  was  decided  in 
favor  of  the  University.  From  the  quarter  of  a  million  dollars 
thus  made  available  Professor  Dudley  designed  Furman  Hall, 
the  new  laboratory  which  was  built  about  ten  years  ago.  He 
was  not  satisfied  with  the  various  kinds  of  flooring  then  in 
use,  so  .set  about  designing  a  composition  flooring  which,  in 
the  opinion  of  the  writer,  is  one  of  the  most  satisfactory  materials 
for  the  construction  of  floors  known  today.'  His  patent  (U.  S. 
Pat.  No.  839,829  of  1906)  covered  a  magnesia-cement  composi- 
tion containing  cellulose  water-proofed  with  paraffin  and  as- 
bestos. It  was  offered  by  friends  to  a  number  of  composition 
flooring  concerns,  but  never  taken  up  by  them.  No  doubt  his 
patent  has  been  infringed,  but  he  could  not  be  persuaded  to 
prosecute.  "I'd  like  them  to  be  decent,  but  what's  the  use  of 
a  nasty  fight?  I  have  my  laboratory  floor  and  it's  what  I 
wanted."  He  preferred  peace,  but  there  was  no  honorable 
length  to  which  he  would  not  go,  when  once  he  entered  a  contest. 

Professor  Dudley  lectured  fluently  and  easily,  yet  with  forceful 
clarity.  His  lectures  were  abundantly  illustrated,  many  demon- 
strations being  devised  by  him  but  never  published,  although 
Science  printed  a  short  note  from  him  on  a  neon  tube.-  He 
described  a  most  satisfactory  down-draft'  which  he  devised  for 
his  lecture  table  and  which  may  well  be  patterned  after  by  others. 

Professor  Dudley  and  Kirkland  were  intimate  friends  and 
messed  together  before  the  latter  married.  Dr.  Dudley  never 
married.  After  Dr.  Kirkland  became  Chancellor  of  the  Uni- 
versity he  called  upon  Dr.  Dudley  in  many  ways,  among  them 
to  assume  the  deanship  of  the  medical  school  and  thoroughly 
reorganize  it,  as  Dudley  had  urged.  This  extra  labor  was  begun 
in  1895  and  continued  to  his  retirement.  New  buildings  were 
designed  and  equipped;  a  strong  faculty  was  brought  together; 
the  standard  was  raised  and  the  number  of  students  increased 
until  the  medical  college  of  Vanderbilt  ranked  in  the  first  class 
of  medical  schools. 

During  the  first  few  years  of  this  extra  work  he  also  undertook 
the  direction  of  affairs  of  the  Tennessee  Centennial  Exposition 
of  1897  and  handled  it  with  such  care  that  no  deficit  appeared 
at  its  end,  an  unusual  condition  for  such  undertakings. 

These  and  other  civic  duties  caused  him  to  sacrifice  his  music, 
though  he  maintained  constant  interest  in  all  forms  of  art  and 
literature,  being  an  active  member  of  the  select  and  famous 
Round  Table  and  The  Oaks  of  Nashville. 

Dr.  Dudley  never  seemed  in  a  hurry,  but  he  was  always  on  time. 
He  possessed  an  even  temperament  that  was  most  difficult  to 
ruffle,  yet  he  was  not  unfamiliar  with  righteous  indignation. 
When  he  espoused  a  cause,  he  was  unflaggingly  persistent  in  its 
prosecution.  He  did  not  recognize  such  a  thing  as  failure. 
He  had  much  to  do  with  the  legal  contest  between  the  Board  of 
Trustees  of  the  University  and  the  Methodist  Episcopal  Church 
South  concerning  the  gift  of  Mr.  Carnegie.  The  Trustees, 
Chancellor  Kirkland  and  Dr.  Dudley  won  eventually  and  the 
medical  school  increased  its  endowment  a  million  dollars  thereby. 

Thrown  back  into  a  field  where  he  began  his  teaching  he  re- 
newed his  interest  in  the  applications  of  physi'cal  science  to  medi- 
cine. Right  after  Rontgen's  announcement  he  persuaded  his 
colleague,  Professor  Daniel,  to  radiograph  his  (Dudley's)  head. 
One  of  the  results  observed  was  the  whitening  of  Dudley's  hair 
nearest  the  Crookcs  tube.  He  was,  therefore,  the  discoverer, 
or  if  not  the  discoverer,  one  of  the  first  and  an  independent 
observer,  of  some  of  the  |)hysiological  effects  of  X-rays. 

When  he  went  to  Vanderbilt,  Dr.  Dudley  organized  an  athletic 
association  because  of  his  love  for  clean  sport  and  clean  sports- 
manship.    In  resolutions  recently  passed  that  Association  said: 

"He  had  a  wider  and  a  more  intimate  acquaintance  with  the 
■  Proc  Ens.  Assoc,  of  the  South,  18  (1907).  3. 

'  "Neon  and   Electric  Waves."  Science,   New  Series.  SO   (1909).  525. 
>  J.  Am.  Chem.  Soc.  SO  (1908).  973. 
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students  and  alumni  of  Vanderbilt  University  than  any  other 
person;  he  was  loved  by  all  of  them,  and  that  was  his  suf- 
ficient compensation." 

The  Vanderbilt  athletic  field  is  called  "Dudley  Field."  He 
extended  his  influence  to  students  of  other  institutions  by  or- 
ganizing the  Southern  Intercollegiate  Athletic  Association  about 
twenty  years  ago.  It  became  very  powerful  and  he  was  its 
president  up  to  two  years  ago.  He  was  a  member  of  the  Execu- 
tive Committee  of  the  National  Intercollegiate  Athletic  Associa- 
tion and  an  active  member  of  the  Football  Rules  Committee 
which  brought  about  many  reforms  in  the  modern  American 
game.  He  organized  the  University  Club  of  Nashville  and  was 
its  president  through  the  trying  years.  He  had  many  interests 
in  students'  affairs,  being  grand  consul  of  the  Sigma  Chi  fraternity 
(1897-9).  Dr.  Dudley  had  collected  a  very  large  and  valuable 
scientific  library,  which  he  left  to  Vanderbilt  University. 

His  recognized  administrative  ability  brought  him  off'ers  in  execu- 
tive positions  in  other  institutions,  but  he  preferred  to  remain  at 
Vanderbilt  with  the  upbuilding  of  which  he  had  had  so  much  to  do. 

He  was  a  loyal  member  of  the  American  Chemical  Society 
(since  1890),  urging  all  his  graduates  to  become  members.  He 
served  the  Society  in  many  ways,  organizing  the  Nashville 
Section  and  being  a  Councillor-at-large  when  he  died.  He  was 
an  active  fellow  in  the  American  Association  for  the  Advance- 
ment of  Science,  especially  "Section  C"  before  the  Chemical 
Society  became  active.     He  was  secretary  ( 1888)  and  then  chair- 


man of  Section  C  (1889),  his  retiring  address  being  a  splendid 
presentation  of  an  extensive  study  of  the  nature  of  amalgams.' 
He  was  a  Fellow  of  the  London  Chemical  Society  (since  1890), 
a  Member  of  the  German  Chemical  Society,  the  Society  of  Chem- 
ical Industry  (since  1887),  American  Electro-chemical  Society, 
and  others.  He  was  secretary  of  the  .section  of  inorganic  chem- 
istry at  the  International  Congress  of  Arts  and  Sciences  in  St. 
Louis  in  1904. 

He  was  an  United  States  Commissioner  to  the  Seventh  In- 
ternational Congress  of  Applied  Chemistry,  member  of  the  Ex- 
ecutive Committee  and  Vice-Chairman  of  the  Section  on  Law 
and  Legislation  of  the  Eighth  Congress.  He,  as  other  members 
of  that  committee,  took  long  trips  to  New  York  and  did  much 
towards  making  that  Congress  successful. 

He  long  ago  became  a  non-resident  member  of  the  Chemists' 
Club-  and  fathered  the  splendid  paper  about  the  Club  which  was 
presented  at  the  Cincinnati  meeting  of  the  Chemical  Society" 
and  later  appeared  in  This  Journal. 

This  is  only  a  part  of  the  life-story  of  a  good  man,  whose  inti- 
mate friendship  I  was  privileged  to  share  a  quarter  of  a  century. 
He  had  many  intimates,  who  loved  him.  He  was  a  man  whom 
men  loved.  The  influence  of  such  a  man  goes  on  through  genera- 
tions. He  was  noble  in  all  that  is  associated  with  a  gentleman 
and  now  rests  with  his  forebears  in  the  place  of  his  birth. 

Charles  Baskerville 
College  of  the  City  op  New  York 
September  21,  I'M 4 
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By  M.  L. 

SOME  PHASES  OF  THE  INDUSTRIAL  SITUATION 
IN  GREAT  BRITAIN 

The  European  war  has  created  such  unprecedented  conditions 
in  the  foreign  industrial  world  that  all  other  factors  fade  into  in- 
significance, and  because  of  the  tremendous  recent  changes  even 
the  latest  news  before  the  development  of  general  hostilities  is 
entirely  out  of  date.  Since  the  beginning  of  the  war  German 
periodicals  have  been  stopped  and  there  is  practically  no  news 
directly  from  the  continent,  but  the  English  journals  give  a 
complete  and  accurate  description  of  the  conditions  existing 
there.  In  a  long  editorial  Engineering  (London)  says  in  part 
[98  (Aug.  21,  1914),  253]  after  praising  the  course  of  the  govern- 
ment: 

The  Commercial  Intelligence  Branch  of  the  Board  of  Trade  have 
done  well  to  offer  guidance  and  help  by  emphasizing  the  im- 
portance of  prompt  and  vigorous  progagandism,  in  order  to 
extend  our  markets  by  the  taking  of  every  legitimate  means  of 
utilizing  the  opportunity  presented  by  the  cessation  of  exports 
from  Germany  and  Austria-Hungary ,  particularly  to  our  Colonies. 
The  total  exports  from  Germany  during  the  six  years  ended 
1912  increased  f:om  312^/4  to  44o'/2  million  sterling(  i  /.  sterling 
=  $4.86).  If  we  take  only  manufactured  articles,  we  find  the 
increase  is  from  211  to  284'/2  million,  while  in  iron  and  steel  and 
manufactures  thereof  the  advance  has  been  from  35'  i  million 
to  60  million  steiHng,  and  of  machinery,  including  locomotives 
and  boilers,  from  17.3  to  34.8  million  sterling.  In  1912  Ger- 
many's exports  of  electrical  appliances  and  apparatus  exceeded 
8  million  sterling.  Of  dynamos,  our  exports  in  191 3  were 
2,269,000/.,  whereas  Germany's  total  in  1912  was  2,521,000/. 
In  the  case  of  electric  glow-lamps  the  disparity  is  enormous,  the 
exports  from  Britain  being  152,500/.,  as  compared  with  2,447,000/, 
from  Germany.  And  so  it  is  throughout  practically  the  whole 
range  of  electrical  industry.  In  this  respect  alone,  it  will  be 
seen  that  there  is  a  great  field  for  British  endeavour.  The 
textile  industry  is  one  of  very  great  consequence,  even  to  engi- 
neers by  reason  of  its  machinery  requirements,  and  it  is  found, 
for  instance,  that  while  our  exports  of  cotton  stockings  and  socks 


in  1913  totalled  only  199,000/.,  those  from  Germany  totalled 
3,319,000/.  in  1912,  the  last  year  for  which  German  export 
statistics  are  available.  The  United  States,  Argentina,  France, 
and  almost  all  countries  in  the  world  have  been  captured  by 
Germany.  Of  woolen  and  worsted  piece  goods  Germany's 
exports  totalled  13'/:  million,  and  here  Canada,  Australia, 
Argentina,  Japan,  and  British  India,  in  the  order  named,  ac- 
count for  a  very  considerable  part  of  the  total.  In  respect  of 
cutlery  our  exports  were  836,000/.,  whereas  Germany's  were 
1,747,800/. — double  our  total.  In  the  case  of  iron  and  steel  wire 
our  exports  totalled  1,058,100/.,  and  Germany's  3,176,000/.,  or 
three  times  our  total.  Of  enamelled  hollow-ware,  etc.,  our  ex- 
ports were  only  531,000/.,  and  those  of  Germany  1,776,000/. — 
again  more  than  a  threefold  total. 

The  great  disparity  which  is  brought  out  by  these  Govern- 
ment returils  of  the  British  and  German  exports  serves  to  illus- 
trate clearly  the  efficiency  of  Germany  from  a  commercial  and 
industrial  point  of  view.  No  one  can  for  a  single  moment  have 
doubted  this  efficiency,  or  the  keenness  with  which  commerce, 
particularly  overseas  commerce,  has  been  pursued  by  the  people 
of  Germany.  Time  and  again  we  have  enforced  this,  and  have 
sought  to  point  the  moral.  Consequently  there  can  be  no  base 
motive  attributable  to  us  in  again  directing  attention  to  this 
question.  We  have  contended  that  if  we  are  to  fight  Germany 
in  neutral  markets  we  must  adopt  the  German  methods  so  far  as 
these  are  essential.  In  the  great  majority  of  cases  the  superiority 
of  our  products  has  been  recognized,  but  less  durable  and  cheaper 
goods  are  obtainable  from  other  countries.  This  is  a  fault  of 
our  qualities.  In  iron  and  steel  wire,  where  the  German  exports 
are  treble  those  of  Britain,  the  same  holds  good.  In  the  interior 
of  Africa  and  in  the  uplands  of  Australia,  the  purchasers  of 
fencing-wire,  whether  plain  or  barbed,  do  not  think  that  any 
advantage  is  to  be  gained  by  the  superior  and  climate-resisting 
qualities  of  the  British  wires,|_except  where  they  are  in  use  close 

I  Proc.  A.  A.  A.  S..  38  (1889),  149. 

■  Mr.    Berolzheimer.   the   Librarian  of  the  Club,   kindly   collected    the 
bibliography  here  used. 

'  This  Journai,,  6  (1914),  407. 


86o 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No. 


to  the  seaboard,  so  that  the  black  wire  is  often  preferred  to 
galvanized  wire.  Thus,  as  our  Trade  Commissioner  in  New 
Zealand  points  out,  practically  any  wire  will  last  under  such 
conditions,  and  people  want  the  cheapest.  The  same  applies 
throughout  the  whole  gamut  of  manufactures,  and  the  time  has 
probably  arrived  when  in  this,  as  in  other  matters,  the  British 
manufacturer  must  be  prepared  to  meet  the  wishes  of  the  client. 
We  would,  however,  be  false  to  ourselves  as  a  nation  if  we  as- 
sumed a  superiority  throughout  the  whole  field  of  manufactures. 
It  is  right  that  we  should  be  fair  to  Germany.  The  producers 
of  that  country  who  have  taken  up  new  industries  have  profited 
by  a  study  of  our  appliances,  and,  in  some  cases,  have  succeeded 
in  achieving  greater  economy  in  production  with  equality  in 
efficiency.  They  are  therefore  able  to  underbid  us  in  some  manu- 
factures, assisted  as  they  are  also  by  the  procedure  of  sending 
to  foreign  countries,  and  to  Britain  even,  the  surplus  productions 
ef  their  factories,  against  which  there  is  not  debited  either  es- 
tablishment charges  or  profit.  Moreover,  wages  are  lower, 
kours  of  labor  longer,  and  idle  time  less,  so  that,  with  the  same, 
•r  as  good,  plant,  the  cost  of  production  is  lessened 

There  are  many  respects  in  which  our  producers  do  not  suffi- 
ciently closely  study  the  particular  needs  of  clients.  We  have 
I»ersistently  advocated  that  designers  in  engineering  structures 
•ught  to  utilize  as  far  as  possible  standard  practice,  and  it  must 
l»c  admitted  that  there  is  a  sufficient  range,  for  instance,  in  sec- 
tions of  steel  bars  and  beams  to  meet  all  requirements.  But  in 
details  we  show  great  reluctance  in  meeting  the  specified  needs 
ef  the  prospective  purchasers  of  our  manufactures. 

Another  important  consideration  is  the  representation  of 
British  firms  in  neutral  markets;  in  this  respect  the  Germans 
have  offered  an  example  which  ought  to  be  very  carefully  con- 
sidered. The  agencies  for  engineering  firms  ought  to  be  in  the 
hands  of  trained  engineers,  so  that  a  maximum  of  information 
may  be  obtainable  and  the  fullest  measure  of  compliance  with 
requirements  assured.  The  Germans  have  made  a  special 
feature  of  quoting  "ex-warehouse,"  which  includes  all  duty  and 
port  dues.  These  efforts  towards  simplifying  purchase  opera- 
tions by  clients  in  colonial  and  foreign  markets  are  of  incalculable 
advantage,  and  those  who  conform  to  them  invariably  profit 
immensely.  They  involve,  we  admit,  a  certain  measure  of  in- 
telligence and  care  in  the  commercial  departments  of  our  in- 
dustrial establishments,  but  we  are  convinced  that  with  the 
extension  of  commercial  education,  the  requisite  posts  can  be 
filled  by  capable  men,  with  immense  advantage  to  the  export 
trade  of  the  firm  and  of  the  country. 

The  State  has  also  a  duty  in  this  matter  of  increasing  the 
area  of  British  markets.  The  Commercial  Intelligence  De- 
partment of  the  Board  of  Trade,  who  are  undertaking  the  new 
campaign,  have  done  useful  service  in  the  recent  past,  and  they 
will,  we  doubt  not,  increase  their  efforts.  But  much  more  can 
ke  done,  particularly  in  the  ensurance  of  favorable  conditions 
for  transport  and  for  a  greater  measure  of  financial  assistance 
in  co-operation  with  the  British  and  Colonial  banks.  On  former 
occasions  (see  Engineering,  92,  801)  we  have  referred  to  the 
assistance  rendered  by  the  more  liberal  banking  conditions  in 
Germany,  and  we  see  no  reason  why  similar  help  should  not  be 
given  by  our  banking  and  financial  institutions  in  connection 
with  the  foreign  and  colonial  work  of  our  industrial  firms.  Brit- 
ain has  wakened  from  a  state  of  complacency  in  many  matters, 
and  we  hope  that  one  result  will  be  that  the  banks  will,  without 
in  any  way  jeopardizing  that  safety  which  is  so  pronounced  a 
feature  of  their  organization,  see  their  way  to  give  more  liberal 
consideration  to  what  is,  after  all,  a  safe  speculative  business — 
the  promotion  of  export  business  on  easy  terms.  Regarding 
transport,  we  regret  that  some  of  the  shipping  companies  are 
dealing  very  hardly  by  the  shippers,  especially  at  the  present 
juncture  Had  the  British  Navy  not  maintained  the  command 
of  the  sea,  and  had  the  British  Government  failed  to  insure  war 


risks  by  direct  financial  help,  there  might  have  been  some  reason 
for  heavy  freight  charges  at  the  present  moment;  but  war  risks 
having  been  minimized  or  greatly  reduced,  the  duty  of  the 
shipowner  to-day  is  to  cast  in  his  lot  with  all  who  are  doing 
everything  in  their  power  to  maintain  normal  industrial  condi- 
tions. 

FINA.NCIAL   RESOURCES 

England's  financial  resources  are  one  of  the  most  important 
if  not  the  most  important  factors  in  her  position.  A  new  book 
which  has  received  considerable  favorable  criticism,  "The  Indus- 
trial History  of  Modern  England,"  by  G.  H.  Perris,.  has  many  in- 
teresting data  on  this  subject.  The  author  states  that  the 
total  capital  of  the  United  Kingdom  is  broadly  estimated  at 
$15,000,000,000.     He  continues: 

According  to  the  report  of  the  Census  of  Production,  first 
taken  for  the  year  1907,  only  about  a  tenth  of  the  whole  consists 
of  manufacturing  capital,  including  the  value  of  lands  and  build- 
ings; and  it  is  remarkable  that  this  capital  is  equal  only  to  two 
years'  net  output  of  industrial  business  (not  including  cost  of 
materials  or  transport). 

On  the  other  hand.  Sir  George  Paish  estimates  the  amount  of 
British  capital  invested  abroad  at  £3,500,000,000,  or  more  than 
twice  as  much  as  the  capital  engaged  in  home  manufacture. 
The  total  annual  income  of  the  country  is  put  at  about  £2,000,- 
000,000.  This  appears  to  be  shared  and  contributed,  approxi- 
mately, in  the  following  proportions: 

Industrial  production  (net) £760. 000, BOO 

Agriculture  and   fisheries £220.000.000 

Distribution £400,000.000 

Professional,  governmental,  and  other  services £350.000.000 

From  foreign  investments  and  services  (coming  in,  largely 

as  imported  materials) i 240, 000, 000 

Perhaps  the  most  remarkable  fact  of  all  is  the  increasing  part 
which  foreign  investments  play  in  the  budget  of  the  British 
people.  Their  amount  is  increased  by  £100,000,000  a  year; 
and  the  income  from  them  is  estimated  at  from  £140,000,000  to 
£170,000,000,  which  is  equal  to  two-sevenths  of  the  sum  brought 
under  review  of  the  Inland  Revenue  Department  as  income, 
properly  so  caUed,  from  business  concerns,  professions,  and 
private  employments  at  home 

British  exports,  which  had  stood  at  £180,000,000  in  1867  and 
£190,000,000  in  1869,  rose  in  the  first  year  of  the  [Franco- 
Prussian]  war  to  £199,000,000,  then  to  £223,000,000  and  in 
1872  to  a  maximum  of  £256,000,000;  in  1873,  when  France  paid 
her  indemnity  of  £200,000,000,  and,  for  the  rest,  was  kept 
busy  restoring  the  public  and  private  property  that  had  been 
destroyed,  this  maximum  was  maintained. 

But  the  loss  of  two  competitors  now  proved  itself  to  be  also, 
the  loss  of  two  consumers.  The  two  countries  had  sacrificed 
to  their  ambitions  nearly  200,000  able-bodied  combatants  killed, 
and  a  larger  number  wounded.  France  had  now  to  pay  the 
money  penalty — ^that  is,  had  to  enter  upon  an  arrangement  by 
which  a  sum  of  about  £8,000,000  was  to  be  paid  yearly  in  per- 
petuity, or  till  the  capital  debt  was  redeemed. 

Germany  had  to  learn  that  a  victory  may  be  only  a  degree 
less  costly  than  a  defeat.  Much  poorer  than  France  in  hoarded 
wealth,  she  had  been  deprived  for  many  months  of  the  labor  of  a 
million  of  her  stoutest  men.  With  the  return  of  the  armies,  this 
labor-force  was  suddenly  restored,  not  to  a  normal  activity,  but 
in  a  feverish  effort  to  recover  lost  ground. 

The  expenditure  of  the  French  milliards — chiefly  on  railways, 
other  public  works,  and  armaments — created  a  class  of  manu- 
facturers and  workers  which  was  to  be,  in  future  years,  de- 
pendent on  Government  favors,  and  led  to  a  rage  of  industrial 
speculation.  In  five  years  the  number  of  joint-stock  companies 
increased  nearly  fivefold.  There  being  no  corresponding  in- 
crease of  the  power  of  consumption — because,  while  the  French 
indemnity  may  be  said  to  have  paid  for  the  maintenance  of  the 
German  armies,  it  did  not  and  could  not  compensate  for  the 
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arrest  of  wealth-making  during  the  war — an  acute  reaction  took 
place  in  1874;  and  serious  depression  continued  until  1879, 
almost  every  branch  of  German  industry  being  affected. 

Between  the  two  years  named,  British  exports  declined  from 
£239,000,000  to  the  minimum  of  £191,000,000,  rising  again  to 
£241,000,000  in  1882,  and  then  once  more  falling.  Austria, 
always  boimd  economically  to  Germany  much  more  closely  than 
England  is,  received  a  still  more  severe  shock. 

The  mischief  of  warfare  is  comparatively  easy  to  appreciate. 
It  destroys  capital  and  labor  at  once;  it  destroys  past  wealth, 
present  wealth,  and  the  means  of  creating  wealth  in  the  future. 
It  thus  compels  more  strenuous  labor  on  the  part  of  a  weakened 
community,  and  at  the  same  time  compels  abstinence — that  is, 
it  reduces  the  power  of  consumption  from  which  alone  the  de- 
mand for  labor  can  arise. 

THE    LABOR    SITUATION 

The  general  temper  both  among  employers  and  employees  is 
indicated  in  many  typical  news  items.  The  Engineer  (London), 
98  (1914),  251,  says  that  labor  disputes  are  subsiding;  settle- 
ments of  three  disputes  were  arrived  at  by  the  joint  sub-com- 
mittee of  the  Welsh  Conciliation  Board,  at  an  adjourned  meet- 
ing at  Cardiff.  These  disputes  affected  over  3500  men,  who  had 
been  rendered  idle.  The  object  in  view  is  to  eliminate  all  labor 
troubles  from  the  South  Wales  coal  field  during  the  war.  Hopes 
are  entertained  that  other  disputes  may  be  satisfactorily  disposed 
of;  the  trouble  at  the  Ffaldan  colliery  was  settled  on  Monday. 

In  a  letter  to  the  district  committees  (printed.  Ibid.,  p.  247), 
Mr.  J.  T.  Brownlie,  the  chairman  of  the  Amalgamated  Society 
of  Engineers,  and  Mr.  Robert  Young,  the  general  secretary, 
make  the  following  statement:  "In  view  of  the  fact  that  the 
nation  is  involved  in  war  with  European  Powers,  the  executive 
council  have  had  under  consideration  a  request  from  the  Em- 
ployers' Federation,  due  to  pressure  being  brought  to  bear  by 
the  Government,  for  the  completion  of  vessels  required  by  the 
Admiralty,  and  all  ordnance  work  necessary  for  the  nation's 
requirements.  As  this  undoubtedly  has  special  reference  to 
the  working  of  overtime,  the  council  have  given  serious  considera- 
tion to  the  matter,  and  to  all  that  is  involved  therein,  and  hereby 
request  that  district  committees  shall  instruct  our  members  to 
work  the  overtime  necessary  under  the  circumstances." 

The  condition  of  the  labor  market  has  of  course  been  markedly 
affected,  and  some  works  have  been  compelled  to  shut  down  on 
account  of  the  shortage  of  labor.  According  to  the  Jour,  of 
Gas  Lighting  and  Water  Sup.,  127  (1914),  380,  Mr.  John  S. 
Ineson,  the  Engineer  and  Secretary  of  the  Ventnor  Gas  and  Water 
Company,  has  written  that  (except  the  foreman)  every  man  on 
the  works — stokers,  yardmen,  and  laborers — has  been  called 
up  to  serve  in  the  Navy  and  Army  Reserves  as  well  as  in  the 
Territorial  Force.  By  the  second  and  third  of  August  every 
man  had  left;  and  there  are  now  on  the  office  staff  only  the  col- 
lector and  the  office  boy.  The  gas  and  water  works  and  the 
reservoirs  are  under  the  protection  of  the  military.  Mr.  Ineson 
doubts  whether  there  is  another  company  so  severely  affected  as 
his  has  been. 

Again  from  Engineering  we  learn  that  the  agricultural  Consul- 
tative Committee,  appointed  by  the  President  of  the  Board  of 
Agriculture,  issued  a  statement  in  relation  to  the  shortage  of 
harvest  labor  owing  to  mobilization.  The  committee  announce 
that  active  steps  are  being  taken  to  supply  the  deficiency,  by 
means  of  special  instructions  issued  to  the  Labor  Exchanges. 
The  committee  appeal  to  landowners  to  facilitate  the  employ- 
ment of  members  of  their  estate  staffs,  such  as  keepers  and 
woodmen,  on  neighboring  farms.  Further,  the  committee  have 
accepted  a  timely  offer  from  the  Boy  Scouts'  Association  to  use 
scouts  in  the  conveyance  of  messages  between  farmers  and 
possible  sources  of  labor,  and  they  record  the  fact  that  local 
scouts  are  being  encouraged  to  assist  farmers  in  their  respective 


neighborhoods.     Scouts,  it  is  added,  are  entitled  to  receive  fair 
remuneration  for  their  work. 

The  situation  has  not  redounded  to  the  disadvantage  of  all 
trades  and  classes,  for  the  Yorkshire  Post  writes  with  evident 
satisfaction;  "It  will  be  good  news  to  the  many  thousands  of 
clothing  operatives  in  Leeds,  and  to  citizens  generally,  that  this 
district — the  most  important  clothing  center  in  the  kingdom — 
is  likely  to  share  in  the  Government  orders  for  Navy  and  Army 
clothing.  A  local  firm  of  wholesale  clothiers,  accustomed  to  this 
particular  class  of  work,  have  been  asked  to  place  their  factory 
at  the  disposal  of  the  Government,  which  means  that  other  work 
which  they  are  therefore  unable  to  undertake  will  be  distributed 
among  other  houses.  A  week  or  two,  however,  must  elapse 
before  activity  can  become  general.  The  khaki  has  to  be 
manufactured — largely  in  the  Leeds,  Dewsbury,  and  Batley 
districts,  where  some  mills  are  now  working  full  time^and  until 
deliveries  of  the  piece  goods  are  made  little  can  be  done  at  the 
clothing  factories.  The  Government  supplies  the  whole  of  the 
materials;  all  that  the  clothing  factories  have  to  do  is  to  make 
them  up,  and  everything  has  to  be  carried  out  strictly  according 
to  Government  specifications.  Only  a  Hmited  number  of  firms 
who  make  a  specialty  of  the  work  are  on  the  recognized  Govern- 
ment list,  and,  of  course,  when  they  are  busily  employed  thus, 
the  ordinary  trade  must  be  done  by  others."  And  the  workmen 
at  the  famous  Yarrow  yards  may  benefit,  for  it  is  announced 
that  if  the  firm  are  fully  satisfied  with  the  speed  of  completion, 
when  the  last  of  the  three  new  destroyers,  Miranda,  Minos, 
and  Manly,  on  which  their  men  are  working  night  and  day  and  on 
Sundays,  has  been  handed  over,  1000/.  (nearly  $5,000)  will  be 
distributed  among  the  leading  hands  and  others. 

THE    PATENT    SITUATION 

The  new  patent  legislation,  both  the  enacted  and  projected 
laws,  and  the  reasons  which  in  the  eyes  of  the  Government 
necessitated  the  passing  of  these  laws,  are  commented  on  at  some 
length  in  London  Engineering,  98  (1914),  280.  According  to 
this  journal,  the  number  of  British  patents  granted  annually 
to  Germans  and  Austrians  is  very  large.  In  the  last  annual 
report  issued  by  the  Comptroller-General  of  Patents,  the  num- 
bers were  as  follows: 

Total  number  of  patents  granted 16,  154 

Number  granted  to  Britons 8 ,  263 

Number  granted  to  Germans 2 ,606 

From  the  latest  particulars  as  to  the  number  of  patents  granted 
annually  in  Germany  it  would  seem  that  of  13,080  patents 
granted  in  one  year,  8831  were  granted  to  Germans  and  only 
749  to  Britons.  It  will  thus  be  seen  that  the  percentages  are 
very  different. 

A  cry  is  raised  periodically  as  to  the  hardships  that  are  caused 
to  British  labor  by  foreign  patentees  who  work  their  inventions 
abroad,  to  the  benefit  of  their  own  labor  markets,  and  import, 
free  of  duty,  their  products  into  this  country. 

Now  we  are  confronted  with  the  proposal  that  all  patents 
granted  in  this  country  to  alien  enemies  should  be  forthwith 
revoked.  The  proposition  seems  attractive,  but  there  is,  as 
we  have  pointed  out,  a  large  patent  property  in  Germany  which 
belongs  to  British  inventors.  If  we  revoke  all  the  patents  be- 
longing to  the  subjects  of  the  States  with  which  we  are  at  war, 
we  must  expect  that  the  Governments  of  those  States  will  act 
in  a  similar  manner  as  regards  the  patents  held  by  us.  Our 
gain  would  then  be  a  good  deal  counterbalanced. 

The  Government  do  not  propose  any  drastic  measures,  but 
have  taken  certain  steps  for  the  protection  of  British  trade,  and 
to  that  end  have  passed  an  Act  (Patents,  Designs,  and  Trade 
Marks  (Temporary  Rules)  Act,  1914)  amending  the  Patents 
and  Designs  Act,  1907,  and  the  Trade  Marks  Act,  1905,  in  a 
certain  manner,  and  have  taken  power  to  make  rules  and  to  do 
such  things  as  they  think  expedient  for  avoiding  or  suspending, 
in  whole  or  in  part,  any  patent  or  license  granted  to,  and  the 
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registration  of  any  trade  marlc  the  proprietor  whereof  is  a  sub- 
ject of  any  State  at  war  with  His  Majesty.  The  Board  of 
Trade  has  set  up  the  necessary  machinery  to  carry  out  the  Act, 
and  has  issued  rules  from  which  it  appears  that  they  may,  on 
the  application  of  any  person,  and  .subject  to  such  terms  and 
conditions,  if  any,  as  they  may  think  fit,  order  the  avoidance  or 
suspension  of  the  rights  of  patent  and  registers  of  trade-marks 
of  aliens.  The  Board,  before  granting  any  such  application, 
may  require  to  be  satisfied  on  three  points. 

The  first  point  of  which  the  Board  will  require  to  be  satisfied 
is  that  the  patentee,  licensee,  or  proprietor  is  the  subject  of  a 
State  at  war  with  His  Majesty.  This  point  looks  very  simple 
and  easy  of  proof,  but  when  the  time  comes,  it  may  raise  diffi- 
culties that  are  not  apparent  to  those  who  are  not  well  posted 
as  to  the  preparations  of  our  enemies. 

The  second  point  requiring  proof  is  that  the  person  applying 
intends  to  manufacture  the  patented  article,  or  to  carry  on  the 
patented  process,  or  intends  to  manufacture  the  goods  in  respect 
of  which  trade  mark  is  granted.  We  cannot  say  what  sort  of 
proof  the  Board  will  require  on  this  point,  but  it,  and  the  third 
point,  are  evidently  intended  to  prevent  applications  under  the 
Act  by  persons  who  have  no  interest. 

The  third  point  on  which  the  Board  will  require  to  be  satisfied 
is  that  it  is  in  the  general  interests  of  the  country  or  of  a  section 
of  the  community  or  of  a  trade,  that  such  article  should  be 
manufactured,  or  such  process  carried  on,  or  the  registration 
of  the  trade  mark  avoided  or  suspended. 

The  Act  and  Rules  made  under  the  new  Act  are  to  continue 
in  force  only  during  the  continuance  of  the  present  state  of 
war  in  Europe  and  for  a  period  of  six  months  thereafter.  This 
provision  raises  an  interesting  question.  Are  patents,  designs, 
and  trade  marks  to  be  avoided  or  suspended  for  not  longer  than 
six  months  after  the  termination  of  the  war,  and  then  to  be 
automatically  restored,  or  is  the  avoidance  or  suspension  to  be 
irrevocable?  Evidently  the  latter  is  not  to  be  the  case,  for  the 
Board  of  Trade  have  powers  to  revoke  any  avoidance  or  sus- 
pension at  any  time  in  their  absolute  discretion.  The  matter 
appears  to  us  to  be  in  a  state  of  confusion,  and  the  Government 
has  evidently  found  it  to  be  so,  for  the  President  of  the  Board 
of  Trade  introduced  a  Bill  into  the  House  of  Commons  to 
amend  the  Patents  Act  they  passed  only  a  few  days  previously. 
The  President  in  his  introductory  remarks  explained  that  the 
new  Act  was  not  as  clear  as  it  might  have  been. 

THE  IRON  AND  STEEL  TRADE 

Manufacturers  are  beginning  to  find  that  the  decline  in  ac- 
tivity is  not  nearly  so  sharp  as  they  were  led  to  expect,  though 
it  is  entirely  possible  that  by  the  time  this  is  published,  some 
new  turn  of  the  situation  will  have  changed  this.  According 
to  London  Engineering  (98,  276  August  28,  1914),  while  "the 
condition  of  affairs  in  the  malleable-iron  trade  in  the  west 
of  Scotland  is  most  satisfactory  and  makers  are  very  busy, 
business  in  the  Scotch  steel  trade  has  been  rather  a  serious 
problem  to  the  different  managements  for  a  long  time  back, 
and  the  newer  phase  is  also  one  requiring  careful  hand- 
ling. During  the  past  week  the  outlook  has  improved 
considerably,  as  shipping  facilities  are  more  favorable,  but 
heavier  freights  and  increased  costs  for  raw  material  are  all 
against  buyers,  who  are  still  somewhat  backward  to  fix  up  con- 
tracts. The  mails  from  abroad  are  bringing  in  very  satisfactory 
inquiries  and  orders  from  markets  which  have  remained  loyal 
to  the  Scotch  makers,  and  those  which  in  recent  years  pur- 
chased large  quantities  of  steel  material  from  the  Continent 
will  now  require  to  pass  their  business  here  or  else  to  America." 


have  been  used  with  more  or  less  success  for  gears  in  machine- 
tool  construction.  One  machine-tool  builder  in  the  Middle- 
West  has  tried  both  these  alloys  for  gears;  very  unsatisfactory 
results  were  obtained,  and  he  has  gone  back  to  ordinary  carbon 
steel,  having  a  carbon  content  of  0.20  per  cent,  heat-treating 
the  steel  in  the  most  scientific  manner  known.  The  article 
states  that  with  special  alloy  steels  the  limits  of  fluctuation  in 
the  heat  treatment  are  much  narrower  than  in  ordinary  carbon 
steel,  and  the  material  must  be  handled  much  more  carefully 
if  good  results  are  to  be  expected.  Since  using  carbon  steel  the 
machine-tool  builder  in  question  has  found  that  his  troubles  in 
the  way  of  breakage  and  stripping  of  gear-teeth  are  practically 
eliminated. 

THE  UNITED  STATES  COAL  OUTPUT 

The  Iron  Age  states  that  the  coal  output  in  the  United  States 
for  the  year  1913  has  again  broken  all  previous  records.  The 
figure  given  by  our  contemporary  is  570,048,125  net  tons,  or 
considerably  more  than  double  the  output  of  1900,  and  mors 
than  eight  times  that  of  1880.  The  value  of  the  coal  mined 
in  1913  is  given  as  $760,488,785.  Compared  with  the  year  1912, 
the  output  for  1913  shows  an  increase  of  35,581,545  tons,  or 
nearly  7  per  cent.  Pennsylvania  mined  more  coal  in  1913,  both 
anthracite  and  bituminous,  than  in  any  previous  year  in  the 
record  of  the  industry.  The  output  reached  265,306,139  tons, 
of  which  91,524,927  tons  was  anthracite  and  173,781,212  tons 
bituminous. 

BY-PRODUCT  COKE  OVENS  IN  RUSSLA. 

The  United  States  Consul  at  Odessa  reports  that  there  are  in 
South  Russia  ten  plants  owned  by  nine  firms  for  the  production 
and  utilization  of  coke  by-products.  In  the  first  nine  months 
of  19 13  these  firms  were  operating  887  coke  ovens  producing 
by-products,  besides  a  large  number  of  the  old  type.  The 
increase  in  the  last  four  years  in  these  ovens  was  563,  or  15.8 
per  cent.  In  191 2  5,689,411  tons  of  coal  were  consumed  to 
produce  4,252,697  tons  of  coke,  as  compared  with  2,774,733  tons 
of  coal  to  produce  2,020,831  tons  of  coke  in  1903.  Sulfate  of 
ammonia  is  beginning  to  be  used  in  Russia  as  a  fertilizer;  but 
most  of  it  is  still  exported.  The  pitch  is  used  mainly,  if  not 
exclusively,  for  the  production  of  briquettes,  and  the  heavy  oils 
for  the  impregnation  of  railroad  sleepers. 


ALLOY-STEEL  GEARS  IN  MACHINE  TOOLS 

The  issue  of  Machinery,  for  August  of  this  year,  says  that 
alloy    steels,    such    as    chrome-vanadium    and    chrome-nickel. 


ON  ACCUMULATOR  ELECTROLYTES 

The  July  issue  of  the  Proceedings  of  the  Societe  Beige  des 
Electriciens  states  that  most  of  the  patents  taken  out  in  those 
countries  where  there  is  no  preliminary  examination  cover  re- 
inventions, not  genuine  inventions.  This  is  due  to  the  fact 
that  the  majority  of  researchers  explore  fields  which  are  not 
familiar  to  them  and  neglect  to  inform  themselves  thoroughly 
on  all  points.  According  to  our  contemporary-,  this  state  of 
matters  prevails  in  the  construction  of  electric  accumulators 
more  than  in  any  other  branch  of  industry.  The  immobilization 
of  the  electrolyte,  for  example,  constantly  gives  rise  to  a  number 
of  patents  dealing  with  processes,  some  of  which  have  been 
known  for  the  last  thirty  years  or  more. 

THE  FULLAGAR  INTERNAL  COMBUSTION  ENGINE 

A  gas  engine  of  such  novel  type  and  combining  many  new 
features  was  recently  demonstrated  at  a  joint  meeting  of  the 
Institutions  of  Naval  Engineers  and  Shipbuilders  at  Newcastle- 
upon-Tyne,  that  it  is  worthy  of  a  fairly  extensive  description. 

Three  fundamental  factors  are  chiefly  responsible  for  the  diffi- 
culties in  the  construction  of  internal  combustion  engines  of 
existing  types.  These  factors  are:  (a)  That  the  heat  per  unit 
of  surface  radiated  by  the  flame  to  the  cylinder  walls  increases 
with  the  size  of  the  cylinder,  while  the  thickness  of  metal  through 
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which  this  heat  has  to  reach  the  cooling  water  also  increases; 
(b)  that  the  weight  per  horse-power  increases  with  the  size  of 
the  cylinder;  (c)  that  useless  forces  are  called  into  play — useless 
in  that  they  are  either  stationary  and  do  no  work  or  even  pro- 
duce negative  work.  These  result  from  (i)  the  fluid  pressure 
on  the  cylinder  covers,  which  has  to  be  transmitted  through  the 
framing  of  the  engine;  (2)  the  negative  work  of  the  compression 
stroke,  which  in  single-acting  engines  produces  a  reversal  of 
twist  in  the  crankshaft;  and  (3)  the  inertia  forces  resulting  from 
want  of  balance,  and  imperfect  cushioning.  The  Fullagar 
internal  combustion  engine  eliminates  these  factors,  and  has 
besides  the  advantages  of  mechanical  simplicity  and  accessibility. 
The  construction,  which  is  shown  diagrammatically  in  Figs. 
I  and  2,  consists  in  using  as  a  unit  two  open-ended  cylinders 
side  by  side,  each  with  two  pistons,  and  rigidly  connecting  the 
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Fig.  I  Fig.  2 

pistons  A  to  D,  and  C  to  B,  by  means  of  pairs  of  oblique  rods, 
external  to  the  cylinders.  The  action  of  the  engine  is  as  follows: 
An  explosion  taking  place  between  A  and  B  drives  B  down 
and  A  up,  drawing  up  D  by  the  oblique  rods,  and  giving,  through 
the  two  connecting-rods,  two  equal  and  opposite  impulses  to 
the  two  cranks.  The  side  thrust  produced  by  the  oblique  pull 
is,  of  course,  taken  by  the  crossheads  of  A  and  D,  which  are 
provided  with  suitable  guides  for  the  purpose.  The  obliquity 
of  the  rods  is  small,  less  than  the  maximum  obliquity  of  the  con- 
necting-rods, so  that  the  friction  is  actually  less  than  would  be 
the  case  if  each  piston  had  its  own  crank  and  connecting-rod 
and  the  mechanical  efficiency  of  the  engine  is  high.  At  the  ends 
of  their  strokes  the  pistons  uncover  inlet  and  exhaust  ports 
in  the  cylinder  walls,  as  in  the  Oechelhauser  arrangement. 
The  engine  works  on  the  two-stroke  cycle,  and  each  crank  re- 
ceives, therefore,  two  impulses  per  revolution.     Air  is  supplied 


to  the  cylinders  by  low-pressure  air-pumps,  which  can  be  driven 
from  the  engine  by  side  levers  in  the  ordinary  way. 

It  will  at  once  be  clear  that  with  this  construction  useless 
forces  are  avoided  or  greatly  reduced.  There  are  no  cylinder 
covers  or,  in  fact,  any  high-pressure  joints  in  the  engine.  There 
are  no  vertical  stresses  on  the  framing  of  the  engine  at  all.  The 
pressure  of  the  explosion  is  entirely  taken  between  steel  parts 
— namely,  the  cross-head,  oblique  reds,  connecting-rods,  and 
crankshaft;  and  only  the  secondary  reactions  of  the  slippers, 
from  one-fifth  to  one-twentieth  of  the  explosion  forces,  reach 
in  a  horizontal  direction  the  framing  of  the  engine.  The  fluid 
pressure  in  each  cylinder  acts  at  every  moment  equally  on  the 
two  cranks.  The  main  bearings  are  thus  relieved  of  practically 
all  load,  except  for  the  weight  of  the  parts  which,  acting  vertically, 
is  just  sufficient  to  keep  the  bearings  in  constant  thrust.  The 
action  of  the  explosion  ia  driving  apart  the  pistons  A  and  B 
draws  together,  by  means  of  the  oblique  rods,  the  pistons  C 
and  D,  compressing  the  charge  between  them,  so  that  the  nega- 
tive work  of  compression  is  performed,  not  through  the  crank 
and  connecting-rods,  but  directly  through  the  oblique  rods,  and 
only  the  net  useful  work  is  transmitted  to  the  crankshaft.  The 
reciprocating  parts  are  cushioned  at  each  end  of  every  stroke  and 
the  balance  is  perfect,  practically  all  vibration  being  eliminated. 

In  the  course  of  a  report  upon  tests  of  a  demonstration  engine, 
the  results  of  a  thirty  hours  trial  are  summarized  as  follows : 

Corresponding 

mean  pressure 

at  249  R.  P.  M. 

Pounds  per  sq.  in. 

Average  B.  H.  P.  during  thirty  hours 510  50.5 

Power  used  to  drive  the  fan : 50  4.9 

Power  indicated  in  gas-pump 14  1.4 

Friction  of  engine  and  gas-pump 67  6.6 

Total  (indicated  H.  P.) 641  63.4 

The  average  consumption  of  gas  per  brake  horse-power  hour 
was  18.1  cubic  feet,  and  the  average  lower  calorific  value  of  the 
gas  was  470  B.  T.  U.  per  cubic  foot,  the  volume,  both  for  the 
engine  and  the  calorimeter,  being  measured  at  the  temperature 
and  pressure  of  the  room.  This  corresponds  to  a  thermal 
efficiency  reckoned  on  the  brake  power  of  just  under  30  per  cent. 
This  efficiency,  he  says,  is  quite  satisfactory,  being  nearly,  if 
not  quite,  equal  to  that  obtainable  under  similar  conditions  from 
any  four-cycle  gas-engine  now  on  the  market,  and  probably  better 
than  that  of  any  two-cycle  engine.  On  account  of  the  rather 
large  amount  of  power  absorbed  in  the  air-pump  in  these  ex- 
periments, the  ratio  of  brake  horse-power  to  total  indicated 
horse-power  is  rather  low,  being  not  more  than  80  per  cent, 
and  the  efficiency  reckoned  on  the  indicated  power  is  correspond- 
ingly high  (37.6  per  cent).  This  is  due  to  the  high  piston  speed, 
and  the  cylindrical  form  of  combustion  chamber,  which,  together 
with  the  comparatively  low  mean  pressure,  led  him  to  expect 
a  higher  indicated  efficiency  than  has  usually  been  obtained  in 
gas  engines  hitherto.  With  the  better  pumping  arrangements 
proposed  in  the  new  design,  which  would  give  higher  mechanical 
efficiency,  the  engine  when  using  coal  gas,  or  any  gas  with  a  high 
calorific  value  as  in  the  trials  now  reported  on,  will,  he  adds,  be 
exceptionally  economical  in  fuel. 


NOTL5  AND  CORRL5PONDLNCL 


NOTE  ON  THE  DETERMINATION  OF  CINEOL 

In  a  previous  article'  I  described  a  method  for  the  determina- 
tion of  cineol  in  the  essential  oils  of  eucalyptus  and  cajeput, 
based  on  the  relative  stability  of  the  former  to  permanganate 
solution.  Since  then  some  rather  adverse  criticisms  of  the  method 
have  appeared,'  which,  in  the  interest  of  those  who  may  have  in- 
1  This  Journal,  4,  592. 

=  Perf.  and  Ess.  Oil  Retard,  3,  295;  4,  348;  Schimmel  and  Co..  Berichle, 
April.  1913. 


clination    to   try   the  process,    perhaps   call   for   some   explana- 
tion. 

In  the  first  place,  I  feel  that  I  can  reasonably  disclaim  responsi- 
bility for  the  erratic  results  reported  by  these  experimenters, 
because  they  appear  to  have  adopted  procedures  of  their  own, 
using  small  quantities  of  oil  and  neglecting  the  precaution 
which  I  had  recommended,  namely,  the  checking  of  the  piu^ity 
of  the  cineol  obtained  in  the  assay  process  by  the  observation 
of  its  physical  properties. 
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To  take  s  cc.  of  oil  in  a  "cassia"  flask,  oxidize  with  whatever 
permanganate  the  flask  will  hold,  and  report,  without  more 
ado,  the  volume  of  unoxidized  oil  as  cincol,  is  not  what  I  have 
advised,  nor  is  it  sufficient  to  ensure  useful  or  reliable  results. 
The  examination  of  the  cineol  isolated  is  indispensable,  not  only 
for  the  purpose  of  detecting  any  unoxidizable  substances,  as 
camphor  or  paraffins,  but  also  as  a  check  on  the  completeness 
of  the  oxidation;  for  it  not  infrequently  happens  that  an  appar- 
ently satisfactory  oxidation  is  yet  incomplete,  owing  to  some 
unnoticed  irregularities  in  conditions  or  manipulation.  But  it 
is  always  possible  to  ascertain  this,  in  the  manner  suggested, 
and  unless  this  is  done  the  results  are  inevitably  uncertain  and 
devoid  of  meaning. 

Umney'  states:  "We  have  shown  quite  recently  that  this 
process  is  of  little  value  for  eucalyptus  oils."  This  alleged  demon- 
stration has,  however  escaped  me,  unless  he  refers  to  Bennett's 
experiments,  in  which  case,  I  admit,  the  conclusion  would  ap- 
pear to  be  well  founded.  But  if,  in  a  well  conducted  oxidation, 
70  per  cent  of  reasonably  pure  cineol  has  been  isolated,  I  con- 
sider it  safe  to  assume  that  the  oil  in  question  contains  really 
at  least  that  amount,  for,  in  the  present  state  of  our  knowledge, 
the  formation  of  cineol  by  oxidation  of  any  other  constituent 
of  the  oil,  must  be  regarded  as  improbable.  Hence,  I  main- 
tain that  the  method,  properly  executed,  cannot  give  results 
higher  thag  the  truth. 

It  is  possible,  of  course,  in  a  hasty  assay,  that  a  70  per  cent 
oil  may  yield  80  per  cent  or  even  90  per  cent  of  unoxidized 
product,  but  examination  of  the  latter  will  immediately  show  its 
impurity,  and  incidentally  the  necessity  of  more  careful  repeti- 
tion of  the  operation.  But  such  results,  due  to  faulty  manipula- 
tion, should  not  be  held  up  to  the  prejudice  of  the  method,  any 
more  than  in  the  case  of  a  titration,  where  one  has  used  an  in- 
sufficient amount  of  the  reagent. 

As  regards  a  second  criticism,'  that  with  oils  low  in  cineol 
a  loss  occurs  by  oxidation  of  the  cineol  itself,  especially  in  the 
presence  of  terpineol,  I  am  quite  ready  to  admit  the  possibility 
yiereof ,  as  the  oxidation  of  cineol  by  excess  of  strong  permanga- 
nate is  a  well  known  reaction.  But  what  interests  us  here  is  the 
relative  stability  of  cineol,  and  I  have  endeavored  to  show, 
and  still  hold,  that  it  is  possible  so  to  conduct  the  reaction, 
that  practically  all  of  the  oil  except  the  cineol  is  oxidized  with 
little,  if  any,  loss  of  the  latter. 

For  oils  containing  less  than  50  per  cent  cineol,  however,  the 
method  is  not  to  be  recommended,  as  the  large  amount  of  re- 
agent and  time  required  make  it  tedious  and  impracticable. 
The  increasing  alkalinity  of  the  solution  also  tends  to  cause  a 
loss  of  cineol. 

But  as  such  oils  are  in  general  inadmissible  for  pharmaceutical 
use,  the  difficulty  is  not  serious. 

Modifications  of  the  method  have  been  tried,  in  the  hope  of 
simplifying  the  procedure,  or  shortening  the  time,  but  no  decided 
improvement  has  resulted.  An  acid  permanganate  solution  re- 
acts very  quickly,  but  the  results  are  less  uniform.  The  mix- 
ture of  permanganate  and  magnesic  sulfate  (used  to  ensure 
neutrality)  is  so  slow  in  its  action  as  to  be  impracticable.  We 
have  found,  however,  that  it  is  not  necessary  to  keep  the  assay 
very  cold,  except  in  the  first  stages  of  the  oxidation.  As  the  re- 
action diminishes  in  vigor,  the  operation  may  be  conducted  at 
the  ordinary  temperature  without  apparent  loss  of  accuracy. 

As  regards  the  other  methods  suggested  for  the  determination 
of  cineol,  the  phosphoric  acid  and  resorcinol  processes  are,  in 
my  experience,  of  little  use  in  the  presence  of  camphor  or  ter- 
pineol, and  it  is  exactly  these  compounds  which  it  is  most  im- 
portant to  detect. 


Francis  D.  Dodge 


Laboratory  of  the  Dodge  and  Olcott  Co 
Bayonne.  N.  J..  July  13,  1914 


'  Loc.  cit, 

*  Schimmel  and  Co.,  Loc.  cit. 


THE   PRESENT   STATUS    OF   THE   GLASS    BOTTLE 
INDUSTRY  IN  THE  UNITED  STATES 

The  glass  bottle  and  hoUowware  industries  of  the  United 
States  have  undergone  important  changes  during  the  last  bot- 
tle "season,"  and  both  the  automatic  and  semi-automatic  bot- 
tle machines  have  been  improved  and  more  widely  adopted 
since  the  last  report  on  these  industries.' 

When  one  considers  that  the  manufacture  of  glass  bottles 
by  the  use  of  machinery  has  been  practiced  only  twenty  years, 
the  status  of  the  mechanical  blower  is  indeed  remarkable.  It 
was  in  1882  that  Phillip  Arbogast  was  granted  a  patent  wherein 
the  method  of  prepressing  a  blank  in  a  mold  and  then  trans- 
ferring it  to  another  mold  to  be  blown  into  finished  form  was 
claimed.  This  basic  patent  was  sold  to  D.  C.  Ripley,  a  flint 
glass  manufacturer  of  Pittsburgh,  Pa.,  and  the  process  was 
first  put  into  operation  in  the  early  nineties  in  the  manufac- 
ture of  small  wide-mouth  ware.  It  was  employed  in  the  prs- 
duction  of  fruit  jars  in  1896  and  about  five  years  later  was  first 
used  in  the  manufacture  of  narrow-mouth  bottles. 

Automatic  machines  came  into  use  in  1904.  At  the  present 
time  172  machines  of  this  type  are  installed,  an  increase  over 
last  year  of  21;  a  list  of  these  installations  follows: 

Location  and  Number  of  Automatic  Machines  Instaixed 

American  Bottle  Co..  Newark.  Ohio 28 

This  company  manufactures  beer,  malt  and  water  bottles.     210  gross 
of  pint  beer  bottles  and  165  gross  of  quart  beer  bottles  are  produced  in  24 
hours. 
American  Bottle  Co..  Streator.  Ill 24 

17  six-arm  machines  are  installed.     Each  machine  produces  140  gross 
of  quart  beer  bottles  and  170  gross  of  pint  beer  bottles  in  24  hoars.     7  teo- 
arm  machines,  each  of  which  will  make  150  gross  of  quarts  or  230  gross  of 
pints  in  24  hours,  make  up  the  remainder  of  the  equipment. 
Ball  Brothers.  Muncie,  Ind 11 

This  firm  manufactures  fruit  jars. 
Charles  Boldt  Glass  Co.,  Cincinnati,  Ohio 14 

All  kinds  of  liquor  ware. 
Dominion  Glass  Co.,  Montreal,  Canada 4 

General  line. 
Dominion  Glass  Co.,  Hamilton.  Ontario 4 

General  line. 
Dominion  Glass  Co.,  Wallaceburg.  Ontario 3 

Beer  bottles  and  flasks. 
Dominion  Glass  Co.,  Redclifte.  .\lberta 1 

Beer  bottles. 
Hazel-Atlas  Company.  Washington,  Pa 11 

General  line. 
Hazel-Atlas  Company.  Clarksburg,  W.  Va 3 

General  line. 
Heinz  Company.  Sharpsburg.  Pa 3 

Condiment  wares. 
Illinois  Glass  Co..  Alton,  111 22 

Liquor,  prescription  and  packers'  wares.     Total  number  of  machines 
to   be  installed.   24 
Illinois  Glass  Co.,  Gas  City,  Ind S 

General  line  of  prescription  and  liquor  ware. 
Northwestern  Company,  Toledo,  Ohio 2 

Catsup   and   brandy   bottles. 
Owens  Automatic  Bottle  Co.,  Toledo,  Ohio 1 

Experimental  plant. 
Owens  Bottle  Co.,  Fairmont,  W.  Va. 12 

Liquor,   catsup   and   grape-juice  bottles.     The    12   machines  installed 
are  all  of  the  ten-arm  type.     The  output  is  as  follows:  4-ounce  grape-juice 
bottles,  360  gross  in  24  hours;  9-ounce  catsup  bottles,  220  gross  in  24  hours; 
16-ounce  grape-juice  bottles.  195-200  gross  in  34  hours. 
Owens  Eastern  BotUe  Co.,  Clarksville,  W.  Va 5 

Oval,   round,  square  and   flat  prescription   bottles,  panels  and  other 
small  ware. 
Thatcher-Baldwin  Company,  Elmira,  N.  Y 4 

Milk  jars. 
Thatcher-Baldwin  Company,  Streator.  Ill 4 

Milk  jars.     Each  of  the  machines  installed  turns  out  about  100  gross 
of  quart  or  130  gross  of  pint  milk  bottles  in  24  hours.  . 
Thatcher-Baldwin  Company.  Kane,  Pa 4 

Milk  jars.     Each  machine  produces  75  gross  of  quarts,  90  gross  of 
pints,  or  100  gross  of  '/a  pints  in  24  hours. 
Whitney  Glass  Co..  Glassboro,  N.  J 7 

Medicine  bottles. 

The  small  ware  output  of  the  Owens  machine  is  as  follows: 
'/2-ounce  round  prescriptions,  60  per  minute;  i-ounce  round 
prescriptions,  52  per  minute;  2-ounce  round  prescriptions,  48 
per  minute;  4-ounce  round  prescriptions,  40  per  minute;  8-ounce 
round  prescriptions,  36  per  minute;  16-ounce  round  prescrip- 
tions, 28  per  minute;  and  32-ounce  round  prescriptions,  18  per 
■  Sec  Hamor,  This  Journal.  6,  951.  On  the  glasses  from  which  bot- 
tles arc  made,  see  Hamor,  .4m.  Druggist.  62,  29;  This  Journal,  «,  509. 
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minute.  These  data  apply  to  practically  all  round,  oval,  French 
square,  oblong  and  flat  bottles.  Panels  from  4  ounces  up  are 
made  at  the  rate  of  38  per  minute. 

During  the  season  I9i3-'i4  there  was  not  only  an  increase 
in  the  number  of  automatic  machines  in  operation,  but  an  im- 
provement in  their  mechanical  equipment.  The  six-arm  ma- 
chine was  changed  to  one  of  ten  and.  in  some  instances,  to  fif- 
teen arms,  thus  increasing  greatly  the  number  of  bottles  pro- 
duced. However,  so  far  the  Owens  interests  do  not  have  a 
monopoly  of  the  bottle  industry,  for  the  hand-operated  ma- 
chines and  the  semi-automatic  contrivances  still  offer  competi- 
tion. But  the  time  is  rapidly  approaching  when  the  automatic 
machine  will  replace  all  other  types  as  well  as  the  hand  blower: 
during  the  past  year,  several  hand-blown  ware  manufacturers 
stated  that  unless  some  further  concession  was  made  in  wages, 
they  would  install  machines  for  producing  narrow-mouth  bot- 
tles, practically  the  only  line  now  manufactured  by  hand. 

The  season  was  also  productive  of  a  number  of  improvements 
in  increasing  the  efficiency  of  the  semi-automatic  machines. 
Manufacturers  are  of  the  opinion  that  the  work  of  one  man 
only,  the  gatherer,  is  necessary  in  operating  semi-automatic 
machines,  and  most  of  the  improvements  were  directed  towards 
reducing  the  number  of  men  employed.  The  three-shift  sys- 
tem is  becoming  more  generally  adopted,  for  it  has  been  shown 
that  continuous  production  procured  in  this  way  is  a  great 
factor  in  helping  to  keep  pace  with  the  production  of  the  auto- 
matic machines. 

STANDARD    BOTTLE   CAPACITY 

Ever  since  the  introduction  of  automatic  machines,  the 
operators  of  hand-blown  ware  factories  and  officers  of  the  Glass 
Bottle  Blowers'  Association  have  been  much  exercised  by  state 
legislation  requiring  exactness  in  the  capacity  of  containers 
of  all  descriptions.  By  the  old  hand  method  it  has  always 
been  impossible  to  produce  bottles  of  exactly  uniform  capacity, 
this  being  evidenced  by  a  provision  in  the  wage  scale  which 
allowed  variations  below  and  above  a  given  capacity.  With 
the  machine  every  bottle  is  of  exactly  the  same  capacity.  Ac- 
cordingly, while  the  disposition  of  state  and  municipal  authori- 
ties to  require  exactness  in  bottle  capacities  has  been  stren- 
uously opposed  by  the  hand  blowers,  machine  operators  have 
been  rather  inclined  to  lend  support  to  the  formulation  and  en- 
forcement of  these  statutes  and  ordinances. 

A  convention  of  the  sealers  of  the  United  States  was  held  in 
Washington  during  May  of  this  year,  at  which  ones  in  attend- 
ance urged  that  no  enactments  discriminator>'  to  the  interests 
of  the  hand  blowers  be  adopted.  New  specifications  in  accord- 
ance with  the  laws  now  in  force  in  certain  of  the  states  were  pre- 
sented by  officials  of  the  Glass  Bottle  Blowers'  Association, 
and  it  is  reported  that  they  are  regarded  as  reasonable  in  the 
matter  of  tolerance  by  certain  of  the  authorities. 

FOREIGN    COMPETITION 

Germany,    France    and    Austria- Hungary    were    the    leading 
exporters  of  bottles  to  the  United  States  during  the  fiscal  year 
ending  June  30th.     The  values  of  the  imports  of  bottles  follow : 
Value  of  Value  of 

bottles  empty  bottles  cut  or 

Source  or  filled  ornamented 

Germany $204,883  $332,809 

Austria-Hungary 1 43.086  299.978 

France 277.439  115,232 

United  Kingdom 77.485  107.416 

Belgium 439  141.436 

W.  A.  Hamor 
New  Kensington.  Pa. 
September  1.  1914 

THE  HYDROCARBONS  OF  UTAH— A  CORRECTION 

Our  attention  has  been  called  to  certain  inaccuracies  in  the 
above  paper.'     According  to  Messrs.  Richardson  and  Forrest,' 

I  Tms  JODRNAU,  6  (1913>.  973. 
'  Private  communication. 


"It  is  stated  that  Trinidad  asphalt,  supplied  by  the  New  York 
Testing  Laboratory,  contains  60.36  per  cent  of  bitumen.  This 
is  at  least  4  per  cent  out  of  the  way.  It  is  stated  that  it  contains 
3.94  per  cent  of  organic  matter  insoluble  in  CS2.  In  view  of 
my  (Richardson)  investigations  on  'The  Proximate  Composition 
and  Physical  Structure  of  Trinidad  Asphalt'  published  in  Vol. 
6  of  the  Proceedings  of  the  American  Society  for  Testing  Mate- 
rials, 1906,  page  509,  this  is,  of  course,  quite  incorrect.  It  is, 
in  reality,  water  of  hydration  in  the  clay  which  is  lost  on  igni- 
tion on  the  determination  of  the  mineral  matter.  The  authors 
say  that  Bermudez  and  Trinidad  have  a  tarry  odor,  than 
which  nothing  could  be  more  absurd.  The  percentage  of  bi- 
tumen in  the  specimen  of  Bermudez  furnished  the  authors 
by  the  N.  Y.  Testing  Laboratory  is  stated  as  90.93.  It  must 
have  been  considerably  higher  than  that.  The  ultimate  compo- 
sition of  the  samples  of  the  various  bitumens,  as  given,  are 
entirely  wrong.  The  authors  have  evidently  attempted  to  make 
a  combustion  on  the  material  in  its  ordinary  form,  and  not  on 
the  pure  extracted  bitumen.  The  percentage  of  sulfiu",  deter- 
mined by  the  Eschka  method  is,  of  course,  too  low.  They  do  not 
seem  to  be  aware  that  the  nitrogen  in  bitumens  cannot  be 
determined  by  a  modified  Kjeldahl  method." 

It  seems  that  we  were  mistaken  in  the  kind  of  materials 
furnished  under  the  names  Refined  Trinidad  Lake  Asphalt, 
Refined  Bermudez  Lake  Asphalt,  and  Gilsonite,  for  we  believed 
that  they  were  "pure"  and  not  merely  "purified  commercial 
products  which,  however,  were  not  free  from  all  extraneous 
substances  *  *  *  *." 

Samples  of  the  hydrocarbons  under  discussion  were  re -analyzed 
by  one  of  us  (T.  B.  B.)  and  by  the  New  York  Testing  Labora- 
tory with  the  following  results; 

Trinidad  Bermudez 

N.  Y.  T.  L.                                          R.  A.                  R.  A.  Tabbyite 

Bitumen  soluble  in  CS2 56.9%  92.5%  94.7% 

Mineral  matter 35.6                    5.1  4.8 

Fixed  carbon 12.0  12.9  9.2 

T.  B.  B. 

Bitumen  soluble  in  CSi 57.5  92.3  

Mineral  matter 35 . 7                      5.3  .... 

Fixed  carbon 

Wurzelite  Wurzelite 

N.  Y.  T.  L.                                   Gilsonite               No.  1  No.  2 

Bitumen  soluble  in  CSa ...  ... 

Mineral  matter ...  ... 

Fixed  carbon 13.6%                  7.8%  7.5% 

Our  errors  in  Bitumen  soluble  in  CS2  were  due  to  our  not 
igniting  the  filtrates  in  order  to  detemine  the  insoluble  matter 
that  passed  through  the  asbestos  filtering  medium.  What  we 
reported  originally  as  Fixed  Carbon  were  in  reality  the  non- 
volatile residues,  minus  ash.  left  from  the  fractional  distilla- 
tions, as  shown  in  our  Table  IV.'  Through  an  oversight  an 
explanation  of  this  was  omitted.  When  determined  according 
to  the  standard  method  for  the  proximate  analysis  of  coal' 
very  much  lower  results  are  obtained,  as  indicated  above. 

The  "Organic  Matter  insol.  in  CSj"  we  obtained  by  difference. 
We  were  not  acquainted  with  the  article  by  Mr.  Richardson,  in 
which  he  points  out  the  importance  of  the  water  of  hydration 
in  the  clay.  All  ultimate  analyses  reported  were  made  on  the 
original  materials  furnished  us,  and  not  on  purified  samples 
specially  prepared  for  the  purpose.  The  modified  Eschka  method 
is  used  extensively  in  the  west  for  sulfur,  arsenic,  molybdenum, 
vanadium  and  other  determinations,  and  has  been  found  to  be 
very  accurate,  even  with  relatively  volatile  substances  like  cer- 
tain coals  and  vegetable  matter.  Concordant  analyses  were 
obtained  in  all  determinations  reported.  The  last  statement 
applies  also  to  the  nitrogen  results. 

'  Loc.  cil.,  976. 

2  Jour.  Amn.  Cham.  So^-..  21  (1899).  1116. 
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We  wish  to  thank  Messrs,  Richardson  and  Forrest  for  their 
interest  and  friendly  cooperation  in  this  investigation,  and  for 
their  criticism  of  the  data  published. 

Carlos  Bardwell 
B.  Arthur  Berryman 
Thomas  B.  Brighton 
Kenneth  D.  Kuhre 
University  of  Utah 
Salt  Lake  City 
February  4,  1914 


Very  rarely  is  half  as  much  potash  applied  to  the  wheat,  oats, 
corn  or  cotton  crop  as  the  crop  removes. 

The  potash  mines  are  so  numerous  and  the  stocks  on  hand  so 
large  that  supplies  can  be  promptly  sent  forward,  as  soon  as 
European  conditions  permit  freight  shipments  to  be  resumed. 

H.  A.  Huston 
New  York  City 
September  16.  1914 


REMEDIES  FOR  POTASH  SHORTAGE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

A  good  deal  of  ridiculous  although  perhaps  well-meant  material 
is  appearing  in  the  daily  and  weekly  press  in  regard  to  remedies 
for  the  potash  shortage.  Some  of  these  are  so  far  from  the  truth 
that  it  seems  desirable  to  make  some  statement  about  the  matter 
which  is  based  on  fact. 

Various  suggestions  have  been  made  in  regard  to  the  steps  to 
be  taken  by  farmers  in  reference  to  the  shortage  of  potash  in 
their  fertilizers,  caused  by  the  greatly  reduced  shipments  of 
potash  from  Germany  since  the  first  of  August.  Most  of  the 
fertilizer  companies  have  endeavored  to  make  the  potash  on 
hand  go  as  far  as  possible  by  selling  for  the  present  brands  of 
complete  fertilizers  containing  only  2  or  3  per  cent  of  potash 
and  withholding  from  sale,  brands  containing  larger  amounts. 

The  suggestion  that  some  or  all  of  the  potash  be  replaced  by 
phosphoric  acid  is  absurd,  for  every  school  boy  knows  that  one 
plant  food  cannot  take  the  place  of  another.  There  are  some 
indirect  fertilizers,  such  as  lime,  gypsum  and  salt  that  can  release 
a  limited  amount  of  potash  from  some  soils  that  contain  hydrated 
silicates  of  alumina  and  potash.  But  if  these  soils  have  already 
been  treated  with  lime  or  have  received  repeated  dressings  of 
the  usual  forms  of  fertilizer  containing  soluble  phosphate  with 
its  accompanying  gypsum,  then  the  potash  in  the  hydrated 
silicates  has  to  a  large  extent  already  been  replaced  and  the  use 
of  more  lime  or  gypsum  or  salt  could  not  be  expected  to  release 
much  additional  potash.  Ground  limestone  or  oyster  shells 
act  too  slowly  to  be  used  as  potash  releasers. 

The  residue  of  soda  left  in  the  soil  by  nitrate  of  soda  is  more 
eiTective  in  releasing  potash  than  is  gypsum  and  hence  goods, 
in  which  the  nitrogen  is  largely  in  the  form  of  nitrate  of  soda, 
may  have  a  special  value  in  the  present  emergency. 

It  is  often  stated  that  decaying  organic  matter  releases  potash 
from  the  soil  but  there  seems  to  be  no  direct  evidence  of  this. 
On  the  contrary.  Dr.  S.  Peacock  states  in  the  American  Fertilizer 
of  Sept.  5,  1914:  "Several  thoroughly  competent  researches 
have  shown  that  decaying  organic  matter  has  little  effect  on 
converting  inert  mineral  plant  food  in  the  soil  into  available 
form." 

In  any  soil  the  amount  of  potash  capable  of  being  released 
by  these  indirect  means  is  a  very  small  fraction  of  the  total  potash 
in  the  soil,  most  of  which  exists  in  a  form  about  as  soluble  as 
window  glass.  There  is  no  known  profitable  method  for  ren- 
dering this  inert  potash  of  the  soil  available  fast  enough  to 
provide  for  profitable  crops.  Whatever  temporary  expedients 
we  may  employ  in  the  present  emergency,  we  must  keep  in 
mind  that  the  potash  thus  removed  from  the  semi-available 
soil  reserves  must  later  be  replaced  if  we  are  to  maintain  the 
soil's  productiveness. 

There  is  danger  in  the  statement  that  farmers  have  been  using 
an  excess  of  potash.  Crops  use  on  the  average  about  two  and 
one-half  times  as  much  potash  as  phosphoric  acid,  while  the 
average  fertilizer  sold  contains  only  half  as  much  potash  as 
phosphoric  acid;  yet  no  one  claims  that  we  are  using  too  much 
phosphoric  acid.  The  potash  remaining  from  previous  fertiliza- 
tion is  practically  nothing  except  in  the  limited  areas  where  a 
ton  or  more  of  fertilizer  has  been  used  per  acre  on  truck  crops. 


DR.  LEO  H.  BAEKELAND  IN  JAPAN 

The  letter  printed  below  has  been  received  by   Dr.  Jokichi 
Takaraine  from   Prof.    Dr.   Joji   Sakurai,   Dean  of  the   College 
of   Science   of   the    Tokio    Imperial    University,    regarding    the 
visit  of  Dr.  Leo  Baekeland  to  Japan: 
"My  Dear  Dr.  Takamine: 

"I  have  duly  received  your  favor  of  July  8th,  introducing  Dr. 
Baekeland,  and  also  your  letter  of  July  9th,  regarding  his  visit 
to  Japan. 

"I  had  already  been  advised  by  your  friend  Mr.  Shiohara 
concerning  Dr.  Baekeland's  visit,  and  as  I  wanted  to  do  my 
best  to  give  him  a  rousing  welcome,  I  notified  the  several  mem- 
bers of  both  the  Tokio  Chemical  Society  and  Society  of  Chemical 
Industry,  and  held  a  meeting  on  July  9th  to  discuss  the  plans 
for  welcoming  our  distinguished  visitor.  Dr.  T.  Takamatsu, 
President  of  the  Society  of  Chemical  Industry,  myself  and  three 
others  were  appointed  as  a  reception  committee. 

"We  completed  arrangements  on  August  ist,  and  sent  out 
over  three  hundred  invitations  for  a  dinner  to  welcome  Dr. 
Baekeland  on  August  loth,  under  the  joint  auspices  of  over 
thirty  of  the  leading  members_of  the  Tokio  Chemical  Society  and 
the  Society  of  Chemical  Industry,  as  well  as  over  twenty  leading 
business  men  who  are  connected  with  chemical  industry. 

"The  dinner  was  held  at  the  Seiyoken  Restaurant  at  Uyeno- 
Park,  and  despite  extreme  heat  there  were  over  sixty  people 
present.  It  was  one  of  the  most  successful  dinners  we  have  had 
recently.  Dr.  Baekeland  seemed  well  pleased  with  the  recep- 
tion he  received.  By  my  colleagues'  recommendation  I  served 
as  the  toast-master  for  the  evening;  my  toast,  of  course,  was  in 
English,  but  as  the  majority  of  the  people  present  were  not  con- 
versant with  English,  it  was  printed  in  Japanese  beforehand 
and  was  distributed  among  those  present.  Dr.  Baekeland 
spoke  for  about  half  an  hour  on  'Original  Research  Work,' 
and  Dr.  K.  Kondo  interpreted  his  speech  into  Japanese.  The 
event  was  a  most  pleasant  and  interesting  one. 

"We  had  expected  that  Dr.  Baekeland's  sojourn  in  Japan 
would  extend  to  the  middle  of  September,  and  it  was  my  inten- 
tion to  ask  him  to  deliver  a  general  lecture  before  the  gathering 
of  students  after  their  return  to  school  from  holidays,  but  we 
had  to  abandon  this  plan  on  account  of  Dr.  Baekeland's  limited 
stay  in  our  country. 

Wry  sincerely  yours, 

Joji  Sakurai." 

Tokio,  Japan,  August  i;,  1914 

Professor  Sakurai's  toast  to  Dr.  Baekeland  was  as  follows: 
"Your  Excellencies  and  Gentlemen: 

"  I  esteem  it  a  great  privilege  to  have  been  asked  to  preside  over 
this  dinner,  and  I  have  now  the  great  pleasure  to  propose  the 
toast  of  our  distinguished  guest — Dr.  Baekeland.  I  am  fully 
aware  of  the  difficulty  of  the  task  I  have  to  perform,  however 
pleasant  it  may  be,  and  I  really  think  it  unfortunate  that  some 
one  more  able  and  eloquent  than  myself  has  not  been 
chosen  for  this  important  task.  But.  unworthy  as  I  am  of  the 
chair.  I  can  assure  you  all  that  I  am  second  to  none  in  the  de- 
sire of  extending  a  most  hearty  welcome  to  Dr.  Baekeland.  It 
is,  moreover,  a  relief  to  me  to  think  that  our  guest  is  3  man  of 
science,  who  cares  more  for  |ilain  words  and  naked  facts  than 
flowery    speeches    and    diplomatic    etiquette,    a    circumstance 
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which,  when  speaking  in  a  foreign  language,  as  I  am  now  attempt- 
ing to  do,  renders  the  task  of  the  chairman  somewhat  easy. 

"Now,  I  am  sure  you  will  all  agree  with  me  when  I  say  that, 
although  it  is  always  a  pleasure  to  us  to  welcome  our  American 
friends  to  this  country  and  to  have  their  company,  this  pleasure 
is  enhanced  on  the  present  occasion  by  the  fact  that  our  guest 
and  friend  is  an  eminent  chemist,  who  has  greatly  contributed 
to  the  progress  of  chemical  industry  by  his  important  researches, 
among  others,  those  on  photographic  papers,  the  electrolytic 
preparation  of  caustic  soda  and  last,  but  by  no  means  least, 
important — the  manufacture  of  a  new  plastic,  which  has  been 
named  after  him  and  which,  as  an  insulating  material  and  in 
various  other  ways,  is  finding  more  and  more  extended  applica- 
tion. The  importance  of  these  researches  has  been  widely 
recognized  in  America,  for,  among  other  honors,  he  has  been 
awarded  both  the  Nichols  Medal  and  the  Gibbs  Medal  from  the 
American  Chemical  Society,  the  John  Scott  Medal  from  the 
Franklin  Institute,  and  the  Chandler  Gold  Medal  from  Colum- 
bia University,  besides  being  elected  at  various  times  either 
the  President  or  the  Vice-President  of  the  American  Chemical 
Society,  the  American  Electrochemical  Society,  the  American 
Institute  of  Chemical  Engineers,  the  Society  of  Chemical  In- 
dustry, and  several  other  important  societies.  We  may  further 
remember  that  as  the  President  of  the  Section  of  Plastics  of  the 
Vlllth  International  Congress  of  Applied  Chemistry  Dr.  Baeke- 
land  contributed,  in  no  small  degree,  to  the  success  of  that  im- 
portant congress. 

"The  fact  that,  in  spite  of  the  almost  unbearable  heat  of  these 
days,  when  most  people  have  deserted  .the  town  for  cooler  places 
in  the  country,  some  sixty  chemists  and  men  of  business  who 
are  interested  in  chemical  industry  have  assembled  here  this 
evening  to  greet  the  distinguished  visitor  will,  I  believe,  show 
how  greatly  his  work  is  also  appreciated  in  this  country  and 
what  admiration  there  is  for  his  personality.  Sixty  is  not  a 
large  number,  but,  as  Dr.  Baekeland  will  himself  easily  recog- 
nize, the  warmth  of  their  feeling  in  extending  a  hearty  wel- 
come to  him  is  none  the  less  very  great,  greater  even  than  the 
heat  of  these  days. 

"It  is  true  that  Dr.  Baekeland  has,  no  doubt,  inadvertently 
chosen  the  worst  season  in  coming  to  this  country,  but  from 
our  self-interested  point  of  view  it  is  at  a  very  opportune 
time,  for  the  idea  of  establishing  -an  independent  chemical 
research  laboratory,  first  suggested  and  propagated  with  en- 
thusiasm by  our  mutual  friend.  Dr.  Takamine,  is  now  attract- 
ing a  considerable  amount  of  public  attention,  and  an  expression 
of  opinion  on  any  subject  bearing  either  directly  or  indirectly 
on  this  movement  by  one  of  such  wide  experience  and  great 
attainment  as  Dr.  Baekeland  will,  I  am  sure,  be  of  very  great 
value  to  us  at  this  moment.  With  his  permission,  therefore, 
I  would  like  very  much  to  ask  Dr.  Baekeland  to  speak  on  any 
phase  of  this  subject,  and  I  am  sure  that  I  voice  the  sentiment 
of  all  present. 

"In  conclusion,  I  would  express  the  hope  that  Dr.  Baekeland 
may  fully  enjoy  his  visit  to  this  country,  that  when  he  gets 
back  to  America  he  may  carry  with  him  a  very  pleasant  remem- 
brance of  his  visit,  and  that,  keeping  this  pleasant  remembrance, 
he  may  come  back  to  us  many  times,  not  forgetting,  however, 
to  bring  Mrs.  Baekeland  with  him  next  time. 

"And  now,  gentlemen,  I  give  you  the  toast  of  our  distinguished 
visitor — Dr.  Baekeland." 


AMERICAN   ELECTROCHEMICAL    SOCIETY 

TWENTY-SIXTH  GENERAL  MEETING 

NIAGARA   FALLS,    OCTOBER    I- 3,    1 9 14 

The  twenty-sixth  general  meeting  of  the  American  Electro- 
chemical Society  was  held  at  Niagara  Falls,  October  1-3,  1914, 
with  headquarters  at  the  Clifton  Hotel.  Niagara  Falls,  Ontario. 


PROGRAM  OF  PAPERS 

The  Physical  Nature  of  Color  (illustrated  lecture),  C.  E. 
Kenneth  MeEs  (Director  Research  Laboratory,  Eastman 
Kodak  Company). 

1.  The    Evaporator   and    the    Power    Problem    in    Electro- 
chemical Plants.     Otto  Mantius. 

2.  On  Electrometric  Titrations.     Henry  Ziegel. 

J.  The  Sources  of  Impurities  in  Cathode  Copper.     Lawrence 
Addicks. 

4.  The  Constancy  of  Base-Metal  Thermocouples  as  Afiected 
by  their  Micro-structure.     O.  L.  Kowalke. 

5.  The  Reproducibility  of  the  Copper  Electrode.     Frederick 
H.  Getman. 

6.  The   Electrolytic   Determination   of   Nickel.     N.   Judson 
Marsh. 

7.  Electrodeposition  of  Lead  from  Lead  Acetate   Solutions. 
F.  C.  Mathers. 

8.  Electrodeposition  of  Lead  from  Lead  Lactate  and  Lead 
Formate  Solutions.     F.  C.  Mathers  and  B.  W.  Cockrum. 

9.  Tin  Salts  of  Mineral  Acids.     F.  C.  Mathers  and  B.  W. 
Cockrum. 

10.  On  the  Formation  of  a  Badly-conducting  Film  on  a  Copper 
Anode  in  Copper  Cyanide  Solution.     W.  Lash  Miller 

1 1 .  Experiments  on  the  Quantitative  Determination  of 
Radium.     Herma.m  Schlundt. 

12.  Silicidized  Carbon-Silfrax.     F.  J.  Tone. 

13.  The  Electrolytic  Insulation  of  Aluminum  Wire.  C.  E. 
Skinner  and  L.  W.  Chubb. 

14.  Electro-Percussive  Welding.  C.  E.  Skinner  and  L. 
W.  Chubb. 

Symposium — The  Practical  Side  of  Electrochemical  In- 
vestigation, at  the  Fitzgerald  Laboratories,  Niagara  Falls,  N.  Y. 
This  symposium  consisted  of  a  number  of  informal  demonstra- 
tions of  apparatus,  methods,  and  materials  used  in  electro- 
chemical investigations,  or  as  electrochemical  aids  to  chemical 
investigations. 

EXCURSIONS 

Foster's  Flats.  Arrangements  were  made  for  the  excursion 
to  be  accompanied  by  a  local  authority  on  the  flora,  fauna  and 
history  of  the  locality. 

Plants.  Among  those  visited  were  the  Power  Houses  on  the 
American  side,  the  Acheson  Graphite  Co.  (who  showed  some 
features  not  hitherto  e.xhibited),  the  Niagara  Alkali  Co.,  Spirella 
Corset  Co. 

The  privileges  of  Niagara  Falls  Country  Club  were  extended 
to  members  throughout  the  meeting.  The  Smoker  on  Thurs- 
day and  the  Dinner  on  Friday  were  held  at  the  Clifton  Hotel. 


AMERICAN  GAS  INSTITUTE— NINTH  ANNUAL  MEETING 
OCTOBER  21-23,  1914 

PROGRAM   OF   PAPERS 

President's  Address. 

Refractory  Materials  for  Coal  and  Water  Gas  Works.  Her- 
man Russell. 

Oil  Tar  Separation,  Recovery  and  Disposal.     R.  E.  Wvant. 

Coal  Gas  Residuals.     F.  H.  Wagner. 

Symposium — Operating  Experiences  under  a  Calorific 
Standard. 

Efficiency  Relation  Existing  between  Various  Test  Burners, 
both  Argand  and  Open  Flame.     F.  H.  Gilpin. 

The  Welding  of  High  Pressure  Mams.     J.  D.  Shattuck. 

The  Installation  and  Maintenance  of  Services.  R.  B.  Dun- 
can. 

The  Installation,  Repairing  and  Testing  of  Meters  by  a  Small 
Company.     Charles  Otten,  Jr 

The  Improvement  of  Distribution  Employees.  C.  E. 
Reinicker. 
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The  Year's  Progress  in  Carbonization  Methods.  E.  L. 
Spencer. 

Carbonization  in  Bulk.     C.  J.  Ramsburg. 

The  Operation  of  Inclined  Retorts.     Frank  Huber. 

Gas  Chemists'  Hand  Book.     W.  H.  Fulweiuer. 

An  Electrical  Process  for  Detarring  Gas.     F.  W.  Steere. 

A  Method  for  the  Determination  of  Hydrogen  Sulfide  in  Gas. 
A.  B.  Way. 

The  Proper  Specifications  for,  and  Inspection  of,  Interior 
Gas  Piping.     A.  E.  Turner. 

Piping  of  Large  Buildings  for  Gas.     O.  H.  Fogg. 

Utilization  of  Gas  Appliances.     W.  J.  Serrill. 

Estimating  Accruing  Depreciation  and  Features  in  Con- 
nection therewith  as  Related  to  matters  of  Accountancy.  A. 
C.  Humphreys. 

Accounting  for  Depreciation.     Halford  Erickson. 

Methods  and  Facilities  for  Specifying  and  Testing  Blowers, 
also  Measuring  Air  and  Steam  Supply  to  the  Water  Gas  Genera- 
tors.    J.  M.  Spitzglass. 

Measurement  of  Gas  in  Large  Volumes.     J.  F.  Wing. 

Purifiers.     C.  E.  Paige. 

Care  and  Maintenance  of  Gas  Holders.     J.  H.  Braine. 

Ammonia  Purification.     V,  von  Starzenski. 

The  Fusibility  of  Ash  in  Coals  Used  in  Gas  Making.  Perry 
Barker. 

The  Mode  of  the  Decomposition  of  Coal  by  Heat.  H.  C. 
Porter. 

Gas  Manufacture  from  the  Point  of  View  of  Physical  Chem- 
istry.    W.  F.  Rittman. 

Illumination  by  Gas:  Its  Present  Status  and  Its  Future. 
C.    O.  Bond. 

The  Physical  Installation  of  Gas  Arcs.     C.  A.  Luther. 


Compensation  of  Meter  Readers.     H.  C.  Schaper. 
Printing  and  the  Care  of  Printed  Stock.     W.  P.  Bavxie. 
An  Extension  of  the  Dewey  Decimal  Classification  System  to 
Gas  Engineering.     D.  S.  Knauss. 
Rate  Making.     William  McClellan. 


ANNUAL    MEETING     OF    THE    AMERICAN    CHEMICAL 
SOCIETY  CALLED  OFF 

At  the  meeting  of  the  Directors  of  the  American  Chemical 
Society  in  New  York  on  September  21,  1914,  it  was  decided  to 
hold  no  annual  meeting  of  the  Society  this  fall. 


SOME  ECONOMIC  ASPECTS  OF  INDUSTRIAL  CHEM- 
ISTRY—A CORRECTION 

In  the  article  published  under  the  above  title,  This  Journal. 
6,  678,  the  paragraph  beginning  at  the  bottom  of  column  i, 
page  681,  and  the  first  sentence  in  the  next  paragraph  should 
read  as  follows: 

"From  1877  down  to  the  close  of  1912  there  were  taken  out 
in  Germany  8,062  German  patents,  or  224  per  year,  dealing  witli 
the  utilization  of  coal-tar  hydrocarbons  and  their  by-products; 
it  has  been  estimated  that  not  more  than  one  out  of  every  hun- 
dred has  secured  financial  returns  for  its  owners.  During  the 
years  1895  to  1903,  382  German  patents,  or  at  the  rate  of  48 
per  year,  were  taken  out  in  the  inorganic  chemical  industries. 

"It  would  be  an  interesting  subject  for  speculation  to  consider 
the  intellectual  eS'ort  involved  in  the  8,062  coal-tar  patents 
as  compared  with  the  intellectual  effort  required  for  the  382 
inorganic  patents." 

Bernhard  C.  Hesse 

90  William  St..  Nbw  York 
September  8.  1914 


PERSONAL  NOTL5 


Congress  has  provided  $200,000  for  a  Chemistry  Building 
at  the  Bureau  of  Standards.  Plans  are  now  in  preparation, 
but  it  wUl  probably  be  two  or  three  years  before  the  building 
is  completed. 

Dr.  Jokichi  Takamine  of  New  York  City  will  present  his 
paper  on  "The  Chemical  Industry  of  Japan"  before  the  Detroit 
Section  of  the  A.  C.  S.  either  on  October  30th  or  November 
27th. 

Prof.  R.  H.  Fernald  of  the  University  of  Pennsylvania  was 
recently  appointed  consulting  engineer  of  the  U.  S.  Bureau  of 
Mines. 

The  Chicago  Section  of  the  A.  C.  S.,  at  its  regular  meeting 
on  September  nth,  discussed  the  following  subject:  "How 
can  we  raise  the  moral  and  financial  standing  of  our  profession?" 

Mr.  William  A.  Williams,  Chief  Geologist  General  Petroleum 
Co.,  San  Francisco,  Cal.,  has  been  appointed  chief  of  the  new 
oil  department  of  the  U.  S.  Bureau  of  Mines,  with  headquarters 
at  Washington,  D.  C. 

Harry  A.  Curtis,  assistant  professor  of  chemistry  at  the 
University  of  Colorado,  has  returned  after  a  year's  leave  of  ab- 
sence, during  which  time  he  took  graduate  work  in  chemistry 
at  the  University  of  Wisconsin,  receiving  the  degree  of  doctor 
of  philosophy. 

The  Executive  Committee  of  the  Chicago  Section  of  the  A. 
C.  S.  have  instituted  a  bureau  composed  of  chemists  of  rec- 
ognized standing,  which  invites  inquiry  from  any  who  desire 
advice  as  to  the  best  method  of  procedure  to  overcome  the 
handicap  resulting  from  the  scarcity  of  foreign-produced 
chemicals  and  products,  and  to  answer  inquiries  and  to  supply, 
when  possible,  information  such  as  cannot  be  obtained  through 


the  usual  channels,  or  to  direct  inquiries  to  reliable  sources  of 
information. 

Irene  Hunt  Davis,  instructor  in  chemistry  at  the  University 
of  Washington,  has  been  promoted  to  be  assistant  professor 
of  chemistry. 

Several  citizens  of  Toronto  have  agreed  to  contribute 
$15,000  for  five  years  to  enable  the  University  of  Toronto  to 
increase  its  research  work. 

The  Pittsburgh  Section  of  the  A.  C.  S.  held  its  109th  regular 
meeting  at  the  University  of  Pittsburgh  on  September  17th. 
The  program  was  as  foUows:  "A  Correlation  between  Certain 
Physical  Properties  and  the  Chemical  Composition  of  Glasses, 
D.  E.  Ward  Tillotson.  "Crystalline  Glazes — A  Thermal  and 
Optical  Study  of  the  System  Na2O.ZnO.SiO2"  (illustrated  by 
Specimens  and  Lantern  Slides),  A.  A.  Klein. 

The  Detroit  Section  of  the  A.  C.  S.  holds  its  meeting  on  the 
last  Friday  of  each  month  at  the  Employers'  Association  rooms 
on  the  seventh  floor  of  the  Stevens  Building. 

The  109th  meeting  of  the  American  Institute  of  Mining 
Engineers  will  be  held  at  Pittsburgh,  Pa.,  October  8  to  10, 
1914.  This  meeting  is  to  be  under  the  auspices  of  the  Com- 
mittees on  Iron  and  Steel,  Petroleum  and  Gas,  Coal  and  Coke, 
and  Non-Metallic  Minerals. 

The  meeting  of  the  Southern  California  Section  of  the  A.  C. 
S.  on  September  19,  1914  took  the  form  of  a  Picnic  Excursion 
Venice,  to  which  members,  their  families  and  friends  were 
invited.  All  lunched  together  on  the  beach  at  i  P.M.  The 
afternoon  was  spent  in  games,  races,  bathing,  lounging  and 
all  the  usual  and  unusual  Venice  pleasures.  The  committee 
had  arranged  for  a  Special  Fish  and  Chicken  Dinner  at  6  p.m. 
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at  the  Chafing  Dish  Inn,  on  the  ocean  front,  near  the  picnic 
grounds. 

Mr.  John  Lothrop  Gray,  formerly  assistant  general  super- 
intendent of  the  Tide-Water  Oil  Co.,  Bayonne,  N.  J.,  is  now 
identified  with  the  Pierce  Oil  Corporation,  St.  Louis,  Mo.,  as 
manager  of  the  refining  and  producing  departments. 

Dr.  Friend  E.  Clark  has  resigned  his  position  as  professor  of 
chemistry  in  Center  College,  Danville,  Kentucky,  to  become 
professor  of  chemistry  in  West  Virginia  University. 

Philander  Raymond  Gray,  one  of  the  first  refiners  of  oil  in 


this  country,  died  at  his  home  in  Aberdeen  Road,  Elizabeth, 
N.  J.,  on  September  14,  1914.  At  the  time  of  his  retirement 
three  years  ago,  he  was  manager  of  the  refineries  of  the  Standard 
Oil  and  Tide- Water  Oil  Companies,  near  Elizabeth. 

Dr.  Frederick  G.  CottreU  has  been  appointed  Chief  Chemist 
of  the  U.  S.  Bureau  of  Mines. 

Dr.  L.  H.  Baekeland  reached  New  York  City  on  September 
22nd,  returning  via  San  Francisco  from  Yokohama,  Japan, 
where  he  found  it  necessary  to  give  up  his  tour  around  the 
world  on  account  of  the  war  in  Europe. 


GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride,  Bureau 
NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  publications  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

DEPARTMENT  OF  AGRICULTURE 

Rules  and  Regulations  for  Carrying  out  Provisions  of  In- 
secticide Act  of  1910.  Circular  34,  amendment  3.  2  pp.  This 
amendment  is  to  the  rules  regarding  collection  and  examination 
of  specimens  of  insecticides,  Paris  greens,  lead  arsenates,  and 
fungicides. 

Acidity  as  a  Factor  in  Detennining  the  Degree  of  Soundness 
of  Com.  H.  J.  BeslEy  and  G.  H.  Baston.  Department 
Bulletin  102.  45  pp.  Paper,  10  cents.  This  professional 
paper  from  the  Bureau  of  Plant  Industry  shows  how  the  acid 
test  may  be  used  in  the  commercial  grading  of  corn.  "It  is 
intended  for  chemists,  grain  buyers,  and  all  interested  in  grading 
corn,  more  especially  in  the  corn  belt  and  at  terminal  markets." 
^  Classification  and  Grading  of  Cotton.  D.  E.  EarlE  and  W. 
S.  Dean.  Farmers  Bulletin  591.  23  pp.  Paper,  5  cents. 
This  is  a  contribution  from  the  Bureau  of  Plant  Industry,  in- 
tended to  give  in  a  popular  manner  the  names,  classification, 
and  description  of  the  different  grades  of  cotton. 

Potash  Salts  and  Other  Salines  in  the  Great  Basin  Region. 
G.  J.  Young.  Department  Bulletin  61.  96  pp.  Paper,  15 
cents.  This  contribution  from  the  Bureau  of  Soils  "embodies 
the  results  of  investigations  carried  on  in  cooperation  with  the 
United  States  Geological  Survey  and  the  McKay  School  of 
Mines,  Reno,  Nevada  with  a  view  to  determining  the  existence 
or  non-existence  of  sources  of  potash  salts  in  the  basin  region." 

Bacteriological  and  Chemical  Study  of  Commercial  Eggs  in 
the  Producing  Districts  of  the  Central  West.  Under  the  direc- 
tion of  M.  E.  Pennington,  Associated  with  M.  K.  Jenkins, 
E.  Q.  St.  John  and  W.  B.  Hicks.  Department  Bulletin  51. 
77  pp.  Paper,  40  cents.  This  contribution  from  the  Bureau 
of  Chemistry  "gives  details  of  an  extensive  study  of  the  com- 
mercial eggs  and  makes  recomrnendations  for  improvement  in 
handling.  While  the  study  was  made  in  the  central  west,  the 
bulletin  is  equally  of  interest  to  all  sections  where  eggs  are 
produced  in  commercial  quantities  and  are  sent  to  egg-breaking 
or  other  packing  establishments."  The  plates  which  illustrate 
this  paper  are  also  published  on  one  sheet  entitled  "Egg  Cand- 
ling Chart." 

Ability  of  Streptococci  to  Survive  Pasteurization.  S.  Henry 
AyErs  and  William  T.  Johnson,  Jr.  Separate  from  Journal 
of  Agricultmral  Research,  2,  321-30.  A  contribution  from  the 
Bureau  of  Animal  J.ndustry. 
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Bacteria  Concerned  in  Production  of  Characteristic  Flavors 
of  Cheese  of  Cheddar  Type.  Alice  C.  Evans,  E.  C.  Hastings 
and  E.  B.  Hart.  Separate  from  the  Journal  of  Agricultural 
Research,  2,  167-92.  A  contribution  from  the  Bureau  of 
Animal  Industry  prepared  in  cooperation  with  the  Wisconsin 
Agricultural  Experiment  Station. 

Relation  of  Action  of  Certain  Bacteria  to  Ripening  of  Cheese 
of  Cheddar  Type.  E.  B.  Hart,  E.  G.  Hastings,  E.  M.  Flint 
and  Alice  C.  Evans.  Separate  from  the  Journal  of  Agricultural 
Research,  2,  193-216.     .See  previous  article. 

Regulations  Governing  Meat  Inspection.  Bureau  of  Animal 
Industry  Order  No.  211.  Paper,  10  cents.  This  confidential 
publication  was  released  on  July  30th  for  general  distribution. 
Its  provisions  take  effect  November  ist  of  this  year, 
CENSUS  BUREAU 
Census  Statistics  by  States.  The  statistics  of  population, 
agriculture,  manufactures,  mining,  etc.,  for  each  of  the  states, 
as  collected  for  the  1910  census,  have  been  reprinted  in  pamphlets. 
These  may  be  secured  upon  application  by  those  interested;  in 
general,  no  charge  is  made  for  these. 

BUREAU  OF  FOREIGN  AND  DOMESTIC  COMMERCE 
South  American  Markets  for  Drug  Products,  Patent  and 
Proprietary  Medicines,  Surgical  Instruments,  and  Dental  Sup- 
plies. E.  A.  Thayer.  Special  Agents  Series  No.  85.  75  pp. 
Paper,  10  cents.  This  report  is  a  very  timely  one  as  it  gives  in 
considerable  detail,  for  many  drugs  and  other  products  of  chemi- 
cal interest,  the  quantity  and  value  of  the  imports  from  the 
United  States  for  recent  periods.  The  statistics  are  given  for 
each  of  the  South  American  countries  separately,  so  that  those 
seeking  South  American  markets  can  tell  as  to  the  particular 
portion  of  the  country  where  their  products  might  find  sale. 
(See  also  information  under  Consular  Reports  given  below.) 
BUREAU  OF  STANDARDS 
Units  of  Weights  and  Measixres.  Circular  47.  68  pp.  This 
circular  supersedes  the  earlier  publication  entitled  "Tables  of 
Equivalents  of  the  United  States  Customary  and  Metric 
Weights  and  Measures."  It  includes  numerous  definitions 
of  the  fundamental  units  and  their  relation  to  sub  and  multiple 
units  for  length,  area,  volume,  capacity  and  mass.  There  is 
included  a  brief  discussion  of  standards  for  measurements; 
and  the  proper  spelling  and  abbreviations  for  the  various  units 
are  given.  Tables  of  equivalents  from  i  to  999  units  are  given 
for  converting  the  customary  (English)  units  to  metric  units 
and  vice  versa. 

Standard  Methods  of  Gas  Testing.  Circidar  48.  180  pp. 
Paper,  35  cents.  This  circular  contains  suggestions  as  to 
location  and  equipment  of  gas  testing  laboratories,  a  description 
of  some  of  the  accepted  forms  of  apparatus,  directions  for  the 
making  of  the  various  tests,  and  recommendations  as  to  the 
interpretation  of  experimental  results.  It  does  not  discuss  the 
testing  work  necessary  for  good  works  control;  it  deals  rather 
with  methods  which  are  intended  for  use  in  city  or  state  official 
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testing  or  in  works  laboratories  which  are  checked  by  city  or 
state  inspectors.  The  full  discussion  of  the  influence  of  various 
conditions  upon  the  results  of  tests  and  the  theoretical  con- 
sideration such  as  would  properly  accompany  a  publication 
of  the  results  of  a  research  are  not  given  in  the  Circular.  Such 
full  discussion  will  be  found  in  the  various  sources  referred  to 
in  the  text. 

No  attempt  is  made  to  fix  on  a  single  method  to  be  used  in 
every  case;  in  each  case  as  much  freedom  in  choice  of  method  is 
allowed  as  seems  permissible,  but  the  simplest  procedure  or 
apparatus  with  which  satisfactory  results  can  be  had  is  given 
preference.  The  discussion  is  so  arranged  that  an  inexperienced 
man  may  utilize  the  information,  but  exactness  of  description 
has  not  been  sacrificed  in  the  effort  to  simplify  the  directions. 

The  five  principal  subjects  discussed  are,  measurement  of 
heating  value,  candlepower  determination,  determination  of 
impurities  (hydrogen  sulfide,  total  sulfur  and  ammonia),  taking 
of  gas  pressure  records;  and  gas  meter  testing.  Full  operating 
directions,  including  a  description  of  apparatus  and  precautions 
which  must  be  observed,  are  included  under  each  heading. 

Analysis  of  Printing  Inks.  J.  B.  Tuttle  and  W.  H.  Smith. 
Technologic  Paper  39.  20  pp.  A  procedure  for  analysis  of 
printing  inks  has  been  developed  after  several  years  work  on  the 
inks  supplied  to  the  Government  Printing  Office.  This  paper 
gives  the  detailed  directions  for  separation  of  oil  and  pigment, 
analysis  of  oil,  and  analysis  of  the  pigment  for  black,  blue,  red, 
and  green  inks.  The  paper  also  contains  a  brief  discussion  of  the 
relation  of  aniline  dyes  in  inks  to  the  paper.  This  covers  the 
question  of  the  permanency  of  the  blue  dyes  used  to  neutralize 
the  yellow  color  of  the  oil  and  emphasizes  the  necessity  for  a 
careful  selection  of  the  dyes  used.  Several  methods  for  the 
determination  of  the  permanency  to  light  of  the  various  colored 
pigments  are  given  and  a  few  special  tests  for  some  abnormal 
constituents  of  inks  are  described.  It  is  claimed  that  the 
precision  of  the  methods  described  is  as  great  as  the  accuracy 
with  which  the  manufacturer  can  duplicate  his  inks.  (See  This 
Journal,  6,  659.) 

The  Veritas  Firing  Rings.  A.  V.  BlEiningER  and  G.  H. 
Brown.  Technologic  Paper  40.  In  the  pottery  and  other  clay 
industries  the  heat  effect  due  to  the  increasing  kiln  temperature 
is  frequently  determined  from  the  shrinkage  of  unburned  clay  • 
rings,  of  uniform  composition  and  size,  which  are  placed  in 
different  parts  of  the  kiln.  The  shrinkage  is  measured  by  means 
of  a  simple  calipering  device  which  permits  the  reading  of  small 
differences  in  diameter.  The  object  of  the  present  work  was  the 
correlation  of  the  arbitrary  shrinkage  number  of  the  gauge  with 
temperature  as  measured  by  means  of  standardized  thermo- 
couples, so  that  the  devices  might  be  coordinated  with  pyrometer 
practice. 

"The  firing  rings  were  found  to  answer  the  purpose  for  which 
they  are  intended  satisfactorily.  A  new  series  of  rings,  in- 
tended for  lower  temperatures,  was  foiuid  to  be  unsatisfactory, 
owing  to  irregularities  in  shrinkage." 

INTERSTATE  COMMERCE  COMMISSION 

Regulations  for  Transportation  of  Explosives  and  Other 
Dangerous  Articles  by  Freight  and  Express  and  Specification 
for  Shipping-Containers.  Paper.  .?o  cents.  This  pamphlet 
of  200  pages  gives  the  regulations  as  adopted  by  the  Commission 
to  take  effect  October  i,  1914. 

National  Code  of  Railroads  Covering  Weighing  and  Re- 
weighing  of  Car-load  Freight.  Paper,  5  cents.  Confidentially 
printed  but  released  for  general  distribution  July  30.  Of 
interest  to  industrial  concerns  only. 

CONSULAR  REPORTS,  AUGUST,   1911 

Statistics  and  other  information  from  consular  agents  re- 
garding exports  from  various  localities  to  the  United  States  may 
be  foimd  as  follows; 
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Bremen.    Germany — 

Shanghai,  China— 

636-42 

p.  793 

997 

Aluminum 

Glassware 

Albumen 

Asphalt 

Caffeine 

Antimony 

Chemicals 

Drugs 
Fertilizer 

Camphor 

Drugs 

China  grass  liber 

Dyes 

Grease 

Hides 

Ferrosilicon 

Fats 

Musk 

Gelatin 

Oils 

Gall  nuts 

Artificial  silk 

Paper 

Peanuts 

Serum 

Rags 

Soy  bean 

Glycerine 

Rattan 

Cottonseed 

Essential  oils 

Tin 

Rapeseed 

Synthetic  perfumes 

Potash 

Wood  oils 

Phosphoric  acid 

Linoleum 

Vegetable  tallow 

Bradford.     England 

Lbcrorn,    Italy — p. 

Turmeric 

—p.  649 
Chemicals 

795 

Olive  oil 

Libau.  Russia — p. 

Dyes 

Wool  grease 
Paper 

Hides 

1028 

Soap  stock 

Argols 

Argentine — p.  856 

Cork 
Flax 
Fusel  oil 

Malaga.  Spain — p. 

Dried  blood 

Glue  stock 

678 

Bones 

Hides 

Iron  ore 

Casein 

Matches 

Lead 

Fertilizer 

Oakum 

Almond  oil 

Glue  stock 

Turpentine 

Fusel  oil 

Glycerine 

Essential  oils 

Hides 

Trieste,  Austria- 

Olive  oil 

Linseed 

1095 

Soap 

Quebracho  wood 

Phthalic  acid 

Italy — pp.  701-3 

Calcium  citrate 

Chemicals 

Hides 

Marble 

Olive  oil 

Sulfur 

Sumach 

Crude  tartar 

Aluminum 

Extract 

Stearin 

Cuba— p.  865-75 

Hides 

Aluminum 
Drugs 
Chemicals 
Fats 

Sugar 
Molasses 

Waxes 
Fertilizer 

Asphalt 
Iron 

Copper  ores 
Vegetable 

Glue  stock 
Glycerine 
Gums 

Fibers 

Leather 

Beet  pulp 

Beeswax 

Fusel  oil 

Glue 

Glycerine 

Fusel  oil 

Oleostearin 

Mercury 

Soap 

Tin 

Cocoanut  oil 

Olive  oil 

Seville.  Spain — p. 

892 
Cork 
Pyrite 
Licorice 

Paints 

Colors 

Mercury 

SheUac 

Hides 

Olive  oil 

Sugar 

British  Guiana — p. 

Copper 

Turpentine 

724 

Christiavia.  Norway 

Wood  pulp 

Cocoanuts 

—p.  933 

Rubber 

Wood  pulp 

Saxony.  Germany- 

Sisal  hemp 

Paper 

pp.  1137-46 

Sugar 
Gold 

Hides 

Stoneware 

Tallow 

Vegetable  fibers 

Glue  stock 

Iron 

Cognac,  France — p. 

Fertilizer 

Steel 

729 

Matches 

Paper 

Brandy 

Oxalic  acid 

Oxalic  acid 

Casein 

Ferrosilicon 

Caustic  potash 

Chamois 

Sweden — pp.    59    and 

Pep  toman  gan 

Glue 

1080 

Colors 

Sodium  silicofluoride 

Ferrosilicon 

Inks 

Chosen.  Korea — p. 

Hides 

Essential  oils 

767 

Iron 

Fertilizer 

Gold 

Steel 

Hides 

Silver 

Matches 

Rubber  goods 

Copper  concentrate 

Paper   (including   filter 

Oil  of  roses 

Graphite 

paper) 

Wax 

Caustic 

Wool  grease 

Portugal — p.  789 

Potash 

Formosa — p.  1152 

Argola 

Soda 

Camphor 

Cork 

Wood  pulp 

Rice 

Gold 

Casein 

Paper 

Silver 

Cocoa  butter 

Olive  oil 

Powdered  milk 

Yokohama.  Japan- 

Rubber 

Hankau.  China— p. 

1175 

Sulfur 

97! 

Antimony 

Ore 

Chinese  vegetable  tal- 

Copper 

Crude  tartar 

low 

Paper 

Uranium  oxide 

Warsaw.  Russia — p. 

Peanuts 

Glycerine 

1026 

Peppermint  oil 

Wolframite 

Flax 

Sulfur 

Wood  pulp 

Tow 

Charcoal 

Coal  mining  with  steam  shovels  in  an  open  cut,  is  being  carried 
on  in  Manchuria.     (P.  653.) 

The  production  of  graphite  in  Bavaria.  Ceylon,  and  the 
United  States  is  discussed.     (Pp.  662-5.) 

The  manufacture  of  cocoanut  butter  in  Marseille,  and  its  use 
as  an  edible  oil  are  described  (P.  7 12. 1 

A  new  resin  valuable  for  making  fine  grades  of  varnish  is  being 
obtained  from  an  evergreen  tree,  "almaciga."  in  the  Philippines. 
(P.  811.) 

New  Orleans  is  to  install  a  garbage  incinerating  plant.  (P. 
814.) 

The  status  of  the  abaca  (.Manila  hemp),  copra  (cocoanut)  and 
sugar  industries  of  the  Philippines  is  discussed.     (Pp.  825-31.) 

The  production  of  a  distilled  liquor  from  the  flowers,  and  o( 


Oct.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


"butter"  from  the  seeds,  of  the  malma  or  illupei  tree  in  India  is 
described.     (P.  908.) 

The  mineral  products  of  Ireland  include  coal,  iron  ore,  fire 
clay,  bauxite,  rock  salt,  barytes,  soap  stone,  ocher,  umber,  and 
pyrite.     (P.  909.) 

The  construction  of  large  blast  furnaces  in  Rouen,  France,  was 
started,  to  use  ore  from  Spain,  Algeria,  and  Sweden.  [Report 
of  consul  dated  July  22.]     (P.  938.) 

The  use  of  esparto  fiber  from  Algeria,  for  the  manufacture  of 
paper,  mats,  etc.,  is  described.     (P.  972.) 

High  pressure  incandescent  gas  lamps  are  being  tried  at 
Montevideo,  Uruguay,  using  gas  at  a  pressure  of  2  to  2.5  meters 
of  water.     The  mantles  are  inclosed  in  silica  globes.     (P.  990.) 

The  Egyptian  phosphate  output  is  increasing,  being  shipped 
principally  to  Japan.     (P.  99 1-) 

Peach  kernels  from  California  have  been  shipped  to  Germany 
to  be  used  in  the  manufacture  of  prussic  acid,  and  "bitter 
almonds."     (P.  mo.) 

The  market  for  American  cottonseed  oil  in  India  is  discussed. 
(Pp.  I II 1-5.) 

The  possibility  of  Americans  obtaining  a  supply  of  German 
dyestuffs  via  Holland  is  discussed.     (P.  11 18.) 

Rubber  shipments  from  the  Amazon  valley  show  a  slight 
decrease.     (P.  11 19.) 


The  principal  mineral  products  of  Alsace-Lorraine  are  iron 
ore,  coal,  salt,  potash,  petroleum,  and  asphalt.     (Pp.  1 126-7.) 

The  cultivation  of  kapols  for  fiber,  in  Ceylon  is  described. 
(P.  1 160.) 

The  status  of  the  iron,  zinc,  lead,  copper,  coal,  petroleum  and 
sulfur  industries  in  Japan  is  discussed.     (Pp.  897-907.) 

Information  as  to  rubber  cultivation  in  India  is  given.     (P. 

io,34-) 

An  appropriation  of  $50,000  for  promoting  trade  with  Latin 
America  is  now  available.  (P.  1041.)  A  list  of  publications  on 
South  American  trade  is  given.     (Pp.  1012-20.) 

Many  requests  have  just  been  received  from  Latin  American 
countries"  for  various  articles,  including:  Soap,  cement,  paper, 
starch,  sugar,  matches,  oils,  paints,  drugs,  photographic  supplies, 
glassware,  enameled  ware,  kerosene,  coal,  coke,  soda,  pig  iron, 
galvanized  iron,  sheep  dip,  wax  candles,  malt,  copper,  and  tin 
plate.     (Pp.  849,  929,  977,  1 109,  1042,  1 156.) 

An  immediate  market  is  needed  for  many  supplies  from  Latin 
America,  including:  Cacao,  wax,  hides,  tallow,  balata, 
quebracho  wood  and  extract,  divi-divi,  bones,  sodium  nitrate, 
copper,  tagua  nuts,  sarsaparilla,  tin,  tungsten,  rubber,  copper, 
silver,  and  linseed.     (Pp.  loio,  1071,  1156.) 

A  demand  is  received  from  Canada  for  shipments  of  steel, 
window  glass,  white  lead,  and  flaxseed.     (P.  loi  i .) 
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The  Occupational  Diseases,  their  Causation,  Symptoms,  Treat- 
ment  and   Prevention.     By   W.    Gilman    Thompson,    M.D. 
New  York  and  London:  D.  Appleton  and  Company.      1914. 
Pp.  xxvi  +  724,  with   118  illustrations.     Price,  $5.00  net. 
The  reviewer  recently  referred  to  the  growing  interest  which 
various  American  organizations   are  taking  in  the   diseases   of 
occupation.'     Until   the   publication    of    this    treatise,  however, 
there  had  been  no  work  of  reference  on  the  subject  by  an  Amer- 
ican   authority    on    industrial    hygiene.     "To    supply    in  some 
measure  this  lack,  the  present  work  has  been  undertaken,  par- 
ticularly with  the  aim  of  meeting  the  needs  of  American  prac- 
titioners of  medicine,  as  well  as  those  whose  industrial  or  philan- 
thropic   interests    require    a    comprehensive    summary    of  the 
nature  and  prevalence  of  the  occupational  disease  hazards  as 
they  obtain  in  this  country." 

In  preparing  this  work,  which  is  more  comprehensive  than 
Arlidge's  "Diseases  of  Occupation,"  Weyl's  "Arbeiterkrank- 
heiten,"  Roth's  "Kompendium  der  Gewerbekrankheiten, " 
Hirt's  "Krankheiten  des  Arbeiter,"  Albrecht's  "Gewebe- 
hygiene,"  Layet's  "Gewerbepathologie,"  or  Oliver's  "Diseases 
of  Occupation,"  Dr.  Thompson  has  enriched  medical  science 
with  much  new  material.  His  investigations  of  the  phenomena 
of  industrial  diseases,  some  of  which  are  published  herein  for  the 
first  time,  and  still  more  his  improvement  of  professional  treat- 
ment have  won  for  him  a  permanent  reputation;  but  above  all 
else  he  is  inclined  to  assist  his  fellow-men  to  the  utmost  of  his 
power.  And  this  he  has  done  in  this  noteworthy  treatise,  the 
preparation  of  which,  as  even  one  familiar  with  but  medical 
propaedeutics  can  observe,  has  been  a  labor  of  love. 

The  work  is  divided  into  seven  parts:  Part  I,  History- 
Classification,  General  Pathology  and  Etiology;  Part  II,  Gen- 
eral Remedial  Measures;  Part  III,  Diseases  Due  to  Irritant 
Substances;  Part  IV.  Diseases  Due  to  Harmful  Environment; 
Part  V,  Special  Occupational  Diseases;  Part  VI,  Influence  of 
Special  Conditions  on  the  Occupational  Diseases;  and  Part  VII, 
Miscellaneous  Occupational  Diseases  Grouped  by  Industries 
not  Included  in  the  Foregoing  Classification.  There  are  also 
four  appendices:  Tabulated  List  of  the  Principal  Harmful 
Substances  and  Their  Effects;  Tabular  List  of  Important  In- 
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dustries  in  which  the  Workman  is  Subjected  to  Several  Haz- 
ards; Tabulated  List  of  the  Principal  Industries  in  which  Dust 
Constitutes  the  Essential  Hazard;  and  Main  Provisions  of 
Existing  Laws  (1914)  Relative  to  the  Reporting  of  Occupational 
Diseases  by  Physicians.  Theoretical  toxicological  details  are 
omitted  as  are  discussions  of  disputed  scientific  points. 

Owing  to  the  general  excellence  of  all  parts  of  this  treatise, 
one  were  unappreciative  of  diligence  did  he  not  feel  tempted 
to  refrain  from  critical  comment  thereon.  However,  an  en- 
deavor to  be  helpful  prompts  the  reviewer  to  indicate  whereby 
its  usefulness  might  be  further  augmented. 

Dr.  Thompson  is,  of  course,  eminently  equipped  with  the 
very  special  knowledge  required  to  descfibe  and  discuss  the 
pathology  of  the  lesions  set  up  and  the  preventive  measures 
necessary  to  combat  them;  but  his  descriptions  of  manufac- 
turing operations,  evidently  taken  largely  from  medical  reports, 
and  his  purely  chemical  considerations,  are  less  accurate;  in 
fact,  the  book  is  in  need  of  chemical  revision. 

SheUac  is  not  "secreted  by  a  scale-forming  insect"  (p.  166); 
lead  does  not  enter  into  the  manufacture  of  aluminum  foil  (p. 
199);  it  should  have  been  noted  that  acroleic  vapors  arise  when 
metal  articles  are  dipped  into  molten  fat  in  galvanizing  and 
tinning  (p.  305);  the  account  of  the  formation  of  nitrous  gases 
(P-  372)  is  inaccurate;  the  highly  poisonous  nature  of  osmium 
tetroxide  (p.  375)  is  due  to  the  reduction  by  the  tissues  to  me- 
tallic osmium;  picric  acid  (p.  375)  is  manufactured  by  the  nitra- 
tion of  phenol;  "chinin"  and  "chinon"  are  mentioned  (pp. 
376  and  688),  the  first  as  a  "petroleum  by-product,"  reference 
being  had  to  quinine  and  quinone;  paraphenylenediamine 
(p.  381)  is  not  manufactured  from  petroleum;  asphalt  is  classed 
under  "insoluble  inorganic  dusts"  on  p.  400,  and  under  "or- 
ganic dusts"  on  p.  692;  plate  glass  is  cast,  not  blown  (p.  409), 
although  the  time  is  approaching  when  it  will  be  blown  me- 
chanically; oxalic  acid  is  not  properly  classified  on  p.  420  (in 
this  connection  it  may  be  noted  that  at  the  only  oxalic  acid 
manufactory  in  this  country  the  preparation  is  carried  on  in 
open  vessels);  sodium  and  potassium  chlorides  are  not  "made 
by  electrolysis"  (p.  589);  flint  is  hardly  a  "silicious  variety  of 
quartz"  (p.  620);  and  cinnabar  is  mentioned  in  the  place  of 
stibnite  on  p.  665. 
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The  chemical  industry  offers  naturally  a  wide  field  for  the 
occurrence  of  occupational  diseases;  but  it  can  take  credit  for 
the  way  in  which  the  incidence  of  industrial  poisoning  has  been 
minimized  in  view  of  the  extent  of  the  risks  which  often  threaten. 
Despite  all  hygienic  regulations,  however,  the  risk  of  poisoning 
cannot  be  entirely  banished:  wholly  to  prevent  accidents  and 
illness  is  as  impossible  as  totally  to  prevent  accidents  by  the 
mechanical  guarding  of  machinery. 

Dr.  Thompson's  book  is  not  burdtned  with  morbidity  and 
mortality  statistics,  eight  pages  being  devoted  to  these  sub- 
jects. This  is  pleasing,  for  undigested  statistics  are  indeed  a 
fruitful  source  of  nightmare.  Apparently  alarming  increases 
in  disease,  based  on  comparison  with  ten,  twenty  or  fifty  years 
ago,  generally  overlook  the  most  probable  cause  for  the  increase, 
the  more  complete  and  accurate  statistics  of  the  present  day. 
In  this  connection,  it  may  be  noted,  however,  that  later  statis- 
tics relating  to  the  German  chemical  industries  than  those  for 
1907  (p.  29)  were  available  prior  to  the  publication  of  this  work; 
for  instance,  the  disease  statistics  of  the  chemical  industries 
for  191 1  were  reported  by  Ciu-schmann  in  Chemische  Industrie, 
36,  58,  and  the  annual  report  of  the  Koniglich  Preuss.  Regier- 
ungs-  und  Gewerberate  for  191 2  appeared  in  the  Chemiker- 
Zeitung,  37,  1020. 

Regarding  the  strictly  medical  phases  of  the  subject,  the 
following  critical  comments  are  made  in  the  hope  that  they  may 
be  suggestive  when  the  book  is  revised: 

The  intraocular  action  of  certain  new  alloys  which  have  in- 
dustrial application,  e.  g.,  those  of  iron  with  aluminum,  nickel, 
tungsten,  chromium  and  copper,  is  not  mentioned;  we  are 
aware  that  Graham-Rogers  regarded  "brass-founders'  ague" 
as  "zinc  poisoning,"  but  it  is  more  likely  due  to  the  inhalation 
of  zinc  oxide  and  not  zinc  fumes  (p.  170);  until  recently  only 
founders  were  exposed  to  the  fumes  of  molten  zinc  or  brass, 
but  the  perfection  of  the  acetylene-oxygen  torch  has  greatly 
extended  autogenous  welding  and  brazing,  and  from  this 
"braziers'  disease,"  identical  with  "brass- founders'  ague,"  has 
arisen;  concerning  copper  (p.  188),  Lehmann  has  shown  experi- 
mentally that  as  an  industrial  poison  this  metal  is  not  impor- 
tant; in  connection  with  the  manufacture  of  electric  accumula- 
tors (p.  224),  the  Regulation  of  the  Secretary  of  State  of  Great 
Britain,  dated  1903,  should  have  been  mentioned;  when  lead 
is  temporarily  fixed  in  the  tissues,  this  is  later  mobilized  and  it 
is  likely  that  it  enters  the  circulation  as  a  soluble  lead-protein 
compound,  which  might  have  been  mentioned  on  p.  247  in 
connection  with  the  occurrence  of  the  lead  in  the  urine  in  plumb- 
ism;  Bezzola'  has  shown  that  the  serious  nature  of  the  poisoning  is 
indicated  during  the  period  of  lead  colic  by  the  cytological  evi- 
dence, although  albumin  may  be  absent  or  present  (p.  248);  no 
mention  of  the  "electrolytic  bath"  treatment  for  the  removal  of  lead 
is  made  on  p.  283 ;  no  space  is  devoted  to  very  rare  nickel  carbonyl 
poisoning  on  p.  298,  but  the  very  thorough  investigations  of  Armit^ 
were  worthy  of  mention;  in  regard  to  Shuber's  report  (p.  299),  it 
may  be  observed  that  argyrosis  occurred  in  the  silvering  of  glass 
pearls  owing  to  the  introduction  of  a  silver  nitrate  solution 
into  the  beads  by  mouth-suction — suction  pumps  are  now 
employed;  concerning  vanadium  poisoning  (p.  300),  Lees' 
failed  to  find  that  there  is  any  such  disease  as  "  vanadiumism " 
arising  from  external  contact  with  vanadium  compounds;  re- 
garding amyl  acetate  (p.  307),  5  mg.  per  liter  produce  irritation 
of  the  mucous  membranes;  cyclohexanol  acetate  is  also  of  tech- 
nical importance  and  3  mg.  per  liter  produce  irritation;  the 
hygienically  preferable  use  of  benzine  and  sulfur  chloride  for 
vulcanizing  is  not  mentioned  on  p.  3 19 ;  it  is  not  noted  that  carbon 
monoxide  (p.  323)  is  not  widely  distributed  in  the  blood  poisoned 
by  it,  as  shown  by  Wachholz  *  diethyl  sulfate  is  not  included  (p. 
'  Soc.  med.  biol..  session  June  28.  1913. 
"  J.  Hyg..  1907,  526;  1908,  565. 
•  Ent.  Min.  J..  92,  99. 
«  VierteUahreschr.  Ger.  Med.,  47,  205. 


330);  carbon  tetrachloride,  chloroform,  and  the  chlorinated  de- 
rive.tives  of  acetylene  are  not  referred  to;  dinitrochlorobenzene. 
whch  causes  a  violent  dermatitis,'  should  have  been  mentioned 
on  p.  344;  concerning  roburite  (p.  344),  in  the  Witten  roburite 
factory  during  1890-7  almost  all  the  workmen  had  been  ill; 
regarding  the  prognosis  of  phosphorus  poisoning  (p.  354),  men- 
tion is  not  made  that  early  operative  interference  has  succeeded 
in  presers'ing  the  periosteum  which  enabled  the  new  bone  to 
form;  regarding  Oliver's  views  (p.  364),  it  has  been  demon- 
strated that  drying  paints  emit  no  metallic  vapors,  although 
they  do  produce  carbon  monoxide;-  it  should  have  been  men- 
tioned on  p.  381  that  paraphenylenediamine  leads  to  poisoning 
generally  from  the  use  of  ursol  as  a  dye,  and  that  its  irritant 
action  on  the  mucous  membranes  of  the  respiratory  tract  is 
more  prominent  than  its  production  of  kidney  inflammation; 
it  is  not  noted  on  p.  400  that  asphalt  dust  may  cause  severe 
affection  of  the  cornea  in  workmen  exposed  thereto,  and  the 
full  discussions  of  the  lesions  produced  by  the  dust  and  vapor 
of  asphalt  in  a  number  of  contributions  by  True  and  Fleig  are 
not  referred  to;  besides  wearing  a  respirator,  goggles,  a  regula- 
tion sand  blasting  helmet,  and  hea\'>'  canvas  overalls,  leggings 
and  gloves,  sand  blast  operators  (p.  418)  should  be  provided 
with  a  heavy  leather  belt,  equipped  with  a  snaphook  to  engage 
a  ring  in  a  collar  near  the  hose  nozzle,  to  hold  the  hose  securely 
and  to  prevent  its  getting  out  of  the  grasp;  ones  acquainted 
with  the  glass  industry  in  this  country  state  that  buccal  mus- 
culature atrophy  and  pneumatocele  are  practically  unknown 
among  blowers  (cf .  p.  409) ;  regarding  the  effect  of  siliceous 
dusts,  Rossle'  has  recently  concluded  that  laborers  in  the  glass, 
porcelain,  lime  and  cement  industries  are  relatively  favored 
with  regard  to  tuberculosis ;  the  author  differs  from  Rambousek 
(p.  443),  who  considers  tliat  "industrial  poisoning  from  tobacco 
is  not  proved;"  the  unpleasant  fumes  given  off  during  the  boil- 
ing of  linseed  oil  with  oxidizing  agents  (see  p.  462)  may  also  be 
prevented  by  closely  fitting  covers  and  condensation  of  the 
fumes;  the  action  of  ultraviolet  rays  should  have  been  referred 
to  on  p.  512;  concerning  the  effects  of  radium  (p.  514),  a  good 
discussion  of  possible  injuries  is  given  in  Deut.  med.  Wochschr., 
40,  633,  wherein  it  is  shown  that  handling  radioactive  substances 
may  cause  disturbances  of  general  health,  particularly  of  the 
blood  picture  and  of  the  function  of  the  genital  glands,  besides 
lesions  of  the  skin;  welders  should  wear  aluminum  helmets, 
equipped  with  combination  blue  and  red  glass  lens  for  the  eyes 
(P-  515);  it  should  have  been  mentioned  on  p.  570  that  Butler* 
has  shown  that  chronic  carbon  monoxide  poisoning  is  one  of  the 
principal  etiological  factors  in  nystagmus  occurring  among 
coal  miners;  the  disease  aspects  of  dermatitis  developed  when 
aniline  dyes  with  turpentine  or  varnish  act  on  the  skin'  might 
have  been  noted  on  p.  579;  on  p.  586  no  reference  is  made  to 
phenylenediamine,  which  is  widely  used  in  the  dyeing  of  hair  or 
furs  and  frequently  causes  eczematous,  cutaneous  eruptions, 
which  irritant  effects  are  due  to  an  oxidation  product,  quinone- 
diimine,  and  may  be  prevented  by  using  a  sufficient  amount 
of  a  salt  with  a  reducing  action  along  with  the  oxidizing  agents 
required  for  dyeing;  Rybak's  elaborate  investigations  on  so- 
called  poisoning  by  fire-damp  are  not  referred  to  on  p.  612; 
in  regard  to  ceramic  glazing  (p.  619),  tile-dipping  machines  are 
now  in  use  by  which  handling  of  the  glaze  is  reduced  to  a  min- 
imum, and  the  fettling  and  cleaning  of  the  glaze  from  the  edge 
of  the  tile  is  practically  abolished;  Eickmeyer's  study  of  tlie  in- 
juries to  the  cornea  by  artificial  fertilizers'  was  worthy  of  note 
on  p.  633;  and  on  p.  657  the  use  of  alkaline  solutions  in  skinning 
fniit  is  not  referred  to. 

W.  A.  Hamor 

'  Bernstein,  Lancet,  172,   1534. 

'  This  Journal.  6,  91  and  Drugs.  Oils  and  Paints.  SO,  10. 

'  MUnch.  med.  Wochschr..  61,  756. 

«  Ophthalmoscope,  1912,  680. 

»  See  Sachs,  Arch.  Dermatol.,  116,  555, 

•  Inaug.  Diss.,  Rostock.  1911. 
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The  Electrical  Conductivity  and  Ionization  Constants  of  Organic 
Compotinds.  A  bibliography  of  the  periodical  literature 
from  1889  to  1910  inclusive,  including  all  important  work  be- 
fore 1889  and  corrected  to  the  beginning  of  19 13.  Giving 
numerical  data  for  the  ionization  constants  at  all  tempera- 
tures at  which  they  have  been  measured;  and  some  numerical 
data  of  the  electrical  conductivity.  By  Heyward  Scudder, 
B.A.,  B.S.,  M.D.  Pp.  568.  New  York:  D.  ^'an  Nostrand 
Company.     1914.     Price,  $3.00. 

The  data  which  are  given  in  this  book  cover  the  period  of  time 
stated  in  the  sub-title.  Since  1910,  the  ground  has  been  covered 
by  the  Tables  Annuelles  Internationales  des  Constantes  et 
Donnees  Numeriques. 

The  amount  of  labor  expanded  by  Dr.  Scuddcr  in  the  compila- 
tion must  have  been  enormous.  It  is  to  be  hoped  that  the  end 
attained  will  justify  this  and  that  the  book  will  be  used  exten- 
sively. Twenty-three  pages  of  "Explanation"  at  the  begin- 
ning show  the  arrangement  of  the  material  and  give  a  detailed 
description  of  the  tables.  The  tables  follow,  and  then  are  given 
Formula  Index,  Author  List,  Subject  Index,  and  Journal  List. 
Without  having  undertaken  a  careful  and  detailed  study  of 
the  tables,  it  appears  to  the  reviewer  that  the  work  as  a  whole 
has  been  well  done.  The  appearance  of  the  book,  including  the 
printing  and  general  arrangement,  is  excellent.  The  data  will 
save  many  chemists  much  searching  through  the  literature. 
This  book  will  find  its  place  more  and  more,  as  time  goes  on, 
covering  as  it  does  a  certain  field  of  physical  organic  chemistry 
of  the  past.  It  should  find  a  place  as  a  reference  book  in  every 
chemical  library. 

K.  G.  Falk 

Chemistry  of  Dyeing.  Bv  John  Kerfoot  Wood.  D.Sc.  New 
York:  D.  Van  Nostrand  Company.  1913.  7';!  X  5.  Pp. 
80  +  viii.     Price,  75c.  net. 

This  book  is  a  small  monograph  giving  the  iiresent  status  of 
the  various  theories  relating  to  the  dyeing  process.  Without 
undertaking  an  extended  discussion  of  the  various  theories  in- 
\olved,  the  author  has  nevertheless  given  their  main  points 
in  a  very  concise  manner.  He  has  also  criticized  the  different 
theories  which  have  been  put  forward  to  account  for  the  phe- 
nomena of  dyeing  in  an  intelligent  and  conservative  manner. 
The  subject  is  approached  from  the  standpoint  of  the  chemist 
rather  than  the  technical  dyer,  and  while  this  book  would  be  of 
considerable  interest  to  the  general  chemist  and  those  chemists 
who  are  interested  in  dyestuffs  and  dyeing  processes,  it  is  doubt- 
ful if  the  manner  of  jjresentation  of  the  facts  would  be  of  any 
special  interest  to  the  practical  dyer.  The  nature  of  the  dyeing 
process  is  discussed  as  a  question  in  physical  chemistry,  and  of 
course  this  is  the  only  proper  method  of  approaching  the  subject 
in  a  scientific  manner.  The  author  is  unencumbered  with  pre- 
conceived notions  and  is  unprejudiced  by  any  one  jjarticular 
view  or  theory.  Consequently  he  has  given  a  ^"cry  fair  criti- 
cism of  the  different  theories  and  in  a  rather  imijartial  manner 
has  suggested  a  means  of  bringing  the  several  theories  together 
under  one  statement  of  fact.  In  order  to  do  this  he  has  had 
to  take  a  divided  view  of  the  dyeing  process  and  instead  of  re- 
garding it  as  simple  in  character  and  as  the  result  of  a  single 
operation,  he  adopts  the  view  that  there  are  two  stages  in  the 
dyeing  process,  the  first  of  which  may  be  called  the  absorption 
stage  where  the  dyestufT  or  coloring  matter  is  simply  absorbed 
from  solution,  and  the  second  a  fixation  stage  where  the  coloring 
matter  so  absorbed  becomes  fixed  permanently  in  the  fiber 
which  is  dyed.  In  the  absorption  stage  it  is  probable  that  the 
dyestiiff  is  merely  absorbed  by  the  fiber  by  a  process  of  diffusion 
of  the  dye  solution  into  the  fiber  substance  and  there  is  ikj 
particular  theory  needed  to  account  for  this,  it  being  entirely 
governed  by  the  usual  laws  of  absorption  and  diffusion.  Owing 
to  the  peculiar  structure  of  the  textile  fibers  this  absorption  and 


diffusion  of  the  dyestuff  solution  is  slow  and  is  not  uniformly 
distributed  throughout  the  fiber  but  allows  of  a  greater  deposit 
of  the  dyestuff  at  the  surface  so  that  the  process  can  be  included 
under  absorption  phenomena.  As  the  fibers  are  considered  to 
be  hygroscopic  colloids,  the  manner  in  which  they  absorb  dye- 
stuffs  is  in  accordance  with  general  laws;  for  instance,  all  col- 
loidal substances  absorb  others  according  to  the  law  embodied 
in  the  expression  Ci  C;"  =  k.  where  Ci  and  Cj  represent  con- 
centration in  the  aqueous  and  in  the  other  phase,  respectively 
at  the  end  of  the  asborption,  ^  is  a  constant  and  t;  is  a  constant 
coefficient.  Zacharias  has  shown  that  this  formula  may  be  de- 
duced mathematically  from  the  laws  of  diffusion  and  is  applica- 
ble not  only  to  the  dyeing  of  textile  fibers  but  also  to  other  sub- 
stances such  as  charcoal,  aluminum  hydroxide,  etc.  The  for- 
mula is  the  same  as  that  representing  the  distribution  of  a  sub- 
stance between  immiscible  solvents  where  homogeneous  solu- 
tions are  formed.  The  second  phase  of  the  dyeing  process  may 
bring  into  play  other  forces  besides  those  of  a  purely  physical 
character.  There  may  be  more  or  less  of  a  chemical  reaction 
involved  in  the  union  between  certain  dyestuffs  and  fibers  or 
between  certain  dyestuffs  and  mordants  previously  fixed  in  the 
fibers.  There  may  be  also  various  physical  forces  operating 
in  this  same  connection  and  a  theory  of  fixation  which  might  be 
suitable  to  explain  the  action  of  one  dyestuff  toward  silk  for 
instance,  might  not  satisfactorily  explain  the  action  of  some  other 
dyestuff  towards  cotton.  Therefore,  it  cannot  be  hoped  to  ex- 
lilain  all  the  processes  of  the  dyeing  of  all  manner  of  dyestuffs 
on  the  various  textile  fibers  by  one  simple  theory.  The  author 
gives  at  the  end  of  the  book  a  very  complete  bibliography  re- 
ferring to  the  original  papers  by  various  chemists  en  the  subject 
of  the  chemistr\-  of  dyeing.  There  is  one  omission  to  be  noticed 
in  the  book  and  that  is  the  work  of  Prof.  Bancroft  on  the  theory 
of  the  dyeing  process,  but  probably  this  omission  has  been  due 
to  the  fact  that  the  matter  for  the  book  was  written  previous  to 
the  appearance  of  Prof.   Bancroft's  published  work. 

J.  M.  Matthews 

The  Organometallic  Compounds  of  Zinc  and  Magnesium.  By 
Henry  Wren,  M.A.,  D.Sc,  Ph.D.  Chemical  Monographs, 
No.  I,  Edited  by  A.  C.  Cummings,  D.Sc,  F.R.S.E.  New 
York:  D.  Van  Nostrand  Company.  1913.  Pp.  viii  -f-  100. 
Price,  75  cents. 

The  latest  series  of  chemical  monographs  on  special  sub- 
jects of  which  this  volume  is  the  first  is  intended  primarily 
for  advanced  students.  The  organometallic  compounds  of 
magnesium  which  comprise  the  greater  part  of  the  book,  include 
the  group  of  reactions  discovered  by  Barbier  and  developed  in 
so  many  directions  by  Grignard.  All  of  the  important  syn- 
theses are  given,  together  with  cojjious  references.  The  first 
section  (12  pp.)  contains  the  introduction  and  the  experimental 
method  and  precautions  to  be  observed  in  carrying  out  the 
reactions;  the  second  section  (60  pp.)  describes  the  various 
syntheses  with  the  Grignard  reagents;  the  third  section  (8 
pp.)  summarizes  some  of  the  theoretical  views  of  the  constitu- 
tion of  the  reagents  and  the  mechanism  of  the  reactions;  while 
in  the  fourth  section  (13  pp.)  the  analogous  reactions  and  syn- 
theses with  the  zinc  organometallic  compounds  are  given. 
A  bibliography  and  index  complete  the  book. 

The  material  contained  in  this  monograph  will  be  most  use- 
ful for  the  purpose  for  which  it  is  intended.  The  general  ajj- 
pearance  and  arrangement  is  excellent  and  the  size  of  the  vol- 
ume is  very  convenient.  It  can  be  recommended  most  heartily 
to  those  who  desire  a  concise  and  fairly  complete  description 
of  the  reactions  and  reagents  in  question. 

K.  G.  Falk 

Chemistry    and    its    Borderland.     Bv    Ai.kred    W.    Stewart. 
8vo.     Longmans  Green    &  Co.      1914.     Price,  $1.25. 
This   book,    written    for   the   entertainment   and   instruction 
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of  the  uninformed  reader,  serves  its  intended  purpose  rather 
more  happily  than  does  the  typical  work  of  this  character. 
The  first  three  chapters,  more  or  less  perfunctory  and  hap- 
hazard, are  not  a  felicitous  introduction  to  the  body  of  the 
work;  but  after  this  rather  unsatisfactory  beginning,  the  book 
takes  on  a  decidedly  better  tone.  The  essays  which  follow  are 
entertaining  expositions,  written  in  great  part  from  an  historical 
point  of  view,  and  in  narrative  form  on  the  following  topics: 
imnmno-chemistry;  colloids  and  the  ultramicroscope ;  the  work 
of  the  spectroscope;  chemistry  in  space;  the  inert  gases;  radium; 
niton;  transmutation;  the  nature  of  the  elements;  chemical 
problems  of  the  present  and  future.  Considering  the  fact  that 
the  author  presupposes  no  chemical  knowledge  on  the  part  of 
the  reader,  these  chapters  are  skillfully  written;  for,  though 
fragmental,  they  are  consecutive  and  clear,  while  the  points 
most  emphasized  in  each  discussion  are  those  which  are  im- 
portant as  well  as  entertaining. 

The  book  is  not  wholly  free  from  incautious  and  extravagant 
statements  and  conjectures,  into  which  nearly  all  writers  of 
popular  scientific  expositions  seem  nowadays  to  be  betrayed. 
A  statement  such  as  that  "in  the  earlier  days  of  chemistry  the 
atom  of  an  element  was  supposed  to  be  the  most  minute  form  of 
matter  which  could  exist"  (p.  223)  conveys  a  false  impression, 
especially  when  it  follows  one  to  the  effect  that  "the  discovery 
of  radioactive  phenomena  has  undermined  the  whole  structure 
of  the  physics  and  chemistry  of  yesterday,"  so  that  "at  the 
present  time  we  are  hurriedly  endeavoring  to  dismantle  the 
older  edifice,  while  utilizing  as  much  of  its  material  as  is  suit- 
able in  the  construction  of  a  more  modern  erection"  (p.  214). 
Such  a  statement  is  not  only  exaggerated,  but  is  essentially 
false.  One  might  have  hoped,  also,  not  again  to  have  encoun- 
tered in  a  book  which  will  be  read  by  many  as  authoritative, 
the  definite  and  unqualified  conjecture  that  the  energy  of  radio- 
active disintegration  may  one  day  supplant  that  of  our  present 
coal  supply  (p.  233)  nor  the  anticipation  that  the  synthesis 
of  polypeptides  even  remotely  points  to  the  subsequent  creation 
of  living  protoplasm  (p.  246).  However,  such  remarks  are 
rare  in  this  book  and  seldom  mar  the  quality  of  a  generally 
wholesome  and  very  entertaining  group  of  essays. 

The  chemist  reader  will  be  interested  in  the  chapter  on  trans- 
mutation, in  which  the  author  supports  with  lively  argument 
the  contention  that  the  recent  experiments  of  CoUie,  Patter- 
son and  Ramsay  demonstrate  the  synthetic  transmutation  of 
the  elements. 

The  last  two  chapters  are  an  effective  appeal  to  the  public 
at  large  for  the  more  intelligent  support  of  scientific  investiga- 
tion. Though  the  need  for  such  appeal  is,  happily,  not  as  urgent 
here  in  America  as  it  probably  is  in  England,  correct  informa- 
tion nevertheless,  concerning  the  supreme  practical  value  of 
pure  scientific  research  and  the  best  practical  means  for  its 
encouragement,  cannot  be  too  widely  disseminated. 

F.  Barry 

The  Silicates  in  Chemistry  and  Commerce.     By  W.  Asch  and 

D.  Asch.     A.   B.  SearlE,  Translator.     New  York:  D.  Van 

Nostrand  Co.     456  pp.     Price,  $6.00. 

The  present  volume  under  its  promising  title  represents  the 
elaboration  of  a  thesis  having  for  its  object  the  consideration 
of  a  general  theory  of  the  structure  of  silicates  analogous  to  the 
systems  of  organic  chemistry. 

The  first  two  sections  give  an  excellent  historical  review  of 
existing  theories  concerning  the  structure  of  silicates  and  their 
critical  examination.  In  the  following  sections  their  new  theory 
is  advanced,  according  to  which  two  types  of  Si  and  Al  radicals 
are  supposed  to  exist.  The  one  type  supposes  the  union  of  six 
molecules  of  Si(OH)4.  and  similarly  of  six  molecules  of  Al(OH)3 
which  unite  to  form  closed  rings,  maintaining  the  tetra-  and  tri- 


valencies  of  .Si  and  Al.  These  complexes  are  called  hexites. 
Similarly,  by  the  combination  of  five  molecules  of  Si(OH;4,  and 
five  of  Al(OH)3,  respectively,  the  closed  ring  radicals  to  be 
known  as  pentites  are  formed. 

These  radicals  provide  the  nuclei  for  the  acids  and  anhy- 
drides. "The  Al  hydrohexites  or  hydropentites  unite  with 
those  of  silica  and  vice  versa,  the  hydroxyl  groups  in  the  ortho 
position  in  these  rings  splitting  off  the  elements  of  water,  two 
other  OH  groups,  also  in  the  ortlio  position  of  the  silicon  ring, 
losing  their  hydrogen  atoms  and  forming  free  HjO."  Types 
consisting  exclusively  of  hexites  are  termed  primary,  those  con- 
taining both  hexite  and  pentites  are  secondary.  The  analogs 
of  the  benzene  ring  are  then  carried  out  step  by  step  down  to 
base  and  ring  isomerism.  Thus,  as  an  illustration  of  the  latter 
case,  orthoclase  and  microcline  are  cited.  The  theory  is  ex- 
tended to  molybdic  and  tungsten  complexes. 

In  the  discussion  of  the  structure  of  clays  the  authors  assume 
the  formula  6H20.6Al20a.i2SiOj  for  kaolins  and  maintain  the 
existence  of  two  kaolinic  acids,  a  and  s,  according  to  whether 
they  possess  central  Al  or  Central  Si  rings.  The  authors  even 
predict  the  plasticity  of  these  kaolinic  acids,  claiming  that 
the  a  type  is  more  plastic  owing  to  the  greater  content  of  water 
of  constitution.  In  applying  the  hexite-pentite  theorj'  of 
clays  to  various  phenomena,  the  writers  make  many  statements 
not  in  agreement  with  known  facts.  According  to  them,  clays 
are  not  mixtures  of  "clay  substance,"  feldspar  and  quartz, 
but  are  of  unitary  structure.  The  translator  does  not  help 
matters  by  introducing  supplementarj'  notes  utterly  irrelevant 
to  the  question  of  the  constitution  of  clays.  Occasionally  he 
saves  the  day  by  correcting  such  a  statement  as:  "Vitrified 
clays  must  be  more  easily  attacked  by  acids  than  unvitrified 
ones."  The  discussion  is  extended  to  ultramarines,  Portland 
cement,  slags,  dental  cements,  glasses  and  glazes.  The  treat- 
ment of  some  of  these  subjects  might  be  termed  weird.  We 
learn,  for  instance,  that  Portland  cements  are  single  hexite- 
pentite  compounds  and  not  mixtures  and  that  the  tri-calcium 
silicate  is  a  purely  hypothetical  compound.  Considerable  at- 
tention is  given  to  dental  cements  from  the  h.  p.  standpoint 
and  even  their  physiological  behavior  is  discussed.  Definite 
formula  are  assumed  for  many  glasses  and  glazes,  a  procedure 
surprising  to  ceramists  whose  experience  tends  to  support  the 
view  of  silicate  mixtures.  Other  topics  treated  are  those  re- 
lating to  water  of  crystallization;  the  dissociation  theon,';  the 
constitution  of  simple  acids;  the  h.  p.  theory  and  carbon  com- 
pounds; the  Archid  hypothesis;  the  h.  p.  theory  in  stereochemis- 
try with  reference  to  di-  and  polymorphism  and  isomorphism; 
optical  properties,  etc.  In  a  summary,  reply  is  made  to  various 
critics   of   the    German   edition. 

Any  attempt  to  bring  unity  into  the  confusion  of  the  views  re- 
lating to  silicate  structure  is  to  be  welcomed.  In  so  far  as  the 
statement  of  their  hexite-pentite  theorj'  is  concerned,  the  auth- 
ors deserve  a  respectful  hearing.  They  cannot  be  expected  to 
produce  complete  proofs  for  their  assumption,  considering  the 
enormous  difficulties  offered  by  laboratory  research  along 
these  lines  and  the  comprehensiveness  of  their  fundamental 
statement.  On  the  other  hand,  the  proofs  cited  by  them  based 
on  the  work  of  others  are  open  to  serious  doubt  and  the  evident 
inaccuracy  of  many  statements  does  not  encourage  confidence 
in  the  conclusions.  The  present  writers  would  have  fared  much 
better  had  they  tested  their  theory  by  the  critical  examination 
of  a  small  number  of  typical  silicates  instead  of  endeavoring  to 
explain  in  a  wholesale  manner  every  kind  of  fact  relating  to 
silicates. 

For  the  reader  who  desires  to  secure  sound  technical  informa- 
tion concerning  silicates  the  book  is  of  no  value. 

A.  \'.  Bleininger 
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By  C.  L.  Parker,  Solicitor  of  Chemical  Patents,  McGill  Building,  Washinfiton.  D.  C. 


Welding  Copper.  E.  E.  Reigle,  June  2,  1914.  U.  S.  Pat. 
1,098,404.  Coppt-r  is  boik-d  for  two  hours  in  a  solution  of 
chlorate  of  potash  ;ni(i   then  wclilud 

Rubber  Composition.  J.  W.  Aylsworth,  June  2,  1914.  U. 
S.  Pat.  1,098,609.  The  composition  comprises  rubber,  a 
chlorine  derivative  of  naphthalene,  and  sulfur. 

Treating  Match-Splints.  W.  G.  Wey,  June  2,  1914.  U.  S. 
Pat.  1,098,700.  Flaminn  and  non  glowing  properties  are  im- 
parted to  match-sjilints  by  sulijecting  them  to  a  solution  of 
phosphorus  in  parafTin. 

Dehydrating  Perborates.  O.  Liebknecht,  June  2,  1914.  U. 
S.  Pat.  1,098,740.  Crystallized  perborates  are  dehydrated  by 
heating  them  to  so"  to  70°  C.  in  the  presence  of  an  alcohol. 

Purifying  Hydrocarbons.  F.  Richter,  June  2,  1914.  U.  S. 
Pat.  1,098,763.  Liquid  hydrocarbons  are  purified  by  mixing 
them  with  finely  divided  active  carbon  and  agitating  the  mix- 
ture in  contact  with  oxygen  containing  gases. 

Isoprene.  F.  Webel,  June  2,  1914.  U.  S.  Pat.  1,098,859. 
Isoprene  is  produced  by  treating  a  methyl-biitenol  ester  at  an 
elevated  temperature  and  in  a  vaporized  state  with  alumina. 

Rubber  Compounds.  L.  CoUardon,  June  2,  1914.  U.  S.' 
Pat.  1,098,882.  A  cellulose  xanthate  solution  is  first  produced. 
This  is  treated  in  order  to  expel  free  moisture  and  reduce  the 
product  to  a  plastic  form.  The  plastic  product  is  then  mixed 
with  sufficient  rubber  to  produce  a  coherent  mass.  The  product 
is  then  vulcanized. 

Aluminimi  Chlorid.  A.  M.  McAfee,  June  2,  1914.  U.  S. 
Pat.  1,099,096.  Aluminum  chlorid  is  recovered  from  oily 
residues  by  first  removing  the  oil  from  such  residues,  heating  to 
a  carbonizing  temperature,  and  treating  with  chlorin. 

Manufacture  of  a  Substance  Resembling  Natural  Rubber. 
Weissgerber  and  Keller,  June  2,  1914.  U.  S.  Pat.  1,099,107. 
A  fraction  of  the  first  running  of  benzol  taken  up  to  25°  C, 
free  from  carbon  disulfid,  is  subjected  to  the  action  of  sodium 
in  the  presence  of  a  small  quantity  of  ammonia. 

Refractory  Lining  for  Furnaces.  O.  Serpek,  June  2,  1914. 
U.  S.  Pat.  1,099,131.  The  refractory  lining  consists  essentially 
of  aluminum  nitrid  with  a  backing  of  carbon  and  aluminous 
material. 

Stable  Crystalline  Sodium  Bisulfite.  H.  Howard,  June  9, 
1914.     U.  S.  Pat.  1,099,177.     Sulfur  (iioxid  is  passed  through  a 


solution  containing  a  sulfite  until  a  bisulfite  separates  from  tlie 
solution.      This  bisulfite  is  reco\-ered  and  the  excess  of  sulfur- 


dioxid  is  absorbed  in  a  second  solution  which  is  later  added 
to  the  mother  liquor  from  the  recovered  bisulfite.  Additional 
sulfur-dioxid  is  then  passed  through  the  mixed  solutions. 

Light-Colored  Adhesive  Substance  from  Sea-Weeds.  A. 
Krefting,  June  9,  1914.  U.  S.  Pat.  1,099,382.  The  dark 
colored  skin  of  the  stalks  of  sea-weed  is  first  removed  and  the 
stalks  are  then  leached  with  water  and  treated  with  chemicals 
to  elTect  dissolution. 

Preparation     of     Hydrogen     by     Auto-Combustion.     G.     F. 
Jaubert,    June   9,    1914.     U.    S.    Pat.    1,099,446.     Hydrogen    is 
formed  by  autocombustiou  of  a  metal,  a  metalloid,  or  an  alloy 
which    has   been    previously    heated    to    a 
very    high    temperature,    the    combustion  "^^  '•n\    Vfe    0= 
being  effected  in   the  presence    of    an  oxi- 
dizing agent.     The  process  is  characterized        ,^  "     ^ 
by   the   fact    that    the    oxidizing    agent  is          ^       — ^- 
exclusively  formed  by  steam,  all  expensive 
reagents     being     avoided.      The     metals, 
metalloids,   and  alloys  which   it   is   stated 
give  the  best  results  are  ferro-alloys,  particu- 
larly those  having  as  base  silicon,  aluminum, 
manganese,  or  calcium. 

In  the  apparatus  illustrated,  a  is  a  vat  of  refractory  material. 
/  is  a  steam  pipe  and  g  are  nozzles  for  injecting  the  steam  into 
the  valve.  A  suitable  quantity  of  metal,  metalloid,  or  alloy, 
is  introduced  into  the  vat  and  to  this  metal,  metalloid,  or  alloy, 
a  suitable  quantity  of  a  cheap  alkaline  base  such  as  lime  may  be 
added.  The  contents  of  the  vat  are  then  kindled  by  any  well 
known  method.  OWing  to  the  heat,  the  reaction  of  steam  be- 
comes superheated  and  is  decomposed  by  its  contact  with  the 
metal  at  a  high  temperature,  the  oxygen  of  the  water  being 
utilized  for  the  combustion  of  the  metal,  metalloid,  or  alloy. 
and  the  hydrogen  escaping  through  the  pipe  h.  The  slag  may 
be  extracted  at  /)  during  the  operation. 

Sulfite  Liquor.  Moore  and  Wolf,  June  9,  1914.  U.  S.  Pat. 
1,099,565.  Calcium  bisulfite  having  a  predetermined  pro- 
portion of  free  sulfurous  acid  is  produced  by  refrigerating  milk 
of  lime  to  a  constant  predetermined  temperature  and  passing 
sulfur  dioxid  through  it. 

Treating  Electro-Metallurgical  Products.  F.  J.  Tone,  June 
9,  1914.  U.  S.  Pat.  1,099,674.  Impurities  are  removed  from 
electro-metallurgical  products  used  for  abrasives  or  refractory 
purposes  by  treating  with  chlorin  gas  in  sufficient  quantities 
to  combine  with  the  impurities  [iresent 

Smelting  Ores.  F.  J.  Machalske,  June  9,  1914.  U.  S.  Pat. 
1,099,709.  A  basic  charge  composed  of  iron  ore,  graphite,  and 
a  basic  flux,  is  formed  and  subjected  to  the  action  of  an  electric 

current. 

Set-Adjusting  Cement  Waterproofing  Compound.  C.  Ellis, 
June  16,  1914.  U.  S.  Pat.  1,099,974.  The  composition  com- 
I)rises  stearate  of  lime  containing  an  excess  of  lime  in  admix- 
ture with  sodium  aluminate,  the  proportion  of  stearic  acid  in 
combination  with  lime  in  the  composition  being  approximately 
25  per  cent  of  the  total  lime  content. 

Nitro  Products  from  Petroleum  and  Tar.  A.  S.  Flexer, 
June  16,  1914.  U.  S.  Pat.  1,099,976.  Xitro  jiroducts  are  pro- 
duced from  a  mixture  of  petroleum  and  tar  by  subjecting  petro- 
leum in  the  presence  of  tar  to  the  action  of  concentrated  nitric 
acid. 
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Colored-Cement  Product.  H.  A.  Gardner,  June  16,  1914. 
U.  S.  Pat.  1,100,129.  A  non-hydrous  paste  containing  a  pig- 
ment and  an  unsaponifiable  protective  vehicle  is  mixed  with  the 
cementitious  material  to  be  colored. 

Device  for  Indicating  Naphthalene  in  Illuminating  Gas. 
E.  S.-C.  Deville,  June   16,   1914.     U.  S.  Pat.   1,100,231.     The 

apparatus  comprises  essentially  an  obstruction  or  baffle  arranged 
in  the  passage  for  the  gas  and  partially  obstructing  this  passage. 
This  obstruction  will  increase  in  the  course  of  the  operation 
by  the  naphthalene  of  the  gas  that  is  deposited  upon  the  re- 
striction creating  a  partial  obstruction  there.  A  diiferential 
pressure  gauge,  the  two  branches  of  which  open  upon  either  side 
of  the  constriction,  indicates  at  any  moment  the  loss  of  charge 
resulting  from  the  resistance  thus  created. 

The  current  of  gas  is  caused  to  traverse  a  narrow  passage, 
in  such  a  manner  that  it  is  easy  to  cool  it  or  to  heat  it  to  tem- 
perature t  indicated  by  a  thermometer.  The  gas,  however,  re- 
tains its  own  temperature  up  to  the  precise  point  at  which  it 
enters  the  construction  raised  to  1°.  This  peculiarity  is  essen- 
tial. It  is  preferable  and  even  important,  in  certain  cases,  to 
dry  the  gas  prior  to  causing  it  to  pass  into  the  indicating  appa- 
ratus. To  do  so,  the  gas 
to  be  tested  is  dried  by 
means  of  dry  calcium 
chlorid,  the  test  vessel 
or  other  apparatus  con- 
taining the  chlorid  being 
held  almost  in  contact 
with  the  pipe  in  which  the 
gas  whose  percentage  of 
naphthalene  it  is  desired 
to  ascertain  is  circulating, 
in  such  a  manner  that 
the  desiccation  is  effected 
at  the  temperature  of  the 
gas  in  the  pipe.  No 
quantitative  analysis 
should  be  attempted  until 
three  or  four  cubic  me- 
ters of  gas  have  passed 
over  the  chlorid  of  calcium 
at  a  velocity  of  from  40  to 
50  liters  per  hour,  in  the 
case  of  a  chlorid  test  ves- 
sel with  a  capacity  of 
approximately  a  liter. 
Finally,  in  the  intervals 
of  time  comprised  between  the  quantitative  analysis  of 
naphthalene,  the  gas  should  never  cease  to  circulate  in  the 
chlorid  test  vessel  at  a  velocity  which  can  be  reduced  to  10  or 
15  liters  per  hour.  When  the  gas  is  very  poor  in  naphthalene, 
far  too  much  time  may  elapse  before  the  naphthalene  deposited 
upon  the  constriction  of  the  apparatus  produces  a  suitable  ob- 
struction. In  this  case,  artificial  priming  or  starting  may  be 
employed.  The  gas  previously  dried  under  the  conditions 
set  forth,  passes  for  some  minutes  through  a  branch  into  a  small 
test  tube  containing  naphthalene  in  the  form  of  powder,  at  the 
temperature  of  the  laboratory.  Thus  enriched,  this  gas  will 
very  rapidly  partially  obstruct  the  restriction.  The  direct 
passage  for  the  gas  to  the  constriction  of  the  indicating  apparatus 
is  then  reestablished. 

Phosphoric  Acid  and  its  Derivatives.  F.  S.  Washburn,  June 
16,  1914.  U.  S.  Pat.  1,100,639.  A  furnace  is  charged  with  a 
mixture  of  phosphate  rock,  silicious  material,  and  a  carbon- 
aceous material  and  combustion  of  the  carbonaceous  material 
is  effected  by  air  blown  into  the  furnace.  This  combustion 
liberates  a  portion  of  the  phosphorus  contained  in  the  phosphate 


rock.     The   heated   mass   is   then   discharged   into   an   electric 
furnace   and   the   heating   continued   to   a   higher   temperature 


through  the  agency  of  electricity  until  substantially  all  of  the 
phosphorus  has  been  eliminated. 

Arsenate  of  Lead.  Dow  and  Barstow,  June  16,  1914.  No. 
1,100,686.  An  alkali  is  added  to  a  solution  of  a  soluble  acid 
arsenate  and  the  resulting  solution  mixed  with  a  solution  of  lead 
chlorid,  so  that  arsenate  of  lead  is  precipitated. 

Treating  Oil.  J.  A.  Dubbs,  June  23,  1914.  U.  S.  Pat. 
1,100,717.  The  process  is  designed  to  maintain  the  oil  under 
treatment  at  a  temperature  at  which  a  breaking  up  of  the  hydro- 


carbon occurs.  The  hydrocarbons  are  healed  to  a  point  at 
which  they  would  be  broken  up  if  mingled  with  air.  Air  is  then 
forced  through  the  oil  and  the  heat  is  maintained  by  the  chemical 
reaction  produced. 

Alkyl-Esters  of  Morphin.  M.  C.  Traub,  June  23,  1914. 
U.  S.  Pat.  1,100,998.  Morphin  is  dissolved  in  a  solution  of 
alkyl  phenyl  ammonium  hydroxid  and  the  solution  boiled  for 
several  hours. 

Chloroform.  Griswold  and  Strosacker,  June  23,  1914. 
U.  S.  Pat.  1,101,025.  Chloroform  is  produced  by  agitating 
carbon  tetrachlorid,  water,  and  iron,  together,  a  portion  of  the 


iron  being  in  the  form  of  relatively  coarse  particles.  .\  ciuantity 
of  hard  balls  are  mixed  with  the  particles  of  iron  so  that  the  lat- 
ter are  gradually  reduced  in  fineness  as  the  agitation  continues. 


MARKET  REPORT 

AVRRAGi:    WHOLESAWi    PRICES    OF    STANDARD    CHEMICALS,    ETC.,    FOR   THE   MONTH    OP    SEPTEMBER,    I9I4 


ORGANIC  CHEMICALS 

Acetanilid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcoliol,  denatured  ( 1 80  proof) . .' Gal. 

Alcoliol.  grain  (188  proof) Gal. 

Alcollol,  wood  (95  per  cent) Gal. 

Amyl  Acetone Gal. 

Aniline  Oil Lb. 

Benzoic  Acid Lb, 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide .  .  Lb. 

Carbon  Tetrachloride  (drumsl  .  .  Lb. 

Chloroform -  .  .  Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether    U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) * Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INOBGANIC  CHEMICALS 


8'A 
24'A 
20 
2.50 
1.25 

3'/. 
2.39 


1.00 
3.32 


9'A 
2S'A 


Acetate  of  Lead  (brown,  Ijroken) 

Acetate  of  Lime  (gray) 

Alum  (lump) 

Aluminum  Sulfate  (high-grade) 

Ammonium  Carbonate,  domestic 

Ammonium  Chloride,  gray 

Aqua  Ammonia  (drums)   16° 

Arsenic,  white 

Barium  Chloride 

Barium  Nitrate 

Barytes  (prime  white,  foreign) 

Bleaching  Powder  (35  per  cent) 

Blue  Vitriol 

Borax,  crystals  (bags) 

Boric  Acid,  crystals  (powd.) 

Brimstone  (crude,  domestic) Long 

Bromine,  bulk 

Calcium  Chloride,  fused 

Chalk  (light  precipitated) .  .  . 

China  Clay  (imported) 

Feldspar 

Fuller's  Earth,  powdered.  Foreign 

Green  Vitriol  (bulk) 

Hydrochloric  Acid  (18°) .  .  .  . 

Iodine  (resublimed) 

Lead  Nitrate 

Litharge  (American) 

Lithium  Carbonate •. 

Magnesium  Carbonate 

Magnesite  "Calcined" 

Nitric  Acid,  36° 

Phosphoric  Acid  (sp.  gr.  1.75) 

Phosphorus 

Plaster  of  Paris 

Potassium  Bichromate,  50° ,  . 

Potassium  Bromide 

Potassium  Carbonate  (calcined),  80  @  85% 

Potassium  Chlorate,  crystals. . .    

Potassium  Cyanide  (bulk).  98-99% 

Hydroxide 

Iodide  (bulk) 

I  Nitrate  (crude) ,  . 

.  Permanganate  (bulk) 

r.  Flask  (75  lbs.) 

Red  Lead  (American) 

Salt  Cake  (glass  makers*) 


7 'A 
1.50 


71/, 

1.55 

3.00 

2.00 

11 


19.00 

©25.00 

2.75 

@    3.00 

4.50 

@     4.75 

3V< 

@            4' 

7'A 

@           8 

22.00 

©22.50 

Ton 
Ton 


8>A 
51A 
1.25 
6 
55,00 
3'/. 


Potassiun 

Potassiun 

Pota 

Potassiu 

Quicksilve 


1.65 

4.00 

9 

1.30 
6'A 

4'A 
28'A 


) 40.00 
)     3.25 


10.00 

& 

12.00 

67  V. 

@ 

72V. 

5 

@ 

7 

1.00 

© 

1.10 

2»A 

@ 

3 

4V. 

© 

5 

60 

© 

80 

8V. 

@ 

8V. 

1.55 

© 

1.57  V. 

1.60 

© 

1.90 

1.90 

© 

2.00 

90 

© 

1.25 

— 

@ 

— 

2.20 

© 

2.60 

1.85 

© 

2.15 

85 

© 

1.00 

5.00 

@  20.00 

5V. 
2.35 


13  V. 

8V. 
12 
5.95 
35  V. 

5Vs 
21V. 
20 
92 


75.00 
5»A 


Silver  Nitrate Oz 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide,  60  per  cent C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate,  95  per  cent,  spot C, 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur,  Roll C. 

Sulfuric  Acid,  60"  B C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  1 C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb, 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate C, 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 

Corn  Oil C. 

Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p,  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (raw) Gal.  55        @         57 

Menhaden  Oil  (crude) Gal.  35        @        — 

Neatsfoot  Oil  (20°) Gal.  96        ©        98 

Paraffine  (crude,  120  &  122  m.  p.) Lb.  3','»  ®  3', 

Paraffine  Oil  (high  viscosity) Gal.  27        ©         28 

Rosin  ("F"  grade)  (280  lbs.) Bbl,      4. OS        @    4.10 

Rosin  Oil  (first  run) Gal,  25       @        — 

Shellac,  T.  N Lb.  17        ©         18 

Spermaceti  (cake) Lb.  30        ©         31 

Sperm  Oil  (bleached  winter),  38° Gal.  70        @         71 

Spindle  Oil.  No.  200 Gal,  18        @         19 

Stearic  Acid  (double-pressed),  Lb.  9        ©         11 

Tallow  (acidless) Gal,  64        @         66 

Tar  Oil  (distilled) Gal,  30        ©        31 

Turpentine  (spirits  of) Gal.  46        ®         48 

METALS 

Aluminum  (No.  1  ingots) Lb.  19        ©  20 

Antimony  (Hallefs) Lb,  11         ©  12 

Bismuth  (New  York) Lb.       2.10        ©    2.15 

Bronze  powder Lb.  —        ©        ■ — 

Copper  (electrolytic) C.        11. 87V.  @        — 

Copper  (lake) C.  12.12V. 

Lead.  N.  Y C.  3.85         ©         — 

Nickel Lb.  —        @        — 

Platinum  (refined) Oz.     50.00        ©52.00 

Silver Or.  Sl'A 

Tin C.       31.75        ©32.00 

Zinc C.  5.37Vi  ®    6.00 

rXBTILIZEB  MATERIALS 

Ammonium  Sulfate C.  -       2.67V.®    2. 75 

Blood,  dried Unit     3.20        @        — 

Bone.  4V.  and  50,  ground,  raw Ton    27..50        @        — 

Calcium  Cyanamid Unit  of  Ammonia     2 .  22 V.  ©    2 .  40 

Calcium  Nitrate  (Norwegian) C.  —        @        — 

Castor  meal Unit         —        @        — 

Fish  Scrap,  domestic,  dried Unit 

Phosphate,  acid.  16  per  cent  bulk Ton 

Phosphate  rock;  f,  o.  b.  mine: 

Florida  land  pebble.  68  per  cent Ton 

Tennessee.  70-80  per  cent Ton 

Potassium,  "muriate."  basis  80  per  cent Ton 

Pyrites,  furnace  size,  imported Unit 

Tankage,  high-grade Unit 


3.40 

6-         10 

8.00 

©        — 

2,25 

®    2.50 

5.00 

@    5.50 
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EDITORIALS 


RESEARCH 
WHAT— WHO— WHERE— WHY 

Industrial  development,  of  the  sort  that  comes  with 
new  and  better  processes,  materials,  and  machinery 
together  with  improved  methods  of  manipulation  and 
production,  independent  of  the  influences  of  domestic 
and  foreign  trade  relations,  tarifT  or  financial  systems 
or  legislation,  must,  as  it  always  has,  depend  directly  on 
the  systematic  searchings  of  the  engineers,  chemists  and 
physicists  familiar  with  present  shortcomings  and  with 
the  possibilities  of  their  elimination.  The  urgent  need 
of  such  development  work  has  been  repeatedly  demon- 
strated by  both  chemists  and  engineers  for  many  years, 
but,  it  must  be  confessed,  with  but  little  effect  on  those 
responsible  for  the  appropriations  without  which  it 
remains  as  impossible  as  if  the  need  were  not  recognized 
nor  the  necessary  talent  available.  The  need  is  real 
and  the  talent  is  to  be  had,  therefore,  any  lack  of  prog- 
ress can  be  directly  traced  to  lack  of  ability  to  convince 
financial  managements  that  the  employment  of  the 
talent  is  necessary  or  that  it  will  be  profitable. 

Anything  that  will  serve  to  help  out  this  situation  by 
demonstration  or  argument  is  worth  while  and  worthy 
of  encouragement  on  the  broadest  grounds.  Such,  for 
example,  is  the  presidential  address  of  Mr.  A.  D. 
Little,  directed  particularly  toward  the  chemical 
industries  and  more  especially  toward  the  development 
of  chemical  products  and  processes  rather  than  the 
engineering  necessarily  involved  to  make  these  indus- 
trial realities. 

The  extent  of  the  influence  of  this  address  needs 
no  better  demonstration  than  the  editorial  notice 
given  to  it  by  the  most  excellent  and  conservative 
English  journal,  Engineering  (quoted  in  full  below). 

Unfortunately  some  of  the  force  of  Mr.  Little's 
arguments  and  the  fundamental  importance  of  the 
thing  have  been  lost  in  subsequent  quibbles  over  the 
meaning  of  the  word  "research,"  used  by  him  as  a 
name  for  the  general  and  systematic  finding  of  remedies 
for  existing  faults  in  the  materials,  processes,  machinery 
or  mechanical  equipment  of  industrial  plants.  The 
trouble  arises  from  the  fact  that  the  term  has  been 
for  so  long  used  in  a  narrow  academic  sense,  entirely 
divorced  from  commercial  utility,  by  men  calling 
themselves  scientific  and  regarding  any  search  for 
knowledge  as  proper  research  only  when  the  result  has 
no  money  value.  Is  it  any  wonder,  then,  that  a  tempest 
in  a  teapot  has  arisen,  first,  on  the  part  of  the  school- 
masters and  their  kind,  who  object  to  the  desecration 
of  their  sacred  "research"  for  the  vulgar  procedure  of 
trade  and  money-making,  and  then  on  the  part  of 
financiers  of  the  industries  who  fear  that  Mr.  Little 
is  urging  them  to  spend  money  for  that  sort  of  research 
which  its  oldest  advocates  insist  must  not  yield  returns 
if  true  and  proper. 

REAL  vs.  ACADEMIC  RESEARCH 

"In  a  recent  presidential  address  to  the  American  Chemical 
Society,   Mr.   A.   D.   Little  emphasized  the  importance  of  re- 


search work  in  industrial  operations,  and  if  the  term  can  be 
rightly  interpreted  few  will  care  to  dispute  his  contention. 
The  term  'research'  is,  however,  a  much  abused  one,  and  by 
chemists,  at  any  late,  is  generally  made  to  cover  not  only  in- 
vestigations of  fundamental  importance,  such  as  those  of  Willard 
Gibbs  into  chemical  and  physical  equilibrium,  but  also  mere 
measurements  by  some  tbird-year  students  of,  say,  the  refrac- 
tive indices  of  a  series  of  compounds,  work,  which  though  possibly 
quite  valuable,  could  be  equally  efficiently  effected  by  a  grocer's 
apprentice.  In  fact,  measurements  as  fully  entitled  as  these 
to  be  classed  as  research  are  made  as  a  part  of  the  daily  routine 
at  every  glow-lamp  factor>',  where  candle-powers  are  measured 
and  checked  by  girls  knowing  as  much  of  optics  as  a  cow  does 
of  the  calculus. 

TRUE  RESEARCH  WORK  NOT  LIMITED  TO  LABORATORIES 

"In  common  parlance,  the  term  'research'  is  accorded  to 
any  investigations  made  in  a  specially  equipped  laboratory, 
and  by  a  special  staff,  while  it  is  refused  to,  perhaps,  more 
fundamentally  original  and  intrinsically  more  valuable  work 
carried  out  in  the  drawing  office  or  in  the  works  with  improvised 
apparatus.  Mr.  Little  was  less  eclectic  than  this  in  his  own  use 
of  the  term,  and  included  among  research  workers  those  in- 
genious mechanics  who  have  developed  agricultural  machinery', 
or  such  useful  devices  as  the  Westinghouse  brake  and  the  methods 
and  instruments  associated  with  the  electric  telegraph.  With 
this  view,  though  it  is  not  the  commonly  accepted  one,  we  fully 
agree.  A  draughtsman  who  schemes  a  new  layout  for  a  machine 
shop  or  a  mechanic  who  '  practicalizes '  a  machine  tool  is,  in 
fact,  more  truly  engaged  in  research  work  than  a  chemist  who 
shows,  say,  that  in  a  certain  organic  compound  one  halogen 
may  replace  another. 

GERMANY  LEADS  IN  LABORATORY,  NOT  IN  TRUE  INDUSTRIAL 
RESEARCH 

"If,  however,  the  term  'research'  be  interpreted  on  this  com-' 
prehensive  basis,  we  think  few  will  be  prepared  to  concede  to 
Germany  the  pre-eminence  in  research  which  Mr.  Little  claims 
for  her.  Such  a  claim  is  defensible  only  when  the  term  is  limited, 
we  might  almost  say  degraded,  to  cover  a  laboratoo'  work 
solely,  often  partaking  largely  of  a  routine  character.  Un- 
doubtedly much  very  valuable  work  has  issued  from  German 
laboratories,  but  it  can  hardly  be  claimed  that  any  undue  pro- 
portion of  the  many  great  advances  made  in  various  depart- 
ments of  applied  science  during  the  past  few  years  have  thus 
originated.  The  Diesel  engine,  for  instance,  is  balanced  by  the 
telephone,  and  incandescent  gas  lighting  by  the  electric  glow 
lamp. 

THE  BORN  INVESTIGATOR  VS.  THE  PAID  FACTORY  RESEARCH 
DEPARTMENT 

"It  seems  to  us  that  research  work  of  value  can  generally  be 
divided  into  two  classes.  In  the  first  place,  pioneering  re- 
searches, in  which  the  man  is  everything,  and  the  equipment  rela- 
tively unimportant.  Behind  these  pioneers  come,  however, 
a  whole  army  of  other  investigators,  who,  by  patient  and  intelli- 
gent industr>',  develop  the  regions  opened  by  the  men  of  superior 
genius.  Research  work  of  this  second  kind  leads  often  to  ver>- 
valuable  results.  It  is,  however,  largely  a  matter  of  e.\penditiue 
and  organization,  and  can  almost  be  bought  in  the  open  market, 
as  if  it  were  a  material  commodity.  The  labor  is  ver>'  great, 
so  that  the  credit  for  tlie  result  achieved  appertains  as  much 
to  those  bold  enough  to  finance  the  work  as  to  those  who  make  the 
actual  observations  and  measurements.  Mr.  Caniegie  was, 
we  believe,  the  first  steel  maker  in  America  to  employ  a  works 
chemist,  and  he  has  stated  that  the  venture  proved  highly  profit- 
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able,  since  it  was  found  that  by  purchasing  ore  by  analysis, 
rather  than  by  reputation,  very  large  economies  were  realized. 
No  one,  however,  could  contend  that  great  insight  into  chemical 
theories  and  physical  facts  is  needed  for  the  analysis  of  an  iron 
ore.  Care,  industry  and  average  intelligence  are  the  main  es- 
sentials, and  such  qualities  are  not  specially  uncommon,  while 
genius  is  seldom  on  sale. 

"Though  in  one  part  of  his  address  Mr.  Little  seems  to  take, 
as  stated,  a  comprehensive  view  as  to  what  constitutes  research, 
in  much  of  it  he  would  appear  to  have  most  sympathy  with  the 
kind  that  can  be  organized  in  a  works  laboratory,  and  he  makes 
a  special  plea  for  more  work  of  this  chaiacter.  Much  undoubt- 
edly can  be  effected  in  this  way,  but  how  far  the  system  should  be 
extended  depends  very  largely  on  the  nature  of_the  industry  in- 
volved." 

A  distinction,  frequently  made  here  in  America, 
and  found  more  often  in  engineering  than  chemical 
lines,  is  indicated  by  the  names  Research,  Development 
and  Experimental  Departments.  The  Research  De- 
partment, proper,  undertakes  the  more  difficult  prob- 
lems of  a  broad  or  general  nature  without  special 
reference  to  immediate  commercial  demand,  the  solu- 
tion of  which  is  most  obscure  and  which  requires, 
at  least  for  the  direction,  men  of  the  rarer  sort  with 
natural  tendencies  toward  investigation,  born  research 
men.  Development  Departments,  while  doing  research 
work  also,  are  primarily  concerned  with  perfection  of  a 
process  or  machine,  the  general  nature  of  which  is 
known  at  the  start,  and  which  is  properly  a  product 
of  the  Research  Department,  and  generally  in  the  form 
of  a  patentable  invention ;  the  aim  is  now  to  find  the  best 
form  and  materials  for  commercial  production  and  use. 
The  third  or  Experimental  Department  merely  per- 
forms routine  tests,  the  end  and  aim  of  which  are  data 
for  checking  specifications  of  quality  or  performance, 
or  for  detecting  those  defects  of  routine  factory  source 
which  an  ordinary  factory  force  can  correct:  the 
work  of  such  an  experimental  department  is  purely 
routine,  can  be  learned  quickly  by  anyone  and  never 
should  be  called  research   at  all — though  it  often  is. 

Frequently  it  happens  that  one  establishment 
cannot  afford  three  such  departments  so  that  the  work 
is  all  thrown  into  one,  variously  named.  Or,  con- 
sultants are  used  to  supply  the  sort  of  direction  required 
of  the  "first  and  second  or  to  entirely  replace  them  when 
the  consultant  has  at  command  suitable  apparatus, 
equipment  and  organization,  in  which  case  such  an 
independent  investigation  or  research  establishment 
may  serve  to  advantage  many  individuals  in  many 
different  industries.  It  is  this  sort  of  thing  that  is 
now  growing  up  as  a  proper  bond  between  the  staffs 
and  laboratories  of  our  better  mechanical,  electrical 
and  chemical  engineering  schools  and  the  industries 
with  which  they  are  concerned.  Much  of  the  best 
work  now  being  done  in  this  cooperative  way  by  our 
independent  research  men  or  investigators  and  the 
industrial  establishments  is  carried  on  either  in  the 
works  themselves  or  in  the  field  outside  of  the  pro- 
ducers' works  but  without  any  laboratory  proper. 
The  important  point  here  is  that  the  place  of  doing 
the  work  is  of  no  consequence  in  comparison  with  the 
finding  of  capable  men  to  direct  it  and  keeping  them 
busy  to  avoid  waste  of  good  talent. 


INDUSTRIAL   LABORATORY    VALUES   AND   LIMITATIONS 

"We  gather  that  chemists  find  that  in  the  chemical  trades 
new  ideas  can  be  completely  and  satisfactorily  tested  in  a  works 
laboratory.  One  of  our  leading  cotton  manufacturing  firms  has 
also  found  an  organization  of  this  character  to  be  highly  profit- 
able, having  established  many  years  ago  lavishly  equipped  ex- 
perimental works  in  which  new  ideas  are  thoroughly  investigated. 
Nothing,  however,  is  published  as  to  the  results  attained.  If  a 
proposed  innovation  passes  satisfactory'  tests,  it  is  adopted  quietly 
and  with  as  little  publicity  as  possible.  As  a  consequence,  when 
the  daily  Press  expatiates  on  some  remarkable  improvement  in 
in  textile  methods  as  having  been  recently  introduced  abroad, 
it  is  the  case,  more  often  than  not,  that  the  identical  device  has 
been  in  commercial  operation  for  years  past  in  the  factories  of  the 
firm  in  question.  Other  British  firms  pursue  a  similar  policy, 
carrying  out  a  very  large  amount  of  research  work  of  this  kind, 
while  saying  as  little  as  possible  about  it.  Sheep-dip  makers, 
for  instance,  investigate,  both  in  their  laboratories  and  on  the  spot, 
the  life-history  and  comse  of  development  of  insect  pests  from 
every  part  of  the  world,  but  none  of  them  advertise  the  fact. 

"The  organized  research  laboratory  is  not,  however,  so  well 
adapted  to  the  art  of  engineering  as  to  some  other  industries, 
though  even  here  it  may  unquestionably  prove  at  times  quite 
valuable.  Its  drawbacks  have  a  twofold  origin.  In  the  first 
place  engineering  is  an  art  rather  than  a  science.  Its  exponents 
are  to  be  classed  with  other  creative  minds,  and  only  the  routine 
portion  of  their  work  can  safely  be  delegated  to  others.  One 
of  our  most  progressive  engineers  has  refused  for  this  reason  to 
establish  in  his  works  a  research  laboratory  for  the  solution  of 
such  difficulties  as  may  arise.  The  man  who  has  encountered 
the  difficulties  generally  knows  more  about  it  than  he  can  put  in 
writing,  or  transfer  to  another  in  any  other  way.  He  is,  therefore, 
in  this  engineer's  view,  the  proper  man  to  find  the  solution, 
and  he  is  accordingly  encouraged  to  experiment  himself.  The 
system  in  question  has  proved  highly  successful,  but  no  doubt 
there  are  also  cases  where  certain  investigations  can  properly 
and  conveniently  be  carried  out  on  the  lines  advocated  by  Mr. 
Little.  A  striking  example  of  highly  valuable  work  conducted 
in  a  factory  research  laboratory  is,  in  fact,  afforded  by  the  his- 
tory of  the  tungsten  filament  lamp.  The  number  of  cases  in 
which  satisfactory  solutions  of  engineering  problems  can  be 
found  in  this  way  is,  however,  limited  by  the  circumstances 
that  engineering  is  concerned  quite  as  much  with  dynamics  as 
with  statics.  Laboratory  tests  may  quite  easily  show  the  capa- 
bilities of  a  new  metallic  filament  lamp  or  the  value  of  a  new 
dye-stuff,  but  in  more  truly  mechanical  matters  the  test  of  service 
is  often  the  only  really  reliable  one.  The  original  Lee-Metford 
rifle,  for  instance,  passed  triumphantly  through  the  most  search- 
ing tests  that  those  responsible  for  its  design  could  conceive  of, 
but  a  very  few  months'  service  showed  that  Mr.  Thomas  Atkins 
devised  without  difficulty  much  more  trjing  ordeals  for  the 
weapon,  and  Mark  I.  was  in  consequence  very  rapidly  super- 
seded. 

"Most  of  our  large  firms  take  ver>'  great  precautions  to 
secure  the  thorough  reliability  of  a  new  product  before  definitely 
placing  it  on  the  market.  In  very  many  cases,  however,  it  is 
absolutely  necessary  that  the  novelty  shall  be  tested  in  actual 
service,  and  it  is  not  always  either  convenient  or  possible  to 
effect  this  at  the  maker's  works.  The  machine  is,  therefore, 
tested  by  special  arrangement  with  a  customer  and  is  neither 
Usted  in  a  catalog  nor  otherwise  advertised  till  this,  the  final 
test,  is  completed. 

"Considerations  of  this  kind  greatly  restrict  the  applicability 
of  organized  research  work  in  the  field  of  mechanical  engineering, 
and  as  one  consequence,  the  openings  offered  to  students  from 
technical  colleges  are  less  promising  than  they  are  in  many 
other  departments  of  industry.  Many  such  students  do  indeed 
find  work  on  the  test-beds  of  manufacturing  firms,  only  to  dis- 
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cover  after  a  year  or  two  that  such  duties  olTer  no  prospect  of 
advancement,  and  add  very  little  to  their  knowledge  of  engi- 
neering. In  one  case,  after  spending  some  years  at  the  test- 
bed  of  a  firm  of  steam  turbine  builders,  an  ex-student  had  not 
even  learned  the  essential  differences  between  a  reaction  and  an 
impulse  turbine.  Such  matters  were  not  included  in  the  cur- 
riculum of  his  college  at  the  date  of  his  graduation,  and  he  added 
little  or  nothing  to  this  ignorance  by  his  years  of  testing." 

With  some  of  this  we  cannot  agree,  for  no  matter 
how  poorly  the  laboratory  may  serve  the  purpose  of 
profitable  improvement,  as  is  undoubtedly  the  case  in 
many  instances,  and  no  matter  how  little  may  be  the 
value  of  testing  work  to  engineering  graduates  or  to 
their  employers,  it  does  not  follow  that  such  con- 
siderations greatly  restrict  the  applicability  of  or- 
ganized research  work  in  the  field  of  mechanical  engi- 
neering or  in  any  other  branch.  The  distinction  here 
rests  again  on  names;  laboratories  as  generally  under- 
stood are  not  essential  to  some  very  useful  research 
nor  is  the  existence  of  a  testing  department  proof  of 
the  doing  of  research  work.  Forces  of  men  may 
spend  their  lives  making  consumption  tests  of  turbines, 
strength  tests  of  metals  or  determining  calorific  powers 
of  fuels  in  well  equipped  laboratories  and  improve 
related  industries  not  one  bit,  and  yet  one  man  with 
no  laboratory  whatever  may  stroll  leisurely  through  a 
few  establishments  or  sit  at  his  desk  and  evolve  an 
improvement  that  may  materially  advance  several 
industries  at  once  when  developed,  though  before 
getting  it  in  shape  for  commercial  use  e.xperimental 
development  work  is  almost  universally  required. 
Depending  on  the  case,  this  work  may  be  most  profit- 
ably done  in  laboratories,  in  shop  or  in  the  field,  but 
it  must  be  done.  The  International  Harvester  Com- 
pany has  added  more  to  improvement  of  agricultural 
conditions  by  its  machine  and  implement  develop- 
ments than  any  organization  in  the  world,  but  it  has 
no  research  laboratory,  though  maintaining  testing 
and  development  departments.  This  does  not  mean 
that  it  does  no  research,  for  such  results  could  not  be 
produced  without  research,  only  it  would  be  obviously 
absurd  to  try  to  develop  standard  plows,  and  tractors 
to  pull  them,  suitable  for  every  soil  in  the  world  by  any 
laboratory  tests;  the  machines  must  be  planned,  built 
and  then  tried  and  studied  everywhere,  then  returned 
to  the  shops,  changed  to  correct  faults  and  tried  again. 
The  real  research  men  here  are  those  who  plan  and  study 
operation  in  the  plowing  field,  the  only  place  where  it 
can  be  studied,  and  who  then  analyze  faults  and  plan 
again;  these  men  spend  most  of  their  time  in  railroad 
trains  rather  than  in  laboratories;  in  the  true  sense 
their  laboratory  is  the  plowing  field,  as  it  should  be. 
Americans  cannot  agree  with  the  idea  that  the  fore- 


man or  superintendent  or  engineer,  whose  primary 
function  is  the  production,  at  lowest  cost,  of  goods  of 
proper  standard  quality,  is  the  best  man  to  carry  on 
research  or  development  work;  quite  to  the  contrary, 
in  fact  he  is  the  very  worst.  This  is  because,  first, 
scheming  always  occupies  the  mind  to  the  exclusion  of 
executive  routine,  which  is  his  main  business,  and 
second,  but  vastly  more  important,  the  type  of  mind  and 
training  that  best  fits  for  one  is  destructive,  or  exclusive, 
of  the  other.  No  man  well  adapted  to  pushing  routine 
economic  production  can  possibly  discover  faults  and 
remedies  with  efficiency,  and  certainly  the  creative 
mind  that  can,  becomes  impatient  with  production 
routine  and  so  neglects  it. 

RESEARCH  AND  THE  PROFESSOR 

"Experience  in  research  work  is  often  made  a  sine  qua  non 
for  the  holding  of  a  professional  chair  at  certain  of  our  universi- 
ties, and  if  the  word  'research'  be  interpreted  in  a  sufficiently 
liberal  and  comprehensive  manner,  the  condition  is,  we  think, 
a  wise  one.  In  many  cases,  however,  the  conduct  of  a  few  ex- 
periments on  lubrication  or  on  elastic  moduli  will  be  counted  as 
research,  though  the  experimenter  may  have  displayed  no  deep 
knowledge  of  engineering  and  physical  principles,  and  be  quite 
incapable  of  giving  material  aid  to  the  advancement  of  the  art. 
He  would,  however,  on  the  above  basis,  be  preferred  to  a  competi- 
tor who  had  never  made  a  laboratory  experiment  in  his  life, 
but  had  been  in  responsible  charge  of,  say,  the  bridge  depart- 
ment of  a  large  firm. 

"On  the  other  hand,  there  are  men  of  exceptional  abihty  in 
really  original  research  who  have  not  the  gift  of  commending 
themselves  to  students  and  who  fail  accordingly  to  teach  any- 
thing to  any  but  a  few  exceptional  men.  At  the  same  time  they 
may  do  such  good  work  in  the  study  as  to  more  than  outweigh 
their  class  room  deficiencies  so  far  as  the  world  at  large  is  con- 
cerned, unfortunate  as  matters  may  be  for  the  average  student. 
It  is  important  that  work  of  this  character  should  be  done,  but 
the  difficulty  is  to  reconcile  the  claims  of  abstract  technics  with 
the  not  unnatural  demands  of  the  average  British  parent.  A 
University  should  certainly  promote  the  former,  but  as  teaching 
is  also  one  of  its  functions,  undergraduates  have  a  right  to  de- 
mand that  their  interests  shall  not  be  wholly  sacrificed  to  the 
claims  of  research." 

It  is  true  that  a  great  many  directors  of  engineering 
schools  have  insisted  on  a  research  record  for  newly 
appointed  men  without  knowing  just  what  they_  meant 
by  the  requirement,  and  while  some  still  do  it,  times 
do  change  and  so  do  standards.  Few  enlightened  schools 
now  fail  to  recognize  that  both  teachers  and  investi- 
gators are  absolutely  necessary  on  the  staff,  and  while 
it  most  commonly  happens  that  ability  in  one  line  is 
inversely  proportional  to  strength  in  the  other,  yet  we 
know  of  quite  a  number  of  men  who  possess  this  dual 
power.  C.   E.   Lvcke 
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This  paper  represents  the  result  of  a  study  of  a  test 
to   determine  the   biochemical   oxygen   demand   made 

1  Chemist  and  Bacteriologist,  the  Sanitary  District  of  Chicago. 


by    a   subcommittee   of   the   laboratory   section   of   the 
American  Public  Health  Association. 

Interest  in  this  subject  has  recently  been  revived 
through  the  adoption  of  standards  of  permissible  stream 
pollution  by  the  English  Royal  Commission  on  Sewage 
Disposal,  embodied  in  an  appendix  of  the  8th  report  of 
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the  commission.  The  test  recommended  by  the  com- 
mission will  be  hereafter  referred  to  as  the  "English 
Incubation  Test." 

Before  I  go  into  the  details  of  this  test,  it  seems  well 
to  discuss  briefly  its  meaning  and  importance. 

As  the  title  of  the  paper  indicates,  the  oxygen  re- 
ferred to  here  is  that  utilized  by  microorganisms  which 
take  part  in  the  decomposition  of  sewage.  To  what 
extent  the  reaction  taking  place  is  of  a  purely  biological 
or  chemical  or  physical  nature  is  unknown.  The  process 
is  most  probably  a  combination  of  all  three  forces.  In 
designating  properly  a  test,  which  gives  expression  to 
the  demand  for  oxygen  such  as  is  present  in  streams, 
one  can  hardly  be  criticized  for  using  the  expression 
"Biochemical  Oxygen  Demand."  The  danger  of 
introducing  the  term  "Oxygen  Demand"  alone  is  that 
it  would  be  somewhat  confusing  with  the  time-honored 
expression  "Oxygen  Consumed."  We  know  that 
"oxygen  consumed"  indicates  the  permanganate  oxygen 
required  for  the  oxidation  of  a  small  portion  of  the 
organic  carbonaceous  matter.  This  oxidation  is  a 
purely  chemical  reaction  and  bears  no  relation  what- 
soever to  the  "biochemical"  oxygen  demand.  The 
biochemical  oxygen  demand  of  a  sewage  as  a  rule  is 
much  higher  than  the  permanganate  oxygen  con- 
sumption and  the  figures  bear  absolutely  no  relation 
to  each  other.  In  certain  cases  the  biochemical  oxy- 
gen demand  may  be  low  and  the  permanganate  oxygen 
consumption  high.  This  may  occur  with  trade  wastes 
containing  organic  carbonaceous  preservatives.  The 
principal  value  of  a  test  for  the  determination  of  the 
biochemical  oxygen  demand  in  a  sewage  lies  in  the 
fact  that  it  is  the  best  indicator  of  what  may  be  called 
the  "strength"  of  a  sewage.  Anyone  who  has  ever 
employed  one  or  the  other  of  such  tests  is  quickly 
convinced  that  none  of  the  routine  chemical  determina- 
tions heretofore  in  use  can  furnish  the  same  informa- 
tion. From  the  standpoint  of  stream  pollution  it 
means  very  little  to  the  sanitary  engineer  and  chemist 
to  know  how  much  organic  nitrogen  or  "oxygen  con- 
sumed" or  chlorine  a  certain  sewage  will  add  to  the 
stream.  They  are  interested  in  the  amount  of  oxygen 
that  will  be  absorbed  in  the  stream,  particularly  durjng 
the  first  stretch  after  discharge.  Of  the  chemical 
constituents  the  suspended  matter  is  of  interest  be- 
cause of  its  relation  to  the  aesthetic  features  of  sewage 
disposal  by  dilution,  and  on  account  of  its  relation  to 
the  formation  of  mudbanks.  Some  instances  of  com- 
paring the  "strength"  of  certain  sewages  from  the  stand- 
point of  the  routine  chemical  analysis  and  the  bio- 
chemical oxygen  demand  are  indeed  surprising.  The 
writer  has  in  mind  one  instance  in  particular,  in  which 
a  certain  sewage  when  compared  to  another  from  the 
standpoint  of  the  routine  chemical  tests  was  twice  as 
strong  and  when  judged  by  the  biochemical  oxygen 
demand  about  forty  times  as  strong.  Personally, 
I  do  not  advise  chemists  to  disregard  chemical  de- 
terminations in  sewages  altogether;  we  surely  want 
to  know  whether  a  sewage  is  alkaline  or  acid  for  instance. 
My  principal  plea  is  to  subordinate  the  routine  determi- 
nations of  the  chemical  constituents  to  the  determi- 
nation of  the  oxygen-consuming    capacity  of  a  sewage. 


The  laboratory  section  of  the  American  Public 
Health  Association  has  recognized  the  importance  of 
standardizing  such  a  test  and  for  some  months  past  a 
subcommittee  has  devoted  its  attention  to  this  question. 
The  members  of  the  subcommittee  are:  F.  Bachmann, 
Chicago;  R.  H.  Brown,  New  York  City;  J.  W.  M. 
Bunker,  Cambridge,  Mass.;  Frederic  Bonnet,  Jr. 
Worcester,  Mass.;  W.  M.  Cobleigh,  Bozeman,  Mont., 
John  R.  Downes,  Plainfield,  N.  J. ;  F.  E.  Hale,  Brooklyn, 
N.  Y.;  C.  B.  Hoover,  Columbus,  O.;  A.  Lederer,  Chicago; 
T.  W.  Melia,  Brooklyn,  N.  Y.;  F.  W.  Mohlman, 
Urbana,  111.;  John  F.  Norton,  Boston,  Mass.;  E.  B. 
Phelps,  Washington,  D.  C;  and  S.  T.  Powell,  Balti- 
more, Md.  A.  Lederer  is  chairman  of  the  subcom- 
mittee. The  following  sanitary  engineers  have  been 
kind  enough  to  give  the  subcommittee  on  various 
occasions  the  benefit  of  their  valuable  opinion:  H.  C. 
McRae,  Baltimore,  Md.;  Langdon  Pearse,  Chicago, 
111.;  and  W.  L.  Stevenson,  Philadelphia,  Pa. 

The  standardization  of  a  biochemical  test  differs 
from  the  standardization  of  a  purely  chemical  test 
in  various  respects.  One  chemist  might  be  put  to 
work  out  a  chemical  method  and  his  results  would  be 
of  equal  value  anywhere.  This  is  not  the  case  with  a 
biochemical  test.  Two  sewages  may  be  alike  with  ref- 
erence to  their  chemical  constituents  and  yet  they  may 
differ  vastly  in  their  biology.  Rarely  will  two  sewages 
be  exactly  alike  in  this  respect.  No  biologic  procedure 
can  be  expected  to  furnish  ready  formulae  which 
would  work  out  with  mathematical  precision  every- 
where at  all  times.  Even  if  we  had  such  a  procedure 
at  our  disposal  we  would  still  have  such  factors  to 
account  for  as  obstructions  in  a  stream,  differences 
in  velocity  and  temperature,  influence  of  sunlight,  ab- 
sorption of  oxygen  by  mud  banks  and  other  factors 
which  of  necessity  are  not  represented  in  a  laboratory 
procedure.  It  seemed  evident,  therefore,  that  in 
proposing  and  adopting  a  standard  procedure  we 
would  have  to  confine  ourselves  for  the  present  to 
methods  furnishing  fairly  accurate,  consistent  results, 
comparable  with  each  other.  It  could  not  be  expected 
in  the  present  state  of  our  knowledge  of  self-puri- 
fication of  rivers  with  reference  to  oxygenation  and 
de-oxygenation,  that  we  should  be  able  to  work  out 
a  procedure  which  could  tell  us  with  certainty  how  much 
sewage  is  to  be  permitted  in  a  stream  to  maintain 
a  certain  degree  of  purity  further  downstream.  This 
could  be  done  only  if  rivers  in  all  parts  of  the  country 
were  alike  with  reference  to  temperatures,  velocities, 
obstructions,  etc.  Any  deeper  study  of  de-oxygena- 
tion and  oxygenation  in  a  particular  stream  will 
apply  only  to  another  stream  very  similar  hydro- 
graphically.  With  these  conceptions  in  mind  it  seemed 
most  advisable  to  standardize  a  procedure  which 
would  permit  the  expression  of  "total  biochemical 
oxygen  consumption"  and  to  leave  the  practical 
application  of  this  test  for  the  purpose  of  controlling 
stream  pollution  to  individual  local  study. 

In  order  to  compare  the  applicability  of  a  standard 
procedure  in  various  localities  it  is  important  to 
experiment  with  as  many  sewages  as  possible.  Such 
tests   were   made    with   the   sewages   of    Chicago,    111., 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  ii 


Plainfield,  N.  J.,  Champaign,  111.,  Lawrence,  Kan., 
New  York  City,  Washington,  D.  C.  and  Worcester, 
Mass.  Since  the  number  of  results  obtained  with 
Worcester  and  New  York  City  sewage  are  too  small, 
these  sewages  are  not  considered  in  connection  with 
this  study. 

A  method  of  determining  the  actual  strength  of 
putrescible  material  is  given  in  the  last  edition  of  the 
"Standard  Methods  of  Water  Analysis."  The  method 
consists  in  making  various  dilutions  of  the  putrescible 
material  with  aerated  tapwater,  adding  methylene 
blue  as  an  indicator,  and  calculating  the  oxygen  de- 
mand from  the  "relative  stability"  figures  obtained. 
The  method  is  undoubtedly  very  useful  and  simple. 
It  will  be  retained  in  the  next  progress  report  of  the 
committee  in  a  form  elaborated  upon  by  Prof.  Phelps. 
The  possible  objections  to  this  method  are  that  the 
relative  stability  figures  obtained  are  based  upon 
empirical  findings  and  that  intermediate  points  of 
de-oxygenation,  if  such  are  desired,  cannot  be  ob- 
tained. 

The  method  proposed  by  the  Royal  Commission 
of  Sewage  Disposal  contained  much  which  seemed 
worthy  of  a  study  by  American  chemists.  Briefly, 
the  English  procedure  is  as  follows: 

A  definite  volume  of  sewage  or  effluent  is  com- 
pletely aerated  by  shaking.  It  is  then  mixed  with 
a  larger  definite  volume  of  tap  water  and  the  mixture 
again  aerated.  The  dilutions  recommended  for  raw 
sewages  and  settled  sewages  are  about  99  to  i  and 
49  to  I,  respectively.  The  intention  is  to  adjust 
the  ratio  of  the  aerated  water  to  the  sewage  under 
test  so  that  during  the  test  only  about  50  or  60  per  cent 
of  the  oxygen  in  the  diluting  water  will  be  used  up. 
It  is  stated  that  if  less  than  30  per  cent  of  the  initial 
oxygen  is  absorbed  the  error  of  the  experiment  be- 
comes large,  but  if  more  than  60  per  cent  is  absorbed 
the  error  is  even  greater.  A  large  dilution  reduces 
the  food  supply  of  the  bacteria  and  thus  retards  de- 
oxygenation.  The  prepared  dilutions  are  carefully  put 
into  4  clean  glass-stoppered  bottles  holding  11  to  12 
ounces.  The  bottles  are  left  unstoppered  for  5  min- 
utes to  give  the  entrapped  air  at  the  shoulder  a  chance 
to  escape.  Stress  is  laid  on  the  importance  of  having 
all  the  liquids  in  the  mixture  and  even  the  bottles 
at  incubation  temperature  before  beginning  the  in- 
cubation. The  incubation  temperature  recommended 
is  65°  F.  (18.3°  C),  this  representing  the  maximum 
summer  temperature  of  even  the  most  sluggish  English 
streams.  The  5-day  incubation  temperature  has 
been  found  to  give  a  smaller  experimental  error  than 
longer  incubation  periods.  Two  of  the  bottles  are 
tested  for  oxygen  at  once;  the  other  2  bottles  are  tested 
for  oxygen  at  the  end  of  incubation.  The  determina- 
tion of  the  free  oxygen  was  made  by  the  Winkler 
method  as  modified  by  Rideal  and  Stewart.  The 
principle  of  the  modification  consists  in  the  oxidation 
of  the  organic  matter  and  the  nitrites  by  the  addition 
of  permanganate  in  acid  solution  followed  by  the  addi- 
tion of  1  cc.  of  potassium  oxalate  previous  to  the  addi- 
tion of  the  standard  reagents  employed  in  the  Winkler 
method.     The   English   standard  for  sewage   effluents 


is  one  that  absorbs  less  than  20  p.  p.  m.  of  oxygen  in 
5  days  at  65°  F. 

It  is  not  the  purpose  of  this  subcommittee  to  con- 
cern itself  with  the  adoption  of  standards  for  sewage 
effluents  but  solely  to  fix  a  laboratory  procedure  which 
will  give  uniform  results.  It  is  thought  that  such  a 
procedure  will  be  a  valuable  aid  to  the  sanitary  engi- 
neer in  establishing  standards  of  permissible  stream 
pollution. 

There  were  a  number  of  features  in  the  original 
English  test  for  the  determination  of  the  biochemical 
oxygen  demand  which  did  not  appeal  to  the  collabora- 
tors, and  after  considerable  correspondence  it  was 
finally  decided  to  do  some  comparative  work  with 
the  method,  employing,  however,  an  incubation  tem- 
perature of  20°  C,  and  to  extend  the  incubation  period 
to  10  days  in  order  to  study  the  oxygen  consumption 
from  day  to  day.  The  assumption  was  that  the 
qxygen  consumption  at  the  end  of  10  days  would 
be  practically  100  per  cent.  It  was  also  decided  to 
work  with  three  different  concentrations  simultane- 
ously, so  that  the  influence  of  concentration  upon  oxy- 
gen consumption  could  be  studied.  An  ideal  experi- 
mental series  was  to  show  oxygen  absorptions  of  less 
than  30  per  cent,  between  30  and  60  per  cent,  and  over 
60  per  cent,  respectively.  The  preparation  of  the 
mixtures  previous  to  incubation  differed  from  the 
English  procedure  in  that  we  employed  aerated  dis- 
tilled water  instead  of  tap  water  and  8-ounce  bottles 
were  used  instead  of  ii-ounce  bottles.  The  sewage 
was  not  aerated  before  mixing  it  with  the  distilled 
water,  but  the  mixture  was  brought  to  the  incubation 
temperature  previous  to  incubation.  The  sewage  was 
settled '  in  the  laboratory  before  the  mixtures  were 
prepared,  for  the  reason  that  unevenly  divided  sus- 
pended matter  might  have  introduced  serious  dis- 
crepancies in  the  final  results.  The  original  Winkler 
method  was  employed  for  the  determination  of  the 
free  oxygen.  Later  on,  during  the  tests,  it  was  recom- 
mended to  employ  Hale  and  Melia's  modification  of 
the  Winkler  method.  Professor  Phelps  employed 
Rideal  and  Stewart's  modification  in  the  latter  part 
of  his  series.  A  number  of  blue-printed  record  sheets 
were  mailed  to  the  co-workers  in  order  to  facilitate 
the  compilation  of  the  results  obtained.  It  was  sug- 
gested at  the  start  that  each  collaborator  should  ob- 
tain at  least  10  ideal  series,  but  the  time  and  labor 
involved  was  so  great  that  it  was  impossible  to  live  up 
to  it.  Unless  one  has  worked  with  the  same  sewage 
for  a  considerable  period  it  is  almost  impossible  to 
prepare  dilutions  which  will  allow  reductions  of  oxygen 
simultaneously  to  30  per  cent,  to  between  30  and  60 
per  cent  and  over  60  per  cent.  A  great  deal  of  time 
in  such  work  is  always  lost  with  preliminary  tests. 
In  order  to  obtain  an  ideal  series  one  has  to  incubate 
at  least  30  bottles  and  preferably  more  in  order  to 
check  doubtful  results. 

In  his  series,  Mr.  Mohlman  recorded  in  addition  to 
the  oxygen  consv(mption  figures,  Phelps'  velocity  co- 
efficient "K"  for  pkch  day.  A  subsequent  calculation 
of  K  on  all  of  the  results  obtained  by  the  various 
collaborators  gave  some  interesting  information.     The 
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Table  I — Percentage  of  Total  Oxygen  Ab 

Tota!  Oxygen  Consuraptii 
Less  than  30  Per  Cent 


AND  Phelps'  Velocity  Coefficient,  K,  after  24  Hours  and  5  Days  Incubation  at  20° 
n  Compared  with  Initial  Available  Oxygen  after  10  Days  Incubation 

30  to  60  Per  Cent  More  than  60  Per  Cent 


Date  of 

24  hours 

5 

days 

K 
Average 
of  10  days 

24  hours 

5 

days 

K 

Average 

of  10  days 

24  hours 

5  days 

K 
Average 
of  10  days 

sampling 

%  0 

%  0 

%  0 

%  0 

%  0 

%  0 

1914 

abs'd 

K 

abs'd 

K 

incubation 

abs'd          K 

abs'd         K 

incubation 

asb'd          K 

abs' 

d          K 

incubation 

SBRIES:  Phelps. 

Source:  Screened  Washington  Sewage 

April  21 

34 

0.00052 

78 

0.00030 

0.00032 

22 

23 

0  0003 1 

76 

0.00027 

0.00025 

24 

23 

0.00031 

75 

0.00020 

0.00020 

23 

0.00026 

67 

0.00015 

0.00017 

28 

28 

0.00026 

61 

0.00016 

0.00018 

26 

0.00026 

80 

0.00019 

0.00019 

29 

29 

0.00037 

77 

0.00021 

0.00022 

30 

38 
22 
20 

0.00031 
0.00018 
0.00018 

84 
88 
80 

0.00015 
0.00016 
0.00016 

0.00017 
0.00016 
0.00017 

May     I 

33 

0.00034 

85 

0.00020 

0.00018 

8.... 

17 

0.00018 

65 

0.00016 

0.00016 

32 
25 

0.00037 
0.00030 

77 
75 

0.00019 
0.00021 

0.00019 
0.00021 

12 

18 

0.00018 

52 

0.00013 

0.00014 

30 

0.00043 

86 

0.00030 

0.00029 

U 

17 

0.00013 

60 

0.00012 

0.00011 

37 
15 

0.00042 
0.00015 

75 
81 

0.00019 
0.00020 

0.00019 
0.00017 

14 

47 

0.00039 

63 

0.00010 

0.00016 

28 
41 

0.00042 
0.00045 

88 
90 

0.00021 
0.00024 

0.00023 
0.00025 

15 

30 

0.00031 

86 

0.00010 

0.00018 

34 

0.00064 

76 

0.00037 

0.00040 

16.... 

27 
23 

0.00043 
0.00035 

79 
89 

0 . 00028 
0 . 00030 

0.00028 
0.00027 

23 

26 
23 

0.00034 
0.00034 

77 
83 

0.00024 
0 . 00028 

0.00023 
0.00024 

25 

20 

21 

0.00024 
0.00028 

71 
79 

0.00020 
0.00025 

0.00021 
0.00021 

26 

34 

0.00054 

84 

0.00037 

0.00036 

28.... 

36 
36 
46 

0.00056 
0.00057 
0.00071 

85 
80 
92 

0.00035 
0.00033 
0.00038 

0.00036 
0.00036 
0.00039 

SSRlES:  Young  and  Bruckmiller. 

Source:  Settled  Sewage — Li 

ce,  Kansas 

May  23 

25 

0.0024 

69 

0.0015 

0.0015 

51 

0.0060 

51 

0.0012 

0.0020 

63 

0.0070 

23 

0.0027 

0.0031 

26.... 

27 

0.0024 

74 

0.0016 

0.0016 

50 

0.0013 

67 

0.00079 

0.00079 

53 

0.0062 

68 

0.0018 

0.0025 

27 

14 

0.0015 

29 

0.00049 

0.00094 

51 

0.0058 

65 

0.0016 

0.0022 

59 

0.0065 

80 

0.0021 

0.0026 

June     9.... 

45 
33 

0.012 
0.0052 

77 
76 

0.0046 
0.0027 

0.0054 
0.0031 

38 

0.0031 

87 

0.0019 

0.0020 

10 

28 

0.0015 

77 

0.0020 

0.0018 

38 

0.0060 

52 

0.0017 

0.0026 

30 

0.0024 

89 

0.0020 

0.0018 

11 

29 

0.0034 

41 

0.00096 

0.0016 

58 

0.0068 

90 

0.0023 

0.0025 

61 

0.0060 

77 

0.0016 

0.0020 

SSRiES:  Downes. 

Source:  Screened  Sewage — Plainfield.  N.  J. 

May     2.... 

18 

0.0011 

66 

0.00075 

0.00087 

23 
44 

0.00086 
0.0014 

67 
84 

0.00057 
0.00062 

0.00060 
0.00064 

15 

26 

0.0011 

84 

0.00082 

0.00080 

35 
35 

0.0010 
0.00094 

71 
78 

0.00045 
0.00051 

0.00052 
0.00054 

26.... 

37 

0.0014 

84 

0.00066 

0.00057 

44 
57 

0.0016 
0.0018 

81 
89 

0.00072 
0.0011 

0.00068 
0.0010 

June     1.... 

37 

0.0012 

86 

0.00060 

0.00059 

44 

0.0015 

79 

0.00070 

0.00077 

6 

28 

0.0013 

73 

0.00099 

0.0011 

12.... 

45 

0.0012 

84 

0.00050 

0.00058 

41 

0.0014 

70 

0.00062 

0.00075 

Series:  Mohlmai 

3.     Source:  Crude  and  Septic  Sewage — Champaigt 

1,  111. 

Septic 

April  21 

34 
27 

0.0020 
0.0021 

81 

75 

0.0013 
0.0014 

0.0013 
0.0015 

21 

25 
18 

0.0014 
0.0013 

80 
76 

0.0013 
0.0015 

0.0014 
0.0014 

25 

14 

0.0010 

64 

0.0011 

0.0011 

30 

15 

0.0016 

56 

0.0014 

0.0014 

25 

0.0017 

72 

0.0012 

0.0012 

17 

0.0013 

58 

O.OOIO 

0.0011 

18 

0.0010 

86 

0.0015 

0.0011 

Crude 

May     5 

38 
28 

0.0045 
0.0036 

76 
66 

0.0017 
0.0021 

0.0020 
0.0021 

5 

17 

0.0017 

65 

0.0015 

0.0016 

25 

0.0014 

82 

0.0014 

0.0015 

9.... 

26 

0.0060 

61 

0.0031 

0.0036 

22 

0.0035 

61 

0.0026 

0.0028 

11 

25 

0.0072 

73 

0.0052 

0.0053 

14 

34 
28 

0.0058 
0.0079 

60 

55 

0.0020 
0.0032 

0.0025 
0.0040 

14 

0.0049 

58 

0.0025 

0.0031 

Series:  Lederer  j 

ind  Bachmann. 

Source:  Crude  Sewage  (Settled)- 

-Chicago.  111. 

AprU20.... 

26 
18 

0.0012 
0.00059 

78 
76 

0.00084 
0.00052 

0.00088 
0.00049 

16 

0.00046 

80 

0.00051 

0.00047 

21 

28 
26 

0.0011 
0.00070 

72 
78 

0.00057 
0.00045 

0.00069 
0.00046 

37 

0.00074 

74 

0.00032 

0.00036 

22.... 

10 

0.00036 

78 

0.00068 

0.00055 

11 

22 

0.00036 
0.00043 

66 

81 

0.00043 
0.00040 

0.00040 
0.00043 

23 

24 

0.0011 

66 

0.00063 

0.00062 

30 
33 

0.00086 
0.00075 

70 
76 

0.00045 
0.00039 

0.00046 
0.00042 

28 

41 

35 

0.0011 
0.00069 

91 
91 

0.00047 
0.00041 

0.00049 
0 . 00039 

25 

0.00051 

75 

0.00037 

0.00038 

29 

22 
24 

0.00071 
0.00056 

71 
68 

0.00044 
0.00032 

0.00050 
0.00036 

30 

44 

0.0016 

83 

0.00066 

0.00077 

31 
42 

0.00069 
0.00075 

92 

79 

0.00048 
0.00032 

0.00041 
0.00040 

May     1 

33 

0.0010 

84 

0.00059 

0.00058 

24 
26 

0.00062 
0.00060 

82 
82 

0.00048 
0.00048 

0.00049 
0.00049 

4 

29 

0.0016 

79 

0.00089 

0.00084 

29 

0.00082 

90 

0,00058 

0.00058 

33 

0.00089 

93 

0.00067 

0.00061 

6 

41 

0.0016 

94 

0.00080 

0.00088 

26 
31 

0.00057 
0.00062 

76 
94 

0.00039 
0.00049 

0.00040 
0.00051 

27 

30 
30 

0.00071 
0.00039 

60 

78 

0.00031 
0.00022 

0.00040 
0.00021 

24 

0.00032 

79 

0.00025 

0 . 00023 

28.... 

35 

0.0012 

65 

0.00047 

0.00055 

33 

0.00075 

90 

0.00051 

0.00047 

33 

0.00096 

81 

0.00075 

0.00065 

June     4.... 

41 

0.0011 

91 

0.00050 

0.00053 

24 

0.00059 

88 

0.00059 

0.00050 

19 

0.00047 

83 

0.00070 

0.00066 

factor  K  is  part  of  a  formula  developed  by  Prof. 
Phelps  and  Col.  Black  during  an  investigation  of  the 
pollution  of  New  York  harbor  in  iqii.  The  method 
employed  by  Phelps  and  Black  consisted  in  the  in- 
cubation   of    suitable    mixtures    of    the    sewage    with 


aerated  water  for  a  specified  time,  say  24  hours. 
The  oxygen  is  determined  at  the  start  and  at  the  end 
of  incubation.  Considering  the  reaction  between  the 
organic  matter  of  the  sewage  and  the  oxygen  dissolved 
in  the   water,  the  following  relation  is  said  to  hold: 
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log     —    =    KCt.      O'   represents    the    initial,     O    the 

final  amount  of  oxygen  present.  C  expresses  the 
concentration  of  the  sewage,  t  the  duration  of  the 
incubation  in  hours,  and  K  the  velocity  constant  of 
the  reaction  to  be  determined.  Knowing  the  form 
of  the  reaction  curve,  one  computes  first  K  and  then 
by  extrapolation  to  an  extended  period  the  total 
oxygen  demand  of  the  organic  matter  in  the  sewage. 
Originally  it  was  claimed  that  K  is  independent  of 
the  extent  of  dilution.  This,  however,  was  found 
later  to  be  not  quite  correct.     It  was  my  experience 


at  the  highest  concentration  of  the  sewage.  After 
24  hours,  K  is  much  higher  than  after  2  days  and  it 
decreases  (this  does  not  show  in  the  tables  given) 
continuously  up  to  the  last  day  of  incubation.  How- 
ever, after  the  fourth  or  fifth  day  the  differences  are 
by  no  means  as  marked  as  they  are  during  the  first 
few  days.  In  many  cases,  K  is  fairly  constant  after 
5  days.  K  after  5  days  of  incubation  coincides  quite 
well  with  the  average  of  the  10  days  period. 

These  results  are  given  without  comment  or  recom- 
mendation, for  the  reason  that  the  formula  is  now  under- 
going a  very  comprehensive  study  in  connection  with 


Table  II — Per  Cent  Relation  of  "Mg.  Oxygen 

Added 

TO 

1  Liter 

OF  Sewac 

;e"  to  "1 

ViG.  C 

)xygen 

Absorbed  per  Li 

iter 

OF 

SE' 

cvage" 

.'VFTER 

24  H( 

OURS, 

5  Days  and  10 

Days  Incubation 

at  20°  C. 

Mg.  0 

Mg.  0 

Per 
cent 
dilu- 

added Pef 

:  Cent  O  A 

.BSORBI! 

;din 

Per  added 
cent  to  1  1. 
dUu-  sew- 

Per 

Cen 

T  0  Absorbed  ii 

to  1  1.  ' 

sew-  24  hours 

5  days 

10  days 

24  hours 

5  days 

i  10  days 

Date 

Collaborator 

tion 

age 

Av. 

Av 

Av. 

Date 

Collaborator 

tion  age 

Av. 

Av. 

Av. 

May  14 

Mohlma: 

Q 

0.25 

3488  10 

10 

20 

20 

36 

36 

April  20 

Lederer  ai 

3d  Ba 

chmann 

3.0  280 

7 

35 

43 

23 

Young  and  BruckmiUer 

0.36 

2111   5 

14 

21 

21 

287 

11 

23 

31 

26 

2111  2.5 

18 

24 

May  6 

280 

10 

9 

28 

29 

36   37 

26 

2111   5 

14.5 

20 

April  21 

Mohlman 

282 

28 

66 

80 

27 

2111   2.5 

5 

18 

21 

276 

21 

68 

87 

June  10 

2111   2.5 

18 

24 

30 

276 

IS 

70 

82 

11 

2111   7 

4 

9 

13 

22 

21.5 

May  5 

275 

21 

21 

69 

68 

84   83 

5 

Mohlma 

Q 

0.50 

1680  9.5 

26 

34 

2 

Downes 

352 

21 

21 

40 

40 

47   47 

9 

1512  15 

35 

57 

15 

4.0  252 

19 

43 

54 

11 

1580  18 

51 

70 

26 

225 

30 

55 

69 

14 

1688  16 

15 

26 

34 

45 

51 

June   1 

226 

28 

54 

63 

2 

Downes 

2132  3 

10 

16 

6 

230 

26 

66 

90 

15 

2080  3.5 

3 

11 

10 

13 

15 

12 

225 

23 

26 

43 

51   65 

May  21 

Young  a 

nd  BruckmiUer 

0.72 

1055  20 

20 

46 

April  22 

Lederer  ai 

nd  Ba 

chmann 

210 

9.5 

36 

44 

26 

1055  20 

26 

40 

23 

215 

15 

35 

45 

27 

1055  21 

28 

42 

May  27 

202 

9 

22 

28 

June  9 

1055  19 

42 

55 

28 

210 

15.5 

43 

48 

10 

1055  21 

32 

55 

June  4 

202 

12 

12 

46 

36 

52   43 

11 

1055  24 

21 

37 

31 

41 

46.5 

April  24 

Phelps 

224 

6 

20 

27 

May  26 

Downes 

1.00 

938   7 

16.5 

20 

28 

222 

6 

16 

25 

June   1 

959   7 

7 

16 

16 

18 

19 

30 

224 

7 

16 

April  30 

Molhma 

Q 

856  8 

31 

55 

May  8 

217 

4 

16 

25 

30 

854   7 

24 

41 

12 

210 

4 

13 

25 

May  5 

884  22 

38 

57 

13 

221 

4 

12 

5 

836  9 

34 

51 

14 

219 

8 

11 

i7.5 

9 

728  18 

50 

82 

15 

221 

7 

19 

22 

14 

826  24 

15 

50 

38 

86 

62 

16 

228 

9 

27 

34 

April  20 

Lederer  and  Bachmann 

870   7 

21 

26 

16 

219 

7 

6 

28 

18 

32   26 

21 

890  6 

15 

20 

April  28 

Lederer  ai 

nd  Bachmann 

5.0  166 

13 

40 

53 

22 

870  2 

17 

22 

30 

168 

19 

36 

45 

23 

890  6 

16 

24 

May  I 

168 

15 

58 

28 

870  6 

13 

14 

4 

166 

22 

17 

60 

45 

65   55 

29 

860  3.5 

12 

16 

26 

Downes 

6.0  150 

54 

85 

96 

30 

880  8 

17 

20 

June  12 

146 

37 

45 

64 

79 

92   94 

May  1 

880  6 

17 

May  6 

Lederer  and  Ba 

chmann 

135 

18.5 

18.5 

;  55 

55 

59   59 

4 

870  8 

22 

28 

April  24 

Phelps 

147 

8 

22 

33 

6 

860  8 

20 

20 

28 

146 

9 

26 

27 

840  4 

12 

29 

147 

11 

30 

39 

28 

870   7 

ii 

20 

30 

148 

6 

24 

June  4 

840  6 

6 

13 

16 

14 

19 

May   1 

146 

11 

28 

33 

April  20 

Lederer 

and  Bachmann 

1.5 

573   5 

20 

25 

5 

139 

5 

26 

21 

586  6 

5.5 

17 

18 

21 

23 

8 

146 

11 

27 

35 

May  23 

Young  and  BruckmiUer 

1.8 

422  50 

73 

79 

13 

141 

13 

27 

35 

26 

422  46 

59 

87 

14 

143 

13 

30 

48 

27 

422  47 

64 

80 

15 

144 

14 

49 

June  9 

422  26 

61 

70 

23 

144 

11 

.32 

42 

10 

422  21 

63 

71 

23 

141 

10 

io 

37 

28 

44   38 

U 

422  45 

39 

57 

63 

73 

77 

^7 

Lederer  and  Ba 

chmann 

7.0  111 

11 

38 

49 

2 

Downes 

2.0 

530  9 

27 

40 

28 

116 

31 

77 

94 

15 

512  12 

10.5 

22 

24 

30 

35 

June  4 

111 

17 

19 

74 

63 

90   78 

April  21 

Mohlma 

n 

429  20 

55 

73 

May  8 

Phelps 

8.0  107 

13 

38 

50 

21 

409  14 

58 

75 

12 

101 

17 

49 

57 

25 

372  11 

46 

70 

13 

102 

6.5 

36 

44 

30 

430  17 

15 

48 

52 

67 

71 

14 

109 

18 

41 

45 

22 

Lederer 

and  Bachmann 

425   3.5 

21 

32 

15 

103 

25 

58 

73 

23 

435   9 

6 

22 

21 

31 

31 

25 

108 

10 

36 

51 

30 

Phelps 

422   2 

8 

25 

104 

11 

14 

42 

43 

53   53 

May  5 

437   1 

1.5 

8 

ii 

11 

April  21 

Phelps 

10.0  87 

25 

56 

72 

April  28  Lederer 

and  Bachmann 

2.5 

340  9 

25 

27 

22 

82.5 

16 

52 

69 

29 

336   7 

20 

30 

May  26 

82 

26 

64 

76 

30 

344  9 

28 

30 

28 

83 

26 

62 

72 

May  1 

344  8 

34 

28 

80 

27 

60 

75 

4 

340  11 

9 

3,3 

26 

36 

31 

28 

80 

32 

25 

65 

60 

70   72 

that  K  decreased  as  the  concentration  increased,  and 
the  results  obtained  in  Tables  I  and  II  bear  this 
out  uniformly.  To  meet  this  objection,  Phelps  recom- 
mended that  C  in  his  formula  be  effected  by  a  con- 
centration exponent  n,  which  would  have  to  be  de- 
termined for  each  particular  sewage  by  a  study  of  a 
series  of  dilutions. 

In  making  a  study  of  K,  obtained  in  the  experiments 
of  the  collaborators,  the  following  facts  present  them- 
selves very  strikingly.      K  is  almost  invariably  lowest 


the  work  of  the  U.  S.  Public  Health  Service  on  the 
self-purification  of  the  Ohio  and  Potomac  rivers. 
Possibly,  the  results  obtained  in  connection  with  the 
investigation  of  the  English  incubation  test  will  be 
of  some  service  to  the  students  of  the  formula. 

Before  discussing  the  results  obtained  by  the  col- 
laborators and  giving  their  comments,  the  results  are 
compiled  in  Table  I. 

In  some  cases,  as  can  be  noted,  the  number  of  de- 
terminations was  rather  small,  and  in  such  cases  one 
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is  hardly  justified  in  drawing  an  average.  The  heading 
"Per  Cent  of  Total  Oxygen  Absorbed"  serves  to  indi- 
cate the  per  cent  ratio  of  absorption,  assuming  that 
it  is  100  per  cent  after  10  days.  For  instance,  the 
column  "Per  Cent  Oxygen  Absorbed  in  24  Hours" 
indicates  the  per  cent  ratio  between  the  oxygen  ab- 
sorbed in  24  hours  and  10  days. 

Table  II  shows  the  per  cent  of  oxygen  absorbed 
after  i,  5  and  10  days  incubation. 

Table  I  shows  very  strikingly  that  the  rate  of  ab- 
sorption in  certain  dilutions  with  certain  sewages  is 
fairly  uniform  but  that  there  is  no  uniformity  what- 
soever in  this  respect  when  comparing  different  sewages 
with  each  other.  In  other  words,  one  might  incubate 
a  certain  dilution  of  a  certain  sewage  for  24  hours  and 
assume  with  fair  certainty  the  approximate  oxygen 
consumption  in  5  days  and  10  days,  provided  he  has 
once  established  the  relation  in  preliminary  tests. 
This,  of  course,  implies  a  good  deal  of  work  which  the 
busy  works-chemist  is  not  always  in  a  position  to  do. 

In  all  of  the  experiments,  the  number  of  mg.  of  oxy- 
gen absorbed  per  liter  of  sewage  was  lower  the  higher 
the  concentration.  The  percentage  of  oxygen  absorbed 
by  the  sewage  increased  with  the  concentration. 

Some  experiments  were  omitted  in  the  tabulation, 
for  the  reason  that  there  was  a  discrepancy  in  the  re- 
sults which  apparently  seemed  illogical.  Such  dis- 
crepancies were  noted  in  nearly  all  of  the  series.  There 
is  no  doubt  that  some  of  these  discrepancies  are  not 
merely  analytical  errors  but  due  to  reasons  which  still 
lack  satisfactory  explanation.  It  often  happened 
that  the  oxygen  consumption  would  suddenly  increase 
on  one  day,  to  drop  down  to  a  logical  figure  on  the 
next  day.  The  greater  part  of  the  consumption  has 
been  reached  as  a  rule  by  the  fifth  day.  The  consump- 
tion between  the  fifth  and  tenth  day  amounted  to 
about  20  to  25  per  cent  of  the  total.  On  the  whole  the' 
concentration  did  not  matter  greatly  when  comparing 
the  per  cent  oxygen  absorbed  in  24  hours  and  5  days 
(Table  I).  When  the  incubation  was  such  that  less 
than  30  per  cent  and  between  30  and  j6o  per  cent  of 
the  initial  oxygen  was  consumed,  the  "per' cent  oxygen 
absorbed  in  24  hours"  was  about  30  per  cent  (varia- 
tion 17  to  46),  and  the  "per  cent  oxygen  absorbed  in 
S  days"  about  75  per  cent  of  the  total  (variation  58 
to  81).  When  more  than  60  per  cent  of  the  initial 
oxygen  was  absorbed,  the  ratio  of  absorption  was 
somewhat  higher.  For  the  i-day  period  the  ratio  was 
on  the  average  35  per  cent  (variation  22  to  51)  and 
for  the  S-day  period,  about  80  per  cent  of  the  total 
per  cent  consumption  (variation  73  to  86).  That 
this  method  furnishes  only  approximate  figures  at  the 
best  is  apparent. 

Some  of  the  collaborators  have  given  a  more  detailed 
opinion  on  the  result  of  their  tests,  excerpts  of  which 
are  given  herewith. 

Mr.  Mohlman,  who  employed  Jackson's  bulb  pip-^jttes 
as  seals  for  the  bottles  during  incubation,  states  that 
"A  number  of  runs  were  spoiled  by  variations  in  incu- 
bation temperature."  Instead  of  preparing  the  re- 
quired dilutions  for  each  individual  bottle,  Mr.  Mohl- 
man prepared  a  larger  quantity  of  the  desired  mixture 


and  siphoned  the  solution  into  the  8-ounce  bottles. 
(The  procedure  has  been  employed  by  the  writer  on 
previous  dilution  tests  and  seems  much  simpler  and 
quicker  than  preparing  individual  mixtures.  If  care- 
fully done,  there  need  be  no  additional  aeration  and 
this  procedure  has  the  advantage  of  furnishing  an  ab- 
solutely uniform  liquid.)  "The  most  striking  conclu- 
sion is  the  variability  in  the  amount  of  oxygen  used 
by  the  undiluted  sewage,  as  it  varies  in  every  case 
directly  with  the  amount  added  and  is  always  higher' 
in  the  higher  dilutions." 

Dr.  Hale  writes:  "The  parts  per  million  of  oxygen 
absorbed  obtained  with  different  dilutions  by  the 
English  method  do  not  agree.  As  such  a  result  is  not 
reasonable,  instead  of  carrying  out  more  series,  we 
began  to  investigate  immediately  as  to  the  cause  of 
these  discrepancies.  We  have  found  that  aerated  dis- 
tilled water,  even  though  not  saturated  when  put  into 
bottles  and  incubated  at  either  20  or  37°  C,  loses  a 
certain  amount  of  oxygen  which  varies  with  the  tem- 
perature, with  the  initial  oxygen,  and  with  the  type  of 
the  stopper.  We  have  tested  the  rubber  bulbs,  rubber 
stoppers,  glass  stoppers,  open  bottles,  and  open  tubes 
(Phelps)  and  found  varying  losses.  We  believe  that 
oxygen  collects  under  the  stopper  and  upon  the  intro- 
duction of  solutions  for  testing  is  forced  out  of  the  bottle 
and  lost.  This  occurs  whenever  the  oxygen  in  the  bottle 
has  not  been  exhausted.  Such  a  correction  would 
then  apply  to  all  determinations  made  by  the  English 
method,  but  as  the  correction  is  very  uncertain,  it 
makes  the  English  method  very  unreliable  and  my  con- 
clusions at  present  are  that  the  dilution  method  is 
the  only  reliable  standard,  that  the  English  method 
cannot  be  recommended  unless  extensive  experiments 

find    a    way    of    eliminating    this    uncertainty" 

"There  is  also  another  reason  why  the  English  method 
is  unreliable  and  that  is  that  different  airiounts  of 
sewage  require  different  lengths  of  time  to  reach  the 
endpoint,  consequently  if  such  a  method  is  adopted 
we  shall  have  to  choose  a  certain  dilution,  say  one  per 
cent,  and  determine  the  length  of  time  it  takes  that 
dilution  to  reach  completion,  besides  eliminating  pre- 
vious error  of  loss  of  oxygen  that  I  have  mentioned. 
It  may  be  that  by  filling  bottles  and  allowing  them  to 
stand  in  the  incubator  for  three  days  before  the  addi- 
tion of  sewage,  the  error  may  be  eliminated,  since  the 
loss  appeared  to  be  constant  in  two  to  three  days. 
This  means,  however,  a  troublesome  procedure." 

Mr.  Downes  feels  that  efforts  should  be  abandoned 
to  secure  absolute  oxygen  capacity  figures.  "On  the 
other  hand,  I  feel  that  we  should  work  towards  the 
shortest  incubation  period  which  will  give  compatible 
results  indicative  of  the  effect  of  the  sewage  in  question 
on  the  stream  which  it  is  to  enter.  In  plant  and  stream 
control  the  value  of  the  results  increase  in  proportion 
to  the  speed  with  which  they  can  be  obtained.  I  sug- 
gest a  24-hour  period  for  routine  work  as  best  adapted 
to  our  American  needs.  From  past  experience  I  had 
been  led  to  hope  that  I  could  show  that  such  a  period 
was  more  independent  of  the  dilution  than  longer 
periods.  This  I  have  not  been  able  to  do  to  my  satis- 
faction.      On  the  other  hand,  results  for  24-hour  tests 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  ii 


are  just  as  compatible  and  just  as  reliable  as  results 
from  longer  periods.  In  cases  when  a  comparatively 
stable  condition  of  the  sample  has  been  reached  between 
the  fifth  and  tenth  day  without  exhaustion  of  the  avail- 
able oxygen,  the  24-hour  results  are  about  40  per  cent 

of  the  whole." "It  seems  that  we  can  hardly  do 

better  than  to  adopt  a  dilution  that  will  leave  a  30 
per  cent  to  60  per  cent  residual  oxygen  in  5  days  as 
the  English  do,  for  it  is  certain  that  too  high  a  concen- 
tration would  interfere  with  the  life  of  the  oxidizing 
organisms." 

Mr.  Hoover  would  prefer  the  term  "dissolved  oxy- 
gen consumed"  to  "biochemical  oxygen  demand." 

Prof.  Phelps  finds  the  work  not  very  satisfactory  and 
it  is  his  intention  to  develop  some  method  which  will 
take   us   entirely   away   from   oxygen   determinations. 

Notwithstanding  the  shortcomings  of  the  method, 
it  is  of  some  advantage  to  be  able  to  know  even  ap- 
proximately the  24-hour  and  total  oxygen  consumption 
of  the  sewage.  As  long  as  we  lack  proven  methods  which 
will  give  us  this  information  accurately,  the  introduc- 
tion of  the  "Modified  English  Incubation  Test"  as  a 
provisional  method  at  the  next  annual  meeting  of  the 
American  Public  Health  Association  ought  to  serve 
some  useful  purpose.  A  method  developed  by  me  for 
the  determination  of  the  oxygen  demand  consists  in 
the  addition  of  saltpeter,  the  oxygen  of  which  is 
utilized  during  incubation  just  as  the  oxygen  in  diluting 
water  is  used.  The  method  has  been  published  in  the 
May  number  of  the  Journal  of  Infectious  Diseases. 
The  method  has  since  been  simplified  by  me  and  has 
given  satisfaction  in  determining  the  strength  of  sew- 
ages in  polluted  waters.  Various  chemists  are  employ- 
ing the  method  at  present  and  their  criticism  and  re- 
sults will  help  to  decide  whether  the  method  is  of  suffi- 
cient value  to  supplant  the  one  discussed  at  length  in 
this  paper,  or  whether  it  is  to  serve  as  a  matter  of 
choice.  It  is  also  to  be  hoped  that  Prof.  Phelps  will 
be  successful  in  his  endeavor  to  originate  a  reliable 
method  for  the  determination  of  the  oxygen  demand 
and  the  ratio  of  oxygen  absorption. 

It  is  the  intention  to  present  the  provisional  proced  ure 
as  the  "Modified  English  Incubation  Test"  for  the 
determination  of  the  biochemical  oxygen  demand  in 
the  following  form: 

"A  definite  volume  of  sewage  or  effluent  is  mixed 
with  aerated  distilled  water  or  tap  water,  free  from 
nitrites  and  nitrates,  in  such  proportion  that  between 
30  and  60  per  cent  of  the  available  oxygen  is  consumed 
at  the  end  of  10  days  incubation  at  20°  C.  Care 
should  be  taken  to  store  the  diluting  water  for  some 
time  (one  or  two  days)  at  the  constant  temperature 
of  20°  C,  previous  to  the  preparation  of  the  mixture. 
The  sewage  and  even  the  bottles  which  are  to  be  in- 
cubated should  be  of  the  same  temperature  to  obtain 
satisfactory  results.  The  sewage  may  be  added  di- 
rectly into  the  bottles  or  else  a  larger  quantity  of  the 
mixture  may  be  prepared  and  the  mixture  siphoned 
into  the  bottles,  care  being  taken  to  avoid  aeration. 
A  bottle  of  250  cc.  capacity  with  a  seal  such  as  is  often 
used  for  the  methylene  blue  putrescibility  test  is  em- 
ployed.    It  is  necessary  to  establish  the  ratio  of  ab- 


sorption in  a  definite  concentration  for  each  particular 
dry  weather  flow  sewage  before  resorting  to  short  time 
incubation.  Having  established  the  per  cent  ratio  of 
absorption  for  i,  5  and  10  days  at  the  proper  concen- 
tration at  various  times,  it  may  then  suffice  to  incubate 
the  mixture  for  24  hours  at  20°  C.  The  results  after 
incubation  of  24  hours  can  be  converted  into  approxi- 
mate results  obtainable  after  5  and  10  days  incubation 
by  multiplying  by  the  proper  factors.  It  is  assumed 
that  a  lo-day  period  of  incubation  coincides  with  the 
complete  oxidation  of  the  sewage  mixture,  which  is 
correct  for  all  practical  purposes.  Results  should  be 
expressed  in  "milligrams  of  oxygen  absorbed  per  liter 
of  crude  sewage  or  eflSuent."  For  purposes  of  com- 
parison with  other  sewages,  it  is  desirable  to  state  the 
oxygen  consumption  in  milligrams  for  24  hours  and 
10  days.  The  lo-day  consumption  figure  may  either 
be  actually  determined  or  obtained  by  calculation  with 
the  factor  established  in  the  initial  experiments." 

The  writer  wishes  to  thank  heartily  all  those  who 
have  cooperated  in  this  work  by  actual  experiment  and 
by  suggestions.  On  the  whole,  the  results  of  the  experi- 
mental work  have  not  been  very  satisfying  to  the  col- 
laborators, including  myself.  Even  though  we  did 
not  decide  on  a  method  which  promises  to  be  of  a  perma- 
nent character,  I  feel  that  we  shall  be  able  at  least  to 
obtain  more  uniform  results  by  establishing  a  standard 
concentration,  incubation  temperature  and  period. 
If  all  those  who  are  interested  sufficiently  in  this  test 
will  establish  the  approximate  ratio  of  oxygen  ex- 
haustion in  their  sewage  during  a  lo-day  period,  the 
results  obtained  in  various  places  ought  to  be  fairly 
comparable  with  each  other. 

Thb  Sanitary  District  of  Chicago 
39th  St.  and  Laks  Front 


NOTES  ON  THE  COMPOSITION  OF  MIDCONTINENTAL 
PETROLEUM' 

By  F.   W.   BusBONG 
Received  August  14,  1914 

The  crude  oil  from  which  the  products  described 
herein  were  derived  came  from  the  wells  of  the  Alluwe 
Oil  Company  in  Oklahoma.  It  is  a  typical  Oklahoma 
oil  of  specific  gravity^  0.8513  at  is^/is". 

Although  the  writer  is  firmly  convinced  that  a 
thorough  series  of  fractional  distillations  begun  on  a 
factory  scale  and  carried  out  to  the  highest  limit  of 
efficiency  would  richly  reward  the  immense  labor 
involved  by  opening  up  a  new  world  of  possibilities 
in  the  way  of  chemical  products  to  be  manufactured 
from  petroleum  he  keenly  feels  his  helplessness  in  the 
face  of  the  enormity  of  such  an  undertaking.  The 
time  at  his  disposal  permitted  only  a  series  of  four 
distillations. 

Two  8-liter  portions  of  the  crude  oil  were  subjected 
to  distillation  from  a  copper  retort  until  the  tem- 
perature of  the  vapors  reached  315°  C.  The  distillates 
were  collected  in  10  fractions  of  5  per  cent  each  by 
volume.     The  redistillations  were  carried  out  in  Jena 

'  This  work  was  done  under  the  J.  R.  Greenlees  Temporary  Industrial 
Fellowship,  established  under  the  direction  of  the  late  Dr.  Robert  Ken- 
nedy Duncan,  in  the  University  of  Kansas,  1908. 

■  There  was  a  loss  of  gasoline  during  shipment.     The  oil  at  the  well  is 

lighter. 
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glass  flasks.  In  the  case  of  the  gasoHne  fractions  a 
LeBel-Henninger  dephlegmator  was  employed. 
Twelve-degree  fractions  were  collected  in  the  second 
distillation,  four-degree  fractions  in  the  third,  and 
two-degree  fractions  in  the  fourth.  Natural  gas  was 
used  as  the  source  of  heat  in  the  first  three  distillations, 
but  in  the  final  distillation  electricity  was  employed 
in  the  following  manner:  The  distilling  flask  was 
mounted  upon  an  electric  flask  heater  which  was  so 
regulated  as  to  heat  the  oil  nearly  to  its  boiling  point. 
A  coil  consisting  of  about  five  meters  No.  24  German 
silver  wire  was  held  in  place  in  the  form  of  a  ring 
within  the  distilling  flask  by  means  of  two  stout  copper 
wire  terminals  which  passed  up  through  the  cork  stop- 
per in  the  neck  of  the  flask.  The  quantity  of  current 
passed  through  this  coil  in  order  to  effect  the  distillation 
of  the  preheated  oil  was  small,  and  was  controlled  by 
outside  resistance.  This  arrangement  permitted  easy 
control  and  constancy  of  distillation,  and  did  not 
require  a  great  difference  between  the  temperature 
of  the  heating  coil  and  that  of  the  oil. 

Tables  I  and  II  show  the  fractions  thus  collected, 
their  relative  quantities,  densities  and  indices  of  re- 
fraction. 

TABI.B  I — Gasoline  Fractions 


Fraction 
252  to  254"= 
272  to  274° 
292  to  294" 
296  to  298° 


Per  cent  C 
86.58 
86.39 
86.65 
86.29 


Per  cent  H 
13.41 
13.43 
13.46 
13.26 


Several  fractions  were  treated  with  ozone,  in  the  cold. 
After  separating  the  resinified  ozonides,  by  settling, 
the  residual  oils  had  the  following  composition: 


Fraction 

Per  cent  C 

Per  cent  H 

Per  cent  O  (dif.) 

302  to  304° 

84.19 

13.  13 

2.68 

300  to  302° 

83.88 

12.88 

3.24 

298  to  300° 

83.73 

13.31 

2.96 

296  to  298° 

84.54 

13.35 

2.  11 

Same  after 

drying  with  Na    84.84  13.67  1.49 

The  residual  oil  from  the  302  to  304°  fraction,  after 
refining     with     successive     portions     of     concentrated 

Table  II — Kerosene  Fractions 


Bar.  pr. 

Percentage 

Sp.  gr. 

Ref.  inde 

Fraction 

mm. 

by  vol. 

15°/15° 

15°  C. 

Below 

40° 

739 

0.5 

0.6296 

1.3616 

40  to 

50° 

739 

0.12 

0 . 6448 

1.3675 

50  to 

60° 

739 

0.35 

0.6608 

1.3750 

60  to 

62° 

739 

0.08 

1.3806 

62  ot 

64° 

744 

0.08 

1.3828 

64  to 

66° 

744 

0.10 

1.3847 

66  to 

68° 

744 

0.34 

0.6867 

1.3873 

68  to 

70° 

744 

0.29 

0.6926 

1.3898 

70  to 

72° 

744 

0.27 

0.6976 

1.3921 

72  to 

74° 

744 

0.22 

1 . 3946 

74  to 

76° 

740 

0.18 

1.3965 

76  to 

78° 

740 

0.07 

1.3987 

78  to 

80° 

740 

0.19 

0!7i71 

1.4006 

80  to 

82° 

740 

0.13 

0.7211 

1.4023 

82  to 

84° 

740 

0.11 

0.7221 

1.4029 

84  to 

86° 

740 

0.11 

0.7261 

1.4042 

86  to 

88° 

740 

0.36 

0.7260 

1.4051 

88  to 

90° 

740 

0.31 

0.7273 

1 . 4056 

90  to 

92° 

740 

0.26 

0.7286 

1.4063 

92  to 

94° 

740 

0.44 

0.7291 

1.4068 

94  to 

96° 

740 

0.39 

0.7306 

1.4080 

96  to 

98° 

740 

0.93 

0.7331 

1.4093 

98  to  100° 

740 

0.31 

0.7364 

1.4113 

100  to  102° 

731 

0.41 

0.7391 

1.4120 

102  to  104° 

731 

0.29 

0.7407 

1.4133 

104  to  106° 

731 

0.28 

0.7430 

1.4143 

106  to 

108° 

731 

0.13 

0.7432 

1.4144 

108  to  110° 

731 

0.15 

0.7436 

1.4147 

110  to 

112° 

731 

0.31 

0.7440 

1.4153 

112  to 

114° 

731 

0.29 

0.7438 

1.4150 

114  to  116° 

731 

0.36 

0.7433 

1.4151 

116  to 

118° 

731 

0.36 

0.7435 

1.4152 

118  to 

120° 

744 

0.37 

0.7443 

1.4159 

120  to  122° 

744 

0.43 

0.7450 

1.4162 

122  to  124° 

744 

0.46 

0.7467 

1.4185 

124  to  126° 

744 

0.34 

0.7485 

1.4195 

126  to 

128° 

744 

0.40 

0.7526 

1.4217 

128  to  130° 

744 

0.25 

0.7557 

1.4238 

130  to 

132° 

748 

0.32 

0.7600 

1.4258 

132  to 

134° 

748 

0.24 

0.7617 

1.4267 

134  to  136° 

748 

0.35 

0.7652 

I .4283 

136  to  138° 

750 

0.31 

0.7666 

1.4297 

138  to  140° 

750 

0.27 

0.7679 

1.4300 

140  to  142° 

750 

0.22 

0.7684 

1.4307 

142  to  144° 

750 

0.33 

0.7679 

1.4300 

144  to  146° 

750 

0.40 

0.7682 

1.4299 

146  to  148° 

750 

0.14 

0.7686 

1.4299 

148  to  150° 

750 

0.22 

0.7687 

1.4300 

Total  Gasoline  13.77 

Results  of  analysis  of  some  of  the  untreated  higher 
kerosene  fractions  are  here  shown: 


Fraction 
290  to  292° 
292  to  294° 
294  to  296° 
296  to  298° 


85.96 
86.24 
85.80 


Per  cent  H 
13.31 
13.03 
13.18 
13.06 


Per   cent   O    (dif.) 
0.62 
1.01 
0.58 
1.14 


Bar.  pr. 

Percentage 

Sp.  gr. 

Ref.  index 

Fra 

ction 

mm. 

by  vol. 

15°/15° 

15°  C. 

150 

o  152° 

738 

0.20 

0.7715 

1  , 4320 

152 

o  154° 

738 

0.50 

0.7730 

1  .4330 

154 

o  156° 

739 

0.36 

0.7744 

1.4338 

156 

o  158° 

739 

0.49 

0.7762 

1 .4350 

158 

o  160° 

739 

0.31 

0.7784 

1 .4359 

160 

o  162° 

739 

0.55 

0 . 7800 

1.4372 

162 

o  164° 

737 

0.60 

0.7818 

1 . 4384 

164 
166 

o  166° 
o  168° 

W 

0.37 

0.7844 

1.4393 

168 

o  170° 

744 

0.36 

0.7849 

1.4391 

170 

to  172° 

738 

0.40 

0.7868 

1 . 4405 

172 

to  174° 

733 

0.56 

0.7884 

1.4418 

174 

to  176° 

733 

0.52 

0.7897 

1.4425 

176 

to  178° 

733 

0.35 

0.7910 

1.4430 

178 

to  180° 

736 

0.44 

0.7920 

1.4435 

180 

to  182° 

736 

0.41 

0.7930 

I . 4440 

182 

to  184° 

736 

0.24 

0.7944 

1.4447 

184 

to  186° 

735 

0.44 

0.7957 

1.4450 

186 

to  188° 

734 

0.20 

0.7969 

1.4458 

188 

o  190° 

734 

0.48 

0.7980 

1.4466 

190 

to  192° 

734 

0.40 

0.7997 

1 . 4470 

192 

o  194° 

734 

0.51 

0.8006 

1.4478 

194 

o  196° 

734 

0.32 

0.8026 

1.4485 

196 

to  198° 

734 

0.30 

0.8030 

1.4492 

198 

to  200° 

734 

0.50 

0.8050 

1.4498 

200 

o202° 

731 

0.33 

0.8064 

1 .  4505 

202 

o  204° 

738 

0.43 

0.8075 

1.4508 

204 

to  206° 

738 

0.51 

0.8094 

1.4518 

206 

to  208° 

738 

0.37 

0.8105 

1.4523 

208 

o210° 

738 

0.47 

0.8118 

1.4530 

210 

o212° 

736 

0.43 

0.8129 

1.4538 

212 

o  214° 

736 

0.51 

0.8138 

1.4544 

214 

o  216° 

733 

0.47 

0.8154 

1.4550 

216 

o218° 

733 

0.51 

0.8160 

1.4552 

218 

o  220° 

733 

0.28 

0.8175 

1.4559 

220 

o  222° 

732 

0.40 

0  8184 

1.4563 

222 

o224° 

730 

0.50 

0.8190 

1.4570 

224 

o  226° 

730 

0.38 

0.8207 

1.4579 

226 

o228° 

730 

0.45 

0.8219 

1.4583 

228 

o230° 

730 

0.41 

0.8230 

1.4592 

230 

o232° 

730 

0.33 

0.8244 

1.4601 

232 

o234° 

730 

0.41 

0.8252 

1.4607 

234 

0  236° 

742 

0.37 

0.8264 

1.4611 

236 

o238° 

742 

0.40 

0.8270 

1.4617 

238 

o240° 

742 

'  0.40 

0.8290 

1.4627 

240 

o  242° 

742 

0.42 

0.8306 

1.4632 

242 

o244° 

742 

0.42 

0.8322 

1 . 4644 

244 

o246° 

741 

0.34 

0.8329 

1.4651 

246 

o248° 

741 

0.30 

0.8339 

1.4658 

248 

o250° 

741 

0.31 

0.8355 

1.4662 

250 

o252° 

741 

0.39 

0.8360 

1.4670 

252 

o254° 

741 

0.51 

0.8381 

1.4675 

254 

o256° 

740 

0.24 

0 . 8388 

1.4684 

256 

o  258° 

740 

0.39 

0.8398 

1.4690 

258 

o260° 

740 

0.40 

0.8410 

1.4698 

260 

o262° 

738 

0.34 

0.8418 

1.4700 

262 

o264° 

738 

0.37 

0.8434 

1.4708 

264 

o266° 

738 

0.46 

0.8440 

1.4721 

266 

o268° 

737 

0.43 

0.8449 

1.4725 

268 

o270° 

737 

0.45 

0.8455 

1.4729 

270 

o  272° 

735 

0.27 

0.8462 

1.4732 

272 

o274° 

735 

0.44 

0.8469 

1.4738 

274 

o276° 

733 

0.23 

0.8480 

1.4741 

276 

o278° 

733 

0.41 

0.8483 

1.4745 

278 

o280° 

736 

0.38 

0.8483 

1.4745 

280 

o282° 

736 

0.43 

0.8595 

1.4747 

282 

o284° 

741 

0.23 

0.8500 

1.4750 

284 

o286° 

741 

0.33 

0.8498 

1.4750 

286 

o  288° 

741 

0.40 

0.8508 

1.4754 

288 

o290° 

740 

0.28 

0.8508 

1.4754 

290 

o292° 

740 

0.29 

0.8510 

1.4756 

292 

o  294° 

739 

0.37 

0.8513 

1.4755 

294 

o  296° 

739 

0.22 

0.8518 

1.4760 

296 

o  298° 

739 

0.28 

0.8525 

1.4760 

298 

o300° 

739 

0.28 

0.8530 

1.4760 

Tot 

AL  Kerosene 

28.80 

300 

o302° 

739 

0.8533 

1.4761 

302 

o  304° 

739 

0.8540 

1.4765 

Average 86.02  13.14  0.84 

Fractions  dried  by  means  of  metallic  sodium,  and 
filtered,  were  found  to  have  the  following  composition: 


(a)  Mercury  column  of  thermometer  became  shattered. 

sulfuric  acid,  washing  in  the  usual  manner  and  drying 
over  calcium  chloride,  gave  the  following  analysis: 


890 
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85.84  per  cent  C  and  13.99  per  cent  H 

The  residual  oil  of  the  300  to  302°  fraction  (after 
separation  of  the  ozonide)  was  refined  by  means  of 
liquid  sulfur  dioxide,  according  to  the  method  of 
Edeleanu.'  The  oil  thus  refined,  washed  and  dried, 
had  the  refractive  index  1.4712  at  14°,  and  was  found 
to  contain 

85.42  per  cent  C        14.  12  per  cent  H 
Calculated  for  C„H,„  85  .62  per  cent  C        14.38  per  cent  H 

The  oil  extracted  therefrom  by  the  liquid  sulfur 
dioxide,  after  washing,  etc.,  had  the  refractive  index 
1.5222  at  16°  and  contained 

82.42  per  cent  C  10.31  per  cent  H       7.  27  per  cent  O   (dif.) 

The  296  to  298°  fraction,  weighing  58.34  g.  after 
treatment  with  sodium,  and  filtration,  was  treated 
in  the  cold  with  ozonized  air  for  five  successive  days. 
The  ozonide  was  washed  with  about  25  cc.  of  light 
gasoline,  to  which  it  gave  only  a  slight  color.  After 
evaporation  of  the  residual  gasoline  in  a  current  of 
natural  gas  there  remained  5.8  g.  of  ozonide — 10  per 
cent  of  the  weight  of  oil.  Some  of  this  ozonide  was 
treated  with  anhydrous  ether,  yielding  a  red  colored 
solution,  which  was  poured  off  from  a  brick-red  in- 
soluble powder.  After  the  evaporation  of  the  ether 
there  remained  a  transparent  red  syrup  which  hard- 
ened slowly  like  a  varnish.  A  portion  for  analysis 
was  spread  in  a  film  over  the  inner  surface  of  a  porcelain 
boat  and  dried  in  a  desiccator.  Its  weight  became 
constant  at  0.4122  g.  On  combustion  this  gave 
0.9623  g.  CO2  and  0.2336  g.  H2O. 

Found  63. 67  per  cent  C     6.34  per  cent  H 

Calculated  for  C17H20O6  63 .  72  per  cent  C    6 .  30  per  cent  H  29 .  98  per  cent  O 

This  is  in  accordance  with  the  results  obtained  by 
Molinari  and  Fenaroli-  with  distillates  from  Roumanian 
and  Russian  petroleums. 

The  252  to  254°  fraction — the  largest  of  the  upper 
kerosene — after  drying  over  sodium,  was  refined  with 
liquid  sulfur  dioxide. 

A— The  refined  oil  had  a  specific  gravity  of  0.8240 
at  15°  and  the  refractive  index  1.4660  at  15°.  Its 
composition  was  found  to  be 

85 .  29  per  cent  C        13 .  98  per  cent  H 

B — The  sulfur  dioxide  extract,  after  washing,  etc., 
had  the  refractive  index  1.54 12  at  12°  and  the  com- 
position 

88.94  per  cent  C    10. 19  per  c 
Calculated  for  CiB  H20     89.93  per  cent  C     10.07  per  c 

This  extract,  B,  was  then  treated  with  ozonized 
oxygen,  in  the  cold.  It  yielded  an  ozonide  which  when 
freshly  precipitated  was  flaky  and  almost  white,  but 
slowly  resinified.  It  was  taken  up  in  absolute  ether 
and  shaken  with  successive  portions  of  a  dilute  aqueous 
solution  of  potassium  hydroxide  until  freed  from  acids. 
It  was  then  washed,  and  dried  over  calcium  chloride. 
After  evaporation  of  the  ether  a  thick  resinous  syrup 
remained.  0.468 1  g.  of  the  dry  substance  gave  i . 2 7 1 2  g. 
CO2  and  0.2884  g-  H2O. 

Found  74.06  per  cent  C     6.89  percent  H 

Calc.  for  CuHuOa        73  .  73  per  cent  C     6.61percentH       19.66  per  cent  O 

Molinari  and  Fenaroli  isolated  from  the  petroleum 

'  U.  S.  Pat.  911.553.  Feb.  2.  1909;  Chem.  Abs..  3,  1082. 
»  Berichte,  41  (1908),  3407. 


•nt  H    0.87  per  cent  O 

(dif.) 
at  H 


of  Velleja,  Italy,  a  flaky  white  ozonide  having  the 
composition  CisHjeOe,  which  they  believe  to  have  been 
formed  from  the  hydrocarbon  CuHie  by  the  addition 
of  two  O3  groups  to  two  double  bonds.  Possibly  our 
original  product  also  may  have  been  the  same  double 
ozonide,  which  on  treatment  with  alkali  lost  half  of 
its  oxygen. 

In  the  excellent  work  "Wissenschaftliche  Grundlagen 
der  Erdolbereitung,"  by  Dr.  L.  Gurwitsch,  Berlin, 
1913,  pp.  34-35,  the  significance  of  the  suggestion  of 
Molinari  and  Fenaroli  regarding  the  preexistence  of 
hydrocarbons  of  the  series  C„H2„_i4  in  kerosene  is 
critically  discussed,  and  it  is  pointed  out  that  oxidation 
may  precede  the  ozonide  formation.  The  analysis 
of  the  sulfur  dioxide  extract  of  the  unoxidized  252  to 
254°  fraction  shows  approximately  the  same  hydrogen 
content  as  the  hydrocarbon  Ci5H2o.  Since,  however, 
the  extraction  method  cannot  effect  complete  separa- 
tion of  the  two  classes  of  hydrocarbons  it  is  very 
probable  that  this  extract  may  consist  essentially  of 
the  hydrocarbon  CisHie,  contaminated  by  small  residual 
quantities  of  ordinary  naphthenes. 

The  ozone  reaction  has  given  us  a  valuable  working 
tool  for  detecting  new  constituents  of  petroleum. 

The  extraction  method  of  Edeleanu  enables  us  to 
remove  these  constituents  from  the  main  body  of  the 
petroleum,  in  concentrated  form  and  apparently  un- 
altered condition. 

In  the  opinion  of  the  writer,  however,  the  proof  of 
the  chemical  composition  of  these  reactive  constituents 
awaits  the  development  of  an  independent  method  of 
attacking  the  problem. 

3447  Parkview  Ave.,  Pittsburgh.  Pa. 


EFFECT  OF  PRESSURE  ON  YIELDS  OF  PRODUCTS  IN 
THE  DESTRUCTIVE  DISTILLATION  OF  HARDWOOD 

By   R.    C     Palmer 

Received  August  5,  1914 

INTRODUCTION 

A  study  of  the  effect  of  pressure  on  yields  was  con- 
ducted at  the  Forest  Products  Laboratory  as  a  part  of 
a  series  of  experiments  to  devise  methods  of  increasing 
the  amounts  of  valuable  products  obtained  in  the  de- 
structive distillation  of  hardwoods. 

It  is  generally  known  that  certain  primary  re- 
actions occur  in  the  action  of  dry  heat  on  wood  sub- 
stance in  the  absence  of  air,  resulting  in  the  primary 
products:  acetic  acid,  methyl  alcohol,  a  very  complex 
tar,  charcoal,  and  such  gases  as  carbon  dioxide,  carbon 
monoxide  and  methane.  From  a  theoretical  stand- 
point, it  is  possible  to  produce  secondary  reactions 
between  these  primary  products  such  as  2CH3COOH  = 
CH3COCH3  -t-  CO2  -I-  H2O,  resulting  in  a  decrease  in 
acetic  acid,  or  CH3OH  +  CH3COOH  =  CH3COOCH3-I- 
H2O,  giving  a  decrease  in  both  alcohol  and  acetic  acid. 

The  decomposition  reactions  of  wood  which  result 
in  the  formation  of  tar  are  at  present  too  little  under- 
stood even  for  speculation  but  undoubtedly  a  relation 
exists  between  the  tar  and  charcoal,  both  products  con- 
taining a  high  carbon  content,'  and  a  relation  be- 
tween acid  or  alcohol  and  tar  is  certainly  not  impossible  • 

*  Ultimate  analysis  of  birch  tar  has  been  B>ven  as  CjeHijOie.     Klason, 
Arch.  f.  Kemie  Min.  and  CeoL.  Vol.  6,  No.  7. 


Nov.,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Sqi 


METHOD    OF    MAKING    EXPERIMENTS 

APPARATUS — A  diagrammatic  sketch  of  the  ap- 
paratus used  is  shown  in  Fig.  i.  This  apparatus  is 
a  cast  iron  autoclave  with  walls  i  inch  thick  to  with- 
stand   high    pressure.      The    autoclave    has    a    jacket 


Fig   I — Experimental  Autoclave 

filled  with  a  heating  medium.  The  heat  is  supplied 
by  means  of  a  giant  Bunsen  burner.  A  mixture  of 
sodium  and  potassium  nitrates  was  found  to  be  a  con- 
venient bath  material.  A  stirring  device  was  pro- 
vided for  keeping  the  charge  well  mixed.  It  was  found 
necessary  to  stir  continuously  during  the  exothermic 
reaction  in  order  te-  secure  check  runs  under  any  given 
conditions  of  pressure  and  size  of  chip. 

The  temperature  of  the  distillation  was  measured 
at  a  point  as  near  the  center  of  the  charcoal  residue 
as  the  stirrer  would  permit.  In  order  that  the  re- 
action should  be  uniformly  complete  in  all  cases,  the 
distillation  was  considered  finished  when  the  constant 
maximum  temperature  was  maintained  for  10  minutes 
with  constant  stirring.  A  final  temperature  of  as  near 
to  335°  C.  as  possible  was  attained  in  each  distillation. 

In  heating  up  the  retort  with  air  alone  it  was  found 
that  the  temperature  in  the  retort  was  constantly  about 
100°  lower  than  the  bath  temperature,  probably  due 
to  large  conduction  of  heat  through  the  heavy  wall. 
Therefore,  in  making  distillations,  the  bath  was  raised 
to  abo.ut  450°  C.  and  maintained  at  that  tempera- 
ture throughout  the  experiment. 

OPERATION  OF  RETORT — Distillations  were  made 
using:  (i)  sawdust  of  two  species,  maple  and  birch; 
(2)  chips  averaging  i  by  Vs  by  Vs  inch  of  birch.  For 
distillations  in  the  autoclave  the  small  material  was 
selected  because  differences  due  to  different  qualities 
of  material  could  be  obviated.      The  objections  to  the 


use  of  small  material  because  of  difficulties  in  heating 
were  avoided  by  stirring  the  charge.  Also  while 
probably  not  commercial  in  the  ordinary  types  of  dis- 
tilling apparatus,  sawdust  or  chips  served  the  purpose 
of  obtaining  simply  comparative  results. 

The  different  kinds  of  material  were  first  distilled 
at  atmospheric  pressure  under  conditions  as  far  as 
possible  comparable  with  the  ordinary  methods  of 
commercially  distilling  wood.  Distillations  were  then 
made  under  different  pressures  up  to  150  lbs.  per  sq.  in. 
In  the  pressure  distillations  as  soon  as  the  first  water 
distillate  was  coming  in  sufficient  quantity  to  insure 
that  all  air  had  been  displaced  the  outlet  was  closed 
until  the  desired  pressure  was  obtained  as  indicated 
on  a  pressure  gauge,  the  outlet  then  being  opened  just 
enough  to  maintain  the  pressure. 

In  most  cases  very  little  manipulation  of  the  outlet 
valve  was  necessary  to  secure  constant  pressure  con- 
ditions throughout  the  run  except  at  the  very  last, 
when  the  quantity  of  distillate  was  very  small.  A  typ- 
ical data  sheet  is  shown  in  Table  I,  which  indicates  the 
manner  of  making  the  distillations. 


43.      February 
Temperature 


Table  I — Birch  Ciiii 
1914. 


Weight    charge.    290.1    g. 
Oven  dry  weight,  2621  g. 


Time         Autocla 
8.30  a.m.      ... 
9.39  116 

9.51  155 

9.57 

10.02 

10.06 

10.09 

10.  11 

10.13 

10.  15 

10.  16 

10.  17 

10,  18 

10.23 

10.27 

10.30 

10.33 

10.37 

10.40 


12.20  1 


194 
209 

225 
242 
250 
272 
286 
298 
311 
325 
331 
335 
338 
338 
337 
220 


363 
400 
415 
425 
429 
435 
440 
442 
442 
443 
444 
447 
450 


Stirred  continuously 


RESULTS 
RELATION     BETWEEN    TIME,    TEMPERATURE,    AND    PER 

CENT  OF  DISTILLATE — Figs.  2  and  3  show  the  relation 
between  time,  temperature,  and  per  cent  of  total 
distillate  for  typical  distillations  made  at  o,  60,  and  120 
lbs.  pressure.  Distillations  were  usually  complete 
within  two  hours  after  the  distillate  began  coming  over. 
It  is  evident  from  the  temperature  distillate  curve  that 
the  temperature  was  not  the  true  average  tempera- 
ture of  the  autoclave  but  only  served  as  an  indication 
of  the  rate  of  rise  of  the  temperature. 

Free  tar  began  coming  over  in  the  distillate  after 
about  the  same  lapse  of  time  in  each  case,  but  at  160° 
for  o  lbs.,  180°  for  60  lbs.  and  about  210°  C.  for  i  20  lbs. 
pressure.  From  numerous  other  experiments  by  the 
author  and  from  the  reports  of  other  investigators 
the  destructive  distillation  point  accompanied  by  the 
formation  of  free  tar  occurs  at  about  275°  C.  at  atmos- 
pheric pressure.  The  thermometer  reading  is,  there- 
fore, evidently  too  low  during  the  distillation  stage. 
However,  since  with  air  alone  the  thermometer  could 
not  be  rasied  within  100°  of  the  bath,  and  since  the  final 
temperature  was  in  nearly  all  cases  about  100°  lower 
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than  the  bath,  the  final  indicated  temperature  was 
probably  more  nearly  correct.  No  allowance  is  made 
for  the  heat  developed  by  the  exothermic  reaction  of 
distillation  but  with  only  about  3000  g.  of  wood  this 
would  not  be  very  great. 

In  spite  of  the  uncertainty  of  having  measured  the 
actual  temperature  the  following  effects  of  pressure 
or  the  manner  of  distillation  are  indicated: 

I — The  decided  difference  in  the  temperature- 
time  and  temperature-per  cent  distillate  curves  with 
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increasing  pressures  is  probably  due  entirely  to  the 
increase  in  boiling  point  of  water  under  pressure.  At 
60  lbs.  pressure,  water  boils  at  155°  C;  at  120  lbs. 
pressure,  at  176°  C.  The  flattening  out  of  the  curves 
for  these  pressures  occurs  very  close  to  these  points. 

II — The  destructive  distillation  point  as  indicated 
by  the  formation  of  tar  takes  place  at  a  higher  tempera- 
ture with  increasing  pressure. 

III-^The  higher  the  pressure  the  more  distillate 
is  obtained  before  tar  is  formed  during  destructive 
distillation.     The   moisture   content   of  the   charge   in 


tar.  The  results  obtained  from  different  forms  of 
wood  and  different  species  are  given  in  Table  II. 
The  results  in  each  case  are  the  average  of  at  least 
three  consistent  distillations. 

The  alcohol  yields  from  chips  are  decidedly  higher 
than  for  sawdust  of  the  same  material.  This  was 
about  the  most  important  difference  of  chips  over 
the  smaller  form  and  the  cause  is  probably  the  size 
of  the  material.  Distillations  on  80-lb.  charges  of 
wood   18"  long  and  3"   X  3"  cross  section  from  which 


1U0 

-■.^ 

90 

.-? 

-.^ 

^'- 

80 

...- 

-? 

- 

;-.  .-' 

y' 

V 

■-  ,Y 

^ 

T*R~I. 

.--  y 

> 

-lU 

^ 

R™ 

y 

iso 

/ 

\ 

TOR 

- 

<■ 

h*° 

/ 

•*/ 

'' 

' 

/ 

•0# 

20 

/ 

. 

120  »C 

/ 

/ 

,-■' 

/ 

0 

Ll-t. 

_ 

- 

- 

_i. 

TEMPERATURE- 

RE-TiME  AND  Percentage  of  Total  Distillate 

these  chips  and  sawdust  were  taken  gave  1.54  per  cent 
alcohol.  The  same  thing  held  true  for  maple.  Saw- 
dust gave  lower  yields  of  alcohol  compared  to  large 
forms  of  wood. 

The  effects  of  pressure  on  the  products  of  destruc- 
tive distillation  were  independent  of  the  form  and 
species  used  and  were  in  general  as  follows: 

ACETIC  ACID — Increased  pressure  tended  to  decidedly 
decrease  the  yield  of  acetic  acid,  the  average  effect 
of  distilling  at  120  lbs.  over  o  lb.  being  a  decrease  of 
about    25    per   cent.     In   the    case   of    maple   sawdust 


Table  II — Effect 


Destructive  Distillation  (Results  in  percentages  of  < 


dry  weight  of  material) 


Material  Lbs. 

Maple  sawdust 0 

60 
150 

Birch  sawdust 0 

60 
120 

Birch  chips 0 

60 
120 


Charcoal 
38.93 
41  .49 


1.15 
1.23 
1.25 


Dissolved 

3.74 
1.33 
0.97 

5.28 
1.40 
1.12 

12.55 
6.29 
5.64 


Total 
8.04 


11.98 
4.25 
3.86 

16.96 
11.70 
9.08 


distillate  moisture 

9.05  35.0 

3.49  28.8 

2.72  27.66 

8.53  36.37 

2.93  29.95 

2.71  29 . 84 


Gas 

25.2 
30.3 
29.36 

19.70 
25.10 
25.55 


tar  and 
charcoal 
72.17 
75.02 
74.49 

68.98 
69 .  73 
71.48 


Tar  and 

charcoal 

46.97 


49.18 
44.63 
45.93 

53.57 
51.20 
49.56 


the  typical  cases  drawn  would  not  account  for  this 
difference  as  the  o  and  120  lb.  runs  were  18.9  per  cent 
and  19.1  per  cent  moisture,  respectively,  while  the  60 
lb.  run  was  25.4  per  cent  moisture. 

EFFECT  OF  PRESSURE  ON  PRODUCTS — The  distillate 
from  each  run  was  allowed  to  stand  until  all  free 
tar  had  settled  out  and  the  clear  pyroligneous  acid 
had  separated.  Both  acid  liquor  and  settled  tar  were 
then  weighed  and  measured.  The  crude  pyroligneous 
acid    was    analyzed    for    acid,    alcohol,    and    dissolved 


at  150  lbs.  the  yield  of  acid  was  28  per  cent  less  than 
at  o  lb. 

ALCOHOL^ — Up  to  120  lbs.  the  effect  of  pressiye  was 
to  increase  slightly  the  yield  of  alcohol,  about  8  per 
cent  more  alcohol  being  obtained  at  this  pressure  over 
olb. 

Three-quarters  as  much  increase,  or  6  per  cent,  was 
obtained  with  60  lbs.  pressure.  In  the  case  of  maple 
sawdust  at  150  lbs.  the  yield  was  practically  the  same 
as   at   o  lb.,   indicating  that   above    120  lbs.   the  effect 
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of  pressure  is  to  decrease  rather  than  increase  the 
yield  of  alcohol.  This  was  also  substantiated  by  a 
number  of  preliminary  distillations. 

CHARCOAL — At  60  lbs.  pressure,  8  per  cent  more  char- 
coal was  obtained  than  at  o  lb.,  and  at  120  lbs.  there 
was  an  increase  of  1 1  per  cent  over  atmospheric  dis- 
tillations. 

DISTILLATE — The  clear  pyroligneous  acid,  inde- 
pendent of  moisture  content  of  wood,  was  decreased 
about  20  per  cent  under  60  lbs.  pressure  but  had  only 
small  further  decrease  at  120  lbs.  or  150  lbs. 

GAS — There  was  a  similar  but  reverse  effect  on  the 
gas  (determined  by  difference).  At  60  lbs.  pressure 
there  was  about  25  per  cent  more  gas  than  at  o  lb., 
but  120  or  150  lbs.  only  gave  very  little  more  gas  or 
even  less  than  60  lbs.  (maple  sawdust  at  150  lbs.  gave 
2  per  cent  less  than  at  60  lbs.). 

TAR — The  most  decided  effect  of  distilling  under 
pressures  greater  than  o  lb.  was  on  the  tar.  At  60 
lbs.  the  yield  of  total  tar  (tar  which  settled  out  of  the 
distillate  plus  tar  dissolved  in  the  crude  pyroligneous 
acid)  was  60  to  65  per  cent  less  than  at  o  lb.  and  at 
120  lbs.  and  150  lbs.  pressure  about  68  per  cent  less. 

This  same  effect  was  even  more  apparent  on  the 
dissolved  tar  alone.  A  decrease  of  as  much  as  75  per 
cent  at  150  lbs.  over  o  lb.  being  obtained  for  maple 
sawdust.  The  high  yield  of  tar  from  birch  chips 
as  compared  to  sawdust  was  probably  due  to  the  fact 
that  the  chips  were  very  dry.  Other  work  on  a  much 
larger  scale  has  given  the  same  effect  using  very  dry 
wood. 

RELATION     BETWEEN    GAS,     TAR,    AND    CHARCOAL 

It  seemed  probable  that  some  relation  might  be 
established  between  gas,  tar,  and  charcoal,  and  this 
has  been  indicated  in  Table  II.  Any  such  relation 
is  not  very  marked,  however,  although  the  sum  of 
the  three  products  is  fairly  constant. 

It  is  of  interest  to  compare  these  results  with  some 
recent  work  of  Klason'  who  has  studied  the  effects 
of  distilling  birch  under  pressures  Ibwer  than  atmos- 
pheric, a  pressure  of  o.oi  mm.  being  maintained  even 
during  the  gas  stage  by  immersing  the  receiver  in  liquid 
air.  In  brief,  the  same  tendencies  were  obtained, 
viz.,  the  higher  the  pressure  (in  this  case  atmospheric 
compared  to  pressures  of  0.0 1  mm.)  the  more  alcohol 
and  charcoal  were  obtained  and  less  tar,  but  Klason 
reported    practically    no    effect    on    the    acetic    acid. 

SUMMARY 

I — Destructive  distillations  of  birch  and  maple  were 
made  on  a  small  scale  to  study  the  effect  of  pressures 
greater  than  atmospheric   on  the   yields  of  products. 

II — In  general,  the.  effect  of  destructively  dis- 
tilling wood  under  increasing  pressure  is  to  increase 
the  alcohol  slightly  when  moderate  pressures  are  used 
and  to  increase  the  charcoal  and  gas.  Further  effects 
were  to  decrease  the  acetic  acid,  the  pyroligneous  liquor, 
and  tar. 

Ill — The  effects  of  60  lbs.  pressure  over  o  lb.  are 
much  more  decided  on  all  products  than  the  effects  of 
increasing  the  pressure  beyond  60  lbs. 

'  "Experiments    on    the    Dry    Distillation    of    Wood,"    Peter    Klason, 
Arch.  f.  Kemie  .\Un.  and  Geol..  Vol.  6,  No.  7. 


IV — The  most  decided  effect  of  pressure  was  on  the 
tar.  At  60  lbs.  pressure  this  product  was  decreased 
60  to  65  per  cent. 

V — From  a  practical  standpoint,  the  most  interesting 
effect  of  pressure  is  in  connection  with  the  yield  of 
soluble  tar. 

Distillations  were  made  at  pressures  as  high  as  450 
lbs.,  but  the  exothermic  reaction  was  so  violent  that 
it  was  not  advisable  to  continue  the  experiments. 
At  this  pressure,  the  concentration  of  the  dissolved 
tar  in  the  pyroligneous  acid  was  so  low  that  redistilla- 
tion was  not  necessary  in  order  to  titrate  the  distillate 
— or  in  practical  operation  the  first  distillation  of  the 
primary  liquor  would  not  be  necessary  in  order  to  make 
gray  acetate  of  lime.  It  is  possible  that  pyroligneous 
acid  free  from  soluble  tar  might  be  obtained  by  sub- 
jecting the  distillate  to  a  high  pressure  during  the  vapor 
stage  but  the  application  of  this  result  is  not  yet  ap- 
parent. 

Forest  Products  Laboratory 
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AND  THE  CONE  OILS  OF  WESTERN  YELLOW 

PINE  AND  SUGAR  PINE 
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The  leaf  oil  of  western  yellow  pine  {Finns  pon- 
derosa,  Laws.)  has  apparently  never  been  examined 
chemically.  Brown'  in  1901  briefly  described  a  plant 
in  Oregon  operating  on  the  needles  of  Finns  ponderosa, 
the  products  obtained  being  oil  and  fiber.  A  ton  of 
the  needles  produced  ten  pounds  of  oil,  equivalent  to 
a  yield  of  0.50  per  cent  of  oil,  which  is  considerably 
larger  than  the  yield  obtained  from  the  California 
trees. 

LEAF  AND  TWIG  OILS  OF  WESTERN   YELLOW  PINE 

The  oils  varied  in  color  from  bright  yellow  to  green. 
When  exposed  to  the  light  for  two  or  three  days  the 
yellow  oils  also  acquired  a  green  color.  Some  oils 
showed  a  green  fluorescence. 

Fractional  Distillation  oy  the  Leaf  Oil  of  Western  Yellow  Pine 

Boiling  point,  "  C.  Per  cent 

161-165  10 

165-170  64 

170-185  9 

185-250  12.5 

155-185  (35lmm.)  3 

Physical  and  Chemical  Constants  of  the  Oils   of  Western    Y'ellow 

Pine 

Nos.  2173-2443  distilled  from  needles    only;    2497-2560,    from  needles    and 

twigs 

Ester  Percentage 


No. 


No. 

2173 
2174 
2384 
2385 
2386 
2387 
2403 
2404 
2442 
2443 
2497 
2498 
2499 
2560 


Ref. 
Sp.  gr.  index 
15°  C.      15°  C. 


after  Free 

Acid     Ester  acetyl-      .^ce-     alco-    Yield 
No.       No.       ation      tate         hoi      of  oil 


0.8762  1.4815  — 15..73  2.36  4.02  27.58  1.41  6.60  0.040 

0.8718  1.4812  —17.30  1.87  5.70  24.11  2.00  5.13  0.040 

0.8729  1.4794  — 18.72  1.15  5.15  34.18  1.80  8.16  0.057 

0.8750  1.4793  — 18.62  1.58  6.71  34.15  2.35  7.75  0.072 

0.8739  1.4789  —17.47  1.73  7.11  32.52  2.49  7.12  0.066 

0.8747  1.4797  — 18.62  1.58  3.88  26.19  1.36  -6.24  0.097 

0.8784  1.4807  —18.72  2.11  5.94  35.10  2.08  8.20  0.058 

0.8849  1.4832  —16.81  1.28  5.15  28.81  1.80  6.62  0.115 

0.8722  1.4802  —17.82  0.88  7.65  28.79  2.68  5.91  0.095 

0.8765  1.4808  — 19.59  0.85  7.83  31.97  2.74  6.76  0.074 

0.8793  1.4805  —17,26  0.87  6.32  35.68  2.21  8.08  0.126 

0.8838  1.4837  — 17.02  0.84  8.10  30.59  2.84  6.29  0.122 

0.8844  1.4838  — 16.77  0.67  5.89  31.58  2.06  7.20  0.124 

0.8755  1.4812  —15.94  0.73  6.73  25.14  2.35  5.14  0.084 


a-piNENE — The    oil    contains    but  a  small    amount 

'  Scientific  American.  84  (1901),  344. 
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of  a-pinene,  since  after  repeated  fractionation  only 
7.25  g.  (1.5  per  cent)  were  obtained  between  157  and 
160°.  The  oil  had  a  specific  gravity  of  0.8660  at  15° 
and  the  optical  rotation  aun"  — 27°. o.  A  small 
yield  of  pinene  nitrosochloride  melting  at  102.5° 
was  obtained. 

Camphene  was  not  detected  in  the  portion  b.  p.  160- 
163°. 

/3-piNENE — The  oil  consists  largely  of  /3-pinene, 
375  g-  (75  PS''  csnt)  boiling  between  160-170°,  mainly 
between  164-167°.  The  fraction  boiling  at  166° 
had  the  specific  rotation  ap  — 19.87"°.  After  oxid- 
izing 150  g.  of  the  oil  with  alkaline  potassium  perman- 
ganate, 76  g.  of-  oil  were  recovered  by  steam  distilla- 
tion, while  the  o.xidation  liquor  yielded  27  .  5  g.  of  sodium 
nopinate,  equal  to  a  yield  of  37.2  per  cent  based  on  74 
grams  of  o.^idized  oil.  The  free  nopinic  acid  melted 
at  126°.  By  further  oxidation  the  ketone  nopinone 
was  obtained,  the  semicarbazone  of  which  melted  at 
188°. 

DIPENTENE — The  oil  boiling  between  170-180° 
amounted  to  $t,  g.  (6.6  percent).  The  fraction  b.  p. 
170-175°,  aD2o''  — 11.90°,  yielded  a  dihydrochloride 
melting  at  50°.  The  fraction  b.  p.  175-180°,  aD22° 
• — 11.83°,  gave  a  tetrabromide  melting  at   124°. 

BORNEOi. —  The  oil  boiling  between  205-250° 
was  saponified  and  the  portion  b.  p.  205-217°,  aD2,s° 
— 17.68°,  heated  with  phthalic  anhydride.  The 
phthalic  ester  was  purified  in  the  usual  way.  On 
saponification  and  steam  distillation  a  small  amount 
of  oil  was  recovered.  On  oxidizing  the  oil  with  Beck- 
mann's  reagent  solid  camphor  was  obtained.  The 
amount  of  camphor  was  too  small  for  recrystalliza- 
tion.  After  sublimation  it  melted  at  about  160°. 
The  material  had  the  appearance  and  odor  of  cam- 
phor and  showed  the  property  of  the  latter  substance 
of  rotating  when  dropped  on  water. 

"green  oil." — On  distillation  at  35  mm.  pressure 
i.S-5  g-  (31  per  cent)  of  oil  distilled  between  155- 
185°.  The  oil  was  greenish  yellow  in  color  and  had: 
dis"  0.9270;  o:d26°  — 8.39°  for  a  56  per  cent  solu- 
tion in  ether.  No  solid  derivations  were  obtained. 
It  gave  the  usual  color  reactions  for  "green  oil." 

.■vciDS — The  oil  previous  to  distillation  was  ex- 
tracted with  sodium  carbonate.  Acetic  and  formic 
acids  were  found  to  be  present  in  the  extract  by  means_ 
of  their  silver  salts.  These  acids  were  also  obtained 
by  hydrolysis  of  the  esters. 

CONE    OIL   OF    WESTERN    YELLOW   PINE 

The  oil  had  the  following  properties:  Color,  light 
green;  d^o  0.8757,  nois"  1-4789,  aD20''  — 11-48°, 
acid  No.  i.  27,  ester  No.  7.20,  ester  No.  after  acetyla- 
tion   22.41,  yield  of  oil  0.063  per  cent. 

Fkactional  Distillation  of  Cone  Oil  of  Western  Yellow  Pink 

Boiling  point,  "  C.  Per  cent 

164-170  57 

170-195  29 

195-250  .1.5 

250-290  3.5 

FURFURAL — ^The  aqueous  extract  from  the  first 
fraction  gave  a  strong  color  reaction  for  furfural  when 
treated  with  aniline  and  hydrochloric  acid. 

a-PINENE — The   a-pinenc     fraction    b.   p.    159-164°, 


«D25°  — 25.33°,  amounted  to  7.8  g.  (6.3  per  cent). 
Pinene  was  identified  by  means  of  the  nitrosochloride 
melting  at  103°. 

;8-piNENE — On  oxidation  of  the  fraction  b.  p. 
164-170°,  di50  0.8659,  0022°  — 18.62°,  with  alkaline 
KMnO,  sodium  nopinate  was  obtained.  The  free 
nopinic  acid  melted  at  126-127°.  The  total  ^-pinene 
fractions  amounted  to  74.2  g.  (60  per  cent). 

DIPENTENE — Two  fractions,  amounting  to  15.8 
g.  (12.8  per  cent),  were  collected  between  170-176°. 
The  fraction  b.  p.  170-173°,  aD20°  — 6.40,  was  ex- 
amined for  phellandrene  with  negative  results.  Dis- 
solved in  dry  ether  and  saturated  with  dry  HCl  gas, 
the  oil  gave  a  good  yield  of  dihydrochloride  melting 
at   50°. 

BORNEOL — The  ester  fraction  was  too  small  for 
examination.  The  free  alcohol  and  ester  content 
have  been  calculated  as  borneol  and  bornyl  acetate. 

"green  oil" — The  oil  boiling  between  250-290° 
was  dark  green  in  color  and  weighed  4.08  g.  (3.3  per 
cent).     A  crystalline  hydrochloride  was  not  obtained. 

leaf  and  twig  oils  of  sugar  pine 
The  color  of  the  oils  of  the  sugar  pine  (Pinus  lam- 
hcrtiana,    Dougl.)    ranged   from   pale   lemon-yellow   to 
dark  reddish  yellow  and  light  green  to  greenish  yel- 
low. 

Fractional  Distillation  of  Oil  of  Sugar  Pine 

Boiling  point,  **  C.                           Per  cent 

158-165  40 

165-170  29 

170-186  18 

186-210  1 

210-250  9 

FURFURAL — This  aldehyde  was  qualitatively  de- 
tected in  the  first  fractions. 

a-plNENE — The  fraction  examined  for  a-pinene 
had:  b.  p.  156—158°,  djso  0.8645,  °^D24°  — 10.16°. 
A  good  yield  of  pinene  nitrosochloride,  m.  p.  103°, 
was  obtained.  The  nitrolpiperidine  melted  at  119°. 
The  total  a-pinene  fractions,  b.  p.  156—160°,  weighed 
89.5  g.  (20.7  per  cent). 

/3-piNENE — The  /3-pinene  fractions  amounted  to 
51  per  cent  and  distilled  largely  between  164  and  167°. 
Oxidation  of  100  g.  of  oil  having  a  b.  p.  of  164-167°, 
di5=    0.8680,    aD25°    — 15- 73-    with    alkaline    KMn04 


Chemical  Cons 


of  the  Oils  of  Sugar  Pink 
Ester  Percentage 


pie      Sp.  gr. 


No. 


15°  C. 


Ref. 
index 
15°  C. 


20° 


No. 


No 


after 
acetyl-    .-\ce- 
ation      tate 


Free 

alco-    Yield 
hoi      of  oil 


-11.07      2.38     4.04  28.46  1.41  6.84 

-16.50      1.34     2.22  29.68  0.78  7.71  0.045 

-16.18     1.44     3.55  32.04  1.24  8.01  0.052 

-15.52     0.68     4.51  24.35  1.58  5.54  0.098 

5.91  23.25  2.07  4.84  0.097 


2175  0.8738  1.4794 

2405  0.8703  1.4777 

2406  0.8710  1,4779 
2409  0.8676  1.4794 
2413  0.8686  1.4795  — 15.49  0.97 

2469  0.8705  1.4790  —11.83   1.06  5.42  29.27   1.90  6.68 

2470  0.8695  1.4785  —12.70   1.02  4.19   28.49   1.47   6.81   0.120 

gave  12  g.  of  sodium  nopinate,  64  g.  of  oil  being  re- 
covered by  steam  distillation.  The  free  nopinic  acid 
melted  at  126°  and  the  nopinone  semicarbazone  at 
188.5°. 

DIPENTENE —  Bromination  of  a  fraction  b.  p. 
174-178°,  diso  0.8581,  aD29° — 22.17°,  gave  a  tetra- 
bromide melting  at  124°.  The  dihydrochloride  of 
the  fraction  b.  p.  170-174°  melted  at  50°,  indicating 
the  absence  of  sylvestrene.  The  total  dipentene 
fractions  amounted  to  52.4  g.  (12  per  cent). 
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BORNEOL — The  fraction  b.  p.  205-235°  was  saponi- 
fied, distilled  with  steam,  and  heated  with  phthalic 
anhydride.  On  saponification  of  the  phthalic  ester 
and  distillation  with  steam  an  oil  first  passed  over 
followed  by  a  very  small  amount  of  solid  borneol. 
On  oxidizing,  the  oil  camphor  melting  at  167-170° 
was  obtained.  An  alcoholic  solution  of  the  camphor 
was  /-rotatory. 

COMBINED  ACIDS — The  acids  obtained  by  saponi- 
fication of  the  esters  were  precipitated  in  three  frac- 
tions containing  35.27  per  cent,  40.80  per  cent  and 
64.86  per  cent  silver.  The  silver  content  of  the  frac- 
tions shows  that  acetic  acid  is  present  along  with  a 
higher  fatty  acid  or  acids. 

"  GREEN  oil" — About  I  per  cent  of  "  green  oil" 
was  obtained  from  the  residue  after  removal  of  the 
esters,  and  appeared  to  be  identical  with  the  high- 
boiling  fraction  occurring  in  other  needle  oils. 

CONE   OIL  OF  SUGAR  PINE 

The  oil  and  the  following  properties:  Color,  light 
green;  di5»  0.8692,  wdis-  i-477i,  aD20''  — 23- 18°, 
acid  No.  0.63,  ester  No.  3.75,  ester  No.  after  acetyla- 
tion   17.04,  yield  of  oil  0.318  per  cent. 

Fractionai,  Distillation  of  Cone  Oil  of  Sugar  Pine 

Boiling  point,  °  C.  Per  cent 

159.5-165  64 

165      -170  19 

170     -194  11 

194     -230  2.5 

230     -255  1 

255      -290  1 

FURFURAL — Furfural  was  qualitatively  detected 
in  the  first  fraction. 

a-piNENE  —  The  fraction  b.  p.  15.5-159°,  djjo 
0.8646,  aDXT" — 30.62°,  gave  a  nitrosochloride  melt- 
ing at  98-99°.  The  pinene  nitrolpiperidine  melted 
at  116°  after  three  crystallizations  from  alcohol  and 
a  fourth  crystallization  did  not  raise  the  melting  point. 
The  total  a-pinene  fractions  amounted  to  57.  S  g. 

CAMPHENE — The  camphene  fractions  distilled  as 
follows:  (i)  b.  p.  160-161°,  weight  21.5  g.,  (2)  b.  p. 
161-163°,  weight  33.9  g.,  d,5<.  0.8683,  otDXT"  — 26.42°. 
Fifty  grams  of  the  oil  were  treated  with  glacial  acetic 
acid-sulfuric  acid  mixture.  From  the  reaction  product 
6.5  g.  of  crystalline  isoborneol  were  recovered.  After 
repeated  crystallization  the  isoborneol  melted  at  211- 
212°  in  a  sealed  tube. 

/3-PiNENE — The  0-pinene  «  fractions  amounted  to 
104.5  g-  (39-43  per  cent).  It  boiled  between  163- 
170°  and  had:  dis^  0.8688,  a^i?"  — 22.65°.  On 
oxidation  a  yield  of  35  per  cent  of  sodium  nopinate 
was  obtained.  The  free  nopinic  acid  melted  at  126°. 
Five  grams  of  sodium  nopinate  on  further  oxidation 
yielded  1.6  g.  of  nopinone  whose  semicarbazone  melted 
at   188-188.5°. 

DiPENTENE — The  fraction  b.  p.  170-180°,  ofDi?" 
— 15.10°,  amounting  to  4  4  per  cent  gave  a  dihydro- 
chloride  melting  at  49—50°. 

ESTER  FRACTION — The  portion  b.  p.  194-230°, 
after  saponification,  was  too  small  for  further  examina- 
tion. The  free  alcohol  and  ester  content  have  been 
calculated  as  borneol  and  bornyl  acetate. 

Between  255-290°,  i  per  cent  of  a  yellow  oil  was  ob- 
tained that  appeared  to  be  a  sesquiterpene.     On  dis- 


solving the  oil  in  ether  and  saturating  with  HCl  gas 
the  solution  turned  purple.  A  crystalline  hydrochlor- 
ide was  not  obtained. 

SUMMARY 

The  percentage  composition  of  the  leaf  and  twig 
and  cone  oils  is  approximately  as  follows: 

Western  Yellow  Pine     Sugar  Pine 

Leaf  Leaf 

and  and 

twig  Cone  twig  Cone 

oil  oil  oil  oil 

Furfural Trace       Trace  Trace 

1-a-Pinene 2  6               21  22 

1-Camphene .  21 

1-^-Pinene 75  60              51  39-40 

Dipentene 6     12-13               12  4-5 

Ester  as  bornyl  acetate 2  2.5            1.5  1.5 

Free  alcohol  (1-borneol) 7  4                 R  3.5 

-Green  oil" 3  3-4                 I 

SesquiterpeneC?) .  .               .  .  1 

Losses 5  10                 7  7 

Forest  Products  Laboratory 
Forest  Service.  Department  of  Agricitlture 
(In  Cooperation  with  the  University  of  Wisconsin) 
Madison 

THE  EFFECT  OF  RESENE  ON  THE  LATHERING  OF 
SOAP  SOLUTIONS' 

By  Chas.   H.  Herty  and  C.  W.  Williard 

The  total  annual  production  of  rosin  on  a  conserva- 
tive estimate  is  not  less  than  2,500,000  barrels  of  500 
lbs.  each.  Not  less  than  half  of  this  rosin  is  used  in 
the  manufacture  of  soap.  The  reason  for  its  use  in 
this  industry  lies  in  the  fact  that  the  acids  of  the  rosin 
readily  form  alkali  salts  which  are  very  soluble  in  water, 
hydrolyze  readily  and  form  solutions  which  lather 
freely  when  agitated. 

But  rosin  contains  on  an  average,  approximately 
7  per  cent  of  "resene"  or  unsaponifiable  matter.  As 
this  resene  possesses  none  of  the  properties  which  make 
rosin  valuable  for  soap-making  it  must  be  considered 
as  a  filler.  According  to  the  above  figures  therefore, 
from  40,000,000  to  45,000,000  lbs.  of  this  filler,  resene, 
go  into  soap  annually. 

Is  it  true  that  resene  is  to  be  regarded  simply  as  a 
filler  in  soaps?  May  it  not  have  some  positive  action, 
either  prejudicial  or  beneficial?  A  search  of  the  litera- 
ture failed  to  show  any  recorded  experiments  on  this 
subject  and  conversations  with  chemists  of  soap  works 
failed  to  elicit  any  very  definite  convictions  on  the 
subject.  In  view  of  the  large  amount  of  this  material 
annually  used  it  seemed  desirable,  therefore,  to  carry 
out  some  experiments  to  determine  this  point.  The 
line  selected  was  the  effect  of  resene  on  the  lathering 
of  soap  solutions. 

PREPARATION     OF    RESENE 

The  resene  used  in  these  experiments  was  prepared 
as  follows:  1200  g.  of  the  oleoresin  of  Pinus  hetero- 
phylla  (Cuban  or  slash  pine)  were  dissolved  in  9  liters 
of  N/2  alcoholic  potash  and  the  solulrion  allowed  to 
stand  18  hrs.  After  filtering,  water  was  added  almost 
to  precipitation  and  the  solution  extracted  three  times 
by  shaking  out  thoroughly  with  petroleum  ether, 
boiling  below  70°  C.  Eight  liters  of  the  petroleum 
ether  were  used  in  each  extraction.  The  three  ex- 
tracts were  combined  and  shaken  out  with  10  liters  of 
50  per  cent  alcohol,  in  order  to  remove  dissolved  po- 

'  Presented  at  the  48th  Meeting  of  the  American  Chemical  Society, 
Rochester.  September  8-12.  1913. 
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tassium  salts  of  resin  acids.  The  extract  was  then  con- 
centrated by  distillation  until  the  temperature  of  the 
escaping  vapors  of  petroleum  ether  reached  65°  C. 
The  concentrated  residue  was  again  shaken  out  with 
50  per  cent  alcohol  and  subjected  to  steam  distillation 
in  order  to  remove  the  spirits  of  turpentine  and  residual 
petroleum  ether.  The  resene,  mixed  with  water  from 
condensed  steam,  was  dissolved  in  petroleum  ether 
(boiling  up  to  50°  C),  separated  from  the  water  layer 
by  a  separatory  funnel,  again  washed  with  50  per  cent 
alcohol  as  a  final  precaution  against  dissolved  potas- 
sium salts,  and  the  petroleum  ether  evaporated,  at 
first  spontaneously,  then  for  a  short  time  on  a  steam 
bath  with  constant  stirring:  65  g.  of  resene, 
an  amber  colored,  very  viscous  mass,  resembling  well 
strained  honey,  were  obtained. 

ANALYSES    OP    SOAPS    USED 

Three  different  types  of  soap  were  used  throughout 
the  experiments;  toilet,  castile  and  cheap  laundry. 
These  soaps  analyzed'  as  follows: 

ABLE  I — Results  in  Percentages 

Inert  mineral  Total  Fatty 

Soap  Starch  Moisture  matter  alkali  acids 

Toilet  None  19  None  8.57  70 

Castile  None  19  15  5.60  60 

Laundry        None  23  30  5.00  40 

EXPERIMENTAL 

With  each  of  the  three  soaps  mentioned  above 
two  solutions  were  prepared,  one  by  dissolving  5  g. 
of  the  soap  in  distilled  water  to  a  volume  of  250  cc; 
the  other  by  dissolving  5  g.  of  the  soap  and  0.14 
g.  of  resene  in  250  cc.  of  alcohol,  in  order  to  secure 
uniform  mixing  of  the  soap  and  resene,  evaporating 
the  alcohol  on  a  steam  bath,  and  dissolving  the  residue 
in  water  to  a  volume  of  250  cc.  In  all  of  the  experi- 
ments described  below  5  cc.  portions  of  these  solutions 
were  diluted  with  the  necessary  amount  of  distilled 
water,  the  solutions  placed  in  salt-mouth  bottles  pro- 
vided with  well  ground  glass  stoppers  and  the  bottles, 
two  at  a  time,  the  one  containing  simply  the  soap  solu- 
tion, the  other  the  soap  plus  resene  solution,  were 
placed  on  a  double  shaking  apparatus,  such  as  is  com- 
monly employed  in  making  milk-shakes'.  These  were 
given  a  violent  shaking  for  30  seconds  and  allowed  to 
stand.  After  five  minutes  the  observations  were  made 
as  to  the  amount  of  lather  on  the  surface  of  each  solu- 
tion. Preliminary  experiments  showed  that  concord- 
ant results  could  not  be  obtained  when  the  bottles 
were  shaken  in  the  two  hands  at  the  same  time.  Dilu- 
tions at  each  100  cc.  were  tested  both  at  20°  and  45°  C. 

Comparison  of  the  depth  of  the  layer  of  lather  on  the 

soap  solutions  with  that  on  the  soap  solutions  to  which 

resene  had  been  added  showed  a  marked  diminution 

due  to  the  presence  of  resene  at  the  following  dilutions: 

Table  II 

Dilution  showing 
decreased  lather  due  resene 

Soap  20°  45° 

Laundry 400  cc.  600  cc. 

Castile 800  cc.  1000  cc. 

Toilet 1000  cc.  1200  cc. 

From  the  figures  in  Table  I  it  is  seen  that  these  differ- 
ences in  dilution  correspond  roughly  to  the  percentages 

1  The  analyses  were  made  according  to  the  method  given  in  Lamborn's 
"Modern  Soaps,  Candles  and  Glycerine,"  p.  650. 


of   alkali  salts  of  fatty  acids  in  the  respective  soaps. 
Another  set  of  tests  were  made  at  20°  C,  doubling 
the  weight  of  resene  added  to  the  soap  solution  with  the 
following  results: 

Table  III 

Dilution  showing 
decreased  lather 
Soap  due  to  resene 

Laundry 400  cc. 

Castile 600  cc. 

Toilet 800  cc. 

The  identity  of  results  in  the  case  of  the  laundry  soap 
is  doubtless  due  to  the  crudity  of  the  method  of  measur- 
ing the  thickness  of  the  lather  layer.  The  decreased 
•dilutions  in  the  case  of  the  castile  and  toilet  soaps  show 
again  the  injurious  effect  of  resene  on  the  lathering 
power  of  soap  solutions. 

A  more  marked  evidence  of  the  effect  o£  added  resene 
on  the  lather  is  shown  by  the  time  required  for  complete 
subsidence  of  the  lather.  These  experiments  were 
made  at  20°  C.  Again,  in  each  case,  5  cc.  of  the  solu- 
tions used  in  Table  II  were  diluted,  shaken  30  seconds 
and  allowed  to  stand  until  all  lather  had  disappeared. 

Table  IV 

Laundry                           Castile  Toilet 

DILUTION  ^ V  , • , » 

Cc.       SS  +  R       S      S-t-R  S  S-HR 

100        24     6  72        36  168      120 

200        6     1  50       30  168      36 

300         4     0.66  48        24  72       24 

The  hours  required  for  such  subsidence  are  given  in 
Table  IV,  in  which  S  represents  the  standard  soap 
solutions  and  S  -|-  R  the  solution  of  soap  containing 
added  resene. 

University  op  North  Carolina 
Chapel  Hill 


PRELIMINARY  NOTE  ON  DYES  AND  OTHER  PRODUCTS 

FROM  THE  WASTE  LIQUOR  OF  THE  SODA 

CELLULOSE  PROCESS 

By  Marshall  P.   Cram 
Received  August  20.  1914 

If  the  crude  black  liquor  obtained  from  the  digesters 
in  the  soda  process  is  treated  with  hydrochloric  acid, 
a  precipitate  is  formed  which  is  wholly  organic.  The 
maximum  yield  of  this  precipitate  is  obtained  when 
I  GO  cc.  of  the  crude  liquor  of  specific  gravity  1.25 
are  treated  with  30  cc.  concentrated  hydrochloric 
acid  (sp.  gr.  1.18),  the  yield  from  the  100  cc.  crude 
liquor  being  14  g.  If  the  acidified  solution  is  heated 
to  boiling,  the  precipitate  gathers  in  lumps  which  can 
be  removed  easily,  the  substance  being  plastic  when 
hot  and  brittle  when  cold.  It  is  soluble  in  alkalies 
and  dilute  alcohol.  It  is  believed  that  the  crude 
precipitate  might  be  used  for  the  following  purposes. 

I — SIZE  FOR  PAPER — The  precipitate  is  soluble  in 
dilute  sodium  hydroxide,  10  g.  requiring  about  470 
cc.  iV/10  NaOH.  For  10  g.  dry  pulp  in  222  cc.  water 
0.22  g.  of  the  precipitate  dissolved  in  dilute  NaOH, 
with  an  equal  weight  of  aluminum  sulfate  added  later, 
gave  a  paper  which  would  be  called  hard-sized.  This 
paper  had  a  tint  on  the  reddish  brown,  which  could 
be  increased  by  using  more  of  the  sizing  substance. 
The  color  could  not  be  removed  by  any  method  tried, 
but  while  this  would  prevent  the  use  of  the  material 
for  a  size  for  white  paper,  it  would  not  be  objection- 
able for  colored  paper,  and  the  color  of   the  material 
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itself  would  be  desirable  for  certain  purposes.  For 
10  g.  dry  pulp,  0.054  g.  of  the  material,  followed  by  an 
equal  weight  of  aluminum  sulfate,  gave  a  well  sized 
paper,  and  0.0135  g-  3-  very  light  size.  The  crude 
liquor,  which  contains  this  precipitate  already  dis- 
solved in  NaOH  together  with  inorganic  salts,  can  also 
be  used  as  a  size  for  colored  papers. 

II — STAIN  AND  VARNISH  FOR  WOOD — The  pre- 
cipitate dissolved  in  dilute  alkalies  or  alcohol  can  be 
applied  to  wood  for  a  brown  stain.  It  cannot  be 
used  as  a  varnish,  for  the  residue  contracts  on  drying. 
If,  however,  the  total  crude  precipitate  is  treated 
with  chloroform,  about  half  the  precipitate  by  weight 
dissolves;  this  solution  on  drying  leaves  a  surface 
which  does  not  contract,  and  which  resembles  varnish. 
It  can  be  applied  in  chloroform,  methyl  or  ethyl 
alcohol,  or  other  volatile  solvent.  The  part  insoluble 
in  chloroform  can  be  used  for  a  stain.  There  is  some 
prospect  that  by  precipitating  the  original  precipitate 
fractionally,  a  fraction  which  can  be  used  for  a  varnish 
might  be  obtained  without  using  chloroform,  but 
this  has  not  been  accomplished  with  entire  success  as 
yet. 

Ill — SULFUR  DYE — If  the  dry  precipitate  is  mixed 
with  powdered  potassium  sulfide  (sodium  sulfide  has 
not  been  tried)  and  sulfur,  and  heated  to  185°  to 
230°  C,  an  odorous  gas  is  given  off,  and  the  residue 
when  extracted  with  water  gives  a  solution  which  dyes 
wool,  silk,  and  cotton  a  dark  brown  or  black.  The 
dye  is  taken  by  cotton  without  a  mordant,  and  is 
quite  fast  to  sunlight.  Heating  the  mass  to  310° 
destroys  the  dye  which  is  first  formed. 

IV — If  the  precipitate  is  treated  with  nitric  acid  a 
solution  is  obtained  which  dyes  wool  brown  if  the  acid 
is  weak,  or  yellow  if  stronger  acid  is  used.  These 
dyes  appear  to  be  fast.  They  may  also  be  obtained 
by  nitrating  the  crude  liquor. 

If  the  filtrate  from  the  precipitate  thrown  down  with 
HCl  is  distilled,  the  distillate  obtained  contains  acetic 
acid  and  some  other  compound,  probably  a  phenol. 
Ten  cc.  of  the  distillate  obtained  from  150  cc.  crude 
liquor  with  45  cc.  cone.  HCl,  when  titrated  with 
NaOH  with  phenolphthalein  as  indicator,  required, 
40.3  cc.  iV/io  NaOH.  The  distillate  with*  silver 
nitrate  gave  no  precipitate  of  silver  chloride,  but  on 
standing  a  red  crystalline  precipitate  appeared.  With 
a  cold  water  solution  of  potassium  nitrite  the  distillate 
gave  a  crystalline  precipitate,  the  filtrate  from  which 
dyed  wool  and  silk  brown,  but  did  not  dye  cotton. 
Crystalline  precipitates  were  also  obtained  with 
nitric  acid  (this  precipitate  was  dissolved  if  stronger 
nitric  acid  was  added),  ferric  chloride,  bromine  water, 
and  potassium  permanganate.  When  treated  with 
chlorine  gas  or  a  solution  of  bleaching  powder  the 
distillate  gave  a  red  solution  which  dyed  wool  and 
silk  brown.  The  coloring  matter  could  be  removed 
from  the  water  solution  by  extracting  with  chloro- 
form. 

The  residue  from  the  distillation  could  not  be 
evaporated  to  dryness  on  the  steam  bath,  which  shows 
that  some  organic  substance  is  present.  The  principal 
compound     present,     however,     is     sodium     chloride, 


from  which  the  organic  matter  may  be  burned  off. 
This  residue  left  on  evaporation  if  heated  somewhat 
under  certain  conditions  is  partly  changed  to  a  sub- 
stance soluble  in  dilute  alcohol  but  not  in  water. 
The  alcoholic  solution  on  being  evaporated  leaves  a 
varnish-like  coating. 

If  the  filtrate  from  the  hydrochloric  acid  precipitate 
of  the  crude  liquor,  before  being  distilled,  is  extracted 
with  chloroform  and  the  chloroform  evaporated,  a  red 
colored  residue  is  left.  This  is  somewhat  soluble  in 
hot  water  to  a  colloidal  solution  which  dyes  silk  pink, 
but  does  not  dye  cotton  or  wool.  The  color  on  silk, 
however,  fades  very  rapidly. 

If  this  water  solution  is  treated  with  bromine  or 
chlorine,  a  solution  is  obtained  which  dyes  wool 
brown  and  silk  gray;  these  colors  are  much  faster 
than  the  pink.  Ammonium  persulfate  gives  browns 
on  silk  and  wool,  but  not  on  cotton.  Potassium 
nitrite  gives  a  brown  for  silk. 

The  reason  for  publishing  this  investigation  in  the 
above  fragmentary  form,  is  the  hope  that  attention 
may  be  called  by  it  to  the  possibilities  of  a  present 
waste  product  and  that  investigation  may  be  directed 
thereto,  at  this  particularly  opportune  time. 

BowDOiN  College,  Brunswick,  Maine 


SOME  RAPID  METHODS  FOR  GLASS  ANALYSIS' 

By  E.  C.  Sullivan  and  W.  C.  Taylor 

Received  August  15,  1914 

Some  convenient  methods  which  we  have  developed 
for  the  routine  analyses  of  glasses  may  be  capable  of 
further  application  and  we  therefore  desire  to  bring 
them  to  the  attention  of  others.  Our  original  pro- 
cedure for  a  complete  analysis  was  to  determine  the 
alkalies  by  the  J.  Lawrence  Smith  method  and  the 
other  bases  and  silica  by  fusion  with  soda.  In  some 
cases  we  were  able  to  make  use  of  the  decomposition 
of  glass  by.  hydrofluoric  and  sulfuric  acids.  After 
some  experimenting  we  found  that  we  could  use 
oxalic  acid  in  place  of  sulfuric  to  decompose  the  fluor- 
ides. The  oxalates  can  in  turn  be  decomposed  by 
heat  so  that  no  bases  or  acids  are  introduced  to  inter- 
fere with  the  determination  of  the  glass  constituents. 
By  this  method  the  complete  analysis  of  a  glass  may 
be  finished  in  one  day. 

This  method  was  developed  for  the  analysis  of  a 
large  number  of  glasses  of  the  same  type.  These 
contained  silica,  lead,  soda  and  potash  in  varying 
proportions    with    small    amounts    of    iron,    alumina, 

'  The  radiator  used  was  made  up  from 
a  description  by  W.  F.  Hillebrand  in  Bul- 
letin No.  422,  U.  S  Geol.  Survey,  p.  31. 
and  is  described  here  as  it  has  considerable 


1  the 


jfthe 


!thod.      R 

is  of  sheet  iron,  aluminum  or  nickel.  6  to 
7  cm.  high.  8  cm.  wide  at  top  and  5  cm. 
at  bottom.  The  base  B  may  be  of  iron, 
nickel  or  platinum  but  not  of  aluminum, 
which  will  not  stand  the  temperature  of 
the  direct  flame.  B  is  attached  to  R  by 
turning  the  cogs  of  B  up  and  over  those 
of  R.  A  platinum  triangle  should  be  in- 
serted about  4  cm.  from  the  base.  .\n 
aluminum  ring  with  an  opening  slightly 
larger  than  the  underlying  crucible  should 
be  placed  over  the  radiator  to  hasten 
evaporation. 
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manganese,  lime  and  magnesia  as  impurities.  For 
these  glasses  the  following  method  was  used:  One 
gram  of  finely  powdered  glass  is  placed  in  a  platinum 
crucible  of  about  40  cc.  capacity,  moistened  with  water, 
2  g.  of  H2C2O4  crystals  added  and  enough  48  per  cent 
HF  to  fill  the  crucibl,e  half  full.  This  is  evaporated 
to  dryness  on  a  radiator,'  the  temperature  of  which 
is  just  high  enough  to  expel  the  excess  of  oxalic  acid. 
When  all  the  acid  has  been  expelled  the  crucible  is 
cooled  and  the  evaporation  repeated  twice  more  with 
oxalic  acid  and  water.  The  amount  of  oxalic  acid 
used  is  about  5  g.  in  all.  It  was  necessary  to  know  the 
amount  used  as  a  blank  showed  0.0012  g.  of  alkali 
chlorides  from  this  source.  After  the  third  evapora- 
tion, when  all  the  excess  of  oxalic  acid  is  expelled,  the 
remaining  oxalates  are  taken  up  with  hot  water, 
allowed  to  cool  and  filtered.  The  residue  which,  in 
the  case  of  the  glasses  mentioned,  consists  of  PbC^O^ 
only,  with  trace  of  CaC204,  may  be  titrated  directly 
with  KMn04  or  dissolved  in  dilute  HNO3  and  de- 
termined as  sulfate.  The  filtrate  from  the  PbC-204 
is  evaporated  to  dryness  in  a  platinum  dish  and  then 
heated  over  a  free  flame  until  oxalates  are  decomposed. 
The  carbonates  are  then  taken  up  with  water  and 
HCl  and  the  mixture  is  evaporated  to  dryness  to  re- 
move the  small  amount  of  Si02.  The  salts  are  taken 
up  with  a  few  drops  of  HCl  and  hot  water,  a  few 
drops  of  bromine  water  added,  then  a  little  ammonia, 
and  the  solution  is  boiled.  The  precipitate  of  hy- 
droxides of  iron,  aluminum  and  manganese  is  filtered 
off,  ignited  and  weighed.  The  filtrate  is  divided  into 
two  equal  portions.  To  one  are  added  NH4OH  and 
(NH4)2HP04,  which  precipitate  a  small  amount  of 
magnesia — about  i  mg.  This  is  calculated  to  chloride 
and  deducted  from  weight  of  NaCl,  KCl.  The  other 
half  is  evaporated  to  dryness,  ammonia  salts  expelled 
by  heat  and  the  chlorides  weighed.  The  MgCln 
found  and  alkali  from  blank  determination  on  all 
reagents  are  subtracted  and  the  KoO  determined  by 
the  platinum  chloride  method  and  Na20  by  difiference. 
The  following  table  will  show  some  of  the  results 
obtained  on  weight  of  alkali  chlorides  from  i  g.  sample: 

J.  L.  Smith  J.L.Smith 

method  Oxalate  method  Oxalate 

Glass  No.               Gram  Gram  Glass  No.  Gram  Gram 

1 0.1170  0.1175               2 0.1177  0.1199 

0.1168  0.1162               i 0.1196  0    1198 

0.1176  0.1169               4 0.1290  0.1294 

0.1163  5 0.1168  0.1169 

On  the  separation  of  soda  and  potash  the  oxalate 
method  averages  about  0.15  per  cent  lower  in  K2O 
and  correspondingly  higher  in  Na20.  The  lead  de- 
termination by  the  oxalate  method  expressed  in  per 
cent  PbO  compares  as  follows: 

Soda  Fusion  Oxai.ate 

21.00  21.22 

21.13  21.15 

2 1  .  30 

21.18 

The  combined  weights  of  iron,  alumina  and  manganese 
amount  to  from  i  to  1.5  per  cent  and  average  from 
0.2  to  0.3  per  cent  lower  by  the  oxalate  method  than 
by  the  soda  fusion.  The  amounts  of  CaO  and  MgO  are 
in  the  neighborhood  of  o.i  per  cent  and  are  slightly 
lower  by  the  oxalate  method  where  determined  though 
these  determinations  were  usually  omitted.     We  have 


used  this  method  since  on  a  large  number  of  similar 
samples  and  have  found  it  satisfactory  for  glasses  of 
this  type. 

In  applying  this  method  to  other  glasses  the  pro- 
cedure following  the  three  evaporations  must  of  course 
be  varied.  The  first  step  is  to  separate  the  soluble 
and  insoluble  oxalates.  From  there  on  the  procedure 
may  vary  according  to  what  elements  are  present. 
The  oxalates  we  have  worked  with  group  themselves 
as  follows: 

Insoluble  Soll'blb 

Lead  Copper  2     Magnesium  2     Sodium  Manganese  3 

Calcium  Cobalt  2  Potassium  Iron  4 

Zinc  Nickel  2  Aluminum  Arsenic 

Cadmium  1       Barium  2  Chromium  Antimony  5 

I — Almost  quantitative;  in  presence  of  zinc  traces  present  with  soluble 
oxalates. 

2 — Though  mostly  insoluble,  these  elements  must  be  looked  for  with 
the  soluble  oxalates  unless  particular  precautions  are  taken  to  have  condi- 
tions right  to  render  the  oxalates  insoluble.  Presence  of  other  elements  also 
affects  the  solubility  of  these  oxalates. 

3 — Manganese  up  to  2  per  cent  gave  no  test  for  the  element  with  the 
insoluble  oxalates  but  a  glass  containing  6  per  cent  MnO  showed  nearly 
half  this  amount  as  an  insoluble  oxalate. 

4 — Does  not  occur  with  insoluble  oxalates  except  in  zinc  glasses  when  a 
small  amount  is  found  with  the  zinc. 

5 — Normally  soluble  but  has  been  found  with  insoluble  oxalates  when 
these  were  heated  too  strongly. 

Arsenic  or  antimony,  if  present,  should  be  removed 
from  the  soluble  oxalates  with  HoS  before  the  oxalates 
are  decomposed.  This  necessitates  acidifying  with 
HCl,  which  must  be  expelled  before  decomposing  the 
remaining  oxalates;  otherwise  alkali  chlorides  are 
volatilized.  The  insoluble  oxalates  are  in  general 
dissolved  in  dilute  HCl  and  separations  made  as  in 
any  mixture  of  chlorides.  Borates  do  not  interfere 
with  the  analysis.  A  number  of  analyses  of  glasses 
and  silicates  of  other  types  are  given  to  show  results 
obtained  by  this  method.  The  figures  given  are  the 
difference  between  the  oxalate  method  from  the  soda 
fusion  and  J.  Lawrence  Smith  method.  They  are 
expressed  as  +  when  oxalate  method  is  higher  and 
■ —  when  lower. 

A  B  CD  E  F 

NaiO — 0.08        -1-0.26        — 0.16       — 0.11        -1-0.18        +0    14 

K2O — 0.06        =»=0.00        -1-0.10        ±0.00       — 0.08       — 0.04 

CaO — 0.22       — 0.05  —0  05       .     . 

AbOa.FejOj. .  .       -|-0.04       — 0.08  ..  =t0.00        -f0.03        — 0.04 

ZnO -1-0.13        -fO.07        — 0.30        -)-0.04 

A — An  ordinary  soda  lime  glass  D — A  soda  zinc  borosilicate 

B — A  soda  lime,  zinc  borosilicate  E — A  soda  potash  zinc  glass 

C — A  soda  potash  */'nc  glass  F — A  soda  alumina  borosilicate 

The  presence  of  more  than  3  per  cent  alumina  causes 
difficulty,  owing  to  its  interfering  with  the  expulsion 
of  fluorine  by  oxalic  acid.  Except  the  lead  glass  all 
those  containing  AI2O3  gave  a  test  for  fluorine  in  the 
soluble  oxalates,  and  the  amount  of  such  fluorine  w-as 
greater  for  high  AI2O3  content  than  for  low. 

Feldspar  gave  very  low  results  for  alkali.  A  sample 
yielding  0.1246  g.  of  alkali  chlorides  by  the  J.  Law- 
rence Smith  method  gave  0.0909  g.  by  the  oxalate 
method.  This  was  increased  to  0.1102  g.  by  repre- 
cipitation  of  the  alumina  and  to  0.1230  g.  by  a  second 
reprecipitation.  With  several  alumina  glasses  low- 
results  were  obtained  on  both  AI2O3  and  alkali,  while 
with  other  glasses  either  AI2O3  was  low  and  alkali 
high  or  alkali  was  low  and  alumina  high.  From  the 
data  at  hand. it  seems  as  if  both  alkali  and  AI2O3  were 
apt  to  be  lost  at  some  stages  of  the  analysis  but  so  far 
our   results   are  not  consistent,   probably   due   to   the 
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variation  in  temperature  in  different  analyses.  In 
some  we  get  conditions  favorable  for  a  loss  of  alkali, 
in  some  for  a  loss  of  AI2O3  and  sometimes  for  both. 
We  have,  with  great  cafe  in  heating,  obtained  only 
slightly  low  results  where  both  AI2O3  and  Na20  were 
very  high  as  in  cryolite.  The  loss  therefore  probably 
can  be  prevented. 

Boric  oxide  tends  to  alleviate  the  difficulty  caused 
by  alumina  and  it  does  not  in  any  way  interfere  with 
later  determinations.  Borosilicates  with  up  to  5  per 
cent  AI2O3  give  fairly  good  results.  One  showed 
4.82  per  cent  AI2O3  and  o.ioio  g.  alkali  chlorides  by 
regular  methods  and  4.93  per  cent  AI2O3  and  0.1027  g- 
alkali  chlorides  by  the  oxalate  method.  The  results 
on  glass  G  mentioned  in  the  table  are  not  very  good, 
however.  With  glasses  not  containing  B2O3  the  ad- 
dition of  boric  acid  before  evaporation  with  HF  and 
H2C20,i  decreased  the  fluorine  content  of  the  soluble 
oxalates  and  also  gave  higher  results  for  AI2O3  and 
alkali  without  showing  any  B2O3  present  with  the  alkali. 

From  the  results  so  far  we  do  not  feel  confidence  in 
the  method  for  such  glasses  as  show  undecomposed 
silico-fluorides,  for  while  accurate  determinations 
may  be  obtained  with  special  precautions  the  method 
has  no  advantages  under  such  conditions.  For  glasses 
which  do  not  contain  much  AI2O3  the  method  seems 
well  adapted,  especially  for  the  analysis  of  a  series  of 
glasses  of  very  nearly  the  same  composition.  We  have 
also  found  it  convenient  for  the  rapid  determination 
of  AS2O3  or  Sb203  in  glass. 

DETERMINATION    OF    BORIC    ACID 

In  the  analysis  of  borosilicate  glasses  we  have  found 
that  for  the  determination  of  boric  oxide  the  method 
described  by  Wherry'  is  very  useful: 

"Fuse  the  sample  with  about  3  g.  of  NasCOs  for  15  minutes. 
Take  up  with  20  to  30  cc.  of  dilute  HCl  adding  a  few  drops  of 
HNO3  to  oxidize  ferrous  iron.  Place  in  a  250  cc.  round-bottomed 
flask,  heat  nearly  to  boiling,  and  add  dry  precipitated  CaCOa 
in  moderate  excess.  Connect  with  a  return  condenser  and  boil 
vigorously  for  about  10  minutes.  Filter  out  the  precipitate 
through  a  small  Biichner  funnel,  washing  several  times  with  hot 
water,  but  keeping  the  total  volume  of  liquid  below  100  cc. 
Return  the  filtrate  to  the  flask,  add  a  pinch  of  CaCOj  and  again 
heat  to  boiling;  then  connect  with  a  filter  pump,  through  a  splash 
trap,  and  continue  suction  until  the  boiling  has  nearly  ceased. 
Cool  to  the  ordinary  temperature,  filter  if  the  precipitate  has  a 
red  color  from  iron,  add  four  or  five  drops  of  phenolphthalein 
and  run  in  slowly  N / 10  NaOH  solution  until  the  liquid  is  strongly 
pink  in  color.  Introduce  about  i  g.  of  mannite  and  shake,  where- 
upon the  pink  color  will  disappear.  Add  NaOH  to  end  reac- 
tion, then  another  gram  of  mannite  and  if  necessary  more  alkali 
until  a  permanent  pink  color  is  obtained." 

The  method  was  first  tried  by  fusing  0.5  g.  sand  and 
0.2  g.  boric  acid  with  3  g.  soda.  The  melted  mass 
was  taken  up  with  water  and  7  cc.  cone.  HCl  added 
after  transfer  to  a  250  cc.  flask.  The  method  was  then 
followed  as  described  above  except  titration  was 
made  with  Ba(0H)2.  The  BoOs  content  came  from 
2  to  10  per  cent  low,  due  to  retention  of  B2O3  by  the 
precipitate  from  CaC03.  By  using  suction  in  filtering 
and  washing  this  precipitate  practically  100  per  cent 
of  the  B2O3  introduced  was  recovered.  For  0.25  g. 
B2O3  =   12.40   Ba(0H)2  we   used    12.35   and    12.40   cc. 

'  J.  Am.  Chem.  Soc.  30  (1908).  1687. 


As  iron  and  alumina  are  rarely  present  in  large  amounts 
in  glass  and  as  the  time  of  the  soda  fusion  with  glass 
can  be  cut  to  a  few  minutes  the  method  seemed  quite 
readily  adaptable. 

The  first  glass  tried  was  a  soda  alumina  borosilicate 
which,  from  analysis,  showed  a  possible  B2O3  content 
of  10.40  per  cent  by  difference.  Three  determinations 
by  Wherry's  method  showed  10.72,  10.57,  10.67  per 
cent  B2O3  or  an  average  of  10.64  per  cent.  A  soda 
borosilicate'  containing  a  small  amount  of  BaO  and 
SbjOs  showed  25.57  per  cent  B2O3  by  Wherry's  method 
and  25.75  per  cent  by  difference.  Other  glasses  of 
same  type  showed: 


Per  cent  B2O3  by  titration 
25.  10 
12.71 
17.57 
14.90 


Per  cent  B20a  by  differ 
25.  12 
12.  15 
17.51 
15.01 


With  a  zinc  borosilicate  very  unsatisfactory  results 
were  obtained,  the  B2O3  content  by  titration  running 
from  4  to  9  per  cent  when  only  2  per  cent  was  present. 
Several  mixtures  of  ZnO  and  sand  with  a  known  amount 
of  B2O3  were  run  through  by  Wherry's  method  and 
results  for  B2O3  were  always  high  even  after  very 
long  boiling.  Solutions  of  ZnCh  and  borax  were 
boiled  with  CaCOs  for  varying  lengths  of  time  and 
using  slight  excess  and  large  excess  of  CaCOa  and  zinc 
was  always  found  in  the  filtrate  from  the  CaCOj 
precipitate.  CaO  was  substituted  for  CaCOj  but 
with  no  better  success.  Na2C03  completely  removed 
the  zinc  from  solution  and  by  a  double  precipitation, 
using  first  Na2C03  and  then  CaC03,  we  obtained  0.0360, 
0.0361  and  0.0365  g.  B2O3  when  the  theoretical  amount 
was  0.0365  g.  PbO  was  found  to  cause  the  same 
trouble  as  ZnO  and  the  same  modification  of  the 
method  gave  satisfactory  results.  We  have  been 
able  to  use  the  modified  method  on  a  large  number  of 
glasses  with  satisfactory  results. 

The  modified  method  then  is  as  follows:  Fuse 
0.5  g.  of  glass  with  3  g.  NaoCOs  for  one  or  two  minutes 
after  mass  is  liquid.  Take  up  with  20  to  30  cc.  of  hot 
water  and  when  the  melt  is  entirely  decomposed  filter 
out  any  insoluble  oxides.  After  washing,  transfer 
filtrate  and  washings  to  a  250  cc.  round-bottomed  flask, 
add  about  7  cc.  concentrated  HCl,  heat  nearly  to 
boiling  and  add  dry  precipitated  CaC03  in  moderate 
excess.  From  here  on  the  method  is  as  given  by 
Wherry  except  that  we  used  Ba(0H)2  instead  of  NaOH. 
It  is  also  advisable  to  use  suction  for  filtering  the 
CaCOs  precipitate. 

Corning  Glass  Works.  Corning.  New  York 


THE  COMPOSITION  OF  MILK  AS  SHOWN  BY  ANALYSES 

OF  SAMPLES  OF  KNOWN  PURITY  MADE  BY  THE 

MASSACHUSETTS  STATE  BOARD  OF  HEALTH 

By    Herm.^nn   C.   Lythgoe 
Received  June  19.  1914 

Milk,  without  doubt,  is  the  most  extensively  adul- 
terated of  any  article  of  human  food  and,  by  reason 
of  its  variable  composition,  the  detection  of  this 
adulteration  is  difficult  and  in  some  cases  impossible. 
For  these  reasons  most  legislative  bodies,  in  addition 
to  prohibiting  the  sale  of  adulterated  milk,  prohibit 
the  sale  of  milk,  the  composition  of  which  falls  below 
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specified  standards  and  in  some  places,  as  in  the  State 
of  Massachusetts,  the  penalty  for  the  sale  of  milk 
which  is  adulterated  is  more  severe  than  that  for  the 
sale  of  milk  below  the  legal  standard.  The  milk 
analyst  in  such  localities  must  familiarize  himself 
with  the  composition  of  natural  milk  in  order  to 
detect  and  distinguish  between  milk  which  is  adul- 
terated and  that  which  is  simply  below  the  legal 
standard.  The  usual  methods  of  adulterating  milk 
are  the  addition  of  water,  the  removal  of  cream  or 
performance  of  both  acts,  the  ease  of  which  as  well  as 
the  resulting  profit  has  considerable  to  do  with  the 
extent  of  milk  adulteration.  As  water  is  a  natural 
component  of  milk,  the  detection  of  added  water,  as 
well  as  the  removal  of  cream,  can  be  accomplished 
only  by  showing  abnormal  chemical  or  physical 
constants  which  are  consistent  with  the  nature  of  the 
adulteration.  Either  or  both  of  these  forms  of  adul- 
teration may  be  practised  to  a  limited  extent  and  be 
impossible  of  detection. 

During  the  past  six  years,  from  600  to  700  samples 
of  known  purity  milk  have  been  examined  in  the 
laboratory  of  food  and  drug  inspection  of  the  Massa- 
chusetts State  Board  of  Health  of  which  nearly  500 
samples  have  been  subject  to  a  fairly  complete 
analysis,  434  of  which  came  from  individual  cows  and 
the  balance  from  herds.  These  samples  were  ob- 
tained from  Jerseys,  Guernsey,  Ayrshire,  Dutch  Belt, 
and  Holstein  cows,  as  well  as  from  cross-bred  or  so- 
called  grade  cows.  The  methods  of  analysis  used 
were  as  follows: 

TOTAL  SOLIDS,  as  used  by  the  Massachusetts  State 
Board  of  Health  for  thirty  years:  Evaporate  5  g.  of 
milk  in  a  flat-bottomed  platinum  dish  over  a  boiling 
water  bath  for  2  hrs.  and  weigh  the  residue. 

ash:  Burn  in  a  muffle  the  residue  obtained  as 
above,  and  weigh  the  ash. 

fat:  By  the  Babcock  method. 

proteins:  From  the  percentage  of  nitrogen  by  the 
Gunning  method  using  the  factor  6.38. 

lactose:  By  the  polariscopic  method  of  the  A.  O. 
A.  C,  mercuric  nitrate  being  used  as  a  clarifier.  If 
lead  is  used  as  a  clarifier,  the  results  are  low,  owing 
to  the  precipitation  of  lactose. 

MILK        SERUM (l)    COPPER        METHOD:'       Add        four 

volumes  of  milk  to  one  volume  of  copper  sulfate  solu- 
tion (72.5  g.  per  liter  adjusted  to  read  36.0  at  20°  C. 
on  the  scale  of  the  Zeiss  Immersion  Refractometer 
or  to  a  specific  gravity  of  1.0443  at  20/4°  C),  shake 
well  and  filter. 

(2)  ACETIC  ACID  method:^  To  ioo  cc.  of  milk  add 
2  cc.  of  25  per  cent  acetic  acid,  heat  for  20  minutes  in  a 
water  bath  at  70°,  cool  10  minutes  in  ice  water  and  filter. 

(3)  MODIFICATION      OF      PFYL      AND      TURNAU^     Called 

tetra  serum  I,  giving  the  same  serum  which  has  been 
substituted  in  some  instances  for  the  acetic  acid 
method.  Shake  50  cc.  of  milk  with  5  cc.  of  carbon 
tetrachloride  in  a  shaking  machine  for  5  minutes, 
add  1  cc.  of  20  per  cent  acetic  acid,  shake  again  for  5 
minutes,  centrifuge  and  pour  off  the  clear  serum. 

'  Lythgoe,  Mass.  Slate  Board  of  Health  Report,  1908,  p.  594 
2  Leach  and  Lythgoe,  J.  Am.  Chem.  Sac.  1904,  p.  11<>5. 
•  Arb.  Kais.  Ces..  40,  247. 


(4)  SOUR  serum:'  Allow  the  milk  to  sour  spontane- 
ously and  filter. 

(s)  ASH  OF  sour  serum:^  Measure  25  cc.  of  the 
sour  milk  serum  into  a  platinum  dish,  evaporate  to 
dryness  and  burn  in  a  muffle  at  a  temperature  not 
above  550°  C.     Weigh  the  residual  ash. 

The  summary  of  the  analyses  of  the  samples  ar- 
ranged according  to^breeds  in  the  order  of  the  average 
total  solids  is  given  in  Table  I.  Determinations  of 
solids,  fat,  proteins,  ash,  and  sugar  were  made  upon 
all  the  samples,  and  the  serum  was  prepared  from 
nearly  all  the  samples  by  one  or  more  methods. 

The  variation  in  the  composition  of  milk  is  due 
primarily  to  the  breed  of  the  cow  but  is  more  or  less 
influenced  by  the  period  of  lactation  and  the  season 
of  the  year.  It  is  very  generally  known  that  cows  of  the 
Jersey  and  Guernsey  type  give  better  milk  than  those 
of  the  Holstein  variety,  that  cows  far  along  in  lacta- 
tion give  richer  milk  than  just  after  calving  and  that 
milk  obtained  in  the  summer  is  inferior  in  quality  to 
that  obtained  in  the  winter  although  popular  opinion 
is  opposed  to  this  latter  statement.  The  solids 
naturally  show  the  highest  numerical  variation,  from 
17.17  to  10.20  per  cent  in  the  milk  from  individual 
cows  and  from  14.57  to  11.56  per  cent  in  herd  milk. 
The  constituents  having  the  most  influence  upon  this 
variation  are  first  the  fat  and  to  a  less  extent  the 
proteins,  the  former  varying  from  7.7  to  2.45  per  cent 
in  milk  from  individual  cows  and  from  5.40  to  3.35 
per  cent  in  herd  milk  and  the  latter  from  5.01  to  2 
per  cent  in  milk  from  individual  cows  and  from  4.02 
to  2.66  per  cent  in  herd  milk.  The  numerical  varia- 
tion of  the  ash  is  very  slight  and  that  of  the  sugar  is 
the  least  of  the  major  constituents,  the  latter  being 
from  5.80  to  3.91  per  cent  in  milk  from  individual 
cows  and  from  5.25  to  4.35  per  cent  in  herd  milk. 

The  percentage  variation  is  more  marked  than  the 
numerical  variation,  being  the  greatest  in  the  fat  and 
least  in  the  sugar.  Owing  to  the  presence  of  a  few 
samples  of  abnormally  high  concentration,  the  per- 
centage variations  above  the  average  are  greater  than 
those  below  the  average. 

Solids  vary  from  32  per  cent  above  to  21  per  cent  below  the  average 
Fat  varies  from  83  per  cent  above  to  42  per  cent  below  the  average 
Proteins  vary  from  53  per  cent  above  to  39  per  cent  below  the  average 
Sugar  varies  from  32  per  cent  above  to  18  per  cent  below  the  average 
Minimum  solids  were  40  per  cent  below  the  maximum  solids 
Minimum  fat  was  68  per  cent  below  the  maximum  fat 
Minimum  proteins  were  50  per  cent  below  the  maximum  proteins 
Minimum  sugar  was  32  per  cent  below  the  maximum  sugar 


Excluding  some  of  the  abnormally  high  figures  these 
variations  would  be  reduced.  It  is  unusual  to  find 
the  solids  above  17  or  below  10.5  per  cent,  the  fat 
above  7  or  below  2.5  per  cent,  the  proteins  above  4.5 
or  below  2.4  per  cent,  the  solids-not-fat  above  10  or 
below  7.8  per  cent,  and  the  sugar  above  5.5  or  below 
4.3  per  cent.  Using  these  limits,  which  eliminates  26 
samples,  the  variations  from  the  average  are  much 
less  than  those  calculated  from  all  the  samples. 

Solids  would  vary  from  31  per  cent  above  to  19  per  cent  below  the  average 
Fat  would  vary  from  66  per  cent  above  to  41  per  cent  below  the  average 
Proteins  would  vary  from  38  per  cent  above  to  27  per  cent  below  the  average 
Sugar  would  vary  from  15  per  cent  above  to  10  per  cent  below  the  average 
Minimum  solids  would  be  38  per  cent  below  the  maximum  solids 
Minimum  fat  would  be  64  per  cent  below  the  maximum  fat 
Minimum  proteins  would  be  47  per  cent  below  the  maximum  proteins 
Minimum  sugar  would  be  22  per  cent  below  the  maximum  sugar 

'  Matthes  and  Muller,  Z.  Sffenll   Chem..  9  (1903),  173. 
=  Burr  and  Berberich,  Chem.  Ztg.,  32,  617. 


Nov. 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


901 


Table   I — Sum\ 


OF   Af 


OF  Samples  of  Milk  of  Kn 


4.35  4.29 


2.43 


0.78 
0.66 
0.72 


40.8 


4.37 
2.65 
3.39 


Grade        Grade        Grade 

Breed                                              Jersey  Guernsey  Jersey    Guernsey  Durhar 

Number  OF  Samples 36  28  27             20             16 

Total  Solids — No.  of  samples  between 

16      and  17.  17  per  cent 5  2 

15       and  16  per  cent 11  11  2                 1 

14       and  15  per  cent 11  6  8                 4                  1 

13       and  14  per  cent 7  S  12                5                 9 

12      and  13  per  cent 2  4  4                8                3 

11       andl2percent ...  1                 2                3 

10.  2  and  1 1  per  cent ...  ...             ...             ... 

Highest,  per  cent 17.17  17.00  15.28        15.45         14.89 

Lowest,  per  cent 12.43  12.15  11.40        11.46        11.73 

Average,  per  cent 14.75  14.60  13.74        13.20        13.10 

Fat — No.  of  samples  between 

7         and  7  .  7  per  cent 2 

6         and  7  per  cent 14  5 

5         and  6  per  cent 10  14  6                 3                  1 

4         and  5  per  cent 10  8  19                12               10 

3  and  4  per  cent 1  2                 5                 5 

2.45  and  3  per  cent 

Highest,  per  cent 7.70  6.40  5,80         5.70         5.10 

Lowest,  per  cent 4.20  3.80  3.00 

Average,  per  cent 5.65  5.23  4.65 

Proteins — No.  of  samples  between 

4  and  5.01  per  cent 3  8  2 

3  and  4  per  cent 28  16  23 

2  and  3  per  cent 5  4  2 

Highest,  per  cent 4.42  5.01  4.20 

Lowest,  per  cent 2.79  2.26  2.78 

Average,  per  cent 3.46  3.73  3.45 

Highest,  per  cent 0.84  0.84  0.86 

Lowest,  per  cent 0.64  0.69  0.69 

Average,  per  cent 0.72  0.75  0.75 

Solids-not-Fat — No.  of  samples  between 

10         and  10.65  per  cent 3 

9         and  10  per  cent 16  15  16 

8         and  9  per  cent 20  10  11 

7.50  and  8  per  cent ...  ... 

Highest,  per  cent 9,80  10.65  9.76 

Lowest,  per  cent 8.13  8.00  8.40 

Average,  per  cent 9.10  9.37  9.09 

Milk  Sugar — No.  of  samples  between 

5  and  5 .  80  per  cent 20  7  9 

4  and  5  per  cent 16  21  18 

3.91  and  4  per  cent ...  ... 

Highest,  per  cent 5.80  5.22  5.46 

Lowest,  per  cent 4.10  4.46  4.35 

Average,  per  cent 4 .  94  4 .  84  4.87 

Protein — Fat  Ratio 

Highest 0.80  0.82  0.86 

Lowest 0.46  0.55  0.58 

Average 0.61  0.71  0.74 

Fat  in  Total  Solids 

Highest,  per  cent 47.4  38.6  38.8 

Lowest,  per  cent 33.1  31.0  30.1 

Average,  per  cent 38 .  3  35.9  33.9 

Refraction  of  Copper  Serum  at  20°  C. 
No.  of  samples  between 

40  and  40.4 

39  and  40 6  1  3 

38  and  39 22  17  8 

37  and  38 3  9  11 

36  and  37 

Total  No.  OF  Samples 31  27  22 

Highest,  scale  reading 39.5  39.0  39.3 

Lowest,  scale  reading 37.1  37.0  37.2 

Average,  scale  reading 38.1  38.2  38.0 

Refraction  of  Acetic  Serum  at  20°  C. 
No.  of  samples  between 

45  and  47.5 3  4 

44  and  45 7  11  2 

43  and  44 5  8  10 

42  and  43 1  3  7 

41  and  42.  ..: 2  1 

40  and  41 

Total  No.  of  Samples 16  28  20 

Highest,  scale  reading 45.2  47.5  44.1 

Lowest,  scale  reading 42.4  41.3  41.3 

Average,  scale  reading 44.2  43.9  42.9 

Refraction  of  Sour  Milk  Serum  at  20°  C. 
No.  of  samples  between 

44  and  50,9 1 

43  and  44 5  ...  2 

42  and  43 6  ...  3 

41  and  42 2  

40   and  41 1  ...  2 

39  and  40 

38.3  and  39 

Total  No.  of  Samples 15  ...  7 

Highest,  scale  reading 44 .  2  ...  43  .  7 

Lowest,  scale  reading 40.7  ...  40.4 

Average,  scale  reading 42.7  ...  42 .  2 

Ash  of  Sour  Milk  Serum 
No.  of  samples  between 

0.9      and  0.932  g.  per  100  cc 

0.8       and  0.9  g.  per  100  cc 7  ...  4 

0.730  and  0.8  g.  per  100  cc 8  ...  2 

Total  No.  of  Samples 15  ...  6 

Highest,  g.  per  100  cc 0.828  ...  0.824 

Lowest,  g.  per  100  cc 0.740  .     .  0.776 

Average,  g.  per  100  cc 0.786  ...  0.804 


sample 
434 


15.32 

14.68 

15.68 

14.09 

13.96 

17.17 

14.57 

10.77 

11.44 

10.58 

10.93 

10.20 

10.20 

11.56 

12.98 

12.64 

12.62 

12.  15 

11.69 

12.98 

12.79 

6.30 

4.75 

4.60 

7.70 

5.40 

2.45 

3 .  00 

2.45 

2.45 

3.35 

3.95 

3.56 

3.41 

4.21 

4.03 

0.87 
0.58 
0.76 


3.61 
2.34 
2.96 

0.77 
0.63 
0.70 


4.03 
2.00 
2.93 

0.84 
0.64 
0.72 


0.87 
0.56 
0.76 


9.75 
7.96 
8.85 

9.74 
8.47 
8.81 

9.80 
7.77 
8.76 

9.46 
7.89 
8.63 

10.24 
7.50 
8.67 

9.43 
7.63 
8.59 

9.61 

7.55 
8.28 

10.65 
7  .  50 
8.77 

9.48 
7.63 
8.76 

10 
10 

4 
12 

17 
35 

16 
11 

40 
90 

14 

27 

9 

47 

146 
287 

11 
36 

5.34 
4.50 
4.94 

5.29 
4.36 
4.86 

5.75 
4.20 
4.85 

5.30 
4.05 
4.88 

5.58 
3.91 
4.65 

5.35 
4.20 
4.93 

5.20 
4.08 
4.70 

5.80 
3.91 
4.78 

5.25 
4.35 
4.83 

0.90 
0.60 
0.75 

0.91 
0.62 
0,79 

0.98 
0.56 
0.76 

0.92 
0.59 
0.75 

0.99 
0.55 
0.82 

0.97 
0.71 
0.83 

0.99 
0.62 
0.86 

0.99 
0.46 
0.78 

0.95 
0.66 
0.82 

35.9 
30.6 
33.0 

35.4 
27.7 
32.7 

40.4 
27.9 
32.8 

36.3 
27.2 
31.8 

40.0 
25.0 
31.3 

31.8 
26.3 
30.9 

33.5 
25.0 
29.2 

47.4 
25.0 
32.5 

37.  1 
28.2 
31.6 

16 

11 

49 

15 

100 

39.0 

38.8 

39.7 

38.8 

40.4 

36.6 

36.6 

36.0 

36.0 

36.0 

38.0 

38.0 

37.9 

37.7 

37.6 

41.8  40.7 


42.1 


44.4 

42.7 

39.4 

38.7 

41.9 

40.5 

22 

147 

43.0 

50.9 

38.4 

38.3 

40.6 

41.9 

38.8 
36.7 
37.8 


46.6 

44.4 

44.6 

47.5 

44.6 

40.0 

41  .0 

40.0 

40.0 

41  .8 

42.5 

42.8 

41.6 

43.3 

42.7 

0.774  0.836  0.868  0,916  0.932 
0.732  0.790  0.736  0.777  0.732 
0.753        0.811        0.790        0.856        0.793 


0.860 
0.730 
0.795 


0.730        0.764 
0.794        0.792 
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The  variations  calculated  from  the  analyses  of  the 
herd  milk  are,  of  course,  much  less  than  those  ob- 
tained from  the  milk  of  individual  cows.  Experience 
has  shown  it  to  be  improbable  that  cows  giving  ab- 
normal milk  will  be  present  even  in  small  herds  of  six 
or  eight  in  sufficient  numbers  to  render  the  herd  milk 
abnormal.      Of  the  herd  milk, 

Solids  varied  from  14  per  cent  above  to  10  per  cent  below  the  average 
Fat  varied  from  .34  per  cent  above  to  17  per  cent  below  the  average 
Proteins  varied  from  21  per  cent  above  to  20  per  cent  below  the  average 
Sugar  varied  from  9  per  cent  above  to  10  per  cent  below  the  average 
Minimum  solids  were  21  per  cent  below  the  maximum 
Minimum  fat  was  38  per  cent  below  the  maximum 
Minimum  proteins  were  34  per  cent  below  the  maximum 
Minimum  sugar  was  18  per  cent  below  the  maximum 

The  solids-not-fat  (consisting  of  the  proteins,  lac- 
tose and  ash)  are  much  less  variable  than  the  solids 
or  the  f^t  and  formerly  was  the  only  figure  used  in 
detecting  added  water,  yet  the  variation  here  is  con- 
siderable. A  less  variable  figure,  the  soluble  solids 
(consisting  of  the  albumin,  ash,  and  sugar  varying 
between  5.95  and  6.45  per  cent  in  herd  milk  and  be- 
tween 5.80  and  6.60  per  cent  in  milk  from  individual 
cows),  has  been  suggested  by  Cornalba'  as  a  means  of 
detecting  added  water,  and  this  is  substantially  what 
is  obtained  when  preparing  the  milk  serum. 

It  has  been  known  that  the  composition  of  milk  is 
influenced  by  the  season  and  by  the  time  since  calving. 
In  order  to  show  if  these  variations  existed  in  the  sam- 
ples examined,  the  Grade  Holstein,  Grade  Durham, 
Ayrshire  and  Grade  Ayrshire  milk  were  selected,  thus 
excluding  the  exceptionally  high  Jersey  and  Guernsey 
and  the  exceptionally  low  Holstein  and  Dutch  Belt 
figures.  These  224  analyses  were  first  arranged  by 
months  and  because  of  the  small  number  of  samples 
obtained  in  some  months,  the  averages  were  not  rep- 
resentative and  the  arrangement  was  therefore  made 
by  seasons.  Of  these  samples,  the  period  of  lactation 
was  known  in  194  cases  and  seasonal  averages  were 
made  of  these,  together  with  averages  of  the  same 
analyses  arranged  according  to  the  period  of  lactation. 
These  figures,  together  with  the  variation  according 
to  season  of  the  herd  milk,  are  shown  in  Table  II. 


by  no  means  as  marked  as  those  observed  between  the 
different  breeds.  The  period  of  lactation  appears  to 
have  no  influence  upon  the  variation  by  season  for  in 
the  series  of  194  samples  arranged  by  seasons,  the 
average  period  of  lactation  was  practically  the  same 
in  each  season.  All  the  results  are  affected  by  the 
seasonal  variation  and  all  but  the  sugar  and  serum 
figures  are  affected  by  the  period  of  lactation.  The 
protein-fat  ratio  and  the  percentage  of  fat  in  the  solids 
of  these  samples  were  not  materially  affected  either  by 
the  season  or  by  the  period  of  lactation. 

RELATION     BETWEEN     THE     MILK     SOLIDS     AND    ITS     CON- 
STITUENTS 

RELATIOX    BETWEEN    THE    SOLIDS    AND    THE  FAT The 

percentage  of  fat  in  the  solids  decreases  with  the  solids; 
in  the  Jersey  milk,  it  averages  38  and  in  the  Holstein 
milk  27  per  cent.  The  highest  figure  was  47.4  obtained 
from  a  sample  of  Jersey  milk  and  the  lowest  25.0  per 
cent,  from  a  sample  of  Holstein  milk. 

RELATION    BETWEEN   THE    SOLIDS   AND    PROTEINS The 

amount  of  proteins  in  the  solids  is  fairly  constant  at 
about  25  per  cent.  Olson'  has  given  for  the  approxi- 
mate calculation  of  the  protein  from  the  solids  the  for- 

T  S 
mula    P   =   T  S where    P    equals    proteins    and 

1-34 
T  S  equals  total  solids. 

RELATION     BETWEEN     THE     SOLIDS     AND     THE    ASH As 

the  ash  is  nearly  constant,  the  percentage  of  ash  in 
the  solids  increases  as  the  solids  diminish,  being  4.9 
in  Jersey  milk  and  6.7  per  cent  in  Holstein  milk. 

RELATION   BETWEEN  THE   TOTAL  SOLIDS  AND   SUGAR 

Like  the  ash  the  sugar  is  nearly  constant  and  the  per- 
centage of  sugar  in  the  solids  increases  as  the  solids 
decrease.  In  Jersey  milk  the  average  figure  is  30  and 
in  Holstein  milk  40  per  cent. 

RELATION    BETWEEN    THE    DIFFERENT    MILK 
CONSTITUENTS 

-This  has  been  extremely  studied 
Period 


RANGED    ACCORDING 


Herds 
Winter  (Dec.-Fcb.).  ., 
Spring  (Mar. -May) .  . 
Summer  (June-Aug.) . 

Fall  (Sept -Nov.) 

Average. 

IIVIDUAL  Cows 

Winter  (Dec.) 

Spring 


Fall 60 

Average 224 

E  SINCE  CAI.VING 


No.  of  Total 

samples  solids 

9  13.23 

15  12.87 

8  12.39 

13  12.85 

45  12,79 

40  13.15 
12.72 
12.46 
12.79 
12.76 


PROTEIN-FAT  RATIO- 
Seasons  an 
Refraction  of  serun 


Fat  Proteins 
4.20  3.41 
4.14  3.13 
3.73  3.15 
3.94  3.37 
4.03        3.31 


Ash 
0.76 
0.73 
0.75 
0.74 


nth. 


12.70 


2  to  5  months 82  12.76 

6  to  9  months 58  13.03 

10  to  15  months 29  13.15 

Average 194  12.89 

>VE  Sampi.es  according  to  Seasons 

Winter 39  13.  16 

Spring 70  12.65 

Summer 31  1  2  .  44 

Fall 54  12.84 


4,24 
4.00 
3.97 
3.97 
4.03 


4.24 
3.92 
3.99 
4 .  00 


3.39 
3.16 
3.18 
3.28 
3.23 

2,93 
3,  19 
3 ,  43 
3 ,  43 
3,29 


0,75 
0.77 
0.73 
0,74 

0,73 
0,74 
0,75 
0,76 
0,75 

0.75 
0.75 
0.75 
0.76 


fat 
9.03 
8.74 
8,66 
8.91 
8.76 

8.92 
8.72 
8.59 
8.82 
8.73 

8.72 
8.79 
8.89 
8.93 
8.83 

8.92 
8.73 
8.45 
8.84 


Lactose  Coppel 
4.88        37.9 
4.92        38.3 
4.71        37.5 
4.80        37.7 

4.83  37.8 

4.80  38.2 
4.78  37.7 
4.55        37.3 

4.84  37.9 
37,7 


4,77 

4,90 
4,86 
4,71 
4,75 
4,81 


4,78 
4.55 
4.87 


38.1 
37.7 
37.7 


Acetic 
44.3 
43.3 
42.3 
42.8 


42.1 
42.6 
42,3 
43.4 


37.7        42.6 


37.7 
37.3 
37.9 


Sour 

42.2 
42.5 
42.2 
41.7 
42.3 

43.1 
42.0 
39.8 
40,4 
41.3 

42.6 
41.8 
42.0 
42.2 
42.1 

43.  1 
42.0 
39.8 
40.4 


Ash 
of  sou 


OF  Lactation 
Per 
Protein-     cent 
fat         fat  in 
ratio      solids 


Average 
period  of 
lactation 


0.789        0,76 


0,853 
0.775 
0.792 


0,811 
0,803 
0,801 
0.809 

0,785 
0,779 
0.817 
0.788 
0,793 

0.778 
0.811 
0,803 
0,801 


0.84 
0.86 
0,82 

0,80 
0,79 
0.80 
0.83 
0.80 

0.74 
0.78 
0.83 
0,81 
0,81 

0.80 
0.82 
0.80 
0,82 


32.2 
31.4 
31,8 
31.1 
31,6 

31.3  . 


32.2 
31.0 
32.0 
31.2 


3,4  months 
7  .5  months 
10,6  months 
5,4  months 

5. 1  months 
5,6  months 
5,6  months 
4,  7  months 


A  perusal  of  this  table  concerning  the  seasonal  vari- 
ation shows  that  milk  obtained  in  the  winter  is  the  best, 
that  obtained  in  the  summer  is  the  worst,  while  milk 
obtained  in  the  spring  and  fall  is  a  mean  of  the  summer 
and   winter  samples.      These  differences,  however,   are 

I  Ann.  Fats.,  a,  529, 


by  Van  Slyke^  and  his  average  ratios  being  based  upon 
several  thousand  analyses  are  of  more  value  than  those 
shown  in  Table  I.  The  figures  for  the  protein-fat 
ratio  for  the  different  breeds  are  as  follows: 


I  This  Journ 
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Protein-fat  Protein-fat 

ratio  From  ratio  From 

Breed  Van  Slyke    Table  I  Breed       Van  Slyke    Table  I 

Holstein-Friesan 1  :  0.87     1  :  0.86  Shorthorn.    1  :  0.80       

Dutch  Belt 1   :   0:83  Devon...    1:0.80        

Ayrshire  1  :  0.82     1  :  0.75  Guernsey.    1  :  0.66     1  :  0.71 

American  Holderness.    1  :  0.83       Jersey..  ..    1  :  0.64     1  :  0.61 

There  seem  to  be  three  groups  of  cows  according  to 
the  protein-fat  ratio,  those  of  the  Jersey  type  with  the 
protein-fat  ratio  below  0.7,  those  of  the  Holstein  type 
with  the  protein-fat  ratio  above  0.85,  and  the  balance 
of  the  breeds  with  a  protein-fat  ratio  about  0.8.  Van 
Slyke  has  given  for  the  approximate  calculation  of  the 
proteins  from  the  fat,  the  formula  P  =  o.4(F  —  3) 
-f  2.8  where  P  equals  proteins  and  F  equals  the  fat. 

T.\BLE   HI  — Cal 


where   S  equals    the   milk  sugar,   T  S  the  total   solids, 
F  the  fat,  and  0.7  the  ash. 

It  was  found  that  the  values  of  S  obtained  by  both 
formulas  were  nearly  the  same  when  the  milk  was  pure 
and  varied  from  4.5  to  5  per  cent.  In  skimmed  or 
watered  samples,  the  values  disagreed  and  were  above 
5  in  the  former  and  below  4  per  cent  in  the  latter.  A 
table  was  then  prepared,  using  the  above  formulas  for 
milk  with  solids  from  10.5  to  12.5  per  cent  and  fat  from 
2.5  to  4  per  cent.  This  table  has  been  in  constant  use 
for  5  years  for  the  purpose  of  distinguishing  between 
skimmed  milk,  whole  milk  and  watered  milk.      From 

ii.ATED  Sugar 


26 


TOTAL    SOUPS 


117 


11-9 


605 
650\e-60 


650 


6.56 


1207  30 


663  636 
770750 


261 


lb  5.56 

\5.ll\ 


535 
6  36  M6 


7/6 


6  7a'63b 
756,7(,6 


4S4 


S93 


773. 


406\4 


lis. 


6/3 
6  5b6S6 


4.3/ 


453 


4-ib 


453 


4.61 
ZU  ZM32yi42\4  52  4  e,2 


472 


463  491 

92  SOZ 


5-28  5ii 

\S.Sz 


S45  5.se  i 
5.dZ 


58  565 
592  6.02 


661  672  6-82 


421  l\.28 
4J)8  CI& 


468  4  7S 


476  4Si 

3043 A 


4z& 


4.53  460 
418  458 


4.43  45a 
434\J4d 


463  4  73 


488  438 
484 


313 


533546 
5.60570 


436 


3  83 

1 


4.65\473 
461 


336  343 
768298 
3  26333 
274,234 
316  3  23 


366373 
328  338 


4i3 


155 


363 
f24\334 


423  430 

4  am  14 


4  38  4.4s 


436  4  45 


4  24 


4.34 


'.13  4  20 
90400 


73486 
476, 


363 
323  3J3 


'•98  405 


78  338 


428  438 


3  73 
3.34\3 


316 

2M. 


Shortly  after  the   Olson  formula   was   published,   it 

occurred  to  the  writer  that  since  Olson's  formula  and 

that  of  Van  Slyke  were  correct  only  when  applied  to 

pure  milk,  a  combination  of  both  formulas  might  be 

used  in  distinguishing  between  pure   and   adulterated 

milk.      The  sugar  was  chosen  as  the  possible  index  and 

calculations  were  made  upon   many  samples  of  milk, 

using  the  following  formulas: 

T  S 
S  =  T  S  —  [F  +  0.7  +  (T  S  —  )] 


I. 
II. 


TS 


1-34 
[F  +  0.7   +  (o.4(F  —  3))    +   2.8] 


an  extension  of  this  table  a  list  of  the  maximum  and 
minimum  fat  corresponding  to  the  total  solids  from 
10.5  to  4  per  cent  was  prepared  and  published  in  the 
1909  report  of  the  Massachusetts  State  Board  of  Health. 
Subsequent  experience,  however,  has  shown  that  for 
practical  purposes,  the  maximum  and  minimum  values 
could  be  placed  farther  apart.  In  Table  III  of  cal- 
culated sugar,  the  upper  values  for  the  sugar  were 
obtained  by  Formula  I,  the  lower  values  by  Formula 
II.  The  positions  of  the  heavy  lines  were  deter- 
mined  by  allowing   the  variations  of  not  more  than 
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one-tenth  in  the  calculated  sugar  values.  The  samples 
falling  above  the  other  heavy  lines  may  be  suspected 
of  being  skimmed,  those  falling  below  the  lower  line 
may  be  watered,  and  those  falling  between  these  lines 
are  probably  normal  milk.  If  a  sample  is  both  skimmed 
and  watered,  it  may  be  classed  in  this  table  as  normal 
milk,  but  usually,  when  both  such  acts  are  performed, 
either  one  or  the  other  preponderates  to  such  an  extent 
that  the  sample  will  appear  adulterated. 

Five  hundred  and  seventy-four  samples  of  milk 
of  known  purity  and  2168  commercial  samples  which 
could  not  be  declared  adulterated  with  a  varia- 
tion in  solids  from  11  to  13.6  per  cent  have  been  tabu- 
lated with  reference  to  the  relation  between  the  solids 
and  the  fat  and  the  results  of  this  tabulation  are  shown 


sample  is  either  watered  or  skimmed  as  the  case  may 
be.  Considerable  more  work  must  be  done,  however,  in- 
volving the  tabulation  of  several  thousand  analyses 
of  samples  of  known  purity  milk  from  individual  cows 
in  order  to  establish  the  accuracy  of  the  above  statement. 
MILK  SERUM — Milk  serum  has  been  extensively  used 
for  the  detection  of  added  water  in  milk'  and  its  value 
for  this  purpose  is  due  to  the  fact  that  in  the  preparation 
of  serum  the  most  variable  components  of  the  milk,  the 
fat  and  casein,  have  been  removed.  Of  the  various 
methods  for  the  preparation  of  the  serum,  the  writer 
prefers  the  copper  method  on  account  of  the  simplicity 
and  rapidity  of  its  preparation,  because  it  can  be  pre- 
pared without  heat  and  requires  but  a  small  quantity 
of  milk.      With  the  small  beakers  now  in  use  with  the 
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in  Tables  IV  and  V.  In  both  of  these  tables  the  zone 
of  pure  milk  is  indicated  as  in  Table  III.  It  appears 
from  these  tables  that  the  methods  in  use  for  the  de- 
tection of  added  water  are  efficient  but  that  those  for 
the  detection  of  skimming  are  not  so  reliable.  A 
larger  percentage  of  known  milk  purity  fell  below  the 
lower  heavy  line  than  of  the  commercial  samples  not 
declared  adulterated.  The  samples  above  the  upper 
heavy  line  which  may  be  suspected  of  being  skimmed, 
constituted  17  per  cent  of  the  known  purity  samples 
and  47  per  cent  of  the  commercial  samples.  Of  the 
samples  containing  less  than  i.:i,  per  cent  of  fat,  s  per 
cent  of  the  known  purity  samples  and  68  per  cent  of  the 
commercial  samples  were  above  the  upper  heavy  line. 
Table  III  is  intended  solely  for  the  purpose  of  select- 
ing the  particular  samples  which  are  to  be  subjected 
to  other  tests  for  adulteration  and  to  give  a  positive 
indication  of  the  character  and  possible  extension  of 
the  adulteration.  From  Table  V  it  would  seem  that 
if  a  sample  was  0.4  above  or  0.4  below  the  maximum 
or  minimum  fat  figure  corresponding  to  the  solids  the 


Zeiss  immersion  refractometer,  it  is  possible  to  obtain 
sufficient  filtrate  from  a  10  cc.  sample  and  if  one  is  in 
a  hurry  17.6  cc.  of  milk  will  give  sufficient  filtrate  in 
a  few  minutes.  This  method  has  been  criticized  by 
the  author-  and  subsequently  by  Ackermann'  on  ac- 
count of  the  dilution  necessary  in  the  preparation  of 
the  serum,  but  this  is  offset  by  less  variation  in  the 
serum  from  different  samples.  It  has  another  disad- 
vantage, that  it  is  not  possible  to  use  the  values  of  the 
ash  of  the  copper  serum  in  detecting  added  water  be- 
cause the  amount  of  copper  in  the  serum  is  higher  in 
watered  milk  than  in  unwatered  milk  and  consequently 
the  ash  in  the  serum  of  watered  samples  is  but  little 
less  than  in  the  serum  of  the  original  milk  before 
watering.  This  objection  is  also  applicable  to  thecalcium 
chloride  serum  of  Ackerman,  owing  to  the  precipitation 
of  the  calcium  phosphate  inthe  preparation  of  theserum.' 

1  For  an  extensive  and  complete  review  of  the  literature  on  this  subject, 
sec  Arb.  Kais.  Cesundheits.,  40,  Heft.  3. 

!  Eighth  Intern.  Congr.  of  .^ppl.  Chem..  1,  p.  308. 

>  Z.  Nahr.  Cenussm.,  21  (1912),  612. 

<  .4ri>.  Kais.  Cesundhcils.,  40,  pp.  248.  255  and  256. 
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The  acetic  method  as  modified  by  Pfyl  and  Turnau 
is  fairly  rapid  when  only  a  few  samples  are  examined. 
It  can  be  prepared  at  the  room  temperature,  the  dilu- 
tion is  but  2  per  cent  and  the  ash  figures  increased 
by  2.21  per  cent,are  comparable  with  those  obtained 


hibits  signs  of  becoming  sour,  the  only  serum  that 
should  be  prepared  is  the  spontaneously  obtained  sour 
serum. 

RELATION      BETWEEN      THE      CONSTITUENTS      OF      MILK 

SERUM — Milk    serum    consists   of    water,    sugar,    lactic 
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from  the  sour  serum.  The  greatest  value  of  the  sour 
serum  is  in  the  preparation  of  the  ash.  'Using  25  cc. 
of  sour  milk  serum  there  is  less  than  2  g.  of  organic 
matter  to  be  burned  and  the  influence  of  the  combustion 
of  this  upon  the  190  milligrams  of  ash  is  slight.  It  is 
advisable  to  apply  this  test  in  addition  to  the  refrac- 
tion or  specific  gravity  of  the  serum  to  all  samples 
suspected  of  containing  added  water,  for  both  figures 
depend  upon  dififerent  milk  constituents  and,  further- 
more, if  milk  is  declared  adulterated  by  both  methods, 
it  eliminates  the  possibility  of  the  samples  being 
naturally  abnormal  milk  obtained  from  a  sick  cow. 
It  will  be  noticed  in  Table  I  that  the  refraction  of  the 
sour  serum  is  midway  between  that  of  the  copper  serum 
and  the  acetic  serum.  This  should  be  borne  in  mind 
when    making   examinations   of   milk   which   have   par- 


Table  VI- 
Refraction  of  copper  serum 


-Relation  between  Ser 


acid,  more  or  less  protein,  and  mineral  matter,  depend- 
ing upon  the  mode  of  preparation.  The  acetic  serum 
contains  sugar,  coagulable  albumen,  protein  precipi- 
tated by  tannic  acid  and  all  the  mineral  matter.  The 
sour  serum  contains  the  same  substances  in  addition 
to  lactic  acid  formed  from  the  sugar.  The  copper 
serum  contains  the  sugar,  coagulable  albumen,  protein 
precipitated  by  tannic  acid,  and  some  of  the  mineral 
matter.  The  calcium  chloride  serum  contains  the 
sugar,  proteins  precipitated  by  tannic  acid,  and  a 
portion  of  the  mineral  matter,  but  no  coagulable 
albumin. 

The  refractive  index  of  milk  serum  is  an  additive 
property  consisting  of  the  sum  of  the  refractive  indices 
of  its  constituents,  and  except  in  the  case  of  the  calcium 
chloride  serum,  bears  no  absolute  relation  to  the  com- 

M  Refraction  and  Sour  Serum  Ash 

Refraction  of  sour  serum  •. 


Ash  of 

0.730 
0.750 
0.770 
0.790 
0.810 
0.830 
0.850 
0.870 
0.890 
0.910 


Per  cent  of  sample: 


0.7 

1.4 

7.8 

2.  1 

0.7 

12.7 

2.3 

0.8 

3.  1 

3.  1 

2.3 

-1 

3 

2.1 

6.4 

6.3 

3.5 

18.3 

0.8 

2.3 

2.3 

4.6 

4.6 

2.3 

1  .4 

f..4 

9.9 

5.0 

22.7 

0 

8 

1.5 

3.1 

3.8 

6.2 

6.  1 

0.8 

0 

K 

2.8 

5,6 

9.2 

3.5 

21.1 

0 

y 

2.3 

2.3 

3.8 

3.9 

7    7 

0.8 

1.4 

2.  1 

5.6 

2.1 

11.2 

1.5 

4   6 

2.3 

1.5 

0 

8 

1.4 

2.  1 

0.7 

0,7 

0.7 

5.6 

0.7 

0.7 

2.8 

4.2 

0 

K 

0.7 

0.8 

1.5 

0.8 

0.7 

0.7 

0.7 

2.1 

0.8 

1.5 

1.5 

0 

X 

0.7 

1  .4 

2.  1 

6:8 

0.8 

0.7 

0.8 
0.8 

0.8 

11.9 

25.4 

44.4 

16.9 

1.4 

100.0 

2 

3 

5.4 

12.3 

13.7 

27.0 

24.6 

10.0 

4 

7 

Totals 

13 

9 

16 

9 

23 

1 

21 

.S 

10 

7 

'4 

6 

4 

6 

tially  soured.  Under  such  circumstances,  the  copper 
serum  so  prepared  will  give  a  higher  reading  and  the 
acetic  serum  a  lower  reading  than  would  be  given  by 
the  same  sample  before  souring.     When  a  sample  ex- 


position of  the  milk  from  which  it  was  made.  In  the 
calcium  chloride  serum,  the  refractive  indices  follow 
very  closely  the  percentage  of  sugar  in  the  milk. 
There  is  no  specific  relation  between  the   ash   of  the 
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sour  serum  and  the  other  properties,  of  the  serum  of 
pure  milk,  as  shown  in  Table  VI,  computed  from  the 
refractions  of  copper  serums  of  142  samples,  the  re- 
fraction of  the  sour  serum  of  130  samples,  and  the  ash 
of  the  sour  serums  of  the  same  samples. 

It  is  possible,  however,  if  one  knows  the  refractive 
indices  of  the  milk  serum  to  calculate  with  accuracy 
the  specific  gravity  or  the  solids  of  the  same  serum. 


no  difference  in  the  value  of  K,  provided  that  the  re- 
fractive index  and  specific  gravity  are  determined  at 
the  same  temperature  and  the  latter  referred  to  water 
at  4°  C.  Where  the  values  of  n  and  d  are  obtained  at 
different  temperatures,  the  value  of  K  varies  with  the 


temperature.      In  the  formula 


=  A,  n  and  «' 


The  Lorenz  and  Lorentz  formula 


+    2        d 


K  where 


must  be  determined  at  the  same  temperature.  The 
value  of  A'  in  the  copper  serum  is  slightly  less  in  wat- 
ered milk  than  in  whole  milk,  due  to  the  fact  that  while 


3i 


■37 


■it 


'  v  ;  y 

'';,       _, 

«3a 

080 
Prou,^ 

-Ratio 

'   J     "     ',  -;'     .'    '  . 

'  '">'\' 

*-W-f-  '^  ^ 

■  7"   ?    y'   1 

.'        X 

'       <r  V:.    '%'   '''       /.' 

f.    ' 

. 

•  ' 

^ 

> 

^          '•*'  :''^    ,*       y^   * ^    i''          ; 

.'           .' 

T-mOf   •>*■ 

A 

o.«o 

■^ 

'' 

'-    ; 

' 

< 

'^        '             / 

'/• 

ow 

- 

1 

•  O.SO 

rhtiTe/v- 


Ri  7  l«  ^01  IDS  SauR  SenuM 

Pun  ecu  r 


f.fO 
Phctcih 
Fat 

J\/)TIO 
0.70 


•V?  ;., 

/    *^>i^ 

'     . ". 

f^'  '- 

'  :' .  ''' 

>' 

%      .. 

^ 

X 

"    /-, 

^ 

?■  y            '^ 

'          -^ 

" 

J* 

''         ^ 

?>   X         "     ' 

>t              X 

- 

X  '       "^         .»(. 

>           jr 

^ 

A  < 

* 

A 

''          >      ^ 

.X                     J' 

"                Xy 

^        ^         i<  ' 

j(  ^' 

_^ 

■ 

^ 

^ 

?i/V 

^     >X 

V      "" 

^ 

^                 *        '> 

,^ 

< 

^ 

^* 

''       ' 

<A 

* 

' 

- 

n  equals  the  refractive  index,  d  the  specific  gravity, 
and  K  a  constant,  is  uniform  for  various  concentrations 
of  milk  serum  and  may  be  used  to  calculate  the  specific 
gravity     from     the     refractive     index.      The     formula 


evolved  by  Walter  and  Robertson' 


=    A  where 


n  equals  the  refractive  index  of  the  solution,  /('  the 
refractive  index  of  the  solvent,  c  the  concentration  of 
the  solution,  and  .1  a  constant,  is  applicable  for  the 
calculation  of  solids  of  the  milk  serum.  The  values  of 
these  constants  are  given  below.  In  the  Lorenz  and 
Lorentz  formula,  the  difference  in  temperature  makes 

'  Wied  Ann..  38  (188y),  107;   J.  Phys.  Chem  ,  13  (1909).  459. 


the  refraction  of  the  copper  solution  is  about  the  same 
as  that  of  the  milk  serum,  its  specific  gravity  is  higher. 
The  variation,  however,  is  too  slight  to  have  any  marked 
effect  upon  the  calculation  of  the  specific  gravity  from 
the  refractions.  Table  VIII  gives  the  value  of  the 
specific  gravity  and  solids  calculated  from  the  refrac- 
tion figures  of  the  acetic  and  copper  serums  and  of  the 
specific  gravity  calculated  from  the  sour  serum. 

REXATION  OF  THE  PROTEIN-FAT  RATIO  TO  SERUM  RE- 
FRACTION— It  will  be  seen  from  Table  I  that  in  the 
samples  obtained  from  Jersey  and  Guernsey  cows,  no 
figures  for  copper  refraction  were  obtained  below  37.0 
and   the   figures  for  the   protein-fat   ratio  were  all   less 
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Table  VII — Relation  between  Serum  Constants 

Serum  ^-^^  "  T    =   ''^  — ^    =   "* 

Calcium  chloride     K  at  17.6°  C.  K   =   0.2056  (a) 

d  at  15/15°  C. 

ft  at  X°  C. 

d  at  X°/4°  C.         K  =  0.2058  (a) 
Acetic  n  at  20°  C. 

<i  a?15°/15°  C.      iC   =  0.20554  (6)        A   =0.00158  (61 

M  at  X°  C. 

d  at  X°/4°  C.         A'  =  0.20592  (d) 
Copper  n  at  20°  C. 

i  at  15°/15°  C.      K   =  0.20484  .A   =   0.00158  (6) 

n  at  X°  C. 

d  at  X°,'4°  C.         K  =  0.20526  (6) 
Sour  M  at  20°  C. 

(i  at  15°/15°  C.      K   =0.20581 

n  at  X°  C. 

d  at  X°  /4°  C.       K  =  0.20607  (6) 
(a)  Weigner  and  Yakuwa,  Milckwertsch.  Zenlr..  B  (1909),  473. 
(/))  Lythgoe.  Proc.  £igA/A  Intern.  Congr.  Appl.  Chem.,  1,  309. 

than  0.82  and  from  the  average  figures  it  appears  that 
as  the  protein-fat  ratio  increases,  the  concentration 
of  the  serum  diminishes.  All  the  refraction  figures 
corresponding  to  protein-fat  ratio  above  0.50  have  been 

Table    VIII — Comparison    between    Refractive    Indices    and    Other 
Constants  of  Milk  Serum   (Calculated  from  Formulas 
Given  in  Table  VII) 

Acetic  Serum  Copper  Serum  Sour  Serum 

Scaje  Solids       Sp.  gr.          Solids         Sp.  gr.  Sp.  gr. 

reading  n^         p^r  , . ,   per  . ■ ,  , ■ , 

20°C.  20°C.  cent  15°/15°  20°/4°  cent  15°/15°  20°'4°  15°/15°  20°/4° 

28.0  1.33820  3.30  1.0149  1.0131  3.30  1.0184  1.0163  1.0136  1.0121 

29.0  1.33861  3.55  1.0160  1.0141  3.55  1.0194  1.0173  1.0146  1.0134 

30.0  1.33896  3.78  1.0170  1.0151  3.78  1.0205  1.0184  1.0157  1.0144 

31.0  1.33934  4.02  1.0180  1.0161  4.02  1.0215  1.0194  1.0167  1.0154 

32.0  1.33972  4.26  1.0190  1.0172  4.26  1.0225  1.0204  1.0177  1.0164 

33.0  1.34010  4.51  1.0200  1.0181  4.51  1.0235  1.0214  1.0187  1.0173 

34.0  1.34048  4.74  1.0211  1.0193  4.74  1.0246  1.0225  1.0198  1.0185 

35.0  1.34086  4.98  1.0221  1.0203  4.98  1.0256  1.0235  1.0208  1.0195 

36.0  1.34124  5.22  1.0231  1.0213  5.22  1.0267  1.0246  1.0218  1.0205 

37.0  1.34162  5.46  1.0242  1.0223  5.46  1.0277  1.0256  1.0229  1.0215 

38.0  1.34199  5.70  1.0252  1.0233  5.70  1.0288  1.0266  1.0239  1.0225 

39.0  1.34237  5.94  1.0262  1.0243  5.94  1.0298  1.0276  1.0249  1.0236 

40.0  1.34275  6.18  1.0273  1.0254  6.18  1.0308  1.0287  1.0259  1.0246 

41.0  1.34313  6.42  1.0283  1.0264   1.0269  1.0256 

42.0  1.34350  6.66  1.0293  1.0274   1.0279  1.0266 

43.0  1.34388  6.90  1.0303  1.0284   1.0290  1.0277 

44.0  1.34426  7.14  1.0313  1.0295   1.0300  1.0287 

45.0  1.34463  7.38  1.0323  1.0305   1.0310  1.0297 

plotted  and  the  results  are  shown  in  the  chart  on  page 
Qo6.  From  this  chart,  it  is  apparent  that  normal 
milk  with  a  protein-fat  ratio  less  than  0.70,  should  give 
sera  with  refractive  indices  above  37  by  the  copper 
serum,  40  by  the  sour  method,  and  41  by  the  acetic 
method.  The  relation  between  the  protein-fat  ratio 
and  the  percentage  of  fat  in  the  solids  is  shown  in  the 
plot.  The  protein-fat  ratio  increases  as  the  percentage 
of  fat  in  the  solids  decreases;  therefore,  if  the  per  cent 
of  fat  in  the  solids  is  high  (above  35),  the  sample  should 
give  a  serum  with  a  high  refraction.     The  consideration 


Table  IX — Analyses 


V  of  Known  Purity 
Fat  in    Refraction       ; 


Total 

Pro- 

not- 

Pro- 

total 

of  se 

um 

serum 

solids 

Fat 

tein 

Ash 

fat  Lactose 

tein 

solids 

, -. 

ash 

Per 

Per 

Per 

Per 

Per 

Per 

fat 

Per  Copper 

Sour 

G.  per 

No 

cent 

cent 

cent 

cent 

cent 

cent 

ratio 

cent 

20°  C. 

20°  C 

100  cc. 

1 

14.18 

4.70 

3.46 

0.73 

9.48 

5.03 

0.74 

33.2 

38.5 

42.8 

0.790 

2 

13.96 

4.70 

3.25 

0.78 

9.26 

5.16 

0.69 

33.6 

38.6 

42.2 

0.802 

3 

13.34 

4.30 

3.20 

0.70 

9.04 

5.05 

0.74 

32.2 

38.3 

42.2 

0.762 

4 

13.10 

4.20 

3.22 

0.75 

8.90 

5.12 

0.77 

32.1 

38.8 

42.7 

0.812 

5 

12.97 

4.40 

3.07 

0.76 

8.57 

4.80 

0.70 

33.9 

38.0 

42.1 

0.772 

6 

12.85 

4.10 

3.17 

0.66 

8.75 

5.04 

0.77 

31.9 

38.6 

42.0 

0.772 

7 

12.80 

3.85 

3.35 

0.74 

8.95 

4.85 

0.87 

30.1 

38.2 

42.2 

0.788 

8 

12.76 

4.10 

2.98 

0.76 

8.66 

4.60 

0.73 

32.1 

37.7 

40.8 

0.768 

9 

12.58 

3.60 

3.38 

0.74 

8.98 

4.64 

0.94 

28.6 

38.0 

42.0 

0.812 

10 

12.44 

3.70 

2.98 

0.66 

8.74 

4.93 

0.81 

29.8 

38.0 

42.0 

0.762 

11 

12.30 

3.80 

3.01 

0,72 

8.50 

4.96 

0.79 

30.8 

37.6 

41.0 

0.764 

12 

12.26 

3.70 

3.03 

0.74 

8.46 

4.56 

0.82 

30.3 

37.5 

40.7 

0.820 

13 

12.19 

3.65 

2.94 

0.70 

8.54 

4.63 

0.81 

29.9 

37.7 

41.3 

0.762 

14 

12.14 

3.40 

3.15 

0.75 

8.74 

4.70 

0.93 

28.0 

37.8 

41.7 

0.796 

15 

11.74 

3.30 

2.96 

0.78 

8.44 

4.59 

0.90 

28.1 

37.4 

40.3 

0.786 

16 

11.28 

3.20 

2.83 

0.74 

8.08 

4.35 

0.89 

28.5 

37.1 

39.5 

0.752 

of  these  relations  should  be  studied  in  connection  with 
the  other  figures  obtained  from  the  same  sample, 
particularly  with  the  sour  serum  ash,  before  the  sam- 
ple is  called  watered. 

During  the  months  of  March,  April  and  May  of  this 


year,  the  milk  of  a  large  number  of  herds  has  been 
examined  in  connection  with  another  investigation. 
From  these,  sixteen  have  been  chosen,  including  the 
samples  from  which  the  highest  and  lowest  figures  have 
been  obtained;  the  analyses  are  recorded  in  Table  IX. 
The  character  of  the  herds,  the  number  of  cows  and  the 
amount  of  milk  obtained  at  the  milking,  is  given  in 
Table  X.  None  of  these  analyses  were  used  in  the 
preparation  of  Table  I. 

Sample  No.  12  was  obtained  from  a  celebrated  herd 
of  thoroughbred  Holstein  Fresian  cows,  the  majority 
of  which  were  in  the  last  stages  of  lactation.    .Sample 


ITER   OF   Herds   Producing 
Table  IX 
Grade 
Grade   Ayr- 


Guern- 
Jersey     sey 


:y      ham     shire 

Number  of 


Grade 
Ayr-     Hol- 


MiLK   Recorded  in 


Wt.  of  milk 


39  450  11.6 

13  

22  250  11.7 

27  329  12.2 
30  400  13.3 
29  240  12.6 
25  260  10.4 

28  273  9.7 
15  180  12.0 
39  500  12.9 
25  217  8.7 
46  580  12.6 


No.  15  was  obtained  from  the  same  herd  two  months 
later,  many  of  the  cows  having  freshened  since  the 
previous  sample  was  taken.  The  analyses  of  these 
two  samples  show  that  while  the  solids  and  the  fat 
were  both  much  lower  in  the  second  sample  taken, 
there  was  practically  no  difference  between  the  figures 
obtained  from  the  milk  serum. 

All  the  other  samples  were  taken  from  different  herds. 
The  milks  from  herds  Nos.  14,  15  and  16  are  not 
sold  at  retail  until  after  being  mixed  with  milk  of  good 
quality,  in  order  to  bring  it  up  to  the  requirements  of 
the  Massachusetts  law. 

SUMMARY 

Variations  in  the  composition  of  milk  are  due  pri- 
marily to  the  breed,  and  to  a  less  extent  to  the  season 
of  the  year  and  to  the  time  since  calving. 

The  least  variable  milk  constituents  are  the  lactose 
and  ash,  both  of  which  are  of  value  in  detecting  added 
water. 

It  is  possible,  within  reasonable  limits,  to  indicate 
from  the  percentage  of  solids  and  fat,  whether  or  not 
a  sample  has  been  watered,  skimmed,  or  is  normal 
milk. 

No  relation  exists  between  the  refraction  of  the  serum 
and  the  sour  serum  ash;  therefore,  if  both  figures  are 
below  the  minimum  for  pure  milk  it  is  positive  indica- 
tion of  the  presence  of  added  water. 

The  protein  fat  ratios  in  all  cases  have  been  less  than 
I.  If  this  figure  exceeds  i,  skimming  is  indicated, 
the  amount  being  greatest  in  samples  possessing  the 
highest  ratio. 

If  the  protein-fat  ratio  is  less  than  0.7  or  the  per- 
centage of  fat  in  the  solids  is  above  35.0,  samples  may 
be  declared  watered  by  a  low  refraction  of  the  serum,  not 
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necessarily  below  the  minimum  for  all  samples  of  known 
purity.  This  is  particularly  so  when  dealing  with  herd 
milk. 

In  the  absence  of  a  refractometer,  the  specific 
gravity  or  the  per  cent  of  solids  of  the  serum  is  just 
as  valuable  as  the  refractive  index  in  detecting  added 
water. 

The  writer  wishes  to  acknowledge  his  thanks  to  his 
assistants,  Messrs.  Charles  H.  Hickey,  Louis  I. 
Nurenberg,  and  Clarence  E.  Marsh,  to  whom  he  is 
greatly  indebted  for  their  valuable  cooperation  in 
making  the  analyses  of  the  samples. 

Laboratory  op  Food  and  Drug  Inspection 
Massachusetts  State  Board  of  Health 


SOME  CHARACTERISTICS  OF  CHLORINE-BLEACHED 
FLOUR 

By  C.  A.  A.  UTT 
Received  July  3,  1914 

Since  the  Government  ruled  against  flour  treated 
with  the  oxides  of  nitrogen  (F.  I.  D.  loo;  N.  T.  722, 
U.  S.  Dept.  of  Agr.),  chlorine-bleached  flour  has  made 
its  appearance.  United  States  Patent  1,071,977, 
September  29,  1913,  deals  with  a  process  in  which 
"flour  is  treated  with  anhydrous  chlorine  (diluted  with 
an  inactive  gas)  in  order  to  mature  and  whiten  it." 
This  process  and  a  few  others  in  which  chlorine  is  the 
active  agent  are  used.  By  this  means,  it  is  claimed, 
the  flour  is  whitened  and  aged. 

That  chlorine  will  bleach  flour  has  been  known  for 
many  years,  but  its  activity  and  difficulty  of  control 
have  caused  its  use  to  be  viewed  with  suspicion. 
In  connection  with  the  pure  food  work  of  Kansas  it 
was  found  necessary  to  collect  some  information  on 
chlorine-treated  flour.  The  results  of  this  investiga- 
tion are  presented  in  this  paper. 

Samples  were  obtained  directly  from  the  mills  by 
the  Kansas  food  inspectors,  of  the  same  flour  before 
and  after  bleaching.  These  were  placed  in  screw- 
top  glass  jars,  sealed  and  shipped  to  the  laboratory. 
The  following  determinations  were  made:  (i)  Chlorine 
qualitatively  and  quantitatively;  (2)  moisture;  (3) 
acidity.  A  number  of  gluten  and  baking  tests  were 
also  made. 

Chlorine  was  determined  by  Jacobs'  method  as 
used  in  the  Plant  Chemistry  Laboratory  of  the  L'.  S. 
Department  of  Agriculture.  It  is  as  follows:  "To 
25  grams  of  flour  in  a  platinum  dish,  add  25  cc.  of  a 
solution  containing  25  grams  of  KOH  and  25  grams 
KNO3  per  liter.  Evaporate  to  dryness  on  a  steam 
bath,  and  ignite  in  a  muffle  at  a  dull  red  heat  until 
thoroughly  charred.  Extract  the  charred  mass  with 
25  cc.  5  per  cent  HNO3;  filter.  Return  residue  to  the 
platinum  dish,  char  further  and  extract  again  with 
25  cc.  s  per  cent  HNO3;  filter,  wash  with  hot  water, 
and  ignite  to  an  ash.  Dissolve  the  ash  in  5  per  cent 
HNO3,  filter  and  wash.  Combine  the  filtrates  and  de- 
termine the  chlorine  with  silver  nitrate." 

Qualitative  determinations  of  chlorine  were  made 
by  the  copper  wire  method  as  given  by  Alway  {Bull. 
102,  Nebraska  Experiment  Station,  page  33)  as  follows: 
"One  ounce  (30  grams)  of  flour  is  extracted  with  benzene 


(ether  was  used)  and  the  latter  evaporated.  A  small 
amount  of  oil  remains.  A  piece  of  copper  wire  is  heated 
in  a  colorless  gas  flame  until  it  is  black  and  no  longer 
colors  the  flame  green.  The  hot  end  of  the  wire  is 
dipped  into  the  oil  and  again  brought  into  the  flame.  If 
chlorine  or  bromine  has  been  used  as  a  bleaching  agent 
a  green  or  blue  coloration  is  produced." 

Moisture  determinations  were  made  by  drying  the 
samples  for  five  hours  in  a  steam  oven  at  the  tempera- 
ture of  boiling  water. 

The  determinations  of  acidity  were  made  in  ac- 
cordance with  Method  5  in  Bull.  152)  of  the  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture,  which 
is  as  follows:  To  20  grams  of  flour  in  a  500  cc.  Er- 
lenmeyer  flask  add  200  cc.  freshly  boiled  water.  Digest 
at  40°  C.  for  two  hours,  shaking  at  lo-minute  intervals. 
Decant  the  clear  liquid  through  a  folded  filter  and  ti- 
trate 50  cc.  N/20  NaOH. 

Table  I  indicates  the  results  obtained  on  inspec- 
tion samples.  It  will  be  noted  that  the  moisture  does 
not  vary  any  more  between  the  bleached  and  un- 
bleached flour  than  might  be  expected  in  duplicate 
determinations.     An  increase  in  acidity  in  the  bleached 

Table  I — Some  Characteristics  of  Chlorine-bleached  Flour 


NO.  Description 

46-47    Unbleached  patent 

Bleached  patent 
48-45    Unbleached,  clear 

Bleached,  clear 
52-54    Patent  unbleached 

Patent  bleached 
65-66    Unbleached  patent 

Bleached  patent 
95-96    Unbleached 

Bleached 
91-92    Patent  unbleached 

Patent  bleached 
51-55    Unbleached,  clear 

Bleached,  clear 
97-98    Unbleached 

Bleached 

70299  Bleached 

70300  Bleached 
65-63    Unbleached 

Bleached 
70-72    Unbleached 

Bleached 
73-71     Unbleached 

Bleached 


U  O 


O  H 


13.36  0.126  484  —  1870  43.1   12.99  94  95 

13.68  0.144  764  +  1860  42.8  13.07  93  94 
14.22  0.198  532  —  1780  47.5  16.10  ..  83 
14.18  0.288  916  -|-  1800  48.6  16.07  ..  85 
10.70  0.162  442  —  1940  38.87  12.67  93  92 
11.12  0.18  881  +  1950  39.16  12.87  93  89 
12.66  0.126  556  —  2020  39.34  12.40  94  92 
12.88  0.i;6  648  +  1980  39.98  12.92  93  89 
12.20  0.144  494  —  1920  41.83  14.05  94  94 
12.24  0.189  716  -|-  1970  41.78  13  67  93  94 
13.10  0.126  540  — 

13.12  0.135  844  + 

12.44  0.216  504  — 

12.32  0.252  928  + 

11.46  0.189  544  — 

11.40  0.198  868  -|- 

10.99  0.198  736  + 

11.22  0.207  900  + 

12.88  0.306  576  — 

12.69  0.324  667  + 
12.56  0.18  501  — 
12.68  0.234  972  -|- 
12.42  0.216  496  — 
12.42  0.270  855  + 


flour  as  compared  with  the  corresponding  unbleached 
sample  is  noted  in  nearly  every  instance.  The  chlorine 
content  varies  from  442  parts  per  million  to  576  parts 
per  million  in  the  unbleached  flour;  when  bleached 
the  variation  is  648  to  972  parts  per  million.  All 
bleached  samples  reacted  positively  with  the  copper 
wire  reaction  for  chlorine. 

The  differences  in  loaf  volume  are  not  much  greater 
than  one  would  expect  to  find  in  individual  loaves 
from  the  same  flour.  Loaf  volume  favors  the  unbleached 
flour  in  some  cases,  in  others  the  bleached  flour.  All 
loaves  were  graded  against  a  standard  loaf  made  from 
hard  wheat  flour  under  the  same  conditions,  as  is  the 
custom.  It  will  be  noted  that  in  nearly  every  case 
the  bread  made  from  the  unbleached  flour  grades  better. 
The  bleached  flour  gives  a  loaf  having  an  objectionable 
color  and  texture. 

The  gluten  tests  run  practically  uniform  for  the 
bleached  and  unbleached  flour,  there  being  no  more 
difference    than    on    duplicates.     However,    physically 
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the  gluten  of  the  chlorine-treated  flour  is  somewhat 
softer  in  some  cases,  showing  that  the  chlorine  may  have 
affected  the  gluten  to  some  extent. 

Several  samples  of  unbleached  flour  gave  the  follow- 
ing amounts  of  chlorine,  expressed  in  parts  per  million: 
(i)  44S;  (2)  503-8;  (3)  492;  (4)  448;  (s)  348;  (6)  373;  (7) 
452;  (8)  484;  (9)  496;  (10)  544.  A  number  of  samples 
of  chlorine-treated  flour  on  the  Kansas  market  yielded 
the  following  amounts  of  chlorine  expressed  in  parts 
per  million:  (i)  742;  (2)  260;  (3)  591;  (4)  608;  (5)  732; 
(6)  712;  (7)  1056;  (9)  904.  All  of  these  gave  a  positive 
test  with  the  copper  wire  reaction. 

A  number  of  samples  of  bleached  and  unbleached 
flour  were  shipped  to  the  laboratory  in  cloth  sacks, 
packed  together.  The  unbleached  flour  yielded  the 
following  amounts  of  chlorine,  parts  per  million: 
(i)  528;  (2)  552;  (3)  612;  (4)  598;  (s)  592.  In  each 
case  a  slight  color  developed  in  the  copper  wire  re- 
action, showing  that  some  chlorine  was  probably 
taken  up  by  the  unbleached  flour.  A  sample  of  soft 
wheat  gave  452  parts  chlorine  per  million;  a  sample 
of  hard  wheat  gave  496  parts,  and  two  samples  of  bran 
gave  464  and  431  parts  chlorine  per  million. 

SUMMARY 

The  chlorine  content  of  untreated  flour  may  run 
as  high  as  576  parts  per  million.  Chlorine-treated 
flour  will  contain  over  600  parts  per  million  of  chlorine. 

The  chlorine  can  be  detected  with  certainty  by 
means  of  the  copper  wire  reaction.  Samples  of  un- 
bleached flour  in  contact  with  chlorine-treated  flour 
may  give  the  reaction. 

Chlorine-treatment  increases  the  acidity  of  the 
flour  and  does  not  improve  its  breadmaking  qualities. 

In  conclusion  credit  should  be  given  to  Miss  Leila 
Dunton  of  the  Department  of  Milling  Industry  of  the 
Kansas  State  Agricultural  College  for  making  the 
baking  and  gluten  tests,  and  to  Dr.  J.  T.  Willard,  of  the 
Department  of  Chemistry,  for  suggestions  in  carrying 
out  the  work. 

Kansas  State  Agricultural  College 
Manhattan 


DETERMINATION  OF  PRUSSIAN  BLUE  IN  TEA' 

By  G.   W.   Knight 
Received  August  31,   1914 

This  method  of  determining  the  artificial  coloring 
matter,  Prussian  blue,  on  tea  is  the  conclusion  of  a 
series  of  experiments  to  ascertain  an  analytical  method 
that  would  be  rapid,  accurate  and  quantitative.  By 
means  of  it,  i  part  in  200,000,  and  sometimes  even 
I  part  in  300,000,  can  be  detected.  A  man  inexpe- 
rienced in  the  manipulation  can  run  four  determina- 
tions in  a  day  easily,  and  doubtless  with  experielice 
could  run  many  more.  Two  operators  working  inde- 
pendently on  the  same  sample  obtained  0.0019  ^rid 
0.0016  per  cent  of  Prussian  blue. 

METHOD — 100  g.  of  tea  are  ground  to  a  fine  powder 
in  a  coffee  grinder,  placed  in  a  round-bottomed  dis- 
tilling flask  of  sufficient  capacity  and  moistened  with 
enough    85    per    cent    phosphoric    acid    to    thoroughly 

•  Contributed  with  the  permission  of  the  Secretary  of  the  Treasury 
.and  the  U.  S.  Appraiser.  Port  of  New  York. 


moisten  all  of  the  tea.  (Usually  from  30  cc.  to  60  cc. 
are  sufficient.)  The  flask  is  then  fitted  with  a  delivery 
tube,  which  passes  through  a  two-hole  stopper  into  a 
mixture  of  4  cc.  of  10  per  cent  NaOH  solution  and 
30  to  40  cc.  of  water  contained  in  a  100  cc.  Erienmeyer 
flask.  The  Erienmeyer  flask  is  supported  in  a  beaker 
of  cold  water. 

An  outlet  tube  bent  at  right  angles  passes  through 
the  other  hole  of  the  two-hole  stopper  for  the  escape 
of  unabsorbed  gases.  The  apparatus  is  placed  in  a 
well  ventilated  hood  and  a  Bunsen  burner  flame  is 
placed  in  front  of  the  outlet  tube  to  burn  the  unab- 
sorbed gases. 

The  flask  is  then  heated,  slowly  at  first,  with  a  small 
flame  and  finally  more  strongly  until  the  phosphoric 
acid  begins  to  distil  over.  Usually  10  or  15  minutes 
are  sufficient  for  the  distillation. 

After  the  distillation  is  completed,  the  distillate  is 
filtered  and  the  filtrate  placed  in  a  casserole;  if  acid, 
it  is  neutralized  with  10  per  cent  NaOH  solution, 
then  3  cc.  of  10  per  cent  NaOH  solution  in  excess  are 
added.  A  crystal  of  FeS04  about  the  size  of  a  pea 
and  a  few  drops  of  10  per  cent  FeCU  solution  are 
added  and  the  solution  boiled  for  i  minute.  HCl 
(sp.  gr.  1.2)  is  then  added,  drop  by  drop,  to  the  hot 
solution  till  it  is  distinctly  acid.  The  solution  is 
filtered  and  the  precipitate  washed  with  95  per  cent 
alcohol,  until  the  washings  run  colorless.  Cold  10 
per  cent  NaOH  solution  is  dropped  on  the  filter,  using 
as  little  as  possible  but  washing  the  whole  area  of 
the  filter,  and  then  the  filter  is  washed  with  as  small 
an  amount  of  water  as  possible.  It  is  best  to  drop 
the  wash  water,  drop  by  drop,  from  a  pipette.  About 
4  cc.  of  NaOH  and  8  cc.  of  water  are  sufBcient  for  this 
operation. 

The  filtrate  is  acidified  with  acetic  acid  and  a  few 
drops  of  HCl  (sp.  gr.  1.2),  a  few  drops  of  10  per  cent 
PeCls  solution  are  added  and  then  HCl  (sp.  gr.  1.2) 
is  added  until  any  brown  color  that  may  have  developed 
has  disappeared. 

The  solution  is  then  placed  in  a  casserole  and  evapo- 
rated to  half  its  bulk  on  the  water  bath;  more  water  is 
added  to  dissolve  any  salts  that  may  have  crystallized 
out,  and  the  Prussian  blue  is  filtered  on  a  Gooch 
crucible,  washed  with  very  dilute  HCl,  water,  alcohol 
and  ether,  and  dried  at  100°  C.  to  constant  weight. 

The  weight  in  grams  gives  directly  the  per  cent  of 
Prussian  blue  in  the  sample. 

Several  samples  of  uncolored  China  and  Japan  teas 
were  run  by  this  method,  and  no  Prussian  blue  detected. 
Then  varying  amounts  of  Prussian  blue,  from  i  part 
in  75,000  to  I  part  in  400,000,  were  mixed  with  these 
uncolored  teas.  Prussian  blue  was  obtained  in  all 
cases  up  to  i  part  in  200,000  and  in  some  cases  up  to 
I  part  in  300,000.  The  amount  appeared  proportion- 
ate to  that  put  in,  but  the  amount  was  too  small  to 
weigh  except  in  the  case  of  i  part  in  75,000;  and  in 
this  case  where  1.5  mg.  was  put  in  i  mg.  was  recovered. 
As  the  purity  of  the  Prussian  blue  put  in  was  question- 
able, this  was  a  fairly  quantitative  recovery. 

Three   samples   which   gave    i    spot,    2   spots   and   3 
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spots,  respectively,  by  the  Read  test,'  gave  0.0005, 
0.0022  and  0.0022  per  cent,  or  i  part  in  200,000,  i 
part  in  45,000,  and  i  part  in  45,000. 

Three  other  samples  gf  colored  tea  that  gave  an 
average  of  50  spots,  48  spots  and  32  spots,  respectively, 
by  the  Read  test,  and  showed  color  distinctly  in  i  and 

2  and  barely  perceptibly  in  3  by  a  qualitative  infusion 
method  devised  by  W.  G.  Berry  (unpublished)  gave 
0.0072,  0.0044  and  0.0016  per  cent,  or  i  part  in  14,000, 
1  part  in  23,000,  and  i  part  in  63,000.     Sample  number 

3  repeated  by  a  different  operator  gave  0.0019,  checking 
fairly  well  with  0.0016  by  the  first  operator. 

The  writer  contemplates  making  a  more  exhaustive 
study  of  the  method  as  to  its  suitability  in  the  analysis 
of  various  classes  of  tea. 

U.  S.  Customs  Laboratokv 
Port  of  New  York 

AN  INVESTIGATION  OF  THE  DIASTASE  OF  ALFALFA 

AND  THE  EFFECT  OF  RAPID  CURING  UPON 

THE  FOOD  VALUE  OF  ALFALFA^ 

By    Ralph   C.   Shuey 

Received  May  22.   1914 

INTRODUCTION 

In  a  search  for  a  commercial  source  of  diastase 
among  the  green  plants,  alfalfa  was  found,  to  have  an 
exceptionally  high  diastatic  content,  and  further  work 
indicated  a  close  relation  between  diastatic  content 
and  the  proportion  of  water-soluble  constituents  of 
the  dried  plant.  It  was  found  possible,  by  careful 
and  rapid  curing,  to  increase  the  diastatic  value  very 
materially;  and  this  paper  will  deal  principally  with 
these  relations  and  their  possible  economic  importance. 
Before  taking  up  the  experimental  work,  however,  it 
might  be  well  to  review  briefly  the  occurrence  of  di- 
astase, its  role  in  the  economy  of  the  green  plant  and 
the  chemical  changes  related  thereto. 

Diastase,  or  amylase,  may  be  defined  as  that  enzyme 
or  organic  catalyst  which  is  elaborated  by  the  living 
organism  for  the  purpose  of  assisting  in  or  bringing 
about  the  conversion  of  starch  into  sugar.  But  little 
is  known  of  the  chemical  nature  of  diastase.  .  As 
ordinarily  prepared,  the  substance  contains  nitrogen 
and  might  be  classed  with  the  proteins,  but  some  work 
of  Prankel  and  Hambourg'  and  others  indicates  that 
the  protein  may  not  be  necessarily  an  integral  part 
of  the  substance,  but  that  the  protein  and  diastase 
are  almost  inseparable  on  account  of  their  colloidal 
nature  and  other  physical  properties.  The  action  of 
diastase  is  easily  affected  by  slight  variations  in  condi- 
tions.. Aside  from  the  temperature  and  concentra- 
tions of  hydrolyte,  hydrolyst  and  hydrolytic  products, 
the  presence  of  very  slight  amounts  of  hydrogen — or 
hydroxyl-ions  or  of  salts  may  produce  very  great 
changes  in  the  activity  or  even  completely  inhibit 
action.  In  the  moist  state  or  in  solution,  diastase  is 
easily  destroyed  by  heat,  continued  heating  at  80°  C, 

^  "Eighth  International  Congress  of  Applied  Chemistry."  Vol.  XVIH. 
p.  301. 

^  This  investigation  was  made  in  connection  with  Industrial  Fellow- 
ship No.  2.  in  the  University  of  Kansas,  during  the  years  1907-10.  and  has 
been  withheld  from  publication  in  fulfilment  of  the  conditions  of  the  Fellow- 
ship Agreement. 

'  Woch.fiir  Brauw,  23  (1906).  473. 


being  sufBcient  but  if  perfectly  dry  a  temperature  of 
ioo°  C.  for  a  considerable  time  has  no  noticeable  effect. 

As  we  are  not  concerned  with  the  diastases  of  animal 
origin,  they  will  not  be  discussed.  The  vegetable 
sources  of  diastase  may  be  roughly  divided  into  three 
groups: 

I — In  the  green  plants  diastase  is  present  for  the 
conversion  of  the  deposited  storage  material,  starch, 
into  the  soluble  and  transportable  sugars  which  may, 
after  transportation,  be  again  deposited  as  one  of  the 
less  soluble  carbohydrates,  starch  or  cellulose,  or  may 
be  used  up  in  the  metabolic  processes  of  the  plant. 
The  diastase  from  green  plants  possesses  the  property 
of  dissolving  unboiled  or  granular  starch  to  a  much 
greater  degree  than  does  that  from  the  other  two  sources. 

II — The  germinating  seeds  elaborate  a  very  active 
diastase  for  the  purpose  of  making  available  to  the 
growing  embryo  the  stored  up  material  of  the  endo- 
sperm. Although  this  diastase  attacks  unboiled  starch, 
it  does  so  only  very  slowly.  Malted  or  sprouted  grain 
is  the  most  generally  known  source  of  diastase.  Aside 
from  its  use  in  the  fermentation  industries  as  malt, 
the  soluble  portions,  concentrated  to  a  syrup  or  powder, 
are  used  in  the  baking  industry  and  in  medicine. 

Ill — Many  of  the  fungi  and  bacteria  secrete  diastase 
for  the  purpose  of  making  available  the  food  material 
of  a  starchy  medium  in  which  they  are  growing.  This 
has  found  application  in  the  moyashi  or  yeast  used 
in  making  the  Japanese  alcoholic  drink,  sake,  from  rice. 
The  diastatic  extract  from  this  fungus,  Aspergillus 
oryzae,  is  used  in  medicine  under  the  name  Taka- 
diastase. 

history:     the     presence     of     diastase     in     green 

PLANTS 

The  first  investigation  of  diastatic  activity  in  green 
plants  noted  was  that  of  Kosmann'  in  1877.  He  made 
aqueous  infusions  of  lichens,  moss,  algae  and  fungi, 
precipitated  with  alcohol,  and  obtained  a  substance 
which  showed  diastatic  action  in  every  case  when 
starch  paste  was  used  as  hydrolyte,  and  even  in  some 
cases  when  unaltered  starch  was  used. 

The  following  year  a  monograph  was  published  by 
Baranetsky,^  describing  similar  work  on  the  seeds, 
bulbs,  stems  and  leaves  of  plants.  His  conclusions . 
were  that  the  quantity  of  enzyme  present  at  any  one 
time  was  very  small,  it  being  elaborated  as  needed 
and  used  up  as  fast  as  formed. 

J.  Boehm'  agreed  with  the  former  investigators  . 
and  added  this  piece  of  information,  that  freezing  and 
thawing  the  leaves  stops  the  depletion-  of  starch,  as 
does  also  immersion  in  an  atmosphere  of  hydrogen. 
None  of  these  investigators  used  any  antiseptic  pre- 
cautions and  their  tests  were  more  qualitative  than 
quantitative. 

In  18S4,  Brasse''  followed  Kosman  and  Baranetsky 
but  used  chloroform  as  an  antiseptic  and  measured 
the  diastatic  activity  by  means  of  the  quantitative 
reduction  of  copper  solutions  in  place  of  using  the  iodine  ■ 


'  But!.  Soc.  Chim..  27  U8771,  2,S  1 . 
=  "Die  Starkeumhildendcn   Ferment 
'  Zeil.  /iir  d.  g.  Brauti;  6  (188,^).  76. 
I  Comptes  Rendus.  99  (1884).  878. 
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test  for  starch.  He  found  diastase  in  the  precipitate 
formed  by  adding  strong  alcohol  to  solutions  of  potato, 
dahlia,  Jerusalem  artichoke,  corn,  beet,  tobacco  and 
ricinus  leaves. 

Schimper'  found  feeble  diastatic  action  in  all  leaves 
he  investigated  and  noted  that  Allium  cepa  did  not 
form  starch  within  its  chlorophyll  granules.  He 
thought  that  perhaps  this  might  be  due  to  a  high 
diastatic  activity  in  the  leaf  preventing  the  formation 
of  solid  starch.  However,  comparisons  of  Allium  with 
Euphorbia  and  Tropaeolium,  which  form  starch  abun- 
dantly, showed  the  latter  to  possess  much  higher  dias- 
tatic activity,  leading  to  the  conclusion  that  the  dias- 
tase bears  a  direct  relation  to  the  starch  present. 

Then  Wortman^  raised  a  dissenting  voice.  Using 
the  clear  filtrate  obtained  by  shredding  and  pounding 
leaves  with  water,  he  found  no  diastatic  action  in  27 
out  of  the  32  species  examined  and  only  very  feeble 
action  in  the  other  5.  Both  0.5  per  cent  starch  solu- 
tion and  unaltered  wheat  starch  were  used  as  hydrolyte. 
Leaves  kept  in  an  atmosphere  of  CO2  in  the  dark  did 
not  lose  starch,  while  those  kept  in  oxygen  lost  starch 
readily.  From  these  results  he  concluded  that  the 
role  of  diastase  in  the  plant  was  either  very  unimportant 
or  that  it  had  no  function  whatever  and  that  the  solu- 
tion of  the  starch  was  brought  about  by  the  direct 
action  of  the  living  protoplasm.  He  admitted  one 
exception,  that  of  germinating  seeds. 

S.  H.  Vines'  almost  immediately  -published  a  criti- 
cism of  Wortmann's  work,  objecting  to  the  iodin  starch 
determination  in  the  presence  of  leaf  extract,  for 
Wortmann  himself  had  shown  that  coloring  matter 
and  foreign  substances  interfered  with  the  color  re- 
action. In  his  own  work  he  found  the  turbid  extract 
much  more  active  than  the  clear  filtrate.  In  some 
cases  the  added  starch  solution  hindered  the  hydrolysis 
of  the  starch  naturally  occurring  in  the  plant.  He 
concluded  that  the  carbohydrate  formed  was  not 
maltose.  Vines'  work  agreed  with  that  of  Baranetsky 
and  Boehm  and  he  concluded  that,  although  the  amount 
of  diastase  that  could  be  extracted  was  small,  yet  the 
secretion  was  doubtless  a  continuous  process,  so  that 
the  amount  produced  during  a  given  time  might 
suffice  to  effect  the  observed  conversion  of  starch  into 
sugar. 

A.  Prunet*  observed  that  the  end  sprouts  of  a  sprout- 
ing potato  developed  much  faster  than  those  near  the 
middle  and  examination  showed  much  more  diastase 
in  the  ends  of  the  potato,  thus  showing  a  relation  be- 
tween the  production  of  diastase  and  the  dissolution 
of  starch.  He  also  found  a  relation  between  the  ap- 
pearance of  diastase  and  the  commencement  of  growth 
fn  the  tubers. 

A.  Meyer'  studied  and  tabulated  the  starch-forming 
ability  of  the  leaves  of  different  plants  and  found  that 
many  of  the  monocotoledons  do  not  store  starch.  He 
concluded,  however,  that  this  was  not  due  to  the  rapid 
removal    of    carbohydrates.      He    arranged    the    plants 

'  Bol.  Zeit..  43,  1885,  p.  738. 

"  Ibid..  1890,  p.  .S82. 

'  .4»iii.  of  BoL.  S  (1891).  409. 

'  Comples  Rendus,  116  (1892).  751. 

'  Bot.  Ztil  .  188B,  pp.  27-32. 


into  five  orders  of  decreasing  starch  storage,  placing 
the  Solanaceae  and  Papillonaceae  first.  He  also 
found  that  leaves  could  convert  sugars  into  starch 
when  the  plucked  leaves  were  immersed  in  sugar  solu- 
tion. 

Brown  and  Morris'  in  1893  published  an  extensive 
research  into  the  diastase  of  leaves.  After  determin- 
ing the  diastase  in  the  leaves  of  many  different  species, 
they  concluded  that  it  was  always  present  in  quanti- 
ties sufficient  to  hydrolyze  more  starch  than  the  leaf 
could  contain  at  any  one  time,  sometimes  enough  to 
hydrolyze  many  times  the  dry  weight  of  the  leaf  itself. 
Tannin  very  often  prevented  the  making  of  an  extract 
of  any  power,  although  by  precipitating  the  tannin 
with  rawhide  raspings  the  diastase  could  be  demon- 
strated. They  concluded  that  neither  the  leaf  nor 
the  powdered  tissue  gave  a  full  measure  of  the  diastase 
present,  for  drying  and  powdering  the  leaf  and  using 
a  suspension  of  the  powder  in  water  gave  an  activity 
about  seven  times  greater  than  the  filtered  extract  of 
the  crushed  green  leaf.  The  Papillonaceae  and  Solan- 
aceae proved  to  be  exceptionally  high  in  diastase. 
Expressing  the  diastatic  activity  by  the  number  of 
grams  of  maltose  produced  in  48  hours'  hydrolysis 
at  30°  by  ten  grams  of  dry  leaf,  they  found  in  Pisum, 
sativum  an  activity  of  240.3°,  about  one-third  the 
activity  of  pale  barley  malt. 

The  diastase  was  found  to  be  from  35  per  cent  to 
70  per  cent  more  active  in  leaves  plucked  after  being 
kept  in  the  dark  some  hours  than  after  a  full  day's 
insolation.  In  one  case  keeping  in  the  dark  for  four 
days  increased  the  activity  153  per  cent,  but  this 
was  with  a  very  feebly  diastatic  sample.  Although 
floating  leaves  on  water  in  the  dark  increased  the  dia- 
stase just  as  keeping  the  growing  plant  in  the  dark  had 
done,  yet  floating  on  a  dilute  solution  of  dextrose  in 
the  dark  decreased  the  diastatic  activity.  From  this 
and  the  results  of  similar  experiments'  on  sprouting 
grains  they  concluded  the  secretion  of  diastase  to  be 
a  starvation  phenomenon. 

Leaf  diastase  was  found  capable  of  acting  on  solid 
starch,  especially  that  of  buckwheat.  In  the  pres- 
ence of  0.006  per  cent  formic  acid  a  suspension  of  Pisum 
sativum  caused  complete  disintegration  of  many  of  the 
soaked  buckwheat  starch  grains  placed  in  it  for  10 
hours  at  30°  C.  When  acting  on  boiled  starch  the  re- 
sulting carbohydrates  were  found  to  be  maltose  and 
dextrin,  but  no  dextrose. 

After  studying  the  relation  of  leaf  starch  to  the  total 
products  of  assimilation,  they  concluded  that  "There 
is  no  evidence  whatsoever  of  starch  being  a  necessary 
link  between  the  sugars  of  assimilation  and  the  sugars 
of  translocation;  it  is  far  more  probable  that  the  starch 
is  only  elaborated  within  the  cell  when  the  supply  of 
nutrient  is  in  excess  of  the  cell  requirements  and  that 
most  of  the  assimilated  products  never  pass  through  the 
stage  of  starch  at  all."  They  found  sucrose  to  be  the 
prevailing  sugar  in.  the  juice  of  the  plants  examined. 

Browne  and  Blouin'  found  in  the  sugar  cane  leaves 

■  Jour.  Chrm.  Soc.  Trans..  63  (1893),  604. 

'  Brown  and  Morris,  Jour.  Chrm.  So,.  Trans.,  67  (1890).  458. 

■  La.  AgT.  Exp.  Sta.,  Bull.  91. 
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a  much  higher  percentage  of  sucrose  in  the  evening  than 
in  the  morning.  The  carbohydrates  were  transported 
as  reducing  sugars  which  were  reconverted  to  sucrose 
and  stored  up  in  the  pith  cells.  A  portion  of  the  in- 
vert sugar  was  used  up  in  the  vital  processes  of  the  cane 
(formation  of  new  tissue,  etc.)  for  which  purpose  levu- 
lose  appeared  to  be  used  in  greater  amount. 

Butkewitsch'  found  a  very  active  diastase  in  the 
bark  of  a  number  of  plants  and  stated  that  in  the  barks 
of  some  of  the  Papillonaceae  it  is  only  slightly  inferior 
to  malt  in  its  activity. 

The  presence  of  diastase  in  the  leaves,  stalks,  bark 
and  ripening  fruit"  makes  it  appear  that  diastase  is 
present  in  all  parts  of  plants,  at  least  at  some  period 
during  their  growth. 

The  success  of  these  investigations,  demonstrating 
the  presence  of  such  appreciable  quantities  of  diastase, 
indicated  the  probability  of  the  diastatic  content  of 
fodders  bearing  an  important  relation  to  the  availa- 
bility of  the  food  constituents.  Experiments  were 
conducted  along  similar  lines,  using  alfalfa  as  an  ex- 
ample of  a  highly  diastatic  plant,  and  endeavoring 
to  learn  the  optimum  conditions  for  the  production 
and  retention  of  diastase  in  a  cured  hay. 

METHODS    AND    PROCEDURE 

PREPARATION  OF  SAMPLES — All  Samples  of  alfalfa, 
except  when  otherwise  noted,  were  cut  when  from  Vio 
to  ^/lo  in  bloom,  the  stems  from  the  different  plants 
thoroughly  mixed  and  afterwards  divided  into  looo 
or  2000  gram  portions  for  curing.  The  control  samples 
were  placed  in  ovens  immediately  and  dried  at  45—50° 
C.  for  48  hours.  The  "air  cured"  samples  were  al- 
lowed to  lie  on  the  floor  of  the  laboratory  for  three 
days  and  afterwards  dried  at  45-50°  C.  for  48  hours 
to  bring  them  to  the  same  moisture  content  as  the 
controls.  All  samples,  after  the  treatment  noted, 
received  this  final  drying. 

In  the  sampling  of  the  stacks  several  samples  were 
taken  from  different  parts  of  the  stack  by  raising  a 
portion  of  the  hay  on  poles  and  removing  an  armful 
from  the  undisturbed  portion,  being  careful  not  to 
shake  off  any  leaves.  These  samples  were  mixed, 
coarsely  ground  and  resampled  for  final  grinding. 

If  leaves  and  stems  were  determined  separately, 
after  drying,  the  leaves  were  stripped  from  the  stems 
by  hand,  weighed  and  ground  separately.  This  method 
of  separation,  although  extremely  crude,  gave  a  maxi- 
mum error  of  about  2  per  cent. 

DIASTASE  DETERMINATION — Starch  paste — 2000 
grams  of  distilled  water  were  roughly  weighed  into 
a  tared  beaker  and  boiled.  Forty  grams  of  neutral 
soluble  starch  prepared  according  to  Lintner'  were 
accurately  weighed  out  and  stirred  with  about  100 
cc.  of  water  and  added  to  the  bulk  of  the  water  with 
stirring  and  the  whole  boiled  and  stirred  for  five  minutes, 
then  cooled  and  made  up  to  exactly  2000  grams. 

Two  and  one-half  grams  of  the  dry  pulverized  plant 
were  accurately  weighed  into  a  100  cc.  wide-mouthed 
bottle  and  exactly  50  cc.  of  water  added  from  a  pipette. 
Two  drops  of  toluene  were  added  and  the  whole  allowed 

I  Biochem.  Zeit.,  10  (1908),  314. 

-  OcerliiiRs,  Intern.  Sugar  Jour..  10,  372. 

'  Jour,  prakt.  Chcm..  34.  378. 


to  digest  for  eight  hours  at  room  temperature  with 
occasional  shaking.  This  was  filtered  through  an 
empty  porcelain  Gooch  crucible  until  clear,  the  pul- 
verized plant  acting  as  filtering  medium.  This  gave 
about  45  cc.  of  liquid  which  was  assumed  to  contain 
■"/eoths  of  the  water-soluble  substance  of  the  plant. 
Experiment  showed  this  assumption  to  be  within 
experimental  error. 

For  digestion  loo  cc.  portions  of  the  starch  solution 
were  measured  into  120  cc.  tubes,  placed  in  a  water 
bath  at  40°,  and  allowed  to  come  to  that  temperature: 
5  cc.  of  plant  solution  were  added  to  a  tube  of  starch 
solution  which  was  then  stoppered  and  well  shaken 
and  25  cc.  immediately  withdrawn  and  placed  in  a 
200  cc.  Erlenmeyer  flask  containing  5  drops  of  alkaline 
Fehling  solution.  This  sample  was  used  for  the  pur- 
pose of  determining  the  amount  of  sugar  present  be- 
fore digestion  and  the  alkaline  solution  was  used  merely 
to  stop  further  action  and  so  allow  the  solution  to 
stand  until  cupric  reduction  could  be  determined. 
The  time  required  for  filling  the  tubes  was  noted  and 
at  the  end  of  exactly  one  hour  25  cc.  portions  were 
withdrawn  into  flasks  as  before,  so  gauging  the  time 
that  both  the  first  and  last  tubes  had  exactly  one 
hour  for  digestion. 

Ten  cc.  each  of  AUihn's  modification  of  Fehling's 
solution'  and  25  cc.  of  water  were  measured  into  an 
Erlenmeyer  flask  and  heated  to  boiling.  This  solu- 
tion was  added  to  one  of  the  digestion  samples,  the 
whole  heated  to  boiling  and  allowed  to  boil  for  ex- 
actly four  minutes.  The  mixture  was  filtered  imme- 
diately through  a  Gooch  filter  containing  a  good  thick 
mat  of  asbestos.  After  thoroughly  washing,  the  filter, 
tube  and  stopper  were  transferred  to  a  250  cc.  flask 
and  4  cc.  of  concentrated  nitric  acid  were  added  to  the 
precipitate:  i  cc.  of  acid  was  also  added  to  the  pre- 
cipitating flask  to  dissolve  any  adhering  copper  oxide 
and  all  thoroughly  washed  into  the  flask. 

The  resulting  copper  solution  was  evaporated  to 
dryness  on  a  hot  plate  and  the  last  traces  of  oxides  of 
nitrogen  removed  by  a  blast  of  air.  After  cooling, 
10  cc.  of  50  per  cent  acetic  acid  were  added  and  boiled 
until  solution  was  completed,  then  cooled  and  made  up 
to  25  cc. 

Five  cc.  of  a  solution  containing  50  grams  of  potas- 
sium iodide  per  100  cc.  were  then  added  and  the  solu- 
tion titrated  immediately  against  standard  sodium 
thiosulfate.  i  cc.  of  2  per  cent  soluble  starch  being 
added  as  indicator  after  the  color  had  begun  to  fade. 
The  thiosulfate  solution  contained  about  9.5  grams 
per  liter,  equivalent  to  about  0.0025  gram  of  copper 
and  was  standardized  against  pure  copper. 

The  amount  of  maltose  equivalent  to  the  copper, 
found  was  read  from  a  curve  prepared  in  this  labora- 
tory from  determinations  on  pure  maltose.  The  maltose 
per  unit  of  copper  oxide  obtained  by  this  method  is 
about  96.9  per  cent  of  that  obtained  by  the  Munson 
and  Walker  method. - 

'  U.  S.  Dept.  Agr..  Bur.  of  Chem.,  Bull.  107  (1909).  49. 

=  The  difference  in  the  maltose  constant  of  these  two  methods  is  due 
largely  to  the  difference  in  concentration  of  the  alkali  and  the  substitution 
of  potash  tor  soda.  This  method  was  used  because  it  allowed  of  somewhat 
more  rapid  manipulation. 
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The  weight  of  plant  represented  by  the  25  cc.  of 
starch  solution  withdrawn  for  analysis  was: 
2-5  g-  X  5/50  X  25/105  =  0.0595  g- 
for  5/5oths  of  the  extract  were  added  to  the  starch 
and  25/io5ths  of  this  digestion  were  used  for  analysis. 
The  activity  of  the  samples  was  expressed  by  the 
number  of  grams  of  maltose  produced  by  one  gram  of 
sample  during  one  hour's  digestion  at  40°  C,  that  is, 
the  difference  in  maltose  content  of  control  and  di- 
gestion, divided  by  0.0595. 

DETERMINATION    OF     WATER-SOLUBLE      EXTRACT For 

this  purpose  a  glass  dialyzing  apparatus  was  used, 
heavy  filter  cloth  being  substituted  for  the  parch- 
ment: 25  grams  of  the  dry  sample  were  allowed  to 
digest  for  eight  hours  at  room  temperature  with  1000 
cc.  of  water  and  a  little  toluene.  The  cloth  and  alfalfa 
were  then  squeezed  as  dry  as  possible  and  fresh  water 
added.  The  total  time  of  extraction  was  48  hours 
and  five  changes  of  water  were  made,  the  sample  finally 
being  squeezed  out  and  dried.  The  difference  in 
weight  before  and  after  extraction  represented  the 
"water-soluble  extract." 

DISTRIBUTION    OF    DIASTASE    IN    THE    PLANT 

For  the  purpose  of  determining  the  distribution  of 
diastase  in  the  plant,  the  leaves  and  stems  were  ex- 
amined separately  and  in  every  case  there  was  much 
more  diastase  in  the  stems  than  in  the  leaves.  The 
average  of  all  separate  determinations  on  laboratory- 
cured  samples  showed  a  ratio  of  4.3  to  i,  the  ratio 
number  varying  from  ^.^  to  5.2.  A  sample  having 
53.6  per  cent  leaves  showed  the  following  distribution: 

Activity  of 


Sample 


Sample 
106 


Stems 
1.75 


Whole 
0.99 


Blossoms  plucked  a  few  days  later  showed  an  ac- 
tivity of  0.35,  or  about  the  same  as  that  of  leaves. 
A  later  separation  of  hay  taken  from  the  mow  showed: 


Part  of  plant 
Coarsest  stems 
Finer  stems 
Petioles 
Leaves 


Activity 
1.17 
0.79 
O.S.S 
0.21 


Whether  the  presence  of  tannin  is  the  sole  explanation 
of  the  low  activity  of  the  leaves  is  doubtful.  As  there 
is  much  more  starch  in  the  stems  than  in  the  leaves 
and  the  plants  were  actively  growing  and  flowering 
when  cut,  it  is  conceivable  that  the  diastase  is  present 
for  the  maintenance  of  the  sugar-starch  equilibrium 
which  seems  to  exist  in  the  plant  juices. 

FACTORS      WHICH     AFFECT     THE     AMOUNT      OF     DIASTASE 
DURING    THE    GROWTH    OF    THE    PLANT 

The   variation   of   diastase   with  light  and   darkness 
can  be  shown  by  these  samples: 


Sample 

Cut 

Cured 

Activity 

24 

27 
55 
49 

July  8.  8  P.M. 
July  9,  5  A.M. 
Oct.  6,  6  P  M. 
Oct.  6.  8  A.M. 

.■Mr-dried 
Air-dried 
At  50">  C. 
At  50°  C. 

0.57 
1.05 
0.92 
1.25 

agreeing  very  closely  with  the  daily  changes  observed 
by  Brown  and  Morris  with  Tropaeoleum. 

Samples  were  also  cut  and  kept  in  the  dark  in  water 
but  the  relative  increase  observed  in  this  case  was 
very  much  smaller;  for  example: 


Cut 
July  9.  5  A 
July  9,  5  A 
Oct.  3.  8  A 
Oct.  3,  8  A 
Oct.  6,  6  p 
Oct.  6.  6  p 


Treatment 
Dried  immediately 
Dried  in  dark  for  50  hrs. 
Dried  immediately 
In  water  in  dark  72  hrs. 
Dried  immediately 
In  water  in  dark  22  hrs. 


Activity 
0.84 
0.97 
0.90 
0.93 
0.92 
0.95 


These  differences  average  slightly  less  than  those 
obtained  by  Brown  and  Morris  with  Tropaeoleum 
and  are  very  much  less  than  in  their  experiments  with 
Hydrocharis  in  which  an  increase  of  153  per  cent  was 
observed. 

SEASONAL  VARIATIONS — There  seems  to  be  a  gradual 
increase  in  diastase  with  advancing  summer,  followed 
by  a  decline  at  the  approach  of  cold  weather.  De- 
terminations on  the  five  crops  were  as  follows: 

Sample 


Crop  No. 

Date  cut 

Activity 

1 

May  23,  8  A.M. 

0.75 

2 

July     9,  5  A.M. 

0.84 

3 

Aug.    2.  8  A.M. 

1.51 

4 

Oct.      6,  8  A.M. 

1.25 

5 

Nov.   9.  8  A.M. 

1.03 

The  first  four  samples  were  cut  at  the  proper  time  for 
hay-making;  i.  e.,  Vio  to  ^/lo  in  bloom.  The  fifth, 
perhaps,  ought  not  to  be  included,  as  it  was  only  about 
a  foot  high  when  cut — just  two  days  before  the  first 
frost.  A  sample  but  six  inches  high  and  cut  at  the 
same  time  showed  an  activity  of  1.24,  indicating  that 
the  younger  plants  are  higher  in  diastase. 

THE    EFFECT    OF    DIFFERENT    CURING    CONDITIONS     UPON 
DIASTATIC    ACTIVITY 

CHANGES  DURING  DRYING — Brown  and  Morris  ex- 
posed a  number  of  their  samples  to  chloroform  vapor 
before  drying  and  assumed  that  the  diastase  found 
after  chloroforming  and  drying  was  the  amount  pres- 
ent at  the  time  of  cutting  and  that  the  values  obtained 
by  drying  without  chloroforming  were  due  to  a  change 
brought  about  by  the  plant  activity. 

Exposing  alfalfa  to  chloroform  vapors  caused  the 
plants  to  wilt  as  if  frozen  and  the  samples  so  treated, 
after  drying,  showed  activities  from  42  to  84  per  cent 
lower  than  the  controls.  Whether  the  observed  dif- 
ference was  due  to  the  chloroform  breaking  down  a 
certain  resistance  to  the  action  of  some  substance 
which  destroys  diastase,  or  to  some  activity  of  the 
living  plant  producing  diastase  during  drying,  is  not 
known.  Chloroform  itself  has  a  very  slight  inhibiting 
action  on  enzymes.  It  was  found  impossible  to  get 
concordant  results  from  the  fresh  plant,  either  by  grind- 
ing with  sand  or  grinding  in  liquid  air  with  and  without 
sand,  but  in  every  case  the  activity  was  very  low. 
Thus  it  has  been  impossible  to  obtain  values  for  the 
activity  of  the  fresh  plant. 

Samples  dried  at  50°  C.  in  an  oven  showed  but  from 
79  to  99  per  cent  of  the  activity  displayed  by  the  sam- 
ples allowed  to  dry  at  room  temperature  and  after- 
wards placed  in  the  oven  at  50°.  This  was  probably 
due  to  the  warm,  humid  atmosphere  of  the  ovens,  for 
from  some  experiments  which  will  be  described  later 
it  was  found  that  drying  in  a  current  of  air  at  50° 
increased  the  diastatic  activity  as  much  as  50  per  cent. 
The  effect  of  oven-drying  can  easily  be  seen  from  the 
following  determinations.  All  samples  were  cut  the 
morning  of  May  23rd: 
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Activity 


Sample  Temp.  Whole  Per  cent  Leaves  Per  cent  Stems  Per  cent 

98  Room  0.88            100  0.29            100  1.4.3            100 

94  50°  0.7S               85  0.35               83  1.17               83 

95  100°  0.19      22  0.08      28  0.31      22 
97  150°  0.03       3  0.015      3  0,06       4 

Drying  at  room  temperature  in  the  dark  and  in  full 
sunlight  compared  as  follows: 

Decrease 
Sample  Activity  Per  cent 

98  Dried  in  dark  0.88 

99  Dried  in  full  sunlight  0   68  23 

A  ground  sample  exposed  to  direct  sunlight  for  a  year 
in  a  closed  bottle  showed  the  following  loss  in  ac- 
tivity: 

Activity 

!  Before  exposure  1  .  03 

After  exposure,  interior  portion  0.76 

After  exposure,  portion  next  to  bottle        0.70 

The  portion  next  to  the  bottle  had  lost  a  good  share 
of  its  color,  while  the  interior  portions  had  lost  but 
little  color  in  comparison.  The  bleached  layer  was 
less  than  a  quarter  of  an  inch  in  thickness. 

The  effects  of  weathering  are  apparent  from  the  fol- 
lowing parallel  experiments: 

Loss 
Sample  Treatment  Activity  Per  cent 

106  Cut  and  immediately  cured  at  room  temp.      0  99 
109        Cut   and   allowed    to   lie   in    the    field    for   a 

week    during    which    several    showers  oc- 
curred       0.25  75 

107  Cut  and  placed  in  sunlight,  with  occasional 

sprinkling,  for  two  weeks 0.09    .  9! 

Even  a  single,  short  night  rain  has  considerable  effect: 

Sample  Treatment 

147  Cut  morning  of  Aug.  2nd,  after  night's  rain, 

dried  at  50° 1.51 

150  Cut  evening  of  Aug.  1st,  lay  in  windrow 
without  wilting  during  rain,  was  dried 
following  morning  at  50° 0.99  34 

148  Cut  morning  of  Aug.   1st,  thrown  into  cock 

in  evening,  dried  following  morning  at  50°     0,48  69 

In  comparison,  the  hays  harvested  and  stacked 
under  the  regular  season's  conditions  were  very  much 
lower  in  diastatic  activity: 

Sample  Activity 

82  First  crop,  some  of  it  had  been  exposed  to  rain,  stacked      0.14 

73      •  Second  crop,  stacked 0 ,  50 

76         Third  crop,  stacked 0.57 

89         Fourth  crop,  stored  in  mow : 0.  60 

Three  samples  of  alfalfa  meal  obtained  in  the  market 
showed  activities  of  0.23,  0,40  and  0.41.  These  were 
supposed  to  be  made  from  selected  alfalfa,  but  were 
about  six  months  old  when  analyzed. 

DIGESTIBILITY WATER-SOLUBLE    EXTRACT 

It  is  natural  to  ask  whether  the  enzyme  content  of 
a  hay  is  of  any  real  value.  That  can  be  answered  posi- 
tively only  by  extensive  feeding  experiments  and  even 
then  with  difficulty,  for  the  conditions  that  make  for 
high  diastase  are  also  the  conditions  which  are  in- 
fluential in  the  production  of  good  hay.  The  buyer 
who  selects  choice  hay  of  good  color  and  odor  is  se- 
lecting hay  of  high  diastatic  content,  for  it  was  noticed 
throughout  this  research  that  diastase  and  color,  odor 
and  flavor  went  hand  in  hand. 

However,  there  is  good  reason  to  expect  a  relation 
between  enzyme  content  and  digestibility.  It  was 
pointed  out  that  there  is  much  more  diastase  present 
in  good  hay  than  is  needed  to  transform  all  the 
starch  present.  The  alfalfa  contains  other  enzymes 
as  well  which  may  or  may  not  vary  in  the  same  manner. 


Some  work  of  H.  T,  Brown'  indicates  that  all  the  cellu- 
lose digested  by  both  the  horse  and  pig  is  digested  by 
the  cytase  or  cellulose-dissolving  enzyme  in  the  food, 
and  not  by  the  enzymes  secreted  by  the  digestive 
tract.  It  is  true  that  much  greater  action  was  ob- 
served in  the  animal  than  in  vitro,  but  foods  which 
were  deficient  or  lacking  in  cytase  showed  little  or 
no  cellulose  digestion.  It  is  a  common  observation 
that  enzymes  show  greater  activity  under  the  condi- 
tions obtaining  in  the  digestive  tract  than  under  labora- 
tory conditions. 

In  thirteen  series  of  digestion  experiments  made 
under  the  direction  of  the  Department  of  Agriculture'' 
ten  of  the  trials  showed  a  positive  loss  due  to  cooking 
grain  before  feeding:  that  is,  "The  amount  of  food 
required  to  produce  a  pound  of  gain  was  larger  when 
the  food  was  cooked  than  when  it  was  fed  raw.  In 
some  cases  the  difference  was  considerable."  Soaking 
the  food  on  the  other  hand,  produced  a  larger  gain 
in  weight  per  pound  of  feed  than  when  dry  grain  was 
fed.  E.  F.  Ladd^  found  the  loss  in  digestibility  of 
clover  hay  by  cooking  to  be  about  the  same  as  that 
of  grain. 

As  a  rough  measure  of  probable  digestibility,  samples 
were  subjected  to  autodigestion  and  the  proportion 
which  was  soluble  in  water  determined.  In  nearly 
every  case  factors  which  made  for  high  diastase  were 
found  to  also  make  for  greater  solubility,  although 
the  diastase  varied  much  more  widely  than  the  solu- 
bility. This  is  illustrated  by  the  following  determina- 
tions on  the  first  and  third  cuttings: 

First  Cutting 

Per  cent 
Sample  Treatment  Activity     soluble 

97  Dried  at  150° 0.03  28.4 

144       Stacked  while  damp,  somewhat  ■■burnt" 0.10         30.7 

95        Dried  at  100° 0.19  32.2 

92        Dried  at  100° 0.41  34.9 

108  Dried  at  100°  (gas  turned  off  after  a  few  hours, 

finished  following  day) 0. 53  35 . 8 

99        Dried  in  full  sunlight 0.68  38.0 

94        Dried  at  50° 0.75  36.6 

98  Dried  in  dark 0.88  37.7 

106       Dried  at  room  temp 0.99  40.5 

Third  Cutting 

Per  cent 
Sample  Treatment  Activity     soluble 

148  Exposed  to  rain  in  cock,  dried  at  50° 0.48  32.8 

150  In  windrow  during  rain,  dried  at  50° 0.99  35.4 

147        Dried  at  50° 1.51  36.8 

149  Dried  in  blast  of  air,  average  temp,  about  50°     2.27  37.0 

151  Dried  in  blast  of  air,  average  temp,  about  50°     2.28         37.2 

The  accompanying  curves  may  illustrate  the  varia- 
tions perhaps  still  better.  The  three  circled  points 
below  the  "ist  cutting"  curve  represent  two  samples 
injured  by  rain  and  one  sprinkled  in  the  laboratory. 
In  these  the  loss  of  diastase  has  been  much  greater 
than  the  loss  of  soluble  matter.  The  variations  in 
diastase  and  solubility  of  leaves  and  stems  are  also 
shown  for  the  first  cutting. 

It  appears  that  the  percentage  of  water-soluble 
substance  does  not  continue  to  increase  beyond  a 
certain  point,  even  when  the  diastatic  activity  is  much 
higher  and  it  was  thought  probable  that  all  the  sub- 
stances acted  on  by  the  enzymes  might  be  dissolved 
out.  The  leaves  and  stems  of  sample  io6,  which  was 
40,5   per  cent  soluble,   were   digested  separately   with 

1  Jour.  Chem.  Soc.  Trans  .  1892,  p.  352. 
■■  V.  S.  Dept.  Agr.,  Farmer's  Bull.  M,  25 
'  -llh  Ann.  Rep.  N.  V.  Agr.  Exp.  Sta..  1886,  p.  348, 
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cold  water  as  usual  and  then  parallel  digestions  made 
with  this  difference:  that  after  the  eight  hours  at 
room  temperature  the  whole  digestion  apparatus  was 


placed  in  an  oven  at  50°  for  five  hours,  then  heated 
to  boiling  and  afterwards  washed  as  usual.  The  re- 
sults were  as  follows: 

Leaves 
Activity 
0.34  49.6  per  cent  soluble  at  room  temperature 

51.6  per  cent  soluble  by  heating 

2.0  per  cent  gain  by  heating 

Stems 
Activity 
1.75  30.0  per  cent  soluble  at  room  temperature 

30.4  per  cent  soluble  by  heating 

0.4  per  cent  gain  by  heating 

showing  that  in  the  weakly  diastatic  leaves  there  were 
still  present  substances  which  could  be  dissolved  out 
by  this  treatment,  while  in  the  strongly  diastatic 
stems  the  loss  was  but  one-fifth  as  great.  As  this 
sample  was  53.6  per  cent  leaves  and  46.4  per  cent  stems, 
this  would  represent  a  total  solubility  of: 

40.5  per  cent  at  room  temperature 
41.8  per  cent  by  heating 

1 . 3  per  cent  gain  by  heating 

In  alfalfa  analyzed  at  the  Colorado  Experiment  Sta- 
tion' it  was  found  that  a  total  of  40.53  per  cent  was 
soluble  by  consecutive  extractions  with  four  changes 
of  80  per  cent  boiling  alcohol,  24  hours'  digestion  with 
cold  water  and  subsequent  treatment  with  hot  water 
and  malt  extract.  From  this  it  would  be  inferred 
that  the  substances  soluble  by  water  and  diastase  had 
been  pretty  thoroughly  removed.  These  substances 
would  include  the  sugars,  dextrins  and  starch,  about 
half  the  protein  and  a  part  of  the  coloring  matter  and 
mineral  constituents. 

A  partial  analysis  of  sample  89  (4th  cutting,  field- 
dried)  showed  the  relative  proportion  of  these  constitu- 
ents in  choice  hay: 

Leaves  Stems  Whole 

Cane  sugar 1.35  3.90  2.43 

Maltose 0.20  0.17  0.19 

Dextrose 1.38  0.50  1. 00 

Levulose 0.78  0.39  0.62 

Starch 8.34  14.22  10.84 

Crude  protein 25.97  10.42  19.29 

'  Colo.  Agr.  Exp.  Sta.,  Bull.  184,  12. 


LOSSES      THROUGH      HANDLING      AND      CURING      OF      HAY 

Mention  has  been  made  several  times  of  separations 
of  leaves  and  stems.  These  separations  give  some 
interesting  figures  as  to  the  losses  met  with  in  field 
curing.  The  average  percentage  of  leaves  found 
in  the  laboratory-cured  samples,  where  no  losses  oc- 
curred, was  52.6  per  cent.  Two  samples  were  allowed 
to  lie  in  the  rain  but  were  dried  in  the  laboratory, 
so  that  no  diminution  in  the  number  of  leaves  oc- 
curred, and  both  gave  47.4  per  cent  leaves,  or  a  differ- 
ence of  5.2  per  cent.  The  average  amount  of  leaves 
in  samples  cured  in  the  field  under  favorable  condi- 
tions was  46.2  per  cent,  or  a  loss  of  5.6  per  cent.  One 
sample  which  was  cured  and  stacked  after  having  been 
exposed  to  rain  in  the  windrow  showed  but  3  5  per  cent 
leaves,  or  a  loss  of  17.6  per  cent.  Assuming  that  the 
stems  were  unaltered  by  the  rain  or  curing  and  figuring 
that  all  samples  originally  contained  the  same  propor- 
tion of  leaves  (52.6  per  cent),  then  the  rain  must  have 
caused  a  loss  in  weight  of  10  per  c.ent  of  the  total 
weight  of  the  hay,  this  loss  all  being  leaves.  The  field 
curing  caused  a  loss  of  i  2  per  cent  and  both  rain  and 
field  curing  showed  a  loss  of  22.8  'per  cent  in  the  one 
sample  examined.  These  figures  show  loss  in  weight 
but  not  loss  in  food  value,  which  was  much  greater, 
as  shown  by  the  following  analyses: 


Sample  Description 

Average        Lab.  cured  (no  loss) 
Average        Field  cured  (12.0%  loss) 
80  Exposed  to  rain 

Field  cured  (22.8%  loss) 


Protein  Sugar  Starch  Fiber 

17.83     4.18      10.71  27.50 

13.77      2.25      12.40  30.51 

11.33     0.75      14.12  36.49 


Calculating  the  constituents  on  the  original  loo  per 
cent: 

Description  Protein        Sugar        Starch         Fiber 

Field  cured 12.11  1.98  10.91  26.92 

Exposed  to  rain,  field  cured. . .     8.75  0.58  10.91  28.18 

which  amounts  to,  in  pounds  loss  per  loo  pounds  of  hay: 

Description  Protein     Sugar  Starch  Fiber 

Field  cured 5.72  2.20  0.20  (gain)        0.58 

Exposed  to  rain,  field  cured.    9.08  3.60  0.20  (gain)        0.68  (gain) 

showing  losses  of  32  per  cent  and  51  per  cent,  respec- 
tively in  the  protein,  and  53  per  cent  and  86  per  cent 
in  the  sugar  content.  There  must  also  have  been  a 
loss  of  starch  and  fiber  through  the  mechanical  loss 
of  leaves,  but  the  experimental  error  in  the  determina- 
tion of  these  substances  is  relatively  large;  so.  consider- 
ing other  possible  errors  in  sampling,  etc..  this  dis- 
crepancy is  not  surprising. 

Fleischmann'  has  shown  that  in  the  curing  of  hay 
the  cellulose  content  does  not  change  and  the  starch 
content  drops  somewhat  when  curing  takes  place 
slowly.  The  Kansas  Experiment  Station^  has  found 
in  weathered  hay  a  calculated  total  loss  of  31.7  per 
cent,   in   which   60  per  cent   of  the   protein   was  lost. 

W.  P.  Headden'  estimated  the  loss  due  to  weather- 
ing of  alfalfa  at  */io  of  the  total  crop,  exclusive  of  loss 
by  shattering  and  estimated  the  loss  of  leaves  and 
stems  by  shattering  at  from  '/s  under  favorable  con- 
ditions to  ^/a  under  extreme  conditions  and  repeated 
handling. 

C.    Lipscomb''   in   some   determinations   on   timothy 

^  Lavdwirtschafllicken   Vfrsuchsslalionen.  762  (1912),  237-447. 

'  Kans.  Agr.  Exp.  Sta.,  Bull.  166  (1908),  288-90. 

s  Colo.  Agr.  Exp.  Sta..  Bull.  110,  7. 

VU.  S,  Dept.  of  Agr..  Farmfr.^'  Bull.  362,  26. 
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hay  found  from  20  per  cent  to  40  per  cent  of  "no 
grade"  hay  on  the  outside  of  stacks  which  graded 
No.  I  in  the  interior,  showing  the  weathering  of  the 
outside  of  the  stack  to  be  considerable.  Alfalfa  is 
perhaps  even  more  sensitive  to  weathering  than  timothy. 
Returning  to  our  first  figures  and  assuming  the  market 
value  of  choice  alfalfa  hay  to  be  $20  per  ton,  the  loss 
of  from  12  to  23  per  cent  means  a  loss  of  from  $2.75 
to  $6.00  worth  of  hay  for  every  ton  harvested;  or,  for 
$20.00  worth  harvested  the  crop  should  have  been 
worth  $22.75  to  $26.00.  This  is  regardless  of  the 
fact  that  the  remaining  hay  is  of  less  value.  Taking 
the  reduced  value  into  consideration,  not  $20.00 
but  perhaps  only  $13.00  to  $18.00  would  be  realized 
per  ton  of  hay;  that  is,  land  which  could  have  pro- 
duced $26.00  worth  of  choice  hay  may,  on  account  of 
weathering,  produce  but  $13.00  worth,  giving  a  loss 
of  50  per  cent.  Or,  land  which  could  have  produced 
$22.75  produces  but  $18.00,  giving  a  loss  of  over 
20  per  cent. 

METHODS    OF    CURING    AND    STORING    HAY 

Perhaps  the  most  approved  method'  for  field  curing 
is  to  begin  cutting  as  soon  as  the  dew  is  off  in  the 
morning  and,  if  the  weather  is  favorable,  to  rake  and 
put  into  small  cocks  the  same  afternoon.  After 
allowing  to  cure  in  the  cocks  for  several  days,  the  cocks 
are  opened  for  a  short  time  and  the  hay  taken  up  be- 
fore the  leaves  become  dry  enough  to  shatter  appre- 
ciably. Storing  under  cover  is,  of  course,  preferable, 
but  if  the  hay  is  stacked  in  the  open  the  stack  should 
be  well  protected  with  canvas  or  "slough  grass."  Curing 
in  the  windrow  requires  less  labor,  but  has  the  dis- 
advantage that  as  the  leaves  dry  much  faster  than  the 
stems  a  larger  proportion  is  lost  by  shattering. 

Several  methods  have  been  suggested  for  reducing 
the  losses  due  to  weathering  and  shattering,  such 
as  storing  in  the  green  state  as  ensilage,  or  curing  in 
ventilated  stacks  or  sheds.  Any  process  which  re- 
quires the  removal  of  the  hay  from  the  field  while  still 
in  the  green  state  necessitates  the  handling  of  from 
three  to  four  times  as  great  a  weight  of  hay,  owing 
to  the  contained  water. 

Alfalfa  does  not  lend  itself  to  the  making  of  ensilage 
as  readily  as  some  other  fodders,  partially  owing  to 
the  fact  that  it  does  not  pack  well  in  the  silo.  The 
ensilage  spoils  readily  around  the  edges  and  the  losses 
due  to  changes  in  curing  amount  to  about  10  per  cent 
of  the  dry  weight  of  the  feed.  Feed  stored  in  this 
form  must  be  used  within  a  reasonable  time  after 
removal  from  the  silo  and,  therefore,  cannot  be  easily 
shipped  and  marketed. 

Curing  in  ventilated  stacks  and  sheds  has  met  with 
considerable  success  when  properly  conducted.  For 
curing  in  the  stack,  poles  are  erected  and  the  green 
hay  piled  in  layers  two  to  three  feet  in  thickness,  each 
layer  being  separated  from  the  lower  layer  by  cross 
pieces  nailed  to  the  poles,  thus  allowing  th^  free  circu- 

'  LiTEHATURK  ON  METHODS  OF  CURING— U.  S.  Dept.  of  Agr.,  Farmers' 
Bull.  339  and  499;  Wis.  Agr.  Exp.  Sta..  Bull.  121  and  Special  Bull.  "Seeding, 
Growing  and  Curing  of  Alfalfa;"  Kansas  Agr.  Exp.  Sta.,  Bulls.  156  and  17B; 
Ohio  Agr.  Exp.  Sta.,  Circ.  91;  Miss.  Agr.  Exp.  Sta.,  Bull.  81;  "Alfalfa," 
F.  D,  Coburn,  Orange  Judd  Co.,  1911;  "Alfalfa  Farming  in  An 
Jos.  E.  Wing,  Sanders  Pub.  Co.,   1909. 


lation  of  air  during  drying.  Some  sort  of  a  cover  is 
also  necessary  to  prevent  excessive  weathering  of  the 
loosely-piled  hay. 

In  shed  curing,  sufficient  space  must  be  provided 
so  that  the  whole  of  one  crop  may  be  spread  out  in 
a  loose  layer  not  exceeding  three  or  four  feet  in  thick- 
ness. This  crop  will  be  thoroughly  cured  before 
cutting-time  comes  again  and  the  succeeding  crops 
are  spread  out  one  above  the  other  in  the  same  manner. 
Sheds  for  this  purpose  must  be  raised  well  off  the  ground 
and  be  built  of  open  slats  so  that  the  air  can  circulate 
freely  and  allow  the  evaporation  of  the  water  to  take 
place  rapidly. 

With  the  hope  of  being  able  to  cure  alfalfa  quickly, 
without  losing  the  enzyme  value  and  at  the  same  time 
prevent  the  losses  which  seemed  to  be  necessary  in 
the  curing  and  handling  of  hay  in  the  field,  an  experi- 
mental drier  was  constructed  to  effect  the  curing  in 
a  current  of  warm  air.  As  it  was  found  that  although 
heat  injures  the  diastase  when  the  hay  is  in  the  green 
state  but  exposure  to  100°  C.  after  the  hay  is  dry 
does  not  affect  the  diastatic  activity  appreciably, 
a  system  based  on  the  principle  of  counter-currents 
ought- to  accomplish  complete  drying  in  a  very  short 
time  without  the  loss  of  any  of  the  valuable  properties. 

The  hay  produced  by  the  drier,  which  will  be  de- 
scribed later,  appeared  to  be  even  better  than  was 
expected.  It  had  a  bright  green  color  equal  to  that 
of  the  growing  plant  and  had  the  odor  and  flavor  of 
freshly-cut  alfalfa.  Shaken  up  with  water,  it  appeared 
to  have  all  the  properties  of  the  green  hay.  A  sample 
kept  for  two  years  has  largely  retained  these  properties, 
although  the  color  has  become,  perhaps,  a  little  lighter. 
The  appearance  on  the  whole  was  far  superior  to  that 
of  any  field-cured  alfalfa  ever  examined.  Its  di- 
astatic activity  was  2.27  or  an  increase  of  50  per  cent 
over  that  of  the  same  hay  dried  at  50°  C.  Its  solu- 
bility   in    water    was,    however,    but    slightly    greater. 

[Note — After  these  experiments  in  artificial  drying 
had  been  started,  there  was  brought  to  our  notice 
through  State  Secretary  of  Agriculture,  F.  D.  Coburn, 
another  method  of  drying  alfalfa  by  steam  heat. 
The  process,  briefly  described,  was  this:  After  the 
hay  is  cut  and  finely  chopped,  it  is  passed  into  a  drier 
which  consists  of  a  large  cylinder  containing  pipes  for 
the  circulation  of  steam  under  pressure.  The  whole 
cylinder  is  revolved  and  a  temperature  of  about  130° 
C.  is  maintained,  which  is  claimed  to  completely  dry 
the  hay  in  17  minutes.  The  process  is  continuous. 
A  sample  of  this  meal  was  examined  and  it  was  found 
to  have  an  activity  of  only  0.40  and  but  34.8  per  cent 
was  soluble  in  water.  This  would  place  it  with  the 
samples  which  were  oven  dried  at  100°  C.  in  the  labora- 
tory and  would  indicate  that  the  digestibility  had  been 
lessened  by  the  heat.  It  was  not  as  sweet  in  taste 
as  a  good  field-cured  sample,  on  account  of  the  inversion 
of  a  portion  of  the  cane  sugar.  The  hay  had  some- 
thing of  a  peptone  odor  and  the  color  was  about  the 
same  as  that  of  the  best  field-cured  samples. 

After  the  completion  of  this  work  H.  B.  McClure' 
published    a    brief    outline    of    some    experiments    by 

'U.  S.  Dept.  Agr.,  Bur.  of  Plant  Indus..  Circ.  116,  27-31. 


Nov.,  1914  THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


917 


T.  P.  Russell  on  steam  drying  of  alfalfa  and  cowpea 
hay  using  a  plant  of  the  belt  conveyor  type.  A  single 
set  of  duplicate  analyses  only  was  given.  This 
showed  the  artificially  cured  hay  to  be  about  5  per  cent 
above  the  field-cured  hay  in  protein  content.  In  the 
present  work  the  average  difference  was  found  to  be 
about  4  per  cent.  No  cost  figures  were  given  but  the 
final  conclusion  was  that  such  a  drier  could  be  made 
to  pay  for  itself  in  from  one  to  four  seasons.] 

THE    EXPERIMENTAL    DRIER 

This  consisted  of  a  box  sixteen  feet  long  and  a  foot 
square, .  built  of  matched  flooring.  At  one  end  was 
fitted  another  box  two  and  a  half  feet  long  and  filled 
with  coiled  iron  wire  resistance  for  the  purpose  of 
heating  the  air  by  means  of  the  electric  current.  A 
centrifugal  fan  or  blower  was  arranged  to  force  the  air 
over  the  heating  coils  and  through  the  drier. 

The  drying  shaft  was  built  about  fifteen  degrees 
from  the  horizontal  and  four  closely-fitting  boxes 
three  and  a  half  feet  long  with  ends  of  wire  screen  were 
built  to  slide  easily  through  the  drier  and  hold  the 
hay.  It  was  found  that  when  the  boxes  were  com- 
pletely filled  with  coarsely-chopped  hay  the  resistance 
to  the  air  was  too  great  to  be  economical;  therefore, 
a  wire  screen  was  placed  diagonally  through  the  boxes 
in  such  a  manner  as  to  allow  the  air  to  pass  up  through 
a  four  or  five  inch  layer  of  hay  placed  upon  the  screen. 
With  the  boxes  all  filled  in  this  manner,  the  air  had 
a  velocity  of  about  160  feet  per  minute  at  the  open 
end  of  the  drier.  Air  velocities  were  determined  by 
means  of  a  portable  anemometer  placed  in  different 
positions  at  the  open  end  of  the  shaft  and  the  average 
reading  taken.  Even  by  using  averages,  the  velocities 
so  obtained  were  valueless,  owing  to  the  eddy  currents 
produced  by  the  uneven  distribution  of  the  hay. 
Kent'  cites  some  work  to  show  that  the  anemometer 
can  give  errors  as  high  as  40  per  cent  when  used  for 
measuring  velocities  in  pipes  less  than  two  feet  in 
diameter.  On  this  account  the  anemometer  readings 
were  not  used  in  the  calculations.  Temperatures 
and  humidities  were  measured  by  means  of  wet  and 
dry  bulb  thermometers  placed  at  intervals  along  the 
drier,  using  the  psychrometric  table  of  the  U.  S. 
Weather  Bureau''  to  convert  the  observed  fall  in  tem- 
perature due  to  evaporation  into  percentage  humidity. 
The  evaporation  of  the  water  caused  a  drop  in  the 
temperature  of  the  air  passing  through  the  drier  so 
great  that  occasionally  the  temperature  of  the  es- 
caping air  was  even  lower  than  that  of  the  air  at  the 
intake  before  passing  over  the  heating  coils.  At 
these  times  the  escaping  air  was  practically  100  per 
cent  saturated. 

When  the  drier  was  in  operation,  a  box  was  removed 
from  the  lower  or  warm  end  of  the  shaft  every  thirty 
minutes,  then  all  the  boxes  shifted  down  one  place  and 
a  box  of  fresh  hay  added  at  the  upper  or  cold  end  of 
the  shaft.  '  By  this  means  each  box  of  hay  was  exposed 
to  a  temperature  of  25°  to  35°  C.  for  a  period  of  half 
an  hour,  then  moved  down  to  a  region  of  35°  to  45° 
for  a  like  period,  then  to  4 5°- to  55°  and  finally  exposed 

1  "Mechanical  Engineers'  Pocket  Book,"  Wiley  &  Sons,  1904,  p.  491. 
'  V.  S.  Dcpt.  of  Agr.,  Weather  Bureau  Bull.  236. 


to  a  temperature  of  55°  to  65°,  the  limit  obtainable 
with  the  heating  arrangement  used. 

When  the  drier  was  operating  normally  and  the 
boxes  all  being  advanced  one  position  every  half 
hour,  a  period  of  two  hours  was  always  sufficient  to 
dry  the  hay  so  thoroughly  that  allowing  it  to  stand 
in  the  open  after  removal  from  the  drier  caused  it 
to  take  up  moisture. 

The  results  of  two  half-hour  periods  will  be  given 
as  examples.  The  hay  for  these  runs  was  cut  after 
sundown  on  August  the  2nd  and  allowed  to  lie  in  a 
pile  covered  with  canvas  until  it  was  chopped  pre- 
paratory to  putting  into  the  drier.  The  following 
morning  the  drier  was  started  on  two  boxes,  and  an 
additional  box  added  every  half  hour,  advancing 
those  already  in  and  removing  the  dry  boxes  as  fast 
as  necessary  to  keep  up  the  half-hour  additions.  After 
the  irregularly-timed  boxes  had  all  been  removed,  the 
existing  conditions  were  as  follows: 

Time  of  run 11:00-1 1:30  1:00-1:30 

Temp,  of  air  at  intake 28.5°  C.-83  .3°  F.        29°  C.-84.  2°  F. 

Temp,  of  wet  bulb  at  intake. .  .  24                 75.2  24                 75.2 

Equal  to  a  humidity  at  intake.                         70%  66% 

Temp,  of  air  at  warm  end 65°  C.-149°  F.  64°C.-147°F. 

Temp,  of  wet  bulb  at  warm  end  30                86  30                86 
Equal  to  a  humidity    at    warm 

end About  9%  About  9% 

Temp,  of  air  at  cold  end 31 .5°  C.-88.  7°  F.       33.5°  C.-92.7°  F. 

Temp,  of  wet  bulb  at  cold  end.  .  31                87.8  31.5            88.7 

Equal  to  a  humidity  at  cold  end                       96%  85% 
Velocity  of   air   through    10"  X 

10"area,  ft.  per  minute 161  237 

Volume  of  air  per  minute,  cu.  ft.                           112  165 

The  weights  of  hay  and  losses  during  these  runs  were: 

Weight  of  Weight  Weight  Total 

green  hay  at  1 1 :00  at  1 1 :30  Loss  Per  cent  per  cent 

Box  Pounds  Pounds  Pounds  Lbs.  loss  loss 

1    warm 6.00  2.90  2.20  0.70  11.7  63.3 

2 5.10  3.30  2.30  1.00  19.6  54.9 

3 4.85  4.45  3.45  1.00  20.6  28.9 

4    cold 5 .  40  5 .  40  4 .  80  0 .  60  11.1  11.1 

Total 21.35  3.30  15.5 


Weight 

Weight 

at  1:00 

at  1:30 

1  warm.... 

...      5 . 40 

2.65 

1.95 

0.70 

12.9 

63.9 

2 

...      4.85 

2,50 

1.85 

0.65 

13.4 

61.9 

3 

...      5.60 

4.50 

2.30 

1.20 

21.4 

58.9 

4  cold 

...      4.90 

4.90 

4.10 

0.80 

16.3 

16.3 

Total 

.. .    20.75 

3.35 

16.0 

The  total  losses  of  moisture  in  pounds  of  3.30  and  3.35 
correspond  to  losses  per  minute  of  o.iio  and  0.112 
pounds,  respectively. 

The  calculations  of  results  which  follow  were  made 
by  the  use  of  Grosvenor's  "Calculations  for  Dryer 
Design,"'  and  compared  with  results  obtained  by  the 
use  of  the  tables  and  formulae  found  in  Kent's  "Me- 
chanical Engineers'  Pocket  Book"^  and  the  "Psychro- 
metric Tables"  of  the  U.  S.  Weather  Bureau.'  Values 
obtained  from  these  sources  are  marked  with  an  as- 
terisk. (*) 

The  air  at  the  fan  intake  was  83.3°  F.  and  the  per- 
centage humidity  corresponding  to  the  observed  drop 
of  8.1°  F.  at  that  temperature  is  70  per  cent  (*). 
One  pound  of  air  under  these  conditions  has  associated 
with  it  0.0172  pounds  (*)  of  aqueous  vapor.  When 
the  temperature  of  the  air  is  raised  to  149°  F.  the  sat- 
uration drops  to  8.5  per  cent  (*);  that  is,  this  weight 
of  vapor  is  but  8.5  per  cent  of  the  maximum  quantity 
of  aqueous  vapor,  which  could  be  present  at  that  tem- 
perature   under    atmospheric    pressure.     A    humidity 

1  Trans.  Am.  Inst.  Chem.  Eng..  1  (1908),  184. 
»  1904,  p.  491. 
8  Loc.  cit. 
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of  about  9  per  cent  (*)  was  calculated  from  the  differ- 
ence between  the  temperatures  of  the  wet  and  dry 
bulbs  placed  in  the  warm  end  of  the  drier.  The 
humidity  at  the  outlet  of  the  drier  was  found  to  be 
90  per  cent  (*).  If  the  cooling  effect  while  passing 
through  the  drier  had  been  due  solely  to  the  evapora- 
tion of  water,  the  exit  temperature  should  have  been 
91.5°  F.  (*);  but  in  a  drier  as  small  as  this  the  loss 
must  have  been  considerable  and  the  observed  tempera- 
ture was  only  88.7°  F.  At  a  temperature  of  88.7°  F. 
and  96  per  cent  saturation  there  is  present  0.0278  (*) 
pound  of  water  per  pound  of  air,  or  a  gain  of  0.0106 
pound.  To  effect  the  observed  evaporation  of  o.iio 
pound  of  water  per  minute  would,  therefore,  require 
10.37  pounds  of  air  per  minute. 

One  pound  of  dry  air  at  88.7°  F.  occupies  13.82 
cu.  ft.  (*)  and  one  pound  of  "saturated"  air  occupies 
14.48  cu.  ft.  (*).  Interpolation  shows  that  oqe  pound 
of  96  per  cent  saturated  air  would  occupy  14.45  cu.  ft. 
Therefore,  10.37  pounds  would  occupy  150  cu.  ft.  and 
150   cu.   ft.   per  minute   would  be  necessary  to  effect 


Rate  of  evaporation  of  water,  pound!^  per  minute 

Temperature  at  intake,  °  F 

Saturation  at  intake,  per  cent 

Equivalent  to  pounds  of  water  per  pound  of  air.. . 

Maximum  temperature,  **  F 

Resulting  humidity,  calculated,  per  cent 

Resulting  humidity,  observed,  per  cent about_9 

Humidity  at  outlet,  per  cent 

Temperature  at  outlet,  calculated.   °  F 

Temperature  at  outlet,  observed.  °  F 

Pounds  of  water  per  pound  of  air  at  outlet 

Pounds  of  water  per  pound  of  air  at  inlet. 

Gain  in  passing  through  drier 

Pounds  of  air  per  minute  necessary  to 

water  at  observed  rate 

Volume  of  1  pound  of  dry  air  at  outlet  tempera- 
ture, cu   ft 

Volume   of    !    pound   of  saturated  air  at   outlet 
temperature,  cu.  ft 

Difference  in  volume,  cu.  ft 

Multiplied  by  per  cent  saturation  equals,  cu.  ft.. . . 

Volume  of  1  pound  of  moist  air  at  outlet  tempera- 
ture and  saturation,  cu,  ft 

Volume  of  outgoing  air.  calculated,  cu.  ft 

Volume  of  outgoing  air.  observed,  cu,  ft 

Specific  heat  of  moist  air  at  intake.  B,  T.  U,  per  lb. 

B.  T,   U,  per  pohnd  necessary  to  effect  observed 
rise  in  temperature 

B.  T.  U.  per  minute  imparted  to  ingoing  air 

B.  T.  U.  per  100  pounds  of  water  evaporated..  , 

Volume  of  air  per  100  pounds  of  water  evaporated. 

cu.  ft 94200 

Pounds  of  coal  per  100  pounds  of  water  evaporated 

the  observed  evaporation  of  o.iio  pound  of  water  per 
minute. 

The  specific  heat  of  dry  air  is  0.2373  (*)  and  of  water 
vapor  0.47s  (*)  at  constant  pressure,  and  one  pound 
of  air  and  0.0172  pound  of  water  vapor  require  0.264 
B.  T.  U.  (*)  for  each  degree  of  rise  in  temperature. 
A  change  in  temperature  of  from  83.3°  F.  to  149°  F., 
or  65.7°,  would,  therefore,  require  an  expenditure  of 
16.16  B.  T.  U.  for  each  pound  of  air  used  and  10.37 
pounds  of  air  would  require  167.8  B.  T.  U.  per  minute. 

There  are  placed  side  by  side  in  Table  I  the  cal- 
culations using  first  the  observed  exit  temperature, 
as  representative  of  the  experimental  drier,  and  those 
using  the  calculated  exit  temperature,  as  representing 
more  nearly  a  drier  of  commercial  dimensions.  The 
results  of  both  runs  recorded  are  given  and  it  is  to  be 
noticed  that  the  difference  between  calculated  and 
observed  exit  temperatures  was  much  less  in  the  second 
run  after  the  drier  had  been  in  operation  for  four  hours 
than  after  the  first  run. 


The  last  three  columns  of  the  table  represent  cal- 
culations using  the  average  observed  inlet  temperature 
and  humidity  of  84°  F.  and  70  per  cent  saturation, 
outlet  humidities  of  90  and  85  per  cent  and  the  much 
higher  maximum  temperatures  of  212°  F.  and  175°  F. 
These  calculations  are  given  as  a  basis  for  comparison 
with  driers  sufficiently  long  to  allow  slow  and  uniform 
rise  to  these  higher  temperatures,  thus  shortening  the 
time  necessary  for  drying. 

For  large-scale  drying  the  process  would  be  made 
continuous  either  by  the  use  of  a  horizontal  rotating 
cylinder  containing  baffles  arranged  for  the  agitation 
of  the  coarsely-cut  hay  or  by  means  of  a  vertical  shaft 
containing  open-mesh  shelves  and  some  sort  of  a 
dumping  mechanism.  The  dumping  might  be  ac- 
complished either  by  revolving  rakes  fastened  to 
a  central  shaft  or  by  a  mechanism  which  would  lower 
and  raise  the  shelves  on  hinges. 

COMMERCIAL    POSSIBILITIES     OF     DRYING     BY    ARTIFICI.^L 
HEAT 

No  data  was  at  hand  for  determining  the  probable 


Data  Obtain 

BD    (AND   CalC 

ULATED)    FROM 

Drying  Experiments 

11:00-11 

30  Run 

1;00-1 

30  Run 

Calculated 

0.110 

0.110 

0.112 

0.112 

100 

100 

100 

83.3 

83.3 

84.2 

84.2 

84.0 

84.0 

84.0 

70 

70 

66 

66 

70 

70 

70 

0.0172 

0.0172 

0.0166 

0.0166 

0.0178 

0.0178 

0.0178 

149 

149 

147 

147 

212 

212 

175 

8.5 

8.5 

8.7 

8.7 

bout  9 

about   9 

about  9 

about  9 

96 

96 

85 

85 

90 

85 

90 

91,5 

93.5 

103.5 

105.5 

98 

88.7 

92.7 

0.0278 

0.0305 

0.0285 

0.0292 

0.0430 

0.0425 

0.0356 

0.0172 

0,0172 

0.0166 

0.0166 

0-.0178 

0.0178 

0.0178 

0.0106 

0.0133 

0,0199 

0.0126 

0.0252 

0.0247 

0.0178 

10.37 

8,27 

9,41 

8.89 

3970 

4050 

5620 

13.82 

13.90 

13.92 

13.95 

14.20 

14.25 

14.06 

14.48 

14.62 

14.68 

14.72 

15.30 

15.42 

14.98 

0.66 

0.72 

0.76 

0.77 

1  .  10 

1.17 

0.92 

0.63 

0.69 

0,65 

0.65 

0.99 

1  .00 

0   83 

14.45 

14.59 

14.57 

14.60 

15.  19 

15.25 

14.89 

150.00 

120.5 

137.1 

129.8 

60300 

61800 

83700 

112 

112 

165 

165 

0.246 

0,246 

0.245 

0.245 

0.246    . 

0.246 

0.246 

16.  16 

16.16 

15.43 

15.43 

31.5 

31.5 

22.4 

167.8 

133,7 

145.  1 

136.3 

125000 

127600 

126000 

152500 

121700 

1 29500 

121600 

125000 

127600 

1 26000 

94200 

75200 

85500 

81700 

60300 

61800 

83700 

28,2 

22,5 

24.0 

22.5 

23.2 

23.6 

23.3 

efficiency  of  a  drier  of  commercial  size  heated  by  steam. 
However,  the  following  approximations  were  made 
by  calculating  from  assumed  values  based  upon  in- 
formation from  several  manufacturers  of  drying  ma- 
chinery and  from  various  other  sources. 

Assuming  the  heat  equivalent  of  coal  brought 
at  $2.60  per  ton  to  be  12,000  B.  T.  U.  and  that  the 
boiler  gave  an  efficiency  of  75  per  cent  or  evaporated 
10.3  pounds  of  water  at  100  pounds  boiler  pressure 
for  every  pound  of  coal  and  that  there  was  a  total 
radiation  and  indirect  loss  of  40  per  cent  in  the  heating 
system,  then  the  total  efficiency  of  the  plant  would 
be  0.7s  X  60  per  cent  or  45  per  cent  and  the  B.  T.  U. 
imparted  to  the  air  from  every  pound  of  coal  would 
be  45  per  cent  of  12,000  or  5400  B.  T.  U.  Reducing 
all  calculations  to  a  basis  of  100  pounds  of  water  evap- 
orated and  dividing  the  B.  T.  U.  so  obtained  by  5400, 
we  arrived  at  values,  in  the  seven  different  columns, 
of  28.2,  22.5,  24.0,  22.5,  23.2,  23.6,  and  23.3  pounds  of 
coal  per  100  pounds  of  water  evaporated. 
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The  amount  of  moisture  in  green  alfalfa  varies 
considerably.  A  sample  cut  during  a  rain  contained 
81  per  cent  moisture  while  in  other  samples  the  mois- 
ture content  was  as  low  as  60  per  cent.  The  average 
of  tho^e  samples  dried  in  the  laboratory  was  nearly 
7  5  per  cent.  This  of  course  is  much  greater  than  would 
be  found  in  hay  cut  under  ordinary  conditions.  The 
samples  used  for  these  tests  contained  about  64  per 
cent  water,  while  a  sample  taken  at  the  same  time,  bu*: 
dried  immediately,  contained  74  per  cent  water,  show- 
ing a  loss  of  10  per  cent  from  handling  and  lying  in 
the  pile  over  night.  Mowing,  raking  and  hauling  on 
a  bright  day  would  probably  show  a  greater  loss. 

Assuming  the  moisture  content  of  a  hay  to  be  75 
per  cent  when  it  reaches  the  drier,  it  would  require 
the  evaporation  of  6000  pounds  of  water  per  ton  of 
dry  hay;  6000  X  23.2/100  =  1390  pounds  of  coal 
per  ton  of  dry  hay.  At  $2.60  per  ton,  this  would 
amount  to  $1.81  per  ton  of  hay  for  heat.  To  this 
should  be  added  something  like  25  cents  per  ton  for 
interest  and  depreciation  of  plant  and  about  li.oo 
per  ton  for  chopping,  power  and  labor,  making  a  total 
cost  of  $3.06  for  drying  one  ton,  dry  weight,  of  hay. 

Assuming  the  moisture  content  to  be  64  per  cent, 
as  was  found  in  the  trials  here  shown,  the  production 
of  one  ton  of  dry  hay  would  require  the  evaporation 
of  but  3600  pounds  of  water,  using  835  pounds  of  coal 
at  a  cost  of  $1.09.  Adding  to  this  $1.25  for  interest, 
power,  labor,  etc.,  a  total  cost  of  $2.34  per  ton  is  shown. 
Although  these  cost  figures  are  only  approximations, 
they  lead  to  some  interesting  conclusions. 

As  it  was  shown  that  the  total  loss  in  the  value  of 
hay  due  to  field  curing  and  handling  amounts  to  from 
20  per  cent  under  favorable  conditions  to  50  per  cent 
under  adverse  weather  conditions,  and  as  the  calculated 
cost  for  artificial  drying  is  from  S2.35  to  $3.00  per  ton, 
producing  only  choice  alfalfa  of  uniform  grade,  it  is 
apparent  that  artificial  drying  may  be  conducted  at 
a  profit  in  districts  where  the  drier  can  be  situated 
near  both  field  and  source  of  fuel.  The  alfalfa  meal 
industry  has  grown  to  considerable  proportions  in  the 
last  few  years  and  the  demand  is  for  well-cured  alfalfa 
of  good  color.  Several  alfalfa  millers  have  expressed 
the  opinion  that  a  hay  of  such  dryness  could  be  ground 
at  about  half  the  cost  of  the  average  hay,  taken  from 
the  stack. 

Some  millers  subject  their  hay  to  a  short,  prelim- 
inary drying  before  grinding.  A  drier  run  in  connec- 
tion with  an  alfalfa-grinding  plant  would  be  an  ex- 
cellent combination. 

This  same  principle  of  drying  could  doubtless  be 
applied  to  other  fodders  and  perhaps  even  to  small 
fruits  and  other  farm  products  which  are  occasionally 
damaged  by  unfavorable  weather  during  the  drying 
season.  Among  the  other  fodders  to  which  drying 
might  be  applicable  might  be  mentioned  the  pea  vines 
from  the  canning  factories  and  the  common  weed, 
sweet  clover  or  yellow  Mellilot.  Pea  vines  are  often 
made  into  ensilage  but  as  such  they  have  but  a  limited 
demand  and  the  canner  often  has  trouble  disposing 
of  the  enormous  quantity  of  vines  which  accumulate 
and    become    a    nuisance.     Pea-vine    meal    has    been 


used  to  a  certain  extent  as  an  addition  to  alfalfa  meal. 
Young  sweet-clover  is  used  as  forage  to  a  small  ex- 
tent in  Europe  but  sun  curing  does  not  produce  a  good 
hay.  Drying  in  an  oven  at  50°,  however,  gave  a  hay 
of  good  appearance  and  flavor.  Samples  of  these 
plants  examined  gave  analyses  as  follows: 


Protein 
Per  cent 

Pea  vines 17.73 

Sweet  clover 1 8 .  85 


Water 

Diastatic  solubility 

activity  Per  cent 

0.54  44.2 

0.0,1  32.7 


The  moisture  contents  of  the  two  plants  in  the  green 
state  were  84.7  per  cent  and  83.2  per  cent  and  this 
would  probably  be  the  principal  drawback  in  curing 
them  for  feed. 

SUMMARY 

I — The  diastatic  activity  of  alfalfa  is  greater  in  the 
morning  or  after  a  period  of  darkness  than  after  a 
period  of  exposure  to  light.  There  is  much  more 
diastase  present  in  the  plant  during  the  warm,  active, 
growth-producing  summer  than  during  the  spring  or 
fall.  Young  plants  contain  more  diastase  than  older 
ones. 

II — Drying  at  elevated  temperatures  in  a  humid 
atmosphere  decreases  the  diastatic  activity,  even 
though  the  temperature  is  only  50°.  Drying  in  a 
current  of  air  with  gradually  increasing  temperature, 
on  the  other  hand,  increases  the  activity  markedly. 
Light  and  weathering  in  the  field  tend  to  destroy  the 
diastase.     Rain    during    curing    is    very    detrimental. 

Ill — Highly  diastatic  alfalfas  generally  show  a 
greater  solubility  in  water  by  auto  digestion  than  sam- 
ples low  in  diastase.  However,  the  degree  of  solubility 
in   water  cannot   be  increased   above   a  certain  limit. 

IV — The  loss  in  digestible  constituents  during 
handling  and  curing  in  the  field  may  vary  from  20 
per  cent  under  favorable  conditions  to  as  much  as 
50  per  cent  under  adverse  weather  conditions. 

V — Curing  by  artificial  heat,  using  the  principle 
of  counter-currents,  gives  a  hay  of  better  color,  odor 
and  flavor  than  can  be  produced  by  other  means.  The 
hay  appears  to  retain  many  of  the  valuable  properties 
of  the  green  plant,  which  are  ordinarily  lost  in  curing. 

VI — The  cost  of  artificial  drying  is  estimated  to  be 
less  than  the  losses  generally  sustained  in  field  curing 
and,  therefore,  it  ought  to  be'  possible  to  conduct 
drying  at  a  profit  when  the  drier  can  be  located  near 
both  field  and  source  of  fuel. 

The  writer  desires  to  acknowledge  his  indebtedness 
to  the  late  Robert  Kennedy  Duncan  for  helpful  di- 
rection and  valuable  advice  in  connection  with  this 
work. 

Department  of  Industrial  Research 
IIniversitv  of  Kansas,  Lawrence 


THE  ORIGIN  OF  VANILLIN  IN  SOILS     VANILLIN  IN 

WHEAT  AND  IN  THE  WATER  IN  WHICH 

WHEAT  SEEDLINGS  HAVE  GROWN 

By  M.  X,  Sullivan 
Received  August  19,  1914 

\'anillin,  the  chief  odorous  principle  of  the  vanilla 
pod,  the  fruit  of  vanilla  planifolia,  has  been  reported 
as  present  in  a  number  of  plants  and  plant  products. 
The   presence   of   vanillin   in   plants   and   its   possible 
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passage  into  the  medium  of  growth  is  of  great  interest 
since  (i)  vanillin  has  been  found  injurious  to  plant 
growth'  and  (2)  it  has  been  found  in  a  number  of 
soils.''  As  yet  it  has  not  been  reported  as  formed  by 
microorganisms. 

Among  the  plants  and  plant  material  in  which 
vanillin  has  been  reported  are  asparagus  sprouts, 
seeds  of  white  lupine,  ilex  leaves,  dahlia  tubers,  grain 
of  oats,  and  roots  of  couch  grass,  potato,  pine  wood, 
peat,  raw  beet  sugar,  and  in  resins  such  as  Asafoetida 
and  Siam  benzoin.'  It  has  been  found  also  in  orchid 
flowers  exposed  to  sudden  frosts'"  and  in  the  incrusting 
pigment  of  sugar  cane  on  warming  with  dilute  acids. ^ 

Vanillin  or  a  closely  related  mother  substance,  in 
large  or  small  quantities,  seems  to  be  fairly  wide-spread 
in  the  vegetable  world.  Accordingly,  as  a  possible 
explanation  of  its  occurrence  in  field  soils,  it  became  of 
interest  to  determine  whether  or  not  vanillin  could  be 
found  in  wheat  as  a  type  of  field  crop  and  in  the 
water  in  which  wheat  had  grown. 

VANILLIN  IN  WHEAT — When  wheat  seedlings  were 
extracted  with  hot  alcohol  (recently  distilled)  there 
was  obtained  on  evaporating  the  alcohol  extract  a 
syrupy  mass,  part  of  which  was  soluble  in  ether.  The 
ether  extract  was  treated  with  a  half  saturated  solution 
of  sodium  bisulfite  in  the  usual  way  in  testing  for 
aldehydes.  The  bisulfite  solution  was  freed  from  sul- 
fite by  means  of  dilute  sulfuric  acid  and  the  excess  of 
sulfur  dioxide  driven  off  by  passing  air  through  the 
liquid.  After  extraction  with  ether  and  evaporation 
of  the  ether  solution  a  small  amount  of  matter  which 
smelled  of  vanillin  was  obtained.  This  gave  the 
characteristic  vanillin  color  reactions:  blue  with  ferric 
chloride,  green  with  ferrous  sulfate  and  bromine  water, 
violet  with  a  mixture  of  hydrochloric  and  sulfuric 
acids  and  acetone  water. 

With  the  recognition  that  wheat  contained  vanillin, 
it  became  of  interest  to  determine  how  much  of  the 
aldehyde  was  present.  For  the  quantitative  estima- 
tion recourse  was  had  to  the  colorimetric  method 
described  by  Folin  and  Denis." 

For  the  quantitative  determination,  200  g.  of  wheat 
seeds  were  extracted  with  alcohol  and  the  extract  was 
then  treated  in  the  customary  way  for  extracting 
aldehydes.  The  final  ether  extract  from  the  solution 
freed  from  bisulfite  was  evaporated  and  taken  up  with 
warm  water.  This  water  solution  was  treated  with 
equal  parts  of  lead  acetate  and  lead  subacetate  as  long 
as  a  precipitate  formed.  The  filtrate  or  an  aliquot 
part  of  it  was  treated  with  5  cc.  of  the  phosphotungstic- 
phosphomolybdic  reagent  as  described  by  Folin  and 
Denis  and  after  5  minutes  a  saturated  solution  of 
sodium  carbonate  was  added  until  the  volume  of  the 
liquid  was  50  or  100  cc.  After  standing  10  minutes, 
the  solution  was  filtered  and  the  blue  color  generated 
in  the  reactions  compared  in  a  Schreiner  colorimeter 
with  that   produced   by   a  similarly  treated  standard 

■  Schreiner  and  Reed,  Bull.  47,  Bur.  of  Soils.  U.  S.  Dept.  Agric.  (1907); 
Schreiner  and  Skinner,  Bull.  77,  Bur.  of  Soils,  U.  S.  Dept.  Agric.  (1911). 
'  E.  C.  Shorey,  J.  Agr.  Res.,  1  (1914).  357. 
>  Abderhalden,  Biochcmische  HandUxikon,  1  (1911).  837. 

•  v.  Lippmann,  Ber.  d.  chem.  Ges.,  45  (1912),  3431. 

•  Langguthand  Steuerwald,  Chem.  Zentr.,  1912,  I,  83. 

'■J.  Bid.  Chem.,  12  (1912),  239;  This  Journal,  4  (1912),  670. 


solution  of  vanillin.  The  standard  was  of  such  a. 
strength  that  lo  cc.  diluted  with  the  reagents  to  loo  cc. 
contained  i  mg.  of  vanillin  or  lo  parts  vanillin  per 
million.  The  stock  solution  of  vanillin  was  made,  as- 
recommended  by  Harder,'  by  dissolving  2  g.  of  vanillin 
in  200  cc.  of  95  per  cent  alcohol  and  diluting  to  i  liter 
and  then  using  10  cc.  of  this  solution  to  make  200  cc. 
of  the  standard  solution  as  needed.  Ten  cc.  of  this 
standard  were  treated  with  5  cc.  of  the  phosphotungstic- 
phosphomolybdic  reagent  and  then  with  sodium  car- 
bonate as  outlined  above. 

Vanillin  was  similarly  determined  (i)  in  the  ether- 
soluble  part  of  a  solution  obtained  by  heating  wheat 
seeds  4  hours  on  a  steam  bath  with  5  per  cent  sulfuric 
acid;  (2)  in  the  alcohol  extract  of  wheat  bran;  (3)  in 
the  alcohol  extracts  of  the  roots,  tops,  and  seeds  of 
wheat  seedlings  5  to  10  days  old;  (4)  in  the  seed  water 
or  the  water  bathing  the  seedlings  for  the  first  24  hours; 
(5)  in  the  root  water  or  the  water  which  bathed  the 
roots  for  4  to  10  days  with  a  change  of  water  every 
two  days.  The  water  solutions  were  concentrated 
under  reduced  pressure  and  extracted  with  ether. 
The  quantitative  results  are  given  in  the  following 
table: 

Table  I — Vanillin  in   Wheat  and  in  the   Water  in    which   Wheat 
Seedlings  Had  Grown 

Vanillin 

Material                             Quantity  Parts  per  million 

Wheat  seeds 200  and  500  g.  1-6                      3 

Wheat  seeds  digested  with  5%  HiSOi.  .           200  g.  5-14                  11 

Wheat  bran 200  g.  3(o)                     3 

Roots  of  wheat  seedlings 1500  seedlings  7-18(0)             13 

Tops  of  wheat  seedlings 1500  seedlings  13-16(a)             15 

Seeds  of  wheat  seedlings 1500  seedlings  6-8(o)                 7 

Seed  water 4000  cc.  Trace-3 

Root  water 5000  cc.  Trace  to  10(«) 

(a)  Based  on  weight  of  original  seeds. 

The  effect  of  germination  on  the  amount  of  vanillin 
in  wheat  may  be  seen  more  clearly  in  the  following 
experiment  where  the  vanillin  in  17 17  ungerminated 
seeds  and  in  the  same  number  of  seeds  germinated 
is  compared: 

Table  II — Vanillin  in  Ungerminated  Seeds  and  in  Seeds,  Tops,  and 
Roots  of  Seedlings  5  Days  Old 
P.  p.  m. 

Seed 3.6 

Plant  seed 7.7 

Plant  tops 15.2      (Based  on  weight'of   1717  seeds  or  58  g.) 

Plant  roots 13.0 

Whole  Plant 35.9 

The  tables  show  that  vanillin  occurs  free  in  un- 
germinated wheat  to  a  slight  degree,  that  it  is  increased 
in  amount  during  the  early  growth  of  the  plant  and 
can  pass  from  the  plant  to  the  medium  of  growth 
either  directly  or  more  probably  as  a  result  of  cell 
sloughing  and  disintegration.  Treatment  of  ground 
seeds  with  dilute  sulfuric  acid  increases  the  amount 
of  vanillin  extractable.  Accordingly,  it  would  seem 
that  a  mother  substance  of  vanillin  occurs  in  wheat 
and  yields  vanillin  on  hydrolysis  by  acids  or  in  the 
process  of  germination. 

Coniferin  is  regarded  by  many  as  the  mother  sub- 
stance of  vanillin.  Coniferin  gives  a  blue  color  with 
phenol  and  hydrochloric  acid  especially  in  the  presence 
of  a  little  potassium  chlorate,  gives  glyco-vanillin  on 
treatment  with  potassium  permanganate  and  chromium 
trioxide,    yields   vanillin    on    treatment    with    chromic 

'  This  Journal,  6  (1913),  619. 


i 


Nov. 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


921 


acid  mixture,  yields  glucose  and  a  resin  by  boiling  with 
dilute  sulfuric  acid.  From  the  roots  of  wheat  seedlings 
there  was  obtained,  by  extraction  with  hot  water  and 
hot  alcohol  and  precipitation  from  alcohol  by  means 
of  ether,  material  which  gave  a  greenish  blue  color 
with  phenol  and  hydrochloric  acid;  a  blue  color  with 
phenol,  hydrochloric  acid  and  a  little  potassium 
chlorate;  a  reducing  substance  on  boiling  with  dilute 
sulfuric  acid.  The  method  of  obtaining  the  material, 
its  reaction  with  phenol,  and  the  formation  of  reducing 
substances  on  boiling  with  acid  would  indicate  the 
presence  of  coniferin  in  the  wheat  roots.  Coniferin, 
it  might  be  said  in  passing,  has  been  found  in  the 
lignified  tissue  of  a  number  of  plants. 

Vanillin  we  have  found  also  in  rotten  oak  wood,  in 
pineapple  pulp  and  parings  and  in  the  hot  water 
extract  of  lawn  grass,  consisting  of  blue  grass  and  a 
small  amount  of  white  clover.  The  amount  of  vanillin 
extractable  from  grass  is  considerably  increased  by 
heating  with  5  per  cent  sulfuric  acid  for  4  hours  on  a 
steam  bath.  Undoubtedly  it  occurs  to  a  greater  or 
less  degree  in  many  plants  either  free  or  in  a  conjugated 
form,  from  which  it  may  be  liberated  by  oxidation 
and  hydrolysis.  Its  presence  in  wood  and  various 
forms  of  vegetation  would  lead  to  the  conclusion  that 
the  vanillin  in  soil  has  its  origin  in  vegetable  debris 
and  to  a  minor  degree  also  in  direct  excretion  or  cell 
sloughing  by  growing  plants. 

Soil  Fertiuty  Investigations,  Bureau  of  Soils 

U.  S.   Department  of  Agriculture 

Washington 


solution  in  the  flask,  40  cc.  N/^  caustic  soda  solution  were 
added,  and  the  contents  of  the  flask  distilled  into  20  cc.  N/2 
acid,  continuing  the  distillation  till  the  volume  of  the  distillate 
measured  from  65  to  70  cc.  The  ammonia  in  the  distillate  was 
then  titrated  by  means  of  N/10  alkali  and  cochineal.  The 
residue  in  the  distillation  flask  was  washed  into  an  Erlenmeyer, 
excess  of  standard  acid  added,  a  few  drops  of  phenolphthalein, 
and  the  excess  acid  estimated  by  N/io  alkali.  From  the  result, 
the  weight  of  citric  acid  originally  combined  with  the  ammonia 
was  calculated.  Calculating  from  the  formula  of  the  pure  salt, 
(NH4)3C6H507,  that  the  ratio  of  ammonia  to  citric  acid  was  as 
1:3-765,  a  basis  of  comparison  was  established.  Results  ob- 
tained are  given  in  table  below : 
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AN  EXACT  AND  EASY  METHOD  FOR  PREPARING  A 
NEUTRAL  AMMONIUM  CITRATE  SOLUTION 

By  J.  M.   McCandless 
Received  August  8.  1914 

Since  the  writer  made  his  official  report  as  Referee 
on  Phosphoric  Acid,  in  1908  to  the  Association  of. 
Official  Agricultural  Chemists,  there  have  appeared 
a  number  of  interesting  articles  on  the  subject  matter 
of  that  report  showing  how  the  ammonium  citrate 
solution  could  be  rendered  neutral  both  by  physical 
and  chemical  methods.  All  of  this  work  has  confirmed 
the  accuracy  of  the  work  done,  and  the  conclusions 
reached  by  the  writer  in  his  original  report.  As  this 
report  was  never  published  in  any  chemical  journal, 
being  printed  only  in  the  Proceedings  of  the  A.  0.  A.  C, ' 
and  has  therefore  never  been  seen  by  many  who  are 
interested  in  the  subject,  the  writer  may  be  pardoned 
for  reproducing  here  a  part  of  that  report. 

PARTIAL    REPRCDI.CTION    OF    REPORT    CF    REFEREE    ON    PHOS- 
PHORIC   ACID    FOR    1908 

"As  the  referee  was  to  decide  whether  the  various  solutions 
of  ammonium  citrate  sent  him  were  neutral  or  not,  and  as 
scarcely  any  two  chemists  can  agree  upon  the  exact  point  of 
neutrality,  whether  from  lack  of  sensitiveness  of  the  indicators, 
or  color-blindness  on  the  part  of  the  operators,  he  decided  to 
make  an  analysis  of  each  sample  according  to  the  method  out- 
lined in  his  last  report  to  the  Association,  and  be  guided  by  those 
results  in  deciding  upon  neutrality. 

METHOD  OP  ANALYSIS — "Twenty-five  cc.  of  each  solution  were 
pipetted  into  a  250  cc.  flask,  diluted  to  mark,  shaken,  and  25  cc. 
of  this  solution  were  pipetted  into  a  distillation  flask.  To  the 
'  Bur.  of  Chem.,  U.  S.  Dept.  of  Agr.,  Bull.  132,   11. 


"In  the  above  table,  all  the  solutions  which  showed  materially 
more  citric  acid  than  3.765  parts  to  i  of  ammonia,  also  showed 
a  decidedly  acid  reaction  to  corallin. 

"It  appears  that  some  chemists  prepare  their  ammonium 
citrate  solution  by  treating  the  citric  acid  with  excess  of  ammonia, 
and  then  leave  the  hot  solution  to  neutralize  itself,  or  finally 
adjust  by  means  of  red  and  blue  htmus  paper,  or  corallin.  No.  3 
in  the  above  table  was  prepared  in  this  way.  The  heat  of  the 
mixture  not  only  drove  off  sufficient  ammonia  to  render  it  neutral, 
but  continued  and  left  it  decidedly  acid." 

The  writer  has,  only  in  the  past  few  days,  had  his 
attention  called  to  the  article  of  Patten  and  Marti' 
where  in  referring  to  the  solutions,  analyses  of  which 
are  given  in  the  above  table,  they  use  the  following 
language:  "The  three  solutions  claimed  to  be  neutral 
by  McCandless  contained  44.3  g.  NH3,  and  168.76  g. 
CeHsO?  per  liter,  the  ratio  being  1:3.809.  The  results 
obtained  by  us  conclusively  prove  that  such  a  solution 
would  be  slightly  acid,  which  fact  is  further  substanti- 
ated by  the  ratio  of  ammonia  to  anhydrous  citric  acid 
being  too  wide." 

Patten  and  Marti  had  evidently  failed  to  note  the 
headings  of  Columns  5  and  6  in  the  above  table,  or 
they  would  not  have  attributed  to  the  writer  the 
"Claim"  that  solutions  Nos.  i,  4  and  8  were  really 
neutral,  since  the  heading  of  Column  6  expressly 
stated  that  the  words  "neutral,"  "acid"  and  "alkaline" 
in  the  column  below  referred  to  the  reactions  with 
corallin,  and  the  heading  of  Column  s  showed  that  the 
only  ratio  of  ammonia  to  citric  acid  which  the  referee 
recognized  as  being  neutral  was  that  of  i  :  3.765. 

The  method  given  by  Patten  and  Marti  is  an  in- 
teresting and  excellent  method  of  preparing  a  neutral 
solution.  The  writer  proposes  the  following  exact 
and  easy  method  of  making  a  neutral  solution  of 
ammonium  citrate  which  involves  no  analyses  or 
distillations,  but  only  a  couple  of  titrations  with 
solutions  always  ready  in  every  laboratory: 

'  This  Journal.  6  (1913).  568. 
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PROPOSED    METHOD 

Carefully  sample  the  lot  of  citric  acid  on  hand,  by 
grinding  a  sufficient  quantity  to  get  an  average  sample 
through  a  coffee  or  other  suitable  mill.  Mix  thor- 
oughly, and  weigh  7  g.  into  a  liter  fiask.  Dissolve  in 
water,  and  dilute  to  mark.  Pipette  out  50  cc.  or 
0.35  g.  of  the  citric  acid,  and  titrate  with  N/10  caustic 
soda  and  phenolphthalein.  If  the  acid  is  pure  and 
uneffloresced,  just  50  cc.  of  N/10  alkali  will  be  re- 
quired. Weigh  1850  g.  of  pure  uneffloresced  acid  or 
its  equivalent  in  acid  value  of  effloresced  or  impure 
acid  into  a  large  bottle  or  carboy,  and  cover  with 
7  liters  of  cold  water.  Calculate  the  exact  number  of 
g.  of  anhydrous  citric  acid  present.  Run  from  a 
burette  25  cc.  of  concentrated  ammonia  into  a  500  cc. 
tlask  containing  cold  distilled  water.  Dilute  to  mark 
and  mix.  Carefully  measure  25  cc.  of  this  solution 
and  titrate  with  N/2  acid  and  methyl  orange.  Cal- 
ctdate  the  volume  of  concentrated  ammonia  necessary 
to  neutralize  the  citric  acid  in  the  ratio  of  i  of  am- 
monia to  3.76s  of  anhydrous  citric  acid.  (If  a  stock 
of  approximately  10  per  cent  ammonia  is  on  hand,  it 
is  perhaps  preferable  to  use  it  instead  of  concentrated 
ammonia  using,  of  course,  a  correspondingly  suitable 
volume  of  water  for  the  citric  acid.)  Add  the  carefully 
measured  ammonia  solution  to  the  citric  acid  in  the  bottle 
or  carboy,  close  immediately  with  a  tightly  fitting 
rubber  stopper,  and  shake  till  the  acid  is  dissolved; 
allow  to  stand  tightly  stoppered  until  cold,  then 
shake  again  before  removing  the  stopper.  Bring 
to  a  gravity  of  1.09  at  20°  C.  The  volume  of 
the  solution  should  approximate  10  liters.  The  ac- 
curacy of  the  solution  may  be  confirmed  if  desired,  by 
analysis,  using  either  the  distillation  method  already 
described  in  this  paper,  or  the  method  of  Patten  and 
Marti, •  or  that  of  Eastman- and  Hildebrand." 

It  was  suggested  by  one  of  my  associates  that  we 
attempt  to  prepare  the  pure  salt,  tri-ammonium  citrate, 
and  determine  the  ratio  of  ammonia  to  citric  acid  in  it. 
As  anticipated  it  was  found  impossible  to  prepare, 
by  evaporation  and  crystallization,  but  by  adding 
to  a  solution  of  ammonium  citrate  made  distinctly 
alkaline  with  ammonia,  a  large  excess  of  strong  alcohol, 
a  salt  was  precipitated  which  on  standing  over  night 
became  beautifully  crystalline.  The  supernatant 
liquid  was  filtered  off,  and  the  crystals  washed  thor- 
oughly on  the  pump  with  a  large  excess  of  strong 
alcohol;  the  mass  which  was  a  felt  of  interlaced  crystals, 
was  dried  quickly  by  pressure  between  blotting  pads, 
and  a  portion  dissolved  in  water;  its  reaction  with 
corallin  was  distinctly  alkaline,  and  an  analysis  of  the 
solution  showed  the  ratio  of  ammonia  to  citric  acid 
to  be  I  to  3.768.  The  remainder  of  the  crystals  left 
exposed  over  night  to  the  summer  temperature  of  the 
laboratory  had  entirely  changed  the  nature  of  its 
crystalline  structure,  and  a  portion  of  it,  when  dissolved 
in  water  and  tested  with  corallin,  was  decidedly  acid 
to  that  reagent  and  upon  analysis  showed  a  ratio  of 
I  to  3.94.  It  is  evident,  therefore,  that  the  normal 
salt  is  not  entirely  hypothetical,  that  it  can  be  actually 

>  This  Journai,,  6  (1913),  567. 
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prepared  and  dissolved  in  water,  and  its  solution  then 
shows  an  alkaline  reaction  to  corallin  and  has  very 
nearly  the  ratio  of  i  of  ammonia  to  3.765  of  citric  acid. 

There  seems  little  reason  to  doubt  that  the  neutral 
ammonium  citrate  solution  which  the  A.  0.  A.  C.  has 
been  prescribing  since  the  date  of  its  organization 
many  years  ago,  and  which  able  and  conscientious 
chemists  have  ever  since  been  earnestly  trying  to 
make  exactly  neutral,  succeeding  sometimes  perhaps 
by  accident,  but  usually  only  approximating  it,  was 
really  intended  to  be  a  solution  of  the  normal  salt. 
This  opinion  was  expressed  by  the  writer  in  his  report 
as  Referee  in  the  following  words:  "While  the  referee 
has  a  strong  conviction  that  the  only  proper  method 
of  making  the  solution  is  by  analysis  and  calculation 
of  the  exact  quantity  of  ammonia  and  citric  acid  to  be 
added  to  it,  still  he  hesitates  to  urge  it  officially,  as 
no  work  has  yet  been  done  by  any  other  referee  along 
this  line,  and  because  the  referee  is  himself  no  longer 
an  official  chemist."  In  this  opinion  he  has  since 
been  supported  by  those  who  have  given  the  most 
earnest  thought  and  painstaking  experiment  to  the 
subject,  as  Patten  and  Marti,  Eastman  and  Hildebrand 
and  others. 

The  laboratory  with  which  the  writer  is  identified 
still  makes  its  solution  as  prescribed  by  the  A.  O.  A.  C, 
approximating  neutrality  as  closely  as  possible  by  the 
use  of  corallin,  since  that  is  still  one  of  the  legal  and 
official  methods,  but  the  writer  knows  of  other  chemists 
who  have  already  adopted  the  neutralization  by  anal- 
ysis, and  it  is  little  wonder  that  under  these  conditions 
analyses  for  available  phosphoric  acid  on  tankages 
and  bone  meals,  and  fertilizers  containing  those  in- 
gredients should  vary  quite  widely.  Let  us  hope  that 
the  A.  O.  A.  C.  at  their  next  meeting  will  conclude 
that  the  subject  has  been  investigated  long  enough, 
and  take  some  definite  action  at  that  meeting,  or  else 
appoint  a  small  committee  in  "whom  they  have  confi- 
dence, with  power  to  act  in  prescribing  a  method 
which  shall  be  legal  and  official  after  a  definite  date. 

McCandless  Laboratory 
Atlanta,  Ga. 


THE  INFLUENCE  OF  FINENESS  UPON  THE  AVAIL- 
ABILITY OF  BONE  MEAL  ■ 
By  S.  S.  Peck 
Received  July  6,  1914 

It  has  been  thoroughly  established  that  the  availa- 
bility of  raw  phosphate  rock  or  of  basic  slag  depends 
primarily  on  its  fineness  of  subdivision.  These  two 
purveyors  of  phosphoric  acid  and  bones  or  bone  meal 
comprise  the  three  forms  in  which  insoluble  phosphoric 
acid  is  supplied  in  fertilizers.  In  the  case  of  basic 
slag,  the  phosphoric  acid  exists  as  a  tetra-calcic  or  a 
four-lime  phosphate.  In  phosphate  rock  and  bones 
the  phosphoric  acid  is  combined  with  three  parts  of 
lime,  and  is  known  as  tri-calcic  phosphate,  to  which 
the  general  term  of  bone  phosphate  is  applied. 

As  superphosphate,  phosphoric  acid  is  supplied  in  a 
form  soluble'  in  water.  It  is  termed  available  not  be- 
cause after  being  applied  to  the  soil  it  remains  perma- 
nently soluble  but  because  it  is  fixed  in  a  finely  divided 
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form  and  well  distributed.  From  this  it  can  be  logically 
concluded  that  the  finer  the  state  of  subdivision  of 
rock  phosphate,  and  the  more  thorough  its  distribution 
in  the  soil,  the  greater  will  be  its  availability  to  the 
crop.  As  a  matter  of  fact,  the  latter  condition  is 
directly  dependent  on  the  former,  since  any  given 
quantity  of  material  can  be  more  evenly  distributed  as 
its  state  of  fineness  increases.  The  influence  of  fineness 
in  increasing  yields  has  been  demonstrated  by  the 
New  York  Agricultural  Experiment  Station,'  and  the 
University  of  Wisconsin  Agricultural  Experiment  Sta- 
tion- has  shown  that  thoroughness  of  mixing  has  a 
decidedly  beneficial  effect  on  plant  growth. 

Truog  has  published  tests  showing  that  the  availa- 
bility of  raw  phosphate  rock  is  directly  influenced  by 
the  simultaneous  presence  of  fermenting  organic  ma- 
terial, this  favoring  the  chemical  and  biological  pro- 
cesses that  give  rise  to  carbon  dioxide  and  other  agencies 
which  attack  the  fine  rock  and  ultimately  give  the 
material  a  finer  and  more  uniform  distribution  through 
the  soil.  For  this  reason  the  experimental  data  from 
phosphate  rock  experiments  cannot  be  used  in  arriving 
at  conclusions  relative  to  bone  meal  action,  since  here 
the  solvent  action  is  influenced  directly  by  the  de- 
composition of  the  nitrogenous  part  of  the  bone  parti- 
cles, with  the  accompanying  evolution  of  carbon  dioxide 
and  formation  of  nitric  nitrogen.  Experimental  data, 
however,  is  not  wanting  on  this  point.  The  Berlin 
Agricultural  Experiment  Station  has  found  that  the 
finer  bone  meal  is  ground  the  better  its  utilization, 
coarse  meal  having  but  66  per  cent  of  the  action  of 
fine  meal,  when  each  contained  the  same  phosphoric 
acid  per  cent.  The  importance  of  this  condition  has 
always  been  recognized.  A  hundred  or  more  years 
ago  when  bones  first  began  to  be  used  in  England,  they 
were  applied  either  unbroken,  or  later  in  coarse  frag- 
ments, at  the  rate  of  ten  or  twelve  hundred  pounds  to 
the  acre.  Afterwards,  when  bone  meal  came  to  be 
manufactured,  600  or  700  pounds  of  the  meal  per 
acre  were  deemed  a  sufficient  dose,  while  later  100 
or  200  pounds  of  superphosphate  (in  which  a  state  of 
subdivision  is  reached  that  would  be  impossible  by 
grinding)  were  found  to  produce  the  same  effect  on 
the  same  soils  and  crops.' 

Storer^  says:  "The  fineness  of  the  meal  to  which 
bones  are  ground  is  a  very  important  consideration. 
Not  so  many  years  ago  it  was  the  custom  to  use  crushed 

bones, but  there  is  no  longer  any  question  that 

fine  meal  is  greatly  to  be  preferred  to  that  which  is 
coarse.  The  finer  the  meal,  so  much  the  more  readily 
will  it  putrefy  and  dissolve  in  the  earth,  so  much  the 
more  quickly  can  the  plants  be  fed  by  it,  and  so  much 
the  sooner  and  the  more  surely  will  the  value  of  the 
crop  be  increased." 

Voorhees^  also  states  in  positive  terms  the  necessity 
of  fineness  of  division  of  bone  meal.  Many  of  the 
experiment  stations  in  the  United  States  attach 
different  values  to  the  phosphoric  acid  and  nitrogen 

'  Bulletin  368,  Feb.,  1913. 

2  Research  Bulletin  20,  January,  1912. 

'  B.  H.  Hite,  Bulletin  80,  West  Virginia  Experiment  Station,  April.  1902. 

<  "Agriculture,"  Vol.  I. 

'  "Fertilizers,"  1900.  p.  73. 


in  fine,  medium,  and  coarse  bone  meal  respectively, 
but  do  not  in  all  instances  agree  in  their  definitions  of 
these  terms.  In  general,  by  fine  bone  meal  is  signified 
such  as  will  pass  through  a  sieve  with  circular  holes 
one-fiftieth  of  an  inch  in  diameter,  and  coarse  such  as 
will  not.  The  New  Jersey  Agricultural  Experiment 
Station  uses  values  on  this  basis  as  follows:  Fine  bone 
meal — nitrogen  19  cents,  phosphoric  acid  4  cents  per 
pound;  coarse — nitrogen  15  cents,  phosphoric  acid  3.5 
cents  per  pound.'  The  Kentucky  Agricultural  Ex- 
periment Station^  defines  fine  bone  meal  as  that  which 
passes  through  a  25  mesh  sieve,  and  medium  as  that 
which  passes  through  a  6  mesh  sieve,  valuing  the 
phosphoric  acid  from  the  former  at  4  cents  and  from 
the  latter  at  3  cents  per  pound.  Other  stations, 
particularly  that  of  California,  no  longer  indicate 
valuations  depending  on  the  degree  of  fineness,  since 
such  a  gradation  is  purely  arbitrary;  nevertheless,  they 
insist  on  the  necessity  of  such  a  condition. 

There  is  a  limit  to  which  bone  meal  should  be  ground 
on  three  accounts:  (i)  When  ground  too  fine  to  an 
impalpable  powder,  known  as  "floated  bone,"  it  is  apt 
to  be  carried  away  by  the  wind  when  being  applied; 
(2)  in  this  condition  it  is  extremely  liable  to  putrefy, 
especially  in  moist  air;  and  (3)  there  is  a  question 
whether  its  availability  is  raised  for  ordinary  cultural 
purposes  in  a  measure  commensurate  with  its  extreme 
fineness.  In  experiments  with  various  crops,  and  using 
bone  meal  ranging  from  that  passing  a  60-inch  sieve  to 
that  passing  through  bolting  cloth,  the  New  York 
Agricultural  Experiment  Station'  fqund  that  within 
the  limits  tested,  fineness  seemed  to  have  little  or  no 
influence  on  availability. 

Attempts  have  been  made  to  measure  the  availa- 
bility of  raw  phosphates  by  their  solubility  in  various 
dilute  solutions  of  acids,  organic  or  inorganic,  but  it 
has  not  been  found  possible  to  duplicate  or  even  ap- 
proximately represent  conditions  in  the  field  with 
laboratory  tests.  The  solvent  action  of  the  soil  is 
being  exerted  on  the  insoluble  phosphates  over  a  long 
duration  of  time,  during  which  a  part  of  the  dissolved 
material  is  being  gradually  but  constantly  removed 
by  the  growing  crop,  and  also  probably  suffering  other 
alterations  in  character  not  possible  to  determine.  It 
may  be  said  that  at  the  present  time,  there  is  no  chem- 
ical method  of  determining  this  point  in  which  absolute 
confidence  can  be  placed. 

It  has  already  been  stated  that  bacterial  action  with 
its  consequent  evolution  of  carbon  dioxide  and  de- 
velopment of  acids  increases  the  solubility  of  rock 
phosphate,  and  that  this  condition  exists  in  the  de- 
composition of  bone  meal  in  the  soils.  In  an  endeavor 
to  measure  the  availability  of  various  grades  of  bone 
meal,  this  station  has  completed  a  series  of  tests  in 
which  attempts  were  made  to  answer  the  question  of 
availability,  and  in  which  the  decomposition  of  the 
organic  matter  of  the  bone  was  presumed  to  have  a 
direct  relation  to  the  relative  availability  of  the  phos- 
phate content. 

'  Bulletin  259,  .September,  1913. 
=  Bulletin  168,  December,  1912. 
3  Bulletin  368,  February.  1913. 
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EXPERIMENTAL    WORK 

For  the  purpose  of  these  tests,  a  commercial  bone 
meal  was  sifted  and  divided  into  four  sizes.  The  sizes 
and  analyses  of  each  lot  were  as  follows: 

Phosphoric 
Nitrogen  acid 

Number        State  of  division  Per  cent  Per  cent 

1  Less  than  40  mesh  sieve 3.98  17.84 

2  From  20  to  40  mesh  sieve 4.34  22.28 

3  From  12  to  20  mesh  sieve 4.20  23.00 

4  Greater  than  1 2  mesh  sieve 4 .  09  23  .  34 

TEST   NO.    I 

This  test  was  intended  to  measure  the  relative  rates  of  ammoni- 
fication  of  the  nitrogen  of  the  different  sizes  of  bone  meal.  To 
Station  soil  representing  200  g.  of  dry  matter  placed  in  beakers 
enough  of  each  grade  was  added  to  supply  200  mg.  of  nitrogen; 
to  one  lot  no  bone  was  added.  The  bone  was  thoroughly  mixed, 
and  then  enough  water  added  to  bring  the  soil  to  two-thirds 
saturation. 

The  Ijeakers  and  contents  were  weighed,  and  every  two  days 
during  the  test  were  again  weighed  and  water  added  to  replace 
that  lost  by  evaporation.  At  stated  times  one  series  of  each  was 
analyzed  for  ammonia  nitrogen  by  distilling  the  whole  sample, 
thoroughly  mixed  and  diluted  with  water,  with  recently  calcined 
magnesia  into  N / 10  acid.  As  the  results  of  the  fourth  distilla- 
tion showed  a  considerable  drop  in  ammonia  nitrogen,  on  the 
fifth  and  last  test  the  residue  from  distillation  was  transferred 
to  a  graduated  vessel,  cooled,  made  up  to  the  mark  and  filtered. 
In  an  aliquot  of  the  filtrate,  nitrate  nitrogen  was  determined. 
The  results  are  given  in  Table  I. 

Table  I 

Mgs.  Ammonia  Nitrogen  Mgs.  after  18  days  as 

Bone  meal   ' * » * ^ 

No.          2  days      5  days      9  days       11  days  Ammonia  Nitrate      Total 

Blank        0.28           0.14         0.14           0.14  0.14         2.1            2.24 

1  ,'5.46          12.88         6.72           4.20  1.8         29.32       31.12 

2  1.96            4.48          2.10            2.38  3.08        13.40        16.48 

3  1.40            3.92          3.92            0.98  1.12        10.8          11.92 

4  1.26            2.24          2.10            0.28  1.26        13.4           14.66 

Up  to  the  fifth  day,  the  rate  of  ammonia  formation  was 
greatest  with  the  finest  bone  meal  and  least  with  the  coarsest. 
On  the  ninth  day  a  considerable  drop  in  ammonia  content  is 
noticed  in  the  lot  with  the  finest  material,  which  progressed  until 
the  1 8th  day.  From  the  figures  obtained  for  nitric  nitrogen, 
this  can  be  explained  by  the  fact  that  nitrification  had  started 
in  and  was  progressing  rapidly.  On  the  ninth  day  the  three 
coarser,  materials  showed  practically  the  same  state  of  ammoni- 
fication.  The  final  figures  for  nitrogen,  ammonia  and  nitrate 
of  the  1 8th  day  show  that  decomposition  of  the  bone  meal  had 
taken  place  in  the  fine  material  to  double  the  extent  it  had  in 
the  coarser;  and  that  in  the  coarser  materials  there  were  but 
small  and  irregular  differences. 

TEST  NO.  2 

This  test  was  a  repetition  of  the  previous  one  with  the  ex- 
ception that  the  soil  was  kept  at  a  moisture  content  equivalent 
to  half  saturation,  and  that  nitric  nitrogen  as  well  as  the  ammonia 
was  determined  in  each  instance;  except. that  in  the  first  de- 
termination, only  the  ammonia  was  determined,  nitrification 
not  having  in  two  days  sufficient  opportunity  to  make  much 
difference,  and  at  the  last  determination  only  the  nitrates  were 
determined.     The   results   appear   in   Tables   II,    III,   and   IV. 

Table  II — Ammonification  of  Bone  Meal — Mgs.  Ammonia  Nitrogen 

No.              2                    4  7  10  14  17  days 

Blank  1.40  2.31  0.70  0.84  0.70  1.26 

1  8.47  9.80  12.32  7.42  1.26  2.38 

2  7.42  9.94  8.68  5.18  0.70  1.96 

3  6.09  10.08  12.74  4.76  1.12  0.98 

4  .'i.lS  8.12  10.22  2.24  0.70  1.26 

Table   III — Nitrification  of    Bone    Meal — Mgs.  Nitrate  Nitrogen 

No.             47                     10                  14                  17  21  days 

Blank     4.20              4.20                4.62              4.62              4.20  3.08 

1  3.92               4.54                 9.24            20.30  17.92  24.64 

2  3.22               4.76               10.64             14.70  14.98  15.40 
■  3           3.08              2.10                7.70             9.66  15.56  14.70 

4  3.08  2.24  9.94  9.94  13.30  14.40 


Table  IV- 

-Mgs 

.  Total 

,  Nitrogen 

Am> 

lO.slA    AND 

Nitrate 

No. 

4 

7 

10 

14 

17  days 

Blai 

ik        6.51 

4.90 

5.46 

5.32 

5.46 

1 

13.72 

16.86 

16.66 

21.56 

20.30 

2 

13.16 

13.44 

15.82 

15.40 

16.94 

3 

13.  16 

14.84 

12.46 

10.78 

16.54 

4 

11.20 

12.48 

12.18 

10.64 

14.56 

In  this  test,  the  total  water-soluble  nitrogen  at  the  end  of 
the  1 7 -day  period  showed  a  direct  relation  to  the  size  of  the  bone 
meal ;  this  may  be  said  to  hold  true  for  most  of  the  tests,  the  few 
irregularities  occurring  being  only  what  may  be  usually  expected 
in  investigations  of  this  character.  It  was  thought,  however, 
that  these  irregularities  might  be  explained  by  the  fact  that  the 
nitrate  nitrogen  as  formed  was  accumulating  to  a  much  larger 
degree  than  usually  obtained  in  nature  (amounting  to  as  high 
as  123  parts  per  million  of  dry  soil),  and  perhaps  the  results 
would  be  more  regular  if  the  nitrate  nitrogen  formed  were  re- 
moved at  intervals.  With  this  in  view,  a  new  series  of  tests 
was  carried  out  as  follows: 

TEST   NO.    3 — LYSIMETER   TESTS 

For  this  purpose,  galvanized  iron  containers,  with  facilities 
for  collecting  the  drainage,  were  fiUed  with  station  soil.  The 
lysimeters  were  2  feet  in  height  by  eight  inches  in  diameter, 
the  bottoms  being  perforated  and  covered  with  coarse  sacking, 
above  which  was  one  inch  of  animal  charcoal,  previously  digested 
with  acid  and  washed.  Each  lysimeter  was  given  40  pounds  of 
soil.  The  analysis  of  this  soil  by  the  official  acid  digestion  was: 
Per  cent 

Loss  on  ignition 10.28 

Insoluble  residue 34.39 

Iron  oxide 24.96 

Alumina 19.56 

Manganese  oxide 0.  i5 

Lime 2.01 

Magnesia 5.35 

To  each  test  where  bone  was  added,  sufficient  was  given  to 
represent  an  application  of  100  pounds  of  nitrogen  per  acre, 
amounting  actually  to  363.5  mg.  per  lysimeter.  In  addition 
to  the  bone  tests,  three  were  carried  out  with  blood  and  fine 
ground  phosphate  rock  (60  mesh),  alone  and  together,  to  see  if 
the  effect  of  the  decomposing  action  of  the  blood  would  render 
more  of  the  phosphate  rock  soluble,  and  also  to  observe  whether 
the  presence  of  the  phosphate  rock  would  make  any  difference 
in  the  rate  of  decomposition  of  the  blood.  The  blood  supplied 
contained  nitrogen  at  the  rate  of  100  pounds  per  acre,  while 
the  phosphate  rock  was  equivalent  in  its  phosphoric  acid  con- 
tent to  the  fine  bone  meal.     The  plan  of  the  tests  was  as  follows: 

Lysimeter  Tests 
0.3635  g.  N  per  lysimeter  (100  lb.  N  per  acre) 

Grams  per  lysimeter        Pounds  per  acre 


Per  cent 

Potash 0.29 

Soda 1.56 

Sulfuric  oxide 0.16 

Phosphoric  oxide 0 .  68 

Chlorine 0.01 

Nitrogen 0.21 


To.        Material  .\dded 

1  (Blank) 

2  Fine  bone  meal 9.  133 

3  No.  2  bone  meal 8.375 

4  No.  3  bone  meal 8.655 

5  Coarse  bone  meal 8.888 

6  Blood 2.878 

7  Blood  and  phosphate  rock 7.218 

8  Phosphate  rock 4.340 


1.629 
1.866 
1.991 
2.068 


2513  448 

2304  513 

2381  548 

2445  570 

792 

1985  448 

1 193  448 


The  materials  were  added  by  removing  from  the  top  of  each 
lysimeter  the  surface  two  inches  of  soil,  incorporating  thoroughly 
the  respective  materials  with  half  of  this,  replacing  in  the 
lysimeters  and  covering  with  the  remainder  of  the  soil.  The 
bone,  etc.,  was  thus  one  inch  below  the  sm^'ace  and  thoroughly 
admixed  in  the  second  inch.  To  each  lysimeter  500  cc.  of  water 
were  added,  and  further  additions  of  water  made  when  the  surface 
of  the  soil  was  showing  signs  of  dryness.  After  three  weeks, 
and  every  three  weeks  thereafter,  the  lysimeters  were  flushed 
with  3  liters  of  water  and  the  percolates  analj'zed.  In  the 
interim  between  irrigations  small  applications  of  water  were 
made  when  tlie  surface  soil  showed  need  of  it. 

In  the  analyses,  nitrate  nitrogen  and  lime  were  determined 
in  large  aliquots  of  the  percolates,  the  whole  drainage  being 
measured  and  the  results  figured  to  milligrams  removed.     Por- 
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tions  were  concentrated  and  set  aside  for  phosphoric  acid  de- 
terminations. In  all,  six  percolations  were  completed,  repre- 
senting a  total  time  of  18  weeks. 

In  the  following  tables  will  be  found  the  amounts  of  nitrate 
nitrogen  and  lime  removed  at  each  irrigation. 

Table  V — Nitrate  Nitrogen  Removed  (Milligrams) 
Irri-  Lysimeter  number 


1 

2 

3 

4 

5 

6 

7 

8 

49.0 

56.2 

52.7 

52.0 

62.3 

69.4 

67.2 

91.2 

23.3 

41.2 

37.1 

33.2 

33.7 

97.6 

81.9 

40.5 

18.1 

27.8 

24.9 

21.1 

18.8 

90.4 

95.7 

19.7 

13.0 

20.5 

20.3 

18.6 

16.6 

31.4 

45.8 

9.8 

17.9 

29.0 

22.1 

22.1 

23.0 

22.1 

27.3 

19.4 

13.6 

25.5 

20.2 

22.5 

22.0 

17.  1 

17.3 

14.9 

Total    134.9      200.2      177.3      169.5      176.4     328.0     335.2      195.5 

Table  VI — Calcium  Oxide  Removed  (Milligrams) 
xi-  Lysimeter  number 


1 

2 

3 

4 

5 

6 

7 

8 

47.2 

53.5 

19.0 

44.1 

45.3 

48.6 

53.4 

63.6 

54.7 

70.2 

37.8 

66.1 

58.1 

85.5 

86.3 

80.6 

64.8 

79.1 

38.8 

71.8 

67.3 

111.6 

116.6 

95.8 

61.4 

70.0 

39.8 

73.8 

69.3 

77.1 

94.2 

70.4 

58.4 

62.2 

46.8 

61.3 

46.9 

66.8 

22.2 

121.4 

50.1 

36.4 

40.0 

61.0 

58.3 

41.1 

94.8 

82.1 

Total  336.6 

371.4 

222.2 

378.1 

345.2 

430.7 

467.5 

513.9 

It  will  be  noticed  that  in  the  first  irrigation,  the  lysimeter 
to  which  phosphate  rock  only  was  added  gave  the  highest  re- 
turns for  nitrate  nitrogen,  and  of  the  bone  meal  tests,  the  coarsest 
ranked  first  in  this  respect.  It  is  apparent  that  this  discrepancy 
is  due  to  an  unequal  condition  of  the  soil  at  the  time  of  being 
placed  in  the  lysimeters,  which  was  corrected  after  the  first 
irrigation.  In  the  following  tables,  the  total  amounts  of  the 
elements  removed  in  the  last  five  irrigations  are  reported  in 
terms  of  pounds  per  acre: 

Table  VII — Pounds  of  Elements  Removed  per  Acre 
(Calculated  on  Surface  Area  of  Lysimeter) 


Nitrate 

nitrogen 

Lim 

Phospho 

ric  acid 

Lysim-   , 

-^ . 

^ ^ 

eter 

Excess  ove 

E> 

cess  ov 

:r                    E 

cess  over 

No.    Removed 

check 

Removed 

check 

Removed 

check 

1           23.6 

79.6 

4,39 

2            39.6 

16.0 

87.4 

7.8 

6.4 

2.  1 

3            34.3 

10.7 

55.9 

5.2 

0.9 

4           32.3 

8.7 

91.9 

12.3 

5.4 

1.1 

5            31.4 

7.8 

82.5 

2.9 

6.0 

1.7 

6            71.1 

■17.5 

105.1 

25.5 

S     ' 

0.9 

7            73.7 

50.  1 

113.9 

34.3 

8.1 

3.8 

8            28.7 

5.1 

123.8 

H.2 

5.0 

0.7 

From  this  table  it  again  appears  that  the  fineness  of  division 
of  bone  meal  is  a  measure  of  its  rate  of  decomposition  in  the 
soil,  based  on  the  formation  of  nitric  nitrogen  from  the  organic 
matter  in  the  bone.  It  was  thought  that  the  amount  of  lime 
found  in  the  percolates  might  give  some  indication  of  the  rate 
at  which  the  lime  phosphate  was  dissolved  within  the  soil,  but 
the  results  are  too  irregular  to  allow  any  interpretation.  This 
is  partly  caused  by  the  fact  that,  as  in  lysimeter  6,  where  no 
lime  was  added,  the  rapid  nitrification  of  the  blood  and  the 
consequent  nitrate  nitrogen  produced,  made  for  an  increase  in 
the  lime  withdrawn  from  the  soil  itself.  At  the  same  time,  it 
is  interesting  to  note  that  the  greatest  amount  of  lime  appeared 
in  the  test  to  which  lime  phosphate  as  phosphate  rock  was  added, 
and  in  which  the  nitric  nitrogen  produced  was  less  than  in  any 
other  of  the  tests  with  the  exception  of  the  check.  The  phos- 
phoric acid  determination  showed  the  greatest  solubility  in  the 
case  of  the  phosphate  rock  and  blood  test,  and  here  the  lime 
content  is  second  in  quantity  to  that  of  the  rock  alone.  In  the 
bone  meal,  the  difference  in  results  is  within  the  limits  of  ex- 
perimental error,  but  the  fine  bone  shows  a  greater  solubility 
than  the  coarser.  The  second  size  of  bone  showed  a  drop  below 
the  check  in  lime  and  was  less  in  phosphoric  acid  than  the  two 
coarser  bones;  the  lime  drop  is  significant  and  points  to  some 
fault  in  the  soil  or  its  method  of  packing  and  nature  of  drainage, 
but  the  nitrogen  transformation  was  apparently  not  affected. 

While  not  germane  to  the  question,  it  is  nevertheless  of  interest 
to  compare  the  results  of  the  blood  and  rock  tests  with  those 


from  the  bone.  Where  the  phosphate  rock  alone  was  employed, 
an  increased  nitrification  of  the  soil  nitrogen  to  the  extent  of 
5  per  cent  is  noted.  With  one  exception,  all  the  drainages 
from  this  test  showed  a  higher  nitrate  content  than  the  check. 
Of  the  nitrogen  added  as  blood,  47.5  and  50.1  per  cents  were 
recovered  in  the  period  of  18  weeks  as  nitric  nitrogen,  while 
the  best  yield  from  the  bone  was  16  per  cent.  Nitrification  of 
the  blood  nitrogen  was  accelerated  by  the  addition  of  phosphate 
rock  just  as  was  the  soil  nitrogen,  but  to  a  lesser  extent.  More 
phosphoric  acid  was  found  in  the  test  with  blood  alone  than 
in  the  check,  which  points  to  a  solvent  effect  exerted  by  the  fer- 
menting action  of  the  blood  on  the  soil  phosphates. 

TEST  NO.  4 

A  final  test  was  made  with  an  attempt  to  measure  the  amount 
of  phosphoric  acid  rendered  soluble  liy  bacterial  action.  In 
this  test,  quartz  sand  previously  digested  with  acid  and  washed 
with  water  till  free  of  acid  was  mixed  with  the  various  materials. 
Fresh  station  soil  was  shaken  thoroughly  with  water,  allowed 
to  settle  for  twenty-four  hours,  and  the  sand  tests  moistened 
with  the  supernatant  liquid.  Two  series  were  started,  being 
allowed  to  stand  three  and  five  weeks,  respectively.  Five  grams 
of  the  various  sizes  of  bone  meal  were  placed  in  200  grams  of 
sand.  In  two  further  tests,  blood  and  phosphate  rock  or  phos- 
phate rock  alone,  were  added,  in  amounts  equivalent  to  the 
phosphoric  acid  and  nitrogen  content  of  the  fine  bone  meal.  At 
analysis,  the  contents  of  the  beaker  were  transferred  with  water  to 
a  filter,  and  washed  through  paper  until  the  runnings  amoimted 
to  300  cc.  The  entire  filtrate  was  analyzed  for  phosphoric  acid. 
In  the  case  of  the  phosphate  rock  tests,  the  filtrate  was  very  tur- 
bid. The  results,  therefore,  do  not  express  what  was  in  solu- 
tion, but  represent  material  in  so  finely  divided  a  condition 
that  it  passed  through  the  pores  of  filter  paper,  and  went  into 
solution  immediately  on  the  addition  of  acid.  The  results  were 
as  follows: 

Table  VIII — Phosphoric  Acid  Dissolved    in    Sand  Tests 
896.5  Mg.  of  Phosphoric  Acid  Applied 

3  weeks     5  weeks  Total 

Fine  bone  meal 4.0              3.4  7.4 

No.  2  bone  meal 2.2              3.8  6.0 

No.  3  bone  meal 2.6               3.7  6.3 

Coarse  bone  meal 1.3              3.1  4.4 

Phosphate  rock 5.1              7.8  12.9 

Phosphate  rock  and  blood 7.5             11.1  18  6 

It  would  appear  from  these  tests  that  the  phosphoric  acid 
in  fine  bone  meal  is  more  available  than  that  passing  a  20  mesh 
sieve  by  23  per  cent,  and  almost  70  per  cent  more  available  than 
that  passing  through  a  6  mesh  sieve.  The  two  intermediate 
sizes  are  about  equal,  and  both  superior  to  the  coarsest.  The 
phosphate  rock  gave,  as  was  expected  from  the  appearance  of 
the  filtrate,  a  considerably  greater  phosphoric  acid  content  of 
the  filtrate,  which  was  augmented  to  an  important  extent  by 
the  decomposing  action  of  the  blood. 

SUMM.\RY 

The  results  of  these  tests,  based  on  those  from  the 
fine  bone  meal  as  100,  may  be  seen  from  the  following 
comparative  tables- 

Table  IX — Ammonification  in  Two-thirds  Saturation 
Days         2                    5                    9                    11  18 

Bone  meal                      Ammonia  nitrogen  Soluble 

Size  No.  . • .  nitrogen       Average 

1  100  100  100  100  100  100 

2  32  34  30  55  49  40 

3  22  30       -57  21  34        '  33 


Table  X— Nr 


■iCATioN  IN  Half  Sati' 


nd  nitrate  nitrogen 


100     100      100     100     100 


92        83        62        34        75 
65       64       60       33       62 


.Mitrate 
100 
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Table   XI — Nitrification 


Weeks 
Bone  inea 
Size  No. 


Table  XII — Sand  Tusts — Water-soluble  Phosphoric  Acid 

1 100  3 8.5 


CONCLUSIONS 

I — The  fineness  of  bone  meal  determines  the  rate 
at  which  its  nitrogenous  part  will  decompose  in  the 
soil  to  ammonia  and  thence  to  nitric  nitrogen. 

II — -The  solubility  of  bone  phosphate  is  directly 
influenced  by  bacterial  action,  and  an  increased  am- 
monia or  nitrate  decomposition  may  be  held  to  indi- 
cate a  more  efficient  phosphoric  acid  solvent  action. 

Ill — Since  there  is  a  limit  to  which  bone  meal  can 
be  ground  to  permit  of  its  convenient  handling,  fine 
bone  meal  should  possibly  be  defined  as  that  which 
passes  through  a  50  mesh  sieve. 

IV — Since,  however,  it  is  not  commercially  prac- 
ticable to  prepare  so  fine  a  product  without  also  in- 
cluding a  considerable  proportion  of  the  very  fine  dust, 
a  standard  of  fine  bone  meal  of  65  per  cent  to  pass  a 
50  mesh  sieve,  and  at  least  90  per  cent  of  the  remainder 
to  pass  a  25  mesh  sieve  is  presented  as  one  to  which 
no  reasonable  objection  can  be  offered  by  the  dealers, 
and  from  which  satisfactory  results  will  accrue  to  the 
crops. 

Chemical  Laboratory,  Experiment  Station 

Hawaiian  Sugar  Planters'  Association 

Honolulu,  T.  H. 
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Received  June  1,  1914 

As  the  result  of  series  of  experiments  carried  out  in 
this  laboratory  at  intervals  during  several  years,  a 
method  has  been  devised  for  the  assay  of  spirits  of 
camphor  and  of  peppermint,  and  of  the  extracts  of 
lemon,  orange,  peppermint,  anise  and  nutmeg,  which 
appears'  to  be  more  rapid  and  much  more  accurate 
than  any  method  with  which  we  are  familiar.  The 
facts  which  form  the  basis  of  the  method  may  be 
grouped  under  three  heads,  as  follows: 

It— Camphor  and  the  several  oils  enumerated  above 
are  completely  expelled  from  solution  in  alcohol,  when 
these  solutions  are  mixed  with  from  four  to  ten  volumes 
of  a  strong  solution  of  calcium  chloride, 

2 — The  separated  camphor  or  oil  dissolves  with  the 
greatest  ease  in  low-boiling  gasoline,  an  operation  with 
which  alcohol,  at  least  in  the  presence  of  such  a  cal- 
cium chloride  solution,  does  not  interfere. 

3 — Within  certain  fairly  wide  limits,  the  volume  of 
the  gasoline  solution  formed  is  exactly  equal  to  the 
sum  of  the  volumes  of  the  gasoline  itself  and  the 
solid  camphor  (or  oil)  which  has  been  dissolved. 

The  method  here  described  is  by  no  means  entirely 
new.     Schmatolla'    noted    that    when    camphor    dis- 

1  Apoth.  Zeil..  16,  290;  Abslr.  Chem.  Cenlr.,  1901,  1  (20).  1117;  J.  Soc. 
Chcm.  Ind.,  20  (1901),  756;  Allen's  "Commercial  Organic  Analysis"  (new 
ed.).  Vol.  IV,  p.  200. 


solves  in  light  petroleum  oil,  the  volume-relation 
stated  in  "3"  obtains.  He  employed  a  burette  grad- 
uated in  tenths  cc,  as  a  measuring  apparatus,  and 
weighed  out  the  camphor  spirit,  which  was  later  pre- 
cipitated by  means  of  saturated  sodium  chloride  solu- 
tion. We  have  secured  better  results  by  the  use  of 
calcium  chloride  solution,  and  prefer  graduated  milk 
bottles  and  the  use  of  the  centrifuge  as  means  of  ac- 
curate measurement  of  small  quantities.  Arnost' 
used  a  somewhat  similar  method  to  determine  camphor 
in  celluloid,  correcting  for  alcohol  dissolved.  Chit- 
tick,-  we  have  found  since  these  experiments  were 
made,  used  a  method  similar  to  ours  for  peppermint, 
precipitating  the  oil  with  water  and,  by  means  of  a 
blank,  correcting  for  alcohol  dissolved.  We  have  not 
found  water  a  satisfactory  precipitant,  and  believe 
that  much  time  can  be  saved  without  decrease  in 
accuracy  by  the  use  of  pipettes  and  the  avoidance  of 
weighings. 

The  apparatus  called  for  consists  simply  of  several 
accurate  full  pipettes,  a  Babcock  centrifuge,  and  one 
or  more  accurately  graduated  Babcock  milk  bottles. 
If  the  divisions  on  the  neck  of  the  bottle  be  from  o  to 
10,  then  the  graduated  portion  will  contain  just  2  cc. 
With  a  magnifying  glass  the  volume  of  a  column  of 
supernatant  solution  in  the  neck  of  the  bottle  can  be 
read  with  accuracy,  probably  to  0.008,  perhaps  to 
0,004  cc. 

As  the  volume  of  gasoline  used  should  not  be  much 
less  than,  nor  much  more  than  twice  as  great  as  that 
of  the  camphor  or  oil  to  be  dissolved  (if  the  volume- 
relation  mentioned  under  "3"  is  to  hold  good),  it  is 
well  to  work  with  such  quantities  that  not  much  over 
0.5  cc.  of  camphor  or  oil  is  to  be  determined.  Thus 
we  have  found  that  5  cc.  of  the  alcohol  solution  serves 
well  for  strengths  from  5  to  15  per  cent;  10  cc.  is  proba- 
bly better  for  4  per  cent  solutions  or  anything  weaker. 
The  quantity  of  gasoline  should  in  general  be  some- 
what greater  than  that  of  the  oil. 

METHOD    OF    ANALYSIS 
FOR     STRENGTHS     BETWEEN     7     AND     Ij     PER     CENT 

Pipette  5  cc.  of  the  solution  into  the  Babcock  bottle; 
fill  nearly  to  the  neck  with  clear  calcium  chloride 
solution  of  sp.  gr.  1.37;  shake,  add  exactly  i  cc.  of 
gasoline  (b.  p.  40°  to  60°  C);  shake,  fill  with  the  salt 
solution  to  near  the  top  of  the  graduation;  stopper 
tightly;  shake  violently,  and  whirl  in  the  centrifuge 
at  high  speed  for  about  five  minutes.  If  now  the  salt, 
solution  is  still  cloudy,  shake  thoroughly,  and  whirl 
again.  Read  the  menisci  as  in  a  milk-fat  determina- 
tion; i.  e.,  the  lowest  point  of  the  lower  meniscus  and 
the  extreme  edge  of  the  upper.  For  example,  sup- 
pose the  readings  are  9,32  and  1,77;  the  column  cor- 
responds to  7,55  (=  1,51  cc).  Of  this  5,00  (=1  cc) 
is  gasoline,  and  2.55  (  =  0.51  cc)  is  oil.  Then  4  X  2.55 
=  10.20  =  percentage  of  oil  in  the  extract. 

FOR    STRENGTHS    LESS    THAN    7    PER    CENT- — Use    lO   CC 

of  the  solution  and  a  quantity  of  gasoline  not  more 
than  twice  that  of  the  oil  or  camphor  to  be  set  free; 

1  Z.  Unler.  Nahr.  a.  Genussm..  12  (1906),  532;  Abstr.  J.  Soc.  Chem.  Ind.. 
26,   1169. 

>  Proc.  Assn.  Am.  Dairy.  Food  &■  Drug  Off..  1913,  p.  160;  4iJlr,  CAem, 
AhsW.,  8  (1914),  1847. 
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otherwise  the  operation  is  as  before.  Now,  however, 
the  volume  of  the  oil  (2.55  in  the  example  given  above) 
must  be  multiplied  by  2  to  yield  the  percentage. 

For  strengths  of  3  per  cent  or  less,  the  accuracy 
of  the  method  naturally  is  not  as  great  as  in  the  case 
of  those  first  mentioned.  To  collect  without  loss  in 
the  neck  of  the  Babcock  bottle  0.2  cc.  of  oil  and  0.2  to 
0.4  cc.  of  added  gasoline  (as  must  be  done  in  the  case 
of  a  2  per  cent  extract),  and  to  read  the  volume  of  the 
resulting  solution  with  accuracy,  is  not  easy;  never- 
theless we  have  met  with  considerable  success. 

RESULTS 

CAMPHOR — Using  a  bottle  which  had  been  calibrated 
with  the  aid  of  mercury,  the  following  typical  results 
were  obtained: 

Standard  10  per  cent  spirit  of  camphor — 5  cc.  used  with  i  cc. 
gasoline.  Readings:  8.38  and  0.87.  8.38  —  0.87  =  7.5.1; 
7.51  —  5.00  =  2.51 ;  2.51  X  4  =  10.04  per  cent. 

Standard  5  per  cent  spirit — 10  cc.  used  with  i  cc.  gasoline. 
Readings:  8.60  and  1.09.  8.60 — 1.09  =  7.51;  7.51  — 5.00 
=  2.51;  2.51  X  2  =  5.02  per  cent. 

Sample  No.  6826 — Rotation  indicated  9.93  per  cent.  5  cc. 
used  and  i  cc.  gasoline.  Readings:  10.40  and  2.90.  10.40  — 
2.90  =  7.50;  7.50  —  5.00  =  2.50;  2.50  X  4  =  10.00  per  cent. 

Sample  No.  6828 — Rotation  gave  no  satisfactory  result  on 
account  of  the  marked  cloudiness  of  spirit — between  9.00  and 
9.40  per  cent  indicated.  5  cc.  used  with  i  cc.  gasoline.  Read- 
ings: 9.00  and  1. 71.  9.00 — 1. 71  =  7.29;  7.29 — -5.00  =  2.29; 
2.29  X  4  =  9.16  per  cent. 

Sample  No.  6831 — Rotation  indicated  7.32  per  cent.  5  cc. 
used  with  i  cc.  gasoline.  Readings:  9.08  and  2.27.  9.08  — 
2.27  =  6.81;  6.81  — ^5.00  =  1. 81;  1. 81  X  4  =  7.24  per  cent. 

The  angles  of  rotation  were  determined  in  all  cases  in  a  200 
mm.  tube  at  20°  C.  Percentages  were  calculated  on  the  as- 
sumption that  under  such  conditions  a  10  per  cent  camphor 
spirit  shows  a  rotation  of  8.22  °. 

In  order  to  try  out  the  method,  68  samples  were 
assayed,  using  milk  bottles  of  all  sorts,  just  as  they 
happened  to  come  from  the  shelf;  probably  forty 
different  bottles  were  thus  brought  into  use.  Many 
of  these,  on  close  examination,  were  clearly  seen  to  be 
quite  inaccurately  graduated.  Assuming  that  the 
percentage  strength  was  actually  that  deduced  from 
the  rotation  observed,  this  method  in  the  68  assays 
made,  showed  an  average  error  of  0.25  per  cent;  in 
each  of  22  assays  the  error  was  less  than  o.io  per  cent. 
Other  assays  with  calibrated  apparatus  indicated  that 
the  errors  referred  to  were  in  large  measure  to  be 
charged  to  the  inaccuracy  of  the  graduation  upon  the 
bottles. 

PEPPERMINT — Six  extracts  of  peppermint  were  made 
from  as  many  peppermint  oils,  and  labeled  A,  B,  C, 
D,  E  and  F.  From  experiments  made  with  these 
extracts,  it  was  found  that  the  laevo-rotations  of  the 
oils  varied  from  21.0°  to  28.9°.  Assays  by  this 
method  gave: 

Stated  Cc.  used  Per  cent 

strengths       ' " •  peppermint 

Sample  Per  cent    Extract     Gasoline       found 

A 9.0  5  1.0  9.04 

5  0.5  9 .  00 

B 10.0  5  1.0  9.92 

C 10.0  5  0.5  10.00 

D 15.0  5  1.0  15.04 

E 12.5  5  1.0  12.48 

F... 10.0  5  1.0  10.04 

An   attempt   to    make    an   assay   of   "C'   in    which 


10  cc.  of  extract  and  i  cc.  of  gasoline  were  employed, 
resulted  in  the  figure  n.io  per  cent.  Apparently, 
alcohol,  when  present  to  such  an  extent  as  this  with 
oil  of  peppermint,  is  also  taken  into  solution.  Hence 
it  would  seem  best  to  restrict  the  amount  of  pepper- 
mint extract  used  (when  of  about  10  per  cent  strength) 
to  5  cc. 

A  3  per  cent  extract  gave  the  following  results: 

Extract  Gasoline  Per  cent  Extract  Gasoline  Per  cent 

Cc.             Cc.             found  Cc.  Cc.  found 

10               0.5               3.06  15.0  1.0  3.33 

10               0.5               3.00  12.5  0.5  3.23 

20                1.0               1.75  12.5  0.5  3.36 
15               0.5               2.92 

■  From  a  study  of  these  results  it  would  appear  that 
the  'method  will  give  good  results  with  weak  extracts 
of  peppermint,  only  when  the  quantity  used  is  not 
over  lo  cc. 

Other  extracts  analyzed  are  reported  below: 

Strength       Cc.            Cc.  Per  cent 

Sample                                   Per  cent    extract     gasoline  found 

Oil  of  lemon,  A 5               10              1.0  4.92 

5               10              1.0  5.04 

Oiloflemon.B 5              10              1.0  4.82(a) 

5                10                1.0  4.96 

Oil  of  orange  (sweet) 5               10              10  4.96 

5                10               1.0  5 . 02 

Oilofanise 3                10               1.0  2.94 

3                10                1.0  2.98    (6) 

3                10                1.5  2.80   (f) 

Oil  of  nutmeg 2              10              0.2  1.94 

2                10               0.4  1.88 
(a)  Here  a    notable    amount  of   solid  precipitated  insoluble  in  gasoline, 
(i?)  Clear  solution  in  gasoline  difficult  to  obtain. 

(c)  Probably,  as  the  volume-relation,  oil:  gasoline  =    1   :   5  in  this  case, 
the  limit  for  accurate  results  had  been  passed 

It  will  be  noted  that,  in  the  case  of  the  oils  listed 
above,  extracts  of  the  standard  Pharmacopoeial 
strengths  were  made  as  well  as  several  of  greater 
strength.  In  addition,  U.  S.  P.  extracts  were  pre- 
pared from  oil  of  wintergreen  (3  per  cent),  oil  of  cassia 
(2  per  cent),  and  oil  of  cloves  (2  per  cent).  So  far, 
successful  results  have  not  been  secured  with  these 
extracts.  Oil  of  cassia  is  too  insoluble  in  gasoline,  and 
oil  of  wintergreen  and  oil  of  cloves  gave  low  results, 
possibly  because  of  the  presence  of  phenolic  compounds, 
for  the  oils  were  colored  dark  red  and  deep  violet, 
respectively,  when  shaken  with  the  calcium  chloride 
solution. 

Strength  Cc.  Cc.  Per  cent 

Sample  Per  cent  extract      gasoline  found 

Oil  of  wintergreen 3  10  1.0  2.46 

10  1.0  2.68 

10  0.5  2.38 

Oil  of  cloves 2  10  0.2  1.40 

10  0.4  1.40 

In  many  instances  in  the  course  of  the  experiments 
here  described,  there  was  thrown  out  of  solution,  by 
the  calcium  chloride  solution,  a  notable  amount  of 
solid  particles  only  slowly  soluble,  or  entirely  in- 
soluble, in  gasoline.  This  material  collected  as  a 
layer  between  the  two  solutions;  by  thorough  shaking 
and  whirling  in  the  centrifuge  it  could  be  washed  by 
the  gasoline  and  packed  into  a  thin,  flat  layer.  The 
question  naturally  arises  in  such  cases  where  the  lower 
reading  of  the  gasoline  column  should  be  made.  We 
have  in  general  followed  the  rule  that,  where  the 
solid  material  may  be  regarded  as  an  impurity  in  the 
oil — -e.  g.,  the  green  coloring  material  in  extract  of 
peppermint — the  gasoline  column  extends  upward 
from  its  upper  surface;  where,  on  the  other  hand,  the 
solid  material  is  probably  a  normal  constituent  of  the 


928 


THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  ii 


oil,  but  is  not  entirely  soluble  in  gasoline,  we  have 
read  from  the  lower  surface  of  the  solid  layer. 

So  far  as  our  experiments  have  gone,  no  solvent 
other  than  petroleum  oil  has  been  found  which  possesses 
the  peculiar  volume  properties  mentioned  above  under 
headings  "2"  and  "3."  In  the  case  of  cassia  oil,  a 
mixture  of  equal  volumes  of  gasoline  and  benzene 
readily  dissolved  the  oil  set  free,  but  a  marked  con- 
traction of  volume  appeared  to  take  place  on  solution. 
Ordinary  kerosene  oil  will  serve  in  many  cases,  but  in 
our  experience,  the  low-boiling  oils  will  dissolve  es- 
sential oils  more  readily.  We  have  so  far  noted  no 
case  where  the  volume  relations  described  under 
"3"  above,  failed  to  hold,  provided  a  petroleum  oil 
was  employed,  and  solution  took  place  readily.  Other 
strengths  of  calcium  chloride  solution  may  serve  as 
well  as  that  employed;  we  have  used  only  the  one. 

This  work  is  to  be  continued,  and  experiments  made 
with  other  solvents  than  gasoline.  Any  results  of 
interest  that  may  be  obtained  will  be  published  in 
due  time. 

ADDENDUM 

After  the  foregoing  paper  had  been  written  and 
.submitted  to  the  editor,  a  suggestion  was  made  by  the 
Publication  Committee  of  This  Journal  that  we 
endeavor  to  replace  the  solvent  originally  called  for 
(gasoline  of  b.  p.  40°  to  50°  C.)  by  some  other  more 
readily  obtained  and  more  safely  handled.  A  series  of 
experiments  was  accordingly  undertaken,  under  our 
direction,  by  Mr.  C.  O.  Miller,  in  the  hope  that  a  less 
volatile  oil  would  be  found  to  serve  as  well  as  the  low- 
boiling  gasoline  which  we  had  used.  Commercial 
benzine  was  distilled  and  fractions  collected : 

50°— 60°,  6o°-7o°,    ,   160°  to  170° 

Mr.  Miller,  who  had  not,  up  to  this  time,  worked  with 
the  method  described  in  this  paper,  was  able  to  check 
most'  satisfactorily  our  results  as  long  as  he  made 
use  of  the  40°  to  50°  gasoline  which  we  had  employed, 
or  of  the  50°  to  60°  benzine  fraction,  which  he  had 
distilled;  but  as  soon  as  he  attempted  to  employ  a 
benzine  boiling  above  60°,  variations  began  to  make 
their  appearance;  the  volume  relation  no  longer  held 
good  in  all  cases.  As  a  rule  too  high  results  were 
obtained,  and  the  higher  the  boiling  point  of  the 
benzine  fraction  used,  the  greater  became  the  error. 
In  addition,  with  repeated  shaking  and  rewhirling 
the  percentage  of  essential  oil  indicated  continued  to 
rise,  instead  of  coming,  as  in  earlier  experiments, 
quickly  to  a  final  value.  It  may  be  that  continued 
shaking  and  rewhirling  caused  the  alcohol  present  to 
dissolve  more  and  more  in  the  higher  boiling  oils. 

As  a  result  of  these  experiments  we  are  apparently 
justified  in  advising  the  use  of  a  gasoline  boiling  at  or 
below  60°  C.  as  applicable  in  the  assay  by  this  method 
of  spirits  of  camphor,  and  of  extracts  of  lemon,  orange, 
peppermint,  anise,  and  nutmeg.  We  have  therefore 
changed  the  boiling  point  given  in  the  body  of  this 
article  so  as  to  read  40°  to  60°  C. 

Laboratory  op  tbe  Statb  Department  op  Heauth 
Baltimore,  Maryland 


STUDY  OF  THE  METHODS  FOR  EXTRACTIONS  BY 
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The  use  of  the  distribution  coefficient  in  indicating 
better  conditions  for  the  extraction  of  certain  substances 
from  aqueous  solution  by  means  of  immiscible  solvents 
has  been  shown  in  a  previous  communication.'  The 
present  paper  is  a  continuation  of  that  work,  studying 
several  more  of  the  common  methods  for  extractions 
and,  if  better  conditions  are  indicated,  suggestions  are 
made  which,  it  is  believed,  aid  in  obtaining  better  re- 
sults. Also,  a  further  use  of  the  distribution  coefficient 
is  suggested  in  which,  if  its  value  is  accurately  known 
and  conditions  are  strictly  adhered  to,  it  is  unnecessary 
to  make  successive  shakings  and  separations,  but  with 
one  extraction  and  a  calculation  from  the  distribution 
coefficient,  the  percentage  of  substance  can  be  de- 
termined. 

The  value  of  such  a  study  will  be  seen  from  a  con- 
sideration of  the  large  number  of  alkaloidal  extractions 
that  it  is  necessary  to  make  in  some  laboratories  and, 
also,  of  the  great  variance  in  directions  given  by  differ- 
ent authors  for  the  determination  of  the  same  sub- 
stances. Many  analysts  still  extract  alkaloids  several 
times  and  then  stop  to  test  a  small  portion  of  the  non- 
aqueous solvent  to  ascertain  if  the  material  is  all  ex- 
tracted. This  is  unnecessary  because  these  substances 
always  distribute  themselves  in  the  same  way.  The 
same  number  of  washings  that  will  remove  a  large 
portion  of  an  alkaloid  will  remove  a  small  portion, 
provided,  of  course,  that  the  limits  of  the  solubilities 
are  not  exceeded  in  either  of  the  two  solvents. 

It  has  been  shown  that  by  a  determination  of  the  dis- 
tribution coefficient  and  a  subsequent  algebraic  cal- 
culation the  number  of  washings  can  be  determined 
for  given  volumes  of  aqueous  and  non-aqueous  solvents 
which  are  necessary  to  extract  99.9  per  cent  of  the 
material  in  question.  The  distribution  ratio  {d)  is  in- 
dicated by  the  expression 

Concentration  in  10  cc.  water  C]       ,  , 

=  -—  =  (a; 

Concentration  in  10  cc.  non-aqueous  solvent      C2 

The    algebraic   expression   for   the    calculation   of   the 
number    of    washings    necessary    for    an    extraction    is 

x„         /       (ia      \  " 
indicated  by  —    =   I         -       )    ,  where 
.ro  \e  +  da) 

a  =  volume  of  aqueous  solvent, 

e  =  volume  of  non-aqueous  solvent, 

d  =  distribution  ratio,  as  given  above, 

■Xo  =  original  amount  of   material  to  be  extracted  in 

the  water  layer,  and 
Xn  =  the  amount  of  material  in  the  water  layer  after 

n  extractions. 

The  expression —"    =    the  fraction   of   material  in    the 

water  layer  after  n  extractions. 

For  the  calculations  of  {d),  the  solubilities  of  chloro- 
form and  water  in  each  other,  except  in  the  case  of 

1  This  Jovrnal,  6  (1914^  315. 
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strychnine,  were  assumed  to  be  negligible  for  our  pur- 
poses and  the  volume  of  each,  upon  saturation  with  the 
other,  was  taken  as  that  originally  used.  For  ether 
and  water,  however,  where  there  seems  to  be  con- 
siderable diversity  of  opinion  and,  since  in  the  case 
of  ether  and  water  we  are  seeking  an  indication  of 
better  conditions  rather  than  absolute  accuracy,  the 
solubility  of  ether  in  100  cc.  of  water  was  assumed 
to  be  8  cc.  and  of  water  in  100  cc.  of  ether  to  be  2  cc. 
at  25°  C  From  a  consideration  of  the  work  of  Herz'' 
and  others,  the  volumes  of  these  two  solvents,  when  100 
cc.  of  water  and  50  cc.  of  ether  were  mixed  and  satu- 
rated with  each  other,  were  taken  as  104  cc.  and  43 
cc,  respectively.  These  are  perhaps  more  nearly  the 
true  volumes  than  the  values  previously  taken  (100  cc. 
water  and  42.2  cc.  ether).  However,  the  final  results 
are  affected  but  little. 

The  materials  used  for  determinations  were  of  Merck's 
best,  carefully  prepared  for  analysis  and  the  alcohol, 
ether,  chloroform  or  other  non-aqueous  solvents  were 
of  U.  S.  P.  strengths.  The  shakings  were  made  in 
200  cc.  glass-stoppered  bottles  in  a  thermostat  regulat- 
ing at  25°  C.  to  within  0.1°  C.  variation.  The  thermo- 
stat was  so  arranged  that  six  bottles  could  be  placed 
in  a  rack  and  turned  end  over  end  at  a  rate  of  30-40 
revolutions  per  minute  during  a  time  interval  of  35— 
40  minutes.  The  bottles  were  then  allowed  to  hang  for 
'a  short  time  in  the  thermostat  till  the  two  solvents 
were  clear;  a  portion  of  the  non-aqueous  solution 
was  pipetted  off  and  the  material  determined.  In 
addition  to  the  data  as  tabulated  in  the  previous  paper 
the  volumes  assumed  for  both  aqueous  and  non- 
aqueous solvents  are  inserted  so  that  the  data  can  be 
more  readily  recalculated. 

It  must  be  admitted  at  the  beginning  of  this  paper 
that  the  value  of  {d)  is  by  no  means  always  a  constant 
over  very  wide  variations  in  concentration  but  in  most 
cases  with  the  concentrations  ordinarily  used  in  the 
laboratory,  the  results  were  found  to  be  very  nearly 
so  and  certainly  can  be  used  to  good  advantage  in  this 
work.  A  slide  rule  was  thought  sufficiently  accurate 
for  the  calculations  of  this  paper.  Where  modi- 
fications of  old  methods  are  suggested  it  is  simply  in- 
tended to  indicate  better  conditions  under  which  the 
experiments  can  be  done. 

ACONITINE 

The  United  States  Pharmacopoeia  suggests  the  ex- 
, traction  of  aconitine  with  ether  from  aqueous  solu- 
tion made  alkaline  with  ammonia.  The  distribution 
ratio  was  run  using  100  cc.  of  water,  5  cc.  of  NH4OH 
and  50  cc.  of  ether  with  the  following  result: 

Table  1 

Wt.  in  ether  Wt.  in  water                  W 

Wt.          Wt.  found  in                  layer  layer         Cone.  10  cc.  water, 

aconitine      25  cc.  ether         (Vol.  43  cc.)  (Vol.  109  cc.)   Cone.  10  cc.  ether 

0.0693               0.0302                    0.0508  0.0185                        0.143 

0.1000               0.0435                    0.0748  0.0252                        0.142 

0.1780               0.0773                    0.1330  0.0450                        0.134 

Average.         0. 140 

From  this,  about  '/?  of  the  aconitine  remains  in  the 
aqueous  layer  on  one  extraction,  where  equal  volumes 

1  In  the  previous  paper  these  values  were  assumed   to  be    1.2  cc.  for 
water  in  ether  and  7.8  cc,  for  ether  in  water. 
'  Ber..  31  (1898),  2670. 


of  the  two  solvents  are  used.      When  50  cc.  of  aqueous 

liquid   are   washed   with    10   cc.   portions  of  ether   (14 

cc.  for  the  first  and  10  cc.  for  the  subsequent  washings, 

assuming  that  4  cc.  of  the  first  ether  portion  saturate 

the    aqueous     layer)    the     value     of     {d)      would     be 

0.140   X   50  7.0  ....  , 

=    —     or  0.417.       It    takes   six  such 

0.140  X  50  -|-  10         17.0 

washings,    [  —  1      =  ,  to  extract  more  than  99   per 

\  2.4/  191 

cent  and  eight  washings  for  more  than  99.9  per  cent 
of  the  aconitine  present.  This  would  appear  to  be 
a  fairly  good  separation  but  there  are  other  non- 
aqueous solvents  which  have  a  greater  solubility  for 
aconitine  and  are  less  soluble  in  water. 

From  a  consideration  of  these  solubilities  it  was 
found  that  chloroform  and  benzene  were  better  solvents 
than  ether  and  it  was  judged  that  the  distribution 
ratios  between  these  substances  and  water  would  be 
more  favorable  than  in  the  case  of  ether.  It  is  difficult, 
however,  to  obtain  benzene  sufficiently  free  from 
thiophenes  and  other  impurities  which  are  not  volatile 
and  for  this  reason,  attempts  with  commercial  benzene 
did  not  meet  with  much  success. 

It  is  difficult  to  obtain  good  results  where  {d)  is  so 
small  but  the  best  set  of  results,  using  100  cc.  of  water, 
5  cc.  of  NH4OH  and  30  cc.  of  chloroform,  is  given 
here. 

Table  II 
Aeon,  in  chlor.     Aeon,  in  water 


Wt. 

Wt.  found  in 
20  cc.  chlor. 

layer 
(30  cc.) 

layer 

(105  cc.) 

(d) 

0.1030 
0.1463 
0.1784 

0.0644 
0.0932 
0. 1113 

0.0966 
0.1398 
0.1670 

0.0064 
0 . 0065 
0.0114 

0.019 
0.013 
0.019 

Av 

erage. 

0.017 

A  very  few  washings,  using  even  comparatively  small 
volumes  of  chloroform,  would  almost  completely  ex- 
tract the  aconitine.  Two  extractions  from  50  cc.  of 
aqueous  solution,  containing  5  cc.  (i-i)  NH4OH  with 
lo  cc.  portions  of  chloroform,  separate  out  more  than 
99  per  cent  and  three  extractions  more  than  99.9  per 
cent  of  the  alkaloid.  It  is,  moreover,  more  convenient 
to  use  chloroform  than  ether  because  the  chloroform  is 
heavier  than  the  aqueous  solution  and,  hence,  in 
our  ordinary  Squibb  separatory  funnels,  can  be  drawn 
off  without  the  use  of  another  funnel. 
•  To  prove  these  conclusions  on  aconitine,  samples  were 
weighed  out  into  50  cc.  of  aqueous  solution  which 
contained  5  cc.  (i-i)  NH4OH  and  the  solution  washed 
with  two  10  cc.  portions  of  chloroform. 


Table  III 

wt. 

conitine 

Total  wt. 
found 

Residue  in 
chlor. 

Corrected 

Percentage 
found 

0.1032 
0.1025 

0.1035 
0.1026 

0.0010 
0.0010 

0. 1025 
0, 1016 

99.3 
99.1 

Calculated.      99.2 

Portions  of  aconitine  were  tried  in  the  same  way  using 
two  portions  of  ether,  14  cc.  for  the  first,  allowing  4 
cc.  for  the  saturation  of  the  aqueous  layer,  and  10  cc. 
for  the  second.  In  every  case  the  separatory  funnel 
was  shaken  for  two  minutes  and  several  minutes 
time  allowed  for  the  separation  of  the  layers.  This  set 
of  results  appears  to  be  low,  however,  due,  no  doubt, 
to  the  difficulty  in  getting  anything  like  a  complete 
separation  with  the  ether. 
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iconitine 

0 . 2000 


Total  wt. 
found 

0. 1570 
0. 1592 


Residue  in 
ether 

0.0005 
0 .  0005 


0. 1565 
0    1587 


Percentage 
found 
78.5 
78.2 


Calculated,      82.6 


It  is  suggested  from  the  above  results,  then,  that 
aconitine  be  extracted  from  50  cc.  of  aqueous  solution, 
containing  5  cc.  (i-i)  NH4OH,  with  three  10  cc.  por- 
tions of  chloroform.  This  will  give  over  99.9  per  cent 
of  the  aconitine  present. 

ATROPINE 

It  was  found  that  the  distribution  ratio  of  atropine 
between  water  and  chloroform  was  very  small  and  that 
three  washings  from  50  cc.  of  aqueous  solution  with 
10  cc.  portions  of  chloroform  were  qiiite  sufficient  for 
all  practical  purposes. 

CITRAL    IN    LEMON    OIL 

A  practical  application  of  the  distribution  ratio 
has  been  made  in  the  determination  of  (d)  between 
lemon  oil  and  45  per  cant  alcohol.  In  the  preparation 
of  "Terpeneless"  lemon  extract,  lemon  oil  is  treated 
with  45  per  cent  alcohol,  the  alcohol  being  supposed 
to  dissolve  out  all  the  citral  which  is  considered  the 
active  constituent  of  this  kind  of  lemon  flavoring. 
Varying  volumes  of  lemon  oil  and  45  per  cent  alcohol 
were  shaken  in  200  cc.  bottles,  the  percentage  of  citral 
in  the  oil  being  determined  before  and  after  the  experi- 
ment. The  pure  lemon  oil  showed,  by  analysis,  3.61 
per  cent  of  citral.  The  alcohol  was  carefully  made  up 
and  checked  at  15.6°  C.  to  be  45  per  cent. 


alcohol 
100 

150 
100 


With  equal  volumes  of  the  oil  and  45  per  cent  alcohol 
[although  (d)  is  not  a  constant]  one  part  of  citral 
goes  into  the  alcohol  and  thirteen  parts  remain  in  the 
oil.  From  this  it  is  apparent  that  it  would  be  difficult 
for  the  manufacturers  to  get  all  of  the  citral.  •  It  is 
well  known  that  it  is  better  to  wash  precipitates  on 
the  filters  repeatedly  with  small  portions  of  wash  water 
than  once  with  a  large  portion  and  this  principle  is 
equally  true  of  extractions  of  this  kind.  If  one  volume 
of  lemon  oil  were  shaken  out  with  eighteen  volumes  of 
45  per  cent  alcohol,  about  60  per  cent  of  the  citral  would 
be  obtained,  while,  if  six  portions  using  three  volumes 
for  each  washing  were  employed,  about  75  per  cent 
of  the  citral  would  be  extracted. 

The  distribution  ratio  for  lemon  oil  and  50  per  cent 
alcohol  was  also  run  to  see  if  the  concentration  of  the 
alcohol  greatly  affected  the  results.  In  this  case  (d) 
was  found  to  be  about  0.2  or  Vs-  If  one  volume  of 
oil  is  extracted  with  18  volumes  of  50  per  cent  alcohol, 
about  90  per  cent  of  the  citral  will  be  extracted.  It 
is  better,  then,  and  more  economical,  to  use  50  per  cent 
alcohol  for  the  extraction  and  to  dilute  to  the  proper 
strength  of  alcohol  later. 

COCAINE 

The  distribution  ratio  of  cocaine   alkaloid   between 


Tabi 

■E   V 

.  citral 
n  oil 
used 

G.  citral 
found 
in  oil 

G.  citral 
alcohol 

Wt.  in  10  cc. 
Wt.  in  ID  c 

1  .80 
1.08 
3.61 

1.58 
0.825 
3.34 

0.22 
0.255 
0.27 

0.070 
0.062 
0.081 

Average,     0.07 

ether  and  water  was  found  to  be  very  small,  in  the 
neighborhood  of  o.oi.  If  50  cc.  of  aqueous  solution, 
made  alkaline  with  NH<OH,  are  shaken  out  with  10  cc. 
portions  of  ether,  three  washings  extract  more  than 
99.9  per  cent  of  the  cocaine  alkaloid.  It  was  found 
that  the  concentration  of  NH4OH  does  not  affect 
this  ratio  greatly. 

CODEINE 

The   distribution  ratio  of  codeine   between    loo  cc. 
of  water,  5  cc.  of  NH4OH  and  50  cc.  of  ether  was  run 

with  the  following  result: 

Table  VI 


Cod. 
Wt.  in  25  cc. 

codeine        ether  layer 
0.0688  0.0118 

0.1258  0.0215 

0.2086  0.0362 


Cod.  in  Cod.  in 

ether  layer  water  layer 

(43  cc.)  (109  cc.) 

0 .  0203  0 .  0485 

0.0370  0.0888 

0.0622  0.1464 


(rf) 
0.943 
0.947 
0.928 


Average,     0.939  =  '/i.m 

This  means  that  when  using  equal  volumes  of  water 
and  ether  under  the  above  conditions,  about  as  much  of 
the  codeine  remains  in  the  aqueous  layer  as  goes 
into  the  ether  layer.  Extractions  from  aqueous  solu- 
tion with  ether  are  impracticable.  From  a  study  of 
the  solubilities  it  would  seem  that  ether  should  extract 
the  codeine  better  than  it  does  but  with  ether  it  is 
difficult  to  prophesy  what  the  value  of  (d)  should  ap- 
proximate. The  aqueous  layer  containing  several  per 
cent  of  ether  makes  a  much  better  solvent  for  codeine- 
than  pure  water  and  nearly  as  good  as  ether  saturated 
with  water. 

Between  loo  cc.  of  water,  5  cc.  of  NH4OH  and  jo 
cc.  of  chloroform,  the  results  wuth  codeine  were  as 
given  in  Table  VII. 

Table  VII 


Wt. 
codeine 

0.0738 
0.1060 
0.1729 


chlor. 
0.0480 


Cod.  in 
chlor.  layer 
(30  cc.) 
0.0720 
0.1037 
0.1689 


Cod.  in 
water  layer 

(105  cc.)  id) 

0.0018  0.0071 

0.0023  0.0063 

0.0040  0.0P68 

Average,  0.0067 

of  chloroform  for  each 


Three   washings,   using   lo  cc 

extraction,  would  remove   the   codeine   as  completely 

as  could  be  desired  in  the  analytical  laboratory. 

These  conclusions  were  tried  by  analysis.  Fifty  cc. 
of  the  aqueous  solution  were  washed  three  times 
with  lo  cc.  portions  of  chloroform: 


Table  VIII 

A't.  cod. 
used 

Total 
residue 

Residue 
of  chlor. 

Corrected 
wt.  cod. 

Percentage 
found 

0.2007 
0.2001 

0.2011 
0.2019 

0.0010 
0.0010 

0.2001 
0.2009 

■  Calculated, 

99 . 7 
100.3 

99.9 

Ising  ethe: 

r  instead  of 

chloroform 

Table  IX 

Wt. 
codeine 

Total 
residue 

Residue 
of  ether 

Corrected 
wt.  cod. 

Percentage 
found 

0.1997 
0 . 2000 

0.1055 
0. 1080 

0.0010 
0.0010 

0.1045 
0.1070 

Calculated, 

52.4 
53.5 

45.0 

The  agreement  in  the  case  of  ether  is  not  so  good  but 
the  results  show  how  much  better  chloroform  is  for 
this  work  than  the  ether  and  from  these  experiments 
a  satisfactory  method  for  the  extraction  of  codeine 
would  be  as  follows:  Dissolve  the  codeine  substance 
in    dilute    acid,    make   up   to   about    45    cc,    neutralize 
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and  add  5  cc.  of  strong  NH4OH.  Extract  with  three 
10  cc.  portions  of  chloroform,  shaking  two  minutes 
at  each  extraction  and  allowing  the  separatory  funnels 
to  stand  after  each  shaking  so  that  the  two  layers  of 
liquid  separate  as  completely  as  possible.  This  method 
gives  99.9  per  cent  of  the  codeine  present. 

CONIINE 

Trials  were  made  with  coniine  to  find  its  distri- 
bution ratio.  They  did  not  meet  with  much  success, 
however,  due  to  the  failure  to  obtain  results  which 
checked  well.  Coniine  alkaloid  is  so  volatile  that  when 
0.14  g.  of  this  substance  was  exposed  to  the  laboratory 
air  at  the  ordinary  temperature  where  there  was  a  slight 
draft,  it  lost  93  per  cent  of  its  weight  in  one  hour. 
Even  when  the  alkaloid  was  changed  to  the  hydro- 
chloride salt  consistent  results  were  not  obtained. 
The  value  of  (d)  was  about  0.05,  so  that  three  to  five 
washings  with  10  cc.  portions  of  ether  would  be  suffi- 
cient to  remove  from  99  to  99.9  per  cent  of  the  coniine 
from  50  cc.  of  aqueous  solution,  made  alkaline  with 
NHiOH. 

MORPHINE 

Morphine  and  its  salts  present  much  difficulty  when 
an  attempt  is  made  to  extract  them  from  aqueous  solu- 
tion because  of  their  insolubility  in  most  non-aqueous 
solvents.  Chemical  literature  seems  to  give  no  sol- 
vents which  are  immiscible  with  water  that  serve  very 
satisfactorily  for  this  extraction.  Perhaps  the  best 
extraction  is  with  a  chloroform  and  ethyl  alcohol 
mixture  from  a  saturated  salt  solution  but  with  such 
a  method  not  much  over  Vio  g-  could  be  extracted, 
even  after  six  or  seven  washings,  using  only  a  moderate 
amount   of   non-aqueous   solvent   for   each   extraction. 

Schaefifer'  has  shown  recently  that  morphine  can 
be  extracted  from  aqueous  solution  by  means  of  a  mix- 
ture of  fusel  oil  and  chloroform.  The  fusel  oil  must 
be  especially  distilled  and  dried  before  use.  Schaefi'er 
has  also  shown  that  commercial  methyl  alcohol  (Colum- 
bian Spirits)  dissolves  morphine  in  the  ratio  1:15, 
and  a  mixture  of  equal  volumes  of  methyl  alcohol  and 
chloroform  nearly  as  well.  When  a  1:1  methyl 
alcohol-chloroform  mixture  is  shaken  with  water,  how- 
ever, practically  all  of  the  methyl  alcohol  dissolves  in 
the  water,  so  that  this  mixture  could  not  be  used  to 
extract  morphine  directly  from  aqueous  solution. 

There  have  been  many  other  ways  suggested  for  _ 
the  estimation  of  morphine,  mostly  for  crystallizing 
the  morphine  in  ether  and  subsequent  weighing  or 
titration.  This  method  and  its  difficulties  for  the  ex- 
traction of  this  alkaloid  are  well  known.  The  very 
great  number  of  modifications  of  this  method  and  sug- 
gestions for  new  ones  indicate  that  there  is  a  feeling 
of  need  for  a  method  which  will  extract  large  and  small 
amounts  of  morphine  with  equal  ease  and  accuracy  and 
that  any  information  which  would  help  to  solve  the 
problem  would  be  welcome  to  chemists  who  have  mor- 
phine to  determine. 

It  is  well  known  that  various  inorganic  salts  pre- 
cipitate the  higher  alcohols  from  aqueous  solution.       Ac- 

'  Am.  Jour.  Pharm.,  86,  439. 


cording  to  Linebarger'  and  Frankforter  and  Frary,^ 
potassium  carbonate  is  the  only  substance  which  is 
capable  of  salting  out  methyl  alcohol,  while  many  salts 
have  been  found  by  various  investigators  which  will 
salt  ethyl  alcohol. 

The  distribution  coefficient  of  morphine  was  de- 
termined between  water,  nearly  saturated  with  K2CO3, 
and  methyl  alcohol,  also  with  a  i  :  i  mixture  of  methyl 
alcohol  and  chloroform.  It  was  found  with  methyl 
alcohol  alone  and  water  that  considerable  amounts  of 
K2CO3  went  through  into  the  methyl  alcohol  and  the 
ability  of  this  liquid  to  dissolve  morphine  (as  hag  been 
noted  by  Schaeffer)  is  very  much  diminished  by  even 
small  amounts  of  water.  An  equal  volume  mixture 
of  chloroform  and  methyl  alcohol  was  next  tried.  Very 
little  water  and  K2CO3  dissolved  in  the  mixture.  It  was 
found,  however,  that  morphine,  under  such  conditions, 
did  not  go  into  the  non-aqueous  layer  as  pure  morphine 
but  as  a  definite  mixture  of  K2CO3  and  morphine, 
which  gave  by  titration  just  twice  the  normal  value  of 
morphine.  Chastaing^  has  prepared  a  compound 
of  morphine  corresponding  to  the  formula  (M)2K2- 
CO3.2H2O.  When  the  substance  above  was  ex- 
tracted and  dried,  a  creamy,  amorphous  solid  was 
obtained  which,  on  standing  exposed  to  the  air, 
changed  to  a  white  crystalline  condition.  Under 
the  microscope  at  least  three  distinct  crystals  were 
identified,  two  forms  of  morphine  and  one  of  K2C03. 
This  indicates  that  the  substance  is  a  physical  mix- 
ture in  the  solid  condition  but  in  all  probability  a 
chemical  compound  in  solution.  Analysis  showed 
that  the  composition  corresponded  very  nearly  to  the 
formula  (M)2K2C03.2H20.  This  substance  could 
be  titrated  very  readily  but  in  extraction  it  would  be 
exceedingly  difficult  to  remove  the  non-aqueous  layer 
without  getting  small  amounts  of  the  aqueous  liquid, 
which,  being  a  concentrated  solution  of  K2CO3,  would 
vitiate  the  results. 

For  this  reason,  in  determining  the  value  of  {d), 
the  non-aqueous  liquid  could  not  be  evaporated  and 
the  morphine  titrated  directly.  A  portion  of  the  non- 
aqueous liquid  was  pipetted  off  into  a  small  beaker, 
the  chloroform  evaporated  gently  on  the  hot  plate, 
25  cc.  of  water  and  enough  methyl  alcohol  added  to 
keep  the  morphine  in  solution,  5  cc.  of  a  5  per  cent  solu- 
tion of  BaCl2  added  and  the  precipitated  BaCOs 
allowed  to  stand  and  settle.  The  precipitate  was 
then  filtered  off  and  washed  four  times  with  2  cc.  por- 
tions of  the  methyl  alcohol-chloroform  mixture.  The 
filtrate  was  again  evaporated  gently  on  the  hot  plate 
until  most  of  the  methyl  alcohol  was  removed.  This 
step  is  necessary,  for  too  large  amounts  of  methyl 
alcohol  interfere  with  the  end  point  of  the  titrations. 
An  excess  of  standard  acid  was  then  added  and  the 
titrations  made  in  the  usual  way,  using  methyl  red  as 
an  indicator.  The  volume  of  each  layer  was  determined 
in  order  to  make  the  subsequent  calculations  of  the 
distribution  coefficient.  By  observing  in  a  narrow 
cylinder,  accurate  to  o.i  cc,  it  was  found  that  when 

1  Linebarger,  Am.  Chem.  Jour..  14  (1892).  380. 

=  Frankforter  and  Frary,  "Studies  in  Chemistry."  Vol.  I.  Univ.  of 
Minnesota. 

'  Chastaing,  Jahr.  die  Forsch.  der  Chem.,  1881,  p.  928. 


THK  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  \o.  ii 


20  g.  of  KjCOa  were  dissolved  in  25  cc.  of  water  and 
this  liquid  mixed  with  25  cc.  of  the  methyl  alcohol- 
chloroform  mixture,  there  resulted  32.0  cc.  of  aqueous 
liquid  and  23.0  cc.  of  non-aqueous  liquid. 

The  following  results  were  obtained  by  this  method, 
using  50  cc.  of  water,  40  g.  of  K2C0,j  and  50  cc.  of  the 
chloroform-methyl  alcohol  mixture. 


Wt.  VVt.  found 

morphine  in  25  cc. 

used  non-aq.  layer 

0.0660  0.0302 

0.1205  0.0512 

0.1943  0.0898 


Tablb  X 

Mor.  in  Mor.  in 

non-aq.  layer  water  layer 

{46  cc.)  (64  cc.)  W 

0.0556  0.0104  0.134 

0.0942  0.0263  0.200 

0.1652  0.0291  0.127 

Average,     0.154 


Although  these  results  are  in  the  same  order  of  magni- 
tude, they  are  not  very  constant.  The  difficulty  seemed 
to  be  that  when  the  BaCOa  was  precipitated  a  little 
of  the  morphine  was  carried  down  and  not  easily  washed 
out.  Titrations  were  tried  without  the  use  of  BaCU 
to  get  a  titration  twice  the  value  of  the  morphine  but 
no  more  constant  results  were  obtained  in  this  way, 
although  they  had  about  the  same  average  value  of 
(d).  If  the  average  value  reached  above,  0.154  or 
V'e-s,  is  taken  for  {d)  and  50  cc.  of  aqueous  solution 
shaken  out  with  20  cc.  portions  of  the  i  :  i  chloro- 
form-methyl alcohol  mixture,  it  would  take  four  wash- 
ings to  remove  99  per  cent  of  the  morphine  present. 

This  method,  therefore,  suggests  a  possibility  that 
morphine  can  be  determined  in  this  way  and  that  fairly 
large  amounts  could  be  extracted.  The  above  results 
are  recorded  for  the  purpose  of  indicating  a  heretofore 
untried  field,  that  is,  the  extraction  of  substances  by 
means  of  the  alcohols  which  can  be  nearly  quantitatively 
salted  out  from  aqueous  solution.  It  is  unfortunate 
that  in  the  case  of  morphine,  methyl  alcohol  can  be 
salted  out  with  only  K2CO3,  which  salt  must  be  com- 
pletely removed  before  the  morphine  can  be  determined. 
If  a  suitable  neutral  salt  could  be  found  for  this  pur- 
pose, no  doubt  more  satisfactory  results  could  be 
reached. 

Trials  were  made  for  the  distribution  ratio  between 
100  cc.  of  water,  nearly  saturated  with  35  g.  of  NaCl, 
and  45  cc.  of  a  2  :  i  mixture  of  chloroform  and  ethyl 
alcohol.      Table  XI  shows  the  results: 


wt. 


wt. 


morphine  20  cc. 

used  liquid 

0.0358  0.0085 

0.0552  0.0111 

0.0736  0.0175 

0.0972  0.0194 


Tablb  XI 

Wt.    in  Wt.    in 

>n-aq.  layer  water  layer 

(40  cc.)  (100  cc.)                   (d) 

0.0160  0.0198                  0.495 

0.0222  0.0330                  0.595 

0.0350  0.0386                   0.441 

0.0388  0.0584                   0.602 


Closely  checking  results  were  not  obtained  here  either, 
the  variance  probably  being  due  to  slight  differences 
in  weight  of  the  sodium  chloride.  If  {d)  is  equal  to 
Va,  it  would  take  at  least  seven  washings  to  extract 
99  per  cent  of  the  total  amount  of  morphine  present, 
using  so  cc.  of  aqueous  solution  and  25  cc.  portions  of 
the  'ethyl  alcohol-chloroform  mixture  after  the  aqueous 
solution  is  saturated.  This  would  make  a  total  volume 
of  17s  cc.  of  non-aqueous  solvent  and  it  would,  there- 
fore, be  a  tedious  task  to  extract  morphine  in  this 
way. 

Since  the  solubility  of  morphine  is  somewhat  higher 


in  ethyl  alcohol  than  in  chloroform,  a  i  :  i  mixture 
of  chloroform  and  ethyl  alcohol  was  tried,  using  33  g 
of  NaCl,  0.5  cc.  of  NH4OH,  100  cc.  of  water  and  50  c 
of  the  non-aqueous  solvent.  The  results  indicated 
that  the  mixture  previously  used  (about  1  :  3)  worked 
better,  for,  as  the  alcohol  content  was  increased,  the 
tendency  of  the  NaCl  to  come  through  with  the 
morphine  increased  and  this  in  turn  caused  much 
trouble. 

The  value  of  (i)  was  also  determined  for  morphine 
between  water  and  a  3  :  i  mixture  of  chloroform 
and  amyl  alcohol.  The  solubility  of  morphine  is  more 
favorable  in  amyl  alcohol  but  this  alcohol  boils  at 
such  a  high  temperature  that  it  is  hard  to  remove 
by  evaporation.  For  this  reason,  although  numerous 
trials  were  made,  only  this  one  is  given  here  as  being 
the  most  favorable.  One  hundred  cc.  of  water,  0.5 
cc.  of  NH4OH,  io  cc.  of  chloroform-amyl  alcohol 
mixture  and  morphine  hydrochloride  were  used.  Since 
there  were  no  other  substances  used  in  the  solutions. 
20  cc.  of  the  non-aqueous  liquid  were  pipetted  off. 
evaporated  and  the  residue  weighed  as  morphine. 

Table  XII 


Wt. 
(M)HCl 

Wt. 
morphine 

Wt.  in 

20  cc.  non-aq. 

layer 

Wt.  in  non- 
aq.  layer 
(30  cc.) 

Wt.  in 

water  layer 

(100  cc.) 

(d) 

0.0600 
0.0787 
0.0993 
0.1198 

0.0455 
0.0598 
0.0753 
0.0910 

0.0140 
0.0192 
0.0225 
0.0284 

0.0210 
0.0288 
0.0338 
0,0426 

0.0245 
0.0310 
0.0415 
0.0484 

Average. 

0.350 
0.324 
0.367 
0.341 

0.345 

If  the  average  value  of  (d)  is  taken  as  0.34,  it  would 
take  three  washings  of  20  cc.  each  of  the  above  mix- 
ture to  remove  90  per  cent  of  the  morphine  from  50 
cc.  of  aqueous,  solution  or  six  washings  to  remove 
99  per  cent.  This  would,  of  course,  be  extremely 
tedious  and  too  long  for  the  analytical  chemist. 

From  a  consideration  of  the  formula  —  =  ( ) 

X,        \e  +  daj' 

it  is  to  be  seen  that,  if  the  value  of  (d)  is  accurately 

known,  it  is  possible  to  take  only  the  material  from  the 

first  extraction  for  a  determination.     If  (d)  is  known. 

and  from  that,  the  value  of  —  calculated,'  using  the  de- 

sired  volumes  of  the  two  solvents,  and  then  the 
amount  of  material  in  the  non-aqueous  liquid  in 
the     first     extraction    estimated,     this    should    equal 

(I '  )  of  ■the  total  material  present.     Consequently, 

if  the  amount  found  is  represented  by  (W),  the  total 

W 

weight  of  material  will  equal  . 

'^  Xo' 

The  distribution  coefficient,  therefore,  opens  the 
way  to  determine,  with  much  less  labor,  substances 
which  take  continued  extractions.  It  might  be  said, 
however,  that  when  such  determinations  are  made, 
the  value  of  (d)  should  be  determined  with  that  sc 
of  reagents  and  somewhere  near  the  same  conditions 
If  results  were  desired  within  1  per  cent  of  the  true 
value,   about   as   accurate   as   most   of   our   extraction 


0:) 


the  fraction  of  material  in  the  aqueous  liquid  afte 
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determinations,  this  should  be  of  considerable  ad- 
vantage in  the  commercial  laboratory  where  many  such 
extractions  are  made. 

The  conclusions  drawn  in  the  preceding  paragraph 
were  tested  in  the  estimation  of  acetanilid  and  sac- 
charin and  later,  morphine.  The  mixtures  were  made 
in  150  cc.  glass-stoppered  bottles  and  the  bottles  shaken 
by  hand  for  ten  minutes,  the  laboratory  tempera- 
ture being  kept  as  nearly  25°  C.  as  convenient.  Por- 
tions were  pipetted  off  and  the  materials  determined. 
This  checking  was  not  done  in  a  thermostat  because 
the  average  analytical  laboratory  does  not  have  a 
constant-temperature  bath.  The  determinations  of 
acetanilid  and  saccharin  are  based  upon  the  values  of 
(d)  as  found  in  the  previous  paper  on  this  subject. 
When  acetanilid  was  shaken  with  30  cc.  of  chloroform 
and  50  cc.  of  water,  containing  5  cc.  (i-i)  NH4OH, 
82.3  per  cent  of  the  material  should  go  into  the  chloro- 
form : 


.Ci 


d,    where    («)    equals    1.65    to    1.9S, 


Wt.  Wt.  in 

acetanilid  20  cc.  chlo 

0.2017  0.1122 

0.201.1  0.1119 


Table  XIII 

(3) 

Wt.  chlor. 

layer  (30  cc.) 

0.1683 

0.1678 


(3)  X   100 
82.3 


When  30  cc.  of  amyl  acetate  were  shaken  up  with 
50  cc.  of  water  containing  saccharin  and  2^/2  cc.  of 
concentrated  HCl,  95  per  cent  of  the  saccharin  should 
go  into  the  non-aqueous  layer: 


saccharin 
0.1990 


0.1279 


Table  XIV 

lim.  acet.  (-^I  X   '0" 
layer  (30  cc.)  95.0 

0.1920  0.2021 

0.1935  0.2038 


Wt 


It  might  be  observed  that  the  results  here  vary  with 
the  amount  of  concentrated  HCl  used,  so  that  they  are 
good  considering  the  many  errors  involved. 

Weights  of  morphine  hydrochloride  were  shaken  out, 
using  50  cc.  of  water,  0.5  cc.  of  NH4OH  and  30  cc.  of 
the  chloroform-amyl  alcohol  mixture.  Under  these 
conditions  we  should  get  63.8  per  cent  of  the  morphine 
in  the  non-aqueous  layer.  Although  difficulty  was 
experienced  in  removing  the  amyl  alcohol  by  evapora- 
tion without  loss  of  morphine,  the  results  give  an  idea 
of  how  well  the  method  could  be  worked. 


Table  XV 

(4) 


(M)HCl     morphine       "mixture" 
0.0775  0.0588  0.0250 

0.0828  0.0628  0.0264 


layer 
0.0375 
0.0396 


(4O<J00      Percentage 
63.8  found 


PICRIC    ACID 

The  solubility  of  picrjc  acid  between  water  and 
several  immiscible  solvents,  chloroform,  toluene,  amyl 
acetate,  etc.,  is  given  by  Seidel'  but  there  are  no  data 
given,  nor  was  there  any  obtained  in  this  investiga- 
tion, which  shows,  upon  calculation,  a  value  of  (rf) 
sufficiently  small  to  make  a  possible  quantitative  ex- 
traction from  aqueous   solution.     It   is,   moreover,   of 

interest    to    know    that    the    expression   -;-    =     d    does 


d    be  applied 


Ci 

not  hold,  nor  can  the  expression  -y_^ 

more    than      approximately.      It    is    only    with     the 

'  "The    Solubility    of    Inorganic    and    Organic    Substances."    D.    Van 
Nostrand  Co. 


expression     i- 

'  C2 

depending  upon  the  organic  liquid  used  as  the  immisci- 
ble solvent  with  water,  that  {d)  is  equal  to  a  constant. 

QUININE 

Between  water,  made  alkaline  with  NH4OH,  and 
chloroform,  the  distribution  coefficient  of  quinine 
was  found  to  be  very  small  so  that  three  washings 
from  so  cc.  of  aqueous  solution  with  10  cc.  portions 
of  chloroform  would  nearly  completely  remove  the 
quinine. 

STRYCHNINE 

There  is  much  variance  of  opinion  as  to  the  best 
method  for  the  extraction  of  strychnine  from  aqueous 
solution.  Some  authors  prefer  to  use  chloroform  while 
others  use  a  mixture  of  ether  and  chloroform.  The 
United  States  Pharmacopoeia  gives  the  solubility 
of  strychnine  in  chloroform  as  1-6  and  in  ether  as 
1-5500.  At  first  thought  it  would  seem  that  the  value 
of  [d)  would  be  very  much  smaller  when  33:1  mixture 
of  ether  and  chloroform  was  used  for  the  extraction 
instead  of  chloroform.  But  in  the  case  of  a  mixture 
like  ether  and  chloroform,  the  ether  acts  more  as  a 
medium  and  a  diluent  for  the  chloroform  rather 
than  as  a  hindrance  to  the  strychnine  when  dissolving 
in  the  non-aqueous  layer. 

The  distribution  ratio,  using   100  cc.  of  water,  2  cc. 

of   NH4OH  and  30  cc.  of  chloroform,  is  given  below. 

Dried  strychnine  sulfate  was  used  for  these  trials. 

Table  XVI 

Wt.  found  Wt.  in  chlor.  Wt.  in 

in  20  cc.  layer  water  layer 

chlor.  (29.5  cc.)  (100.5  cc.)          (d) 

0.0336  0.0495  0.0003          0.002 

0.0556  0.0820  0.0008          0.003 

0.0956  0.1410  0.0017          0.003 

Average,  0.003 

In  this  case,  where  {d)  is  so  small,  the  solubility  of 
chloroform  in  water  and  vice  versa  was  taken  into  con- 
sideration. The  solubility  of  chloroform  in  water 
is  about  0.5  cc.  per  loo  cc.  of  water  and,  hence,  the 
volume  of  chloroform  at  equilibrium  was  assumed 
to  be  29.5  cc.  and  of  water,  100.5  cc. 

The  results  show  that  {d)  is  very  low  and  that 
two  washings  with  10  cc.  portions  of  chloroform  would 
extract  99.9  per  cent  of  the  strychnine,  provided,  of 
course,  that  none  of  the  material  was  lost  around 
the  stoppers  of  the  separatory  funnels,  etc. 

With  100  cc.  of  water,  2  cc.  of  NH4OH  and  30  cc. 
of  the  I  :  3  chloroform-ether  mixture,  the  value  of  {d) 
is  somewhat  larger. 


wt.  dry 

strychnine  Wt. 

sulfate  strych. 

0.0570  0.0498 

0.0949  0.0828 

0.1621  0.1417 


Wt.  dry 

strychnine  Wt. 

sulfate  strych. 

0.0503  0.0440 

0.0587  0.0513 

0.1717  0.1023 


Table  XVII 

Wt.  found  in   Wt.  in  non-  Wt.  in 

10  cc.  uon-aq.      aq.  layer  water  layer 

liquid               (22  cc.)  (106  cc.)            (d) 

0.0140              0.0308  0.0132         0.089 

0.0163               0.0359  0.0154          0.089 

0.0330               0.0726  0.0297          0.084 

Average.     0.087 

One  washing,  using  lo  cc.  of  the  mixture  and  50  cc. 
of  aqueous  liquid,  would  extract  66  per  cent  of  the  total 
amount  and  two  washings  90  per  cent.  It  takes  four 
such  washings  to  extract  99  per  cent  of  the  strychnine 
present. 

Trials  were  made  to  prove  these  conclusions.     Ex- 


934 


THE  JOUK.XAL  OF  INDUSTRIAL  AND  ENGINEERING  CUEMISTRY      Vol.  6,  No.  ii 


tractions  were  made  with  two  lo  ec.  portions  of  chloro- 
form from  so  cc.  of  aqueous  solution,  made  alkaline 
with  o.s  cc.  of  NH4OH: 

Tablk  XVIII 
Wt.  Total  Corr.  for 


ychninc 
used 

wt. 
found 

residue 
in  chlor. 

Corrected 
wt. 

Percentage 
found 

0.1594 
0.1594 

0.1623 
0.1622 

0.0015 
0.0015 

0 . 1 508 
0.1607 

100.8 
100.8 

Calculated,     100.0 

Using  50  cc.  of  water,  0.5  cc.  of  NH4OH,  one  10  cc. 
portion  of  the  3  :  i  ether-chloroform  mixture  and 
4  cc.  of  ether  (allowed  for  saturating  the  water)  for 
the  first  extraction  and  10  cc.  of  the  mixture  for  the 
second  extraction,  the  following  results  were  reached: 

Tabi,b  XIX 


found 
0.0582 
0.0570 


Corr.  for 

ether-chlor 
0.0010 
0.0010 


0.0560  89.5 

Calculated,    90.8 


We  must  conclude,  then,  that  chloroform  alone  is  to 
be  preferred  in  this  extraction.  It  is  possible  that 
some  authors  may  have  other  reasons  for  using  the 
mixture. 


CONCLUSIONS 

I — The  distribution  coefficients  of  a  number  of 
substances  have  been  studied  with  a  view  to  finding 
the  best  set  of  conditions  under  which  to  make  ex- 
tractions. 

II — It  has  been  shown  that  chloroform  serves  to 
extract  aconitine  and  codeine  from  aqueous  solution 
better  than  ether.  Chloroform  extracts  strychnine 
better  than  mixtures  of  chloroform  and  ether,  as 
suggested  by  many  authors,  while  ether  serves  very 
satisfactorily   for   the   extraction   of   cocaine   alkaloid. 

Ill — The  distribution  of  citral  between  lemon  oil 
and  4  5  per  cent  and  50  per  cent  alcohol  has  been  dis- 
cussed from  this  point  of  view. 

IV — A  study  of  the  extraction  methods  for  mor- 
phine has  been  made  'and  none  has  been  found  to  be 
short  and  accurate  for  the  analytical  chemist. 

V — Under  morphine,  a  use  of  the  distribution  ratio 
has  been  suggested  to  avoid  laborious  and  continued 
extractions. 

South  Dakota  Food  and  Drug  Department 
Vermhion,  South  Dakota 


LABORATORY  AND  PLANT 


THE  EXPLOSIBILITY  OF  GRAIN  DUSTS' 

By  Harold  H.  Brown 
Received  October  8,  1914 

As  a  result  of  a  number  of  explosions  in  grain  mills 
and  industrial  plants  in  this  country  and  in  Europe, 
and  more  especially  as  a  result  of  an  explosion  in  a  feed- 
grinding  plant  at  Buffalo,  New  York,  in  June,  1913, 
by"  which  thirty-three  men  lost  their  lives  and  up- 
wards of  seventy  were  injured,  a  cooperative  movement 
between  milling  interests  generally  and  the  Bureau  of 
Mines  was  arranged  for  the  purpose  of  making  a  scientific 
study  of  the  explosibility  of  grain  dusts,  and  of  methods 
pertaining  to  the  prevention  of  such  explosions.  The 
milling  interests  were  represented  in  the  conduct  of  the 
work  by  Messrs.  Lawrence  E.  Harmon,  President  of 
Buffalo  Cereal  Company;  Frank  F.  Henry,  Manager 
Washburn-Crosby  Company ;  and  George  P.  Urban, Sec- 
retary George  Urban  Milling  Company,  all  of  Buffalo, 
New  York. 

This  work  was  started  August  i,  1913,  being  placed 
under  the  direction  of  Prof.  George  A.  Hulett,  Chief 
Chemist  of  the  Bureau  of  Mines.  David  J.  Price 
was  assigned  to  the  field-engineering  work,  and  on 
February  i,  1914,  Dr.  H.  H.  Brown  began  a  labora- 
tory study  of  the  problem. 

During  the  preliminary  study  thirteen  explosions 
were  investigated  which  have  occurred  since  igos- 
Three  of  these  took  place  in  Iowa,  three  in  New  York, 
two  in  Illinois,  and  one  in  Vermont,  Indiana,  Kansas, 
Ohio  and  Texas.  These  explosions  were  classified 
among  the  various  lines  of  milling  as  follows:  Cereal 
mills,  4;  elevators,  3;  feed  mills,  2;  starch  factories,  2; 
glucose  factory,  1;  flour  mill,  i.  It  is  reported  that, 
as  a  result  of  these  explosions,  at  least   78  men  were 

1  Abstract  of  a  Preliminary  Report  by  David  J.  Price  and  Harold  H. 
Brown,  published  by  the  Millers'  Committee  of  Buffalo,  N.  V. 


killed  and  119  injured.  The  total  damage  to  property 
exceeded  $2,000,000. 

Since  19 11  four  explosions  have  occurred  in  Europe, 
two  in  dextrine  works,  one  in  a  provender  mill,  grinding 
peas,  beans,  and  wheat,  and  one  in  a  linseed  mill.  As 
a  result  47  men  were  killed  and  119  injured. 

In  order  to  make  a  laboratory  study  of  the  problem, 
samples  of  the  following  dusts  were  collected,  and  the 
conditions  under  which  they  were  produced  were  studied : 

I — Dusts  produced  during  the  process  of  elevating 
and  handling  grain,  and  known  as  elevator  dusts 

2 — Wheat-flour  dusts  from  rolls,  bolters,  purifiers, 
conveyors,  packing  machines,  etc. 

3 — Wheat-flour  dusts  from  beams,  rafters,  elevator 
heads,  etc. 

4 — Dusts    produced    during    the    cleaning    of    oats 

5 — Dust  from  grinding  white  corn 

6 — Dust  from  grinding  yellow  corn 

7 — Dust  from  grinding  oat  hulls 

8 — Oatmeal  dust  from  packing  machines 

9 — Floor  dusts  from  elevator  sweeping 

10 — Oat-groat  dusts  after  aspirator 

These  dusts  were  first  analyzed  in  the  United  States 
Food  and  Drug  Laboratory,  Chicago.  Determina- 
tion of  moisture,  ether  extract,  proteins,  crude  fiber, 
ash,  and  nitrogen-free  extract  or  carbohydrates,  were 
made,  to  ascertain,  not  only  the  chemical  nature  of 
the  materials,  but  also  wherein  they  might  differ  from 
the  grains  from  which  they  originated. 

Experiments  were  then  started  in  the  Bureau  of 
Mines,  Pittsburgh,  to  determine  the  ignition-tempera- 
ture of  these  dusts,  using  the  method  of  Wheeler.' 
This  consisted  in  forcing  the  dust  in  a  cloud  through  a 

■  "Report  on  the  Infiammability  and  Capacity  for  Transmitting  Ei- 
plosioiis  of  Carbonaceous  Dust,  Liable  To  Be  Generated  on  Premises, 
under  the  Factory  and  Workshop  Acts,"  1913.     R.  V.  WTieeler. 
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glass  tube,  3  inches  in  diameter  and  55  inches  long, 
against  a  heated  platinum  coil,  which  was  15.75 
inches  from  one  end  of  the  tube.  The  temperature 
of  the  coil  was  obtained  by  a  Pt-PtRh  thermocouple, 
having  its  hot  junction  within  the  quartz  tube  upon 
which  the  coil  was  wound.      Using  this  method.  Wheeler 


-1  1.50°  C.    (2102°  F.) 


determined  the  ignition-temperature — temperature  of 
propagation — of  many  dusts,  obtaining  results  varying 
from  805°  C.  for  sugar,  960-1035°  for  starch,  990° 
for  oat  husks,  995°  for  grain  (flour-mill),  to  1060° 
for  flour  and  1100°  C.  for  castor-oil  meal.  The  re- 
sults obtained  upon  grain  dusts  by  the  author  varied 


from  995°  C.  for  oat  and  corn  elevator  dusts,  1015° 
for  feed  dust  from  dust  collector,  1020°  for  ground 
oat  hulls,  1025°  for  yellow-corn  dust,  to  1115°  for  wheat 
elevator  dust  and  1  235°-!  270°  for  flour  dusts.  Wheeler 
worked  with  samples  which  had  been  dried  at  107°  C; 
the  author  used  the  samples  as  received  from  the  mill. 


While  this  work  gave  the  relative  ignition-tempera- 
tures it  did  not  give  the  lowest  temperature  of  ignition 
or  the  relative  inflammability.  This  latter  was  de- 
termined by  means  of  an  apparatus  developed  in  the 
Bureau  of  Mines.  It  consists  of  an  explosion  flask 
of  about  1400  cc.  (85.36  cubic  inches)  capacity  having 

two  tubulures,  a  platinum  coil,   a  device 

for  driving  a  dust  cloud  against  the  coil, 
and  a  Crosby  pressure-gauge  for  measuring 
the  pressure  developed.  In  each  deter- 
mination so  mg.  (0.00176  oz.)  of  the  dust 
are  forced  in  a  cloud  against  the  coil, 
which  has  been  previously  heated  to  a 
known  temperature  determined  by  a  ther- 
mocouple. The  temperature  is  that  inside 
the  coil  and,  therefore,  higher  than  the 
actual  temperature  on  the  outside  of  the 
coil.  The  dust  is  ignited  by  the  heated 
coil  and  a  pressure  developed  within  the  flask,  which 
is  registered  by  the  gauge.  The  relative  inflamma- 
bility at  any  temperature  is  measured  by  the  dif- 
ference in  the  pressures  developed  within  the  flask.  _ 
Determinations  were  made  of  pressures  developed 
by  the  different  dusts,  as  received  and  dried  at  105°  C, 
when  they  were  forced  against  the  coil  heated  to  1200°, 
I  100°,  1000°  and  900°  C.  As  no  standard  has  been 
taken  for  carbonaceous  dusts,  other  than  coal  dust, 
Pittsburgh  standard  coal  dust,  which  is  very  constant 
in  its  properties,  and  which  is  used  as  a  standard  in 
the  Bureau  of  Mines,  was  taken  as  a  standard  and  all 
determinations  run  against  it  and  checked  against  the 
average  value  obtained  for  it  at  each  temperature. 

Tables  and  curves  are  given  which  indicate  that  most, 
if  not  all,  the  grain  dusts  are  more  inflammable  than 
Pittsburgh  standard  coal  dust,  higher  pressures  being 
developed  in  most  cases,  and  especially  so  at  the 
lower  temperatures.  The  results  also  seem  to  indi- 
cate that  the  dusts  from  oats  and  yellow  corn  are  more 
inflammable  than  those  from  wheat  or  other  grain. 
However,  the  results  are  only  very  preliminary  and  it 
is  possible  that  later  work  will  change  this  supposi- 
tion, and  probably  will  change  the  curves,  extending 
them  to  still  lower  temperatures. 

It  is  interesting  to  note  the  diflference  in  the  in- 
llammability  of  the  dried  and  undried  dusts.  In 
nearly  every  case  the  pressure  developed  was  appreci- 
ably increased  after  drying.  Three  are  especially 
noticeable.  These  gave  0.5  pound  pressure  or  less 
at  1200°  when  undried  and  over  8.0  pounds  when 
dried,  Pittsburgh  standard  coal  dust  giving  9.0  pounds 
at  the  same  temperature.  This  is  an  indication  of 
what  may  be  expected  when  the  humidity  of  the  air  is 
decreased. 

Experiments  carried  out  by  the  Bureau  of  Mines' 
have  shown  that  an  explosion  could  be  produced  when 
there  was  only  0.032  ounce  of  coal  dust  suspended 
in  each  cubic  foot  of  air,  or  one  pound  in  500  cubic 
feet  of  air.  In  the  experiments  of  M.  J.  Taffanel, 
at  the  Lievin  Experiment  Station  in  France,  in  one 
instance  as  low  a  weight  as  0.023  ounce  of  coal  dust 
per  cubic  foot  of  space  was  sufTicient  to  produce  an 

1  "The  Explosibility  of  Coal  Dust."  Bull.  20,  Bureau  of  Mines,  p.    102. 


936 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  ii 


SAMPLES  DRIED  IN  ELECTRIC  OVEN  AT  106  DEC.  CENT. 
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ignition.      Since  preliminary  experiments  already  con-  might  be  produced  with  a  smaller  proportion  per  cubic 
ducted   indicate   that   many   of  the   grain   dusts   have  foot  than  is  necessary  for  coal  dust, 
relatively    a    lower    ignition-temperature    than    many  During  the  investigations  it  has  developed  that  the 
kinds  of  coal  dust  and  are  relatively  more  inflammable,  following  causes  have  been  assigned  to  many  of  the  ex- 
it may  be  possible  that  an  ignition  of  dust  of  this  nature  plosions  in  milling  plants  in  this  country  and  abrdad: 
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I — Use  of  open  lights,  or  naked  flames,  such  as  lamps, 
torches,    gas    jets,    lanterns,    candles,     matches,    etc. 

2 — Property  fires. 

3 — Introduction  of  foreign  material  in  grinding 
machines. 

4 — Electric  sparks  from  motors,  fuses,  switches, 
lighting  systems. 

5 — Static  electricity  produced  by  friction  of  pulleys 
and  belts,  grinding  machines,  etc. 

The  investigation  has  indicated  that  a  large  number 
of  the  recent  explosions  and  fires  have  been  caused  by 
the    introduction    of    foreign    material    into    grinding 


a  Screened  through  200  mesh  screen 
b  Screened  through  100  mesh  screen 
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machines.  It  would  appear  that  a  possible  means  of 
prevention  would  be  to  devise  some  system  by  which 
the  foreign  material  might  be  removed  before  it  reached 
the  mill.  Other  preventions  suggested  are:  a  complete 
electric-lighting  system,  the  use  of  portable  electric 
lamps  instead  of  lanterns  or  naked  lights,  the  in- 
closing of  the  electric-light  bulbs  in  strong  wire  guards 
or  protectors,  and  the  possible  use  of  vapor-proof 
globes,  and  the  locating  of  all  fuses,  switches,  starting 
boxes,  motors,  etc.,  at  points  where  no  dust  is  present. 
It  is  also  advised  to  have  the  receiving  bins  from  the 
grinding  machines  as  small  as  practical  with  the 
operations,  as  increased  size  gives  increased  space  for 
dust  clouds  and,  therefore,  opportunity  for  a  more  vio- 
lent and  destructive  explosion. 

THE    RECOVERY    OF    THE    SPENT    LIME    FROM 
CAUSTICIZING    OPERATIONS 

By  James  H.  Payne 
Received  September  30,  1914 

The  disposal  of  the  large  quantities  of  lime  sludge 
that   are   daily   produced  in  the   causticizing   operation 


by  those  pulp  mills  using  the  soda  or  the  "sulfate" 
process  and  by  the  alkali  works  has  long  been  a  serious 
problem  for  a  number  of  the  mills.  In  most  cases  it 
is  not  lawful  to  dump  this  material  into  the  streams, 
hence  the  nearest  available  low  ground  is  used  as  a 
dumping  pond.  These  ponds  have  in  many  instances 
grown  to  alarming  proportions,  often  using  space  that 
is  needed  for  plant  extensions. 

Another  and  a  more  important  phase  of  the  problem 
is  that  this  waste  lime  itself  carries  so  much  potential 
and  actual  value  that  it  should  not  be  thrown  away 
after  all.  It  is  doubtful  if  in  the  average  soda  pulp 
mill  practice  the  amount  of  alkali  that  goes  to  the  dump 
will  fall  below  1V2  per  cent  calculated  as  sodium  hy- 
drate. This  means  a  value  of  about  30  cents  per  ton.. 
The  average  price  paid  for  lime  is  probably  S4.00  per 
ton  delivered  into  the  plant.  The  actual  ultim.ate- 
cost  of  disposing  of  lime  mud  varies  at  different  plants 
with  conditions,  but  will  not  fall  below  25  cents  per 
ton  in  any  case,  all  factors  being  taken  into  considera- 
tion. This  waste  lime,  therefore,  represents  a  possible 
value  of  not  less  than  $4.50  per  ton  to  the  average 
pulp  mill  or  alkali  works  if  burned  back  to  quicklime. 
In  other  words,  the  mill  can  afford  to  spend  $4.50  per 
ton   upon   a   recovery   process    and    still   break   even. 

Some  two  years  ago  the  writer  made  a  study  of  the 
problem  simultaneously  for  a  large  alkali  works  and 
a  pulp  mill.  Burning  tests  of  their  sludge  were  made 
in  a  20-foot  test  kiln,  and  all  available  data  were  sub- 
mitted to  them.  After  due  consideration,  both  of 
these  companies  have  installed  recovery  plants  which 
are  now  in  successful  operation. 

A  brief  summary  of  the  facts  in  the  case  may  be  of 
interest  to  the  readers  of  This  Journal. 

STATE    OF    THE    ART 

About  1900,  one  of  the  large  pulp  mills  installed  a 
rotary  kiln  6  ft.  in  diameter  and  60  ft.  long  preceded 
by  a  rotary  driver  4  ft.  in  diameter  and  40  ft.  long  which 
used  the  hot  gases  from  the  kiln.  A  lo-ft.  producer 
was  used  to  furnish  gas.  The  results  were  so  un- 
satisfactory as  regards  output  and  fuel  econom.y  that 
the  simple  4-ft.  driver  was  later  replaced  by  a  Ruggles- 
Coles  drier,  with  a  fan  at  the  outlet  of  the  system  to 
produce  sufficient  draft.  This  introduced  a  dust 
trouble  so  serious  that  the  plant  has  never  been  able 
to  operate  successfully. 

About  the  same  time  the  Western  beet  sugar  plants 
began  to  use  the  rotary  kiln  for  re-burning  their 
spent  lime.  The  results  in  their  case  were  entirely 
satisfactory  and  today  a  number  of  kilns  are  in  opera- 
tion. The  size,  at  first  6  ft.  X  60  ft.,  has  later  been 
increased  to  7  ft.  X  60  ft.  and  even  larger.  Beet 
sludge  differs  from  causticizing  mud  in  that  it  contains 
less  alkali  and  is  of  coarser  grain,  so  that  filter  cakes 
with  as  low  as  35  per  cent  water  can  be  produced.  These 
plants  use  oil  as  fuel  exclusively. 

About  1905  one  of  the  alkali  works  installed  a  rotary 
kiln  6  ft.  X  100  ft.  for  re-burning  causticizing  mud. 
The  rotary  was  preceded  by  a  tunnel  system  of  drying 
the  cakes  which  used  waste  heat  from  the  kiln.  After 
drying,  the  cakes  were  crushed  to  about  i  in.  size  and 
fed  to  the   kiln.      The  tunnel   system   seriously  inter- 
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fered  with  the  draft  and  the  dry  feed  produced  an  ex- 
cessive amount  of  dust.  This  installation  is  now, 
however,  working  satisfactorily,  after  being  remodeled 
several  times. 

In  Sweden  and  other  European  countries  several 
pulp  mills  using  very  long  kilns  loo  to  125  ft.  in 
length,  arc  now  reburning  their  sludge  successfully, 
in  spite  of  the  high  price  they  have  to  pay  for  fuel. 

In  the  Portland  cement  industry  it  is  now  standard 
practice  to  furnace  material  very  similar  to  lime  sludge 
according  to  what  is  known  as  the  "wet  process"  of 
cement  manufacture.  A  mixture  of  limestone  and  clay 
is  ground  to  100  mesh,  mixed  with  35  per  cent  water 
and  fed  directly  to  kilns  7  to  9  ft.  in  diameter  and  120 
to  180  ft.  long.  In  passing  through,  it  is  heated  to  a 
temperature  of  2700°  F.  by  a  jet  of  powdered  coal, 
oil  or  gas,  which  burns  the  limestone  first  to  lime 
and  then  at  the  high  temperature  clinkers  or  fuses  the 
lime  with  the  clay.  Experience  has  shown  that  a 
kiln  8  ft.  X  125  ft.  will  handle  120  tons  of  mixture  on 
■a  dry  basis  per  24  hours  with  a  consumption  of  434 
Jbs.  powdered  coal  per  ton,  heating  same  to  2700°  F. 

It  is  also  now  standard  practice  to  burn  limestone  to 
quicklime  in  rotary  kilns.  The  limestone  is  crushed 
to  about  V2  in.  and  fed  dry  through  kilns  6  to  8  ft. 
in  diameter  and  100  to  150  ft.  long,  fired  with  producer 
gas.  A  kiln  6  ft.  X  looft.  will  handle  75  tons  limestone 
per  24  hours  with  a  consumption  of  210  lbs.  coal  fed 
to  producer  per  ton  of  limestone,  this  coal  also  fur- 
nishing the  power  to  drive  the  kiln.  Figured  to  quick- 
lime this  is  45  tons  of  lime  produced  with  350  lbs.  coal 
per  ton. 

The  standard  practice  in  burning  cement  mixture 
by  the  dry  process  is  for  a  6  ft.  X  100  ft.  kiln,  under 
similar  conditions  as  in  limestone  burning,  340  lbs. 
coal  per  ton  of  mixture,  or  520  lbs.  per  ton  of  clinker 
produced.  The  fuel  consumption  for  an  8  ft.  X  125 
ft.  kiln  is  about  the  same,  although  the  capacity  is 
much  greater. 

FUEL    REQUIREMENTS 

A  comparison  of  these  figures  shows  that  the  fuel 
required  to  burn  dry  limestone  to  lime  in  the  rotary 
kiln  is  only  two-thirds  of  that  required  to  burn  dry 
cement  mixture  to  cement.  Further,  we  find  that  the 
fuel  used  in  the  wet  process  is  30  per  cent  higher  than 
in  the  dry.  Therefore,  the  fuel  required  to  burn  wet 
lime  sludge  may  be  safely  figured  to  be  30  per  cent 
higher  than  the  figures  for  dry  limestone,  or  210 
plus  30  per  cent,  which  is  270  lbs.  coal  per  ton  dry 
sludge,  or  470  lbs.  per  ton  of  quicklime. 

It  is  to  be  regretted  that  neither  of  the  installations 
that  have  recently  been  put  into  operation  are  provided 
with  independent  gas  supplies  so  that  the  fuel  can  be 
measured  with  sufficient  accuracy  to  verify  the  above 
figure.  One  plant  uses  natural  gas  from  the  service 
mains,  and  the  other  uses  producer  gas  from  a  main 
used  in  common  by  other  furnaces.  There  is  every  ind  i- 
cation  that  the  estimate  is  correct.  For  instance,  the 
natural  gas  burner  was  designed  amply  large  for  fear 
the  estimate  might  be  low.  On  starting  up,  this  burner 
proved  to  be  two  sizes  too  large  and  had  to  be  replaced 
by  a  smaller  one. 


DISTRIBUTION'    OF    COSTS 

As  only  two  men  are  required  per  shift,  over  and 
above  those  that  would  be  required  to  place  the  sludge 
upon  the  dump  or  otherwise  dispose  of  it,  it  is  apparent 
that  the  principal  item  is  fuel.  As  two  men  can  handle 
a  kiln  capable  of  turning  out  50  tons  lime  per  day  as 
easily  as  they  can  one  turning  out  25  tons  it  follows 
that  the  labor  cost  varies  with  capacity.  Fuel  charges 
should  be  about  the  same. 

Repairs  are  very  low  to  the  moving  parts  of  a  rotary 
kiln,  as  there  is  so  little  to  wear  out.  The  life  of  a  kiln 
is  20  years,  with  a  replacement  of  the  rolls  and  bearings 
every  two  years.  Repairs  to  the  lining  may  be  safely 
assumed  to  be  two  relinings  a  year  for  half  the  length 
of  the  kiln.  A  gas  producer  requires  lining  about  once  a 
year. 

Power  required  for  a  capacity  of  30  tons  lime  per  day 
is  20  H.  P.  for  the  kiln,  5  H.  P.  for  the  feeding  mecha- 
nism, and  5  H.  P.  steam  for  blowing  the  producer. 

The  total  investment  for  a  30-ton  plant  would  be 
about  $17,000  and  interest  and  depreciation  are  figured 
at  10  per  cent. 

The  cost  sheet  for  a  30-ton  plant  using  producer  gas 
is,  therefore,  as  follows: 

Fuel  500  lbs.  coal  at  S3. 00  net  ton $0,750 

Labor  2  men  at  $2.50.  and  2  men  at  $2.00 0.300 

Repairs  (including  one  lining  per  year  at  $900) 0. 155 

Power  30  H.  P.  at  $40.00  per  year 0.110 

Interest  and  depreciation 0. 195 

Taxes  and  insurance 0.040 

Yard  labor,  supplies  and  miscellaneous 0. 150 

Unforeseen  10  per  cent 0.  160 

ToTAi,  Cost  per  Ton  Lime $1 .  860 

These  figures  indicate  that  lime  sludge  can  be  re- 
burned  far  more  cheaply  than  new  lime  can  be  bought, 
and  that  a  re-burning  plant  is  a  good  investment  even 
for  the  alkali  works  that  burn  their  lime  from  their 
own  quarries. 

QUALITY    or    THE    RECOVERED    LIME 

There  remains  the  question  of  quality  of  the  re- 
covered lime.  This  depends  to  a  great  extent  upon  the 
quality  of  the  original  stone  from  which  it  was  pro- 
duced. If  the  stone  is  pure  and  free  burning  the  sludge 
produced  from  it  is  of  coarse  grain  and  is  also  free  burn- 
ing, retaining  this  property  after  repeated  trips  through 
the  circuit.  Certain  sludges  tested  by  the  writer  in  a 
2o-foot  test  kiln  have  shown  a  tendency  to  roll  into 
hard  lumps  which  it  was  impossible  to  burn  completely 
to  the  center  of,  although  nothing  unusual  could  be  de- 
tected from  their  analyses  or  appearance  except  that 
they  were  of  extremely  fine  grain. 

It  is,  of  course,  impossible  to  re-burn  the  same  lime 
indefinitely  as  it  gradually  becomes  contaminated 
from  constant  use,  mainly  from  the  lining  of  the  kiln. 
The  customary  practice  is  to  introduce  a  certain  quan- 
tity of  new  lime  into  the  circuit  periodically.  This  usu- 
ally amounts  to  about   15  per  cent  of  the  lime  used. 

Comparative  causticizing  and  settling  tests  made 
upon  fresh  lime  and  recovered  lime  show  that  re- 
covered lime  slakes  more  slowly  and,  therefore,  caus- 
ticizes  more  slowly,  but  eventually  shows  the  same  per- 
centage of  causticity.  On  the  other  hand  it  settles 
much  more  rapidly,  due  to  its  coarser  grain  and  slower 
hydration.     Therefore,  it  is  safe  to  say  that  any  time 
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lost  in   causticizing  the  liquor  is   made   up   in   settling 
time. 

DUST    AND    HEAT    LOSSES    IN    BURNING 

Contrary  to  the  usual  supposition,  there  is  prac- 
tically no  dust  produced  by  a  properly  designed 
plant. 

At  one  of  the  plants  now  in  operation  the  tempera- 
ture of  the  waste  gases  as  they  leave  the  kiln  is  main- 
tained around  350°  F.,  which  is  about  the  limit  even 
for  good  boiler  practice. 

CONCLUSIONS 

The  development  of  the  long  rotary  kiln  in  the  ce- 
ment industry  together  with  improved  methods  of 
filtration  and  dewatering  have  made  the  recovery  of 
the  lime  sludge  from  causticizing  operations  a  per- 
fectly simple  and  feasible  proposition.  To  all  soda 
fiber  mills  and  to  most  alkali  works  there  is  such  a  wide 
margin  of  profit  that  an  installation  cannot  but  be  a 
profitable  investment,  one  likely  to  pay  for  itself  in 
two  or  three  years. 

202  North  Calvert  St. 
Baltimore.  Md. 


A  LARGE  INCUBATOR  FOR  LABORATORY  USE 

By  F.  Alex  McDermott 
Received  June  29.  1914 

In  view  of  the  large  number  of  incubators  for  lab- 
oratory use  which  have  been  described  or  listed  in 
the  catalogues  of  dealers  in  chemical  apparatus,  it 
might  seem  that  the  design  of  further  apparatus  of 
this  type  was  rather  superfluous.  However,  the 
apparatus  here  described  has  proven  so  easily  and 
cheaply  constructed  and  set  up  and  so  satisfactory 
that  it  is  believed  others  may  profit  from  our  expe- 
rience with  it. 

The    first   incubator   constructed    on    the   plan   here 
described  was  s  ft.  long,  3  ft.  high  and  2  ft.  deep  out- 
side.    The    walls,    including    top,    bottom    and    doors, 
were  made  of  two  thicknesses  of  one-half  inch  poplar, 
separated   by   a   one-half   inch   space;   this   space   was 
filled   with   powdered   cork.      (In   constructing  further 
apparatus   of   this  type,   the   writer   would   make  this 
space  one  inch.)      Four  doors  were  provided,  the  two 
upper  ones  opening  upward  until  they  were  flush  with 
the  top  of  the  incubator,  where  they    were    held  by  a 
slotted  brass  rod  and  pin,  while  the  two  lower  doors 
dropped  down  and  were  held  pendant  from  the  bottom 
of    the    incubator.      Median    vertical    and    horizontal 
cross-pieces    in    the    front  of   the    box    were  provided, 
upon    which    were    placed    the    door    catches.     These 
cross  pieces  were  beveled  at  an  angle  of  45°,  as  were 
also  the  front  edges  of  the  box,  and  the  doors.     The 
doors  thus  formed  a  fairly  tight  joint  when  closed.     An 
upright  was  placed  against  the  back,  inside,  and  shelf 
brackets   were   placed   between   this   upright   and   the 
front  vertical  cross-piece  and  also  at  the  ends  of  the 
box,  inside.     The  shelves  rested  upon  these  brackets. 
The  shelves  were  made  of  galvanized  iron,  perforated 
with  Vainch  holes,  spaced  on  about  4-inch  centers,  and 
each  shelf  had  two  "V"  shaped  braces  on  the  under 
side  for  the  sake  of  rigidity. 

The    heating    and    temperature    control    were    both 
entirely  electrical   and  both   were   operated   on   a    no 


volt  lighting  circuit.  The  heating  (for  30°  C.)  was 
secured  by  means  of  four  coils  each  containing  50  ft. 
of  No.  26  Nichrome  wire,  two  sets,  each  set  of  two 
coils  in  series,  being  connected  in  parallel,  the  total 
heating  current  being  about  one  ampere.  In  these 
heating  coils  or  elements,  the  wire  was  wound  on  a 
frame  consisting  of  two  strips  V2  inch  square  in  cross 
section  and  the  necessary  length  (in  this  case  8  inches) 
of  heavy,  hard  asbestos  board,  spaced  at  the  desired 
distance  (14  inches)  by  means  of  Vie  inch  bolts;  extra 
nuts  on  the  ends  of  these  bolts  served  as  binding 
posts  for  the  terminals.  Each  element  was  supported 
by  cylindrical,  porcelain  insulating  knobs,  such  as  are 
used  in  electrical  work.  Two  elements  were  fastened 
to  the  ceiling  and  two  to  the  floor  of  the  incubator. 

For  the  temperature  control,  a  200-ohm  main  line 
relay  arranged  for  back  contact,  was  connected  in 
series  with  a  10  watt  carbon  lamp  and  an  electrical  con- 
tact thermometer  (Eimer  and  Amend,  No.  6838) 
constructed  for  the  desired  temperature.  Of  course, 
the  S.  M.  Co.  incubator  thermostat  may  also  be  used. 
The  total  current  in  the  temperature  control  circuit 
was  about  0.08  ampere.  A  small  no  volt  motor 
with  a  6  inch  fan  was  placed  upon  the  upper  shelf 
at  one  end  of  the  incubator  and  connected  in  parallel 
with  the  sets  of  heating  units,  to  secure  more  even 
distribution  of  temperature.  The  contact  thermome- 
ter, which  was  constructed  to  close  the  circuit  at 
30°  C,  actually  closed  it  at  about  29.75°  C.  and  the 
temperature  in  the  incubator  held,  according  to  a 
large  incubator  thermometer  placed  centrally,  at 
29.5  to  30.5°  C,  depending  upon  the  temperature  of 
the  room.  The  above  regulation  is  sufficiently  close 
for  many  purposes  and  the  range  of  variation  would 
be  considerably  reduced  in  a  smaller  apparatus. 
The  outside  of  the  box  was  painted  white  with  two 
coats  of  bath-tub  enamel  over  two  coats  of  ordinary 
white  paint. 

A  number  of  modifications  of  the  design  are  possi- 
ble. The  contact  thermometer  may  be  obtained  so 
constructed  as  to  close  the  circuit  at  any  one  of  a  num- 
ber of  points,  and  a  small  incubator  has  been  constructed 
on  this  principle  to  hold  45°,  50°  or  55°  C.  A  three- 
point  battery  switch  was  provided  to  cut  in  and  out 
the  different  leads.  In  this  case,  an  ordinary  double- 
wall  steam  oven  was  used  for  the  box  and  a  single 
heating  element  was  used.  Instead  of  the  10  watt 
lamp,  it  is  better  to  provide  an  adjustable  resistance, 
as  the  sensitiveness  and  smoothness  of  operation  of 
the  relay  may  thereby  be  improved;  for  this  purpose 
the  student's  rheostat  (made  by  Jas.  G.  Biddle,  of 
Philadelphia)  has  been  found  satisfactory.  A  similar 
resistance  may  be  employed  in  series  with  the  heating 
system  in  order  to  vary  the  temperature  of  the  heat- 
ing coils.  The  apparatus,  as  described,  works  well 
on  direct  current.  On  alternating  current  it  is  neces- 
sary to  adjust  very  carefully  the  tension  of  the  relay 
spring,  the  distance  of  the  poles  from  the  armature, 
length  of  travel  of  the  armature,  etc.  Attempts  to 
utilize  the  electrolytic  valve  rectifier  in  the  tempera- 
ture control  circuit  were  unsatisfactory.  The  humming 
of  the  relay  on  alternating  current  is,  of  course,  objec- 
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tionable,  but  by  proper  adjustment  may  be  largely 
eliminated.  While  no  trouble  was  experienced  in 
the  breaking  of  a  no  volt  circuit  at  the  contact  ther- 
mometer, using  as  low  a  current  strength  as  here  em- 
ployed, it  is  advantageous  to  run  the  temperature 
control  circuit  on  the'  secondary  of  a  small  toy  or 
bell-ringing  transformer  giving  lo  or  15  volts. 

The  total  cost  of  material  of  the  large  wooden  box 
incubator  was  about  $50.00.  The  labor  cost  would 
vary  with  the  circumstances  of  construction. 

Mellon  Institute  of  Indostrial  Research 

University  of  Pittsburgh 

Pittsburgh 

A  PROPOSED  NEW  STANDARD  LOOP  FOR  USE  IN 
BACTERIOLOGICAL  TESTS  OF  DISINFECTANTS 

By  A.  D.  St.  John 
Received  July  7,  1914 

The  work  described  herewith  was  undertaken 
with  a  view  to  obtaining  a  method  of  transferring 
small  quantities  of  a  liquid  from  one  containing  vessel 
to  another,  with  rapidity  and  a  fair  degree  of  accuracy; 
with  special  reference  to  the  use  of  such  method  in 
the  inoculation  of  broth  cultures,  as  practised  in  the 
principal  tests  of  the  antiseptic  value  of  disinfectants. 

As  is  pointed  out  by  Duyser  and  Lewis,'  the  main 
objection  to  these  tests  lies  in  the  unreliability  of  the 
"standard  loop,"  which  (i)  transfers  too  small  a  quan- 
tity of  liquid,  i.  e.,  about  0.003  cc.  and  (2)  transfers 
a  quantity  which  varies  as  much  as  80  per  cent  from 
the  average. 

Tests  made  in  connection  with  this  paper  con- 
firmed the  second  of  these  objections  and  indicated 
that  the  variation  was  due  to  two  principal  causes: 

I — The  position  of  the  loop  on  leaving  the  surface 
of  the  liquid. 

II — The  rate  of  removal  from  the  surface. 

The  variation  between  removing  the  loop  slowly 
edgewise,  and  rather  quickly  fiat  to  the  surface,  was 
from  0.002  to  0.008  g.,  respectively. 

In  order  to  obviate  the  variation  due  to  position 
two  loops  placed  with  their  planes  at  right  angles 
to  one  another  were  tried;  and  this  arrangement  gave 
about  equal  results  when  lifted  out  at  any  angle 
perpendicular  to  the  supporting  wire,  but  varied  from 
the  result  when  lifted  out  with  the  wire  support  ver- 
tical to  the  surface  of  the  solution. 

Hence  a  third  loop  was  added  with  its  plane  per- 
pendicular to  the  wire  support,  giving  three  concentric 
loops,  the  plane  of  each  at  right  angles  to  those  of  the 
other  two.  As  a  tendency  of  the  drop  to  break  away 
from  the  wire  at  a  point  farthest  from  the  junction 
of  the  wires  had  been  observed,  this  loop  was  further 
modified  by  changing  the  spherical  shape  of  the  loops 
to  squares,  joined  at  the  corners.  The  loop,  or  rather 
cage,  thus  formed,  has  the  appearance  of  the  outline 
of  a  cube,  supported  by  a  wire  from  one  corner,  and 
measuring  about  3  mm.  on  an  edge.  The  corners 
should  be  welded  rather  than  twisted.  The  wire  of 
the  cube  is  conveniently  made  of  No.  28  B.  and  S.  Pt 
wire,  and  that  of  the  support  of  No.  25. 

This  last  described  loop  gave  drops  varying  in  weight 
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from  about  0.019  to  0.021  g.,  according  to  the 
angle  at  which  it  was  lifted  from  the  solution;  while 
the  most  unfavorable  results  obtained,  varying  the 
rate  of  lifting  out  from  as  slowly  as  possible,  to  a  quick 
jerk,  was  from  0.017  to  0.023  S-t  respectively; 
while  with  ordinary  care,  several  consecutive  results 
of  from  0.020  to  0.021  g.  were  obtained. 

Up  to  this  point  the  measurement  of  the  drop  was 
made  by  hanging  the  wire  quickly  on  the  balance 
and  weighing  by  swings.  Only  slight  error  was  caused 
by  evaporation,  as  the  drop  was  rather  large. 

The  results  with  the  cube-shaped  loop  appeared, 
however,  to  justify  further  trials,  and  tests  were  now 
made  according  to  the  method  of  Duyser  and  Lewis 
(above),  i.  e.,  by  dipping  out  drops  of  a  strong  iodine 


solution,  placing  in  distilled  water,  and  titrating, 
using  dilute  thiosulfate.  Eight  consecutive  tests  gave 
the  following  ratio: 


Putting  the  mean,  35.9  =  100.  o,  we  get  a  maxim.um 
variation  of  6  per  cent. 

It  will  also  be  noted  that  the  volume  of  the  drop 
carried  by  this  loop  is  about  0.020  cc,  or  over  six  times 
the  volume  given  by  Duyser  and  Lewis  as  that  of  the 
present  "standard  loop,"  thus  overcoming  largely  the 
first  objection  advanced  by  them  in  the  article  quoted. 

It  would  therefore  appear  that  a  loop  such  as  the  one 
described  above  would  eradicate  some  of  the  difficul- 
ties at  present  encountered  in  making  determina- 
tions of  the  antiseptic  value  of  disinfectants  by  the 
methods   mentioned. 

The  valued  aid  of  Mr.  Walter  Erlenkotter,  of  this, 
laboratory,  in  connection  with  the  preparation  of  this 
paper,  is  gratefully  acknowledged  by  the  author. 

Standard  Testing  Laboratory 

Board  of  Estimate  and  .Apportionment 

New  York  City 

NOTE  ON  SUBSTITUTE  FOR  THE  BLAST  LAMP 

By  Paul  J.  Fox' 

Received  July  15.  1914 

To  the  many  substitutes  for  the  blast  lamp,  the 
writer  begs  to  add  one,  which,  though  extremely  sim- 
ple, he  has  not  seen  in  use  in  any  laboratory  that  he 
has  visited.  It  consists  of  an  ordinary  assayer's. 
crucible  of  convenient  dimensions,  of  which  the  bot- 
tom has  been  ground  or  sawed  off,  forming  a  jacket 

'  Scientist  in  Soil   Laboratory  Investigations.   Bureau  of  Soils.  U.  S.. 
Dept.  Agriculture.  Washington._D.  C. 
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of  truncated  conical  shape,  open  at  both  ends.  Thus 
prepared,  the  jacket  is  placed  over  the' crucible  or  dish 
to  be  ignited,  with  the  larger  end  down.  The  top  is 
partly  closed  by  a  porcelain  crucible  cover  which 
can  be  easily  adjusted  to  secure  the  maximum  amount 
of  heat  without  unduly  impeding  the  draft.  Using 
a  Tirrill  burner  of  ordinary  laboratory  size,  it  is  possi- 
ble to  convert  even  large  amounts  of  calcium  carbon- 
ate to  the  oxide.  The  crucibles  in  which  the  igni- 
tions take  place  should  be  covered,  but  with  the  lid 
partly  placed  to  one  side  to  leave  a  small  opening. 
Besides  doing  away  with  the  necessity  of  compressed 
air,  this  method  of  ignition  also  avoids  the  strong  air 
current  of  a  blast  lamp  by  which  small  amounts  of 
light  precipitates  may  be  lost.  A  platinum  crucible, 
also,  appears  to  be  less  attacked  than  when  a  blast 
lamp  is  used. 

A  transparent  crystal  of  calcite  was  found  on  analy- 
sis to  have  the  following  composition: 

Per  cent 

CaCOa 99.46 

MgCOi 0.53 

Silica 0.05 

100.04 

This  would  correspond  to  a  loss- on  ignition  of  44.01 
per  cent.  Two  samples  of  the  same  material  were 
then  ignited,  using  the  jacket  as  described.  Sample 
No.  I  consisted  of  i .  0308  g.  and  after  fifteen  minutes 
ignition  weighed  o.  5779  g.,  or  a  loss  of  43 .  95  per  cent. 
Sample  No.  2  weighed  1.3117  g.  and  after  ignition  for 
fifteen  minutes  yielded  0.7355  g-  CaO,  or  a  loss  of 
43 .  93  per  cent.  In  neither  case  was  there  any  addi- 
tional loss  on  further  heating. 

A  convenient  size  of  assayer's  crucible  is  the  Denver 
Fire  Clay  No.  9,  which  measures  3  inches  in  diameter 
,and  5V2  inches  high.  If  a  clay  ring  piece  of  the  same 
diameter  as  the  assayer's  crucible  is  available,  it  may 
be  advantageously  used  as  a  rest  for  the  triangle 
that  carries  the  platinum  or  porcelain  crucible  con- 
taining the  sample.  This  has  the  effect  of  extending 
the  jacket  below  the  triangle.  The  results  quoted 
above,  however,  were  obtained  without  the  use  of 
such  a  ring  piece. 

Bureau  of  Soils,  Washington 


A  CONVENIENT  FORM  OF  WEIGHING  BURETTE 

By  H.  S.   Bailey 
Received  August  19,  1914 

In  making  a  large  number  of  determinations  on 
various  oils  the  writer  at  first  attempted  to  use  Ripper 
weighing  burettes.  He  soon  found,  however,  that  their 
weight  and  especially  the  necessity  for  providing  some 
sort  of  rack  for  them,  when  filled,  made  their  use 
impracticable.  As  a  result  of  numerous  attempts  to 
devise  a  suitable  weighing  burette,  the  one  shown  in  the 
accompanying  illustration,  which  can  be  placed 
directly  upon  the  pan  of  an  ordinary 
analytical  balance,  has  been  finally 
adopted.  Its  construction  is  clearly 
shown  by  the  drawing  in  which  the 
three  ground  joints  are  indicated  by 
stippled  areas.  The  bottom  cap  serves 
both  as  a  base  to  support  the  burette 
and  as  a  catch-cup  for  any  leakage. 
As  the  sample  does  not  ordinarily 
come  in  contact  with  the  two  large 
ground  joints,  these  need  not  be 
especially  tight  when  the  burette  is 
used  for  homogeneous  non-volatile 
liquids.  The  small  valve  at  the  tip, 
which  of  course  must  be  tight,  can 
be  readily  made  by  merely  drawing 
down  the  end  of  a  glass  rod  and  grind- 
ing it  into  place  with  a  little  carbo- 
rundum and  water. 

When  the  burette  is  used  for  volatile 
substances  or  non-homogeneous  mix- 
tures which  require  frequent  agitation, 
such  as  milk,  a  small  rubber  sleeve  is 
slipped  over  the  top  of  the  stopper 
and  rod,  making  the  joint  between 
them  air-tight. 

These  burettes  may,  of  course,  be  of  any  suitable 
size,  the  ones  commonly  used  for  weighing  oil  samples 
having  a  capacity  of  about  30  cc.  A  rough  gradua- 
tion greatly  facilitates  the  weighing  out  of  definite 
quantities  of  material  for  such  determinations  as  the 
Reichert-Meissl  number,  in  which  it  is  necessary  to 
use  approximately  the  same  weight  of  sample. 

Food  Investigation  Laboratory,  Bureau  op  Chemistry 
Department  of  Agriculture.  Washington.   D.  C. 


5YMP05IUM  ON  AMERICAN  DYL  INDUSTRY 


The  New  York  Section  of  the  American  Chemical  Society 
■devoted  its  first  regular  meeting  of  the  1914-1915  season,  on 
October  9th,  at  the  Chemists'  Club,  to  a  discussion  of  the  need 
and  practicability  of  enlarging  the  production  of  dyestuffs 
in  this  country.     The  program  was  as  follows; 

Introductory  Remarks — Chairman  Allen  Rogers. 

Dyestuffs  and  the  Textile  Industry — J.  Merritt  Matthews, 
•Consulting  Chemist  to  the  Textile  Industries. 

Campaign  for  American  Dyestuff  Industry — Arthur  Prill, 
Editor  Daily  Trade  Record,  Mill  Man's  Section. 

Coal  Tar  Colors  in  America — I.  F.  Stone,  President  National 
Aniline  and  Chemical  Co. 

Needs  of  the  Textile  Industry — Alfred  L.  Lustig,  Chairman 
of  Dyestuff  Committee,  National  Association  of  Finishers  of 
•Cotton  Products. 


All  the  papers  presented  are  published  in  full  below.  After  the 
reading  of  the  papers,  discussions  were  called  for:  those  by  David 
W.  Jayne,  of  the  Barrett  Manufacturing  Company,  Bernhard  C. 
Hesse  and  I.  F.  Stone  are  printed  in  full  herewith. —  [Editor.] 


INTRODUCTORY 

By  Chairman  Allen  Rogers 
At  the  last  meeting  of  the  New  York  Section  of  the  Ameri- 
can Chemical  Society,  which  was  held  in  June  of  this  year,  we 
little  dreamed  that  before  another  meeting  practically  the  whole 
of  Europe  would  be  involved  in  the  greatest  struggle  the  world 
has  ever  known.  Many  of  those  who  attended  that  meeting 
are  at  present  in  the  ranks  of  those  great  armies  now  engaged  in 
deadly  conflict.  It  is  especially  sad  for  us  to  think  that  perhaps 
some  of  oiu"  dearest  friends,  and  members  of  this  society,  may  be 
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fighting  face  to  face  at  this  very  moment.  Just  why  such  a  con- 
flict should  have  been  brought  about  is  extremely  difficult  for 
many  of  us  to  understand.  Even  as  we  get  the  meagre  news- 
paper accounts  from  day  to  day  we  can  hardly  realize  the  mag- 
nitude of  the  struggle  taking  place. 

The  cause  of  the  European  war  is  a  matter  with  which  we  are 
not  able  to  cope,  but  the  effect  upon  our  chemical  industries  is 
a  topic  well  worthy  of  our  careful  consideration.  As  chairman 
of  this  section,  it,  therefore,  seemed  advisable  that  a  conference 
should  be  arranged,  whereby  all  sides  of  the  question  might  be 
discussed  and  a  more  definite  understanding  of  the  existing  con- 
ditions determined. 

Although  personal  feelings  and  selfish  motives  may  make  us 
more  or  less  prejudiced,  we  must  eventually  be  influenced  by  that 
which  seems  to  be  for  the  best  interests  of  the  nation  as  a  whole. 
What  we  seek,  as  chemists,  is  the  truth.  Let  us,  therefore,  put 
aside  the  personal  factor  and  approach  the  problem  with  an 
open  mind. 

Before  entering  upon  the  program  of  the  evening,  I  should 
like  to  a.sk,  for  the  sake  of  argument,  a  few  questions  which  ap- 
I)ear  to  have  a  vital  bearing  upon  the  subject  in  hand. 

I — Is  it  feasible  to  manufacture  chemicals  and  dyestuffs  in 
this  country? 

2 — In  answering  this  question  should  we  not  take  into  con- 
sideration whether  or  not  we  are  to  seek  the  American  market 
or  the  market  of  the  world? 

3 — Have  we  a  sufficient  supply  of  coal  tar  to  meet  the  demands 
of  an  American  coal  tar  chemical  and  color  industry? 

4 — If  we  have  the  necessary  amount  of  coal  tar  in  this  country 
have  we  the  interlocking  chemical  industries  to  make  the  under- 
taking a   success? 

5 — If  we  do  not  at  present  have  the  interlocking  chemical 
industries,  is  it  possible  for  us  to  develop  the  same  in  face  of 
these  well-established  industries  in  European  countries? 

6 — Will  it  be  possible  to  start  with  American  raw  materials 
and  from  them  build  up  ail-American  dyestuffs? 

7 — Would  the  manufacture  of  chemicals  and  dyestuffs  have 
any  influence  upon  our  other  export  trade? 

8 — Will  it  be  possible  for  the  European  nations  to  furnish  the 
same  quantities  of  dyestuffs  when  hostilities  have  terminated, 
as  they  have  in  the  past? 

9 — Have  we  a  sufficient  number  of  technically  trained  men  to 
carry  on  such  an  industry? 

lo — What  will  our  universities  and  technical  schools  do  to 
train  young  men  for  this  great  indu.stry? 

1 1 — What  will  the  Government  do  to  make  our  patent  laws 
protect  American  invention? 

1 2 — What  will  the  Government  do  to  protect  American  enter- 
prise? 

13 — What  guarantee  will  the  textile,  paper,  dry  color,  leather 
and  other  industries  give  to  an  American  Coal  Tar,  Chemical 
and  Color  Industry? 

14 — If  it  is  not  possible  to  produce  at  present  all  of  the  great 
variety  of  dyestuffs  required  by  these  industries,  will  they  guar- 
antee to  use  such  dyestuffs  and  chemicals  as  can  be  made? 

15 — What  support  can  be  expected  from  the  trade  and  daily 
papers? 

16 — Will  such  an  industry  meet  with  financial  support? 

1 7 — Why  is  it  that  we  have  not  in  the  past  manufactured  some 
of  the  more  important  chemicals,  such  as  barium  chloride, 
magnesium  chloride,  oxalic  acid,  zinc  dust  and  many  others? 

18 — Have  we  any  commercial  source  of  potash? 

These  are  a  few  of  the  many  questions  which  must  be  answered 
before  we  can  hope  to  make  any  headway  on  the  problem. 
Some  of  these  points  will  no  doubt  be  covered  in  the  papers  of 
the  evening  and  it  is  also  hoped  that  those  taking  part  in  the 
discussion  will  throw  some  light  on  the  other  important  questions. 
Pratt  Institdte.  Brooklyn 


DYESTUFFS  AND  TEXTILE  INDUSTRY 

By  J    Merritt  Matthews 

That  the  manufacture  of  fabrics  is  an  industry  dependent  to  a 
very  large  degree  on  the  element  of  color  is  a  fact  which  is  ap- 
parent to  almost  any  one.  Textile  fabrics  are  employed  in  great 
variety  for  clothing,  for  art  and  utility,  as  essentials  in  many 
lines  of  industry — in  fact,  the  number  of  uses  for  textile  fabrics 
is  almost  legion.  And  yet  in  a  great  many  of  these  uses  color 
enters  as  an  essential  factor  in  the  preparation  of  the  fabric. 
As  color  in  textile  fabrics  is  obtained  by  the  use  of  dyestuffs, 
the  latter  agents  become  a  very  important  adjunct  to  the  textile 
industry. 

Although  we  have  come  to  regard  dyestuffs  and  their  colors 
as  highly  important  factors  in  the  production  of  fabrics,  never- 
theless, if  we  approach  the  subject  from  the  utilitarian  point 
of  view,  we  find  that  dyestuffs  do  not  add  any  real  quality  to  the 
fabric;  the  color  of  a  cloth  may  add  much  to  its  artistic  appear- 
ance and  give  it  beauty  and  charm  that  appeal  to  our  esthetic 
taste,  but  it  cannot  be  said  that  the  color  increa.ses  the  dura- 
bility, the  strength,  or  the  wearing  quality  of  the  fabric.  Outside 
of  a  certain  influence  on  heat  and  light  rays  it  is  doubtful  if  color 
has  any  real  influence  on  the  material  value  of  the  fabric;  its 
influence  is  a  purely  subjective  one.  In  other  words,  the  prac- 
tical utility  of  the  fabric  is  but  slightly  affected  by  its  color. 
Our  clothes  would  be  of  the  same  practical  value  to  us  if  they 
were  undyed  as  if  they  were  dyed:  our  carpets  would  wear  just 
as  well — in  fact  better— if  they  had  never  been  ornamented  by 
the  dyer's  art. 

IMPORTANCE    OF    COLOR 

Wherein,  then,  is  the  value  of  dyestuffs  to  the  textile  industr>-? 
In  the  first  place,  color  is  employed  in  fabrics  to  satisfy  the  taste 
for  beauty  and  the  desire  for  ornamentation.  Man  from  the 
earliest  stages  of  his  existence  appears  to  have  had  a  strong  pre- 
dilection for  colors;  we  find  the  lowest  orders  of  savage  tribes 
decorating  their  simple  costumes  with  the  varied,  though  limi- 
ted, colors  at  their  command.  Eve  no  doubt  selected  a  fig  leaf 
as  her  costume  more  from  its  pleasing  shade  of  green  than  on 
account  of  its  utilitarian  value  as  a  means  of  protection  against 
the  inclemencies  of  the  weather.  It  is  this  innate  desire  to  dec- 
orate oneself  and  the  things  which  one  possesses  and  uses  that 
has  led  to  the  wide-spread  and  almost  universal  application  of 
dyestuffs  in  the  manufacture  of  textile  fabrics.  In  the  second 
place,  and  wholly  aside  from  its  artistic  value,  color  is  employed 
in  fabrics  in  order  to  avoid,  or  rather  to  cover  up.  certain  un- 
desirable features.  When  we  wear  our  clothes  for  any  length  of 
time  they  become  soiled,  and  the  dust  and  dirt  they  acquire 
soon  proclaim  our  intimate  associations  with  Mother  Earth. 
If  the  fabrics  we  use  were  white  or  undyed,  their  soiled  condition 
would  quickly  become  apparent  in  a  ver>'  disagreeable  manner. 
Consequently,  we  dye  them  in  suitable  colors,  and.  though  they 
still  acquire  the  same  objectionable  impurities,  these  are  not 
visible  to  the  eye.  and  what  we  do  not  see  we  frequently  ignore. 
I  am  quite  sure  that  had  my  present  suit  of  clothes  been  undyed 
I  should  have  experienced  some  hesitancy  in  appearing  before 
you  this  evening,  but  being  dyed  as  they  are.  I  stand  here  un- 
abashed and  thoughtless  of  their  appearance.  Our  under- 
garments, our  collars,  our  bed  linen,  our  table  linen,  our  towels, 
and  many  other  articles  of  apparel  in  daily  use  are  now  generally 
left  in  the  undyed  condition  and  even  whitened  thoroughly  by 
bleaching,  in  order  that  when  they  become  soiled  they  may 
present  a  disagreeable  appearance  and  force  us  to  take  proper 
steps  towards  cleansing  them.  Have  you  ever  stopped  to  con- 
sider why  the  blankets  in  Pullman  sleeping  cars  are  dyed  a  dark 
grey,  why  Italians  prefer  red  bandanna  handkerchiefs,  and  why 
khaki  colored  shirts  are  so  popular  with  camping  parties?  There 
is  food  for  much  thought  in  these  reflections. 

In  the  early  days  our  forefathers  naturally  employed  those 
coloring  matters  which  were  nearest  to  hand  in  the  decoration 
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of  the  fabrics  they  manufactured.  Variou.s  colored  earths  and 
mineral  compounds  were  used  no  doubt  at  first,  and  then  when 
the  tinctorial  properties  of  various  plant  juices  and  decoctions 
became  known,  these  were  employed  as  dyestuffs;  all  this  grad- 
ually led  to  a  rather  complicated  art  of  the  application  of  dyer's 
materials.  It  was  found  that  certain  plant  juices,  though  highly 
colored  in  themselves,  could  not  be  properly  fixed  in  a  direct 
manner  upon  the  textile  fibers.  But  by  first  treating  the  fabric 
with  a  solution  of  a  suitable  metallic  or  mineral  substance,  such 
as  alum  or  copperas  or  bluestone,  pleasing  and  permanent  colors 
could  be  produced.  This  led  to  a  knowledge  of  the  mordant 
dyes,  and  this  art  of  dyeing  textile  fabrics  gradually  became  a 
highly  developed  and  organized  art,  and  more  or  less  of  a  chem- 
ical science.  In  fact,  the  preparation  of  these  vegetable  coloring 
matters  and  the  numerous  adjuncts  and  assisting  materials 
which  were  employed  in  their  proper  application  to  the  fiber, 
gave  rise  to  important  and  extensive  chemical  industries.  There 
were  various  limitations,  however,  in  the  use  of  these  natural 
dyestuffs.  In  the  first  place,  the  range  of  color  was  somewhat 
narrow,  the  qualities  of  fastness  were  often  deficient,  there  was 
much  variation  in  the  strength  and  shade  of  successive  lots  of 
dyestuff,  the  methods  of  application  were  often  complicated  and 
cumbersome,  and  it  was  hard  to  refine  the  art  of  dyeing  into  an 
exact  science. 

SYNTHETIC   V3.    NATURAL    DYES 

The  discovery  of  America  gave  a  great  impetus  to  the  dyeing 
of  textiles  by  reason  of  the  large  number  of  new  dyewoods  which 
were  discovered  in  this  hemisphere,  especially  in  the  West  Indies, 
and  Central  and  South  America.  Among  these  were  logwood, 
which,  next  to  indigo,  soon  became  the  most  important  dyestuff 
in  use;  fustic,  a  yellow  wood;  cochineal,  a  very  important  red 
coloring  matter  consisting  of  the  bodies  of  certain  small  insects 
which  grow  on  the  leaves  of  the  cactus  plant;  Brazil  wood,  also 
a  red  dyewood  of  considerable  importance,  and  many  others  of 
minor  note. 

The  great  step,  however,  in  the  dyeing  of  textile  fabrics,  came 
in  the  discovery  of  the  synthetic  coal  tar  dyes.  This  led  to  an 
intimate  connection  between  dyeing  and  chemistry,  and  in  con- 
sequence placed  the  art  of  dyeing  on  a  more  systematic  and  scien- 
tific basis.  The  discovery  of  the  various  coal  tar  dyes  led  to  the 
introduction  of  a  wide  range  of  colors,  many  tones  and  shades  of 
which  were  hitherto  unknown  and  unobtainable  in  dyeing.  It 
also  resulted  in  the  introduction  of  many  fast  colors,  far  exceeding 
the  natural  dyestuffs  in  this  respect.  It  gave  rise  to  the  possi- 
bilities of  many  new  effects  and  easier,  cheaper  and  simpler  pro- 
cesses of  dyeing.  In  fact,  the  general  methods  of  dyeing  soon 
became  standardized  to  a  few  definite  processes,  with  the  result 
that  the  art  of  dyeing  became  widely  disseminated  among  the 
textile  mills.  It  was  no  longer  a  secret  and  mysterious  art  jeal- 
ously guarded  by  the  members  of  its  guild,  but  became  an  open 
profession. 

It  was  not  long  before  the  coal  tar  dyes  almost  entirely  re- 
placed the  cruder  vegetable  coloring  matters.  This  was  not  only 
due  to  the  fact  that  the  synthetic  dyes  could  be  produced  cheaper 
and  could  be  applied  more  simply  and  conveniently,  but  was  also 
because  most  of  the  vegetabfe  dyes  were  of  an  inferior  quality 
as  compared  with  the  coal  tar  products.  In  the  first  place,  the 
vegetable  dyes  were  far  from  pure  coloring  matters;  they  con- 
sisted principally  of  wood  extracts,  and  contained,  besides  the 
actual  coloring  matters,  many  other  extractive  substances, 
such  as  tannins,  sugars,  resins,  and  pectinous  bodies  of  a  non- 
descript character.  It  was  a  very  costly  proceeding  to  isolate 
the  pure  coloring  matter  from  these  complex  vegetable  extracts; 
in  fact,  in  most  cases  it  was  commercially  impossible.  On  this 
account,  the  colors  given  by  most  vegetable  dyes  were  more  or 
less  impure  and  not  clear  in  tone;  they  were  also  liable  to  be  quite 
variable  in  different  lots  of  the  extracts.  In  the  second  place, 
there  are  only  a  few  of  the  vegetable  dyes  which  may  be  classed 


as  really  fast  colors  in  the  modern  sense  of  the  term.  Indigo 
was  no  doubt  the  fastest  color,  and  still  represents  the  standard 
for  comparison.  Logwood,  which  was  once  universally  employed 
for  the  dyeing  of  black  on  all  classes  of  fabrics,  could  be  employed 
for  the  dyeing  of  colors  fast  to  washing,  but  was  not  especially 
fast  to  light  and  exposure  to  weather.  Before  the  introduction 
of  the  fast  coal  tar  blacks,  those  of  us  who  are  old  enough  can 
well  remember  that  our  black  coats  had  a  tendency  to  turn  to 
a  rusty  faded  color;  this  was  because  logwood  was  the  dyestuff 
employed.  At  the  present  time  this  defect  is  very  seldom  noticed 
even  with  the  cheaper  grades  of  material,  as  the  alizarine  blacks 
employed  for  this  purpose  are  eminently  fast.  Fustic  was  another 
much  used  dyewood  for  yellow  and  browns,  and  this  cannot  be 
classed  as  a  fast  dye  at  all;  in  fact,  hardly  any  of  the  many 
yellow  and  brown  vegetable  dyes  have  any  remarkable  degree 
of  fastness.  Among  the  red  colors  we  had  madder  and  cochineal 
as  the  principal  representatives.  Madder  was  very  fast,  being 
used  for  the  production  of  the  well-known  turkey-red;  but  the 
coloring  matter  of  madder  is  alizarine  red  and  in  the  vegetable 
extract  it  is  in  a  rather  impure  condition,  being  mixed  with  other 
extractive  matters,  so  that  when  this  coloring  principle,  alizarine 
red,  was  prepared  synthetically  in  the  pure  condition  from  coal- 
tar,  it  very  rapidly  replaced  the  crude  madder  extract.  Cochineal 
was  used  very  largely  for  the  dyeing  of  scarlets  on  woolen  ma- 
terials and  would  be  classed  as  a  fairly  fast  color.  The  coal  tar 
acid  scarlets,  which  were  first  introduced,  were  not  as  fast  as 
cochineal,  and  though  they  were  cheaper  and  easier  to  apply  and 
displaced  cochineal  to  a  very  large  extent,  nevertheless  this 
latter  dye  held  an  important  position  for  the  dyeing  of  high  class 
and  fast  scarlets  for  a  long  time.  When  the  anthracene  and 
chrome  scarlets,  however,  were  prepared  from  coal  tar,  and 
proved  to  be  even  faster  than  cochineal,  this  dyestuff  gradually 
fell  into  disuse.  There  was  also  a  long  list  of  red  dyewoods, 
but  all  of  these  were  of  inferior  fastness  as  compared  with  the 
coal  tar  dyes  and  at  present  are  no  longer  used.  Archil  and  its 
dried  extract,  cudbear,  were  once  very  extensively  employed  as 
the  basis  of  fast  purplish  red  and  reddish  brown  colors  on  wool 
and  silk  materials.  It  was  also  used  as  a  bottom  color  on  wool 
for  the  dyeing  of  heavy  shades  of  indigo,  giving  a  rich,  deep,  and 
bloomy  color.  Archil  was  prepared  from  the  extract  of  a  cer- 
tain species  of  parasitical  plant  growth  to  be  found  principally 
along  the  sea-coasts  of  subtropical  countries.  Enormous  quan- 
tities of  it  were  once  obtained  from  the  western  coast  of  lower 
California.  The  coloring  matter  did  not  exist  ready  formed  in 
the  plant  extract  but  had  to  be  developed  by  a  series  of  chemical 
processes.  A  large  number  of  fast  brown  coloring  matters, 
however,  have  been  prepared  from  coal  tar  and  have  almost  en- 
tirely displaced  archil  preparations  in  this  countr>',  at  least. 

EASE   OF    DYEING    COTTON    WITH    SYNTHETIC    DYES 

As  every  one  knows,  the  fate  of  the  other  vegetable  dyes  soon 
overtook  indigo,  at  least  as  far  as  its  natural  source  was  con- 
cerned, and  this  dyestuff  is  now  almost  exclusively  made  syn- 
thetically from  coal  tar.  The  introduction  of  other  synthetic 
dyes  of  the  indigo  class  and  known  as  the  "vat"  dyes  has  greatly 
raised  the  quality  of  dyed  cotton  materials.  The  dyeing  of 
cotton  with  the  old  \egetable  dyes  was  always  a  rather  difficult 
matter  as  compared  with  the  dyeing  of  wool  or  silk.  This  was 
due  to  the  relatively  inert  character  of  the  cotton  fiber  towards 
the  coloring  matters,  and  also  to  the  fact  that  cotton  could  not 
be  mordanted  with  metallic  salts  with  the  same  readiness  as 
animal  fiber;  consequently,  the  processes  of  dyeing  cotton  and 
the  colors  obtainable  were  rather  limited,  which,  of  course, 
greatly  restricted  the  use  of  cotton  materials.  The  discovery 
of  the  direct  cotton  dyes  derived  from  coal  tar  opened  up  a  new 
field  for  cotton  dyeing.  Though  these  dyes  yielded  a  very  wide 
range  of  clear  and  beautiful  shades,  they  did  not  possess  any 
great  degree  of  fastness,  and  consequently  could  not  be  employed 
on  cotton  fabrics  that  required  much  washing  and  laundering. 
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This  still  kept  colored  cotton  goods  in  a  rather  restricted  and 
cheap  class.  The  discovery  of  the  fast  vat  dyes,  however,  which 
arc  eminently  adapted  to  the  dyeing  of  cotton,  opened  up  a  new 
era  for  the  use  and  manufacture  of  colored  cotton  fabrics.  With 
these  dyes  cotton  can  be  dyed  in  all  manner  of  beautiful  shades, 
and  the  colors  are  as  permanent  almost  as  the  fiber  itself.  vSo 
remarkably  fast  are  these  colors  that  they  withstand  the  bleach- 
ing action  of  hypochlorites  and  severe  washing  and  laundering. 
It  is  on  this  account  that  we  can  now  manufacture  colored  cotton 
fabrics  for  dress  goods,  shirtings,  etc.,  that  will  resist  the  strong 
chemicals  employed  in  modern  laundry  methods.  It  is  also 
possible  to  adopt  many  new  styles  in  the  manufacture  of  these 
fabrics.  For  instance,  cloth  may  be  woven  from  partly  dyed 
and  partly  undyed  yarns,  and  then  bleached  in  the  piece,  the 
colored  yarns  not  being  affected  by  the  bleaching.  These  im- 
provements in  the  dyeing  of  cotton  have  led  to  a  great  develop- 
ment in  cotton  manufacture,  and  cotton  fabrics  are  being  em- 
jjloyed  more  and  more  extensively  in  apparel  and  other  lines  of 
domestic  economy. 

Dyes,  however,  are  more  extensively  employed  on  woolen 
materials,  and  the  great  bulk  of  the  dyestuffs  manufactured  go 
into  this  industry.  This  condition  results  from  a  very  simple 
fact — woolen  materials  cannot  be  washed  and  laundered  with 
the  same  readiness  and  impunity  as  cotton  goods.  If  we  washed 
our  woolen  clothes,  for  instance,  in  the  manner  we  do  our  cotton 
ones,  they  would  shrink  up  and  otherwise  be  sadly  injured. 
Therefore,  as  I  have  already  pointed  out,  it  is  inconvenient  to 
have  undyed  woolen  clothes — they  become  soiled  too  easily. 
Therefore,  practically  all  of  our  woolen  clothing  fabrics  are  dyed, 
and  generally  in  rather  dark  colors,  and  this  requires  a  large 
quantity  of  dyestufl.  Furthermore,  the  carpet  and  rug  industry 
requires  an  enormous  quantity  of  woolen  material,  and  all  of 
this  has  to  be  dyed,  for  again  it  is  not  practical  to  use  undyed 
carpets. 

The  woolen  industry  uses  large  quantities  of  the  acid  dyes 
and  the  anthracene  and  alizarine  colors.  Indigo  is  also  very 
extensively  used,  together  with  a  limited  number  of  the  other 
fast  vat  dyes.  Most  of  these,  however,  are  not  as  adaptable  to 
wool  as  to  cotton  by  reason  of  the  fact  that  they  are  employed 
in  strongly  alkaline  solution,  which  is  not  a  good  thing  to  use 
in  connection  with  the  wool  fiber. 

GREAT  VARIETY  OF  DYES  NEEDED 

The  textile  industry,  as  you  all  know,  is  a  very  broad  one  and 
its  products  go  into  almost  every  other  line  of  industry.  Gen- 
erally speaking,  textiles  are  most  often  regarded  as  limited  to 
materials  woven  for  clothing  and  household  and  domestic  econ- 
omy. But  the  term  is  really  much  more  extensive;  for  instance, 
textiles  are  used  for  the  manufacture  of  automobile  tires,  ropes, 
and  cordage,  sail-cloth,  awnings,  window  shades,  insulating 
fabrics  in  electrical  apparatus,  cloth  for  bookbinding,  and  a 
thousand  other  uses.  The  extent  to  which  dyestuffs  are  em- 
ployed and  the  character  of  these  requirements,  will,  of  course, 
<lcpend  on  the  nature  of  the  textile  and  the  use  to  which  it  is  to 
be  put.  Fabrics  used  for  underwear,  for  instance,  are  generally 
not  dyed;  cotton  hosiery  is  chiefly  dyed  black,  to  a  lesser  degree 
brown,  and  to  a  very  small  extent  in  colors,  while  silk  hosiery 
is  dyed  in  all  manner  of  colors.  It  would  be  foolish  to  dye 
fabrics  for  automobile  tires,  whereas  fabrics  for  window  shades 
must  nearly  always  be  dyed,  and  with  colors  of  exceptionable 
fastness  to  light,  other  qualities  of  fastness,  such  as  washing, 
being  disregarded  as  unessential.  And  so  it  goes,  the  wide 
diversity  of  fabrics  leads  to  a  wide  diversity  of  color  require- 
ments both  as  to  shade  and  fastness.  On  this  account,  there 
must  be  a  wide  diversity  of  dyestuffs  to  take  care  of  the  varied 
demands  of  the  textile  industry,  and,  in  consequence,  it  has  been 
found  impossible  to  reduce  the  manufacture  of  dyestuffs  to  a 
few  standardized  and  staple  products.  In  any  discussion  re- 
lating to  the  establishment  of  a  large  American  dyestuff  industry 


this  fact  must  be  borne  in  mind.  It  must  be  prepared  to  take 
care  of  the  manufacture  of  relatively  small  quantities  of  this, 
that,  and  the  other  dyestuff  for  some  particular  purpose  and 
quality  of  color. 

MANUFACTURE    OF    DYES   BY   THE   TEXTILE    INDUSTRY 

There  has  been  of  late  a  good  deal  of  talk  as  to  the  feasibility 
of  the  textile  industry  itself  becoming  interested  directly  in  the 
manufacture  of  dyestuffs  and,  consequently,  I  have  interviewed 
numerous  textile  men  on  this  subject  with  the  view  of  obtaining 
a  broad  opinion  of  the  matter.  The  general  feeling,  however, 
is  that  the  dyestuff  industry  is  entirely  separate  and  distinct 
from  the  general  textile  industry  itself;  the  manufacture  of  dyes 
is  in  reality  a  highly  developed  chemical  enterprise,  and  the 
average  textile  manufacturer  has  no  more  desire  to  go  into  the 
manufacture  of  dyestuffs  than  he  has  of  going  into  the  business 
of  mining  coal  or  making  steel.  The  dyestuff  manufacturer 
must  be  prepared  to  stand  on  his  own  feet  and  develop  his  in- 
dustry tlirough  his  own  energy  and  capital;  he  must  meet  the 
conditions  which  confront  him  (as  must  every  other  manufac- 
turer). 

When  the  European  war  broke  out  and  the  regular  shipments 
of  dyestuffs  were  cut  off  from  this  country,  the  textile  trade  was 
thrown  into  a  very  excited  condition.  Most  of  the  mills,  how- 
ever, had  several  months'  supply  of  dyestuffs  on  hand  and  this, 
together  with  what  they  have  been  able  to  pick  up  in  the  market, 
has  kept  them  going  rather  satisfactorily  up  to  the  present  time. 
There  have  also  been  some  fresh  shipments  from  Rotterdam  to 
give  a  further  supply  to  a  now  practically  depleted  market. 
If  these  shipments  can  be  maintained  with  more  or  less  regularity 
during  the  period  of  war,  there  is  no  doubt  but  that  our  textile 
industries  may  be  maintained  without  any  serious  setback. 
There  will,  no  doubt,  be  special  cases  where  the  necessary  suit- 
able dyestuffs  cannot  be  obtained,  and  this  will  necessitate  a  re- 
adjustment of  styles  to  a  certain  extent.  If,  however,  the  ship- 
ments of  dyestuffs  from  Germany  cannot  be  brought  through, 
or  if  the  manufacture  of  these  dyes  is  seriously  interfered  with 
so  that  we  cannot  obtain  them  at  all,  then  the  textile  industries 
here  will,  of  course,  be  under  the  necessity  of  putting  undyed 
goods  upon  the  market.  This  would  be  a  considerable  hardship, 
for  there  is  no  doubt  but  that  the  demand  for  such  goods  would 
fall  far  below  the  normal,  and  furthermore  satisfactorj*  prices 
could  not  be  obtained. 

MEETING  PRESENT  DEMAND  FOR  DYES 

In  this  event  there  are  two  possibilities  to  consider:  (i)  To 
revive  the  use  of  the  vegetable  dyes  to  take  the  place  of  the  Ger- 
man syntlietic  colors;  (2)  to  manufacture  the  required  dyestuffs 
in  this  countr>'.  The  first  alternative  does  not  offer  much  hope 
except  in  a  minor  way.  In  the  first  place,  it  would  require  a 
considerable  time  to  get  together  the  necessary  raw  dyewoods 
from  the  countries  in  which  they  grow;  then  the  coloring  matters 
would  have  to  be  extracted  and  properly  treated  in  order  to 
develop  a  satisfactory  strength  and  quality,  and  in  addition  to 
all  this,  there  would  have  to  be  a  considerable  readjustment  of 
conditions  and  usages  in  the  dyehouse  before  the  natural  coloring 
matters  could  be  properly  utilized  to  give  satisfactory'  shades. 
Even  then,  there  would  be  a  great  many  colors  which  could  not 
be  obtained  with  these  natural  dyestuffs,  and  a  great  many  of 
our  fast  colors  could  not  be  obtained  at  all.  There  are  some 
cases,  it  is  true,  where  natural  dyes  would  be  readily  available 
and  could  be  used  as  substitutes  for  some  of  the  coal-tar  colors. 
The  output  of  logivood  could,  no  doubt,  be  considerably  increased 
in  a  short  time,  and  this  could  be  utilized  for  blacks  on  wool  and 
cotton  goods,  though  fastness  of  color  would,  of  course,  have  to  be 
sacrificed.  There  are  large  quantities  of  archil  which  could  also 
be  brought  into  use  on  short  notice,  and  this  could  be  employed 
in  many  cases  with  much  satisfaction  in  wool  dyeing  and  carpet 
dyeing  for  the  production  of  reds  and  browns.     There  is  probably 
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quite  a  supply  of  yellow  dyewoods  which  could  be  made  avail- 
able in  a  short  time.  With  indigo,  however,  it  is  not  probable 
that  the  production  could  be  much  increased  for  several  years, 
as  this  requires  the  careful  planting,  cultivation  and  harvesting 
of  crops. 

The  other  alternative  open  to  us  is  the  manufacture  of  dye- 
stuffs  in  this  country  on  a  scale  sufficient  to  take  care  of  our 
needs,  both  with  respect  to  amount  and  kind  of  dyestuff.  There 
is  already  a  faij-  production  of  dyestuffs  in  this  country,  and  there 
is  no  doubt  but  what  this  industry  could  be  satisfactorily  de- 
veloped under  proper  conditions.  It  will,  however,  require  tin-e, 
organized  technical  effort,  and  capital,  and  I  am  sure  we  have 
all  three  of  these  commodities  in  this  country,  together  with  the 
other  necessary  raw  materials  for  the  production  of  coal-tar 
colors.  But  I  leave  the  discussion  of  this  feature  of  the  case  to 
Mr.  Stone,  who,  being  a  manufacturer  of  dyestuffs,  can  tell  you 
all  about  the  possibilities  of  this  industry. 

PROBLEM   TO   BE    SOLVED    BY    CHEMISTS 

In  closing,  I  would  say  that  the  textile  industries  of  this  coim- 
try  are  very  dependent  on  a  proper  supply  of  dyestuffs,  and  I 
am  sure  the  textile  manufacturers  would  heartUy  welcome  the 
firm  and  permanent  establishment  of  a  dyestuff  industry  in  this 
country,  so  that  we  would  be  self-contained  and  not  dependent 
on  foreign  countries.  However,  they  feel  that  this  dyestuff 
industry  must  be  developed  independent  of  themselves,  and 
while  they  are  willing  to  give  it  all  legitimate  support  and  op- 
portunity, I  doubt  if  they  are  at  all  inclined  to  grow  it  as  a  hot- 
house product.  They  believe  that  the  dyestuff  industry  can  be 
established  here  based  on  sound  economic  principles.  The 
opportunity  is  here  and  our  chemical  manufacturers  should  lose 
no  time  in  taking  advantage  of  it.  The  appeal  of  the  textile 
industry  to  the  chemist  at  present  is:  "We  need  dyestuffs,  so 
get  busy  and  make  them;  don't  hem  and  haw.  and  make  excuses, 
but  get  right  on  the  job." 

50  East  4Ist  St.,  New  York  City 

CAMPAIGN  FOR  AMERICAN  DYESTUFF  INDUSTRY 

By  Artftuk  Prill 

The  technical  and  commercial  aspects  of  the  campaign  for  an 
American  dyestuff  industry  are  on  this  program  already  in  better 
hands  than  mine,  but  you  may  be  interested  in  the  publicity 
features  of  the  movement,  for  nowadays  nothing  of  moment 
that  effects  the  general  public  can  be  accomplished  except  by 
molding  public  opinion. 

You  will  perhaps  permit  me  to  state  a  fundamental  propo- 
sition upon  which  rests  the  reason  for  some  of  the  publicity 
which  has  been  given  to  the  campaign  for  an  American  dyestuff 
industry.  A  newspaper  has  two  functions,  first,  to  gather, 
collate  and  distribute  news;  secondly,  to  make  men  think.  The 
latter  of  these  functions  is  by  far  the  more  difficult  to  accomplish, 
but  can  in  a  given  instance  be  of  the  highest  value. 

The  newspaper  man  has  an  advantage  of  position  in  receiving 
news  at  the  earliest  possible  moment.  Hence,  he  is  in  a  position 
to  foresee  coming  events  before  the  general  public  or  sometimes 
even  before  a  special  industry  gets  any  inkling  of  such  future 
trend. 

Now,  if  under  such  circumstances  he  uses  his  knowledge  to 
show  future  possibilities  to  the  paper's  readers,  he  will  find  un- 
believers, well  meaning  but  often  short-sighted.  Further,  if 
he  advocates  a  change  he  is  certain  to  arouse  the  enmity  of  the 
old  system — hence,  the  need  of  a  campaign.  We  ask  two  far- 
reaching  changes,  patent  revision  and  tariff  aid.  When  for-, 
eigners  obtain  Uncle  Sam's  protection  for  their  brain-work, 
they  should  be  compelled  to  use  such  protective  ideas,  in  part, 
at  least,  for  the  benefit  of  Uncle  Sam's  citizens.  Again,  if  we 
seek  American  capital  to  lay  out  funds  for  the  construction  of 
dyestuff  factories,  this  capital  has  a  right  to  demand  that  for- 


eign competition  be  kept  out  of  the  country  until  the  whole 
industry  has  obtained  a  firm  footing. 

In  the  case  of  American  dyestuffs  such  a  campaign  should  not 
reaUy  be  necessary.  A  three-fold  genius  who  fully  grasped  the 
technical  as  well  as  the  commercial  aspects  of  the  coal-tar  situa- 
tion and  who  also  possessed  rhetorical  and  literary  ability  to 
place  the  matter  adequately  before  all  interested,  would  logically 
convince  them  and  move  them  to  act. 

As  no  decisive  action  for  the  establishment  of  an  American 
dyestuff  industry  has  as  yet  been  taken,  it  is  evident  that  this 
three-sided  genius  has  not  yet  appeared,  but  the  possibility  of 
united  action  by  such  men  as  compose  the  American  Chemical 
Society — you  men' here  tonight  could  wage  this  campaign  with 
certainty  of  success. 

The  question  which  arises  in  your  mind  is.  Should  you  take  it 
up  and  take  it  up  not  merely  in  academic  manner,  but  should 
you  put  into  this  campaign  that  practical  effort  and  vital  force 
which  is  essential  to  victory?  The  most  apparent  incentive 
is  the  fact  that  certain  branches  of  the  textile  trade  are  today 
slackening  for  want  of  suitable  dyestuffs.  Not  only  are  mills 
hampered  in  production,  but  human  beings  are  suffering  for 
lack  of  their  usual  means  of  livelihood.  Further,  ever\-  house- 
wife in  the  land,  when  she  goes  into  a  department  store  today, 
finds  that  her  dollar  will  buy  only  eighty  cents  worth,  in  some 
cases  only  fifty  cents  worth  of  textiles,  as  gauged  by  prices 
which  ruled  three  months  ago.  As  a  result,  the  household 
budget  of  every  family  in  the  land  suffers  more  or  less. 

Another  incentive,  although  little  argument  need  be  wasted 
upon  it,  is  that  every  country  should  as  far  as  possible  be  inde- 
pendent in  its  industrial  activities.  America,  above  all,  with 
her  wonderful  natural  wealth,  offers  imlimited  raw  material  to 
the  coal-tar  dye'  maker. 

But  humanitarian  and  patriotic  reasons  might  not  budge  you 
far  if  a  certain  other  incentive  be  lacking.  The  dominating 
factor  in  all  commercial  questions  is  "Would  it  pay  you  to  take 
action?"  Here,  in  the  dollars  and  cents  equation,  we  have  the 
real  obstacle  to  the  campaign  for  an  American  dyestuff  manu- 
facture. It  is  useless  for  anyone  to  cry  "American  dyes  for 
American  textiles,"  while  the  majority  of  persons  directly  con- 
nected with  the  dyestuff  industry  get  their  bread  and  butter 
from  non-American  dyestuff  makers  and  while  these  persons 
retain  control  of  the  so-called  campaign. 

I  have  met  many  a  technical  man  in  the  last  three  months 
who  said:  "Yes,  we  could  in  from  one  to  two  years  establish 
local  manufacture  of  dyestuffs  within  certain  limits  perhaps, 
but  sufficient  to  supply  pressing  needs.  We  can  do  this  if  we 
get  revision  of  our  patent  laws  and  tariff  so  as  to  protect  Amer- 
ican capital  in  such  venture  but — my  salarj'  or  my  retainers 
come  from  so  and  so  who  do  their  dyestuff  making  not  far  from 
the  Rhine.  I  can  take  no  action  without  ruining  myself  finan- 
cially.    I  beg  you  not  to  publish  a  word  of  this  conversation." 

The  Daily  Trade  Record,  having  ser\'ed  the  textile  business 
for  some  twenty-two  years,  also  has  some  good  friends  among 
the  mill  men,  to  whom  we  can  go  in  confidence.  We  recently 
called  the  attention  of  certain  of  these  to  an  advertisement  in 
a  textile  journal  which  ran  as  follows:  "Do  not  worry  about 
lack  of  dyestuffs;  we  herewith  assure  our  customers  that  we  can 
supply  all  their  needs."  The  Daily  Trade  Record  asked  the  mill 
men:  "You  know  this  is  not  true;  you  yourself  have  tried  to 
buy  dyestuffs  from  that  firm  without  getting  what  you  were 
after.  Will  you  back  us  in  our  campaign  by  allowing  us  to  prove 
the  facts  by  your  own  business  correspondence?"  The  mill  men 
replied:  "If  we  did,  the  chances  are  we  would  get  no  dyes  at 
all;  this  firm  would  be  black-listed  by  all  the  importers  and  prac- 
tically have  to  give  up  business." 

Under  such  conditions,  it  is  evident  that  the  only  way  to  ob- 
tain the  necessary  patent  and  tariff  legislation  is  to  arouse  wide- 
spread public  sentiment  among  people  whose  bread  and  butter 
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does  not  depend  on  the  enemies  of  the  movement.  You,  chem- 
ical engineers,  if  you  act  as  a  body,  are  independent;  you  could 
lend  the  weight  of  your  professional  reputation  and  technical 
knowledge  to  prove  to  the  country  that  we  can  overcome  the 
technical  obstacles.  Ten  million  people  in  the  United  States 
from  mill  to  clothing  merchant  arc  dependent  on  the  textile 
trades  and  to  show  these  where  their  bread  and  butter  lies  is 
your  problem.  Win  their  votes  and  you  win  this  campaign. 
The  opponents  of  American  dyestuff  manufacturers  never  men- 
tion tariff  or  patent-revision — they  know  such  proposals  would 
meet  with  public  approval.  The  foreign  makers'  agents  simply 
reiterate:     "You  can  not  &a  it." 

If  you  take  hold  of  this  subject  as  a  society,  show  America 
that  we  can  do  it  and  explain  to  the  other  technical  organiza- 
tions in  the  country  how  profitable  it  would  be  to  the  United 
States  to  dcveloi)  her  coal-tar  resources,  and  through  your 
technical  publications  and  publicity  departments  obtain  the  aid 
of  the  great  American  newspaper  world,  you  will  certainly  suc- 
ceed in  so  laying  the  facts  before  the  American  public  that  the 
solution  we  offer  will  be  accepted  and  appreciated.  Home 
manufacture  of  dyestutfs  is  the  only  solution. 

Since  a  carpenter's  union  and  an  iron  worker's  organization 
have  brains  enough  to  work  together  for  their  common  good, 
why  could  not  chemists  and  civil  engineers,  even  the  botanist 
and  the  astrologer,  possess  acumen  enough  to  take  united  action? 
Technical  workers  are  the  one  great  intelligent  force  of  civiliza- 
tion, although  they  hardly  seem  to  understand  their  strength. 
In  such  a  campaign  as  this  they  could  use  their  strength. 

If  we  do  arouse  the  all  powerful  public  sentiment  of  the  Amer- 
ican people,  compelling  needed  legislation  at  Washington, 
there  will  result  increased  chemical  activity  not  only  in  dyestuffs, 
but  in  all  other  branches  of  those  numberless  industries  which 
are  based  upon  the  work  of  chemists.  Your  profession  will  rise 
to  higher  and  unattained  heights  in  the  estimation  of  the  country; 
financial  recompense  will  similarly  multiply  as  the  call  for  your 
service  increases  and  future  generations  will,  due  to  your  efforts, 
worthily  call  this  early  twentieth  century  the  "Dawn  of  Amer- 
ican Chemistry." 

COAL  TAR  COLORS  OF  AMERICA 

By  I.  F.  Stone 
Mr.  Chairman  and  Gentlemen: 

It  gives  me  great  pleasure  to  be  able  to  appear  before  you  this 
evening,  to  clear  up,  if  I  can,  the  general  skepticism  which  seems 
to  exist  in  connection  with  the  manufacture  of  coal  tar  dyes  in 
the  United  States. 

DYE  INDUSTRY  IN  THE  U.  .S.  FOR  30  YEARS 

That  there  is  such  an  industry  in  the  United  States  is  a  fact 
and  has  been  for  over  thirty  years.  That  we  cannot  compare 
with  Germany  in  magnitude  is  of  course  true,  and  that  we  shall 
be  able  to  increase  our  production  in  the  near  future  to  take 
over  all  of  the  colors  now  supplied  by  Germany  is  also  mani- 
festly impossible,  but  that  it  is  possible  to  increase  the  Amer- 
ican production  very  materially  is  a  fact,  depending  on  certain 
conditions  of  which  I  shall  speak  later.  That  there  has  been 
more  or  less  prejudice  against  dyes  made  in  America  is  also  true, 
and  these  dyes  are  fully  as  good  as  any  made  in  Europe,  although 
it  has  been  a  struggle  to  prove  that  the  latter  statement  is  abso- 
lutely true.  Kvcn  at  this  late  day  there  are  people  who  would 
always  give  the  preference  to  European  dyes  at  the  same  price 
and  quality,  if  they  had  an  opportunity  to  do  so,  and  they  are 
abetted  in  their  belief  very  naturally  by  the  European  repre- 
sentatives. 

Only  a  few  days  ago,  among  other  letters  we  have  received 
asking  about  the  manufacture  of  dyes  in  this  country,  was  one 
from  a  very  substantial  trade  journal  which  circulates  largely 
among  the  textile  mills.  Among  other  things  it  says:  "No 
one  believes  that  the  American  dyestuff  manufacturer  can  com- 


pete with  the  German.  The  Germans  are  counted  wizards  in 
dyestuff  chemistry  and  I  doubt  if  you  could  interest  a  great 
number  of  manufacturers  in  a  domestic  product  at  the  same 
price  as  quoted  on  exactly  the  same  thing  from  Germany." 
After  a  couple  of  pages  of  such  argument  it  finally  suggests 
that  we  take  up  the  matter  of  advertising  with  them  to  change 
the  sentiment  of  the  buyers,  which  is  very  naive  to  say  the  least. 

But  the  point  is,  if  a  jom-nal  with  the  influence  of  this  one 
should  express  such  sentiments  among  its  subscribers,  how  un- 
fair it  would  be  to  the  American  manufacturers  of  dyes,  and  it 
is  simply  an  instance  of  one  of  the  small  things  against  which 
we  are  struggling.  On  the  other  hand,  in  the  past  few  weeks 
we  are  encouraged  by  numerous  letters  from  actual  consumers 
of  dyes,  among  them  some  of  the  largest  textile  mills  in  the 
country,  complimenting  us  upon  the  way  we  have  been  handling 
our  products  during  the  present  abnormal  conditions,  and  ad- 
vising us  that  they  would  in  the  future  give  their  preference 
to  American  colors  whenever  we  are  able  to  offer  them  in  compe- 
tititon  with  foreign  colors;  i.  e.,  when  we  can  supply  them  with 
the  quantity  of  colors  consumed,  which  hitherto  we  have  not 
been  able  to  do  by  reason  of  not  having  a  production  suflSciently 
large  to  take  care  of  all  the  trade.  So  life  does  have  its  com- 
pensations and  the  American  dyestuff  industry  from  now  on 
starts  out  on  an  equal  footing  with  the  German  industry,  as  far 
as  the  good-will  of  the  consumers  is  concerned.  It  is  therefore 
only  a  question  of  being  able  to  produce  a  large  enough  quantity 
at  competitive  prices  to  insure  a  large  proportion  of  the  busi- 
ness of  the  United  States  for  the  American  manufacturers. 

Barely  two  months  ago  a  comparatively  small  percentage  of 
the  population  of  the  United  States  knew  anything  about  aniline 
dyes  or  dyestuffs,  those  who  did  know  something  being  mainly 
connected  with  industries  which  used  these  products.  Even 
those  who  did  use  them  had  only  a  vague  idea,  as  a  rule,  what 
they  were  and  their  source,  except  in  a  general  way,  that  they 
were  made  from  coal  tar  and  that  Europe  was  the  principal 
source  of  supply.  They  were  even  regarded  by  a  large  per- 
centage of  the  consumers  as  a  mere  detail  of  their  business, 
and  were  put  in  among  the  sundries  with  such  items  as  oil,  soap, 
and  I  might  almost  say  paper,  string,  and  such  miscellaneous 
supplies,  notwithstanding  that  it  requires  the  highest  order  of 
scientific  training  to  produce  these  colors  and  a  long  experience 
and  knowledge  of  them  in  order  to  sell  them  successfully.  The 
average  dyestuff  salesman  was  received  only  with  tolerance 
and  usually  referred  to  some  minor  employee  for  his  inter\-iew. 
Suddenly  something  happened.  A  great  war  was  declared, 
and  the  great  source  of  supply  was  one  of  the  principal  nations 
involved.  Some  buyer,  more  intelligent  than  the  ordinary  one, 
discerned  that  the  stock  of  dyestuffs  would  be  more  or  less 
limited  if  not  entirely  cut  off  under  these  conditions,  and  imme- 
diately made  attempts  to  secure  a  good  supply  for  his  future 
wants.  The  news  soon  spread  among  others  until  there  was  a 
general  scramble  for  dyestuffs  and  men  who  ordinarily  gave  the 
matter  very  little  attention  are  now  looking  after  it  personally, 
and  interviewing  and  corresponding  with  the  heads  of  such  firms 
as  they  think  can  accommodate  them.  The  newspapers  took 
up  the  matter  and  published  columns  of  more  or  less  accurate 
information  as  to  the  situation.  The  general  piiblic  was  there- 
fore given  an  idea  of  what  was  going  on,  and  now  know  more  of 
the  source  and  supply  of  aniline  products  than  they  ever  knew 
before. 

The  unfortunate  conditions  now  prevailing  have  at  least 
been  of  some  good  in  demonstrating  to  our  people  that  they 
should  be  as  independent  as  possible  of  other  nations  in  connec- 
tion with  their  supply  of  such  products  as  are  needed  in  this 
countrv',  and  there  is  now  a  general  demand  that  the  produc- 
tion of  aniline  dyes  as  one  item  .should  be  immediately  developed 
to  such  an  extent  that  we  may  be  independent  of  all  other 
nations. 
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The  serious  question  now  therefore  is  whether  or  not  such  an 
industry  can  be  developed  to  such  an  extent,  and  this  question 
can  be  answered  only  by  some  extended  and  more  or  less  super- 
ficial explanation  of  conditions.  It  is  not  my  intention  to  put 
before  you  a  scientific  or  technical  paper  on  the  subject,  as  most 
of  you  are  more  or  less  familiar  with  the  general  conditions 
surrounding  the  manufacture  of  these  products,  or  at  least  can 
easily  read  up  the  details.  I  do  wish  to  give  you,  however,  a 
practical  statement  of  the  facts  so  that  you  may  see  why  the 
industry  has  not  developed  in  this  country  as  it  has  in  Europe, 
more  particularly  in  Germany,  for  other  nations  are  no  further 
advanced  than  are  the  United  States. 

RAW   MATERIALS   FOR    DYES 

Aniline  is  a  product  of  coal  tar,  that  is,  coal  tar  is  the  primary 
raw  material  from  which  colors  are  produced,  and  it  was  ob- 
tained originally  in  the  manufacture  of  coal  gas;  but  recently 
the  coke  ovens  used  for  making  hard  coke  have  furnished  a  large 
and   constantly   increasing   quantity. 

The  first  distillates  are  such  products  as  benzole,  toluole, 
xylole,  phenol  (carbolic  acid),  naphthalene,  anthracene,  etc., 
and  these  are  produced  largely  in  the  United  States  as  well 
as  in  Germany;  benzole,  for  instance,  which  is  probably  the 
most  important  of  the  group,  is  not  only  the  base  for  the  manu- 
facture of  the  intermediate  products  of  aniline  dyes,  but  is  also 
used  largely  as  a  solvent  in  place  of  benzine  and  gasoline,  and 
in  fact,  in  Europe  is  largely  used  as  a  fuel  for  automobiles  as  a 
substitute  for  the  same  products.  The  prices  at  which  it  sells 
in  this  country  are  practically  the  same  as  in  Europe,  as  are  also 
the  prices  of  the  other  distillates  first  mentioned.  Up  to  now, 
the  supply  has  kept  pace  with  the  demand,  and  there  is  no  over- 
production, but  if  the  manufacture  of  dyes  is  to  be  considerably 
extended  it  will  then  be  also  necessary  to  extend  the  production 
of  benzole  which  can  be  done  in  the  course  of  time  by  sub- 
stituting by-product  coke  ovens  for  those  that  do  not  at  pres- 
ent recover  their  benzole.  This,  however,  hinges  on  the  ability 
to  make  a  profit  on  this  recovery,  so  that  there  is  a  chance 
that  the  price  of  benzole  may  increase  to  some  extent. 

Another  base  of  importance  is  naphthalene,  which  is  made 
largely  because  there  is  a  great  demand  for  it,  the  consumption 
in  the  United  States  being  upwards  of  nine  or  ten  million  pounds, 
not  alone  for  the  manufacture  of  dyes  but  more  as  a  moth  pre- 
ventive. Of  the  quantity  consumed  here  about  one-third  is 
produced  in  the  United  States  while  the  balance  comes  about 
equally  from  Germany  and  England. 

It  is  evident,  therefore,  that  the  United  States  starts  out  on 
an  even  basis  with  Europe  as  far  as  the  supply  of  the  first  raw 
materials  is  concerned,  and  that  the  natural  resources  of  this 
country  are  available  for  an  increase  in  the  products  which  are 
manufactured  from  this  source.  So,  in  the  beginning,  we  are 
as  well  placed  for  raw  material  here  as  they  are  in  Germany; 
in  other  words,  this  is  not  a  hot-house  industry  as  some  people 
have  claimed,  but  is  a  part  of  the  natural  resources  of  the  United 
States. 

From  these  distillates  are  manufactured  what  we  call  inter- 
mediate products  such  as  nitro-benzole,  aniline  oil,  aniline  salts, 
toluidine,  xylidine,  cumidine,  'benzidine,  binitro-benzole,  nitro- 
benzole,  sulfo-acids,  and  a  host  of  others. 

INTERMEDIATE    PRODUCTS   LACKING 

It  is  here  that  the  first  check  in  the  economical  manufacture 
of  aniline  dyes  is  encountered,  for  the  reason  that  with  one  or 
two  exceptions,  which  I  will  mention  later,  none  of  these  inter- 
mediate products  are  manufactured  in  the  United  States  be- 
cause up  to  now  there  has  not  been  a  large  enough  demand  for 
them  to  make  their  manufacture  economically  possible.  On 
the  other  hand,  Europe — Germany  particularly —  has  so  de- 
veloped the  demand  for  these  intermediate  products  that  many 
plants  have   been  established   for  their  manufacture,   most   of 


them  specializing  on  certain  compounds,  so  that  in  the  aggre- 
gate they  are  all  produced  on  the  most  economical  basis.  Up 
to  within  recent  years,  few  of  the  aniline  dye  manufacturers 
made  these  products  themselves,  but  depended  largely  on  the 
aforementioned  so-called  specializing  factories  for  their  supplies; 
this  is  now  changing,  and  some  of  the  large  color  manufactu- 
rers are  now  making  the  principal  intermediate  products  them- 
selves, although  none  of  them  make  everything  which  they  use. 
It  is  then  very  necessary,  if  the  United  States  is  to  be  independ- 
ent of  Germany,  that  these  intermediate  products  be  manufac- 
tured on  a  large  scale  in  this  country,  and  it  is  here  that  we  ask 
the  Government  to  start  in  with  a  sufficient  protective  duty  to 
allow  the  business  to  be  developed.  The  present  dut^'  of  :o 
per  cent,  which  was  put  on  only  in  the  last  tariff  bill,  is  not  really 
sufficient  for  the  purpose.  As  the  group  was  duty-free  pre- 
viously, there  was  no  incentive  to  begin  their  manufacture  here. 

ANILINE    OIL 

One  exception  which  is  made  here  is  aniline  oil,  the  manu- 
facture of  which  was  commenced  about  three  years  ago.  The 
quantity  now  produced  is  about  one-quarter  and  perhaps  more 
of  the  total  consumption  of  the  United  States,  taking  oil  and 
salts  as  one  product.  The  quality  is  very  satisfactory  as  com- 
pared with  the  German  and  English  products,  and  has  been 
used  by  our  own  factory  in  the  manufacture  of  aniline  dyes 
since  the  beginning;  in  fact,  if  it  were  not  being  produced  in 
this  country  at  the  present  time  the  American  dye  manufac- 
turers would  not  be  able  to  continue  to  run  as  they  would  be 
unable  to  obtain  supplies  from  Europe.  As  a  result,  manufac- 
turers here  are  able  to  relieve  the  scarcity  of  aniline  dyes,  and 
have  thus  been  of  great  benefit  to  American  consumers.  They 
will  be  a  great  factor  in  this  relief  as  long  as  these  unfortunate 
war  conditions  continue,  so  illustrating  the  great  benefit  to 
the  people  at  large  in  having  this  class  of  products  manufac- 
tured here,  entirely  independent  of  Europe. 

Unfortunately,  however,  the  commercial  side  of  the  manu- 
facture of  aniline  oil  has  not  been  so  satisfactory.  In  the  be- 
ginning the  manufacturers  had  no  protection  in  the  way  of 
duty  and  were  compelled  to  compete  on  an  even  basis  with 
Europe,  which  could  not  be  done  successfully.  They  did,  how- 
ever, succeed  in  securing  a  duty  of  10  per  cent  under  the  pres- 
ent tariff,  which  went  into  effect  in  October,  1913,  but  imfor- 
tunately  this  did  not  avail  them  anything  in  the  beginning  be- 
cause the  convention  which  controls  the  production  of  aniline 
oil  in  Europe  immediately  reduced  their  prices  10  per  cent  to 
offset  our  duty,  so  that  we  were  no  better  off  than  before.  This 
is  a  sample  of  what  is  called  unfair  competition  on  the  part  of 
European  firms  in  their  attempt  to  prevent  the  increase  of  the 
aniline  industry  in  this  country,  but  it  could  be  readily  checked 
if  our  Government  would  incorporate  in  their  tariff  what  is 
known  as  the  "dumping"  clause,  which  would  forbid  the  im- 
portation into  and  the  selling  in  the  United  States  of  any  prod- 
uct at  a  less  price  than  it  is  sold  in  the  country  where  it  is  pro- 
duced. In  spite  of  this  check,  however,  the  American  manu- 
facturers will  continue  the  manufacture  of  oil,  hoping  that  con- 
ditions will  change  in  the  near  future  so  that  they  may  be  able 
to  work  at  a  profit.  When  this  object  is  attained  their  plans 
are  then  to  take  up  the  manufacture  of  other  intermediate 
products,  until  everything  necessary-  is  finally  manufactured 
here.  As  a  matter  of  further  interest,  I  might  say  that  our 
own  factory  in  Buffalo  made  aniline  oil  thirty  years  ago,  but 
we  were  obliged  to  give  up  its  manufacture  at  that  time  owing 
to  inability  to  secure  benzole,  which  situation  is,  however,  now- 
changed,  as  it  should  be  possible  to  obtain  sufficient  benzole 
to  continue  the  manufacture  under  advantageous  conditions. 

NITRO-BENZOLE    AND    CARBOLIC   ACID 

The  other  exception  to  my  statement  that  these  intermediate 
products  are  not  manufactured  here  is  nitrO-benzole,  known  also 
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as  crude  oil  of  myrbanc,  which  is  in  some  demand  from  outside 
industries  as  well  as  the  aniline  industry,  but  not  to  so  large  an 
extent  as  aniline  oil,  and  which  is  made  here  from  time  to  time 
as  conditions  warrant;  i.  e.,  when  it  can  be  made  at  a  profit  in 
competition  with  Europe. 

There  is  another  demand  springing  up  for  these  intermediate 
products,  which  may  increase  their  consumption  to  such  an  ex- 
tent that  there  will  be  a  large  demand  entirely  outside  of  the 
aniline  industry,  e.  g.,  in  the  manufacture  of  smokeless  powder 
and  other  explosives,  the  makers  of  which  are  now  using  such 
products  as  diphenylaraine,  tri-nitro-toluole,  nitro-benzole, 
pyridine,  nitro-naphthaline,  etc.  This  will  finally  create  a  de- 
mand which  will  necessitate  their  manufacture  in  this  country 
as  a  matter  of  safety,  for  if  the  Government  depends  on  explo- 
sives made  from  these  materials,  it  will  in  self-defense  have  to 
create  some  sort  of  subsidy  or  tariff  protection,  making  it  possi- 
ble for  their  manufacture  irrespective  of  European  competi- 
tion. This  is  also  true  of  carbolic  acid,  which  is  a  primary  coal 
tar  product  and  which  is  used  in  the  manufacture  of  picric  acid, 
and  explosives  used  by  the  Government.  Carbolic  acid  not  be- 
ing manufactured  here  at  present  to  any  extent,  is  now  practically 
unobtainable  from  Germany  or  England  since  they  have  placed 
an  embargo  on  this  product. 

NUMBER    OF    DYES   MADE    IN    UNITED    STATES 

From  these  so-called  intermediate  products  we  then  come  to 
the  manufacture  of  the  actual  aniline  dye  as  sold  in  commerce, 
and  their  number  is  voluminous  and  complex.  My  good  friend, 
Dr.  Hesse,  for  instance,  recently  stated  in  a  published  lecture 
that  there  were  some  nine  hundred  different  manufactured 
products,  most  of  them  as  difTerent  each  from  the  other  as  a 
pair  of  shoes  is  from  a  pair  of  socks.  Of  these  nine  hundred 
he  observed  that  some  seventy-six  are  now  made  in  this  coun- 
try, but  that  this  number  is  apparently  not  sufficient  to  meet 
the  users'  demand,  in  which  statement  I  am  quite  ready  to  agree 
with  him,  except  that  we  now  make  nearly  one  hundred  types, 
which  is  more  than  he  gives  us  credit  for  making.  I  will  say, 
however,  that  of  these  nine  hundred  original  types  a  great  many 
are  obsolete  and  probably  we  could  get  along  quite  well  with 
a  much  less  number,  but  as  the  one  hundred  made  in  America 
are  all  live  types  and  those  which  can  be  manufactued  regularly, 
you  will  see  we  are  making  really  a  much  larger  percentage 
of  the  total  than  is  apparent  at  first  glance.  I  might  also  ven- 
ture the  statement  that  with  the  hundred  or  so  types  already 
manufactured  here  together  with  perhaps  a  few  more  which  we 
would  be  prepared  to  take  up  on  short  notice,  we  would  be  able 
to  furnish  the  American  consumers  perhaps  ninety  per  cent 
of  their  color  demands  (speaking  now  of  types  or  shades  and 
not  of  quantity),  the  other  ten  per  cent,  which  we  could  not 
furnish,  being  such  products  as  alizarines,  indigo  and  patented 
specialties  requiring  large  installations  which  it  would  take  a 
long  time  to  complete. 

It  would  perhaps  be  interesting  in  connection  with  these 
colors  to  give  a  hasty  sketch  of  their  beginning  and  develop- 
ment into  the  great  chemical  industry  of  Germany,  with  its  in- 
vestment of  millions  of  dollars  and  employment  of  thousands 
of  people. 

HISTORY   OF   DYE    INDUSTRY 

The  first  color  discovered  was  mauve,  a  sort  of  violet,  by  Perkin 
in  1856;  then  followed  magenta  and  fuchsine  in  the  same  year, 
and  a  small  establishment  for  the  manufacture  of  the  same  in 
England,  which  was  not,  however,  very  successful.  In  1862 
came  the  discovery  of  Soluble  or  Water  Blues,  tlien  Hoffman's 
Violet  about  1863,  Bismarck  Brown  in  1863,  Naphthol  or  Mar- 
tins Yellow  in  1864,  and  the  Nigrosines  in  1867. 

It  was  about  this  period  that  the  Germans  became  actively 
interested  in  these  products,  and  commenced  their  patient, 
intelligent,  and  careful  researches  into  the  subject,  which  later 


resulted  in  most  wonderful  discoveries  and  the  development 
of  this  industry  in  their  country. 

Then  followed  the  discovery  of  Orange,  Fast  Red,  Chrysoidine, 
Malachite  Green,  Ponceau  (Scarlet),  Methylene  Blue,  Eosines, 
and  Metanil  Yellow  about  the  years  1875,  1876,  1877  and  1878, 
and  the  manufacture  then  became  one  of  recognized  merit  and 
importance. 

After  1880  followed  in  rapid  succession  the  discoveries  of 
Auramine  in  1883,  Tartrazine  in  1884,  Benzo  Purpurine  in  1884, 
Congo  Red  in  1885,  Benzo  Azurine  in  1885,  Naphthol  Black 
in  1885,  Diamine  Red  in  1886,  Rhodamine  in  1887,  to  mention 
only  a  few  of  the  best  known  and  most  successful  colors. 

From  1880  to  1890  might  be  called  the  golden  period  of  the 
business.  Just  prior  to  that  time  alizarine  had  been  discovered, 
red  in  1871,  blue  in  1877,  patented,  and  successfully  produced 
and  sold  at  high  prices  with  correspondingly  large  profits.  It 
was  about  that  time  that  our  German  friends  discovered  the 
advantage  of  securing  an  exclusive  market  in  the  United  States 
through  their  patents  which  enables  them  to  seU  at  high  prices 
here,  although  continuing  the  manufacture  in  Germany.  The 
profits  were  enormous  from  such  patented  products  as  alizarine, 
benzo-purpurine,  diamine  red  and  other  direct  dyeing  cotton 
colors,  Auramine,  Rhodamine,  Tartrazine,  and  other  such 
colors,  which  were  discovered  and  put  on  the  market  in  that 
period,  and  put  the  German  industry  immediately  on  such  a 
high  pinnacle  of  success  that  it  has  continued  until  the  present 
time. 

In  the  nineties  came  the  discovery  of  such  important  products 
as  direct  blacks  for  cotton,  and  acid  and  chrome  blacks  for 
wool,  the  total  consumption  of  these  blacks  being  much  larger 
than  all  the  other  colors  combined. 

Also  at  this  same  period  began  the  first  of  the  patents  on  syn- 
thetic indigo,  of  which  there  are  many.  It  was  finally  put  on 
the  market  at  a  tremendous  expenditure,  and  has  been  a  commer- 
cial success  only  in  the  past  few  years,  though  it  has  now  prac- 
tically replaced  the  natural  indigo. 

I  might  say  in  connection  with  the  development  of  colors, 
that  in  the  nineties  came  also  the  development  of  such  pharma- 
ceutical products  as  phenacetine,  antipyrin,  etc.,  which  paid 
enormous  profits  to  the  manufacturers  and  which  were  also 
controlled  by  patents. 

GERMAN   INVESTMENTS    IN    DYE   INDUSTRY 

Such,  then,  is  the  wonderful  development  of  the  coal  tar  in- 
dustry, there  being  invested  at  this  time  in  Germany  something 
like  5400,000,000,  probably  more,  employing  some  50,000  people. 
Some  of  the  factories  pay  dividends  of  15  to  30  per  cent,  after 
charging  off  a  third  of  their  profits  to  sinking  funds  for  the  erec- 
tion of  new  plants  and  for  other  such  purposes.  This  latter 
has  been  done  for  so  long  a  period  that  most  of  the  present 
property  and  plants  do  not  appear  on  the  books  at  all  as  assets, 
but  have  been  built  from  the  surplus  profits.  This  statement  is 
made  on  the  basis  of  a  balance  sheet  for  19 13  issued  by  one  of 
the  great  factories,  which  has  a  capital  of  55,000,000  Marks, 
but  whose  stock  is  selling  for  over  six  times  par  value,  showing 
that  the  actual  capital  in  the  business  was  at  least  four  times 
the  shares  issued,  or  some  200,000,000  Marks.  On  a  capitaliza- 
tion of  55,000,000  Marks  they  showed  a  profit  of  25,000,000, 
or  nearly  50  per  cent,  one-third  of  which  was  written  off  from 
their  real  estate  and  plant  account,  leaving  about  16,000,000 
Marks  from  which  they  paid  a  dividend  of  28  per  cent.  As- 
suming that  I  am  correct  in  my  estimate  of  some  $400,000,000 
being  invested  in  the  industry  in  Germany  and  assuming  that 
a  fair  proportion  of  their  production  is  shipped  to  the  United 
States,  it  would  mean  that  if  the  United  States  were  to  develop 
this  industry  to  take  care  of  all  their  consumption  here,  they 
would  need  millions  of  dollars  and  would  need  to  employ  thou- 
sands of  people,  which  will  give  you  an  idea  of  the  magnitude 
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of  the  business  that  it  is  now  proposed  that  we  establish  here 
to  its  full  extent. 

VALUE    OF   DYES    IMPORTED 

It  might  be  interesting  at  this  point  to  give  you  the  value  of 
the  aniline  products  imported  into  the  United  States  from  these 
European  factories,  the  figures  being  for  1913:  Aniline  dyes, 
about  $7,000,000;  indigo,  $1,000,000;  alizarines,  $1,500,000;  a  total 
of  about  $9,500,000,  these  figures  being,  however,  cost  prices. 
When  the  American  duty  of  30  per  cent  is  added  on  aniline 
dyes,  and  further  amounts  added  for  expenses  and  profits  on 
their  sale  here,  it  means  that  the  American  consumers  are  really 
paying  something  like  $12,000,000  for  their  supplies,  not  count- 
ing the  colors  produced  in  America,  which  may  perhaps  reach 
about  $2,-ooo,ooo,  the  production  in  America  being  some  15  to 
20  per  cent  of  the  total  consumption.  These  figures  do  not 
include  the  importation  of  pharmaceutical  products  which  are 
made  from  coal  tar  and  which  is  in  itself  a  large  business. 

Our  German  friends  are  entitled  to  all  the  benefits  which  have 
accrued  to  them  by  reason  of  their  shrewd,  intelligent,  and  care- 
ful attention  to  this  industry,  but  with  such  a  statement  as  the 
above,  does  it  not  seem  as  if  they  had  had  enough  and  that  it 
is  now  time  for  the  United  States  to  participate  in  this  great 
industry  when  they_^are  so  well  prepared  to  do  so  by  having  as 
good,  if  not  better,  natural  resources  than  has  Germany,  and 
being  consumers  of  so  large  a  proportion  of  the  German  products? 
We  must  admit  at  once,  however,  that  the  United  States  cannot 
compete  with  the  German  manufacturers  under  normal  condi- 
tions, first,  because  they  have  a  great  advantage  in  capital,  ex- 
perience, and  the  general  advantages  of  everything  that  goes 
with  a  successful  and  enormous  business;  and  second,  because 
the  actual  expenses  of  producing  in  Germany  through  labor 
conditions,  and  so  forth,  are  much  less  in  this  country,  so  that 
some  way  must  be  devised  to  put  the  United  States  on  a  com- 
peting basis.     Two  things  are  necessary  for  this. 

NEED    OP   PROTECTIVE   TARIFF 

First,  a  sufficient  protective  tariff,  which  does  not  necessarily 
mean,  by  the  way,  an  increased  price  to  consumers,  although 
many  people  seem  to  think  so.  For  instance,  the  Scientific 
American  of  September  26th  falls  into  this  common  error:  it 
states  that  with  an  average  importation  of  about  $6,000,000 
worth  of  coal  tar  dyes  in  .the  last  thirty  years  we  have  a  total 
importation  of  $180,000,000  during  that  period,  and  assumes 
that  had  duties  been  10  per  cent  higher  it  would  have  meant 
that  a  total  of  $18,000,000  would  have  been  paid  as  an  insur- 
ance premium  against  the  possible  event  of  a  war  such  as  is 
now  disturbing  commerce.  Even  if  the  Scientific  American 
were  correct  in  the  statement  that  $18,000,000  would  have  been 
paid  as  an  insurance  premium  in  thirty  years,  this  really  would 
be  cheap  insurance  compared  with  the  enormous  value  of  the 
colored  goods  manufactured,  assuming  that  the  goods  could 
not  have  been  manufactured  without  the  colors,  which  is  almost 
the  situation  as  it  stands  to-day  if  colors  are  not  soon  obtained 
in  the  necessary  quantities.  When  I  speak  of  goods  in  which 
aniline  dyes  are  used,  I  mean  the  whole  range  including  tex- 
tiles, leather,  paper,  silk,  paints,  and  the  hundred  and  one  other 
dyed  manufactured  products. 

In  my  opinion,  however,  based  on  experience,  just  the  con- 
trary to  the  Scientific  American  opinion  is  true,  for  the  reason 
that  a  higher  tariff  would  have  stimulated  production  and 
competition,  and  competition  always  controls  the  price.  This 
is  shown  clearly  by  actual  facts;  e.  g.,  on  indigo  and  alizarine 
colors  tliere  is  no  duty,  and  as  a  consequence  they  are  not  made 
here.  Theoretically,  therefore,  they  should  be  sold  very  cheap, 
but  as  a  matter  of  fact,  by  reason  of  no  competition  here,  they  are 
controlled  by  conventions  in  Europe  which  make  a  uniform 
price  so  that  consumers  are  unquestionably  paying  more  than 
if  such  products  were  made  here  in  competition.     Onthe  other 


hand,  take  for  instance  direct  cotton  black,  an  aniline  dye  which 
has  a  protective  duty  of  30  per  cent;  it  is  made  in  this  country 
in  large  quantities  and  the  Eiu"opeans  have  been  obliged  to 
reduce  their  selling  price  in  this  country  to  less  than  that  in 
Europe,  so  that  American  consumers  are  enjoying  prices  as  low 
as  17  to  18  cents  for  a  color  which  sells  at  from  22  cents  and 
upwards  in  Europe  under  normal  conditions. 

Does  any  one  believe  that  the  low  prices  would  have  been 
made  in  this  country  were  it  not  for  the  competition  here,  and 
does  it  not  therefore  prove  that  competition  here  regulates 
the  price  and  that  it  is  not  so  much  a  question  of  duty?  The 
American  manufacturers  do  not  want  such  a  high  duty,  but  they 
do  want  enough  to  equalize  the  difference  in  manufacturing 
conditions  between  this  country  and  Europe  and  they  want 
protection  against  the  "unfair  competition"  referred  to  in  my 
remarks  in  coimection  with  aniline  oil;  in  other  words,  the  in- 
clusion of  the  so-called  "dumping"  clause,  and  with  a  proper 
tariff  on  these  lines  the  business  could  be  successfully  developed. 
If  we  could  get  our  intermediate  materials  at  the  prices  paid 
by  the  Germans,  and  then  secure  for  our  colors  the  prices  ob- 
tained by  the  Germans  for  finished  colors  in  other  countries, 
plus  the  actual  American  duty,  the  problem  would  be  solved, 
for  this  actual  American  duty,  if  sufficient,  would  cover  our 
extra  cost  of  manufacturing  and  put  us  in  the  exact  position  of 
the  Germans  as  far  as  our  selling  prices  are  concerned. 

NEED    OF    CHANGE    IN    PATENT   LAWS 

Second,  our  patent  laws  must  be  modified,  so  as  to  require 
the  manufacture  in  the  United  States  of  all  those  articles  for 
which  U.  S.  patents  are  issued.  England  has  within  the  past 
few  years  made  such  changes  in  her  patent  laws,  and  Germany 
has  always  required  the  manufacture  of  patented  products 
in  her  own  country.  Her  present  law  reads  in  general  that  the 
owner  of  a  patent  must  work  the  invention  to  an  adequate  ex- 
tent in  Germany  or  at  all  events  do  all  that  is  necessarj'  to  se- 
cure such  working,  and  if  not,  then  if  the  public  interest  is  such 
that  the  granting  of  permission  to  others  to  use  the  invention 
appears  needful,  that  is  done  by  making  some  arrangement 
with  the  owner  of  the  patent  so  that  he  receives  adequate  com- 
pensation— but  the  manufacture  of  the  product  itself  is  in- 
sured for  Germany.  About  1909  a  similar  clause  was  threatened 
in  the  patent  laws  of  this  country,  and  to  head  off  such  action 
Germany  negotiated  a  treaty  with  the  United  States  by  which 
the  German  working  clause  was  made  inoperative  on  American 
inventions;  in  other  words,  in  return  for  the  United  States 
allowing  Germany  to  continue  to  manufacture  her  products 
in  Germany  and  export  them  to  the  United  States,  the  United 
States  was  allowed  a  similar  latitude  in  exporting  her  patented 
products  into  Germany,  but  whether  or  not  the  financial  results 
of  this  treaty  were  beneficial  to  the  United  States  is  a  question; 
it  certainly  did  not  work  out  to  the  benefit  of  the  United  States 
as  far  as  coal  tar  products  are  concerned. 

In  what  I  have  already  termed  the  golden  period  of  the  in- 
dustry, there  was  from  1880  to  1883  a  duty  of  35  per  cent  ad 
valorem  and  50  cents  per  lb.  specific,  which  gave  ample  protec- 
tion to  the  industry.  As  a  consequence  there  were  nine  or  ten 
factories  in  the  United  States,  and  the  prospect  of  becoming 
independent  of  other  nations  for  our  supply  of  the  aniline  prod- 
ucts was  bright  indeed,  but  the  tariff  act  of  July  i.  1S83  abol- 
ished the  specific  duty  of  50  cents  per  lb.,  leaving  only  the  ad 
valorem  duty  of  35  per  cent,  and  fixed  a  20  per  cent  duty  on  the 
intermediate  products,  which  left  only  a  net  protection  of  15 
per  cent  and  immediately  checked  the  industry  here.  No  new 
factories  were  started,  and  within  one  year  after  the  new  tariff 
took  effect  five  of  those  already  established  were  forced  out  of 
business,  leaving  only  four  to  continue  the  work.  Those  four 
would  have  gladly  followed  their  example,  but  as  they  had  in- 
vested large  sums  of  money  in  plants  which  would  be  an  entire 
loss  if  abandoned,  they  decided  to  continue  to  operate  their 
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factories,  hoping  for  more  favorable  legislation  in  the  future. 
Thus  far  they  have  been  bitterly  disappointed,  and  no  tariff 
since  that  time  has  given  them  sufficient  protection  to  develop 
their  business  to  any  large  extent.  Of  course  a  specific  duty 
of  so  cents  in  those  days  was  not  abnormal  as  the  selling 
prices  of  the  colors  were  so  much  higher  than  at  present,  and 
if  a  proi)er  duty  had  been  continued  it  would  have  had  the  same 
beneficial  effect,  but  the  abandonment  of  a  sufficient  duty 
has  left  open  the  admission  of  colors  on  a  basis  which  really  gives 
no  protection  at  all. 

In  addition  to  the  protective  question  as  a  stimulant  to  the 
creation  of  the  dye  industry  in  America,  if  the  Government 
had  in  the  eighties  required  the  manufacture  in  this  country 
of  all  products  for  which  they  issued  patents,  then  it  would  have 
at  once  created  a  large  industry  here,  for  the  European  patentees 
would  have  been  forced  to  build  branch  factories  in  the  U.  S. 
These  factories  would  undoubtedly  have  developed  other  prod- 
ucts even  though  they  had  originally  been  erected  only  for  the 
manufacture  of  patented  articles,  and  while  this  would  not  have 
helped  the  then  American  factories  it  would  at  the  same  time 
have  inevitably  created  a  large  industry  with  beneficent  results 
to  the  country  at  large. 

As  I  have  stated,  there  are  now  four  factories  in  the  United 
States  manufacturing  aniline  dyes,  our  own  factory  having 
been  established  in  1879.  While  of  slow  development,  it  has 
been  successful  to  the  extent  that  it  has  kept  in  business  and 
now  manufactures  practically  all  of  the  seventy-six  different 
colors  mentioned  by  Dr.  Hesse,  or  to  be  correct,  the  one  hun- 
dred, to  which  I  referred  in  the  beginning  of  my  remarks,  these 
colors  being  all  of  the  original  colors  such  as  Bismarck  Brown, 
Magenta,  Chrysoidine,  Fast  Red,  Water  or  Soluble  Blues, 
Eosines,  Nigrosines,  a  comprehensive  line  of  direct  dyeing 
cotton  colors,  and  a  comprehensive  line  of  acid  and  chrome 
colors  for  wool  and  silk.  The  list  could  easily  be  extended 
to  the  manufacture  of  practically  all  of  the  necessary  colors  now 
demanded  and  not  covered  by  patents,  thus  giving  the  consumer 
a  large  variety  and  insuring  practical  independence  of  Europe 
under  any  conditions.  The  resulting  business  would  be  large, 
except  in  comparison  with  the  great  German  industries,  which 
stand  alone  in  their  magnitude. 

PRESENT   WORK   OF    AMERICAN    PLANTS 

All  of  the  American  factories  will  continue  to  manufactiu"e 
colors  to  the  best  of  their  ability,  but  they  cannot  promise  any 
extensive  increase  in  their  production  without  the  support 
of  the  Government  in  the  line  of  tariff  protection,  and  inciden- 
tally, the  change  in  the  patent  laws.  The  latter,  however,  are 
not  now  quite  so  important  as  to  colors  because  many  of 
the  original  patents  have  expired  and  we  are  free  to  manufac- 
ture a  large  line  of  colors  provided  it  is  made  commercially 
possible  for  us  to  do  so,  we  having  already  demonstrated  our 
ability  as  far  as  experience  and  willingness  are  concerned.  I 
might  mention  that  our  own  factory  in  Buffalo,  known  as  the 
"Schoellkopf  Aniline  Works,"  was  the  pioneer  in  the  manufac- 
ture of  such  products  as  nitro-benzole,  nitro-toluole,  binitro- 
toluole,  binitro-benzole,  aniline  oil,  aniline  salts,  dimethyl- 
aniline,  and  quite  a  range  of  sulfo-acids,  some  of  them  of  our 
own  invention,  which  arc  necessary  for  the  manufacture  of 
both  acid  and  direct  colors.  We  have  also  made  such  products 
as  pure  carbolic  acid  and  pure  naphthalene,  but  were  obliged 
to  give  them  up  as  well  as  the  others  because  we  could  not  com- 
pete with  the  European  manufacturers;  we  are  now  hoping  that 
they  can  be  taken  up  again  either  by  us  or  by  possible  manu- 
facturers of  intermediate  products  and  their  manufacture 
continued  successfully  in  this  country.  Under  the  present  ab- 
normal conditions  our  factory  is  again  making  some  of  these 
products  in  order  to  keep  in  operation,  since  it  is  not  a  ques- 
tion of  price  but  of  ability  to  manufacture  aniline  dyes  at  almost 
any  cost,   such  is  the  demand.     But  whenever  conditions  be- 


come more  normal  we  shall  necessarily  have  to  give  up 
the  manufacture  of  these  intermediate  products  for  the  same 
reason  that  we  had  to  give  them  up  before,  viz..  that  we  can 
purcha.se  them  in  Europe  for  less  than  we  can  manufacture  them 
here. 

I  might  mention  further  that  our  factories  in  Buffalo  are  still 
controlled  and  directed  Ijy  Mr.  J.  F.  Schoellkopf,  who  originally 
established  them,  being  assisted  a  little  later  by  his  brother, 
Mr.  C.  P.  Hugo  Schoellkopf,  so  that  they  have  had  nearly 
thirty-five  years  of  continuous  experience  in  the  manufacture 
of  aniline  products,  and  are  fully  competent  to  continue  the  man- 
ufacture in  a  large  way,  should  favorable  conditions  develop. 

This  paper  is  not  intended  to  appeal  for  sympathy  or  help 
from  the  Government  or  from  American  consumers  because 
we  happen  to  be  so  placed  for  the  past  few  years  that  we  could 
not  develop  our  business  as  it  might  have  been  developed  un- 
der different  conditions,  and  the  American  factories  even  as  they 
are,  are  prosperous  and  quite  able  to  take  care  of  themselves 
up  to  a  certain  point;  but  it  is  intended  to  show  that  the  busi- 
ness cannot  be  extended  to  large  proportions  for  the  protec- 
tion of  American  consumers,  except  with  Government  help 
as  to  tariff  and  patent  laws,  and  with  the  assistance  of  the  con- 
sumers themselves,  which  means  giving  the  American  manufac- 
turers the  preference  wherever  possible  and  assisting  them  to 
secure  the  necessary  help  from  the  Government. 

Here  then  is  a  superficial  history  of  the  progress  of  the  aniline 
industry  from  its  inception  to  the  present  time,  not  only  in  this 
country  but  in  Europe,  and  the  situation  as  related  to  the  pres- 
ent and  future  manufacture  of  these  products  in  the  United 
States  is  fully  explained.  Will  the  United  States  Government 
continue  its  indifferent  policy  of  practically  allowing  this  im- 
portant industry  to  drift  along  as  heretofore,  or  will  it  now 
wake  up  and  seize  the  opportunity  to  make  itself  independent 
of  all  other  nations  in  its  supply  of  coal  tar  products  not  only 
for  aniline  dyes  for  commercial  purposes,  but  for  pharmaceutical 
products,  which  relieve  illness  and  pertain  to  the  health  of  its 
inhabitants,  and  for  products  for  the  manufacture  of  explosives 
which  would  be  absolutely  vital  in  case  of  war?  The  future 
alone  can  answer  these   questions. 

ADDENDUM 

After  reading  this  paper,  in  reply  to  a  question  as  to  whether 
or  not  any  original  work  had  been  done  by  the  American  dye 
manufacturers,  that  is,  had  they  discovered  any  new  products, 
Mr.  Stone  stated  that  sixteen  patents  had  been  taken  out  by  the 
Schoellkopf  Works  between  1S84  and  1903,  comprising  colors 
and  intermediate  products.  One  of  these  products,  known  as 
Schoellkopf  Acid,  had  been  taken  up  by  one  of  the  largest 
German  manufacturers  and  used  extensively  by  them;  another 
product.  Direct  Black,  had  been  taken  up  by  another  large  Ger- 
man factory  and  also  made  extensively  by  them.  Both  products 
were  used,  of  course,  through  arrangements  with  the  Schoell- 
kopf Works. 


NEEDS  OF  THE  TEXTILE  UTOUSTRY 

By  .\I,FRED   I,.   LusriG 

Mr.    Chairman,    Members   and   Guests   of   The    American 

Chemical  Society: 

I  have  been  asked  to  say  a  few  words  to  you  on  the  needs 
of  the  textile  industry  and,  as  Chairman  of  the  Dyestuff  Com- 
mittee of  the  National  Association  of  F'inishers  of  Cotton  Fabrics, 
I  am  glad  to  have  an  ppportunity  to  bring  our  needs  to  your 
attention.  I  would  at  this  point  like  to  state,  however,  that 
I  am  confining  my  remarks  to  the  situation  as  it  affects  the  dyer 
and  ])rinter  of  cotton  fabrics  (the  branch  of  the  industry  with 
which  I  am  most  familiar),  although  I  believe  that  the  wool 
and  silk  trades  are  in  a  condition  similar  to  our  own. 

As  you  all  know,  a  very  large  proportion  of  the  colors  used 
by   textile   finishers   arc   imiwrted    from   Europe,    mostly   from 
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Germany.  Owing  to  the  war,  our  regular  sources  of  supply  are 
considerably  disturbed  and  many  of  us  question  whether,  later 
on.  it  will  be  possible  to  obtain  quantities  sufificient  to  keep  us 
going. 

When  the  European  War  broke  out  two  months  ago,  two  prob- 
lems presented  themselves  to  the  users  of  coal  tar  colors: 

I — How  to  secure  the  necessary  colors  and  supplies  to  keep 
our  plants  going  during  the  war  and  during  the  period  of  re- 
construction following  the  war. 

II — Realizing  how  dependent  we  have  been  up  till  now  on  the 
European  makers  for  our  supplies  of  coal  tar  colors,  what  steps 
could  be  taken  to  prevent  a  repetition  of  the  present  condi- 
tions in  the  future? 

In  our  desire  to  secure  the  necessary  supplies  to  keep  our 
plants  going,  we  undoubtedly  tried  to  get  all  we  could  from  the 
importers,  who  met  the  unprecedented  rush  of  orders  by  ap- 
portioning the  available  supplies  pro  rata  and  dividing  additional 
importations  so  as  to  keep  all  of  us  working  as  far  as  it  was 
possible. 

There  has  been  a  good  deal  of  discussion  and  comment  as  to 
the  ability  of  the  importers  to  keep  us  supplied  imder  present 
conditions,  and  there  is  a  grave  doubt  in  my  mind  whether  on 
some  special  lines  of  colors  it  will  be  possible  to  meet  our  re- 
quirements during  the  next  few  months.  But,  on  the  other 
hand,  I  feel  that  everything  possible  is  being  done  to  facilitate 
importations  and  to  secure  such  supplies  as  can  be  obtained  in 
Europe,  and  I  believe  we  shall  continue  to  obtain  some  colors, 
at  least  for  a  while,  unless  conditions  should  unexpectedly  change 
for  the  worse. 

We  have  had  to  pay  somewhat  higher  prices  and  will  probably 
have  to  pay  still  more  later  on.  Unfortunately,  we  have  not 
been  able  to  obtain  a  proportionate  increase  for  our  work  in  many 
cases,  but  we  believe  that  this  problem  will  adjust  itself  as  soon 
as  our  present  agreements,  which,  in  most  cases,  were  made  before 
the  first  of  August,  are  completed. 

We  must  acknowledge  the  unremitting  efforts  made  by  the 
importers  of  dyestuffs  and  the  exceptional  energy,  fairness  and 
ability,  with  which  they  have  handled  the  situation.  Speaking 
from  my  own  experience,  I  find  that  they  showed  the  greatest 
patience  under  very  trying  conditions  and  worked  day  and  night 
to  meet  the  emergency. 

In  order  to  preserve  the  stock  of  colors  and  supplies,  we 
have  asked  our  customers  to  cooperate  with  us  and,  with  their 
aid,  we  have  been  enabled  to  accomplish  a  good  deal  in  pre- 
serving our  color  stocks. 

Some  of  us,  no  doubt,  grasped  the  opportunity  to  check  all 
unnecessary  waste  in  our  own  plants,  which  undoubtedly  has 
also  helped  the  situation  materially. 

Some  of  us  have  proceeded  to  replace  imported  coal  tar  colors 
■with  products  of  domestic  manufacture.  This  is  true  to  a  limited 
•extent  in  the  use  of  various  dyewood  extracts  in  place  of  aliza- 
rines and  in  some  cases  pigments  have  been  substituted  for  vat 
colors  in  printing  shirting  fabrics.  Many  experiments  arc  being 
made  in  dye  houses,  trying  out  methods  which  would  enable 
the  dyer  to  use  dyewoods  and  other  available  materials  for  some 
shades,  where  in  the  recent  past  coal  tar  colors  have  been  used. 

There  is  also  a  tendency  on  the  part  of  the  designers  to  adapt 
themselves  to  the  present  conditions  by  developing  styles  that 
can  be  executed  without  the  use  of  coal  tar  colors.  I  refer  to 
the  strong  tendency  for  black  and  white  effects  in  printing,  which 
can  be  produced  with  logwood;  also  the  probability  of  a  strongly 
increased  demand  for  white  goods.  With  all  these  attempts 
to  preserve  our  stock  of  coal  tar  colors,  with  a  few  cases  of  possible 
substitutions  and  the  changes  of  style,  we  are  still  confronted  by 
the  fact  that  most  of  us  have  supplies  to  last  us  for  a  short 
time  only.  If  importations  cease  for  any  considerable  length 
of  time,  we  shall  be  obliged  to  curtail  production  and  later  on, 
in  many  cases,  shut  our  plants  down  completely. 


Having  shown  you  the  immediate  effect  of  the  conditions 
brought  about  by  the  European  war  on  our  industry,  I  shall 
now  take  up  the  second  problem:  WTiat  steps  can  be  taken 
to  prevent  a  repetition  of  the  present  conditions  in  the  future? 
There  seems  to  be  only  one  answer  to  this — encourage  the 
development  of   the   coal   tar   color   industry   in   this   country. 

We  all  know  that  a  limited  number  of  these  products  have 
been  made  here  for  a  number  of  years,  but  we  are  under  the 
impression  that  so  far  the  industry  has  not  been  in  a  very  flourish- 
ing condition.  The  first  step,  the  tar  distillation,  had  not  been 
worked  out  successfully  until  within  the  last  few  years  and  our 
color  manufacturers  have  depended  on  Europe  almost  exclusively 
for  the  intermediate  products  required  to  produce  the  finished 
article. 

Their  profit  was  in  the  possible  margin  between  the  duty  on 
intermediate  products  and  the  duty  on  the  finished  colors, 
minus  the  cost  of  manufacture.  I  have  heard  it  stated  that  this 
margin  is  not  sufficient  to  encourage  capital  to  embark  in  this 
branch  of  industry. 

The  next  step  would  seem  to  be  an  increase  in  the  duty  on 
intermediate  products  and  an  increased  margin  between  the  duty 
on  intermediate  products  and  the  duty  on  finished  colors. 
Owing  to  the  possibility  of  a  change  in  tariff  after  every  national 
election,  there  could  be  no  absolute  dependence  on  the  conditions 
establi.shed  through  this  method. 

Then,  there  is  a  question  of  patents  to  be  considered  and, 
though  hundreds  of  these  have  expired,  the  industry  is  pro- 
gressing continuously  and  patents  on  a  great  many  of  the  most 
desirable  products  are  undoubtedly  still  in  force.  I  believe, 
however,  that  with  suflicient  encouragement,  the  industry 
would  soon  attract  the  attention  of  the  chemists  of  this  country 
and  that  our  research  laboratories  would  develop  new  products 
quite  as  they  are  being  worked  out  in  Europe  at  the  present 
time. 

There  are  several  ways  in  which  the  textile  manufacturer 
can  help  the  development  of  this  industry.  Under  all  ordinary 
methods  of  competition,  the  manufacturer  will  buy  his  products 
at  the  lowest  price.  It  is  quite  conceivable  that  if  the  manu- 
facture of  certain  products  is  taken  up  by  domestic  plants  it 
might  be  necessary  to  pay  temporarily  a  little  higher  price  for  the 
domestic  article,  in  order  to  allow  the  development  and  smoothing 
out  of  these  particular  processes;  but,  later  on,  after  the  manu- 
facture of  these  products  is  thoroughly  developed,  I  feel  that 
domestic  competition  and  increased  efficiency  will  tend  to  lower 
the  prices.  This  has  been  proven  in  the  products  which  are  being 
produced  in  this  country  on  a  large  scale  and  which,  I  am  told, 
are  meeting  foreign  competition  quite  successfully. 

The  textile  finisher  would  have  to  sacrifice  temporarily  in 
some  directions,  in  order  to  accomplish  the  greatest  good  for  all, 
which  would  be  a  gradual  development  of  the  coal  tar  industry 
in  the  United  States.  Most  of  the  colors  which  we  use  in  our 
processes,  representing  as  they  do  in  many  cases  the  highest  de- 
velopment of  synthetic  chemistry,  would  be  among  the  very  last 
ones  to  be  manufactured  here.  And  yet  I,  for  one,  feel  that  it 
would  be  good  business  judgment  on  our  part  to  bear  additional 
financial  burdens  for  some  years  to  come,  in  order  to  help  to  es- 
tablish an  American  coal  tar  industry,  and  in  this  way  ultimately 
benefit  ourselves. 

I  understand  that  the  coal  tar  color  manufacturers  of  Ger- 
many have  in  the  past  given  this  matter  some  consideration  and, 
while  I  am  convinced  that  we  have  the  ability  and  energy 
to  develop  the  industry,  I  believe  that  by  cooperation  between 
the  German  color  manufacturers  and  those  interested  in  de- 
veloping the  industry  here  we  could  gain  years  of  time,  save 
large  sums  of  money  a:id  could  establish  the  industr\-  imder  the 
most  favorable  conditions. 

The  German  people  will  require  all  their  financial  resources 
to  repair  the  damages  caused  by  the  present  war;  but  they  can 
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furnish  us  with  patent  hcenses  and  with  some  experts,  which 
would  form  a  nucleus  for  the  elaborate  steps  needed  to  work  out 
this  problem.  I  believe  that  by  the  resulting  cooperation  with 
the  liuropean  manufacturers  who,  at  the  proper  moment,  might 
be  induced  to  enter  this  field,  we  could  help  to  establish  the  in- 
dustry here  and  in  this  manner  prevent  a  recurrence  of  the  condi- 
tions which  jeopardize  textile  interests  at  the  present  time. 
This  might  be  done  irrespective  of  material  changes  in  our  laws, 
such  as,  the  amendment  of  patent  laws,  changes  of  tariff,  etc., 
which  are  already  being  given  serious  consideration. 

I  have  not  attempted  to  illustrate  the  importance  of  textile 
industry  by  statistics.  The  value  of  the  coal  tar  colors  used  is 
only  a  fraction  of  the  value  of  the  finished  textiles  and  the  per- 
centage of  the  coal  tar  colors  used  in  our  industry  is  only  a 
fraction  of  the  total  amount  of  coal  tar  derivatives  used  in  this 
country  in  various  lines  of  activity.  But,  I  believe  that  the  same 
argument,  which  I  have  tried  to  apply  to  our  industry,  could  be 
successfully  extended  to  the  dyeing  and  finishing  of  other  tex- 
tiles and  in  a  general  way  could  be  further  applied  to  other  in- 
dustries using  coal  tar  derivatives. 


THE  POSITION  OF  THE  AMERICAN  TAR  DISTILLER 

By  D.  W.  Javne 

Dr.  Rogers  asked  me  to  respond  to  the  question  "Why  doesn't 
the  American  tar  distiller  work  up  his  coal  tar  products  or  sell 
them  for  the  manufacture  of  dyestuffs?"  in  this  discussion,  and 
referred  to  the  paper  presented  before  the  Berlin  Congress,  in 
1903,  by  my  father.  I  want  to  quote  the  opening  paragraphs  of 
that  paper: 

"  The  coal-tar  industry,  especially  the  manufacture  of  the  more 
refined  products,  has  not  reached  in  the  United  States  that  de- 
gree of  development  which  characterizes  the  industry  of  Europe, 
and  which  should  be  commensurate  with  the  wealth  and  popula- 
tion of  the  country. 

"The  chief  reason  for  this  backward  condition  has  been  the 
scarcity  0/  the  raw  material,  the  coal  tar  itself,  due  to  the  very  gen- 
eral use  of  petroleum  and  electricity  for  illumination,  and  also 
to  the  large  production  of  oil  and  water  gas." 

In  the  decade  since  this  was  written  conditions  have  changed 
so  that  today  it  is  no  longer  a  question  of  the  raw  materials. 

This  subject  now  divides  itself  into  two  parts,  under  each  of 
which  the  tar  distiller  must  take  into  account  two  considerations: 

I — Why  doesn't  the  tar  distiller  work  up  his  products  to  sell 
to  others  for  the  manufacture  of  dyestuffs? 

I — Can  he  get  a  better  return  in  dollars  and  cents  for  the  sep- 
arated products  than  for  the  straight  distillates? 

2 — Has  he  a  real  demand  for  specific  separated  products  by 
manufacturers  of  dyestuffs,  which  will  assure  him  a  constant 
outlet  for  the  products  if  plants  are  erected  for  their  recovery? 

II — Why  doesn't  the  tar  distiller  work  up  his  products  and 
manufacture  the  dyestuffs  himself? 

I — Must  he  find  outlets  for  excess  material  now  produced 
or  to  be  produced? 

2 — Does  he  believe  that  a  complete  industry  when  established 
would  be  profitable,  and  is  he  willing  to  operate  at  no  return 
and  to  invest  millions  based  on  the  belief  of  ultimate  success? 

You  will  understand  at  once  that  all  of  these  considerations 
are  purely  commercial  ones. 

Let  us  first  realize  that  there  arc  four  crude  coal-tar  products 
which  constitute  the  bulk  of  the  material  used  in  dye  manufac- 
ture: namely,  benzol,  naphthalene,  anthracene  and  phenol. 
Of  these,  but  naphthalene  and  anthracene  concern  the  distiller 
of  tar,  as  neither  benzol  nor  phenol  occur  in  American  tars  in 
sufficient  amount  to  be  considered  a  factor  by  the  tar  distiller. 
Benzol  and  its  homologues  have  been  refined  for  years  and  avail- 
able to  anyone  considering  the  manufacture  of  intermediate 
products:  phenol  would  have  to  be  made  synthetically  from  benzol 


to  obtain  sufficient  quantities,  so  that  we  can  pass  over  these 
two  basic  products  in  this  discussion. 

Both  naphthalene  and  anthracene  occur  in  the  creosote  oil 
fraction  of  tar.  Creosote  oil  finds  a  ready  sale  here,  the  United 
States  consumption  being  about  two  and  one-half  times  the  pro- 
duction, and  it  is  evident  that  naphthalene  and  anthracene  sep- 
arated from  the  oil  must  be  valued  at  the  selling  price  of  the  oil. 
Starting  at  this  value,  it  can  be  shown  that,  considering  manu- 
facturing costs  and  investment,  the  production  of  these  materials 
in  such  state  as  is  required  by  the  manufacturer  of  dyestuff 
intermediates,  does  not  give  an  adequate  return  when  the  prod- 
ucts are  sold  at  the  prices  which  have  prevailed  on  them  when 
imported.  This  statement  is  not  based  on  generalities  or  theory, 
but  on  experience,  for  we  dp  produce  certain  amounts  of  refined 
naphthalene  here,  and  know  this  condition  accurately.  Hence, 
under  conditions  prevailing  up  to  the  present,  it  has  been  evident 
to  the  tar  distiller  that  he  could  not  get  a  better  return  for  the 
separated  products  than  for  the  straight  distillates. 

It  is  but  just  to  point  out  at  this  time  the  distinction  between 
the  coal-tar  industry  and  the  coal-tar  chemical  industry,  which 
differentiates  the  production  and  use  of  tar,  oils  and  pitch,  etc., 
from  that  of  the  dyestuffs  and  drugs.  While  it  is  true  that  Ger- 
many has  a  highly  developed  coal-tar  chemical  industry,  it  is 
but  little  known  or  realized  that  the  United  States  has  developed 
the  coal-tar  industry  to  extents  unthought  of  in  Germany.  Re- 
member that  an  average  tar  yields  70  per  cent  of  pitch  and  that 
in  Europe,  substantially  the  only  use  they  make  of  this  pitch  is 
for  fuel,  while  here  over  90  per  cent  of  the  pitch  is  used  in  roofing, 
waterproofing  and  road  making,  and  the  development  of  the  in- 
dustry by  the  tar  distiller  is  made  evident. 

So  far  there  has  been  no  real  demand  from  dyestuff  manufac- 
turers for  the  separated  tar  products.  The  present  dye  manu- 
facturers in  this  country  have  made  only  lines  of  dyes  for  special 
fields,  starting  with  the  so-called  intermediate  products,  and 
they  apparently  did  not  contemplate  the  manufacture  of  those 
intermediates,  so  that  their  inquiries  of  the  American  tar  dis- 
tiller were  entirely  for  intermediates  such  as  anilin  oil,  beta 
naphthol,  etc.,  which  inquiries  naturally  would  bring  before  the 
distiller  the  consideration  of  the  other  side  of  this  subject.  Why 
does  not  he  work  up  these  products  himself? 

But  here  the  first  consideration  is  providing  outlets  for  excess 
materials.  Up  to  the  present  there  has  not  yet  been  an  excess 
of  the  basic  materials  so  that  this  inducement  did  not  exist  for 
the  tar  distiller.  It  must  also  be  remembered  that  the  products 
of  tar  which  can  be  used  in  the  manufacture  of  dyestuffs  form  but 
a  small  percentage  of  the  tar  and  even  if  all  of  such  products 
were  separated  for  the  manufacture  of  dyestuffs,  there  would 
still  be  over  90  per  cent  of  the  original  tar  to  be  disposed  of  by 
the  distiller  in  his  regular  channels.  And  it  must  not  be  for- 
gotten that  the  use  of  heavy  chemicals,  such  as  acids  and  alka- 
lies, enters  into  the  manufacture  of  dyestuffs  in  volumes  largely 
exceeding  the  coal  tar  products  involved,  so  that  any  induce- 
ment to  the  tar  distiller  to  enter  this  field  is  secondary  to  the  in- 
ducements offered  the  manufacturer  of  heavy  chemicals. 

The  last  consideration  is  that  of  the  ultimate  success  of  a  large 
industry  covering  the  entire  field  of  dyestuffs.  The  magnitude 
of  the  project  is  sufficient  reason  why  the  tar  distiller  has  not 
acted  upon  it,  for  to  those  who  have  given  the  question  serious 
thought,  it  has  become  evident  that  only  by  duplicating  the  scale 
on  which  the  foreign  manufacture  is  carried  on  can  we  hope  to 
finally  compete  with  the  established  factories  of  Germany, 
and  what  prospect  of  growing  to  tliis  magnitude  would  we  have 
without  protection  during  the  years  of  growth?  I  mean  by  pro- 
tection, not  only  adequate  tariff'  protection,  but  also  adequate 
protection  against  competitive  methods  aimed  to  crush  the  in- 
fant industry.  Without  such  protection  no  man  or  group  of 
men,  however  strong  commercially,  has  yet  had  the  temerity 
to  plan  for  the  investment  of  the  millions  of  dollars  required 
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to  carry  it  through.  And  further,  to  make  such  a  project  success- 
ful, the  cooperation  of  the  textile  trade,  in  fact,  of  all  users  of 
dyes,  must  be  given.  Not  even  a  feeble  indication  of  such 
cooperation  was  displayed  before  the  conditions  arose  which 
showed  this  country's  dependence  on  German  dyestuffs. 

Whether  our  industries  shall  have  American-made  dyestuffs 
ftom  American  coal-tar  products  depends  largely  on  the  consumers 
of  dyestuffs.  Their  action  or  inaction  will  probably  determine 
the  answer. 


RELIEVING  THE  DYESTUFF  CRISIS' 

By  Bf.rnhakd  C.  Hesse 
In  the  two  and  a  half  months  that  have  elapsed  since  the 
outbreak  of  the  European  war  there  has  been  much  agitation 
in  the  press,  both  lay  and  technical,  for  an  increased  production 
of  coal-tar  dyes  in  the  United  States.  All  users  of  coal-tar 
dyestuffs  have  known  for  as  long  as  40  years  that  the  principal 
source  of  supply  is  Germany  and  they  have  also  known  of  the 
various  attempts  made  in  this  country  to  produce  dyes  in  the 
United  States.  Just  as  the  users  of  dyestuffs  will  invariably 
buy  in  the  cheapest  market  and  will  not  be  swayed  by  motives 
of  patriotism  into  paying  a  higher  price  for  a  domestic  article 
than  they  would  have  to  pay  for  an  imported  article  so  do 
American  manufactitfers  and  capitalists  invest  their  money 
in  American  ventures  which  will  pay  them  a  profit,  and  they 
do  not  take  hold  of  such  enterprises  through  motives  of  patriot- 
ism only  or  of  philanthropic  benevolence  toward  their  fellow 
man.     Business  is  conducted  for  financial  profit. 

It  required  no  imagination  whatever  to  foresee  that  if  for  any 
reason  our  coal-tar  dyestuff  supply  was  shut  off  from  Germany 
that  coal-tar  dyes  in  the  United  States  would  become  scarce. 
Nevertheless,  American  users  of  dyestuffs  have  continued  to 
use  the  imported  article.  The  result  is  that  even  a  few  weeks 
after  the  outbreak  of  European  hostilities  the  users  in  the  United 
States  became  clamorous  and  hysterical  and  called  out  loudly 
for  the  American  chemists  to  go  in  and  make  dyestuffs  regard- 
less of  whether  the  American  chemists  were  going  to  make  money 
or  not.  The  user  has  suggested  to  the  maker  that  he  increase 
his  facilities,  that  he  go  to  Congress  and  get  a  higher  tariff 
and  that  he  go  to  Congress  for  a  change  in  the  patent  laws; 
however,  the  user  has,  on  his  part,  not  made  any  substantial 
offer  of  any  effective  help  throughout  these  last  two  months. 
The  chances  are  that,  as  in  the  past,  the  greatest  opponents 
of  increased  tariff  on  dyes  would  be  these  self-same  users.  The 
users  have  confined  themselves  largely  to  fault-finding  with 
American  chemical  manufacturers.  The  users  say  that  their 
position  is  acutely  distressing  and  they  are  facing  serious  hard- 
ships for  want  of  dyestuffs  and  they  want  steps  taken  by  others 
to  see  that  they  are  never  again  placed  in  such  position  of  hard- 
ship— no  matter  what  the  others  may  stand  to  lose. 

To  date,  the  suggestions  from  the  users  have  been  merely  words 
and  so  far  as  the  public  is  concerned  there  has  been  no  effective 
action. 

The  users  themselves  decline  to  participate  actively  and  finan- 
cially in  any  dyestuff  venture  add  they  further  decline  to  con- 
tract with  prospective  dyestuff  manufacturers  for  even  a  por- 
tion of  their  requireinents.  In  other  words,  their  position  is 
one  of  passive  criticism — dead  weight. 


The  domestic  dyestuff  makers  are  increasing  their  production 
as  rapidly  as  circumstances  will  permit.  At  or  about  the  end 
of  191 2,  76  different  chemical  dyes  were  made  in  this  country; 
today  100  .such  are  made — in  two  years  a  33  per  cent  increase; 
the  United  States  market  probably  has  no  fewer  than  900 
different  chemical  dyes,  each  of  them  in  active  use,  some  of  them 
to  a  very  small  extent,  others  to  a  very  large  extent  and,  no 
doubt,  many  of  each  of  these  could  be  eliminated  and  their 
places  taken  by  others  now  on  the  market. 

If  the  dyestuff  users  wish  to  encourage  the  domestic  dye- 
stuff  makers  they  can  at  least  disclose  to  the  makers  the  ex- 
tent of  the  market  in  the  United  States.  The  exact  chemical 
dyes  on  the  United  States  market  and  their  individual  con- 
sumption and  prices  paid  are  known  collectively  to  two  differ- 
ent classes.  The  importers  collectively  know  it  and  the  users 
collectively  know  it.  It  can  hardly  be  expected  that  the  im- 
porters are  going  to  hand  that  information  over  to  prospective 
makers,  that  is,  to  competitors.  If  the  users  want  increased 
competition  among  the  makers  or  want  a  more  assured  source 
of  supply,  then  the  least  they  can  do  is  to  place  before  the  dye- 
stuff  makers  of  this  country  a  list  of  all  such  dyes  as  are  used  in 
this  country  and  the  amount  of  each  that  is  used  annually, 
together  with  the  price  paid  therefor.  With  such  information 
before  them  those  who  make  dyestuffs  in  this  country  can  make 
intelligent  provision  for  expansion  of  their  business.  To  be 
sure,  the  makers  could  go  to  each  and  every  user  and  ask  him 
for  the  above  information,  but  it  is  quite  sure  that  that  informa- 
tion would  be  refused.  The  users  would  decline  to  disclose 
to  anyone  their  consumption  of  dyestuffs  and  the  amount  of 
their  dyestuff  account.  If  the  users  are  really  sincere  and  hon- 
est in  their  statement  that  they  are  in  a  plight  and  that  they 
really  do  want  increased  production  of  dyes  in  this  country, 
then  the  very  least  that  they  can  do  is  to  make  a  full  and  frank 
disclosure  of  what  the  possibilities  and  probabilities  in  the  Uni- 
ted States  market  are.  As  said  before,  there  are  over  900 
different  finished  dyes  that  have  to  be  made  and  before  these 
900  dyes  are  made  something  like  300  substances,  themselves 
not  dyes,  have  to  be  made;  to  ask  the  domestic  chemical  manu- 
facturers to  go  down  into  their  pockets  for  the  capital  to  make 
each  of  these  goo  dyes  and  each  of  these  300  things,  themselves 
not  dyes,  and  then  to  await  the  pleasure  of  the  domestic 
dyestuff  user  as  to  whether  he  will  take  the  goods  or  not  is 
asking  altogether  too  much  from  the  makers  on  the  part  of  the 
users. 

If  the  users  are  afraid  to  disclose  each  to  the  other  how  much 
dye  they  use  and  what  they  pay  for  it  they  are  certainly  in  a 
position  to  select  some  bank  or  trust  company  as  a  central  con- 
fidential depository  for  such  statements  and  let  the  bank  or 
trust  company  make  up  from  tliese  separate  statements  a  com- 
bined statement  of  the  market  and  place  that  before  the  manu- 
facturing public.  If  the  dyestuff  users  will  cooperate  to  that 
extent  it  is  morally  certain  that  an  increase  in  production  of 
dyes  will  take  place  with  considerable  rapidity.  If  the  users 
decline  to  cooperate  to  this  extent  it  is  quite  likely  that  the 
number  of  dyes  manufactured  will  increase  even  in  spite  of  the 
users,  but  the  rate  will  be  much  slower.  If  the  users  want  the 
rate  of  increase  speeded  up  they  must  contribute  their  share, 
and  probably  a  plan  like  that  outlined  above  is  as  good  as  can 
be  devised. 

9(1  Wn,i-i,\M  St.,  New  York 
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THE  PRESIDENT'S  ADDRESS  BEFORE  THE  CHEMICAL 

SECTION  OF  THE  BRITISH  ASSOCIATION  FOR 

THE  ADVANCEMENT  OF  SCIENCE 

The  address  made  by  Professor  William  J.  Pope,  President 

1  Also  printed  in  the   Textile  Colorist.  Vol.  36,  No.  430  (Oct..  1914). 


HAMLIN 
of  the  Chemical  Section  of  the  B.  A.  A.  S.,  is  reported  in  the 
Jour.  Gas  Lighting  and  Water  Sup.,  127  (1914),  506.  The 
speaker  pointed  out  that  the  investigator,  continually  occupied 
with  his  own  problems,  and  faced  with  an  ever-increasing  mass 
of  technical  literature,  ordinarily  finds  little  time  for  reflection 
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upon  the  real  meaning  of  his  work,  and  secures,  in  general,  far 
too  few  opportunities  of  considering  in  a  philosophical  sort  of 
way  the  past,  present,  and  future  of  his  own  particular  branch 
of  scientific  activity.     He  then  proceeded: 

"  It  is  not  difficult  to  form  a  fairly  accurate  survey  of  the  posi- 
tion to  which  chemistry  had  attained  a  generation — perhaps 
even  a  few  years — ago.  Probably  no  intellect  now  existing  could 
pronounce  judgment  upon  the  jjrcsent  position  of  our  science 
in  terms  which  would  commend  themselves  to  the  historian  of 
the  Twenty-first  Century.  Doubtless  even  one  equipped  with 
a  complete  knowledge  of  all  that  has  been  achieved,  standing 
on  the  very  frontier  of  scientific  advance  and  peering  into  the 
surrounding  darkness,  would  be  quite  incompetent  to  make 
any  adequate  forecast  of  the  conquests  which  will  be  made  by 
chemical  and  physical  science  during  the  next  fifty  years.  At 
the  .same  time,  chemical  history  tells  us  that  progress  is  the  re- 
sult, in  large  measure,  of  imperfect  attempts  to  appreciate  the 
present  and  to  forecast  the  future.  I,  therefore,  propose  to  lay 
before  you  a  sketch  of  the  present  position  of  certain  branches 
of  chemical  knowledge,  and  to  discuss  the  directions  in  which 
progress  is  to  be  sought.  None  of  us  dare  cherish  the  conviction 
that  his  views  on  such  matters  are  correct;  but  everyone  de- 
sirous of  contributing  towards  the  development  of  his  science 
must  attempt  an  appreciation  of  this  kind.  The  importance  to 
the  worker  and  to  the  subject  of  free  ventUation  and  discussion 
of  the  point  of  view  taken  by  the  individual  can  scarcely  be 
overestimated. 

"The  two  sciences  of  chemistry  and  physics  were  at  one  time 
included  as  parts  of  the  larger  subject  entitled  'Natural  Phil- 
osophy,' but  in  the  early  part  of  the  Nineteenth  Century  they 
drew  apart.  Under  the  stimulus  of  Dalton's  atomic  theory, 
chemistry  developed  into  a  study  of  the  interior  of  the  molecule, 
and,  as  a  result  of  the  complication  of  the  observed  phenomena, 
progressed  from  stage  to  stage  as  a  closely  reasoned  mass  of 
observed  facts  and  logical  conclusions.  Physics,  less  entangled 
in  its  infancy  with  numbers  of  experimental  data  which  apparently 
did  not  admit  of  quantitative  correlation,  was  developed  largely 
as  a  branch  of  applied  mathematics.  Such  achievements  of 
the  formal  physics  of  the  last  century  as  the  mathematical  theory 
of  light  and  the  kinetic  theory  of  gases  are  monuments  to  the 
powers  of  the  human  intellect. 

"The  path  of  chemistry,  as  an  application  of  pure  logical 
argument  to  the  interpretation  of  complex  masses  of  observa- 
tions, thus  gradually  diverged  from  that  taken  by  physics  as 
the  mathematical  treatment  of  less  involved  experimental  data, 
though  both  subjects  derived  their  impetus  to  development  from 
the  speculations  of  genius.  It  is  interesting  to  note,  however, 
that  during  recent  years  the  two  sciences  which  were  so  sharply 
distinguished  twenty  years  ago  as  to  lead  to  mutual  misunder- 
standings, are  now  converging.  Many  purely  chemical  ques- 
tions have  received  such  full  quantitative  study  that  the  results 
are  susceptible  to  attack  by  the  methods  of  the  mathematical 
physicist,  while,  on  the  other  hand,  the  intense  complication 
perceived  during  the  fuller  examination  of  many  physical  prob- 
lems has  led  to  their  interpretation  by  the  logical  argument  of 
the  chemist,  because  the  traditional  mathematical  mode  of  at- 
tack of  the  physicist  has  proved  powerless  to  deal  with  the  in- 
tricacies exhibited  by  observed  facts. 

"The  progress  of  chemistry  during  the  last  century  has  been 
mainly  the  result  of  the  coordination  of  observed  facts  in  ac- 
cordance with  a  series  of  hypotheses  each  closely  related  in  point 
of  time  to  the  one  preceding  it.  The  atomic  theory,  as  enunciated 
by  Dalton  in  1S03,  was  a  great  impetus  to  chemical  investiga- 
tion, but  proved  insufficient  to  embrace  all  the  known  facts. 
It  was  supplemented  in  1813  by  Avogadro's  theorem — that 
equal  volumes  of  gases  contain  the  same  numbers  of  molecules 
at  the  same  temperature  and  pressure.  These  two  important 
theoretical   developments  led   to   the   association  of   a   definite 


physical  meaning  with  the  idea  of  molecular  composition,  but 
ultimately  proved  insufficient  for  the  interpretation  of  the  ever- 
increasing  mass  of  chemical  knowledge  collected  under  their 
stimulus. 

"A  further  impetus  followed  the  introduction  by  Fraokland 
and  Kekule,  in  1852  onwards,  of  the  idea  of  valency  and  the 
mode  of  building-up  constitutional  formulae.  The  conception 
of  molecular  constitution  thus  arose  as  a  refinement  on  the 
Daltonian  notion  of  molecular  composition.  In  coiu'se  of  time 
the  theoretical  scheme  once  more  proved  insufficient  to  accom- 
modate the  accumulated  facts,  until,  in  1874,  van't  Hoff  and  Le 
Bel  demonstrated  the  all-important  part  which  molecular  con- 
figuration plays  in  the  interpretation  of  certain  classes  of  phe- 
nomena known  to  the  organic  chemist. 

"During  the  early  days  of  chemical  science — those  of  Dalton's 
time,  and  perhaps  also  those  of  Frankland  and  Kekule — we  can 
believe  that  chemical  theory  may  have  lacked  the  physical 
reality  which  it  now  seems  to  us  to  present.  The  attitude  of 
our  predecessors  towards  the  theoretical  interpretation  of  their 
observations  was  rather  that  described  by  Plato;  'As  when 
men  in  a  dark  cavern  judge  of  external  objects  by  the  shadows 
which  they  cast  into  the  cavern.'  In  the  writings  of  the  most 
clear-sighted  of  our  forerunners  we  can  detect  an  underlying 
suspicion  of  a  possibility  that,  at  some  time  or  other,  the  theory- 
by  means  of  which  chemical  observations  are  held  together 
may  undergo  an  entire  reconstruction.  A  few  years  ago  Ostwald 
made  a  determined  attempt  to  treat  our  science  without  the  aid 
of  the  molecular  hypothesis,  and.  indeed,  suggested  the  desira- 
bility of  giving  the  Daltonian  atomic  theory  decent  burial. 

"The  last  ten  years  or  so  have  seen  a  change  in  this  attitude. 
The  development  of  organic  chemistry  has  revealed  so  complete 
a  correspondence  between  the  indications  of  the  conception  of 
molecular  constitution  and  configuration  and  the  obser\'ed 
facts,  and  recent  work  on  the  existence  of  the  molecule,  largely 
in  connection  with  colloids,  with  radioactivity,  and  with  crystal 
structure,  is  so  free  from  ambiguity,  that  persistence  of  doubt 
seems  unreasonable.  Probably  most  chemists  are  prepared  to 
regard  the  present  doctrine  of  chemical  constitution  and  con- 
figuration as  proved.  Though  they  may  turn  a  dim  vision  to- 
wards the  next  great  development,  they  have  few  misgivings  as 
to  the  stability  of  the  position  which  has  already  been  attained." 

PATENT  MEDICINES  IN  GREAT  BRITAIN 

Largely  through  the  eflforts  of  the  American  Medical  Associa- 
tion and  through  legislation  by  Congress  some  progress  has  been 
made  in  the  United  States  in  limiting  the  dangers  from  the  sale 
and  use  of  secret  remedies.  The  conditions  are  now  worse  in 
Great  Britain  than  in  this  country,  and  in  1912  the  government 
appointed  a  select  committee  which  has  just  issued  an  abstract 
report.  It  finds  [Science,  40  (1914),  374)  that  there  is  a  large 
and  increasing  sale  of  patent  and  proprietary  medicines  and 
appliances  and  of  medicated  wines;  that  this  constitutes  a  grave 
and  wide-spread  public  evil  and  that  an  "intolerable  state  of 
things"  requires  new  legislation  to  deal  with  it  rather  than 
merely  the  amendment  of  existing  laws.  Legislation  is  recom- 
mended as  follows: 

I — That  every  medicated  wine  and  everj-  proprietarj'  remedy 
containing  more  alcohol  than  that  required  for  pharmacological 
purposes  be  required  to  state  upon  the  label  the  proportion  of 
alcohol  contained  in  it. 

2 — That  the  advertisement  and  sale  (except  the  sale  by  a 
doctor's  order)  of  medicines  purporting  to  cure  the  following 
diseases  be  prohibited:  Cancer,  consumption,  lupus,  deafness, 
diabetes,  paralysis,  fits,  epilepsy,  locomotor  ataxia.  Bright's 
disease,  rupture  (without  operation  or  appliance). 

3 — That  all  advertisements  of  remedies  for  diseases  arising 
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from  sexual  intercourse  or  referring  to  sexual  weakness  be  pro- 
hibited. 

4 — That  all  advertisements  likely  to  suggest  that  a  medicine 
is  an  abortificient  be  prohibited. 

5 — That  it  be  a  breach  of  the  law  to  change  the  composition  of 
a  remedy  without  informing  the  Department  of  the  proposed 
change. 

6 — That  fancy  names  for  recognized  drugs  be  subject  to  regula- 
tion. 

7 — That  the  period  of  validity  of  a  name  used  as  a  trade- 
mark be  limited,  as  in  the  case  of  patents  and  copyrights. 

8 — That  it  be  a  breach  of  the  law  to  give  a  false  trade  de- 
scription of  any  remedy,  and  that  the  following  be  a  definition 
of  a  false  trade  description:  "A  statement,  design  or  device 
regarding  any  article  or  preparation,  or  the  drugs  or  ingredients 
or  substances  contained  therein,  or  the  curative  or  therapeutic 
effect  thereof,  which  is  false  or  misleading  in  any  particular." 
And  that  the  onus  of  proof  that  he  had  reasonable  ground  for 
belief  in  the  truth  of  any  statement  by  him  regarding  a  remedy, 
be  placed  upon  the  manufacturer  or  proprietor  of  such  remedy. 

9 — That  it  be  a  breach  of  the  law:  (a)  To  enclose  with  one 
remedy  printed  matter  recommending  another  remedy.  (J)  To 
invite  sufferers  from  any  ailment  to  correspond  with  the  vendor 
of  a  remedy,  (c)  To  make  use  of  the  name  of  a  fictitious  person 
in  connection  with  a  remedy.  (But  it  shall  be  within  the  power 
of  the  Department  to  permit  the  exemption  of  an  old  established 
remedy  from  this  provision.)  (d)  To  make  use  of  fictitious  testi- 
monials, (e)  To  publish  a  recommendation  of  a  secret  remedy 
by  a  medical  practitioner  unless  his  or  her  full  name,  qualifica- 
tions and  address  be  given.  (/)  To  promise  to  return  money 
paid  if  a  cure  is  not  effected. 


BRITISH  FOREIGN  TRADE  IN  AUGUST 

As  would  be  expected,  the  trade  returns  of  the  United  Kingdom 
for  August  show  a  great  reduction  in  both  imports  and  exports. 
With  Germany  and  Austria-Hungary  trade  has,  of  course,  been 
extremely  small,  and  that  with  other  countries  has  been  se- 
riously interfered  with.  This  has  arisen  more  from  the  effects 
of  the  war  on  the  foreign  exchanges  than  from  the  war  itself. 
During  the  month  the  value  of  the  goods  imported  into  Great 
Britain  was  $206,000,000,  which  is  $66,000,000  (24.3  per  cent) 
less  than  was  imported  during  August,  1913  [Engineering  (Lon- 
don), 98  (1914),  326].  Exports  have,  however,  decreased  from 
$214,000,000  in  August,  1913,  to  $118,000,000  in  1914,  the  differ- 
ence amounting  to  45.1  per  cent.  The  percentage  drop  in  the 
value  of  re-exported  goods  is  almost  exactly  the  same.  Briti.sh 
imports  from  Germany  have  fallen  from  $9,100,000  in  August, 
1913,  to  $950,000  last  month.  More  than  half  of  this  reduction 
— $4,140,000 — ig  accounted  for  by  the  diminution  in  imports 
of  sugar;  the  figures  for  this  commodity  alone  were  $4,350,000 
in  August,  1913,  as  against  $210,000  last  month.  Steel  blooms, 
bars,  girders,  etc.,  account  for  another  $7,500,000  reduction, 
the  imports  being  only  $245,000  last  month.  The  total  British 
exports  to  Germany  have  diminished  from  $19,500,000  in  Au- 
gust, 1913,  to  $3,880,000  during  -August,  1914.  The  principal 
item  is  coal,  the  amount  exported  last  August  having  been  worth 
only  $368,000,  whereas  for  August,  1913,  the  figure  was  $2,320,- 
000.  Wool  and  woolen  goods  come  next,  these  having  fallen 
off  from  $3,140,000  to  $1,380,000.  Cotton  yam  accounts  for 
a  further  reduction  of  $1,000,000.  For  iron  and  steel,  the  ex- 
ports last  August  were  $224,000  as  compared  with  $480,000 
for  the  same  period  last  year.  The  only  other  item  worth 
mentioning  individually  is  textile  machinery,  which  has  fallen 
off  from  $293,000  to  $195,000.  Although  these  striking  figures 
give  a  very  good  idea  of  the  influence  of  the  war  on  British 
trade  with  foreign  countries,  its  full  effects  are  somewhat  masked 
by  the  fact  that  the  returns  include  some  goods  imported  and 


exported  before  the  declaration  of  war.  The  Royal  Proclama- 
tion prohibiting  the  exportation  of  certain  goods  has  also  affected 
the  figures. 

SOME  DATA  OF  GERMAN  AND  AUSTRIAN  FOREIGN 
TRADE 

The   following  data  were   published  in  London  Engineering 
98  (1914).  300,  331,  360.     (1/  =  $4.86.) 

GERMANY'S   EXPORTS   OF    SEWING   AND   KNITTING-MACHINES A 

Board  of  Trade  bulletin,  recently  issued,  shows  that  Germany 
exports  sewing  and  knitting-machines,  and  parts  thereof,  to  a 
value  of  about  2,840,250/.  per  aimum,  while  English  exports  are 
valued  at  2,367,800/.  The  distribution  is  peculiar.  England 
has  the  best  of  the  Indian  market,  in  which  her  sales  amount  to 
128,550/.,  compared  with  Germany's  44,500/.  To  the  Nether- 
lands, German  sales  are  valued  at  78,300/.,  compared  with 
England  at  26,100/.  In  Sweden  the  respective  sales  are  almost 
exactly  reversed.  In  Belgium,  Germany  disposes  of  117,200/. 
worth  of  these  machines  and  parts;  England  sells  there  only 
42,950/.  worth.  However,  the  tables  are  almost  exactly  turned 
in  Spain,  which  buys  from  Great  Britain  to  the  value  of  108,700/., 
and  from  Germany  to  the  amount  of  50,000/.  Then,  again, 
in  Russia,  England  has  a  greater  trade  with  sales  amounting 
to  831,700/.,  compared  with  Germany's  399,300/.;  but  in  Italy, 
Brazil  and  the  Argentine,  British  business  is  much  smaller  than 
Germany's,  as  it  is  also  in  France,  although  in  the  latter  country 
English  sales  amount  to  the  considerable  figure  of  218,300/. 
Germany  sends  England  machines  and  parts  to  the  value  of 
136,200/.  German  machines  find  a  ready  sale  in  many  countries, 
such  as  the  United  States,  Mexico,  Morocco,  Bulgaria,  Ecuador, 
etc.,  which  markets  seem  to  be  scarcely  touched  by  English 
manufacturers. 

GERMANY'S  EXPORTS  OF  PHOTOGRAPHIC  MATERIALS The  Value 

of  the  exports  of  photographic  materials  from  Germany  amounted 
in  191 2  to  1,843,600/.  The  most  important  classes  of  goods 
dealt  with  were  lenses,  films,  and  chemicals.  Sensitized  paper 
and  dry-plates  were  also  exported  in  considerable,  but  lesser, 
quantities.  Of  photographic  chemicals,  Germany  exported  to  the 
United  States  72,900/.  worth ;  to  Russia,  79,950/. ;  and  to  England, 
45,650/.  Her  largest  exports  of  films  were  to  France,  which 
bought  to  the  value  of  110,550/.,  England  taking  40,350/.  worth. 
Next  to  Russia,  Great  Britain  is  Germany's  largest  customer  for 
sensitized  papers,  taking  nearly  40,000/.  worth.  The  most  im- 
portant market  for  German  optical  glasses  and  lenses  has  been 
England,  which  took  goods  of  this  class  to  the  value  of  104,900/. 
Altogether,  Germany  sends  England  about  232,000/.  worth  of 
photographic  goods  in  the  year. 

GERMAN  AND  AUSTRIAN  TRADE  IN  BRASS  AND  BRASSWARE 

Another  white  paper  has  recently  been  issued  by  the  Com- 
mercial Intelligence  Branch  of  the  Board  of  Trade  relating  to 
the  exports  of  brass  and  brassware  by  Germany  and  Austria. 
Compared  with  English  exports  in  these  trades,  those  of  her  rivals 
are  enormous,  though  the  available  figures  seem  slightly  less 
favorable  to  the  United  Kingdom  than  they  actually  are,  since 
their  figures  cover  certain  articles  not  included  in  the  English. 
As  far  as  they  form  a  guide,  however,  in  a  recent  year,  while  the 
United  Kingdom  exported  goods  of  tliis  class  to  the  amount 
of  1.6  millions  sterling.  Austria's  exports  were  i  million  and 
Germany's  nearly  6.5  millions.  The  principal  exports  of  Ger- 
many were:  Brass,  tombac,  and  similar  alloys,  549,650/.;  rods, 
sheets,  etc.,  of  same,  1,088,700/.;  wire  of  copper  alloys,  314,200/.; 
lacquered  and  other  wares  of  sheet  brass,  etc.,  2,368,200/.; 
wares  of  copper,  tombac,  brass,  etc.,  "vemiert,"  colored,  coated 
with  nickel,  etc.,  1,075,000/.  In  many  of  these  articles  France 
and  Italy  are  the  largest  purchasers  from  Germany,  but  in  others 
Great  Britain  ranks  as  the  largest  buyer.  In  one  or 
two  cases  Russia  is  Germany's  largest  market.  Like  previous 
reports,  this  one  gives  interesting  information  on  the  markets. 
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extracted  from  consular  reports,  etc.,  and  all  interested  in  en-  by  German  chemical  firms  in  Russia  will  be  seriously  affected 
larging  their  business  while  the  opportunity  offers  would  find  by  the  war.  The  Chemiker-Zeilung  I38  (1914),  1014]  publishes 
these  well  worth  perusal.  a  list  of  the  more  important  of  these.  The  Aktien-Gesell- 
GERMAN  AND  AUSTRIAN  TRADE  IN  ANCHORS,  GRAPNELS,  AND  schaft  fiir  Anilin-Fabrikation  has  factories  in  Moscow  and  Libau, 
CHAINS— Germany  has  a  considerable  foreign  trade  in  anchors  a  subsidiary  of  the  Hochster  Farbwerke  has  headquarters  in 
and  various  types  of  chain,  both  for  ship  and  general  use.  Her  Moscow,  the  Chemischc  Werke  Albert  maintain  factories  in 
exports  in  1913  had  a  value  of  165,700/.  Excluding  bicycle  Sartana  and  Taganrog,  and  the  Badische  Anilin-  und  Soda- 
chains,  the  corresponding  trade  of  Austria-Hungary  for  1913  Fabrik  has  a  large  plant  in  Butirki  near  which  are  the  Russian 
had  a  value  of  11,910/.  These  figures  are  considerably  below  works  of  the  KIberfclder  Farbcnfabriken;  in  1906  the  Aktien- 
that  of  the  United  Kingdom  for  the  same  class  of  material,  GescUschaft  Renner,  on  account  of  tariff  conditions,  acquired, 
which  in  1913  was  687,200/.  The  trade  is  one,  however,  with  together  with  French  and  Russian  firms,  an  extract  factory  in 
which  England  is  well  equipped  to  deal,  and  any  efforts  made  the  neighborhood  of  Moscow;  the  Chemische  Werke  Riedel 
at  the  present  time  to  obtain  the  German  share  should  have  own  a  large  block  of  the  shares  of  the  St.  Petersburger  A.-G. 
considerable  chance  of  success.  The  subject  is  dealt  with  in  Pharmakon,  and  the  Berlin  firm  of  Schering  has  also  large 
one  of  the  memoranda  which  are  being  issued  by  the  Commercial  Russian  interests. 

Intelligence   Branch   of   the   Board   of   Trade   to   assist   British  The  German  iron  industry  also,  according  to  the  Frankfurter 

manufacturers  to  find  new  outlets  for  their  material  during  the  Zeilung,  has  important  interests  in  Russia.    Among  the  companies 

war.     The  tables  which  are  published  show  that,  as  far  as  ships'  mentioned  in  this  connection  are  the  MUowicer  Eisenwerk,  the 

anchors,  grapnels,  and  cables  are  concerned,  the  trade  is  chiefly  Donnersmarckhkutte,  the  Oberschlesische  Eisenbahnbedarf,   the 

in  the  hands  of  the  United  Kingdom,  but  that  there  would  ap-  Oberschlesische     Eisen-Industrie     A.-G.,     the     Metallfabriken 

pear  to  be  small  openings  for  the  sale  of  British-made  articles  Hanke  and  the  Laurahiitte. 

in   Russia,    Roumania,    and   Turkey.     For   chains,   other   than  

ships'  chains  and  cables,  the  United  Kingdom  holds  an  ex- 
ceedingly strong  position  in  the  Australian,  Indian,  South  THE  MATCH  INDUSTRY  IN  RUSSIA 
African,  Canadian,  Japanese,  and  South  American  markets.  The  match  industry  in  Russia  has  undergone  a  striking 
as  well  as  holding  a  large  share  of  the  trade  in  the  Norwegian,  evolution  since  the  beginning  of  the  twentieth  century.  The 
Spanish,  and  Portuguese  markets.  In  the  Netherlands,  Sweden,  Chemiker-Zeitung  [38  (1914),  1000]  states  that  while  in  the  year 
France,  Russia,  Roumania,  and  the  United  States  there  would,  1902  ten  factories  manufactured  over  fifteen  million  phos- 
however,  appear  to  be  a  possibility  of  extending  British  trade  phorus  matches,  in  1907  eleven  factories  manufactured  less  than 
in  these  goods.  a  million,  and  in  1908  the  production  stopped  almost  entirely. 

Of  the  so-caUed  mixed  factories,  manufacturing  both  phos- 
GERMAN  RAILROAD  MANAGEMENT  phorus  and  safety  matches,  there  were  thirty-three  in  1902 
In  an  article  m  the  New  York  Railway  Age  Gazette,  on  "Ger-  ^"^  '"  '9"  only  two.  The  number  of  safety  match  factories 
man  Criticism  of  State  Railway  Management,"  it  is  said  that  increased  in  proportion  to  this  decline,  growing  from  eighty- 
Germany's  State  railway  management  is  an  oppressive  monopoly  three  in  1902  with  an  output  of  over  two  hundred  million,  to 
and  a  political  mistake.  Recently  this  view  was  expressed  at  °"e  hundred  and  thirteen  in  191 1  with  an  output  of  more 
three  different  industrial  congresses,  and  in  one  case  the  in-  than  three  hundred  million.  The  matches  exported  in  1911 
dictment  was  backed  by  a  two-thirds  majority.     This  revolt  were  valued  at  $675,000. 

against  railway  nationalization  comes  just  at  the  time  when  Russia  is  rich  in  wood  suitable  for  matches  and  the  manu- 

some  Americans  and  Englishmen  have  begun  to  see  in  national-  facture  of  match  sticks  is  a  peasant  house  industry  in  the  Govem- 

ization  an  easy,  infallible  way  out  of  all  railway  troubles.     What  "^"t  of  Wjatka.     The  exports  of  these  sticks  in  1904,  1909  and 

aggravates  the  indictment  is  that  it  is  mainly  directed  against  '9"    amounted    in   round   numbers   respectively    to   §325,000, 

the  Prussian  State  system,  which  of  all  railway  systems  in  Ger-  $274,000  and  $179,000. 
many  is  the  most  flourishing  and  efficient.     Every  charge  that 

is  customarUy  levelled  against  corporation  railway  ownership  TEMPERATURE  CONDITIONS  IN  COKE  OVENS 

is  now   (July   19)   levelled  against  the   Prussian  State   system.  An  important  contribution  to  the  literature  of  carbonization  in 

The  main  charge  is  that  the  Prussian  system  makes  for  monopoly  coke  ovens  has  lately  been  made  in  Stahl  und  Eisen  by  Pro- 

and  restraint  of  trade.     In  committing  all  the  offenses  which  fessor  Oskar  Simraersbach,  of  Breslau.     The  experiments  were 

private  corporations  commit,  the  State  knows  no  fear,  for  against  carried  out  in  a  Koppers  regenerative  oven,  and  the  temperature 

it  the  public  is  doubly  helpless,  and  there  are  no  competing  roads  conditions  existing  during  the  period  of  carbonization  and  the 

which  can  be  used  to  bring  the  extortionate  State  to  reason.  composition  of  the  volatile  products  were  carefully  determined. 

German  experience  shows  that  State  ownership  does  not  prevent  The  following  abstract  of  the  article,  with  the  tables,  has  ap- 

monopoly.     Monopoly   remains   monopoly,    even   though   it    is  peared  in  the  Engineering  Review. 

managed  by  officials,  and  the  State  is  only  the  national  organ  The  oven  was  charged  with  8^,  .1  tons  of  coal  containing  22.7 

of  erring  men.  per  cent  of  volatile  matter,  6.32  per  cent  of  ash,  and  12. i  per  cent 

of  water.     This  yielded  79.86  per  cent  of  coke.     The  coal  was 

Composition  op  the  Gas  during  Carbonization  (Per  cent  by  volume) 

Heating 
Hrs  coal  carbonized  2         3         4         5         6  7  8  9  10  11  12  1.1  IS  17  19         21  23       25       27       gas 

CO2 3.30     3.0     2.3      2.5      2.2      2,00      1.40      1.90      2.30      1.30      1.50      2.00      1.90      1.80      1.10      1.05     0.80      0.7      1.0     2.1 

CsHu 1.80      1.5      1.1      1.1      1.0     0.80     0.60     0.50     0.35      0.35      0.35      0.30     0.25      0.10 

CjHt 4.00     3.5     3.1      3.2      2.8      2.50     2.50     2.00      1.75      2.05      1.85      1.80      1.80      1.90      1.20      1.00     0.60     0.3     0.3      1.8 

Oa 1.05      0.8     0.6     0.6     0.5      0.50     0.20     0.20     0.20     0.10     0.20     0.20     0.15     0.25      0.15      0.05     0.05     0.1      0.3     0.6 

CO 0.90      1.9      2.9      2.8     3.0     3.95      3.40     3.10      2.80     2.80     4.15      4.10     3.90     4.15      4.70     4.00     3.80     4.9     5.8     4.2 

CHi 36.65  36.1   34.5  34.5  33.6  32.40  33.65  33.45  31.20  32.40  33.40  32.45  33.20  30.60  26.10  21.15   18.95   12.2     4.7  26.2 

Hj 42.50  44.6  48.8  47.8  50. 1   50.75  53.75  50.55  47.10  51.50  50.65  49.75  53.40  51.60  55.75  58.95  61.90  67.0  70.0  51.7 

Ni 10.00     8.6     6.7     7.5     6.8     7.10     3.60     8.30  14.30     9.50     7.90     9.40     5.40     8.60  11.00  13.80  13.90  14.8   17.9   15.4 

Min,  cal.  power    (0°  C, 

760  mm.),  calculated 

per  cubic  meter 5402  5271  5086  5071  4971  4802   4906  4797   4324  4583   4660  4530  4665   4369  3978   4487   3412   2960  2419  3964 

GERMAN  CHEMICAL  INTERESTS  IN  RUSSIA  carbonized   for   a   period   of   29   hours.     The   temperature  rose 

The   many   factories   and    subsidiary    companies    maintained       gradually    during    this   period,    the   concluding   readings   being 
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1090°  C.  at  one-fourth  the  distance  from  the  charging  side, 
1120°  C.  in  the  center,  and  920°  C.  at  one-fourth  the  distance 
from  the  discharging  side.  These  temperatures  correspond  to 
the  center  of  the  carbonized  mass.  In  the  gas  space  above  the 
coal,  the  finishing  temperatures  were  respectively  870°,  860°, 
and  8io°  C.  The  resulting  coke  contained  88.53  P^r  cent  of 
carbon,  2.56  per  cent  of  volatile  matter,  and  8.91  per  cent  of 
ash. 

THE  DISPOSAL  OF  RESIDUALS  IN  GAS  AND  COKE 
PLANTS 

Difficulties  are  being  experienced  in  England,  according  to 
the  Jour.  Gas  Lighting  and  Water  Sup.,  127  (1914),  563,  both 
in  gas-works  and  coke-oven  plants  with  regard  to  the  disposal 
of  residuals.  Ammoniacal  liquor  is  difficult  to  dispose  of  since 
the  usual  buyers  have  been  compelled,  through  force  of  circum- 
stances, to  stop  the  manufacture  of  their  various  products. 
Consequently  they  have  not  had  sufficient  storage  room  to  ac- 
commodate the  bulk  of  liquor  offered.  Those  who  make  sulfate 
at  their  own  works  are  placed  in  a  rather  more  favorable  position. 
Even  though  sulfate  is  not  selling  well  just  now,  it  is  not  a 
difficult  matter  to  store  it  in  large  quantities,  the  principal  ob- 
jection being,  however,  that  a  large  amount  of  money  soon  be- 
comes locked  up  in  the  form  of  stocks.  The  disposal  of  tar,  too, 
has  not  been  unattended  with  difficulty.  Again,  lack  of  storage 
accommodation  has  been  an  important  factor,  the  large  distillers 
having  had  to  restrict  their  operations  owing  partly  to  the  em- 
bargo placed  upon  the  export  of  creosote,  and  partly  to  the  fact 
that  the  demand  for  pitch  has  been  below  normal.  As  far  as 
benzol  is  concerned,  no  difficulty  is  reported.  The  increasing 
use  of  this  product  as  an  automobile  fuel  has  created  a  good  mar- 
ket, and  this  is  particularly  noticeable  as  soon  as  there  is  any 
talk  of  a  petrol  famine,  or  even  of  a  substantial  rise  in  price. 


UNITED  STATES  MINERAL  OIL  EXPORTS 

The  Journal  of  the  Society  of  Chemical  Industry  extracts  from 
the  number  for  August  3,  of  the  Oil,  Paint,  and  Drug  Reporter 
the  following  particulars  of  exports  of  mineral  oils  from  the  prin- 
cipal customs  districts  of  the  United  States  (representing  about 
98  per  cent  of  the  shipments  from  all  parts)  during  the  twelve 
months,  July  i,  1913,  to  June  30,  1914: 

Gallons  Value 

Crude  oil 146.056,086  $6,808,513 

Illuminating  oil 1,155,809,4.10  74.374,091 

Lubricating  and  paraffin  oils 195,472.181  27.556,378 

Naphthas,  gasoline,  etc 185,578.776  26,568.682 

Residuum,  gas  oil,  fuel  oil,  etc 586,301.600  15.562.192 

Total,  1913-14 2,269.218.073  $150,879,856 

Total,  1912-13 1.947,746.303  134.514.109 


TESTING  MOTOR-CARS  WITH  TOWN  GAS 

According  to  the  Scientific  Ameri^-in,  in  consequence  of  the 
comparatively  high  cost  of  gasoline,  and  by  way  of  reducing  fac- 
tory outlay,  a  number  of  Detroit  makers  have  taken  to  testing 
their  motors  with  town  gas  instead  of  with  gasoline.  It  is  found 
that  an  economy  of  as  much  as  $80  a  day  can  be  effected  by  some 
makers.  Town  gas  at  45  c.  per  1000  cubic  feet  is  said  to  be 
cheaper  for  the  purpose  than  gasoline  at  c  c.  a  gallon.  A  com- 
parison of  costs  reveals  that  an  engine  developing  19.04  horse- 
power consumes  458  cubic  feet  of  gas,  which  costs  20.61  c.  an 
hour,  while  2.24  gallons  of  gasoline  would  be  required  to  develop 
the  .same  power,  and  the  cost  would  be  33.6  c.  an  hour  with  gaso- 
line costing  15  c.  a  gallon.  On  one  test,  it  was  proved  that  the 
cost  of  town  gas  works  out  at  58  per  cent  of  the  cost  of  gasoline. 


Europe  was  655,454  net  tons,  about  150,000  tons  being  exported 
to  England.  The  Briti-sh  spelter  production  was  65,197  tons. 
It  is  considered  that  to  furnish  150,000  tons  to  Great  Britain 
per  year  would  not  strain  the  resources  of  the  United  States. 
The  price  of  spelter  rose  i  cent  per  pound  at  East  St.  Louis 
between  August  6th  and  August  20th. 

MINING  IN  SOUTH  AFRICA 

The  report  recently  issued  by  the  Royal  Commission  on  Min- 
ing in  South  Africa  states,  according  to  Engineering  (London), 
98  (1914),  300,  that  the  coal  deposits  in  South  Africa  are  numer- 
ous, but  comparatively  undeveloped.  In  1913  the  total  output 
only  amounted  to  8,800,000  tons,  valued  at  about  $10,000,000. 
The  value  of  the  output  in  diamonds  in  the  Union  of  South 
Africa  was  $55,000,000  in  1913,  and  in  the  same  year  the  gold 
output  from  the  Transvaal  was  valued  at  $172,000,000.  In 
regard  to  cost  of  production  in  the  gold  mines  of  the  Witwaters- 
rand  it  is  said  that  by  calculating  the  working  capacity  of  two 
Europeans  as  equal  to  that  of  three  natives,  it  is  estimated  that 
if  natives  at  their  present  cost  per  shift — viz.,  $0.76  per  head — 
had  to  be  replaced  by  Europeans  at  $2.40 — and  this  appeared 
to  be  the  minimum  wage  at  which  Europeans  could  live  in  the 
Transvaal — out  of  the  fifty-two  producing  mines  for  which  fig- 
ures were  available,  twenty-six  would  cease  to  make  a  profit. 
If  the  white  laborers  replacing  natives  were  paid  at  the  rate  of 
$3.00,  about  the  current  rate  in  Western  Australia,  where  living 
is  cheaper,  out  of  the  fifty-two  mines,  thirty-five  would  cease  to 
make  a  profit.  The  average  cost  of  native  labor,  $0.76  per  shift, 
includes  the  cost  of  food,  recruiting  and  compound  expenses, 
in  addition  to  money-wages.  In  1913  the  value  of  gold  recovered 
per  ton  of  ore,  reckoned  at  the  rate  of  $20.64  PC  ^^^  oimce, 
was  $6.74,  in  which  sum  the  working  costs  per  ton  of  ore  were 
$4.35  and  the  average  gross  working  profit  per  ton  of  ore  $2.39. 

The  total  amount  paid  in  salaries  and  wages  by  the  Rand 
gold-mines  was  $66,000,000  in  1912,  and  $63,000,000  in  1913. 
The  average  wage  of  the  white  employee,  excluding  the  technical 
and  clerical  staff,  was  $1,540  per  year.  That  of  the  native  was 
$145.  If  to  this  latter  sum  there  be  added  $50  for  housing  the 
native  and  for  the  rations  he  receives,  the  white  man,  who  is 
employed  almost  wholly  in  supervision,  will  be  seen  to  receive 
about  eight  times  as  much  in  wage  as  the  native,  who  does  the 
manual  work.  The  Economic  Commission  has  found  that, 
when  allowance  is  made  for  the  cost  of  living,  the  Witwatersrand 
workman  is  better  off,  in  a  monetary  sense,  than  the  workman 
in  Australia  and  America,  and  much  better  off  than  the  work- 
man in  Europe. 


SPELTER 

The  United  States  Geological  Survey  has  recently  issued  a 
report  that  stocks  of  spelter  increased  by  23,380  tons  in  the  first 
half  of  the  year,  and  reached  on  July  ist  the  total  of  64,039  tons. 
In  the  calendar  year  1913  the  production  on  the  Continent  of 


PLATINUM  ORE  IN  SOUTHERN  NEVADA 

A  deposit  of  ore,  containing  the  platinum  metals  in  greater 
quantity,  and  entirely  dissimilar  in  occurrence  to  the  earlier 
finds,  has  recently  been  discovered  in  the  western  portion  of 
Clark  Coiinty  at  the  property  of  the  Boss  Gold  Mining  Co. 
This  deposit,  according  to  the  Engineering  and  Mining  Journal 
98  (19 14),  641,  is  10  miles  west  of  Goodsprings,  in  the  Yellow 
Pine  mining  district,  and  only  four  miles  from  the  California 
line.  The  ore  varies  in  thickness  from  2  to  10  ft.,  the  average 
being  about  6  ft.,  and  in  appearance  is  a  brownish  granular 
mass,  showing  occasional  streaks  of  hard  quartzose  material. 
Both  walls  of  the  ore  are  shattered  limestone,  and  along  these 
walls  occiu"s  an  encasement  of  malachite,  varj'ing  in  thickness 
from  a  few  inches  to  several  feet.  The  main  body  of  the  ore 
zone  carries  little  copper.  An  average  of  the  ore,  sampled  at 
S-ft.  intervals  for  200  ft.  along  the  upper  tunnel,  gave  the  fol- 
lowing results:  Gold,  i .  13  oz.  per  ton;  silver,  5.20  oz.;  copper, 
0.20  per  cent.  It  has  since  been  learned  that  this  ore  contains 
0.5  to  I  oz.  of  platinum  per  ton. 

In  June,  1914,  a  winze  was  started  from  the  upper  tunnel 
following  the  ore  on  its  dip,  and  high-grade  ore  was  encountered 
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within  a  few  feet.  The  appearance  of  the  ore  did  not  change 
materially  except  for  the  occurrence  of  small  masses  of  greenish 
talc  within  the  vein.  Some  of  these  masses  were  sufficiently 
large  to  be  mined  separately,  and  two  small  shipments,  amount- 
ing to  about  one  ton,  were  made,  a  settlement  analysis  of  which 
was  as  follows,  platinum  not  "being  determined  or  paid  for:  Gold, 
124.79  oz.  per  ton;  silver,  23.9  oz.;  lead,  i  05  per  cent;  copper, 
o .  65  per  cent ;  insoluble,  73 . 2  per  cent ;  sulfur,  3 .  i  per  cent ; 
iron,  6 . 7  per  cent. 

On  the  same  control  sample  of  this  shipment,  the  following 
was  the  result  for  metals  of  the  platinum  group:  Platinum, 
99.08  oz.  per  ton;  palladium,  16  oz.;  iridium,  trace. 

It  has  been  fully  determined  that  metals  of  the  platinum 
group  are  present  in  all  of  the  ore  thus  far  developed,  apparently 
as  alloys  of  gold.  It  would  also  appear  from  numerous  assays 
that  the  platinum  metals  bear  a  fixed  ratio  to  the  gold  content, 
being  in  the  proportion  of  about  ^/s  oz.  platinum  to  i  oz.  gold. 
The  ore  is  thoroughly  oxidized,  no  sulfides  having  as  yet  been 
recognized,  and  the  gold  alloys  have  a  "rusty"  appearance, 
showing  no  color  after  panning  until  they  have  been  thoroughly 
scrubbed  or  treated  with  acid. 

The  occurrence  of  the  ore  is  especially  peculiar  in  that  it  oc- 
curs entirely  in  limestone,  the  nearest  known  porphyry  contact 
being  about  600  ft.  distant. 

From  present  development  it  would  appear  that  the  district 
bids  fair  to  become  an  important  producer  of  platinum,  for 
numerous  other  claims  have  been  located  in  the  vicinity,  and  are 
now  imder  development.  The  Azurite  Mining  Co.,  whose 
ground  adjoins  that  of  the  Boss,  has  developed  some  ore,  although 
of  somewhat  diiTerent  character  from  that  of  the  Boss  mine. 

SANITATION  IN  VERA  CRUZ 

The  Vera  Cruz  correspondent  of  the  Journal  of  the  American 
Medical  Association  writes,  according  to  Science,  40  (1914), 
405,  that  the  hot  season,  which  is  also  the  rainy  season,  begins 
in  Vera  Cruz  in  May  or  June  and  lasts  till  the  end  of  September, 
and  as  the  season  advances  the  tendency  is  for  the  death  and 
morbidity  rates  for  all  diseases  to  increase,  owing  to  the  heat 
itself  and  the  rapid  increase  in  the  amount  of  malaria;  yet 
thanks  to  the  effective  work  of  ovu  sanatoriums,  this  year  is  an 
exception  in  that  the  civil  death  rate  for  July  is  practically  no 
greater  than  for  June,  in  which  month  it  was  lower  than  the 
average.  The  civil  death  rates  per  thousand  of  population  per 
annum  for  the  months  of  June  and  Jidy  for  the  past  five  years 
in  the  city  of  Vera  Cruz  are  given  below;  the  improvement  for 
July  of  this  year  is  too  great  to  be  accidental  or  due  to  anything 
but  improved  sanitation. 

June  July 


1910 38.86 

1911 38.29 

1912 44.86 

1913 36.86 

1914 32.00 


46.86 
46.86 
49.72 
41.15 
32.58 


A    comparative    statement    of    the    civil    deaths    from    com- 
,municable  diseases  for  June  and  July  of  this  year  is  as  follows: 


Typhoid  fever 

Malaria 

Smallpox 

Dysentery 

Tuberculosis 

Diarrhea  and  enteritis,  undei 
Diarrhea  and  enteritis.  2  yea 


The  increase  of  deaths  from  tuberculosis  is  not  unusual  during 
the  hot  weather;  the  smallpox  epidemic  is  over  and  there  are 
now  no  cases  in  the  city;  between  May  i8  and  July  31,  66,432 
persons  were  vaccinated;  revaccinations  are  now  being  made 
when  indicated  but  general  vaccination  ceased  with  the  end  of 
July.  The  principal  gain  is  due  to  the  fall  in  the  death  rates 
for  malaria  and  intestinal  disea,ses,  and  this  improvement  is 
directly  due  to  our  preventive  measures. 

The  antimalarial  measures  which  affect  the  civil  population 
are  three:  the  suppression  of  mosquito  breeding,  the  use  of  the 
army  laboratory  in  establishing  the  correct  diagnosis,  and  the 
following  up  and  treatment  of  all  proved  carriers  of  gametes 
in  the  blood.  Mo.squito  breeding  has  been  largely  suppressed 
by  the  extensive  and  intricate  system  of  ditches  in  the  environs 
of  the  city,  totaling  about  twenty-five  miles  in  length;  miles  of 
vacant  lots  and  hundreds  of  acres  of  swamp  at  the  bases  of  the 
gigantic  sand-dunes  behind  the  city  have  been  drained  by  the 
Health  Department,  and  it  is  now  possible  to  sleep  comfortably 
in  almost  all  parts  of  the  city  without  the  use  of  mosquito  bars, 
something  hitherto  unknown  in  the  height  of  the  rainy  season. 

Malaria  has  been  made  a  reportable  disease  by  the  Health 
Department  and  demonstration  of  the  parasite  in  the  blood  is 
insisted  on  as  far  as  possible.  AJl  houses  where  proven  cases  of 
malaria  have  occurred  have  been  visited  by  inspectors  trained 
in  mosquito  extermination,  and  secondary  cases  have  been  so 
far  practically  unknown.  As  a  result  of  a  partial  malarial 
survey  of  the  city,  it  has  been  found  that  the  disease  is  principally 
localized  along  the  railroad  and  railroad  yards.  Further  in- 
vestigations along  this  line  are  now  under  way.  The  work  has 
advanced  far  enough  to  demonstrate  that  there  is  very  much 
less  malaria  now  than  is  usual  at  this  time  of  the  year;  the 
Mexician  physicians  are  unanimous  in  saying  that  the  amount 
of  pahidismo  is  now  very  small. 

The  other  group  of  diseases  which  have  been  brought  under 
control  are  the  dysenteries  and  diarrheas,  and  the  preventive 
measures  which  seem  to  be  directly  responsible  for  the  im- 
provement are  the  following:  the  suppression  of  flies  and  the 
protection  of  food-stuffs  in  the  market  by  screening,  the  im- 
provement in  the  milk  supply,  and  the  disinfection  and  isolation 
of  dysenteric  cases.  The  number  of  milk  venders  in  the  city  is 
approximately  150,  and  200  samples  of  milk  have  been  examined 
for  dirt,  adulteration  and  the  percentage  of  fat.  The  mUk 
examinations  are  made  at  irregular  inters'als  on  unannounced 
dates,  each  vender's  milk  being  examined  at  least  once  quarterly. 
The  measure,  however,  which  seems  most  directly  responsible 
for  the  diminution  in  the  number  of  cases  and  deaths  from 
intestinal  diseases  is  the  antifly  campaign.  The  city  water  has 
been  frequently  examined  in  the  laboratory  and  found  uni- 
formly good.  No  cases  of  yellow  fever  have  originated  in  \'era 
Cruz  or  been  brought  to  that  port. 


NOTE 

The  description  of  the  Fullagar  internal  combustion  engine 
published  in  the  last  issue  of  This  Journai.,  6  (1914),  862,  was 
largely  quoted  from  an  article  in  the  Journal  of  Gas  Lighting 
and  Water  Supply.  127  (1914),  160.  A  full  discussion  of  tlie 
theoretical  principles  involved  can  be  found  in  Engineering 
(London),  98  (1914).  103. 


NOTES  AND  CORRL5PONDLNCL 


NOTE  ON  ANTISEPTICS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  recent  discussion  in  these  columns  as  to  what  ozone  will 
or  wUl  not  do  to  bacteria  under  different  conditions  suggests 
that  many  of  the  commonly  accepted  notions  as  to  chemical 


sterilization  might  be  revised  somewhat.  In  this  connection, 
a  few  years  ago,  Owen,'  of  the  Louisiana  Experiment  Station, 
showed  that  several  of  the  well-known  bacteria  of  the  potato 
bacilli  group — /.  e.,  Bacillus  vulgatus,  Bacillus  mesentericus 
fnscus,  Bacillus  mesentericus  niger  and  Bacillus  mesentericus 
'  This  Journal,  S,  481. 
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granulatus — were  capable  of  growing  in  raw  sugars  and  that  the 
spores  of  two  of  the  above  species  could  withstand  a  tempera- 
ture of  100°  C.  for  two  hours.  Russel'  recently  recorded  the 
fact  that  certain  bacterial  species  tolerate  phenol,  cresol  and 
hydroquinone.  in  fact  appear  to  feed  upon  these  substances. 
The  author  well  remembers  having  seen  well-developed  mosquito 
larvae  swimming  about  in  a  jar  of  bichloride  of  mercury  solu- 
tion, which  had  been  made  up  in  the  usual  manner  for  disin- 
fecting utensils  in  a  laboratory  where  investigations  on  cholera 
and  other  infectious  diseases  were  being  carried  on.  The  direc- 
tor of  the  laboratory  was  so  impressed  that  he  had  the  solu- 
tion analyzed  in  order  to  satisfy  himself  that  there  had  been 
no  mistake  made  in  its  preparation.  What  seems  like  a  more 
remarkable  case  was  noticed  recently  in  this  laboratory;  i.  e., 
a  mold  growing  on  a  solution  containing  1 1 . 8  per  cent  of  cop- 
per sulfate,  CuS04.5H20.  Fragments  of  the  mold  growth  first 
discovered  grew  on  other  samples  of  copper  solution,  showing 
that  the  first  fully  developed  mold  film  had  not  accidentally 
dropped  into  the  solution.  Dr.  Raymond  F.  Bacon,  of  this 
laboratory,  states  that  he  has  observed  molds  derived  originally 
from  spoiled  tomatoes,  growing  in  a  10  per  cent  solution  of 
sodium  benzoate  and  also  in  a  10  per  cent  sulfuric  acid  solu- 
tion. Perhaps  these  facts  are  not  more  remarkable  than  the 
oxidation  of  free  sulfur  to  sulfate  or  the  assimilation  of  atmos- 
pheric nitrogen  and,  doubtless,  others  could  contribute  equally 
noteworthy  instances  where  certain  bacteria,  molds  or  low  forms 
of  life  have  appeared  not  to  mind  the  presence  of  some  of  our 
commonly  accepted  antiseptics. 

Benjamin  T.  Brooks 
ME1.1.0N  Institute  of  Industriai,  Research 
University  of  Pittsburgh 
October  8,   1914 


NOTE  ON  WATER  PURIFICATION  BY  OZONE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

The  writer  was  much  interested  in  the  article  on  "Water 
Purification — with  Report  of  the  Ann  Arbor  Plant,"  by  R.  W. 
Pryer,  that  appeared  in  the  October  issue  of  This  Journal. 

In  reference  to  this  report  I  would  like  to  say  that  in  April, 
1910,  I  made  a  test  of  the  Ann  Arbor  Plant  for  The  Baltimore 
County  Water  and  Electric  Company,  which  was  at  that  time 
installing  an  ozone  plant  somewhat  similar  in  design  to  the 
one  in  question.  The  result  of  that  test  showed  that  the  sys- 
tem, as  it  was  then  installed,  was  a  failure  as  far  as  bacterial 
efSciency  was  concerned,  although  this  inefficiency  was  ascribed 
to  other  causes  than  explained  in  Mr.  Fryer's  report.  I  do 
not  know  what  changes  have  been  made  in  the  design  or  method 
of  operation  in  the  Ann  Arbor  plant  since  1910,  but  the  failure 
to  produce  efficient  results  (at  that  time)  was  due  mainly  to  the 
intermittent  action  of  the  aspirators  which  caused  a  poor  mix- 
ture of  the  ozone  and  water.  No  tests  were  made  at  that  time 
as  to  the  concentration  of  ozone  produced  at  the  plant,  but 
from  the  odor  it  was  not  greater  than  0.5  g.  per  cubic  meter. 
The  bacterial  efficiency  was  practically  nil  and  in  some  instances 
the  number  of  bacteria  was  even  greater  than  in  the  untreated 
water.  This,  as  was  explained  by  Mr.  Pryer,  was  due  to  the 
breaking  up  of  the  suspended  matter  contained  in  the  raw  water, 
due  to  violent  agitation  in  passing  through  the  sterilizer. 

The  Ozone  Plant  of  the  Baltimore  County  Water  and  Elec- 
tric Company,  constructed  under  the  supervision  of  Mr.  A.  E. 
Walden,  although  when  first  installed  somewhat  similar  in  de- 
sign to  the  Ann  Arbor  Plant  and  built  originally  under  the  same 
patent  right,  has  been  greatly  remodeled  to  overcome  the  faults 
encountered  in  the  original  design.  The  efficiency  of  the  sys- 
tem has  been  greatly  increased  so  that  it  is  possible  to  obtain 
99.0  to  1 00.0  per  cent  removal  of  bacteria,  with  a  material  re- 
duction in  color  and  organic  matter.  The  concentration  of  the 
1  J.  Soc.  Chevi.  Ind.,  1913,  p.  11.16. 


ozone  can  be  regulated  from  0.3  g.  to  5.0  g.  per  cubic  meter. 
It  has  not  been  found  economical,  however,  to  use  a  concentra- 
tion higher  than  log.,  for  with  proper  filtration  prior  to  ozoniza- 
tion  and  thorough  mixing  of  the  gas  with  the  water,  efficient  re- 
sults can  be  obtained. 

I  regret  that  at  the  present  time  I  am  not  at  liberty  to  state 
just  what  the  cost  of  sterilization  will  be,  but  it  is  far  below  any 
figures  quoted  by  Mr.  Pryer. 

In  my  opinion  the  failure  of  ozone  as  a  sterilizing  agent  for 
the  purification  of  water  has  been  mainly  because  of  (i)  the 
failure  of  the  systems  to  give  a  thorough  mixture  of  ozone  and 
water;  (2)  the  improper  preparation  of  the  supplies  (where 
necessary)  by  efficient  filtration  previous  to  ozonizing;  (3)  the 
attempt  to  produce  high  ozone  concentrations,  with  a  greatly 
increased  cost  of  operation,  when  by  thorough  mixing  with 
proper  devices  a  much  lower  concentration  would  serve  the 
purpose. 

S.  T.  PowELL 
BalTimore  County  Water  and  Electric  Company 
Bai,timore,  Maryland 
October  8,    1914 


WATER  PURIFICATION  BY  OZONE^WITH   REPORT   OF 
ANN  ARBOR  PLANT— NOTE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  6,  797,  the  article  on  the  purification  of 
water  by  ozone  with  report  of  the  Ann  Arbor  Plant  is  an  interest- 
ing and  painstaking  description  of  the  plant,  which  permits 
one  to  see  clearly  why  it  has  never  been  a  success.  It  is  prob- 
able that  the  plant  was  built  at  a  time  when  precise  knowledge 
of  the  actual  working  of  such  plants  was  not  extant  or,  at  least, 
not  generally  available,  and  for  this  reason  several  errors,  which 
at  present  appear  obvious,  were  introduced  into  its  design  and 
construction. 

The  wells  for  ozonizing  are  seen  to  be  about  3  ft.  3  in.  X  3  ft.  X 
15  ft.  deep  and  are  3  in  number  in  each  battery.  It  will,  there- 
fore, be  seen  that  the  period  of  contact  between  water  and  ozone 
is  about  12  minutes  and  45  seconds,  which  is  far  in  excess  of  what 
is  necessary  to  produce  good  ozonation,  but  on  the  other  hand, 
the  quantity  of  ozone  used,  namely,  0.227  g-  per  cm.  of  water,  is 
perhaps  '/s  of  what  would  be  required  in  a  system  of  the  character 
of  that  in  question.  Also,  it  will  lie  noted  that  the  ratio  of  water 
to  ozone  is  i  to  2.2  and  it  is  now  known  that  the  air  should 
be  in  much  larger  quantity,  both  for  the  reason  that  tl^  air 
itself  is  a  value  in  the  oxidation  of  organic  matter  and  because 
the  generation  of  ozone  at  high  concentrations  is  decidedly  un- 
economical. 

There  are  two  types  of  ozone  water  purifiers  used  abroad 
to  a  considerable  extent.  I  refer  to  the  Otto  and  Siemens-de 
Frise  methods.  In  the  former,  the  ozonized  air  is  introduced 
under  the  water  by  means  of  aspirating  action  of  the  latter  in 
passing  through  a  suitable  suction  pump,  and  as  the  amount 
of  air  that  can  be  moved  with  a  given  flow  of  water  is  limited, 
we  find  that  high  ozone  concentrations  are  made  use  of  in  this 
method  of  operating.  In  the  de  Frise  method,  as  the  ozonized 
air  is  introduced  independently  of  the  water  by  means  of  a 
separate  compression  pump,  the  amount  of  air  that  can  be 
used  is  independent  of  the  quantity  of  water  that  is  used  and 
we  find,  therefore,  that  large  quantities  of  air  are  made  use 
of  and  with  benefit. 

It  will  be  noted  that  in  the  Ann  Arbor  Plant  mica  tubes  are 
used  in  the  ozone  generators  instead  of  glass,  and  we  have 
found  in  our  own  experience  that  this  is  a  very  uneconomical 
form  of  ozone  generator  dielectric,  the  losses  in  mica  being  many 
times  greater  than  tlie  corresponding  losses  in  glass.  Fur- 
thermore, it  will  be  noted  that  little  or  no  effort  has  been  made 
for  cooling  the  generators,   Mr    Pryer  specifically  mentioning 
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that  there  is  no  water  jacket  provided  for  this  purpose.  This 
would  have  a  decided  adverse  influence  upon  the  economy  of 
the  ozone  generators.  The  concentration  of  ozone  generation, 
namely,  0.5  g.  per  cm.  average,  is  not  too  high  but  on  the  con- 
trary it  is  not  as  high  as  it  should  be  to  insure  economical  use  of 
air. 

While  the  plant  as  it  stands  is  a  failure,  I  should  not  hesitate 
to  state  that  with  the  substitution  of  a  new  ozone  generating 
plant  of  10  kw.  capacity,  designed  according  to  present  knowledge 
along  these  lines,  it  could  be  made  a  complete  success,  using  all 
of  the  structural  work  such  as  filter,  fore  bay,  rear  bays  and  ozone 
wells.  In  fact,  one  bank  of  wells,  and  perhaps  two  could  be 
eliminated  entirely  and  all  of  the  ozone  introduced  efficiently 
into  the  water  in  one,  or  at  most  two,  of  the  units  now  used. 

M.  W.  Franklin 


PRELIMIWARY  NOTE  ON  IRON  IN  FLORIDA  SOILS 

The  total  iron  in  seventy-three  samples  of  Florida  soils  and 
other  formations  ranged  from  0.23  to  11.53  P^r  cent  calculated 
as  ferric  oxide  (FeoOs),  the  lowest  figures  representing  material 
from  the  overburden  of  a  phosphate  mine  and  the  latter  a  garden 
soil.  The  second  largest  amount  was  7.44  per  cent  and  only 
slightly  greater  than  some  succeeding  ones.  This  indicates 
that  the  highest  amount  was  probably  due  to  added  iron.  The 
average  iron  content  from  all  sources  was  2.92  per  cent. 

Humus  and  iron,  in  general,  were  found  to  be  present  in  direct 
proportion.  Soils  having  much  humus  contained  about  5.72 
per  cent  iron  oxide ;  those  containing  little  humus  contained  about 
3.72  per  cent;  those  containing  a  trace  of  humus  had  2.57  per 
cent;  and  those  containing  no  humus  contained  about  1.57 
per  cent  of  iron  oxide. 

Untilled  soils  at  depths  of  3  and  9  inches  contained  com- 
paratively more  or  less  iron  depending  apparently  upon  the 
kind  of  plant  life. 

Roughly  the  amount  of  vegetation  upon  untilled  soils  was 
proportional  to  the  iron  content.  Live  oaks  and  hard  woods 
were  found  to  grow  on  soils  containing  4.29  to  5.72  per  cent 
iron  oxide;  cypress  on  soils  containing  about  5.7  per  cent  of  iron 
oxide;  long  and  short  leaf  pines  and  scrub  oaks  on  soils  con- 
taining 1.43  to  4.29  per  cent  iron  oxide. 

This  work  is  being  continued  and  the  quantities  of  other 
elements  are  to  be  considered  in  relation  to  the  iron. 

We  express  our  thanks  to  Dr.  E.  H.  Sellards,  State  Geologist 
of  Florida,  and  to  Dr.  J.  McNeill  of  this  Institution  for  samples 
of  soil. 

State  College  for  Women  C.   A.   BrauTLECHT 

Tallahassee,  Florida  A    B_   Parlin 

August   18,   1914 


NOTE  ON  COLORIMETRIC  METHOD  FOR  VANADIUM 
The  writer  has  learned  that  some  parties  have  not  been  suc- 
cessful in  the  use  of  the  colorimetric  method  for  vanadium  in 
steel,  described  in  This  Journal,  5,  736.  It  is  stated  that  the 
colors  as  developed  are  dissimilar  and  therefore  not  comparable. 
This  difficulty  is  due  to  failure  to  thoroughly  oxidize  carbon- 
aceous matter  and  to  completely  expel  sulfur  dioxide  after  re- 
duction of  the  permanganate.  In  carrying  out  the  determina- 
tion, heat  the  solution  strongly  for  4  minutes  after  addition  of 
permanganate;  add  sufficient  dilute  ammonium  bisulfite  to 
clarify  the  solution  and  continue  heating  3  minutes,  or  until 
sulfur  dioxide  is  entirely  expelled.  Upon  cooling  and  finishing 
as  directed,  the  colors  are  found  to  be  very  satisfactory  for 
comparison. 

Lima,  Ohio  C.    R.    McCabE 

October   13.   1914 


LUBRICANT  FOR  STOPCOCKS,  ETC. 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

An  excellent  lubricant  for  use  with  burette  stopcocks,  desic- 
cators, etc.,  can  be  made  by  melting  together  equal  parts  of 
paraffin  and  vaseline.  The  paraffin  gives  body  to  the  mixture 
which  is  therefore  superior  to  vaseline  alone,  especially  in  places 
where  high  temperatures  prevail. 


632  Dale  Ave..  Clarksburg.  W.  Va. 
August  20,   1914 


K     W.    OSCERBY 


THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

The  annual  meeting  of  the  American  Institute  of  Mining 
Engineers  was  held  in  Pittsburgh,  Pa.,  on  October  8th-ioth, 
1914. 

After  registration  at  the  Hotel  Schenley,  the  members  in  at- 
tendance were  welcomed  to  the  lectiu-e  hall  of  the  Carnegie  Insti- 
tute by  Dr.  W.  J.  Holland,  director  of  the  Carnegie  Museum; 
a  technical  session  followed.  The  afternoon  session  of  October 
8th  was  devoted  almost  entirely  to  the  presentation  and  dis- 
cussion of  papers.  L.  C.  Morganroth  discussed  "The  Occur- 
rence, Preparation  and  Use  of  Magnesite,"  and  then  a  paper 
on  "The  Iron  Industry  in  Brazil,"  prepared  by  E.  C.  Harder, 
was  read  by  Bradley  Stoughton.  During  the  course  of  Mr. 
Harder's  paper,  it  was  pointed  out  that  few  mineral  deposits 
have  in  recent  years  attracted  such  wide-spread  attention  as 
the  Brazilian  iron  ore  deposits,  owing  mainly  to  the  quantities 
of  rich  ore  occurring  there,  in  contrast  to  the  ever-decreasing 
grade  of  ores  shipped  from  many  large  producing  iron  ore  dis- 
tricts. The  Brazilian  ore  is  of  good  grade,  yielding  67  to  68  per 
cent  of  iron,  and  several  hundred  million  tons  are  in  sight.  Up 
to  the  present,  however,  no  iron  ore  has  been  exported  from  Brazil 
and  only  a  very  insignificant  quantity  has  been  used  to  supply 
the  small  domestic  demand.  G.  S.  Rice  spoke  on  "  Investiga- 
tions of  Coal-Dust  Explosions,"  in  the  coiu"se  of  which  he  told 
of  the  history  of  investigations  into  various  mine  explosions 
from  1884  to  the  present  time.  In  the  evening  of  October  8th 
a  formal  reception  was  held  in  the  lecture  hall  of  the  Carnegie 
Institute,  after  which  T.  T.  Read  exhibited  a  series  of  pictures 
illustrating  "Ancient  Methods  of  Manufactiu-e  of  Iron  in  China;" 
this  was  followed  by  a  lecture  on  safety  methods  in  coal  mining 
by  J.  W.  Paul,  and  then  Edward  Higgins  explained  two  reels  of 
pictures  showing  the  mining  of  iron  ore  at  Mineville,  in  the 
Adirondack  region  of  New  York. 

The  second  day  of  the  meeting  opened  with  sectional  sessions 
and  closed  with  an  informal  dinner  at  the  Hotel  Schenley.  In 
the  interval  between  these  assemblages,  the  300  engineers  in 
attendance  were  taken  on  inspection  trips  to  various  industrial 
plants  and  to  the  Government  experimental  mine  at  Bruceton. 
Albert  Sauveur  presided  at  the  meeting  of  the  iron  and  steel 
section.  John  Birkinbine  read  a  paper  on  "Reserves  of  Iron 
Ore  for  the  United  States,"  in  the  course  of  which  he  stated 
that  as  far  as  the  supply  of  ore  is  concerned  there  need  be  no 
fear  for  the  future  of  the  steel  industry  in  this  country.  A  re- 
port on  "Finishing  Temperatures  and  Properties  of  Rails," 
by  George  K.  Burgess  and  others,  and  papers  by  J.  K.  Furst 
on  the  duplex  process  for  making  steel  and  by  A.  Sauveur  on 
manganese  steel,  were  next  presented.  At  the  meeting  of  the 
coal  and  coke  section,  R.  V.  Norris  presided;  papers  were  read 
by  H.  N.  Eavenson,  on  coal  mine  explosions  caused  by  gas  and 
dust  and  by  T.  T.  Read  on  the  manufacture  of  coke.  Heinrich 
Ries  presided  at  the  meeting  of  the  section  on  non-metallic 
minerals,  at  which  D.  T.  Day  read  a  paper  by  W.  C.  Phalen 
on  "Salt  Making  by  Solar  Evaporation."  J.  A.  Dresser  and  O. 
B.  Hopkins  presented  papers  dealing  with  asbestos  deposits, 
D.  T.  Famhain  spoke  on  "Quarr>'ing  Shale  by  the  Tunnel 
System,"  and  H.  A.  Gardner  and  G.  B.  Hcckel  discussed  paint 
pigments. 
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The  meeting  closed  on  October  loth  after  three  sectional 
meetings  and  a  visit  to  the  oil  and  gas  district  about  Oakdale 
and  to  the  Pittsburgh  Station  of  the  Bureau  of  Mines.  Kdward 
Higgins  read  an  interesting  paper  on  the  safety  movement  in 
the  Lake  Superior  iron  region;  he  said  in  part:  "There  are  five 
organizations  engaged  in  this  work,  namely,  the  mining  com- 
panies, the  county  mine  inspectors,  the  co-operative  range  com- 
mittees, the  Lake  Superior  Mining  Institute,  and  the  Federal 
Bureau  of  Mines.  The  unity  of  purpose  and  the  strong  co- 
operation that  has  characterized  the  work  of  the  five  bodies  has 
been  a  factor  in  the  development  of  the  work.  The  bulk  of  the 
cost  has  been  and  still  is  borne  by  the  mining  companies.  Mainly 
their  work  has  been  to  provide  protective  devices  in  and  about 
the  mines  and  to  educate  the  miners  to  protect  themselves  from 
injury."  G.  S.  Rice  read  a  paper  prepared  in  conjunction  with 
H.  H.  Clark,  dealing  with  the  dangers  attending  shot  firing 
in  coal  mines  when  it  is  done  without  undercutting;  he  referred 
to  the  measures  taken  against  this  danger.  J.  C.  H.  Ferguson 
spoke  of  the  evolution  of  grinding  devices  from  the  time  of 
their  preparation  from  cast  iron  to  the  present  day  of  rolled  steel 
shells.  S.  S.  Rurasey  spoke  on  centrifugal  motor-driven  mine 
pumps,  and  O.  P.  Hood  discussed  the  use  of  gasoline  locomo- 
tives and  their  effect  upon  the  health  of  miners;  Harrison  Souder 
explained  a  new  detonating  fuse;  J.  V.  Emmons  read  a  paper 
on  the  surface  decarbonization  of  tool  steel,  and  R.  H.  Rice  re- 
ported on  a  system  of  blast-furnace  blowing.  At  the  meeting 
of  the  section  on  petroleum  and  gas,  C.  H.  Washburne  presented 
a  paper  on  "The  Capillary  Concentration  of  Gas  and  Oil," 
and  L.  Edelneau  described  his  method  of  refining  petroleum. 
These  papers  were  followed  by  a  general  discussion  of  gas  and 
oil  wells.  W    A.   Hamor 

THE  NATIONAL  COUNCIL  FOR  INDUSTRIAL  SAFETY 

The  third  annual  meeting  and  congress  of  the  National  Coun- 
cil for  Industrial  Safety  was  held  in  Chicago  on  October  13th- 
15th,  1914.  Over  2,000  delegates,  representing  various  indus- 
trial concerns  that  are  now  giving  practical  demonstration  of 
the  "safety  first"  movement  in  their  plants,  were  in  attend- 
ance. 

In  addition  to  the  formal  meetings,  there  were  round  table 
sessions  and  exhibits  of  safety  devices.  The  Congress  was 
presided  over  by  R.  W.  Campbell,  chairman  of  the  Central 
Safety  Committee  of  the  Illinois  Steel  Company,  while  W.  H. 
Cameron,  formerly  of  the  American  Steel  Foundries  Company, 
acted  as  secretary. 

L.  B.  Burnett,  assistant  to  the  president  of  the  Carnegie 
Steel  Company,  discussed  "Effective  Co-operation  between 
Employer  and  Employee;"  H.  M.  Wilson,  engineer-in-charge, 
Bureau  of  Mines,  Pittsburgh,  Pa.,  spoke  on  "How  Government 
Agencies  May  Best  Co-operate  with  Manufacturers,  Transporta- 
tion Companies,  and  Others;"  "Efficiency  in  Safety  Work" 
was  discussed  by  D.  R.  Kennedy,  special  agent  of  the  Youngs- 
town  Sheet  and  Tube  Company;  R.  H.  Newbern  read  a  paper 
on  "The  Safety  Problem  of  the  Railroads."  A  round  table 
conference  on  the  methods  of  educating  workmen  in  accident 
prevention  was  led  by  L.  R.  Palmer,  of  the  Pennsylvania  Depart- 
ment of  Labor  and  Industry;  the  economics  sessions  were  pre- 
sided over  by  C.   B.   Connelly.     Addresses  were  made  by  Ida 


M.  Tarbell  on  "Effects  of  Safety  on  the  Community,"  and  by 
J.  P.  Jackson  on  "Safety  First  in  Europe." 

More  than  2,000,000  serious  accidents  occur  in  the  industries 
of  the  United  States  every  year,  and  safety  engineers  are  in- 
clined to  the  belief  that  at  least  half  of  these  may  be  avoided; 
the  National  Council  for  Industrial  Safety  has  pledged  itself 
to  employ  every  known  agency  to  co-operate  in  reducing  these 
to  a  minimum.  W.  A.  Hamor 

AMERICAN  LEATHER  CHEMISTS'  ASSOCIATION 

The  eleventh  Annual  Meeting  of  the  American  Leather  Chem- 
ists'  Association,   in  conjunction  with  the  Annual  Meeting  of 
The   National   Association   of   Tanners,   was  held  at  the   Hotel 
Sherman,  Chicago,  on  October  28-31,  1914. 
FKOGRAM 

President's  Address.     W.  K.  Alsop. 

Report  of  the  Secretary-Treasurer.     H.  C.  Reed. 

Committee  Reports. 

Color  Valuation  of  Tanning  Materials.     George  A.  Kerr. 

Laboratory  Apparatus  for  Leaching  Experiments.  Lloyd 
Balderston  and  W.  K.  Ai.sop. 

The  Relation  between  Green  Salted  Weight  and  White  Weight 
of  Various  Portions  of  the  Hide.     F.  A.  Loveuand. 

Lime.     H.  H.  Bachtenkirchek. 

Dyes  and  DyestuBs.     Allen  Rogers. 

Leach  House  Efficiency.     John  H.  Voct  m. 

Sewage  Disposal  and  Use  of  Tannery  Wastes.     C.  C.  Smoot.  III. 

A  Resume  of  the  Methods  of  Tannery  Sewage  Disposal.  A. 
Roth.  Rogers. 

The  Bating  of  Hides  and  Skins.     Allen  Rogers. 

The  Availability  of  Tannins  in  Liquors  of  Various  Strengths. 
Thomas  A.  Faiist. 

Determination  of  Insolubles  in  the  Analysis  of  Tannin  Ex- 
tracts.     \V.  K.  Alsop. 

Spruce  Extract.     Sigmunu  Saxe. 

The  Clarification  of  Leather  Extracts  for  the  Determination  of 
Reducing  Sugars.     F.  P.  Veitch  and  J.  S.  Rogers. 

General  Meeting  National  Association  of  Tanners. 

Discussion-  TanningSchool,  Etc.  Joint  Meeting  with  National 
Association  of  Tanners. 

THE  CHEMICAL  SOCIETIES  IN  NEW  YORK  CITY 

1914-1915  SEASON— RUMFORD  HALL,  THE  CHEMISTS' 

CLUB 

American  Chemical  Society — October  9. 

Society  of  Chemical  Industry — October  23. 

American  Chemical  Society — November  6. 

Society  of  Chemical  Industry — November  6. 

Joint  Meeting — American  Chemical  Society,  Society  of 
Chemical  Industry  and  American  Electrochemical  Society — 
December  1 1 . 

Society  of  Chemical  Industry:  Perkin  Medal  Award — 
January   22. 

Joint  Meeting — American  Electrochemical  Society,  Amer- 
ican Chemical  Society  and  Society  of  Chemical  Industry — ■ 
February  5. 

American  Chemical  Society:  Nichols  Medal  Award — March  5. 

Society  of  Chemical  Industr>' — March  19.   . 

Society  of  Chemical  Industry — April  23. 

Joint  Meeting — Society  of  Chemical  Industry,  American 
Chemical  Society  and  American  Electrochemical  Society — 
May  21. 

American  Chemical  Society — June   1 1 


PERSONAL  NOTL5 


The  New  York  Section  of  the  A.  C.  S.  has  appointed  a  com- 
mittee composed  of  B.  C.  Hesse  (Chairman),  H.  A.  Metz,  I.  F. 
Stone,  J.  B.  F.  Herreshoff,  D.  W.  Jayne,  J.  M.  Matthews  and 
A.  Rogers  to  examine  into  the  feasibility  of  expanding  the  manu- 
facture of  chemicals  and  dyestuffs  in  the  United  States  and  to 
report  to  the  Section  on  November  6th. 

The  first  meeting  of  the  Maryland  Section  of  the  A.  C.  S.  was 


held  at  Hopkins  Hall,  Druid  Hall  Avenue,  Baltimore,  on 
October  loth.  Dr.  C.  Glaser  read  a  paper  on  "The  Catalytic 
Decomposition  of  Boniyl  Chloride  by  Copper." 

The  Society  for  the  Promotion  of  Engineering  Education  will 
hold  its  1 915  meeting  at  the  Iowa  State  College,  Ames,  Iowa, 
June  2  2-25th.  Dean  Marston  of  the  Iowa  State  College  is 
President  of  the  Society. 
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The  Pittsburgh  Section  of  the  A.  C.  S.  met  on  October  15th 
at  the  Central  Turn  Vercin  where  the  following  program  was 
given:  "The  Separation  of  Gases  by  Fractional  Distillation  at 
Low  Temperatures"  demonstrated  by  experiments  with  Special 
Apparatus — G.  A.  Burrell;  "The  Uses  of  Hydrofluoric  Acid  in 
the  Arts"— Dr.  K.  P.  Stay. 

The  Pittsburgh  Section  has  offered  its  services  to  the  manu- 
facturing interests  of  Pittsburgh  which  are  hampered  by  the 
present  shortage  of  imported  chemicals  and  other  materials. 

An  addition  is  being  built  to  the  chemistry  building  of  the 
University  of  California,  costing,  with  its  equipment,  $40,000. 
It  will  provide  laboratory  accommodation  for  250  students. 

The  Kochcster  Section  of  the  A.  C.  S.  heard  a  lecture  by  Mr. 
H.  E.  Howe  on  "The  Manufacture  of  Optical  Glass"  at  its  Oc- 
tober 5th  meeting. 

The  Wisconsin  Section  of  the  A.  C.  S.  met  on  October  14th, 
when  Prof.  S.  T.  Acree,  of  the  Forest  Products  Laboratory,  spoke 
on  "The  Reactions  of  Both  the  Ions  and  the^^Molecules  of  Acids, 
Bases  and  Salts." 

The  office  of  the  Secretary  of  the  Society  for  the  Promotion 
of  Engineering  Education  has  been  moved  to  Pittsburgh  and  is 
now  located  in  Thaw  Hall,  School  of  Engineering  of  the  Univer- 
sity of  Pittsburgh. 

The  27th  meeting  of  the  Nashville  Section  of  the  A.  C.  S.  on 
Oct.  1 6th  was  a  Memorial  Meeting  to  William  Lofland  Dudley, 
with  a  paper  on  his  life  and  work  by  Prof.  J.  T.  McGill  of  Vander- 
bilt  University. 

The  University  of  Illinois  Section  of  the  A.  C.  S.  was  addressed 
at  its  September  29th  meeting  by  Prof.  Edward  Bartow,  Director 
of  the  State  Water  Survey  ou  "Some  European  Practice  in  Water 
and  Sewage  Purification,  and  Some  Experiences  in  Europe  after 
the  Outbreak  of  War." 

The  Southern  California  Section  of  the  A.  C.  S.  met  on  Oc- 
tober 15th  at  the  HoUenbeck  Hotel,  Los  Angeles.  Mr.  Edgar 
S.  Baruch  presented  a  paper  entitled  "Ethics  and  the  Chemical 
Profession."  The  Committee  on  Oil  Tests  rendered  an  in- 
teresting report  of  their  work  of  the  past  summer. 

W.  F.  Monford  has  resigned  from  the  St.  Louis  Water  Works 
Staff  and  has  established  a  laboratory  at  506  North  Vander- 
venter  Ave.  Mr.  Monford  will  limit  his  work  to  the  supervision 
and  control  of  water  supplies. 

The  Chicago  Chemical  Bulletin  issued  monthly  by  the  Chicago 
Section  of  the  A.  C.  S.  presents  an  8-page  pamphlet,  containing 
editorials,  personals,  advertisements,  an  employment  column, 
correspondence  and  other  items  of  interest  to  the  Section. 

The  next  meeting  of  the  Chicago  Section  of  the  A.  C.  S.  will 
be  held  on  November  13th  at  the  Hotel  Sherman. 

The  Lexington  Section  of  the  A.  C.  S.  held  its  18th  regular 
meeting  on  October  14th.  Drs.  Jos.  H.  Kastle  and  G.  D.  Buch- 
ner  gave  an  Experimental  Illustration  of  the  Chemical  Changes 
Occurring  in  the  Accumulator  by  the  Electrolysis  of  Cuprous 
Chlorid. 

The  University  of  Illinois  reports  that  its  enrollment  in  Chem- 
ical Engineering  and  Professional  Chemistry  courses  is  forty  per 
cent  larger  than  ever  before.  There  is  also  a  large  increase  in 
graduate  students  in  chemistry,  particularly  in  industrial  lines. 

The  Rochester  Section  of  the  A.  C.  S.  met  on  October  19th, 
the  subject  for  the  evening  being  "What  Can  This  Society  Do  for 
You?" 

The  St.  Louis  Section  of  the  A.  C.  S.  considered  "The  Effect 
of  the  War  on  American  Chemical  Industries"  at  its  October 
1 2th  meeting.  The  discussion  was  led  by  Dr.  F.  W.  Frerichs  of 
the  Herf  and  Frerichs  Chemical  Co.,  Dr.  F.  W.  Russe  of  the 
Mallinckrodt  Chemical  Works,  Mr.  Gaston  Du  Bois  of  the 
Monsanto  Chemical  Works  and  Dr.  J.  R.  Macpherson  Klotz  of 
the  Barrett  Manufacturing  Co. 


Mr.  Luciano  Selmi,  formerly  with  the  Lake  Superior  Iron  & 
Chemical  Co.  at  Ashland,  Wise,  has  accepted  the  position  of  Chief 
Chemist  and  Metallurgist  with  the  Otis  Steel  Co.,  Cleveland,  Ohio. 

The  San  Francisco  and  Southern  California  Sections  of  the 
A.  C.  S.  are  considering  the  formation,  jointly,  of  a  Bureau  of 
California  Chemists  to  act  as  an  Advisory  Committee  to  manu- 
facturers who  may  wish  to  engage  in  chemical  industries  on 
the  Pacific  Coast. 

The  Connecticut  Valley  Section  of  the  A.  C.  S.  holds  its  meet- 
ings the  first  Saturday  of  every  month,  October  to  May,  inclusive, 
at  the  City  Club  of  Hartford,  7  Central  Row,  Hartford,  Conn, 
at  8  P.M.  At  its  26th  meeting  on  October  3rd,  Mr.  Edwin  C. 
Scott  of  the  Solvay  Process  Co.,  Syracuse,  N.  Y.,  talked  on 
Electro  Cleaners  and  the  general  topic  of  cleansing. 

On  October  gth  the  comer-stone  to  the  addition  to  the  Chemical 
Laboratory  of  the  University  of  Illinois  was  laid.  The  Hon.  W. 
L.  Abbott,  President  of  the  Board  of  Trustees,  presided.  After 
addresses  by  Prof.  W.  A.  Noyes  of  the  University  and  Mr. 
William  Hoskins  of  Chicago,  the  comer-stone  was  laid  by  Presi- 
dent Edmund  J.  James.  When  completed,  the  entire  labora- 
tory will  be  231  feet  long  and  202  feet  wide  and  will  contain 
164,288  square  feet  of  usable  space. 

At  the  October  9th  meeting  of  the  IndianaSectionof  theA.C.S. 
at  the  Indianapolis  Chamber  of  Commerce,  Dr.  W.  M.  Blanchard, 
President  of  the  Section,  spoke  on  "Diacetyl  and  Some  of  Its 
Derivatives,"  giving  the  account  of  his  research  work  in  the  Uni- 
versity of  Berlin  last  year. 

The  University  of  Michigan  Section  of  the  A.  C.  S.  met  on 
October  20th.  Prof.  E.  E.  Ware  read  a  paper  on  "The  Relation 
between  China  Wood  Oil  and  Modern  Varnishes." 

Prof.  Harry  N.  Holmes  has  resigned  from  the  chair  of  Chemistry 
at  Earlham  College,  Earlham,  Indiana,  where  he  has  been  since 
taking  his  doctor's  degree  at  Johns  Hopkins  in  1 907 .  Prof.  Holmes 
is  now  head  of  the  Department  of  Chemistry  at  Oberlin  College. 

At  a  joint  meeting  of  the  Pittsburgh  Sections  of  the  American 
Electrochemical  Society  and  American  Institute  of  Electrical 
Engineers,  Prof.  A.  F.  Nesbit,  formerly  of  the  University  of 
Pittsburgh,  discussed  the  Electrical  Precipitation  of  Smoke.  Dust, 
etc.,  and  Mr.  A.  F.  Weston,  of  the  Research  Corporation  of  New 
York  City,  showed  lantern  slides  illustrating  practical  applications 
of  the  precipitation  apparatus. 

At  the  October  15th  meeting  of  the  Philadelphia  Section  of 
the  A.  C.  S.  the  following  papers  were  presented:  "Glass  and  the 
Glass  Industry"  (illustrated),  George  E.  Barton  of  the  Whitall 
Tatum  Co.,  MillviUe,  N.  J.;  "Cork:  Its  Origin  and  Uses"  (illus- 
trated), H.  W.  Prentis,  Jr.,  of  the  Armstrong  Cork  Co., 
Philadelphia. 

The  Kansas  City  Section  of  the  A.  C.  S.  will  meet  on  Novem- 
ber 14th  at  the  University  of  Kansas,  Lawrence,  when  Prof.  C.  F. 
Nelson  will  speak  on  "Osmosis"  and  Prof.  G.  W.  Stratton  on 
"Chlorophyl." 

Dr.  David  T.  Day  has  resigned  his  position  with  the  U.  S. 
Geological  Survey  in  order  to  engage  in  private  practice. 

The  Second  Pennsylvania  Industrial  Welfare  and  Efficiency 
Conference  will  be  held  in  the  State  Capital  at  Harrisburg  on 
November  17  to  19,  1914,  under  the  auspices  of  the  Pennsyl- 
vania Department  of  Labor  and  Industry  and  the  Engineers' 
Society  of  Pennsylvania.  The  first  conference,  last  year,  was 
attended  by  about  2000  persons,  many  of  whom  were  leaders  in 
the  labor  and  industrial  world.  An  unusually  eflective  Safety, 
Welfare  and  Efliciency  Exhibition  will  be  open  from  November 
i6th  to  i8th. 

Mr.  John  D.  Northup  has  been  placed  in  full  charge  of  gather- 
ing the  statistics  on  petroleum  and  compiling  this  Government 
Report  for  the  U.  S.  Geological  Survey.  Mr.  Northup  succeeds 
Dr.  David  T.  Day,  recently  resigned. 
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GOVLRNMLNT  PUBLICATIONS 


By  R.  S.  McBride.  Bureau 
NOTICE — Publications  for  which  price  is  indicated  can  be 
purchased  from  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.  Other  pubHcations  can 
usually  be  supplied  from  the  Bureau  or  Department  from  which 
they  originate.  Consular  Reports  are  received  by  all  large 
libraries  and  may  be  consulted  there,  or  single  numbers  can  be 
secured  by  application  to  the  Bureau  of  Foreign  and  Domestic 
Commerce,  Department  of  Commerce,  Washington.  The  regu- 
lar .^subscription  rate  for  these  Consular  Reports  mailed  daily  is 
$2.50  per  year,  payable  in  advance,  to  the  Superintendent  of 
Documents. 

DEPAETMENT   OF  AGRICULTURE 

Arsenical  Cattle  Dips:  Methods  of  Preparation  and  Direc- 
tions for  Use.  Robert  M.  Chapin.  Farmers'  Bulletin  603, 
from  the  Bureau  of  Animal  Industry.  16  pp.  A  popular 
write-up  suitable  only  for  the  parts  of  this  country  infected 
with  the  Texas  fever  tick. 

The  Application  of  Refrigeration  to  the  Handling  of  Milk. 
John  T.  BowEn.  Department  Bulletin  98,  from  the  Bureau  of 
Animal  Industry.  88  pp  and  37  figs.  Paper,  10  cents.  This 
paper  "discusses  the  application  of  refrigeration  in  the  operation 
of  the  modern  milk  plant  and  describes  the  various  forms  of 
mechanical  and  other  systems  of  cooling."  It  is  of  interest  to 
producers,  shippers,  dealers,  and  consumers  of  milk  generally, 
and  also  to  manufacturers  of  refrigeration  machinery  and  ap- 
pliances. 

Harmful  Effects  of  Aldehydes  in  Soils.  Oswald  Sciireiner 
AND  J.  J.  Skinner.  Department  Bulletin  108,  from  the  Bureau 
of  Soils.  26  pp.  Paper,  10  cents.  "This  bulletin  deals  with 
the  discovery  and  properties  of  aldehydes  in  soils.  These 
are  shown  to  affect  crops  unfavorably  and  decrease  the  yield 
greatly.  The  results  are  of  interest  to  agricultural  experi- 
menters and  those  practical  farmers  whose  training  interests 
them  in  the  advance  of  scientific  agriculture." 

The  Inorganic  Composition  of  Some  Important  American 
Soils.  W.  O.  Robinson.  Department  Bulletin  122,  from  the 
Bureau  of  Soils.  27  pp.  Paper,  5  cents.  "This  bulletin  gives 
the  results  of  chemical  and  mineralogical  investigations  of 
certain  important  soils.  The  inorganic  part  alone  is  considered 
and  special  attention  is  given  to  the  so-called  rare  elements. 
It  is  technical  and  intended  for  the  use  of  research  workers  in 
agricultural  chemistry  and  teachers  in  the  same  field.  It  will 
also  be  found  of  secondary  interest  to  practical  agriculturists." 

Absorption  of  Fertilizer  Salts  by  Hawaiian  Soils.  Wm.  Mc- 
George.  Bulletin  35,  of  the  Hawaii  Experiment  Station. 
32  pp.     Paper,  5  cents. 

Oxidases  in  Healthy  and  in  Curly-dwarf  Potatoes.  H.  H. 
Bunzel.  Separate  from  the  Journal  of  Agricultural  Research, 
2>  373-404.  A  contribution  from  the  Bureau  of  Plant  In- 
dustry. 

Moisture  Tester  for  Grain  and  Other  Substances  and  How  to 
Use  It.  J.  W.  T.  DuvEL.  Circular  72,  reissued  with  supplement. 
16  pp.      Paper,  5  cents. 

Composition  of  Roquefort-cheese  Fat.  James  N.  Currie. 
Separate  from  the  Journal  of  Agricultural  Research,  2,  429-34. 

The  Effect  of  Strongly  Calcareous  Soils  on  the  Growth  and 
Ash  Composition  of  Certain  Plants.  P.  L.  Gile  and  C.  N. 
Ageton.  Bulletin  16  of  the  Porto  Rico  Agricultural  Experi- 
ment Station.     45  pp.     Paper,  10  cents. 

Density  of  Wood  Substances  and  Porosity  of  Wood. 
Frederick  Dunlap.  Separate  from  the  Journal  of  Agricultural 
Research,  2,  423-8. 

Effects  of   Certain   Cooking   Conditions   in   Producing   Soda 


of  Standards.  Washington 

Pulp  from  Aspen.  Henry  E.  Surface.  Department  Bulletin 
80,  from  the  Forest  Service.  63  pp.  Paper,  15  cents.  The 
detailed  information  presented  is  of  interest  in  connection  with 
laboratory  experimental  work  as  well  as  to  those  endeavoring  to 
improve  the  efficiency  of  commercial  paper-making  plants  using 
the  soda  process. 

Relative  Resistance  of  Various  Conifers  to  Injection  with 
Creosote.  C.  H.  TeesdalE.  Department  Bulletin  loi,  from 
Forest  Service.  43  pp.  Paper,  15  cents.  This  bulletin  is 
intended  to  show  "how  woods  should  be  graded  in  order  that 
they  may  give  uniform  results  when  subjected  to  treatment 
with  preservatives;  it  is  intended  for  those,  interested  in  wood 
preservation." 

Yields  from  Destructive  Distillation  of  Certain  Hardwoods. 
L.  F.  Hawlev  and  R.  C.  Palmer.  Department  Bulletin  129, 
from  the  Forest  Service.  16  pp.  Paper,  5  cents.  This  bulletin 
gives  the  results  of  laboratory  distillation  tests;  it  is  of  interest 
to  manufacturers  of  by-products. 

HYGIENIC  LABORATORY 

Bulletin  96,  dated  August  1914.  contains  the  following  articles 
of  chemical  interest.      124  pp.      Paper,  15  cents. 

(i)  Report  of  Investigation  of  Coastal  Waters  in  the  Vicinity 
of  GuLfport  and  Biloxi,  Miss.,  with  Special  Reference  to  Pollu- 
tion of  Shellfish.     R.  H.  Creel. 

(2)  Comparison  of  Methods  for  Determination  of  Oxygen 
in  Waters  in  Presence  of  Nitrite.     Euas  Elvove. 

(3)  Some  New  Compounds  of  the  Choline  Type,  Including  the 
Preparation  of  Monoacetate  of  a./3-Dioxy-/j-methyl  Butane. 
G.  A.  Menge. 

(4)  Detection  of  White  Phosphorus  in  Matches.  Earle 
B.  Phelps. 

(5)  CJiemical  Composition  of  Rubber  Used  in  Nursing  Nipples 
and  in  Some  Rubber  Toys.  Earle  B.  Phelps  and  Albert  F. 
Stevenson. 

(6)  Analysis  of  Thymol  Capsules.     Atherton  Seidell. 

(7)  Seasonal  Variation  in  Composition  of  Thyroid  Gland. 
Atherton  Seidell  and  Frederic  Fencer. 

(8)  Note  on  New  Apparatus  for  Use  with  Winkler  Method  for 
Dissolved  Oxygen  in  Water.     Hvman  L.  Shoub. 

(9)  Pharmacological  Action  of  Some  Serum  Preservatives. 
Carl  Voegtlin. 

public  health  service 

Studies  on  the  Self -purification  of  Streams.  Earle  B. 
Phelps.  Reprint  214,  from  the  Public  Health  Reports.  5  pp. 
Paper,  5  cents.  This  article  describes  the  physico-chemical 
principles  upon  which  are  based  the  investigations  of  re-aeration 
of  streams  and  the  limits  of  permissible  pollution  without 
nuisance.  It  is  a  condensed  form  of  the  paper  presented  at  the 
Cincinnati  meeting  of  the  American  Chemical  Society.  (See 
This  Journal,  6,  682.) 

Biological  Products  Establishments,  Licensed  Propagation 
and  Sale  of  Viruses,  Serums,  Toxins,  and  Analogous  Products. 
Reprint  206,  from  the  Public  Health  Reports.  4  pp.  Paper, 
5  cents. 

SUPERINTENDENT  OF  DOCUMENTS 

Lists  have  been  issued  recently  by  this  ollicc  givitig  the 
government  publications  for  sale  by  the  Superintendent  of 
Documents  on  various  phases  of  Agricultural  Chemistry  (Price 
list  40,  6th  edition)  and  Forestry  in  the  United  States  iPrice 
list  43,  6th  edition).  Either  of  these  lists  can  be  obtained  on 
request. 

BUREAU   OF  FOREIGN  AND  DOMESTIC   COMMERCE 

Cost  of  Production  in  Pottery  Industry,  Summary  of  Results 
Miscellaneous  Series  16.     43  pp.     Paper,  10  cents. 
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Cottonseed  Products  and  Their  Competitors  in  Northern 
Europe.  Part  2,  Edible  Oils.  ICrwin  W.  Thompson.  Special 
Agents  Scries  8q.     .^i  pp.      Paper,  5  cents. 

Those  interested  in  South  American  and  similar  trade  condi- 
tions will  find  information  of  value  in  the  following  four  publica- 
tions: 

(i)  Banking  and  Credit  in  Argentina,  Brazil,  Chili,  and 
Peru.  Kdward  N.  Hurley.  Special  Agents  Series  90.  72  pp. 
Paper,  10  cents. 

(2)  Imjiortant  Details  in  South  American  Trade.  Separate 
from  Daily  Consular  and  Trade  Reports,  August  28,  1914. 
4  PP- 

(3)  Publications  on  Latin  America  and  West  Indies.  Miscel- 
laneous Series  17.  15  pp.  Paper,  5  cents.  This  gives  a  brief 
review  of  the  information  available  to  manufacturers  and  ex- 
porters in  the  bulletins  issued  by  the  Bureau. 

(4)  Commercial  Relations  of  the  United  States  with  Foreign 
Countries,  calendar  year  1912.  (A  special  unnumbered  publica- 
tion).    272  pp.     Cloth,  40  cents. 

The   Monthly   Summary  of   Commerce   and   Finance   of  the 
United  States  has  l)ecome   the   Monthly  Summary  of  Foreign 
Commerce  of  the  United  States;  the  number  for  July,  1914,  is  the 
first  of  this  new  title;  it  is  also  No.  i  of  the  1914-15  series. 
BUREAU   OF  STANDARDS 

The  Relation  of  the  Horse-power  to  the  Kilowatt.  Circular 
34,  2nd  edition.  16  pp.  This  circular  includes  a  full  discussion 
of  the  present  practice  in  power  ratings;  the  use  of  the  kilowatt 
instead  of  the  horse-])Ower  is  urged. 

The  Testing  of  Potentiometers.  Frank  Wenner  and 
Ernest  WeibEL.  Scientific  Paper  223.  40  pp.  This  paper 
includes  a  discussion  of  the  theory  of  potentiometer  measure- 
ments as  well  as  the  methods  of  testing  which  are  described. 

The  Emissivity  of  Metals  and  Oxides.  I.  Nickel  Oxide  (NiO) 
in  the  Range  600°  to  1300°  C.  G.  K.  Burgess  and  P.  D. 
FooTE.  Scientific  Paper  224.  24  pp.  Results  for  the  mono- 
chromatic emissivity  or  absorptivity  are  given  for  the  aliove 
range,  and  for  the  dispersion  for  4  temperatures. 

Adjustments  of  the  Thomson  Bridge  in  the  Measurement  of 
Very  Low  Resistances.  F.  Wenner  and  E.  Weibel.  Scientific 
Paper  225.  4  pp.  A  description  of  two  methods  of  procedure 
for  making  this  adjustment. 

BUREAU   OF  MINES 

Experiments  with  Furnaces  for  a  Hand-fired  Return  Tubular 
Boiler.  Samuel  B.  Flagg,  George  C.  Cook  and  Forrest  E. 
Woodman.  Technical  Paper  34.  32  pp.  The  investigation 
reported  was  confined  to  the  construction  and  operation  of 
furnaces  of  this  one  type;  the  results  are  of  greatest  interest  to 
the  mechanical  engineer. 

Waste  of  Oil  and  Gas  in  the  Mid-continent  Fields.  Ray- 
mond S.  BlatchlEy.  Technical  Paper  45.  57  pp.  This 
report  "describes  the  general  amounts  and  kinds  of  wastes,  and 
attempts  to  show  the  importance  of  conserving  these  natural 
resources.  It  does  not  present  general  rules  and  regulations  for 
reducing  the  waste  of  gas  and  oil,  except  in  two  extreme  cases, 
but  suggestions  are  made  that  are  intended  to  help  the  operator 
meet  the  situation.  The  right  kind  of  cooperation  should 
accomplish  more  than  the  enactment  of  drastic  regulations." 

Report  of  the  Committee  on  Resuscitation  from  Mine  Gases. 
W.  B.  Cannon,  George  W.  Crili;,  Jushimi  Krlanger,  Yandell 
Henderson  and  S.  T.  MelTzer.  Technical  Paper  77.  36  pp. 
This  report  discusses  the  several  manual  and  mechanical 
methods  for  artificial  respiration,  including  recommendations. 

Prevention  of  Accidents  from  Explosives  in  Metal  Mining. 
Edwin  Higgins.  Miners'  Circular  19.  16  pp.  A  non- 
technical discussion  of  the  subject. 

Supplementary  List  of  Permissible  Explosives.  (Unnum- 
bered circular),  i  p.  The  additions  to  the  list  up  to  August 
I,  1914,  are  given. 


Origin  of  Coal.  David  White  and  Reinhardt  Thiessen. 
Bulletin  38.  390  pp.  including  54  plates.  Paper,  80  cents. 
The  following  articles  on  phases  of  the  general  subject  make  up 
this  bulletin:  Geologic  relations  of  the  coals.  Analyses  of  the 
coal  samples  studied  under  the  microscope.  Physiographic 
conditions  attending  the  formation  of  coal.  Rate  of  deposition 
of  coal.  Regional  metamorphism  of  coal.  Origin  and  formation 
of  peat.     Microscopic  study  of  coal. 

QEOLOGICAL  SURVEY 

Geology  of  the  Phosphate  Deposits  Northeast  of  Georgetown, 
Idaho.  R.  W.  Richards  and  G.  R.  Ma.nsfield.  Bulletin  577. 
76  pp.  Although  largely  of  geological  interest,  this  bulletin 
includes  a  brief  statement  of  the  chemical  character,  specific 
gravity,  and  possible  sources  of  these  phosphate  deposits. 

Advance  chapters  of  "Contributions  to  Economic  Geology" 
have  recently  been  issued  as  follows,  the  first  seven  titles  being 
from  the  second  part  of  the  issue  for  1912,  the  remainder  from 
the  first  part  for  1913: 

(i)  Geology  and  Coal  Resources  of  the  Sierra  Blanca  Coal 
Field,  Lincohi  and  Otero  Counties,  New  Mexico.  Carroll 
H.  Wegemann. 

(2)  Coal  near  Thompson,  Grand  County,  Utah.  Frank  R. 
Clark. 

(3)  Coal  near  Wales,  Sanpete  County,  Utah.  Frank  R. 
Clark. 

(4)  Rhode  Island  Anthracite.     G.  H.  Ashley. 

(5)  Coking  Coal  in  Powell  Mountain,  Scott  County,  Va. 
M.  R.  Campbell. 

(6)  The  Coal  Resources  and  General  Geology  of  the  Pound 
Quadrangle  of  Virginia  and  Kentucky.     Charles  Butts. 

(7)  The  Coal  Resources  of  a  Part  of  Northeastern  Missouri. 
F.  C.  Greene.  Each  of  these  articles  includes  analyses  of  the 
coals  and  data  of  economic  interest. 

(8)  Some  Deposits  of  Mica  in  the  United  States.  Douglas 
B.  Starrett.  Bulletin  580F.  60  pp.  This  paper  reports 
on  the  investigations  made  of  a  number  of  mica  deposits  studied 
during  19 13;  it  does  not  give  a  general  report  on  the  whole 
country,  but  some  information  of  a  general  nature  as  to  the 
production,  uses,  value,  and  nature  of  mica  is  included. 

(9)  Gold  Placers  on  Wind  ani  Bighorn  Rivers,  Wyoming. 
Frank  C.  Schrader.     Bulletin  580G.     20  pp. 

(10)  Camotite  near  Mauch  Chunk,  Pennsylvania.  Edgar 
T.  Wherry.     Bulletin  580H.     5  pp. 

Colorado  Ferberite  and  the  Wolframite  Series.  Bulletin  583. 
75  pp.  with  49  figures  and  plates.  This  bulletin  is  made  up  of 
two  articles:  "The  mineral  relations  of  ferberite"  by  F.  L. 
Hess  and  "Crystallography  of  ferberite  from  Boulder  County, 
Colorado"  by  W.  T.  Schaller. 

Bibliography  of  North  American  Geology  for  1913.  J.  M. 
Nickels.  Bulletin  584.  193  pp.  The  list  is  arranged 
alphabetically  by  authors'  names,  but  a  subject  index  is  in- 
cluded. It  contains  a  list  of  chemical  analyses  reported  and 
of  the  minerals,  rocks,  and  formations  described. 

Our  Mmeral  Reserves — How  to  Make  America  Industrially 
Independent.  G.  O.  Smith.  Bulletin  599.  48  pp.  This 
bulletin  is  issued  "for  the  purpose  of  furnishing  to  the  public  in 
convenient  form  a  summary  of  the  mineral- resources  available 
for  utilization  under  the  pressure  of  present  conditions,  in  the 
hope  of  encouraging  their  development  and  discouraging  the 
importation  of  raw  material  and  products  which  can  be  supplied 
at  home." 

Mineral  Resources  of  Alaska,  1913.  Bulletin  592.  The 
advance  chapters  of  this  annual  publication  are  now  being 
issued.  The  whole  report  is  made  up  of  2 1  papers  by  1 1  authors; 
one  of  the  papers  is  an  administrative  report,  two  are  general 
summaries,  and  tlie  others  deal  more  specifically  with  the 
economic  geology  of  certain  districts.  Separates  have  been  issued 
for  the  following  parts  of  this  report: 
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(A)  The  Mineral  Deposits  of  Alaska  and  the  Alaskan  Mining 
Industry  in  1913.  Alfred  H.  Brooks.  57  pp.  In  the  first 
part  of  this  are  described  the  geologic  occurrence  of  the  follow- 
ing: Gold,  copper,  silver,  zinc,  lead,  tin,  tungsten,  iron, 
chromite,  antimony,  other  metallic  minerals,  coal,  petroleum, 
peat,  structural  materials,  and  miscellaneous  nonmetallic 
minerals.  In  the  second  section  the  details  are  given  of  opera- 
tions for  1913,  which  show  some  falling  off  of  mineral  production 
as  measured  by  total  value  of  the  output.  The  following  gives 
the  more  interesting  data: 

Mineral  Production  of  Alaska  in   191.'^ 

Quantity  Value 

Gold  (fine  ounces) 755,947  $15,626,813 

Silver  (fine  ounces 362.563  218,988 

Copper  (pounds) 21.659,958  3.357.293 

Coal  (short  tons) 2,300  13,200 

Marble.gypsum.  tin,  lead,  petroleum,  etc 200,000 

Total $19,416,294 

(C)  Marble  Resources  of  the  Juneau,  Skagway,  and  Sitka 
Districts.     Ernest  F.  Burchard. 

(D)  A  Barite  Deposit  near  Wrangell,  Alaska.  Ernest  F. 
Burchard. 

(E)  Mineral  Deposits  of  the  Yakataga  District,  Alaska.  A. 
G.  Maddren. 

(K)  Mineral  Resources  of  the  Yukon-Koyukuk  Region, 
Alaska.     Henry  M.  Eakin. 

Most  of  the  other  separates  are  primarily  of  mining  interest, 
having  little  of  chemical  interest. 

Quality  of  the  Surface  Waters  of  Washington.  Walton  Van 
Winkle.  Water-Supply  Paper  339.  105  pp.  This  is  one  of  a 
series  of  papers  frequently  issued  by  the  Geological  Survey, 
treating  of  the  water  supplies  of  some  part  of  the  United  States. 
This  paper  gives  many  analyses  and  includes  "a  brief  discussion 
of  the  constituents,  uses,  and  purification  of  natural  waters  and  a 
detailed  consideration,  by  drainage  basins,  of  the  quality  of  the 
streams  of  Washington,  showing  the  nature  and  the  amount 
of  the  material  which  they  hold  in  solution." 

Surface  Water  Supply  of  the  United  States,  1912.  This  series 
of  papers  for  diflcrent  parts  of  the  country  contain  results  of 
stream  flow  measurements  and  other  data  gathered  at  the 
numerous  gaging  stations.  Little  data  of  chemical  interest  is 
given ;  the  papers  of  this  series  should  not  be  confused  with  those 
of  the  series  described  just  above. 

CONSULAR  REPORTS     SEPTEMBER,    1914 

The  production  of  geranium  oil  in  Algeria  and  its  chemical 
constants  and  adulterants  arc  described.      (P.  1195.) 

Perfume  essence  from  the  Reunion  Islands  include  geranium 
oil,  cananga  oil,  and  verti-vert.     (P.  1197.) 

A  new  paper  factory  is  being  constructed  at  Maracay, 
Venezuela.     (P.  1223.) 

Portland  cement  factories  of  Japan  are  exporting  cement  to 
Manchuria  and  China.     (P.  1227.) 

The  annual  production  of  ammonium  sulfate  in  Japan  is 
nearly  20,000  tons;  the  imports  are  about  120,000  tons.  (P. 
1228.) 

It  is  reported  that  the  embargo  on  exportation  of  potash  from 
Germany  via  Holland  has  been  removed.     (P.  1261.) 

Plans  have  been  completed  for.  the  new  University  of  British 
Columbia  to  be  located  near  Vancouver.  A  contract  has  been 
let  for  a  science  building  to  cost  $600,000. 

The  Chilean  government  will  introduce  oil-burning  locomotives 
on  125  miles  of  the  government  railway  as  an  experiment.  (P. 
1295) 

Both  oil  and  electric  safety  lamps  are  used  in  the  Cardiff 
(Wales)  coal  mines,  though  the  miners  do  not  readily  accept  the 
electric  lamps.     (P.  1342.) 

Gas  is  being  made  from  low-grade  coal  mine  refuse  at  Nanaimo, 
Canada,  and  is  piped  60  miles  to  Victoria.     (P.  1366.) 

Exportation  of  potash  from  England  has  been  forbidden.  (P. 
I457-) 


The  use  of  high  pressure  gas  for  street  lighting  is  being  con- 
sidered for  Bombay.     (P.  1461.) 

The  methods  of  mining  graphite  in  Ceylon  are  described  and 
the  trade  conditions  and  uses  of  graphite  are  discussed.  (P. 
1462.) 

Imports  of  dyestuffs  into  the  United  States  have  been  prac- 
tically constant  in  amount  for  the  past  five  years,  about  Sio,- 
000,000  annually.  In  1909  there  were  manufactured  in  this 
country  about  $16,500,000  worth  of  dyestuffs,  making  the  total 
consumption  over  $25,000,000  worth.     (P.  1469.} 

The  frequency  of  lead  poisoning  in  the  British  pottery  in- 
dustry has  decreased  from  66  per  1000  employees  in  1898  to 
14  per  1000  in  1912.     (P.  1477.) 
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Brandy 

Butter 

Olive  oil 
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Gold 
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Liquid  amber 
Peruvian  balsam 
Rubber 
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Aniseed  oil 
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Glass  ware 
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Matches 
Peanuts 
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Sugar 
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Rubber 
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Magnesite 
Pumice 


Exports  to  the  U.  S.  (pp.) 

Aix    LA    Chapelle- 

1452 
Bleaching  powder 
Fire  brick 
Chemicals 
Cocoa  butter 
Dyestuffs 
Paint  driers 
Fertilizers 
Fuses 
Paper 

Steel 


Brazil— 1377-95 
Brazil  nuts 
Cotton  seed 
Carnauba  wax 
Gold 
Hides 
Manganese  ore 


SlAM — 1419 
Gamboge 
Stick-lac 
Sapphires 

Nicaragua — 1436 

Balsam 

Copper 

Dyes 

Gold 

Hides 

Rubber 

SUver 

Sugar 

Tan  bark 

Frankfort,      Ger- 
many-1445 
Asbestos 
Celluloid 
Antipyrin 
Benzoic  acid 
Bleaching  powder 
Bronze  powder 
Coal  tar  dyes 
Naphthol 
Potash 

Resorcin 

Sodium  cyanide 

Clay 

Gelatine 

Glue 

Mineral  water 

Platinum 

Artificial  silk 

Hides 

Wine 

Wood  pulp 


Citric 
Tartaric  acid 
Oxalic  acid 
Sodium  bisulfate 
Cream  of  tartar 
Sodium  formate 
Potassium  oxalate 
Rochelle  salt 
Aniline  dyes 
Cement 
Fertilizer 
Mineral  water 
Stone  ware 
Wine 


Japan- 1489-1501 

Albalone 

Antimony  ore 

Soya-bean  oil 

Camphor 

Coal  and  coke 

Copper 

Graphite 

Hides 

Vegetable  isinglass 

Drugs 

Paper 

Peanuts 

Peppermint  oil 

Silk 

Sulfur 

Vegetable  wax 

Barmen,  Gbrmany- 

1456 
Chemicals 
Dyes 
Coke 
Hides 
Nickel 

Magdeburg,     Ger- 
many— 1505-17 
Barium  hydroxide 
Carbon  tetrachloride 
Bone-black 
Copper  products 
Fertilizers 
Kainite 
Kieserite 

Magnesium  chloride 
Magnesium  sulfate 
Peanut  oil 

Potassium  carbonate 
Potassium  hydroxide 
Potassium  cyanide 
Potassium  chloride 


Potassiun 

Urea 
Tungsten 


ulfate 


Quebec— 1518-29 
Aluminum 
Asbestos 
Creosote  oil 
Sodium  nitrate 

Copper  ore 
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Fertilizer 

Gas  liquor 

Hides 

Iron  oxide  pigment 

Maple  sugar 

Sulfur  ore 
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Ha 


Statistics,  Etc.,  on  Exports  to  the  U.  S.  (pp.) — (.Concluded) 


S'OVER — 1449 
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Celluloid 
Antimony  sulfide 
Arsenic  acid 
Creosote 
Meso  thorium 
Phosphoric  acid 
Thorium  nitrate 
Cerium  nitrate 
Cobalt 
Glycerine 
Hides 

Infusorial  earth 
Inks 
Potash 
Rubber 
Wine 
Wool  fat 

Rome — 1460 

Aluminum 

Chemicals 

Cork 

Glue  stock 

Hides 

Meat  extract 

Olive  oil 


Erpurt.     Geruany — 

1544-8 
Glass 
Hides 

Manganese  ore 
Scientific     instruments 

Morocco — 1553-62 

Hides 

Gum  sandarac 

British     Columbia — 

1569-80 
Bullion 
Cascara  bark 
Fertilizer 
Hides 


Copper  ore 
Blister  copper 
Copper  matte 

Mbrsina.     Turkey- 

1601-6 
Gum  tragacanth 
Sesame  oil  and  seed 


Chili- 1617-25 
Copper  ore 
Iodine 
Sodium  nitrate 


Burma — 1655 

Hides 

Mineral  wax 

Lac 

Cutch  (dye  wood) 

Copper  tnatte 

Bahamas — 1665-72 

Bark 

Hides 

Sisal 

Newfoundland — 

1681-90 
Cod  oil 
Seal  oil 
Whale  oil 
Guano 
Iron  ore 
Flint  pebbles 
Guatemala — 1714-17 
Hides 
Rubber 
Sugar 


Zinc  refining  in  Japan  has  increased  so  that  not  only  the 
domestic  demand  is  supplied,  but  also  some  zinc  is  shipped  to 
England.     (P.  1487.) 

Annual  imports  of  mineral  waters  into  the  United  States  are 
over  3,000,000  gallons,  valued  at  §1,000,000.  As  these  have 
come  principally  from  Germany,  France,  and  Austria-Hungary, 
domestic  waters  will  probably  soon  replace  the  foreign.  The 
production  in  this  country  is  about  57,000,000  gallons,  valued 
at  $5,500,000.     (P.  1483.) 

High-grade  iron  ore  deposits  have  been  discovered  on  the 
Copper  River,  near  Hupert,  B.  C.     (P.  1529.) 

The  peanut  and  peanut-oil  industry  of  South  Carolina  are 
discussed.     (P.  1534.) 

Tungsten  mines  in  Chosen,  Korea  are  being  operated  on  a 
small  scale.     (P.  1549.) 

A  new  pig-iron  furnace  is  to  be  erected  in  Chosen,  Korea,  at 
a  cost  of  $2,750,000.     (P.  1606.) 

The  regulations  regarding  the  grading  of  Manila  hemp  are 
discussed.     (P.  1607.) 

A  company  has  been  organized  in  Ceylon  to  manufacture 
sugar  from  the  palmyra  palm.     (P.  1610.) 

A  branch  laboratory  of  the  Canadian  Department  of  Internal 
Revenue  is  to  be  opened  in  Vancouver.     (P.  1628.) 

A  plant  for  making  sublimed  white  lead  in  Australia  is  being 
enlarged.      (P.  1628.) 

A  substitute  for  ichthyol,  to  replace  the  supply  from  Austria, 
has  been  placed  on  the  market.     (P.  1675.) 

Developments  of  potash  deposits  near  Barcelona,  Spain,  have 
been  interrupted  by  the  war.     (P.  1717.) 


BOOK  RLVILW5 


Chemistry  in  America:  Chapters  from  the  History  of  the 
Science  in  the  United  States.  By  Edgar  Fahs  Smith.  New 
York:  D.  Appleton  and  Co.  1914.  Pp.  xiii  +  356.  24 
half-tones.     Price,  $1.00. 

This  volume,  on  the  development  of  chemistry  in  the  United 
States,  may  be  described  rather  as  a  source-book  than  as  a  his- 
tory. It  consists  largely  of  biographies  of  individual  chemists, 
although  inter-relations  and  groupings  are  not  neglected,  and 
the  institutions  in  which  chemistry  was  especially  cultivated 
receive  more  than  incidental  mention.  The  book  contains 
two  general  addresses,  which  give  an  excellent  idea  of  the  in- 
terests of  chemists  at  the  opening  of  the  nineteenth  century, 
and  extensive  extracts  from  several  original  papers. 

The  earliest  contribution  to  chemistry  printed  in  America 
seems  to  be  one   published   in    1768   by  John   de  Normandie. 


The  balance  is  frequently  mentioned  in  this  paper.  It  is  surely 
time  that  the  absurd  misstatement,  to  the  effect  that  Lavoisier 
was  the  first  to  use  this  instrument,  should  cease  to  appear  in 
almost  every  paper  and  address  professing  to  deal  with  the 
history  of  the  science. 

It  is  interesting  to  note  that  the  Chemical  Society  of  Phila- 
delphia (1792-1809)  and  its  successor,  tlie  Columbian  Chemical 
Society,  founded  in  181 1,  antedated  the  European  societies  de- 
voted to  the  cultivation  of  the  same  science. 

The  biographical  chapters  give  vivid  characterizations  of 
many  interesting  men.  They  begin  with  James  Woodhouse, 
professor  of  chemistry  in  the  University  of  Pennsylvania,  a 
vigorous  and  emphatic  personality  whose  lectures  rarely  ex- 
ceeded forty  minutes  and  were  often  much  shorter.  Priestley 
and  his  relations  with  American  chemists  during  the  last  ten 
years  of  his  life  (1794- 1804)  occupy  much  space  and  constitute 
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one  of  the  most  interesting  parts  of  the  volume.  Thomas  Cooper 
(1759-1841)  was  probably  the  first  of  the  large  number  of  chem- 
ists who  have  become  college  presidents. 

The  biographies  include  John  Maclean  of  Princeton,  Samuel 
L.  Mitchell  of  Columbia,  Robert  Hare  of  Philadelphia,  perhaps 
the  most  influential  American  chemist  of  his  day,  and  a  group 
of  mineralogical  chemists  headed  by  Archibald  Bruce  from  whom 
brucite  derives  its  name. 

The  concluding  part  of  the  volume  deals  with  Guthrie,  an  in- 
dependent discoverer  of  chloroform  and  the  first  to  use  it  in 
medicine,  Rogers  who  experimented  in  dialysis,  T.  Sterry  Hunt, 
preeminent  as  an  original  thinker,  J.  Lawrence  Smith,  Wolcott 
Gibbs,  Mallet,  Carey  Lea,  Cooke  of  Harvard  and  Willard 
Gibbs  of  Yale. 

The  work  gives  an  excellent  idea  of  the  place  of  American 
chemists  in  the  history  of  chemistry,  and  we  owe  a  debt  of  grati- 
tude to  the  author  for  publishing  the  valuable  material  originally 
collected  for  his  lectures  on  the  development  of  the  science. 

Alexander  Smith 

Chemical  Reagents.  Their  Purity  and  Tests.  Authorized 
translation  of  Pruefung  der  Chemischen  Reagentien  auf 
Reinheit  (Zweite  Auflage)  Von  E.  Merck.  By  Henry 
ScHENCK,  A.B.  (Harvard).  Second  edition.  8vo.  pp.  ix  -f 
199.  Cloth.  D.  Van  Nostrand  Company,  New  York.  1914. 
Price,  $11.00  net. 

This  latest  edition  of  Merck's  Chemical  Reagents  follows  the 
same  general  lines  as  the  first  edition,  which  in  turn  was  pre- 
ceded by  the  Krauch  editions  on  "Die  Pruefung  der  Chemischen 
Reagentien  auf  Reinheit,"  which  have  appeared  successively 
since  1888.  In  this  edition  is  appended  for  the  first  time  a  table 
for  the  preparation  of  test  solutions  commonly  used,  with  general 
directions  and  approximate  strengths. 

The  general  treatment  of  the  subject  matter  consists  in  a  brief 
description  of  the  familiar  appearance  of  the  particular  reagent, 
along  with  detailed  tests  for  the  more  common  impurities.  These 
tests  are  to  be  made  in  the  examination,  both  qualitative  and 
quantitative.  In  many  places  are  added  the  use  and  solubility 
along  with  references  to  such  literature  as  in  the  author's  judg- 
ment are  the  most  important  new  contributions  upon  the  uses 
and  methods  of  testing  reagent  chemicals.  This  listing  of 
references  is  of  particular  value  to  the  analytical  chemist  who 
is  frequently  called  upon  to  make  a  more  elaborate  examination 
of  his  reagents  than  is  described  in  the  ordinary  manual.  In  this 
connection  it  is  noted,  however,  that  under  Sodium  Oxalate 
(Soerensen's  Oxalate)  the  valuable  work  of  Blum  of  the  U.  S. 
Bureau  of  Standards,  one  of  the  most  elaborate  investigations 
on  a  chemical  reagent,  is  not  mentioned.  It  is  possible  that 
inasmuch  as  this  work  was  published  in  191 2,  the  translator 
overlooked  this  important  article.  It  is  to  be  noted  that  the 
Tests  of  Purity  applied  to  oxalic  acid  and  the  oxalates  do  not 
call  attention  to  calcium  which  is  so  likely  to  be  present. 

On  the  whole  this  standard  handbook  treats  the  testing  of 
the  more  common  reagents  in  a  highly  satisfactory  manner  for 
a  small  book  and  it  is  gratifying  to  know  that  frequent  editions 
of  this  valuable  manual  appear  fwrn  time  to  time. 

Victor  Lenher 

Sammlung    Vieweg,    Heft    2.      Anorganische    Peroxyde    tind 

Persalze.     By  Dr.  C.  Freiherrn  von  Girsewald.     98  pp. 

Paper,  M.  2.40.    Heft  6.     Brennereifragen.     By  D.  Sidersky. 

Illustrated.     49    pp.     Paper,    M.    1.60.     Friedr.    Vieweg     & 

Sohn,  Braunschweig,  1914. 

These  two  recently  issued  books  are  among  the  first  six  vol- 
umes issued  of  the  "Sammlung  Vieweg,"  a  collection  which, 
it  is  planned,  shall  cover  all  the  branches  of  pure  and  applied 
science  and  shall  present  in  each  subject  its  strictly  contempo- 
raneous state  of  development. 


Dr.  von  Girsewald  has  divided  the  main  part  of  his  book 
into  two  divisions,  one  dealing  with  hydrogen  peroxide  and  the 
other  with  derivatives  such  as  the  true  metal  peroxides,  persalt 
like  the  perborates,  etc.  While  the  theoretical  part  of  the  sub- 
ject is  not  neglected,  the  chief  interest  of  the  book  is  in  the 
development  of  the  practical  applications  of  peroxides  to  industry. 

In  the  theoretical  part  the  discussion  of  the  formula  of  hy- 
drogen peroxide  (that  preferred  by  the  author  is  H  —  O  :  O  —  H) 
is  not  always  thoroughly  convincing  and  it  appears  a  mistake 
to  insist  so  strongly  on  any  detailed  structural  formula. 

The  book  is  on  the  whole  interesting  and  instructive,  and  the 
author  is  to  be  commended  for  introducing  the  necessar>'  fea- 
ture— sometimes  omitted  in  such  books — of  profuse  references 
to  original  sources,  especially  patent  literature;  the  work  is 
sufficiently  exhaustive  to  give  a  true  picture  of  the  present-day 
status  of  peroxides  and  persalts,  as  well  as  point  out  the  probable 
lines  of  future  development. 

"Brennereifragen"  deals  with  the  questions  of  modem,  chiefly 
French  and  Austrian,  distilling  practice.  The  first  part  treats 
of  the  continuous  fermentation  of  beet  juice  (the  chief  source 
of  spirits  in  France  and  Austria  as  opposed  to  Germany  where 
potatoes  and  grain  are  the  commonest  raw  materials),  while 
the  second  part  takes  up  distillation  and  rectification.  The 
book  is  well  illustrated  with  microphotographs  and  many  pic- 
tures and  diagrams  of  apparatus. 

M.  L.  Hamlin 
Rapid   Method   for  the   Chemical   Analysis   of   Special   Steels, 

Steel-Making  Alloys,   and   Graphite.     By   Charles  Morris 

Johnson,  Ph.M.,  Chief  Chemist  to  the  Park  Steel  Works  of 

the  Crucible  Steel  Co.  of  America.     Second  edition,     xi  -|-  437 

pages,    39    figures.     John    Wiley   &  Sons,    Inc.,    New   York. 

Price,  $3.00  net. 

The  first  edition  of  Mr.  Johnson's  book,  published  in  1909, 
met  with  a  hearty  reception  and  a  ready  sale  to  those  who  were 
interested  in  alloy  steels.  An  important  feature  of  the  first 
edition  was  the  incorporation  of  methods  of  analysis  of  alloy 
steels,  wherein  the  author  gave  actual  methods  used  in  control 
work  of  operations.  The  methods  were  based  on  experimental 
data  covering  years  of  experience. 

In  the  introduction  to  the  second  edition  special  attention  is 
called  to  the  following  general  statement:  "If  iron  be  com- 
bined by  fusion  with  notable  quantities  of  an  element  whose 
melting  point  is  very  much  below  that  of  iron,  the  tendency  is 
to  produce  a  metal  of  inferior  physical  properties,  but  if  iron  be 
combined  with  an  element  whose  melting  point  is  nearly  that  or 
higher  than  that  of  iron,  then  the  tendency  is  to  produce  a  metal 
of  superior  physical  properties." 

Attention  is  also  called  to  the  author's  methods  for  the  de- 
termination of  phosphorus  in  tungsten-bearing  materials;  tung- 
sten in  ores;  for  sulfur  in  alloy  steels  by  heating  the  insoluble 
carbides,  which  carry  the  major  part  of  the  sulfur,  to  a  yellow 
heat  in  a  stream  of  acid-carrying  hydrogen,  evolving  the  sulfur 
as  hydrogen  sulfide  from  sulfates;  modification  of  Brunk's 
method  for  nickel  in  steel;  the  titration  of  iron  or  vanadium  or 
both  in  the  presence  of  uraniiun;  uranium  in  ores;  ferro  uranium 
and  steels;  cobalt  steels  and  cobalt  metals:  to  the  author's 
investigation  of  the  cause  of  bark  in  pipe-annealed  steel,  tapered 
clay  combustion  tubes,  milling  machine,  one  piece  nichrome 
triangle,  and  the  plan  and  views  of  laboratory  rooms. 

The  second  edition  is  enlarged,  the  author  elaborating  on 
methods  given  in  the  first  edition.  He  has  also  added  new 
methods  based  on  more  recent  experience,  and  has  brought  the 
book  up  to  the  latest  and  best  analytical  practice  in  iron,  steel 
and  its  alloys.  Additional  chapters  give  methods  for  the  testing 
of  lubricating  oils,  coal,  iron  ore,  fluorspar,  limestone,  sand  and 
brick.  The  aim  of  the  author  has  been  to  produce  methods 
that  combine  speed,  simplicity  and  accuracy. 

William  Brady 
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Air:  Pumping  by  Compressed  Air.     ijy  E.  M.  Ivens.     8vo.     244  pp. 

Price,  SI. 00.      John   Wil.y  &  Scjus.   New  Vork. 
Analysis:    Chemical    Analysis,    Qualitative    and    Quantitative.     By 

G.   I,.  C.ARrji.NKK.      8vi.       .SOI  |>p       I'rii-.-,  S3, 0(1.      Black,  London. 
Analysis:  Introduction  to  Qualitative  Chemical  Analysis  (Anleitung 

zur    qualitativen    chemischen    Analyse).      By     H.    v.     Pechmann. 

14tli      red     l.y      VV.      I'r:indll.      Kvo.      \^f,     pp.      Price,      f0..50.      Munich. 

(German.) 
Analysis:    Principles    of    Quantitative    Analysis:    An    Introductory 

Course.      By    W.     C.     Hi.asdai.j:.      \2mo.     .194    pp.      Price,    $2.50.      D. 

Van   Nobtrand   Co.,    New   Vork. 
Analysis:   Tables  for   Qualitative   Chemical  Analysis.     (Tafeln    flir 

qualitativen  chemischen  Analyse.)     By  H.  v.  Pechmann.     14th  Ed 

hy   W.   I'randtl       8vo.      .VI  pp       Price,  iF()..l.S.      Munich.      (German.) 
Analysis:  Technical  Methods  of  Ore  Analysis.     By  Albert  H.  Low. 

6th  ICd.      8vo       .Vi2  PI).      Price,  S3  7,S.      John   Wiley  &  Sons,   New  York. 
Brewing:    The    Modern    Brewery,     A    Practical    Handbook   for   the 

Brewer  (Die  Blerbrauerel  der  Neuzelt),     By  .S.  Zimmermann.     8vo. 

Price,    ?.'..S0.      Bartenstein.      (German.) 
Experiments.     By  Philip  E.  Edelman.     2,'iO  pp.     Price,  $1..50.     Philip 

E.  Edelman.  Minneapolis,  Minn, 
Food:  Foods  and  Sanitation,  a  Text-book  and  Laboratory  Manual 

for   High    Schools,      By    Edith    H.    F<jkStkr    and    Mildred    Weic;lEV, 

12mo,      i')(,  pp       Price,   SI. 00.      Row,    Peterson  &   Co.,   Chicago, 
General    Chemistry:    Foundations    of    Chemistry.     By    Arthur    A. 

Blanchard  and  F.   B.  Wade.      12mo.     446  pp.     Price,  $1.25.     Ameri- 
can Book  Co.,  New  York. 
Oeneral  Chemistry:  Laboratory  Experln)ents  in  General  Chemistry. 

By    H.    B,    North.      2nd    Ed.,    revised.      12mo,      205    pp.       Price.    $1.00. 

D,  Van  Nostrand  Co,.   New  York. 

Household     Chemistry:     Elementary     Household     Chemistry.     By 

John    F.    Snell,      12mo,      307    pp.      Price,    $1.25,      The    Macmillan    Co., 

New  York.  » 

Inorganic  Chemistry:  Text  Book  of  Inorganic  Chemistry.     By  A,  F. 

HoLLEMAN.      12tli    Ed,      8vo.      Price,   S2  00       Leipzig.      (German.) 
Inorganic  Chemistry :  The  Principles  of  Inorganic  Chemistry.     By 

WiLHELM     OSTWALD.      Translated     hy    Alex.      Findlay.      4th    Ed.      8vo. 

836  pp.      Price,  $4.50,      The  Macmillan  Co.,  New  York, 
Iron:   Iron    Ores,  Their    Occurrence,    Valuation 'and    Control.     By 

E.  C.    Eckel.      8vo.      427    pp.      Price,    $4.00.      McGraw-Hill  Book    Co.. 
New  York. 

Oils:  Mineral  Oils  and  Their  By-products.     By   Iltyd  I.   Redwood, 

2nd   Ed.      8vo       .1.V>  pp.      Price,  $3.00.      Spon  &   Co.,   New  York, 
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Physical   Chemistry:   A   Manual   of  Practical   Physical   Chemistry. 

By  F.   W.   Gray.      12mo.      211    pp.      Price.   $1,25.      The   Macmillan   Co.. 

New  York. 
Physical  Chemistry :  Hydrogen  Ion  Concentrations.     (Die  Wasser- 

stofflonen-Konzentratlon.)     By  L.  Michaei.is.     8vo.     210  pp.   Price. 

$2.00.      J.   Springer,    Berlin.      (German.) 
Physiology:    A    Text-Book    of    Physiological    Chemistry.     By    Olof 

Hammarsten.      Translation    by    John    .\.     Mandel.      7th    Ed..    English, 

8vo.      1014  pp.      Price,   $4.00.      John   Wiley  S:  Sons,    Inc.,    New   York, 
Rubber:  The  Rubber  Industry  in  Brazil  and  the  Orient.     By  C,  E, 

Akbrs.      8vo.      33  pp.      Price,  $1.50.      Methuen.  London. 
Tanning :    Handbook    for    Tannery    Laboratories    (Handbuch  fuer 
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Tlnplate:   The  Tlnplate  Industry.     With  Special  Reference  to  Its 

Relations  with  the  Iron  and  Steel  Industries,     By   J,    H    Jones 

8vo.      302    pp.      Price.    $2.00.      P.    S,    King.    London. 
Welding:     A     Practical     Manual     of     Autogenoua     Welding     (Oxy- 

AcBtylene).     By    R.    Granjon    and    P.    Rosemberg.     Svo.     256    pp. 

Price,  SI. 25,      C.   GrimiL   London. 
Wines  :  Faults  and  Diseases  of  Wines,  Their  Causes,  Recognition,  and 
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By  C.  L.  Pakker,  Solicitor  of  Chemical  Pateats,  McGill  Building,  Washington.  D.  C. 


Hydrogenating  Oils,  Fats,  and  Fatty  Acids,  Etc.  J.  N. 
Humphreys,  June  23,  1914.  U.  S.  Pat. 
1,100,735.  The  oil  to  be  hydrogenated  is 
mixed  with  a  finely  divided  catalytic  agent 
and  caused  to  move  in  a  film  relatively  slowly 
and  quietly  over  a  circuitous  path  in  an  at- 
mosphere containing  hydrogen. 


Treatment    of    Petroleum    Hydrocarbons. 
Bacon  and  Clark,  June  23,  1914.     U.  S.  Pat. 
1,101,482.     This  process  is  designed  for  con- 
verting into  gasoline  petroleum  hydrocarbons 
%|t^    a  ^n  from   which   the  usual    gasoline   content  has 

K^        x;"  already  been    removed    by    fractional  distil- 

lation or  hydrocarbons  normally  free  from  gas- 
oline. The  process  consists  in  producing  saturated  gasoline  hydro- 
carbons (i.  e.,  hydrocarbons  having  boiling  points  ranging  from 
about  30°  C.  to  150°  C,  at  atmospheric  pressure),  by  simultane- 
ously decomposing  and  distilling  under  a  pressure  of  from  100  to 
300  pounds  per  sq.  in.  petroleum  hydrocarbons  having  a  boil- 


ing point  of  about  250°  C.  and  upward,  the  operation  being  con- 
tinued at  a  rate  to  give  a  yield  of  saturated  gasoline  hydrocar- 
bons of  a  minimum  volume  of  18  per  cent  of  the  distilling  charge, 
and  subsequently  treating  the  distillate  thus  obtained  for  the 
separation  of  the  saturated  gasoline  hydrocarbons. 

Carbon-Remover.  C.  B.  Longenecker,  June  30,  1914.  U. 
S.  Pat.  1,101,646.  This  is  a  compound  for  treating  cylinders 
of  internal  combustion  engines  consisting  of  sodium  chlorid  and 
sulfur. 

Sulfur  and  Sulfates  from  Sulfites.  C.  Hansen,  June  30, 
1914.  U.  S.  Pat,  1,101,740.  Sulfur  and  sulfates  are  produced 
by  heating  solutions  of  a  mixture  of  two  molecules  of  a  bisulfite 
with  one  molecule  of  a  sulfite  under  pressure  and  with  contin- 
uous stirring. 


./.     ,1      I  Met 

j£_^LLfc  w.  s. 
V     ^  1,103,0 


Method    and    Means  for  Fixing  Nitrogen. 
Landis,  July  14,   1914.     U.  S.   Pats. 
,,060    and    1,103,062.     Calcium     carbid 
contained  within  a  bag  of  loosely  woven  fabric 
is  placed  within  porous  vessel  3  in  the  chamber 
|-j  '    I  and  electrically  heated,  nitrogen  being  ad- 
mitted through"  pipe    11    during   the  heating 
operation. 


Fertilizer.  F.  S.  Washburn,  July  14,  1914.  U.  S.  Pat. 
1,103,115.  The  phosphoric  acid  contained  in  phosphate  rock 
is  rendered  available  as  a  plant  food  by  treating  the  rock  with 
sulfuric  acid  to  obtain  a  crude  solution  of  phosphoric  acid  and 
then  feeding  the  crude  solution  so  obtained  to  a  solution  con- 
taining di-ammonium  phosphate. 

Rendering  Smelter  Fumes  Useful  and  Recovery  of  Their 
Values.     C.   S.   Vadner,  July   14,   1914.     U.   S,   Pat.   1,103,165. 

The  smelter  fumes  are   purified  of  their  mechanical   impurities 
by  passing  them  through  the  mechanical  filter  in  the  chamber 


"A."  They  are  then  mixed  with  hydrocarbon  gases  and  the 
mixture  heated  to  a  high  temperature  in  the  gas  converting 
chamber  "B,"  thereby  rearranging  them  in  their  combinations. 


Combustible  gases  in  the  remaining  mixture  are  recovered  by 
cooling,  whereby  part  of  the  impurities  and  the  moisture  are 
eliminated. 

Process  of  Making  Bisulfite  of  Soda.  H.  Howard,  July  28, 
1914.  U.  S.  Pat.  1,104,897.  Lime-muil  is  reacted  upon  with 
sodium  bisulfite,   thereby    forming    calcium   sulfite    and   sodium 


sulfite.  Sodium  sulfate  is  added  and  the  resulting  mixture  is 
reacted  upon  with  sulfur  dioxid  at  a  temperature  between  45  ° 
C.  and  65°  C,  thereby  forming  calcium  sulfate  and  sodium  bi- 
sulfite. 

Calcium  Acid  Phosphate.     E.  W.  Reed,  July  28,   1914.     U. 
S.  Pat.  1,105,304.     A  moving  body  of  air  laden  with  the  finely 


divided  phosphate  material  to  be  transformed  into  calcium  acid 
phosphate  is  sprayed  with  sulfuric  acid,  the  process  being  pref- 
erably carried  out   in   the  apparatus  illustrated. 


MARKBT  RKPORX 

AVERAGE    WHOLESALE    I'RICES   OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE   MONTH    OF   OCTOBER,    I9I4 


OBQANIC  CHEMICALS 

Acetanllid Lb. 

Acetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcohol,  denatured  ( 1 80  proof) Gal. 

Alcohol,  grain  (188  proof). . .' Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetone Gal. 

Aniline  Oil Lb. 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb- 
Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb. 

Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb. 

Pyrogallic  Acid  (bulk) Lb. 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORQANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 

Alum  (lump) C. 

Aluminum  Sulfate  (high-grade) C. 

Ammonium  Carbonate,  (domestic) Lb. 

Ammonium  Chloride,    (gray) Lb. 

Aqua  Ammonia  (drums)  16° Lb. 

Arsenic  (white) Lb 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Barytes  (prime  white,  foreign) Ton 

Bleaching  Powder  (35  per  cent) C. 

Blue  Vitriol C. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Long  Ton 

Bromine  (bulk) Lb. 

Calcium  Chloride  (lump) Ton 

Chalk  (light  precipitated) Lb. 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Earth  (powdered,  foreign) Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) Lb. 

Lead  Nitrate Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate Lb. 

Magnesite  "  Calcined  " Ton 

Nitric  Acid  (36°) Lb. 

Phosphoric  Acid  (sp.  gr.  1 .75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris Bbl. 

Potassium  Bichromate  (50°) Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined),  80  @  85% C. 

Potassium  Chlorate,  crystals Lb. 

Potassiu 
Potassiu 
Potassiu 
Potassiu 
Potassiu 
Quicksil' 


1.50 
11 'A 


24 

15 
1.90 
1.20 

3  v. 
2.39 


1.65 

12l/« 


7'/. 

@ 

7V. 

1.50 

@ 

1.55 

2.75 

@ 

3.00 

1.50 

0> 

2.00 

10 

@ 

11 

6V. 

@ 

6V. 

2  v. 

@ 

2iA 

20.00 

@  27.00 

2.00 

@    3.00 

4.50 

@    4.75 

3V< 

@           41/. 

7'/. 

@           8 

22.00 

@  22.50 

Cyanide  (bulk),  98-99% Lb. 

Hydroxide C. 

Iodide  (bulk) Lb. 

Nitrate  (crude) Lb. 

Permanganate  (bulk) Lb. 

:,  Flask  (75  lbs.) 

Red  Lead  (American) Lb. 

Salt  Cake  (glass  makers') C. 


60 

1.65 

4.00 

8V2 

51/. 

1.30 

6 

50.00 

4V. 
1         281/j 


32.00        ©40.00 


Silver  Nitrate O2. 

Soapstone  in  bags Ton 

Soda  Ash  (48  per  cent) C. 

Sodium  Acetate Lb. 

Sodium  Bicarbonate  (domestic) C. 

Sodium  Bicarbonate  (English) Lb. 

Sodium  Bichromate Lb. 

Sodium  Carbonate  (dry) C. 

Sodium  Chlorate Lb. 

Sodium  Hydroxide  (60  per  cent) C. 

Sodium  Hyposulfite C. 

Sodium  Nitrate  (95  per  cent,  spot) C. 

Sodium  Silicate  (liquid) C. 

Strontium  Nitrate Lb. 

Sulfur,  Flowers  (sublimed) C. 

Sulfur,  Roll C. 

Sulfuric  Acid  (60°  B) C. 

Talc  (American) Ton 

Terra  Alba  (American),  No.  I C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate C. 

OILS,  WAZSB,  KTC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 


10.00 

67  V. 


12.00 
727, 


,  Oil. 


.C. 


Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Oil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Neatsfoot  Oil  (20°) Gal. 

ParafEne  (crude,  120  81  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl. 

Rosin  Oil  (first  run) ... Gal. 

Shellac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil.  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

Antimony  (Hallefs) Lb. 

Bismuth  (New  York) Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) C. 

Copper  (lake) C. 

Lead,  N.  Y C. 

Nickel Lb. 

Platinum  (refined) Oz. 

Silver Oz. 

Tin C. 

Zinc C. 


1.00        @     1. 10 


1.55 

@ 

1.57  V. 

1.60 

@ 

1.90 

— 

@ 

1.90 

2.20        @    2.60 


@     1.00 
@  20.00 


9V4  @ 
37  @ 
5  v.  @ 
8V.  @ 
4Vi  @ 
5Vi  @ 
2.35        @ 


5V. 
21V. 


18        @         18"/. 
12        @         12>,. 
2.10        ®    2.15 


3.50        @        — 

—        @        — 

50.00        ©52.00 

50Vi 
28.75        ©30.00 
4 .  80         @     4 .  90 


FEBTILIZEB  MATERIALS 

Ammonium  Sulfate C.  2.55 

Blood  (dried) Unit     3.15 

Bone.  4V.  and  50  (ground,  raw) Ton    27.50 


2.25 
5.00 


50.00 
5V. 


Calcium  Cyanamid Unit  of  An 

Calcium  Nitrate  (Norwegian) C. 

Castor  meal Unit 

Fish  Scrap  (domestic,  dried) Unit 

Phosphate,  acid  (16  per  cent  bulk) Ton 

Phosphate  rock;  f   o.  b.  mine- 
Florida  land  pebble  (68  per  cent) Ton 

Tennessee  (70-80  per  cent) Ton 

Potassium,  "muriate."  basis  80  per  cent Ton 

Pyrites  (furnace  size,  imported) Unit 

Tankage  (high-grade) Unit 


2.50 
5.50 
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ANALYSIS  OF  THE  COAL-TAR  DYE  INDUSTRY 

We  are  [ilcased  to  publish  in  this  issujc  a  lecture 
on  the  Coal-Tar  Dye  Industry  which  was  presented  at 
a  meeting  of  the  Board  of  Directors  of  the  General 
Chemical  Company,  on  October  23rd,  by  Dr.  Bern- 
hard  C.  Hesse.  This  comprehensive  analysis  of  the 
problem  is  of  peculiar  interest  at  the  present  time  on 
account  of  the  numerous  articles  appearing  in  the  daily 
and  magazine  press,  calling  upon  the  chemical  manu- 
facturers of  America  for  the  immediate  establishment 
of  plants  for  the  production  of  coal-tar  dyes,  to  pre- 
vent a  shortage  of  these  products  on  account  of  the 
European  war. 

It  is  generally  assumed,  and  often  stated,  that  the 
United  States  is  not  a  factor  in  the  coal-tar  dye  in- 
dustry because  of  lack  of  enterprise  or  skill  on  the  part 
of  our  chemists  and  chemical  manufacturers,  but  this 
is  far  from  the  truth. 

The  complexity  of  this  industry  is  but  little  under- 
stood by  the  layman.  We  believe  that  the  careful 
analysis  of  the  problem  which  Dr.  Hesse  has  made 
for  the  men  responsible  for  the  policies  of  a  great 
chemical  manufacturing  company  will  be  read  with 
interest  and  profit,  not  only  by  the  men  charged  with 
the  responsibility  of  developing  chemical  industry, 
but  by  the  public  who  are  entitled  to  know  why  the 
hue  and  cry  of  the  superficial  hack-writer  is  not  answered 
by  the  immediate  erection  of  great  coal  tar  dye  fac- 
tories. Industrial  development,  more  especially  in 
the  case  of  the  coal-tar  dye  industry,  is  dependent  for 
its  success  upon  a  large  number  of  conditions  entirely 
independent  of  the  financial  investment  or  the  technical 
skill  involved  in  the  operation  of  the  processes.  An 
analysis  of  the  charts  used  to  illustrate  the  lecture  shows 
at  a  glance  the  intricate  complications  of  the  technical 
features  of  coal-tar  dye  production.  These  complica- 
tions do  not  present  insurmountable  technical  obstacles 
to  the  American  manufacturer.  A  more  thorough 
analysis  of  the  lecture  and  the  charts,  however,  brings 
out  many  important  points  not  usually  considered. 
There  is  the  intimate  interlocking  of  processes  and 
products  in  which  an  economic  balance  must  be  main- 
tained or  some  phase  of  the  operation  will  be  required 
to  carry  prohibitive  cost  burdens.  The  slightest 
change  in  the  value  of  an  intermediate  by-product 
from  one  of  the  operations  may  serve  to  upset  this 
economic  balance,  and  thereby  change  the  whole 
process  of  manufacture.  This  point  is  particularly 
well  illustrated  in  the  manufacture  of  indigo  and  the 
influence  of  the  by-products  in  determining  the  raw 
material,  process  and  plant  which  is  used. 

The  patent  situation,  which  is  frequently  referred 
to  as  being  a  controlling  factor  in  the  German  domina- 
tion of  the  dye  industry,  is  shown  by  Dr.  Hesse  to  be 
deserving  of  very  little  consideration,  as  both  the  pro- 
cess and  product  patents  have  expired  in  the  case  of  a 
large  number  of  the  important  products.  On  the  other 
hand,  the  influence  of  the  tariff  on  the  development  of 


this  industry  is  carefully  discussed.  The  important 
point  is  made,  which  has  frequently  been  suggested 
in  connection  with  other  developments,  that  the  atti- 
tude of  the  consumers  of  these  products  in  regard  to 
tariff  increases  is  conducive  to  the  development  of 
these  industries  abroad,  rather  than  in  our  own  country. 
When  consumers  prevent  proper  tariff  protection  on 
products  which  are  or  could  be  manufactured  at  home, 
it  invariably  results  in  fostering  the  interests  of  foreign 
competitors. 

America  can  have  a  coal-tar  dye  industry  if  she 
pays  the  price.  Dr.  Hesse  has  clearly  set  forth  the 
conditions  which  must  be  met  to  make  possible  the 
development  of  the  industry  in  the  United  States. 
Such  an  undertaking  means  that  we  are  attacking  the 
most  favorably  situated  and  strongly  fortified  indus- 
trial position  in  the  manufacturing  world.  In  Germany 
the  coal-tar  dye  production  is  geographically  central- 
ized in  relation  to  the  required  raw  products;  it  is  the 
most  complicated  technical  and  commercial  industry 
known;  it  is  Germany's  most  prized  and  profitable 
industry;  the  economic  balance  of  by-products  which 
makes  their  industry  possible  would  not  hold  in  the 
United  States,  and  years  would  be  required  for  the  up- 
building of  a  corresponding  industry  here. 

Obviously  the  development  of  an  American  dyestuff 
industry  will  require  for  its  establishment  every  known 
condition  which  can  favor  success.  The  unlimited 
support  and  cooperation  of  the  consumer,  the  public 
and  the  government  would  be  a  small  price  to  pay  to 
compensate  the  manufacturer  who  has  the  resources, 
the  courage  and  the  skill  to  undertake  the  herculean 
task  of  developing  a  coal-tar  dye  industry  in  coopera- 
tion or  in  competition  with  Germany. 


RECOMMENDATIONS  OF  THE  NEW  YORK  SECTION  OF 

THE   AMERICAN    CHEMICAL   SOCIETY    ON    THE 

•ENLARGEMENT  OF  THE  COAL  TAR  CHEMICAL 

INDUSTRY  IN  THE  UNITED  STATES 

The  special  committee  appointed  by  the  New  York 
chemists  to  investigate  and  report  upon  conditions 
and  needs  involved  in  the  enlargement  of  the  coal  tar 
dye  industry  in  the  United  States  reported  at  the  regu- 
lar stated  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society  on  November  6th.  The 
meeting  had  been  widely  advertised  and  was  unusually 
well  attended. 

This  committee  was  composed  of  the  following  mem- 
bers: J.  B.  F.  Herreshoff,  representing  the  manu- 
facturers of  heavy  chemicals;  I.  F.  Stone,  representing 
the  American  coal  tar  dye  producers;  J.  Merritt 
Matthews,  representing  the  textile  interests;  H.  A. 
Metz,  representing  the  importers;  David  W.  Jayne, 
representing  the  producers  of  crude  coal  tar  products; 
Allen  Rogers,  Chairman  of  the  New  York  Section; 
and  Bernhard  C.  Hesse,  chemical  expert  in  coal  tar 
dyes.  Chairman. 

The  findings  of  this  committee  were  considered  in 
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detail  and  after  discussion  the  report  was  unanimously 
adopted  by  the  Section  and  ordered  printed  in  This 
Journal. 

In  view  of  the  importance  of  these  recommendations, 
and  the  highly  representative  character  of  the  com- 
mittee, their  conclusions  will  doubtless  be  of  the  greatest 
value  not  only  to  the  chemical  profession,  but  also  to 
the   layman  interested  in    our  industrial   possibilities. 

The  following  is  the  official  text  of  the  report: 
To  THE  New  York  Section,  American  Chemical  Society: 

I — At  the  meeting  on  October  9,  1914,  the  chairman  of 
this  Section  was  authorized  to  appoint  a  committee  to  in- 
vestigate into  the  feasibility  of  expanding  the  chemical  and 
dyestuff  industry  in  the  United  States  and  to  report  to  the 
Section  on  November  6,  1914. 

2 — The  undersigned  committee  was  appointed  October  15  th, 
and  at  once  proceeded.  It  addressed  letters  of  invitation  to 
cooperate  to  those  who  have  been  most  active  in  the  public 
prints  in  urging  the  expansion  of  the  chemical  and  particularly 
the  dyestuff  industry  in  the  United  States;  further,  an  invita- 
tion was  extended  to  the  maker  of  the  motion  which  resulted 
in  the  appointment  of  this  committee.  The  assistance  from 
these  is  nil. 

3 — A  request  was  addressed  to  trade  publications  in  the  City 
of  New  York  and  to  some  of  the  metropolitan  dailies;  in  all, 
nine  such  publications  were  requested  to  publish  a  suggested 
notice  for  the  purpose  of  inviting  cooperation;  the  object  of  this 
committee  was  set  forth,  and  request  was  made  that  sugges- 
tions be  mailed  to  the  chairman  of  this  committee.  All  but 
one  of  these  publications  have  complied  with  that  request.  No 
help  has  been  obtained  by  this  committee  from  any  suggestions 
mailed  to  it  as  a  result  of  this  publicity. 

4 — Your  committee  has  carefully  considered  all  the  public 
suggestions  as  to  methods  of  improvement  and  has  searched 
through  the  governmental  regulations  of  the  belligerent  nations 
as  to  embargo  and  as  to  contraband  of  war  in  order  to  construct 
therefrom  a  Ust  of  chemicals,  inclusive  of  dyestuffs,  which 
have  thereby  been  shut  off  from  the  United  States,  in  the  hope 
of  thus  being  placed  in  a  position  to  make  specific  recommenda- 
tions of  value. 

5 — It  can  be  fairly  stated  that,  in  general,  the  chemical  in- 
dustry of  this  country  is  efficiently  exploited  and  is  making  full 
use  of  all  the  opportunities  presented  to  it  under  the  normal 
conditions  existing  prior  to  the  state  of  hostilities.  Some  of 
the  chemicals  which  are  imported  from  abroad  are  made  in  con- 
siderable amounts  in  this  country  as  well,  and  the  amounts  im- 
ported under  normal  conditions  depend  upon  the  ordinary  normal 
fluctuations  of  business  conditions  both  here  and  abroad.  With 
the  stoppage  of  this  foreign  supply  the  domestic  production  was 
not  at  once  capable  of  making  up  the  deficiency,  but  in  a  number 
of  instances  the  American  manufacturers  have  taken  steps  to 
increase  their  capacity,  and  the  strain  in  the  market  of  those  par- 
ticular things  will  exist  no  longer  than  it  will  require  to  expand 
the  manufacturing  facilities  to  the  proper  extent. 

Among  these  are:  ammonia  salts,  barium  chloride,  barium 
nitrate,  bleaching  powder,  sodium  cyanide,  yellow  prussiate, 
sodium  nitrate,  sodium  hydrosulfite,  zinc  dust. 

6 — If,  however,  it  be  desired,  and  if  public  necessity  requires 
the  introduction  of  the  manufacture  of  explosives  and  further 
chemicals  and  dyestuffs  into  our  home  industry,  such  as  coal-tar 
product  explosives,  pharmaceuticals,  medicinals  and  other  inter- 
mediates and  finished  coal-tar  dyes,  then  alterations  of  our  tariff 
law  are  inevitable,  and  the  consumers  in  the  first  place  and  the 
public  in  general  must  share  in  the  burden  thus  imposed.  If 
conditions  of  national  defense  in  case  of  attack  by  a  foreign 
power  require  us  to  manufacture  our  own  explosives  and  to  be, 
n  that  regard,  independent  of  all  foreign  nations  at  all  times, 


or  if  our  textile  industries  or  any  other  of  our  industries  requiring 
coal-tar  chemicals  such  as  dyestuffs  shall  forever  be  protected 
and  made  independent  of  foreign  nations  for  the  supply  of  those 
materials,  then  the  nation  as  a  whole  must  bear  the  burden  inci- 
dent to  such  expansion.  Under  existing  circumstances  private 
enterprise  and  private  capital  have  gone  their  limit.  They 
have  reached  the  limit  for  two  reasons: 

I — The  explosive,  dye  and  similar  industries  abroad,  just 
referred  to,  are  in  a  state  of  high  development  and  of  refined 
organization  and  are  financially  the  best  suited  to  carry  on  an 
offensive  campaign  against  any  nation  attempting  to  take  busi- 
ness away  from  them. 

II — Domestic  manufacturers  are  prohibited  by  law  from 
making  use  of  cooperative  commercial  devices  such  as  pools, 
trusts,  manufacturing  and  selling  agreements  and  the  like, 
whereas  such  devices  are  wholly  lawful  abroad  and  are  encouraged 
by  the  respective  governments.  In  other  words,  the  American 
chemical  industry  is  expected  to  cope  with  the  foreign  industry 
while  both  its  own  arms  are  tied  behind  its  back  and  its  op- 
ponents have  full  and  free  use  of  their  arms. 

anti-dumping  clause 
7 — The  remedies  required  would  include  aft  effective  anti-dump- 
ing clause  that  would  certainly  prevent  underselling  of  domestic 
manufacturers  in  the  United  States  by  unfair  methods.  What 
the  form  of  such  clause  should  be  is  a  problem  with  which  your 
committee  is  unable  to  cope;  it  is  strictly  a  law-making  and 
law-enforcing  problem  and  is  allied  to  the  usual  problem  of  de- 
termining under-valuation  as  heretofore  carried  on  by  our 
Treasury  Department;  it  is,  however,  a  much  more  refined 
problem  than  the  older  problem  of  proving  under-valuation. 
Nevertheless,  your  committee  believes  that  with  such  a  mecha- 
nism in  our  law,  much  would  be  done  toward  encouraging  our 
chemical  industries. 

TO  CREATE  A  coal  tar  CHEMICAL  INDUSTRY 

8 — According  to  the  best  information  that  your  committee 
can  gather,  such  an  anti-dumping  clause  alone  would  not  be 
sufficient,  however,  to  create  complete  and  independent  domestic 
coal-tar  explosives,  dyestuffs  and  medicinals  industries.  It  has 
been  conclusively  demonstrated  during  the  past  thirty  years 
that  the  present  tariff  rate  of  30  per  cent  on  dyestuffs  is  not 
sufficient  to  induce  the  domestic  dyestuff  industry  to  expand 
at  a  rate  comparable  with  the  consumption  of  dyestuffs  in  this 
country  and  that,  therefore,  all  dyestuffs  made  from  coal-tar, 
whether  they  be  aniline  dyes  or  alizarin,  or  alizarin  dyes,  or 
anthracene  dyes  or  indigo,  so  long  as  they  are  made  in  whole  or 
in  part  from  products  of  or  obtainable  from  coal-tar,  should 
all  be  assessed  alike,  namely,  30  per  cent  ad' valorem  plus  v'/s 
cents  per  pound  specific,  and  that  all  manufactured  products  of 
or  obtainable  from  coal-tar,  themselves  not  dyes  or  colors  and 
not  medicinal,  should  be  taxed  15  per  cent  ad  valorem  and  i'/t 
cents  per  pound  specific. 

tariff    TO   AID    DYE  INDUSTRY 

9 — The  best  information  and  judgment  your  committee  can 
obtain  is  that  the  above  manufactured  products  of  coal-tar, 
not  dyes  and  not  colors  and  not  medicinal,  should  carry  one-half 
the  duty  of  the  finished  coal-tar  dye,  and  that  the  above  rate 
of  30  per  cent  ad  valorem  and  7 ','2  cents  specific  would  probably 
be  sufficient  to  encourage  and  enable  domestic  manufacturers 
to  expand  their  operations  to  such  an  extent  as  to  supply  a 
very  material  increase  in,  if  not  the  whole,  of  these  commodities 
consumed  in  this  country.  The  reason  for  a  specific  d&ty  is  to 
protect  the  domestic  manufacturer  in  the  manufacture  of  the 
relatively  cheap  dyes  such  as  the  cheap  scarlets,  the  cheap  yellows 
and  the  like,  whose  prices  abroad  are  in  the  neighborhood  of 
from  12  to  20  cents  per  pound;  with  dyes  of  that  type  30  per  cent 
ad  valorem  would  not  offer  so  serious  an  obstacle  to  importation 
and  underselling  thereof  as  does  the  7'/:  cents  per  pound  specific; 
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on  the  other  hand,  on  dyes  whose  prices  are  Sioo  and  upwards 
per  pound  the  function  of  the  7',  2  cents  specific  more  nearly  ap- 
prachcs  zero;  that  is,  with  the  cheap  dyes  the  chief  function 
lies  in  the  specific  portion  of  the  duty  and  with  the  e.xpensive 
dyes  the  chief  function  lies  with  the  iid  viilorem  portion  of  the 
duty. 

This  is  said  to  be  the  price  the  nation  will  have  to  pay  to  have 
a  complete  self-contained  and  independent  coal  tar  chemical 
industry.  However,  it  must  be  remembered  that  if  such  an  in- 
dustry be  created  and  importation  of  coal-tar  products  inclusive 
of  intermediates  and  dyes  is  restricted,  its  ultimate  effect  upon 
the  Federal  revenues  will  have  to  be  considered.  It  will,  there- 
fore, he  necessary  to  determine  carefully  if  the  advantages  to  be  gained 
are  equal  to  the  price  to  be  paid. 

PATENT   I,AWS 

10 — This  committee  is  a  unit  in  the  belief  that  an  alteration 
of  our  patent  laws  aiming  at  compulsory  working  or  compulsory 
licensing  would  not  be  of  any  substantial  benefit  to  this  industry 
or  to  the  country  as  a  whole.  Twenty-nine  countries  have  at- 
tempted compulsory  licensing  clauses  and  fifty-six  countries  have 
attempted  compulsoi©-  working  clauses,  and  the  best  information 
your  committee  can  obtain  is  that  in  none  of  these  attempts 
has  there  been  any  appreciable  measure  of  success.  While  it 
may  be  true  that  under  extraordinary  conditions,  such  as  now 
exist,  "compulsory  licensing  might  have  some  advantage,  yet  it 
is  equally  true  that  in  normal  times  the  disadvantage  due  to 
compulsory  licensing  or  compulsory  working  would  more  than 
overbalance  any  advantage  at  all  likely  to  be  obtained  under 
stress  of  unusual  conditions. 

II — In  none  of  the  countries  where  there  have  been  working 
or  licensing  clauses  or  both,  co-extensive  with  the  existence  of 
the  coal-tar  chemical  industry,  has  there  been  established  any 
real  coal-tar  chemical  industry  and  your  committee  does  not 
feel  that  an  alteration  in  our  present  patent  laws  could  be  made 
which  would  be  effective  against  foreigners  and  at  the  same  time 
not  be  onerous  and  a  hardship  to  domestic  inventors.  Your 
committee  believes  that  in  the  long  run  and  in  the  final  outcome, 
our  present  system  with  regard  to  working  and  licensing  is  as 
efficient  as  that  of  any  other  country.  In  the  dyestuff  industry, 
in  particular,  there  are  so  many  non-patented  commercial  prod- 
ucts and  so  many  commercial  products  once  patented,  now 
free  from  patent  restraint,  that  their  production  alone  would 
form  a  basis  for  a  very  considerable  industry,  and  your  com- 
mittee feels  that  the  way  to  encourage  that  industry,  if  the  es- 
tablishment of  that  industry  in  this  country  be  a  national 
necessity,  is  through  a  change  in  the  tariff  and  the  additional 
anti-dumping  feature  in  the  administration  of  the  tariff  and  not 
through  any  change  in  the  patent  laws.  Once  established,  such 
an  industry  could  develop  and  ultimately  cope  with  any  foreign 
combination  upon  fair  and  equal  terms.  Over  90  per  cent  of  the 
tonnage  and  of  the  individual  dyes  used  in  the  United  States 
will  be  free  from  any  patent-restraint  within  the  next  four 
years — over  75  per  cent  of  the  dyes  are  now  in  that  con- 
dition. 

AVAILABILITY   OF    RAW    MATERIALS 

12 — The  best  information  your  committee  has  so  far  been 
able  to  gather  is  that  this  country  can  produce  so-called  coal- 
tar  raw  material  in  amounts  sufficient  for  the  needs  of  a  com- 
plete domestic  coal-tar  chemical  industry  inclusive  of  explosives 
and  dyes,  provided  there  is  a  certainty  of  outlet  as  to  volume  and 
continuity.  Those  engaged  in  manufacture  here  do  not  want  to 
expand  unless  the  dye-users  are  willing  to  make  corresponding 
contracts.  In  other  words,  it  is  a  closed  circle.  If  the  dye-users 
will  contract  sufficiently  with  the  dye-makers,  the  dye-makers 
will  contract  with  the  coal-tar  distillers  and  the  industry  will 
take  a  start.     The  initiative  rests  wholly  with  the  users;  if  they 


cannot  afford  to  contract,  the  dye-maker  and  the  distillers  cannot 
afford  to  make  their  contracts  and  additional  investments. 

COAL-TAR   PRODUCTS 

13 — BENZOL,  TOLUOL  AND  THE  LIKE  are  produced  in  sufficient 
amount  in  present  installations  of  by-product  coke-ovens  to 
provide  all  of  these  things  that  would  be  needed  for  a  coal-tar 
chemical  industry  of  a  magnitude  sufficient  to  supply  the  United 
States  market;  the  separation  of  these  materials  from  the  gas 
that  carries  them  is  dependent  upon  the  market  and  the  demand 
therefor.  There  is  no  inherent  defect  in  our  coke-industry  with 
regard  to  the  actual  making  of  these  things;  the  only  question 
involved  is  whether  it  be  more  profitable  to  bum  the  benzol, 
toluol  and  the  like  contained  in  the  gas  as  a  fuel  than  to  separate 
them  from  the  gas  and  from  each  other  for  purposes  of  sale. 
Ample  supply  can  be  provided  before  any  plant  that  could  use 
benzol  and  the  like  for  dyestuff  making  could  be  erected  in  the 
United  States,  and  thereafter  the  supply  of  these  materials  can 
readily  be  kept  up  to  any  requirement. 

1 4 — The  materials  of  the  preceding  paragraph  are  the  ones  used 
in  the  coal-tar  explosives  industry  as  well  as  in  the  coal-tar 
medicinals  and  dyestuffs  industries.  Each  of  these  three  indus- 
tries cooperates  with"  the  others  to  make  full  use  of  those  ma- 
terials; alone,  none  can  fully  make  use  thereof  nor  succeed;  the 
correct  and  proper  utilization  of  these  materials  requires  suc- 
cessful co-existence  of  ALL  three  industries  in  one  and  the  same 
country. 

15 — NAPHTHALENE  and  ANTHRACENE  are  contained  in  the 
tars  produced  in  the  United  States  in  an  amount  sufficient 
for  the  needs  of  a  domestic  dyestuff  industry  and  it  is  merely 
a  question  whether  it  is  more  profitable  to  leave  them  in  the 
creosote  oil,  where  they  now  occur,  or  to  separate  them  out  of 
such  oil  and  refine  them  for  purposes  of  dye  manufacture. 
Ample  supply  of  either  of  them  could  be  produced  and  provided 
at  the  same  time  or  shortly  after  any  plant  could  be  erected  in  the 
United  States  for  the  use  of  these  things  in  the  production  of 
dyes. 

16 — What  has  been  said  with  regard  to  the  supplies  of  naph- 
thalene is  also  true  of  the  supplies  of  crEsol. 

17 — All  the  CREOSOTE  OIL  contained  in  the  total  amount 
of  coke-oven  tar  now  made  is  separated  from  it  and  used.  In- 
creased production  of  creosote  oil  requires  a  greater  production 
of  tar,  and  a  greater  production  of  tar  is  dependent  upon  increased 
installation  of  recovery  coke  ovens. 

18 — PHENOL  or  CARBOLIC  ACID  supply  is  primarily  dependent 
upon  our  deliberately  selected  method  of  coal  treatment; 
to  change  that  treatment  so  as  to  get  more  phenol  would  entail 
abandonment  of  other  advantages  which  would  not  be  compen- 
sated for  by  the  increased  amount  of  phenol  so  produced.  Under 
present  circumstances  freights  and  haulages  play  an  important 
part.  At  isolated  plants,  separated  by  considerable  distances 
from  each  other,  small  amounts  of  phenol  are  produced  and  the 
separation  of  the  phenol  at  such  individual  places  would  be 
economically  unprofitable,  and  in  order  to  concentrate  tliis 
amount  of  phenol  to  or  at  a  point  where  separation  could  be 
conducted  profitably  would  entail  freight  haulages  much  in  ex- 
cess of  the  value  of  the  phenol  that  would  thus  be  trans- 
ported. 

19 — The  only  source  of  phenol  in  sight  is  that  produced  syn- 
thetically from  benzol  by  means  of  sulfonation  and  subsequent 
melting  with  caustic  soda.  This  depends,  in  turn,  upon  our 
benzol  supply  and  would  be  profitable  only  so  long  as  the  United 
States  market  is  not  killed  by  the  dumping  of  foreign  phenol 
thereon,  whether  such  phenol  be  synthetic  or  distilled. 

20 — SALICYLIC  production  depends  upon  availability  of  phenol 
and  the  production  of  benzoic  acid  depends  upon  the  avail- 
ability of  toluol  which  has  heretofore  been  discussed. 
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21 — PHTHALic  ACID  made  from  naphthalene  by  means  of  bi- 
chromate cannot  successfully  compete  with  that  made  by  the 
mercury  and  sulfuric  acid  process  which  is  protected  by  patents 
having  about  three  years  more  to  run. 

MISCELLANEOUS   CHEMICALS   AND    RAW    MATERIALS 

22 — ACETIC  ANHYDRIDE  can  be  made  without  trouble  in  this 
country,  and  will  be  made  in  this  country  so  soon  as  the  domestic 
demand  is  large  enough  and  steady  enough  to  warrant  the  in- 
stallation of  a  suitable  plant. 

23 — NITRIC  acid:  All  countries,  with  the  exception  of  possibly 
Norway  and  the  countries  importing  from  Norway,  are  dependent 
upon  Chili  for  the  raw  material  for  making  nitric  acid.  It  will 
not  be  profitable  to  make  nitric  acid  froin  air  in  the  United 
States  until  the  value  of  the  electric  horse  power  reaches  a  level 
of  $3  or  §4  a  year,  as  it  is  in  Norway. 

24 — AMMONIA  and  its  salts  all  depend  upon  recovery  coke 
ovens,  and  such  recovery  plants  are  increasing  as  fast  as  cir- 
cumstances will  permit. 

25 — BARIUM  CHLORIDE  and  Other  compounds  of  barium  may 
be  made  from  domestic  barytes.  A  number  of  attempts  have 
hitherto  been  made,  but  with  indifferent  success.  Factories 
established  within  the  last  year  promise  to  be  successful. 

26 — MAGNESIUM  chloride  of  a  Sufficient  purity  to  be  used  in 
the  production  of  flooring  is  almost  generally  made  from  mag- 
nesite  found  in  Greece,  which  is  the  only  deposit  known  having 
sufficiently  high  purity;  there  are  reports  of  suitable  deposits 
in  California  and  in  lower  California  so  that,  with  the  completion 
of  the  Panama  Canal,  the  question  of  freights,  which  seems 
hitherto  to  have  stood  in  the  way  of  developing  these  deposits, 
may  be  eliminated.  Other  sources,  less  remote  from  centers  of 
consumption,  and  using  other  materials,  e.  g.,  brine-waste,  are 
about  to  be  successfully  operated. 

27 — manganese  in  the  form  of  pyrolusite  is  not  known  to 
occur  in  paying  deposits  in  the  United  States;  these  are  practically 
all  in  the  Caucasus. 

28 — potash:  In  view  of  the  great  exertions  that  have  been 
made  for  a  number  of  years,  both  on  the  part  of  the  federal 
government  through  a  number  of  its  departments  and  a  great 
many  different  groups  of  capitalists,  there  is  nothing  to  be  said 
in  this  report  that  would  be  of  any  value  with  regard  to  increased 
production  of  potash  either  as  fertilizer  or  as  a  chemical. 

29 — YELLOW  PRUSSIATE  AND  SODIUM  CYANIDE  Can  be  and 
have  been  made  from  domestic  materials  in  such  an  amount 
as  to  provide  practically  the  entire  consumption,  or  a  great 
portion  thereof,  in  this  country  so  long  as  there  was  a  sufficient 
duty  on  them;  the  present  duty  is  not  enough  to  protect  the 
American  manufacturer,  and  those  who  were  engaged  therein 
have  in  large  measure  withdrawn  from  the  business,  but  some 
are  reported  to  be  taking  up  manufacture  cautiously  and  in 
limited  amounts. 

30 — HY'DROSULFITES  in  Solution  can  be  made  from  domestic 
materials  without  interference  with  any  patent  rights;  the  pro- 
duction of  solid  salts  and  derivatives  are,  however,  still  protected 
by  patents  that  have  a  few  years  more  to  run. 

31 — SODIUM  NITRITE  is  produced  more  cheaply  as  a  by-product 
in  Norway  than  it  can  be  produced  anywhere  in  the  world; 
unless  the  price  of  the  electric  horse  power  in  this  country  sinks 
to  a  $3  or  $4  level  per  year,  as  in  Norway,  this  product  cannot 
be  manufactured  in  the  United  States. 

32 — OXALIC  ACID  is  and  has  been  made  to  some  extent  in  this 
country  and  the  information  coming  to  your  committee  is 
that  suitable  efforts  are  being  made  to  expand  the  capacity  of 
existing  plants. 

33 — TARTARIC  ACID  AND  CITRIC  ACID:  To  make  this  country 
independent  of  others,  with  respect  to  tartaric  acid  and  citric 


acid,  would  call  for  radical  changes  on  the  part  of  our  grape 
growers  and  our  lemon  growers  as  to  the  policy  of  their 
business. 

It  is  probably  true  that  edible  grapes  do  not  produce  argols 
(the  crude  material  for  tartaric  acid)  very  largely,  and  that  our 
domestic  lemons  do  not  produce  as  large  yields  of  juice  (the  crude 
material  for  citric  acid)  nor  as  high  an  acidity  as  do  the  Italian 
lemons;  therefore,  an  independent  supply  of  the  raw  materials 
produced  in  the  United  States  for  tartaric  and  citric  acids  is 
in  the  first  instance  an  agricultural  problem,  and  in  the  second 
instance  a  market  problem. 

GENERAL   REMARKS 

34 — Finally,  it  should  be  pointed  out  that  the  United  States 
is  by  no  means  the  only  country  whose  chemical  and  allied 
business  has  been  strained  or  upset  by  the  European  war. 
Each  and  every  other  country  has  felt  the  strain.  British 
committees  have  gone  into  this  same  subject  of  expanding  British 
chemical  industries  and,  not  only  that,  but  also  into  the  question 
of  making  their  very  basic  necessities,  and  the  reports  have  so 
far  been  adverse  to  any  immediate  relief  by  domestic  manu- 
facture. The  Boston  Chamber  of  Commerce,  through  its 
committees,  has  arrived  at  the  same  conclusions  for  this 
country. 

35 — It  is  further  clear  that  the  stability  of  a  complete  domestic 
chemical  industry,  in  so  far  as  it  depends  upon  foreign  supplies, 
is  bound  up  to  a  successful  merchant  marine  and  to  an  efficient 
foreign  banking  condition  just  as  is  all  our  foreign  busi- 
ness. 

FINDINGS 

36 — Your  committee  finds  as  follows,  as  to  the  facts: 

I — Prior  to  the  hostilities,  domestic  chemical  industry  was 
utilizing  and  exploiting  every  reasonable  opportunity  to  its  full 
extent. 

II — Since  the  outbreak  of  hostilities,  domestic  industry  has 
increased  its  output  just  as  fast  as  physical  means  could  be  pro- 
vided and  physical  obstacles  overcome. 

Ill — Since  the  outbreak  of  hostilities,  domestic  plants  that 
had  theretofore  been  shut  down  or  partly  dismantled  because  of 
disastrous  foreign  competition  are  said  to  have  resumed  opera- 
tion, with  caution. 

IV — That  a  30  per  cent  duty  on  some  coal-tar  dyes  for  over 
30  years  has  not  produced  a  real  coal-tar  dye  industry  in  this 
country. 

CONCLUSIONS 

37 — Your    committee    submits    its     conclusions    as    follows: 

A — To  prevent  the  unfair  underselling  alleged  to  be  practised 
by  foreigners  in  this  country,  the  adoption  of  an  effective  anti- 
dumping clause. 

B — The  so-called  coal-tar  "intermediates"  which  are  the  basis 
of  the  coal-tar  chemical  industry,  inclusive  of  explosives,  medici- 
nals  and  dyestuffs,  should  be  assessed  one-half  of  whatever  the 
finished  dyes  are  taxed  for  tariff  purposes;  all  coal-tar  dyes 
without  exception  should  be  taxed  alike,  namely,  30  per  cent  ad 
valorem  and  7'  '2  cents  per  pound  specific. 

C — Changes  in  the  patent  laws,  such  as  by  compulsory  licensing 
or  compulsory  working  clauses,  are  wholly  ineffective,  do  more 
harm  than  good  and  should  not  be  attempted. 

Your  committee  recommends  that  this  report  be  submitted 
to  the  appropriate  committees  of  Congress.  Further,  that  this 
report  be  forwarded  to  interested  organizations. 

Bernhard  C.  Hesse,  Chairman 
J.  B.  F.  Herreshoff  H.  A.  Metz 

I.  F.  Stone  D.  W.  Jayne 

J.  Merritt  Matthews  Allen  Rogers 

New  York,  November  6,  1914 
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THE  CEMENTING  VALUE  OF  BITUMINOUS  BINDERS 
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Received  August  6,  1914 

During  the  past  ten  years  there  has  been  a  great  de- 
velopment in  the  methods  of  valuating  paving  bitu- 
mens. Early  attempts  at  determining  these  values 
were  directed  towards  chemical  determinations  of 
properties  or  constituents  which  were  thought  to  have 
an  influence  upon  the  quality  of  materials  of  this  kind. 
Later  developments  have  indicated  that,  with  few  ex- 
ceptions, the  valuable  properties  of  paving  materials 
are  included  more  directly  in  their  physical  character- 
istics. The  present  status  of  the  determination  of 
paving  values  includes  physical  tests  as  the  more  im- 
portant ones,  leaving  a  few  chemical  tests  directed 
towards  determining  the  permanency  of  these  prod- 
ucts, and  the  care  with  which  they  have  been  prepared. 

It  will  be  generally  agreed  that  a  most  important, 
if  not  primary  physical  property,  which  paving  bitu- 
mens must  possess  is  that  of  cementitiousness.  For  a 
long  time  efforts  have  been  directed  towards  devising 
a  means  of  measuring  cementitiousness  of  bituminous 
binders,  but  so  far  nothing  has  been  offered  in  this  di- 
rection which  has  met  with  general  approval.  Among 
the  tests  commonly  employed,  that  of  ductility  has 
been  assumed  to  measure,  or  to  be,  in  a  general  way, 
an  indication  of  cementitiousness.  While  possibly 
there  is  some  relationship  between  ductility  and  the  ce- 
menting value  of  a  given  type  of  bitumen,  it  will  be 
admitted  that  no  mathematically  direct  relationship, 
if  any,  exists  at  all.  So  far,  then,  as  our  present  means 
of  determining  cementing  values  are  concerned,  this 
most  important  feature  must  be  arrived  at  by  indirect 
interpretation  of  data  which  afford  no  exact  means 
of  determining  such  values. 

The  writer  has  for  the  past  four  or  five  years  directed 
his  attention  to  the  development  of  a  method  for  di- 
rectly and  mathematically  expressing  the  cementing 
value  of  plastic  binders.  Various  means  have  been 
employed  in  the  effort  to  determine  this  factor,  but  all 
have  been  discarded  as  it  developed  that  they  fell  short 
of  measuring  the  properties  sought  for.  The  writer 
has,  at  various  times,  devised  bending  or  shearing  tests; 
has  investigated  the  tensile  strength  of  briquettes 
of  binders  and  mixture  of  same  with  mineral  par- 
ticleg;  has  investigated  the  strength  of  briquettes 
joined  together  by  films  of  binder,  arid  has  experimented 
with  methods  of  determining  adhesiveness  and  cohe- 
siveness.  These  various  attempts,  while  in  some  cases 
giving  valuable  information,  have  failed,  either  through 
the  inability  to  devise  a  means  of  obtaining  concord- 
ant results,  or  for  the  reason  that  the  properties 
actually  measured  in  these  efforts  did  not  directly 
represent  the  cementing  value  property  sought  for. 
For  example,  in  making  tests  of  briquettes  of  non- 
bituminous  material  stuck  together  with  a  film  of 
binder,  it  is  not  only  difficult,  if  not  impossible,  to 
obtain  concordant  results  on  account  of  variations  in 


thickness  of  film,  etc.,  but  results  obtained  do  not 
measure  binding  value,  but  measure  cohesiveness. 
When  tests  of  this  kind  are  made,  the  briquettes  frac- 
ture with  a  cleavage,  leaving  a  film  or  part  of  a  film 
on  either  end  of  the  briquette.  The  property  so  re- 
corded is  cohesiveness  or  the  ability  of  the  material 
to  stick  to  itself.  Any  method  which  measures  strain 
endured  by  the  film  of  asphalt  in  detaching  itself 
without  cleavage,  or  fracture  from  a  foreign  surface 
measures  adhesiveness.  In  either  case,  the  operation 
fails  to  determine  the  cementing  value  or  the  ability 
of  the  material  to  bind  particles  together  under  the 
conditions  of  service. 

If  we  analyze  the  results  obtained  upon  a  number 
of  materials  through  a  series  of  tests  for  tensile  strength 
(meaning  in  this  case  the  maximum  strain  endured  in 
fracturing  a  briquette  of  bitumen)  we  shall  find  that  two 
different  materials  may  sustain  the  same  maximum 
stress  and  indicate  the  same  cohesiveness,  but  that 
one  material  will  sustain  this  strain  for  but  a  short 
time  before  fracture,  while  another  material  will  not 
only  sustain  the  same  maximum  strain,  but  will  endure 
it  during  a  longer  period  or  through  a  much  longer  dis- 
tance of  elongation.  For  example,  a  given  type  of  as- 
phalt cement  at  a  certain  penetration  will,  during 
application  of  strain,  withstand  a  maximum  of  say, 
three  units  before  fracturing.  Another  asphalt  of 
certain  penetration  will  withstand  the  same  strain. 
In  the  former  case,  however,  after  this  maximum  is 
reached,  an  appreciable  strain  can  be  sustained  for 
many  times  the  elongation  that  may  be  sustained  with 
the  latter  material.  Cohesiveness  results  in  such 
cases  would  indicate  equality,  but  as  a  practical  con- 
sideration, the  latter  material  might  be  entirely  unfit 
for  paving  purposes,  and  even  from  superficial  observa- 
tion might  not  indicate  nearly  the  cementing  qualities 
of  the  former.  Such  results,  then,  not  only  become 
misleading  and  contrary  to  practical  observations, 
but  fail  entirely  to  give  us  an  indication  of  the  property 
sought  for. 

The  adhesiveness  of  bituminous  binders  may  be 
determined  by  means  of  a  suitable  apparatus.  While 
the  adhesiveness  is  a  matter  of  importance  in  the  effect- 
iveness of  bituminous  application  to  cold  road  metal 
by  pouring  processes,  nevertheless,  in  considering  hot 
mechanical  mixtures,  the  adhesiveness  appears  to  play 
little  part  in  holding  together  the  mineral  aggregate. 
When  asphalt  pavement  cracks  or  fractures  or  displaces, 
an  examination  of  the  points  of  fracture  discloses  that 
the  films  of  bitumen  coating  the  particles  have  frac- 
tured or  cleaved,  and  not  that  the  bitumen  has  pulled 
off  the  mineral  particles  through  lack  of  adhesiveness. 
In  other  words,  the  adhesiveness  is  always  greater  than 
the  cohesiveness  and  the  binding  value.  No  mechani- 
cally measured  results  of  adhesiveness  need  therefore 
be  considered  as  a  factor  in  this  discussion,  although 
the  adhesiveness  is  a  factor  in  considering  pavements 
built  by  penetration  methods. 
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What,  then,  represents  the  cementing  value  of  a 
material  of  this  kind?  Cementing  value  must  mean 
the  ability  of  the  bitumen  to  bind  or  hold  together 
against  rupture,  particles  of  mineral  matter  which  it 
coats  or  covers.  Upon  analyzing  the  conditions  ap- 
plying, it  becomes  evident  that  to  break  apart  the  bond 
between  any  two  mineral  particles  held  together  by  a 
coating  of  plastic  bitumen,  a  certain  tension  must  be 
applied  for  a  certain  time  or  space  of  action.  The 
application  of  a  tension  over  a  certain  distance  infers 
the  necessity  for  the  film  of  binder  to  elongate  at  the 
point  of  contact  of  the  two  particles.  The  actual 
amount  of  elongation  may  be  extremely  small,  but  the 
relative  amount  in  proportion  to  the  thickness  of  the 
coating  may  be  very  great.  That  elongation  does 
necessarily  take  place  must  be  admitted  from  practical 
experience,  which  has  taught  us  that  a  certain  degree  of 
plasticity  or  softness  of  our  binders  is  essential  to  prevent 
cracking  of  pavements.  The  effect  of  advancing  the 
softness  of  the  binders  is  to  favor  their  ability  to  yield 
and  elongate  under  strains.  Cracking  is  therefore 
minimized  by  superior  ability  of  a  soft  binder  to  elon- 
gate over  a  hard  binder  of  the  same  kind.  If  this 
ability  to  elongate  were  not  essential,  and  if  it  actually 
did  not  take  place  in  the  binder  between  the  particles 
of  aggregate,  it  is  apparent  that  the  hardest  binders 
would  be  the  best,  as  they  would  be  capable  of  sus- 
taining greater  strains  than  the  softer  binders.  It  will 
be  seen  therefore  that  the  ability  to  elongate  is  an 
essential  feature,  and  must  operate,  otherwise  our  con- 
clusions would  lead  us  in  the  direction  contrary  to 
actual  experience. 

Referring  again  to  our  consideration  of  two  particles 
of  aggregate  bound  together,  it  is  necessary,  in  order 
to  produce  fracture  or  to  disrupt  the  bond,  to  apply 
a  certain  tension  over  a  necessary  distance.  The  prod- 
uct of  these  factors  is  work  done.  The  binding  value 
of  a  plastic  binder  is  then  limited  to  the  amount  of 
tension  it  can  sustain  over  a  given  distance,  or  is 
directly  proportionate  to  the  work  done  in  producing 
fracture  or  failure  of  a  given  unit  of  material. 

An  apparatus  was  accordingly  devised  for  the  purpose 
of  recording  the  factors  above  mentioned,  namely, 
strain  applied  over  distance.  The  apparatus  in  its 
final  form  is  shown  in  Figs,  i  and  2.  It  consists  of  a 
rectangular  box  insulated  and  lined  with  galvanized 
iron  or  copper.  An  inclined  plane  or  runway  is  at- 
tached to  the  box,  the  lower  end  of  which  reaches  the 
bottom  of  the  box,  and  the  other  end  projects  an  equal 
distance  outside.  This  runway  carries  a  carriage 
through  whicfi  passes  a  screw  actuated  by  a  set  of  gears 
adjustable  to  the  desired  speed.  Upon  the  carriage  is 
maintained  a  dynamometer,  to  the  end  of  which  is 
connected  a  flat  brass  rod,  which  extends  along  the 
runway  to  within  a  few  centimeters  of  the  end,  and  of 
the  bottom  of  the  box.  This  rod  is  graduated  in  metric 
units,  and  passes  under  an  adjustable  bridge  at  which 
the  readings  are  recorded  during  travel  of  the  rod. 
The  runway  is  edged  with  guides  of  sufficient  width 
for  the  free  passage  of  the  briquettes.  The  arrange- 
ment and  position  of  the  carriage  makes  it  possible 
to  apply  a  tension  through  the  rod  in  a  straight  line 


to  briquettes  at  the  lower  end  of  the  runway  with  the 
box  filled  with  water.  At  the  lower  end  of  the  runway 
is  permanently  fastened  a  small  boss  or  projection  to 
which  one  end  of  the  briquette  is  attached,  the  other 


end  being  attached  to  the  rod  connected  with  the 
dynamometer.  The  position  of  the  bridge  gives  read-- 
ings  of  elongation  of  the  briquette,  regardless  of  the 
movement  of  the  carriage  and  dynamometer.  The 
form  of  briquette  adopted  is  that  commonly  known  as 
the  "Dow"  moulds  which' are  used  for  making  ductility 
tests.  These  moulds  have  a  miminum  cross  section 
of  I  sq.  cm. 

In  working  out  the  method  of  manipulation,  it  was 
of  course  necessary  to  determine  a  constant  tempera- 
ture at  which  the  test  should  be  made.  The  tem- 
perature selected  was  5°  C.  or  41°  F.  This  was  se- 
lected for  several  reasons.     In  the  first  place  it   was 


necessary  to  obtain  sufficiently  large  readings  upon 
the  dynamometer.  At  normal  temperatures,  bitumi- 
nous materials  of  this  kind  are  ordinarily  capable  of 
withstanding    but    very    little    strain.     Secondly,    the 
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strains  which  produce  fracture  and  cracking  in  a  pave- 
ment in  actual  service  are  greatest  during  cold  weather. 
Again,  a  low  temperature  being  necessary,  the  tempera- 
ture of  s°  C,  was  selected  as  being  easy  to  maintain 
constantly  with  ice  and  water. 

On  account  of  the'  plastic  nature  of  the  material 
operated  upon,  and  its  tendency  to  elongate  under 
strain,  it  was  necessary  to  determine  upon  a  uniform 
means  of  application  of  load.  It  was  evidently  im- 
possible to  set  a  uniformly  increasing  load  for  the 
reason  that,  as  the  material  elongated,  and  its  cross 
section  became  smaller,  it  would  be  necessary  to  rapidly 
accelerate  the  rate  of  elongation  or  travel  of  the  dy- 
namometer towards  the  end  of  the  operation,  in  order 
to  increase  the  strain.  This  would  become  imprac- 
ticable as  a  matter  of  manipulation,  and  would  be  sub- 
ject to  large  variation  through  personal  equation  and 
through  inability  to  take  the  required  readings  suffi- 
ciently rapidly.  It  was  found  necessary  after  many 
trials  to  adopt  a  uniform  rate  of  travel  of  carriage  and 
dynamometer.  This  is  in  accord  with  practical  condi- 
tions, inasmuch  as  any  strain  set  up  in  a  pavement 
would  be  induced   at   a   variable   rate   of   application, 


ij.i;.i^i;7i^i,^i^iAi;.i,',i; 


START 


that  in  applying  strain  to  the  briquette  by  means  of  a 
dynamometer  traveling  at  a  uniform  speed,  the  bri- 
quette has  at  first  slight  tendency  to  elongate  under 
application  of  strain,  until  a  maximum  is  reached, 
when  the  rate  of  elongation  of  the  briquette  exceeds 
the  rate  of  travel  of  the  carriage  and  dynamometer, 
at  which  point  the  dynamometer  begins  to  register 
values  below  the  maximum  attained,  until  finally 
the  briquette  is  either  fractured  at  a  reduced  cross 
section  through  elongation  of  the  material,  or  the 
dynamometer  returns  to  zero  without  fracture  of  the 
briquette.  An  essential  difference  from  the  method 
of  determining  ductility  is  that  during  the  entire 
period  of  elongation,  the  material  is  under  substantial 
strain.  Ductility  or  elongation  values  that  include 
the  distance  traveled  by  an  extremely  fine  thread 
or  filament  of  bitumen  are  misleading  and  im- 
material. 

In  making  the  test,  as  finally  adopted,  the  briquettes 
are  prepared  in  the  usual  manner  as  for  ductility  test, 
and  are  placed  in  the  test  box  at  5°  C.  They  are  held 
for  about  three-quarters  of  an  hour  at  this  temperature 
before    making    the    test.     When    ready,    one    end    of 


4,i*>4ii?:i*;ii'+i*ii<:ff'!..^.V- 
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depeading  on  the  ability  of  various  binders  to  yield 
or  elongate  without  fracture.  It  is  apparent  that  under 
the  same  conditions  of  volume  change  in  a  pavement 
a  soft  binder  would  yield  and  conform  more  easily 
to  the  necessary  change,  thereby  allowing  much  less 
strain  to  be  set  up  than  with  a  hard  binder. 

Various  trials  were  made  at  different  speeds  in  order 
to  determine  what  speed  was  most  adapted  to  securing 
concordant  results,  and  distinguishing  to  the  greatest 
degree  the  differences  between  various  materials. 
Speeds  between  i  to  10  cm.  per  minute  were  tried 
upon  the  same  materials.  It  was  found  that  the 
higher  speeds  had  a  tendency  to  effect  too  sudden 
application  of  strain,  and,  with  the  harder  materials, 
to  produce  fracture  in  the  corner  of  the  briquettes 
rather  than  at  the  point  of  minimum  cross  section. 
Again,  at  the  faster  speeds,  it  became  difficult  to  take 
the  readings  near  the  time  of  fracture  owing  to  the 
rapid  travel  of  the  rod  and  the  pointer  of  the  dyna- 
mometer. After  various  trials  it  was  found  that  a  speed 
of  travel  of  the  carriage  and  dynamometer  at  the  rate 
of  I  cm.  per  minute  provided  to  the  greatest  extent 
for  the  factors  indicated  above.     It  will  be  understood 


RETURN 

the  briquette  is  hitched  to  the  fixed  post  at  the  bottom 
of  the  box  on  the  runway,  and  the  dynamometer 
brought  into  position  so  that  the  end  of  the  rod  at- 
tached to  same  may  be  fastened  to  the  other  end  of  the 
briquette.  The  apparatus  is  driven  mechanically, 
and  the  carriage  is  started  by  closing  the  split-nut 
which  brings  it  into  contact  with  the  screw.  When 
the  end  of  the  dynamometer  begins  to  move  over  its 
zero  mark,  the  bridge  over  the  rod  is  adjusted  to  the 
zero  mark  on  the  rod.  Carriage  and  dynamometer 
continue  to  travel  at  the  rate  of  1  cm.  per  minute,  and 
readings  of  the  dynamometer  are  taken  at  every  half 
centimeter  of  elongation  as  shown  by  the  rod.  This 
is  continued  until  the  briquette  fractures  or  elongates 
through  its  maximum  back  to  zero  strain.  The  dy- 
namometer carries  a  maximum  pointer  and  is  gradu- 
ated in  tenths  of  a  kilogram,  and  the  zero  mark  is  taken 
as  one-tenth  kilogram,  which  includes  the  weight  of 
the  briquette  and  the  frictional  resistance  of  parts. 
The  position  of  the  rod  and  boss  are  such  as  to  lift 
the  briquette  slightly  off  the  runway  when  the  strain 
is  applied,  so  that  no  friction  results  on  this  account 
during    the    application    of    strain.     Fig.    3    illustrates 
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the    position    of    the    briquette    and    dynamometer    at 
various  stages  of  test. 

The  results  of  the  data  obtained  in  these  determina- 
tions may  be  graphically  recorded.  The  distances 
elongated  are  recorded  as  abscissae,  and  the  strain  as 
ordinates.  Fig.  4  gives  a  typical  example  of  results 
obtained  upon  the  same  material  of  different  con- 
sistencies under  this  method  of  test.      The  areas  en- 


Cms  Elongation 

closed  by  these  curves  represent  the  product  of  the 
strain  applied  and  the  distance  of  its  application,  or 
the  work  done.     The  unit  of  value  is  expressed  as  kilo- 
grammeters.     This   area    may    be    obtained   from   the 
graphical  plot  of  the  result,  or  may  be  secured  much 
more  quickly,  and  sufficiently  accurately,  by  addition 
of   the  ordinates.     The   readings  are  taken  for  every 
0.5  cm.  or  0.005  of  ^  meter.     Every  unit  of  ordinate 
therefore   represents   0.005    kilogram   meters,   and   the 
sum  of  the  ordinates  multiplied  by  this  factor  gives  the 
area  or  the  work  done  in  kilogram  meters.     Expressed 
mathematically,    the   formula  for 
calculating    the    result  is   2  F  X 
0.005.     This  is  sufficiently  accurate 
for  practical  purposes.     Referring 
again  to  Fig.  4,  it  will  be  noted  that 
the  same  material  at  different  con- 
sistencies requires  widely  varying 
amounts  of  work  for  failure.    With 
the  harder  materials,  a  compara- 
tively   sharp    curve    is    obtained, 
which  reaches  a  certain  maximum, 
and  then   becomes  less  as  the  ma- 
terial elongates  faster  than  the  car- 
riage travels.     When  the  cross  sec- 
tion is  reduced  to  a  point  at  which 
it  is  unable  to  withstand  the  strain 
induced,  it  breaks.     With  the  ma- 
terials of   the   softer   consistency 

there  is   a  tendency   of   the  curve  '^"^  fiongoTion  ars-C. 

to  flatten  and  to  become  larger  as  the  material  is  more  to  their 
plastic.  A  consistency  is  finally  reached  at  which  the 
material  is  able  to  progress  through  to  its  maximum  and 
back  to  zero  (or  o .  1  kg.)  without  fracture.  All  tests  were 
obtained  in  duplicate,  and  the  results  indicate  a 
imit  of  accuracy  of  0.02  kg.  meter  from  an  average, 
on  the  highest  results,  to  a  much  closer  agreement 
upon   the   lower   values.     Exception   to    this  accuracy 


is  noted  upon  the  hard  brittle  materials,  which  are 
unable  to  elongate  uniformly  without  setting  up  in- 
ternal strain,  due  to  the  corners  of  the  briquettes. 

Having  established  a  satisfactory  method  of  deter- 
mining the  value  sought  for,  it  was  desired  to  outline 
a  series  of  investigations  covering  the  following  points: 
I — Survey    of    the     characteristics    of     commercial 
products  with    special    reference    to    determining   the 
degree    of     differentiation     possible 
with  the  various  materials. 

2 — The  possibility  of  valuating 
fluxes  by  this  method. 

3 — Test  of  the  commercial  prod- 
ucts, the  chemical  characteristics 
of  which  indicate  inferior  prepara- 
tion. 

4 — The  determination  of  a  possi- 
ble effect  upon  cementing  value 
induced  by  improper  preparation 
upon  a  series  of  products  made 
known   under    known    conditions. 

5 — The  determination  of    stand- 
ards of  value  necessary  for  practical 
application. 
In  order  to  take  complete  information  of  the  charac- 
teristics   of    commercial    products,    it   is    necessary    to 
collect  such  data  as  would  represent  a  wide  range  of 
consistency    for   each    material.     The    refined    asphalt 
was  accordingly  used  and  fluxed  with  the  kind  of  flux 
ordinarily     used     in     practice.      Determinations     were 
made    upon   each    material   at   a   number   of   different 
consistencies,     and      these      cementing      values      were 
graphically    expressed     as     abscissae     and     the     con- 
sistencies as   ordinates.       The    various    materials    ex- 
amined   were    grouped    into    three    classes    according 


Cementing  Va/ue  Ot  5°C  (Kilogrommeters) 

origin.  Record  was  made  of  the  ce- 
menting value  as  determined  by  the  data  pre- 
sented before,  together  with  the  elongation  and  the 
maximum  strain  sustained.  These  data  are  given 
in  Table  I  (page  981). 

Group  I  contains  asphalt  cements  prepared  from 
solid  natural  bitumens,  and  Groups  2  and  3  include 
products  made  from  natural  liquid  bitumens. 
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Results  obtained  are  given  graphically  in   Figs.    5,  pull.     Such  procedure,  however,  would  minimize  the 

6  and   7.     It   was  found  desirable  to  plot  elongation  differences  between  these  materials  at  those  consisten- 

in  order  to  complete  the   means  of  interpretation   of  cies  at  which  such  differences  are  of  greatest    impor- 

the  results.     The  graphical  presentation  of  this  data  tance. 


Cms  Elongation  atS  C 

indicates  a  relationship  between  consistency  and  ce- 
menting value  on  one  hand,  and  consistency  and  elonga- 
tion on  the  other.  By  referring  to  plates,  it  is  possi- 
ble to  compare  the  values  of  any  of  the  materials  at 
the  same  penetration.  It  will  be  noted  that  the  ce- 
menting value  increases  generally  as  the  consistency 
becomes  harder,  but  when  a  certain  hardness  is  reached, 
there  appears  to  be  a  breaking  off  in  the  values  de- 
termined in  this  way,  owing  to  the  brittleness  and  the 
inability    of    the    material    to    yield    without    internal 


Cms.  Elongation  at  J  C.  Cementing  Value  at  3 

strains  induced  by  the  form  of  briquettes.  This  is  a 
factor  dependent  upon  the  speed  of  the  pull,  and  in 
all  lik  lihood  there  would  be  a  continuation  of  the 
curves  beyond  the  present  points  at  a  slower  rate  of 


W       72        76        'Jo        74        76        3Z      ^~ 
Cementing  Value  atS  C.  (Kilogram meters] 

The  effect  of  the  presence  of  mineral  matter  upon  the 
binding  value  and  elongation  is  illustrated  in  case  of 
material  A-2,  which  was  examined  with  the  mineral 
matter  in,  and  with  the  mineral  matter  removed. 
The  presence  of  mineral  matter  in  these  materials 
lowers  the  result  obtained  for  cementing  value,  al- 
though the  cohesiveness  or  maximum  strain  recorded 
is  greater  for  the  same  consistency  with  the  mineral 
matter  in.  The  apparent  lowering  of  cementing  value  is 
due  to  the  lesser  elongation  produced  under  strain,  and 
to  the  fact  that  the  bitumen  when 
examined  with  its  contained  mineral 
matter  is  actually  softer  than  indi- 
cated by  penetration  of  the  whole. 
The  increase  of  binding  value  with 
hardness,  and  the  increase  of  elonga- 
tion with  softness  is  quite  in  accord 
with  practical  observations.  For 
example,  if  a  material  be  laid  under 
light  traffic  at,  say,  65  penetration, 
experience  has  shown  us  that  we 
must  reduce  the  penetration  under 
heavy  traffic,  in  order  that  the  mineral 
particles  may  be  bound  together  more 
solidly  to  resist  impact  and  displace- 
ment. On  the  other  hand,  when  we 
lay  a  pavement  at  65  penetration  for 

..  ,„.,  ,         light  traffic,  we  require  greater  ability 

C  [Kilogrom  meter)  ■      .,  /-i^i      ^      •  j 

in  the   material  to  elongate   in   order 

to  resist   cracking,  than    we    do    under    heavy  traffic. 

This  is  true  because,  as   is   well   known,  heavy  traffic 

tends  to  knead  the  pavement  and  relieve    the   stresses 

set    up    by    changes    of    temperature.       It    will     be 
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Table  I — Group  1 — Fig.  5 
Asphalt  "C"  and  Flux  3 


Pen.  a 

t     imi 

im 

Aver- 

Cementing 

Elongation 

Aver- 

77° F 

strain 

age 

Values 

.Average 

Cms. 

age 

35 

5.7- 

5.7 

5.7 

0. 199-0. 198 

0.199 

4.0-  4.0 

4.0 

52 

3.2- 

3.0 

3.1 

0. 134-0. 126 

0.  130 

5.0-  5.0 

5.0 

64 

2.3- 

2.2 

2   25 

0. 101-0. 101 

0.101 

5.5-  6.0 

5.75 

78 

1.4- 

1.1 

1.35 

0.077-0.063 

0.070 

7.5-  8.5 

8.0 

98 

1.1- 

1.0 

1.05 

0.060-0.063 

0.062 

8.5-  9.0 

8.75 

Asphalt  "B"  and  Fli 

IX  2 

41 

5.1- 

5.0 

5.05 

0.269-0.308 

0.288 

6.0-   7.0 

6.5 

51 

3.8- 

3.6 

3.7 

0.278-0.233 

0.255 

9.5-  8.0 

8.75 

64 

2.6- 

2.4 

2.5 

0.154-0.168 

0.  161 

9.0-11.0 

10.0 

80 

1.6- 

1.5 

1.55 

0. 114-0.106 

0.111 

12.0-12.0 

12.0 

45 

4.3- 

4.3 

4.33 

0.259-0.257 

0,258 

7.0-   7.2 

7.1 

11 

6.4- 

7.3- 

7.2 

6.8 

7.3 

0.017 
0.087 

0.2-  0.25 
1.2-    1.2 

0.22 

22 

0^687-!  '.'.'.. 

1.2 

Asphalt  "A"  and  Flux  2 

37 

6.3- 

6.5 

6.4 

0.194-0.202 

0.198 

3.5-  3.5 

3.5 

50 

4.2- 

4.4 

4.3 

0.215-0.186 

0.201 

6.0-  4.5 

5.25 

59 

2.8- 

2.9 

2.85 

0. 119-0.152 

0.136 

5.0-  6.5 

5.75 

72 

2.3- 

2.3 

2.3 

0.111-0.125 

0.  118 

6.5-  7.5 

7.0 

82 

2.0- 

2.1 

2.C5 

0.107-0.109 

0.  108 

8.5-   7.5 

8.0 

46 

4.5- 

4.5 

4.5 

0. 197-0.172 
Asphalt  •■A-2"  Puri 

0.185 
Red 

4.8-  4.3 

4.6 

39 

6.0- 

6.1 

6.05 

0.338-0.348 

0.343 

6.5-  6.5 

6.5 

69 

2.4- 

2.4 

2.4 

0. 183-0.164 

0.  174 

10.0-10.5 

10.25 

88 

1.6- 

1.6 

1.6 

0.137-0.123 

0.130 

13.0-15.0 

14.0 

Asphalt  "D"  and  Flux  3 

34 

5.8- 

6.5 

6.15 

0.324-0.379 

0.352 

6.5-  7.0 

6.75 

55 

2.7- 

2.6 

2.65 

0.  191-0.185 

0.  188 

9.0-  9.0 

9.0 

81 

1.3- 

1.5 

1.4 

0.105-0.121 

0.113 

11.5-12.0 

11.75 

Group  2— Fig.  6 

Asphalt  "E"  and  Flux  1 

30 

13.7- 

13.6 

13.65 

0.369-0.393 

0.382 

3.2-  3.4 

3.3 

43 

9.9- 

9.6 

9.75 

0.469-0.503 

0.486 

5.5-  6.4 

5.95 

54 

6.5- 

6.5 

6.5 

0.470-0.430 

0.450 

8.0-   7.7 

7.85 

72 

■4.0- 

4.3 

4.15 

0.343-0.364 

0.353 

15.0-11.0 

13.0 

63 

5.0- 

4.8 

4.9 

0.401-0.389 

0.395 

9.0-  9.5 

9.25 

91 

2.75- 

-2.85 

2.62 

0.224-0.234 

0.229 

18. 0-19.0 

18.5 

83 

2.9- 

2.8 

2.85 

0.251-0.263 

0.257 

18.0-18.5 

18.25 

134 

1.2- 

1.3 

1.25 

0.099-0.103 
Asphalt  "F"  and  Fli 

0.  101 
JX   1 

16.0-15.5 

15.75 

29 

5.9- 

7.2 

6.8 

0.074-0.149 

0.097 

0.9-    1.7 

1.5 

34  7 

. 3-7 .2-7.8 

7.4 

0.415-0.382-0.441 

0.413 

6.5-5.7-6.1 

6.1 

36 

7.5- 

6.9 

7.2 

0.463-0.394 

0.428 

7.0-  6.5 

6.75 

50 

5.1- 

5.1 

0.354-0.344 

0.347 

8.0-10.5 

9.25 

61 

3.5- 

3.5 

0.269- 

0.269 

12.0- 

12.0 

76 

2.8- 

2.8 

0.212- 

0.212 

13.0- 

13.0 

77 

2.5- 

2^4 

2.45 

0.206-0.195 

0.201 

14.5-15.5 

15.0 

109 

1.6- 

1.6 

1.6 

0.133-0. 155 

0.  144 

16.0-17.0 

16.5 

122 

1.1- 

1.4 

1.25 

0.111-0. 123 

0.117 

17.0-18.0 

17,5 

Asphalt  "  H  "  and  Flux 

;"H" 

42 

3.9- 

4.0 

3.95 

0.216-0.225 

0.220 

6.5-  6.5 

6.5 

51 

2.8- 

3.05 

2.93 

0.169-0.163 

0.166 

6.5-  7.5 

7.0 

60 

2.3- 

2.35 

2.33 

0. 138-0. 135 

0.  137 

8.0-   8.0 

8,0 

69 

1.7- 

1.8 

1.75 

0. 102-0. 114 

0.108 

9.0-  9.5 
9..S-  9.5 

9,25 

77 

1.8- 

1.8 

1.7 

0. 103-0.095 

0.099 

9,5 

85 

1.2- 

1.2 

1.2 

0.0938-0.0878 

0.091 

11.5-11.5 

11,5 

133 

0.5- 

0.5 

0.5 

0.0517-0.0518 

0.052 

13.5-14.0 

13.75 

Asphalt  "G"  and  Flu: 

J  "G" 

41 

3.8- 

4.  1 

3.95 

0.221-0.229 

0.225 

7.0-  6.5 

6.75 

53 

2.8- 

2.9 

2.85 

0. 165-0.158 

0.  162 

7.5-  7.2 

7.35 

61 

2.2- 

2.  1 

2.15 

0.137-0.134 

0.136 

9.5-  9.5 

9.5 

69 

1.8- 

1.7 

1.75 

0.124-0.105 

0.115 

10.5-11.0 

10,75 

80 

1.4- 

1.5 

1.45 

0.093-0.103 

0.098 

11.0-12.0 

•11.5 

136 

0.3- 

0.3 

0.3 

0.036-0.033 
Asphalt  "L" 

0.035 

14.0-14.5 

14.25 

38 

5.5- 

5.5 

0.199- 

0.199 

4.2-    ... 

4.2 

51 

3.4- 

'i'.\ 

3.25 

0.  146-0.  122 

0.  134 

4.5-  5.0 

4.75 

69 

2.0- 

2.0 

0.077- 

Asphalt  "K" 

0.077 

6.0-    ... 

6,0 

51 

3.8- 

4.0 

3.9 

0.150-0.173 

0.162 

4.5-  5.0 

4.75 

71 

2.4- 

2.4 

2.4 

0.  129-0.121 

0.125 

7.5-   7.5 

7.5 

94 

1.5- 

1.6 

1.55 

0.077-0.082 

0.080 

9.0-  9.0 

9.0 

109 

1.3- 

1.2 

1.25 

0.085-0.082 

0.084 

10.5-10.5 

10.5 

137 

1.0- 

0.9 

0.95 

0.059-0.054 
Group  3 — Fig.  7 

0.057 

9.5-10.5 

10.0 

Asphalt  "  M  "  and  Fl 

ux  1 

31 

5.5- 

6.0 

5.75 

0.263-0.284 

0.273 

5.5-  5.3 

5.4 

40 

3.8- 

3.9 

3.85 

0.213-0.202 

0.208 

6.2-  6.8 

6.5 

55 

2.6- 

2.2 

2.4 

0.167-0.141 

0.154 

8.5-  8.5 

8.5 

70 

1.3- 

1.4 

1.35 

0. 112-0. 113 

0.112 

12.5-13.0 

12.25 

97 

0.9- 

0.9 

0.9 

0 . 088-0 . 086 

0.087 

14.5-15.0 

14.75 

Asphalt  ■•  N  "  and  Flux 

"N" 

39 

4.7- 

4.6 

4.65 

0.105-0. 103 

0.104 

2.5-  2.5 

2.5 

52 

3.3- 

3.4 

3.35 

0.075-0.077 

0.076 

2.5-  2.5 

2  5 

57 

2.8- 

2.8 

3.8 

0.068-0.062 

0.065 

2.5-  2.5 

2.65 

72 

2.2- 

2.3 

2.25 

0.058-0.060 

0.059 

3.0-  3.0 

3.0 

94 

1.8- 

1.7 

1.75 

0.045-0.049 

0.047 

3.0-  3.5 

3.25 

Asphalt  "P"  and  Flux  * 

•P" 

37 

4.3- 

4.3 

4.3 

0.059-0.059 

0.059 

1.5-    1.5 

1.5 

100 

1.2- 

1.2 

1.2 

0.025-0.023 

0.023 

2.4-  2.5 

2.5 

118 

0.9- 

1.0 

0.9 

0.015-0.016 

0.016 

2.5-  2.5 

2.5 

65 

2.5- 

2.7 

2.6 

0.045-0.050 

0.047 

2.0-  2.0 

2.0 

noted  that  the  cementing  value  is  not  directly  pro- 
portionate to  the  elongation,  and  that  in  some 
cases  the  binding  value  of  two  different  materials 
at  the  same  penetration  is  very  similar,  whereas  their 
ability  to  elongate  at  the  same  penetration  is  appre- 
ciably different.  Likewise,  particularly  at  the  lower 
penetrations,  some  materials  elongate  to  practically 
the  same  extent,  yet  their  cementing  values  are  widely 
different.  It  is  evident  from  the  study  of  this  graph- 
ical data,  that  it  is  not  only  necessary  to  consider 
the  elongation  as  a  factor  in  the  cementing  value,  but 
it  is  also  necessary  to  consider  it  apart  from  the  cement- 
ing value.  If  this  were  not  so,  our  pavements  would 
be  less  liable  to  crack  when  laid  at  the  harder  con- 
sistencies. It  appears,  therefore,  that  while  the  ce- 
menting value  indicates  the  ability  of  the  material 
to  bind  aggregate  together,  a  minimum  ability  to 
elongate  is  also  necessary  to  avoid  cracking.  This 
is  well  illustrated  with  material  "N"  which,  when 
laid,  has  sufficient  cementing  value  to  bind  the  mineral 
particles  together  for  light  traffic,  but  which  has  a 
very  pronounced  tendency  to  crack.  Its  binding 
ability  at  no  consistency  would  be  sufficient  for  condi- 
tions of  heavy  traffic.  It  will  further  be  noticed 
that  the  general  tendency  of  the  elongation  curves 
is  to  straighten  upward  beyond  a  certain  consistency, 
and  in  some  cases,  even  to  retreat.  This  indicates 
that  beyond  a  certain  amount,  fluxing  not  only  results 
in  less  binding  value,  but  results  in  reduced  ability 
to  elongate,  and  that  nothing  would  be  gained,  so  far 
as  plasticity  is  concerned,  by  further  fluxing.  In  the 
case  of  materials  "P"  and  "N,"  there  would  hardly 
be  any  consistency  at  which  the  material  might  be 
handled  which  would  overcome  the  tendency  to  crack. 
This  in  a  practical  way  has  been  actually  found  to 
be  the  case.  Attention  may  be  called,  at  this  point, 
to  the  fact  that  various  materials  showing  the  same 
maximum  strain  or  cohesiveness  possess  widely  differ- 
ent cementing  values.  For  example,  asphalt  "G"  at 
53  penetration  shows  2.85  kg.  maximum  strain.  The 
same  value  for  cohesiveness  is  shown  by  asphalt  "E" 
at  83  penetration,  yet  the  cementing  value  of  this 
latter  greatly  exceeds  that  of  asphalt  "G."  This 
is  a  typical  example  which  indicates  the  ability  of 
this  test  to  differentiate  beyond  any  ordinary  tension 
tests. 

Table  II  is  given  showing  the  results  of  investiga- 
tions made  in  the  effort  to  determine  the  possibility 
of  valuating  various  fluxes.  In  this  series  of  tests 
the  same  asphalt  was  used  throughout,  and  was  fluxed 
with  different  fluxes,  the  cementing  values  and  other 
data  being  determined  as  indicated  before.  These 
are  given  in  Table  II. 

Graphical  results  are  shown  in  Fig.  8.  It  will 
be  noted  that  the  cementing  values  of  these  materials 
are  progressively  greater  as  the  fluxes  tend  towards 
asphaltic  base,  with  this  exception  that  the  paraffine 
combination  shows  slightly  better  values  than  the 
light-semi-asphaltic.  This  is  due  to  the  fact  that 
much  less  paraffine  base  flwx  was  used  to  produce 
the  consistencies  noted  than  in  the  case  of  the  light 
semi-asphaltic   flux.     When,   however,  the   elongation 
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curves  are  examined,  a  progressive  increase  without 
exception  is  noted  in  ability  to  elongate  as  the  fluxes 
used  partake  more  of  an  asphaltic  character.     It  will 


Table  II— Flux  Tes 

rs— Fig 

8 

R 

.  A.  and  Paraffin 

e  Flux 

Pen  at 

Maxiniun 

Aver- 

Cementing 

Aver- 

Elongation 

Aver- 

77° F. 

strain 

age 

Values 

age 

Cms. 

age 

45 

3.9-4.0 

3 .  95 

0.082-0.083 

0.083 

2.5-  2.3 

2.4 

53 

3.0-3.1 

3.05 

0.115-0.144 

0.130 

4.6-  SO 

5.0 

88 

1.7-1.7 

1.7 

0.072-0.075 

0.074 

5.5-  5.5 

5.5 

76 

2. 1-2. 1 

2.1 

0.093-0.095 

0.094 

5.5-  5.5 

5.5 

R.  A.  a 

nd  Light  Semi-Asphaltic 

Flux 

.19 

3.8-3.9 

3.85 

0.092-0.114 

0.103 

3.0-  3.7 

3.35 

68 

1.5-1.5 

1.5 

0.095-0.096 

0.096 

8.2-  8.0 

8.1 

81 

1.2-1.1 

1.15 

0.077-0.067 

0.072 

8.5-  8.5 

8.5 

44 

3.0-3.0 

3.0 

0.188-0. 141 

0.  165 

7.4-  5.5 

6.45 

R.  A.  and  Heavy  Semi-Asphaltic 

Flux 

,14 

5.8-6.5 

6.15 

0.325-0.379 

0.352 

6.5-   7.0 

6.75 

55 

2.7-2.6 

2.65 

0.191-0.185 

0.188 

9.0-  9.0 

9.0 

81 

1.3-1.5 

1.4 
R. 

0. 105-0. 121 
A.  and  Asphaltic 

0.113 
Flux 

11.5-12.0 

1  1  .  75 

110 

0.4-... 

0.4 

0.043- 

0.043 

14.0-.... 

14.0 

79 

1.4-1.3 

1.35 

0.119-0.125 

0.122 

13.0-14.5 

13.75 

59 

2.7-2.6 

2.65 

0.246-0.198 

0.222 

13.0-11.0 

12.0 

45 

4.1-4.2 

4.15 

0.316-0.327 

0.322 

9.0-  8.8 

8.9 

.15 

6.0-5   8 

5.9 

0.282-0.246 

0.264 

5.0-  5.5 

5.25 

51 

3.6-3.6 

3.6 

0.254-0.249 

0.252 

8.5-  8.5 

8.5 

.1.1 

0.210 

4.4 

be  noted  that  the  ability  to  elongate  would  become 
even  a  more  sensitive  indication  of  the  character  of 
the  flux  itself  than  the  cementing  value.  The  prac- 
tical necessity  for  considering  this  ability  to  elongate 
is  aptly  illustrated  here.  This  refined  asphalt  used 
with  paraffine  fluxes  has  proven  unsatisfactory  in 
practice.  Under  light  traffic,  pavements  laid  with 
this  have  shown  sufficient  binding  qualities  to  hold 
the  mineral  particles  together,  but  the  tendency  to 
crack  is  very  decided.     On  the  other  hand,  this  refined 
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asphalt  with  light  scmi-asphaltic  flux  has  shown,  in 
a  practical  way,  that  the  cracking  tendency  is  greatly 
reduced  in  laying  at  a  sufficiently  high  penetration, 
and  it  has  been  much  more  satisfactory  than  the 
previous  combination,  even  though  its  cementing 
value  is  not  greater.  The  material  with  the  asphaltic 
flux  and  the  heavy  semi-asphaltic  flux  have  been 
eminently  successful  under  service  conditions.  It 
is  evident  from  the  above  that  the  method  described 
furnishes  a  means  of  determining  the  value  of  various 
fluxes  and  their  suitability  in  asphalt  combinations. 
During  the  course  of  commercial  practice,   various 


materials  have  been  encountered  which  gave  indica- 
tion, from  analysis,  of  having  been  poorly  prepared — 
so  much  as  to  warrant  their  rejection  for  use.  A  few 
of  these  samples  were  on  file,  and  were  available  for 
cementing  value  tests.  These  materials  were  generally 
refined  asphalts  of  from  30  to  40  penetration,  reduced 
from  liquid  albumen.  They  were  subjected  to  the 
cementing  value  test  at  the  consistency  at  which  they 
were  obtained,  and  then  fluxed  with  the  same  asphaltic 
flux  to  a  consistency  corresponding  to  paving  pene- 
tration, in  order  to  afford  comparison  with  normal 
products  of  the  same  type.  The  determination  of 
cementing  value  and  elongation  are  given  in  Table 
III,  together  with  the  principal  analytical  character- 
istics. 

These  results  are  graphically  shown  in  Fig.  9,  and 
are  given  in  connection  with  a  curve  showing  the 
quality  of  an  average  acceptable  commercial  sample 
of  material  prepared  from  similar  crude.  It  is  evident 
from  the  study  of  these  results  that  the  chemical  in- 
dications of  inferior  preparation  shown  by  the  high 
fixed  carbon  and  per  cent  insoluble  in  carbon  tetra- 
chloride are  confirmed  by  actual  lowering  of  the 
cementing  qualities,  and  elongation  values. 

In  order  to  confirm  the  indications  of  lowering  of 
cementing  qualities  with  accompanying  evidences  of 
poor  preparation,  products  were  made  in  the  labora- 
tory ,  from  the  same  asphaltic  base  crude  oil  under 
known  conditions.  These  were  made  in  a  small  still, 
and  were  prepared  at  temperatures  of 
525°,  700°  and  825°  to  850°  F.  at 
the  end  of  the  distillation.  Four  runs 
were  made,  two  of  which  were  conducted 
at  the  last  named  temperature.  In  the 
first  three  runs,  the  materials  were  not 
pushed  to  a  hard  penetration,  but  of  the 
last  two  runs  at  850°  F.,  one  was  pushed 
to  a  very  hard  consistency.  In  order 
to  obtain  an  indication  as  to  the  com- 
parative extent  of  cracking  which  took 
place,  composite  samples  of  the  distillate 
were  tested  for  gravity.  In  the  first  two 
runs,  samples  were  taken  from  the  still 
at  various  points  of  consistency  indicated 
hereafter.  In  the  fourth  run,  the  material, 
as  stated,  was  pushed  to  a  very  hard 
penetration  and  fluxed  back  with  well 
prepared  asphaltic  base  flux  from  the 
same  crude.  All  of  these  samples  were 
tested  for  cementing  value,  and  those 
samples  most  nearly  corresponding  in  consistency  or 
penetration  were  examined  for  their  main  chemical 
characteristics.  These  results  are  given  in  Table  IV 
(page  984)  and  are  shown  graphically  on  Fig.  10. 
On  account  of  the  insufficient  number  of  points  of 
elongation  secured,  no  attempt  was  made  to  draw  a 
smooth  curve  covering  these  points.  Inspection  of 
the  above  tabulated  results  shows  that  very  little 
change  or  decomposition  has  occurred  under  700°  F.. 
in  running  down  to  the  consistencies  noted.  The  ma- 
terial prepared  at  850°  F.  gives  evidences  of  substan- 
tial   decomposition.     This    is    indicated    by    a    lighter 
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gravity  of  distillate  and  falling'  off  in  solubility  in  car- 
bon disulfide.  The  gravity  of  distillate  in  runs 
T-3  and  T-4  hard  are,  of  course,  not  strictly  com- 
parable owing  to  the  different  consistencies  to  which 
these  were  pushed.  As  a  consequence  of  the  decomposi- 
tion that  has  occurred,  there  follows  a  substantial 
increase  of  fixed  carbon  over  normal,  and  the  conver- 
sion of  part  of  the  bitumen  to  a  form  insoluble  in  car- 
bon tetrachloride.  The  differences  between  prod- 
ucts obtained  in  the  two  T-4  runs  show  that  not 
only  is  temperature  a  factor  in  decomposition,  but 
also  the  degree  to  which  the  operation  is  pushed,  or 
the  degree  of  "concentration"  resulting.      This  latter 


to  note  the  persistency  with  which  material  prepared 
from  this  crude  retains  its  cementing  value  even  when 
badly  decomposed;  and  although  showing  evidences  in 
this  direction  which  would  cause  ifs  rejection  under 
standard  specifications,  its  cementing  value  has  not 
been  reduced  below  an  acceptable  minimum.  As  to 
whether  or  not  materials  so  prepared,  and  possessing 
the  characteristics  of  the  last  named  product  would 
retain  the  cementing  value  indicated,  is  a  matter  re- 
quiring investigation  before  any  conclusion  can  be 
drawn  as  to  the  effect  of  the  features  noted.  It  will 
be  seen,  in  referring  to  commercial  products  prepared 
from  crude  of  this  character,  that  the  loss  of  cementing 


No 


7199 


Pent.  at77°F 32  63 

Duct,  at  77°  F 60  cm. 

5  hr.  loss 0.4  % 

Per  cent  hardening 25  . 0 

CS:  soluble 99.7 

Mineral 0.2 

Difiference O.I 

ceil  soluble 97.0 

Fixed  carbon 16.6 

Cementing  value  at  5°  C 0.289  0 

Elongation  at  5°  C 5.0  .S  . ; 

is  in  confirmation  of  the  investigations   made  by  the 
writer  some  time  ago.^ 

It  will  be  observed  from  the  inspection  of  the  graph- 
ical data  that  the  most  cementitious  materials  were 
produced  at  the  lower  temperatures,  and  that  the 
cementing  values  decrease  as  the  conditions  of  prepara- 
tion become  more  severe.  While  the  differences  in 
cementing  value  between  materials  produced  at  525° 
and  700°  F.  are  slight,  there  is  a  substantial  difference 
between  these  results  and  those  obtained  with  the 
materials  produced  at  850°  F.,  and  between  these 
latter,  prepared  at  substantially  the  same  tempera- 
ture,   but    pushed    to    a    varying    degree    of    hardness. 
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Fig.  9 

7222 

Bxd. 

7223 

flxd. 

7260 

flxd. 

7324 

32 

60 

46 

68 

40 

65 

41 

4.5  cm. 

7.5  cm. 

7.0  cm. 

1 . 2  per 

0.6  % 

0.8  % 

65  cm. 

25.0 

36.9 

43.9 

98.9 

99.0 

99.0  % 

99.7 

0.2 

0.2 

0.2 

0  9 

0   8 

0.  1 

90 . 0 

94.4 

95.9 

97.9 

18   6 

17,7 

16.9 

0.08.S 

0,096 

0.126 

0.082 

0,  136 

0 

117 

0.258 

1  .2 

2.9 

2.5 

3.0 

2.5 

3 

75 

6.5 

value  is  much  greater  with  slighter  evidences  of  de- 
composition than  is  obtained  from  the  products  pre- 
pared in  the  laboratory.  No  explanation  of  these 
variations  is  offered,  aside  from  the  indications  given 
by  these  commercial  products  of  having  been  pre- 
pared by  other  methods,  than  those  involving  straight 
distillation. 

It  is  evident  that  this  method  of  determining  ce- 
menting values  is  capable  of  distinguishing  between 
products  prepared  with  more  or  less  care,  and  that  a 
reduction  in  cementing  properties  follows  as  a  conse- 
quence of  decomposition  occurring  during  prepara- 
tion. 


-3*3      ts 
Cms  Elongation  at 5°C 


~S6       7?        76        id        ?3        26       3?       ^ST 

Cementing  Value  ot5°C.   (Kilogrammeters) 


There  is  marked  loss  in  cementing  value  in  the  ma- 
terial pushed  to  hard  penetration  and  fluxed  back, 
and_:the  evidences  of  decomposition  are  very  decided. 
In  fluxing  this  hard  material  (T-4)  back  with  well 
prepared  flux,  approximately  equal  quantities  of  flux 
were  required  to  bring  it  back  to  62  penetration.  The 
effect  of  the  introduction  of  so  large  a  quantity  of 
well  prepared  flux  has,  of  course,  minimized  the  loss 
of    cementing    value.      Nevertheless,    it    is    astonishing 

'  Municipal  Engineering.    36,  349. 


In  the  previous  discussion,  various  commercial 
asphalts  which  have  been  used  in  paving  work  have 
been  examined,  together  with  their  appropriate  and 
inappropriate  fluxes.  There  has  also  been  observed 
the  effect  on  asphalt  derived  from  liquid  bitumen, 
of  improper  conditions  of  preparation.  It  remains, 
therefore,  to  analyze  the  data  obtained,  in  connection 
with  practical  results,  and  to  determine,  if  possible, 
what  cementing  characteristics  appear  to  be  neces- 
sary   for    the    successful    binder.     Discussion    of    this 
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phase  of  the  matter  will  be  confined  to  only  one  form 
of  construction,  namely,  sheet  asphalt  pavements. 

From  long  experience  with  various  materials  observed 
in  this  discussion,  and  in  segregating  those  binders 
which,  in  the  writer's  observations,  have  been  success- 
ful and  unsuccessful,  certain  tentative  values  may 
be  set  which  should  differentiate  the  successful  or  ac- 
ceptable cement  from  the  non-acceptable.  Carefully 
considering  this  matter  in  connection  with  practical 
results,  the  lowest  cementing  value  which  is  consid- 
ered   acceptable    under    conditions    of    light    traffic    is 


terials  laid  under  traffic,  calling  for  a  penetration  of 
35  to  40,  with  materials  of  the  first  group,  the  writer 
would  prescribe  for  such  traffic  a  minimum  cementing 
value  for  the  bitumen  used  of  about  0.24  kilogram- 
meters,  and  elongation  limits  between  four  and  six 
centimeters.  Maximum  limits  of  elongation  are  set 
as  well  as  minimum  limits  for  the  reason  that  above 
the  maximum  limits  of  elongation,  is  the  accompanying 
higher  consistency,  which  results  in  too  soft  a  cement 
under  conditions  of  hot  weather.  These  limits  are, 
of  course,  suggestive,  and  will  be  modified  according 


Table  IV— Fig.  10 


T-1 

Temperature  still S22  °  F. 

Gravity  of  distillate  at  60°  F 21.2 

Pushed  to  penetration 50 

Fluxed  to  penetration  at  77  °  F 59 

Ductility  at  77  ".  F 115  -t- 

Fixed  carbon 

Soluble  in  CSj 

Soluble  in  ecu 

Cementing  value  at  5**  C 

Elongation  at  5  °  C 

Melting  point 


T-3 
850° 


115  -t-  cm. 

115  +  cm 

5.5  per  cent 

7 . 0  per 

99.6 

99.7 

99.6 

99.7 

0.478 

0.439 

7.7  cm. 

11.5  cm. 

T-4  auxed 


62 

57.0  cm. 
15.2  per  cent 
93.3 
87.3 
0.212 
13.75 


set  at  o.  o8  kilogrammeters.  This  value,  if  taken  alone, 
will  include  some  materials  which,  although  able  un- 
der light  traffic  to  bind  the  mineral  particles  in  a  sheet 
asphalt  pavement  together,  are  prone  to  develop 
cracking.  As  stated  previously,  it  is  necessary  not 
only  to  consider  the  cementing  value  alone,  but  also 
to  consider  the  ability  of  the  binder  to  elongate,  in 
order  to  prescribe  those  which  have  the  property  of 
holding  together  mineral  aggregate  without  undue 
tendency  to  cracking.  For  light  traffic,  this  elonga- 
tion value  is  set  between  the  limits  of  8  cm.  and   14 


to  the  individual  experience  and  ideas  of  those  who 
might  employ  these  tests.  It  is  probable  that  an  em- 
pirical formula  may  be  devised  giving  the  relation- 
ship between  traffic  units  and  cementing-elongation 
values  in  such  a  way  as  to  indicate  the  necessary  char- 
acteristics applicable  for  any  intensity  of  traffic. 

There  remains  anothfer  factor  which  may  influence 
the  valuating  of  materials  in  accordance  with  these 
characteristics,  and  that  is,  the  possible  rate  of  loss  of 
cementing  value  which  will  be  shown  upon  tests  car- 
ried out  over  a  prolonged  period  of  time.     As  is  well 


Cms.    ElongaTion  at S  C 


16       £0        24        ^a      31      ^36      M)      M       .^S       J2 
CemenTing  Value  aTS'C.    (Kilogrammeters) 


S&      -60      64     ^s<S 


cm.  for  the  pure  bitumen.  Below  these  values  are 
found,  in  the  writer's  experience,  unsuccessful  ma- 
terials for  the  class  of  construction  referred  to,  and 
corresponding  to  these  values  are  found  those  which 
have  demonstrated  satisfactory  use  under  light  traffic. 
As  previously  indicated,  pavements  under  heavy 
traffic  require  stronger  and  more  cementitious  bind- 
ers with  less  need  of  these  binders  to  elongate.  It  is 
difficult  to  describe  accurately  conditions  which  would 
be  understood  by  all  to  be  designated  as  heavy  traffic. 
Keeping    in    mind,    however,    service    records    of    ma- 


known,  various  bituminous  materials  harden  with 
age  and  suffer  marked  loss  of  ductility  upon  standing, 
sometimes  for  comparatively  short  periods  of  time. 
It  is  likely  that  the  materials  here  examined  would 
likewise  show  variable  rate  of  loss  of  cementing  value 
and  elongation  with  age,  particularly  those  materials 
showing  the  effects  of  severe  treatment  in  prepara- 
tion. Data  of  this  kind  covering  a  period  of  time  or 
indicating  the  same  effect  of  accelerated  tests  will 
be  of  considerable  importance  in  fully  determining 
the  relative  values  of  various  types  of  binders. 
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It  is  the  intention  of  the  writer  to  take  up  these 
phases  of  the  subject,  but  owing  to  the  time  necessary 
to  compile  complete  data,  it  is  considered  advisable 
to  present  the  foregoing  in  the  expectation  that  the 
methods  employed  may  be  improved  upon  by  others 
interested,  and  that  the  features  indicated  may  be 
simultaneously  investigated  by  independent  observers. 

It  is  suggested  that  this  test  not  only  covers  all 
of  the  data  heretofore  furnished  by  the  ductility  test, 
but  in  addition  furnishes  direct  information  as  to  the 
cementing  values  of  the  materials  examined.  The 
elongation  values  determined  during  the  cementing 
value  tests  afford  a  more  accurate  and  truly  represen- 
tative indication  of  ductility  than  the  test  usually  em- 
ployed. The  elongation  values  determined  by  this 
method  have  an  advantage  of  being  taken  at  a  tem- 
perature at  which  such  properties  come  into  play  most 
effectively  in  pavements,  and  are  recorded  only  while 
the  binder  is  capable  of  withstanding  an  appreciable 
strain.  These  values  are  not  clouded  by  the  fine 
hair-like  filaments  into  which  bitumen  is  drawn  at 
norinal  temperatures,  and  which  have  no  significance 
in  determining  any  valuable  property.  In  addition, 
it  is  difficult,  if  not  impossible,  by  the  usual  method, 
to  differentiate  between  materials  having  a  ductility 
in  excess  of  certain  limits  fixed  by  the  devices  usually 
employed,  which  cannot  be  extended  much  beyond 
100  centimeters  with  any  significant  results. 

Chicago  Paving  Laboratory 
160  North  5th  Avenub.  Chicago 
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HYSTERESIS  TESTS  FOR  RUBBER 

By  Earlb  L.  Davies 
Received  September  25,  1914 

The  expert  usually  judges  a  piece  of  rubber  by  means 
of  a  crude  hysteresis  test  which  he  performs  by  stretch- 
ing a  small  strip  with  his  fingers.  Experience  enables 
him  to  judge  closely,  but  by  no  means  accurately, 
small  differences  between  two  samples;  it  does  not 
enable  him  to  standardize  his  tests,  nor  to  make  his 
results  available  to  others.  Several  machines  have 
been  devised  to  perform  and  record  these  tests  graphi- 
cally, but  they  have  not  come  into  their  full  usefulness, 
due  to  the  difficulty  encountered  in  translating  the 
graph  into  terms  which  are  intelligible  and  comparable. 
The  object  of  this  paper  is  to  point  out  and  explain  some 
of  the  relationships  between  the  mathematical  equation 
for  the  curve  and  the  properties  of  the  rubber  being 
tested,  and  to  point  out  the  close  relationships  which 
some  of  the  tests,  made  in  this  laboratory,  show  between 
the  theoretical  curve  and  actual  curves  made  by  the 
machine. 

The  accompanying  figure  shows  the  typical  form  of 
curve  produced  by  the  machine.  The  ordinates  rep- 
resent tension  and  the  abscissae,  stretch.  Cheneveau 
and  Heim'  have  shown  that  this  curve  has  the  equation: 

X  =  cy  -\-  a  sin^  by  (1) 

and  that  when  OB  is  drawn  tan.  to  the  curve  OD  at  O, 

c  =  tan.  /  YOB. 
From  (i)  a  sin^  byi  =  xi  —  cyi 

'  "Sur  1'  extensibility  du  caoutchouc  vulcanise,"  Compl.  rend.,  p.  320, 
Feb.  6.  1911;  also,  "The  Rubber  Industry,"  (1911). 


Zl  =  *1  —  cyi 
or  zi  =  o  sin^  byi 

In  like  manner  it  may  be  shovpn  that  Z2  =  a  sin'  2byi 

From  (2) 

Since 

then 


From  (3) 
Since 
then  cos''  2byi 

(a  —  23i\' 
I     = 


Whence 

Since 

From  (2) 

From  (6)  and  (7) 

Whence 


4zr 


4Z1  —  22 
cos^A  =  1  —  sin 'A 


cos'  byi  =  I 

cos-  byi  = 

byi  =  cos"' a; 


4Zi 


(2) 
(3) 


(4) 
(5) 


(6) 

(7) 
(8) 
(9) 


That  these  terms  are  not  so  mysterious  as  they 
appear,  becomes  evident  after  an  analysis  of  the  above 
proof.  Thus  we  find  the  constant  "c"  is  dependent 
solely  upon  the  initial  resistance  of  the  rubber  to 
stretching;  it  will  be  largest  for  a  pure  gum  stock  and 


become  relatively  smaller  and  smaller  as  the  stock  is 
more  heavily  compounded.  From  the  relationship 
in  Equation  6  we  can  readily  see  that  in  the  case  of 
a  pure  gum  stock  where  the  stretch  is  long  and  uniform, 
(mi)  and  (m^)  having  been  large  "a"  will  be  relatively 
large,  in  comparison  with  a  "tread"  stock  which  will 
be  strong  and  cause  the  entire  curve  to  be  fairly  steep, 
but  will  be  small  in  comparison  with,  a  "whiting  stock," 
which  is  characterized  by  an  initial  stiffness  after  which 
it  offers  comparatively  little  resistance  to  stretching. 
Equation  9  shows  that  for  pure  gum  or  tread  stocks 
cos  b  will  be  small  and  "b"  consequently  large. 

The  ease  with  which  these  values  could  be  standard- 
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ized  in  specifications  for  a  given  stock  is  apparent,  and 
the  value  of  such  standards  both  from  the  point  Of  the 
manufacturer  and  the  buyer  is  obvious. 

We  have  done  some  work  in  this  laboratory  to  find 
how  closely  the  curve  computed  from  the  equation 
agrees  with  the  actual  curve,  of  which  the  following 
example  is  typical:  For  our  work  we  used  the 
"Schwartz  Rubber  Testing  Machine."  Test  specimens 
were  cut  from  a  "Goodyear"  auto  inner  tube,  and  from 
curves  drawn  in  testing  these  specimens  we  obtained 
constants  which  gave  the  equation: 

X  =  i.iyy  +  2.06  sin^34.6y 

Another  tube  made  by  the  same  formula  was  selected 
at  random  and  a  curve  drawn  from  a  sample  of  this 
tube.  Assuming  various  values  for  y,  the  x  to  cor- 
respond was  computed  from  the  equation  and  com- 
pared with  the  same  values  as  measured  on  the  curve. 
The  results  were  as  follows: 
by 


Inches 
0.2 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3,5 
4.0 


:omputed)  x  (from  curve)  Diff. 

Inches  Inches  Inches 

0.26  0.26  0.00 

0.77  0.78  —0.01 

1.84  1.86  —0.02 

3.04  3.05  —0.01 

4    14  4.08  -1-0.06 

4.78  4.70  -1-0.08 

5.26  5.17  -1-0.09 

5.61  5,60  -1-0.01 

5.71  .  .                          


These  are  actual  measurements  from  the  curve  rep- 
resenting only  arbitrary  values  for  x  and  y. 


Chemical  Laboratory 

Thb  Goodyear  Tike  and  Rubber  Company 
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A  STUDY  OF  THE  EFFICIENCY  OF  VARIOUS  METHODS 
FOR  THE  FILTRATION  OF  SUGAR  SOLUTIONS' 

By  Alfred  E.  Roberts 
Received  May  13.  1914 

INTRODUCTION 

Owing  to  the  difficulty  of  filtering  sugar  solutions  of 
high  density  and  the  limited  number  of  standard 
methods  in  practice,  this  investigation  was  undertaken 
to  compare  several  filtering  media  as  to  speed  of  fil- 
tration, brightness  of  filtrate  and  the  duration  of  ef- 
ficiency. 

All  sugar  houses  are  using  modes  of  filtering  which 
are  more  or  less  satisfactory  but  perfection  has  never 
been  achieved,  and  their  laboratories  have  always 
faced  the  unsolved  problem  of  filtering  the  house 
liquors  of  high  density  and  locating  irregularities 
quickly. 

The  purpose  of  this  work  has  been  primarily  to  per- 
fect a  rapid  filtration  process  for  sugar  laboratories 
and  secondarily  to  improve  house  practice. 

There  is  scarcely  any  literature  on  the  subject, 
though  some  reference  to  different  filtering  media  to 
be   used   on   a   large   scale   can   be   found.^ 

EXPERTMENTAt 

The  materials  used  in  this  research  were  the  three 
different  grades  of  cloth  commonly  employed  in  sugar 
refineries   which   will   be   designated   in   this  paper   as 

'  A  thesis  submitted  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Master  of  Science  to  the  Faculty  of  the  Graduate  School  of  New 
York    University. 

2  Noel  Doerr.  "Cane  Sugar,"  p.   281. 
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thin  bag,  thick  bag,  close  bag;  alundum,  white  filter 
paper  No.  597  Schleicher  and  SchuU,  Eimer  and 
Amend's  Best  gray  filter  paper,  40-mesh  sand,  as- 
bestos. Fuller's  earth,  infusorial  earth    and    sawdust. 

Suction  and  different  hydrostatic  pressures  were 
considered  and  many  modifications  of  apparatus  were 
tried.  The  majority  of  the  experiments,  however, 
were  conducted  with  a  cylindrical  tube  i',  2  inches  in 
diameter,  having  a  barrel  6  in.  in  length  and  a  stem  of 
3  in.     This  special  tube  is  represented  in  Fig.   i. 

In  nearly  every  case  the  tube  was  used  in  an  upright 
position  and  at  all  times  it  was  surrounded  with  a 
jacket  of  hair  felt  in  order  to  maintain  a  com- 
paratively constant  temperature.  That  „ 
the  temperature  did  not  drop  very  low 
during  short  filtrations  may  be  seen  by 
referring  to  Fig.  2.  In  general,  the 
solutions  of  sugar  were  about  30°  Be 
density,  and  before  filtering  the  tem- 
perature was  raised  to  180  F.  The 
cold  apparatus  caused  the  solutions  to 
drop  about  20°  during  the  first  10  min. 
but  after  that  time  the  temperature 
decreased  very  slowly.  A  more  elabo- 
rate and  efficient  device  could  have 
been  arranged,  but  complicated  ap- 
paratus is  undesirable  for  rapid  work 
in  a  sugar  laboratory. 

During  the  preliminary  experiments 
with  the  bag  filters,  it  was  found  that 
greater  speed  of  filtration  could  be 
procured  by  using  a  circular  piece  of 
wire  gauze  instead  of  a  perforated 
porcelain  plate  to  support  the  cloth; 
henc'e  the  apparatus  adopted  for  the 
first  series  of  filtrations  was  the  cylin- 
drical tube  mentioned  above  with  the 
wire  gauze  support  in  the  bottom;  rest- 
ing on  this  was  a  cloth  cut  to  fit  the 
tube  and  this  was  held  in  position 
by  a  tight-fitting  rubber  gasket. 

Each  bag  filter  was  tested  as  to  rate  of  filtration  of 
an  undefecated  solution,  clearness  being  disregarded, 
and  the  typical  results  are  herein  recorded  in  Fig.  3. 
As   would   be   expected   from   the   weave   and   general 
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Fig.      1  —  Special 
Tube  for  Filtra- 
tion OF  Sugar  So- 
lutions ok  High 
Density 
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fldecjuacy  of  Hair  Felt  Jacket 


Old 


20  30  40  SO  60  70  80  90  100  I/O  IZD 
Minutes 


texture  of  the  cloth,  the  thin  bag  gave  the  highest 
rate  of  filtration,  the  thick  bag  second  and  the  close 
bag  third;  the  fact  that  the  thin  bag  allowed  100  cc.  to 
pass  through  in  7  min.  suggested  its  adoption,  while  the 
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thick  cloth  permitted  only  about  one-fifth  and  the 
close  cloth  one-tenth  that  amount  to  pass  through  in 
the  same  time. 

These  conditions  were  then  modified  in  one  respect. 
A  thin  bag  filter  attached  to  a  wire  was  placed  on  the 


10    20  30  40  SO  60   70  60  30  00  lio  120  130  140  ISO 
CC- 
Fig.  3 

fixed  thin  bag  and  as  soon  as  the  filtration  became  slow 
the  upper  cloth  was  removed.  This  modification 
hastened  the  process  in  a  marked  degree  (Fig.  4) 
with  the  thin  and  thick  cloth,  but  the  action  of  the  close 
bag  was  not  sufficiently  rapid  to  make  it  a  competitor. 

Tests  with  each  of  the  filtering  media  proved  that 
perfect  clearness  could  not  be  obtained  without  def- 
ecation; hence,  all  solutions  in  subsequent  experiments 
were  defecated  either  with  Home's  dry  subacetate  of 
lead  or  with  bone-black  paste   neutralized  with  lime. 

In  determining  the  relative  values  of  cloth,  alundum, 
sand,  asbestos,  Fuller's  earth,  infusorial  earth  and  saw- 
dust, numerous  filtrations  were  found  necessary  in 
order  to  perfect  manipulation.  The  regular  tube  was 
used  and  the  solutions  were  kept  at  a  constant  head  of 
six  inches  while  ascertaining  the  rates  of  filtration,  the 
amounts  possible  to  pass  through  the  respective  filters, 


■  0    /O    20  30  40  SO  60   70  80  90   100  110  120  130 140 150 
CC. 


and  the  clearness  of  ■  filtration.  Fuller's  earth  and 
infusorial  earth  could  not  be  arranged  in  this  form  of 
apparatus  to   produce   satisfactory   results. 

It  is  evident  from  the  following  table  and  Fig.  5 
that  the  material  used  for  defecation  influences  both 
the  rate  and  duration  of  filtration.  The  time  of  30 
min.  was  chosen  arbitrarily  for  the  sake  of  uniformity 
in  making  comparisons. 

Relative  Rates  of  Filtration  and  Lives  of  Filters 


Bone-black  Defecation 
Cc.  in     Relative 
Filter  30  min.         life 

Sawdust 150 

Asbestos. 


Thin  bag. 
Sand 


23 
22.5 


3.0 
2.  1 
4.3 
3.3 


Thick  bag  . 
White  paper. 
Gray  paper. . 
Alundum.  .  .  . 


Lea 

Cc.  in 
Filter  30  min 

Thin  bag 32.5 

.\sbestos 23 

Thick  bag 23 

Close  bag 20 

Sand 19 

White  paper 10.5 

Alundum 10.5 

Gray  paper 9.5 


1  .25 
1.0 
1  .0 
1.0 


the  filters  was  to  allow  them  to  stand  overnight  and 
note  the  numbers  of  cc.  which  had  passed  through 
during  that  time.  The  numbers  were  simplified  so 
that  the  least  efficient  filter  is  represented  by  unity. 
A  great  deal  of  difficulty  was  experienced  in  deter- 
mining the  exact  _  time  of  filtrates  becoming  clear. 
The  only  satisfactory  device  used  was  made  by  at- 
taching to  the  stem  of  the  filter  tube  a  straight  calcium 
chloride  tube,  the  end  of  which  was  bent  in  such  a  way 
that  the  bulb  was  kept  constantly  full  of  liquor  (see 
Fig.  6).  By  holding  a  magnifier  over  this  bulb  its 
contents  could  be  examined  for  clearness.  Time  was 
counted  from  the  instant  solutions  were  poured  upon 
the  respective  filters  and  the  results  were  as  follows: 


Min. 

Thin  bag,  one  thickness 17 

Thin  bag,  two  thicknesses(a) .        4 

Thick  bag 7 

Close  bag 4 

Alundum 2 

White  paper *.  .        3 

■     (a)   Filtration  was  very  slow,  c 


Min. 

Gray  paper 6 

.\sbestos 2 

Sand 2 

Sawdust 3 

Fuller's  earth Never 

Infusorial  earth Never 

nly  15  cc.  passing  through  in  26  min. 


In  filtering  with  alundum  a  special  disc  was  made  to 
fit  the  standard  tube   and  the  same  rubber  gasket  as 

Sugar  Solution  30-5  Be,defecaTed  with 
Bone  Block  Paste  and  Subacetate  of  Lead 


As  the  solutions  ceased  to  filter  after  prolonged  in- 
tervals the  mode  of  determining  the  relative  lives  of 


0    10  20  3D  40  SO  60  10  60  SO  100  ilO  izo  130  M  150 


Cubic    Centimeters 

Fig.  5 

was  used  with  the  cloth  and  paper  filters  was  placed 
in  close  contact  with  it  to  prevent  the  solution  from 
passing  over  the  edge  of  the  disc.  The  asbestos  filter 
was  prepared  by  first  placing  in  the  tube  a  porcelain 
filter  plate;  then  a  layer  of  washed  asbestos  of  fine 
fiber  was  poured  upon  the  plate  to  the  thickness  of 
one-eighth  of  an  inch.  The  sand  used  was  40-mesh 
and  the  depth  most  satisfactory  was  3  in.  The  saw- 
dust filter  was  prepared  by  filling  the  tube  loosely 
with  the  material  and  then  packing  tightly  until  the 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  No.  12 


\i 


Fig.  6 

Device  for 

Dbtermining 

Clearness  op 

Filtrates 


depth  was  4  in.  The  sawdust  thus  measured  weighed 
27  g.  A  small  wad  of  glass  wool  was  used  in  the  stem 
of  the  tube  to  prevent  sawdust  from  passing  into  the 
filtrate. 

In  order  to  hasten  filtration,  suction  was  employed 
with  the  different  media,  but  in  each  case  it  was  a  failure 
because  clearness  was  always  destroyed  by  suction. 
Favorable  results,  however,  were  ob- 
tained by  increasing  the  height  of 
the  column  of  liquor.  A  marked 
increase  in  -efficiency  -was  demonstrated 
in  the  case  of  the  thin  bag  by  using 
3  ft.  hydrostatic  pressure.  Fig.  7  com- 
pares this  medium  with  a  head  of  six 
in.  and  3  ft.  and  also  in  a  Biichner 
funnel  having  a  diam.  of  5  in.  It  is 
evident  at  once  that  it  is  better  to  in- 
crease pressure  than   surface. 

An  attempt  was  made  to  hasten 
filtration  through  the  thin  bag  by  in- 
verting the  whole  apparatus  and  operating  it  like  the 
Danek  filter.  The  object  of  this  style  of  filtering  is 
to  prevent  the  solid  matter  from  becoming  too  thickly 
deposited  on  the  filtering  medium  and  thus  checking 
the  passage  of  the  liquid.  One  foot  head  was  used  in 
this  experiment.  There  was  no  disappointment  as  to 
increasing  the  rate  of  filtration,  but  the  arrangement 
proved  a  total  sacrifice  to  clearness  of  the  filtrate.  As 
long  as  the  apparatus  was  kept  full  of  solution  a 
constant  stream  of  filtrate  flowed  showing  conclusively 
that  the  thin  bag,  at  least,  is  efficient  for  producing 
a  bright  filtrate  only  after  its  interstices  become 
filled  with  solid  matter. 

Besides  the  alundum  disc  made  to  fit  the  regular 
filter  tube  made  for  this  investigation  several  experi- 
ments were  conducted  with  the  same  medium  but  in 
form  of  a  thimble  4  in.  long  and  1V4  in.  in  diam.  In 
one  arrangement  the  thimble  was  fitted  with  a  one- 
hole  stopper  of  rubber  into  which  a  tube  was  passed 
nearly  to  the  bottom  of  the  thimble.  The  other  end 
of  the  tube  extended  into  a  graduated  tube  enclosed 
in  a  suction  flask,  while  the  thimble  was  immersed  in 
a  beaker  of  defecated  sugar  solution  kept  at  180°  F. 
with  a  low  flame  underneath  the  beaker.  Suction  was 
applied  35  min.  but  only  25  cc.  of  the  solution  passed 
through   the   filter. 

The  most  successful  filtering  with  the  thimble  was 
accomplished  by  inverting  it  in  a  straight  cylindrical 
tube  fitted  with  a  one-hole  rubber  stopper.  The  end 
of  the  thimble  was  tightly  inserted  in  a  groove  cut  in 
the  stopper  and  a  tube  extended  from  the  inside  of 
the  thimble  through  the  stopper  and  into  a  suction 
flask.  Hair  felt  was  used  as  a  jacket  to  prevent  too 
great  a  decrease  in  temperature.  With  this  arrange- 
ment the  following  results  were  obtained: 

Solution  31°  Baum6,  Depecated  with  Lead  6  In.  Head 


The  filtrate  was  clear  in  3  min.  and,  as  nothing 
could  be  drawn  through  after  65  cc.  were  filtered,  this 
amount  represents  the  life  of  this  size  thimble  under 


these  conditions.  Owing  to  the  fact  that  suction  had 
been  unsuccessful  in  previous  experiments  in  producing 
a  clear  filtrate,  the  pump  was  not  started  until  the  solu- 
tion  began   to   come   clear   at  the  end   of   three   min. 

Sawdust,  having  surpassed  all  other  media  under 
consideration,  was  adopted  as  the  standard  material 
for  carrying  on  a  series  of  experiments  in  which  it 
was  hoped  to  arrange  a  device  for  determining  whether 
or  not  a  solution  had  been  properly  defecated.  The 
plan  was  to  adjust  the  apparatus  in  such  a  way  that 
the  filtrates  would  have  their  respective  end-points  ot 
cloudiness  at  certain  points  for  stated  degrees  of  def- 
ecation. 

The  regular  six-inch  filter  tube  was  used  but  in  the 
top  was  fitted  a  one-hole  rubber  stopper  carrying  a 
funnel  six  inches  in  length,  making  a  head  of  eight 
inches,  and  a  tube  was  attached  to  the  stem  of  the  filter 
tube  and  bent  upward  to  a  level  with  the  top  surface  of 
the    sawdust    which    weighed    27    g.    and    was   packed 


Effect  of  Hydrostatic  Pressure 
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Fig.  7 

down  to  a  thickness  of  four  inches.  This  attachment 
was  used  in  order  to  saturate  thoroughly  the  filtering 
medium  and  prevent  channels  before  the  drip  com- 
menced. 

Perfectly  defecated  wash  sugar  liquor  at  ii°  Baum6 
was  poured  into  the  apparatus  and  time  was  counted 
from  the  instant  of  the  filtrate  reaching  the  highest 
point  in  the  outlet  tube.  A  beautiful  filtration  en- 
sued and  would  have  been  satisfactory  for  any  purpose 
but  the  one  in  question.  The  filtrate  being  clear, 
from  the  first  did  not  furnish  a  definite  point  of  be- 
coming clear,  so  the  amount  of  sawdust  was  decreased 
one-half.  Numerous  filtrations  were  conducted  on 
this  basis  and  in  each  case  the  cloudiness  disappeared 
after  the  first  1 5  cc.  A  50  per  cent  defecated  solution  was 
prepared  by  mixing  equal  parts  of  a  fully  defecated 
wash  sugar  liquor  at  32°  Baume  and  an  undefecated 
wash  sugar  liquor  at  34°  Baum^.  All  filtrates  with  this 
solution  became  clear  after  30  cc. 

In  filtering  a  2  5  per  cent  defecated  solution  all  filtrates 
with  one  exception  became  clear  after  40  cc;  the 
irregular  one  cleared  after  45  cc. 
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At  this  stage  the  apparatus  was  modified  again. 
The  filtering  medium  was  cut  down  to  six  grams  and  the 
one-hole  stopper  was  replaced  by  a  two-hole  stopper 
to  provide  for  a  tube  provided  with  a  pinchcock  to 
be  closed  as  soon  as  the  air  was  expelled  with  solution. 
In  order  to  increase  the  head  and  thus  secure  a  more 
rapid  rate  of  filtration  the  outlet  tube  was  lowered  as 
soon  as  the  filtrate  reached  the  highest  point  in  the 
bend. 

The  first  filtration  under  these  conditions  was  with 
an  undefecated  solution.  It  was  allowed  to  run  over 
night  and  the  filtrate  never  became  clear,  demonstra- 
ting the  necessity  of  defecation. 

Then  a  fully  defecated  solution  was  tried  and  the 
first  100  cc,  requiring  15  min.,  was  cloudy;  after  this, 
it  ran  clear.  This  result  indicated  that  there  was  not 
a  sufficient  layer  of  sawdust,  so  the  amount  was  in- 
creased to  10  g.  and  the  outlet  tube  was  left  in  place 
for  the  rate  of  filtration  was  too  rapid  with  one  foot 
head.  With  this  arrangement  a  rapid  and  satisfactory 
filtration  was  secured,  40  cc.  dropping  in  three  minutes 
and  after  this  the  filtrate  was  clear.  Several  dupli- 
cates were  run  with  the  same  results  except  for  time, 
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Curve  to  be  applied  in  finding  per  cent  of 
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which  varied  slightly  but  not  much,  as  a  Hofmann 
clamp  attached  to  the  outlet  tube  was  adjusted  to 
regulate    the    flow. 

■  A  50  per  cent  defecated  solution  was  filtered  and  the 
point  of  becoming  clear  varied  from  60  to  100  cc.  ac- 
cording to  rate  of  filtration.  Ays  per  cent  defecated 
solution  behaved  in  the  same  way  except  that  usually 
it  became  clear  at  about  60  cc.  The  25  per  cent 
defecated  solution  never  filtered  clear  as  long  as  ob- 
served. On  careful  consideration  of  both  volume  and 
time  it  was  evident  that  clearness  depended  on  a  com- 
bination of  the  two,  and  hence  in  the  concluding  ex- 
periments the  point  of  the  filtrate  becoming  clear 
was  expressed  in  "cc.-ftiin."  In  all  fully  defecated 
solutions  the  filtrate  ceased  to  be  cloudy  at  about 
200  cc.-min.,  the  75  per  cent  defecated  at  about  300 
cc.-min.,  the  50  per  cent  defecated  at  about  1700  cc.- 
min.,  while  the  25  per  cent  defecated  solutions  never 
produced  a  bright  filtrate. 

The  liquors  passing  through  the  bag  filters  in  the 
refinery  required  about  20  min.  to  become  clear  after 
defecation,  while  the  same  solutions  became  clear  in 
the  adopted  laboratory  filtering  device  in  3  min.     This 


relation  of  house  to  laboratory  could  be  applied  with 
advantage. 

Fig.  8,  plotted  for  this  particular  apparatus,  indicates 
that  the  preconceived  theory  works  out  in  practice, 
and  thus  the  device  can  be  applied  in  sugar  laboratories 
to  determine  at  once  whether  the  house  liquors  are 
properly  defecated. 

The  results  of  this  investigation  seem  to  prove  that 
sugar  refineries  should  adopt  as  the  universal  filtering 
medium  sawdust  or  some  closely  allied  material. 
This  is  confirmed  by  A.  Aulard^  in  his  paper  on  the 
"Use  of  Cellulose  as  a  Filtering  Substance  in  Sugar 
and  Other  Industries."  Sawdust  can  be  easily  washed; 
it  is  very  simple  to  use,  needing  no  complicated  presses, 
etc.;  it  is  available  and  cheap;  rapid  filtration  is  assured 
and  clear,  bright  liquors  can  be  secured  in  a  minimum 
time.  The  main  problem  would  be  in  concentrating 
the  increased  volume  of  sweet  water  which  would 
necessarily  be  produced  in  washing  the  sawdust. 

SUMMARY 

I — Defecation  is  necessary   with  all  filtering  media. 

2 — Sawdust  or  some  form  of  wood  waste  is  the  most 
satisfactory  for  obtaining  rapid  and  clear  filtration 
both   for   refineries   and   laboratories. 

3 — To  hasten  rate  of  filtration  it  is  better  to  increase 
hydrostatic  pressure  than  resort  to  suction,  in- 
creased surface  of  filtering  medium,  or  to  invert  the 
filter  to  keep  it  free  from  a  deposit  of  solid   matter. 

YoNKBRS    High    School 
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THE  ABSORPTION    OF    GASOLINE  VAPOR  IN  NATURAL 
GAS  BY  FUMING  SULFURIC  ACID 

By   R.    P.    Anderso.n   .4ND   C.   J.    Engei-DER 
Received  September  25.  1914 

Orndorff  and  Young^  apparently  were  the  first  to 
discover  that  propane  is  attacked  by  fuming  sulfuric 
acid.  WorstalP  has  investigated  the  sulfonation  of 
hexane,  heptane,  and  octane  by  fuming  sulfuric  acid 
and  found  that  the  reaction  takes  place  readily  at  the 
boiling  point  of  the  hydrocarbon  that  was  being  used, 
but  that  cold  fuming  sulfuric  acid  is  without  apparent 
action  on  the  liquid  hydrocarbon.  He  found''  also 
that  methane  and  ethane  are  slowly  absorbed  by 
fuming  sulfuric  acid,  the  absorption  being  more  rapid 
in  the  case  of  ethane  than  in  the  case  of  methane. 

During  the  analysis  in  this  laboratory  of  a  sample  of 
natural  gas  which  carried  a  small  amount  of  gasoline 
vapor,  there  was  obtained  a  small  decrease  in  volume 
(o.i  to  0.2  cc.)  during  the  usual  treatment  with  fuming 
sulfuric  acid.  Aside  from  this  indication  of  the 
presence  of  olefines  the  gas  appeared  to  contain  only 
members  of  the  paraflSn  group  and  a  small  amount 
of  nitrogen.  Combustions  were  made  on  gas  which 
had  been  treated  with  fuming  sulfuric  acid  and  on 
untreated  gas.  The  results  of  the  combustions  were 
figured  as  methane  and  ethane,  the  predominating 
hydrocarbons,    and    the    untreated    gas    appeared    to 

1  See  original  communication  in  Eighth  International  Congress  of  Appl. 
Chem.    {Appendix)    81,    489-491. 
'  Am.  Chem.  J.,  16  (1893),  249. 
'  Ibid..  30  (1898).  664. 
'  J.  Am.  Chem.  Soc.  21  (1899),  245. 
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contain  more  ethane  and  less  methane  than  the  treated 
gas.  This  could  be  explained  by  the  assumption  that 
the  fuming  sulfuric  acid  had  absorbed  some  of  the 
gasoline  vapors,  since  the  removal  of  a  small  amount 
of  these  vapors  would  lessen  the  apparent  percentage 
of  ethane  as  calculated  from  the  results  of  a  com- 
bustion. If  this  assumption  is  correct,  longer  treat- 
ment with  the  fuming  sulfuric  acid  should  result  in  a 
larger'  decrease  in  volume  and  a  greater  difference  in 
the  apparent  amounts  of  methane  and  ethane  before 
and  after  the  treatment.  Accordingly,  a  sample  of 
gas  was  passed  back  and  forth  for  fifteen  minutes 
over  fuming  sulfuric  acid  that  was  contained  in  the 
customary  pipette  for  this  reagent.  A  decrease  in 
volume  of  2  cc.  was  obtained.  The  approximate 
results  of  the  combustions  that  were  made  are  shown 
below: 

Per  cent  CH.     CjHi      Ni     Total 
1  100 


The  decrease  of  2  cc.  that  was  obtained  after  a  more 
lengthy  treatment  with  the  reagent  than  is  usually 
given  indicates  the  absorption  of  gases  or  vapors  other 
than  those  of  the  olefine  group  since  the  absorption 
under  the  customary  conditions  amounted  to  but 
0.1  to  0.2  cc.  The  change  in  the  relative  amounts  of 
methane  and  ethane  as  calculated  from  the  results 
of  the  combustion  indicates  that  the  portion  that  was 
absorbed  contained  more  gases  or  vapors  of  high  mo- 
lecular weight  than  the  portion  that  remained.  The 
average  number  of  carbon  atoms  per  molecule  of 
hydrocarbon  in  the  portion  absorbed  by  the  fuming 
sulfuric  acid  may  be  computed  from  the  data  at  hand. 
For  example: 

Let  m  represent  the  number  of  molecules  in  i  cc. 
of  the  gas,  and  x  the  average  number  of  carbon  atoms 
per  molecule  of  hydrocarbon  in  the  portion  absorbed 
by  the  fuming  sulfuric  acid; 

then  72  OT  +  2X27  m  =  the  number  of  carbon 
atoms  in  100  cc.  of  the  original  gas, 

and '75  m  -|-  2  X  21  m  =  the  number  of  carbon 
atoms  in  the  unabsorbed  gas. 

T2  m  +  2  X  2^  m  —  TS  m  —  2X21  m  =  ()  m  = 
the  number  of  carbon  atoms  in  the  absorbed  gas, 

g  m 

and  X  =     —    =4.  =;. 
2  w 

The  average  number  of  hydrogen  atoms  per  molecule 
of  hydrocarbon  may  be  computed  in  similar  fashion 
and  thus  it  appears  that  the  gases  removed  by  the 
fuming  sulfuric  acid  had  an  average  composition  of 
Cj.sHu  while  the  untreated  gas  averaged  Cj.oeHj.s". 

To  determine  whether  this  behavior  of  the  paraffin 
hydrocarbons  toward  fuming  sulfuric  acid  might  be 
made  the  basis  of  a  method  for  the  examination  of 
natural  gas  for  the  presence  of  the  higher  hydrocarbons, 
gasoline  vapors'  in  particular,  the  following  experi- 
ments were  performed. 

BEHAVIOR  OF  REAGENT  WITH  REPEATED  USE 

The  absorbing  power  of  the  reagent  should  remain 
practically   constant    when    treated   successively    with 

*  For  a  discussion  of  the  methods  in  use  at  the  present  time,  see  Burrell 
and  Seibert.  This  Journal,  6  (1913),  895;  also  Merriam  and  Hirchby,  Ibid.. 
5  (1913),  824. 


different  portions  of  the  same  natural  gas  for  the  same 
time  in  order  that  reliable  comparisons  might  easily 
be  made  between  the  amounts  of  gasoline  vapors  in 
different  samples  of  natural  gas.  If  the  reagent  should 
deteriorate  rapidly  on  being  used,  comparable  results 
could  be  obtained  only  with  fresh  reagent  and  the 
inconvenience  and  expense  of  its  frequent  renewal 
would  be  a  serious  drawback  to  its  use. 

The  fuming  sulfuric  acid  that  was  used  in  studying 
the  behavior  of  the  reagent  with  repeated  use  con- 
tained 30  per  cent  SO3,  and  was  placed  in  an  absorption 
pipette  such  as  is  used  in  the  Dennis  modification  of 
the  Orsat  apparatus,'  in  order  to  effect  as  rapid  an 
absorption  as  possible.  The  upper  end  of  the  reservoir 
chamber  of  the  pipette  was  connected  by  means  of  a 
rubber  stopper  and  glass  tubing  with  a  trap  similar 
to  the  one  used  in  the  same  modification  of  the  Orsat 
apparatus  to  protect  the  reagents  from  the  air.  In  this 
case,  the  trap  was  filled  with  sulfuric  acid  and  the  space 
between  the  reagent  in  the  pipette  and  the  sulfuric 
acid  in  the  trap  was  filled  with  natural  gas  at  the 
beginning  of  the  experiments.  This  arrangement 
decreased  considerably  the  interchange  of  gas  and  air 
through  the  reagent  and  proved  very  essential  for 
lengthy  contact  between  gas  and  reagent.  A  water- 
jacketed  burette  containing  mercury  was  used  in  con- 
nection with  this  special  pipette.  The  natural  gas 
that  was  employed  was  drawn  from  a  cylinder  of  the 
compressed  gas  obtained  from  the  United  Natural 
Gas  Company,  Oil  City,  Pennsylvania.  The  contact 
between  each  sample  of  gas  and  the  reagent  was  limited 
to  thirty  passages  which  were  made  in  a  uniform  man- 
ner, and  readings  of  the  remaining  gas  volume  were 
taken  at  the  end  of  each  six  passages.  The  sulfur 
dioxide  was  not  removed  before  these  readings.  At 
the  end  of  the  thirty  passages,  the  sulfur  dioxide  was 
removed  by  potassium  hydroxide,  and  the  oxygen  by 
an  alkaline  solution  of  pyrogallol.  Since  the  original 
gas  contained  practically  no  oxygen  the  decrease  that 
was  obtained  on  the  last  absorption  served  as  a 
measure  of  the  interchange  of  natural  gas  and  air 
through  the  reagent  in  the  pipette  and  the  sulfuric 
acid  in  the  trap  during  the  absorption.  Combustions 
were  performed  on  two  separate  portions  of  each  residue 
and  the  results  were  computed  as  methane,  ethane  and 
nitrogen.       The  results  obtained  are  shown  in  Table  I. 

Table  I 

Number  of  sample  12  3  4  5  6-10 

Volume  after     6  passages 3.5        1.9  1.4  1.3  1.0  0.9 

Volume  after  12  passages 5.8        3.6  2.8  2.4  1.9  1.8 

Volume  after  18  passages 7.5        5.0  3.8-  3.5  2.9  2.7 

Volume  after  24  passages 9.1        6.3  4.8  4.5  3.7  3.6 

Volume  after  30  passages 10.5       7.1  5.7  5.7  4.6  4.5 

Volume  after  KOH 10.8       7.5  6.1  6.2  5.5  5.5 

Volume  after  Pyro 12.0        8.1  7.5-  6.8  6.1  5.8 

Per  cent  CH4 72.7  79.1  76.4  79.3  76.7  78.1 

Per  cent  C:H« 11.8  ^1.8  12.3  12.4  15.3  14.7 

Per  cent  Nj 3.5        1.0  3.8  1.5  1.9  1.4 

Carbon    atoms   per   molecule    in 

portion  absorbed 2.70     3.04  4.01  3.45  3   31  3.30 

The  first  five  columns  of  figures  in  the  above  table 
contain  the  readings  that  were  made  during  the  ab- 
sorptions on  the  first  five  samples,  as  the  numbers 
at  the  top  indicate.  In  general,  the  amount  ab- 
sorbed at  the  end  of  each  six  passages  and  after  the 
removal  of  SO2  decreased  with  each  successive  sample 

1  See  Dennis,  "Gas  Analysis,"  p.  86. 
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up  to  the  fifth.  From  the  fifth  sample  to  the  tenth 
the  reagent  gave  approximately  uniform  results  and 
the  average  of  the  various  corresponding  readings 
from  runs  six  to  ten  inclusive  is  given  in  the  last  column. 
The  lack  of  uniformity  in  the  readings  that  were  ob- 
tained from  the  first  four  samples  may,  no  doubt, 
be  largely  accounted  for  by  the  solubility  in  the  re- 
agent of  the  various  constituents  of  the  natural  gas. 
After  proper  preliminary  treatment,  however,  there 
seems  to  be  no  reason  why  this  reagent  should  not 
be  used  for  making  reliable  absorptions  for  the  com- 
parison of  different  samples  of  natural  gas. 

The  average  number  of  carbon  atoms  per  molecule 
in  the  portion  absorbed  from  each  gas  sample  was 
computed  from  the  composition  of  the  residue  and 
that  of  the  original  gas,  which  was  found  to  be  CH4 
— 74.1  per  cent,  CjHe  — 25.7  per  cent,  and  N2  — 0.2 
per  cent. 

BEHAVIOR   OF   RE,\GENT     TOWARD     INDIVIDUAL  PARAFFIN 
HYDROCARBONS 

The  assumption  that  gasoline  vapors  are  more 
easily  attacked  by  fuming  sulfuric  acid  than  the 
lower  members  of  the  paraffin  series,  such  as  methane 
and  propane,  seems  to'  have  been  substantiated  by 
the  experiments  that  have  just  been  described.  It 
was  found  also  that  gasoline  vapor  was  rapidly  re- 
moved by  fuming  sulfuric  acid  from  samples  prepared 
by  aspirating  air  through  gasoline,  a  mixture  con- 
taining 18.6  cc.  of  gasoline  vapor  showing  a  decrease 
of  10.6  cc.  after  6  passages,  13. i  cc.  after  12,  14.4  cc. 
after  18,  and  15.6  cc.  after  30  passages.  These  read- 
ings were  made  without  the  removal  of  fumes  of 
sulfur  dioxide.  After  30  passages  the  gas  was  passed 
into  a  pipette  containing  potassium  hydroxide  and  a 
further  decrease  of  1.9  cc.  was  obtained,  giving  a  total 
absorption  of  17.5  cc.  for  30  passages.  Thirty  pas- 
sages with  nearly  pure  methane  resulted  in  a  de- 
crease of  about  2.0  cc.  and  with  nearly  pure  ethane, 
a  decrease  of  about  8.0  cc.  was  obtained  for  the  same 
number  of  passages. 

It  is  not  possible,  however,  to  obtain  an  accurate 
idea  of  the  relative  ease  of  attack  of  the  different 
hydrocarbons  by  fuming  sulfuric  acid  from  the  previous 
experiments  since  the  various  gases  have  not  been 
dealt  with  in  the  pure  condition,  and  the  effect  of  the 
partial  pressure  of  each  constituent  of  a  mixture  upon 
the  speed  of  its  absorption  must  be  taken  into  account. 
To  obtain  comparable  data  concerning  the  behavior 
of  the  reagent  toward  the  individual  paraffin  hydro- 
carbons up  to  and  including  heptane  in  the  paraffin 
series,  an  apparatus  was  devised  in  which  all  of  the 
necessary  operations  might  be  effected  at  a  tem- 
perature above  the  boiling  point  of  heptane,  98.4°  C. 

A  two-way  stopcock  was  joined  to  the  top  of  an 
old-style  Orsat  pipette  and  this  modified  pipette  was 
connected  to  the  tip  of  a  jacketed  Hempel  burette  by 
means  of  a  twice  bent  capillary  tube  with  a  horizontal 
portion  about  10  cm.  long.  A  capillary  side-arm 
carrying  a  stopcock  was  blown  into  the  upright  portion 
of  the  capillary  tube  a  short  distance  above  the  top 
of  the  burette.     The  jacket  of  the  burette  was  filled 


with  paraffin  oil.  The  burette  and  the  capillary 
tube  that  connected  it  with  the  pipette  were  heated 
to  the  desired  temperature  by  passing  an  electric  cur- 
rent through  a  resistance  wire  that  was  wound  around 
the  jacket  and  around  the  capillary  tube  over  to  the 
stopcock  above  the  pipette.  The  pipette  was  housed 
in  an  asbestos  oven  with  a  sheet  iron  bottom  and  was 
heated  by  a  Bunsen  flame.  The  handle  of  the  stop- 
cock was  passed  through  a  small  opening  in  the  side 
wall  of  the  oven  so  that  it  could  be  turned  without 
disturbing  the  heating  of  the  pipette. 

In  using  the  apparatus  with  liquid  hydrocarbons,  a 
small  volume  of  a  strong  solution  of  potassium  hy- 
droxide was  drawn  in  over  the  mercury  which  was  em- 
ployed in  the  burette,  to  effect  the  absorption  of  SOz 
and  SO3  which  form  a  part  of  the  gas  mixture  when  it 
is  drawn  back  into  the  burette.  A  small  amount  of 
the  liquid  hydrocarbon  was  next  drawn  in  over  the 
alkali  and  the  temperature  of  the  entire  apparatus 
was  then  raised  to  about  120°  C.  The  volume  of 
gas  that  was  formed  by  the  complete  conversion  of 
the  liquid  hydrocarbon  to  the  gaseous  state  was  next 
read,  the  atmospheric  pressure  and  the  temperature 
of  the  paraffin  oil  in  the  jacket  being  noted  at  the 
same  time,  and  the  absorption  was  effected  in  the  usual 
fashion  by  passing  the  gas  back  and  forth  from  burette 
to  pipette.  Sufficient  time  must  be  allowed  to  elapse 
for  the  complete  absorption  of  the  SO2  and  SO3  before 
the  reading  of  the  remaining  volume  is  made,  especially 
in  the  case  of  SO3  which  is  evolved  in  large  quantities 
by  the  heating  of  the  fuming  sulfuric  acid. 

ABSORPTION  OF  HEPTANE — Two  passages  of  a  sample 
of  heptane  gas  with  a  three-minute  contact  for  each 
passage  sufficed  for  the  practically  complete  absorp- 
tion of  this  hydrocarbon  by  fuming  sulfuric  acid. 
The  small  amount  of  residual  gas  did  not  disappear 
on  cooling  to  room  temperature  and  was  probably 
air  that  had  diffused  through  the  reagent. 

ABSORPTION     OF     HEXANE,     PENTANE     AND     ETUAXE 

Thirty  passages  of  a  sample  of  hexane  gas  with  an 
additional  three-minute  contact  every  six  passages 
resulted  in  a  decrease  in  volume  of  approximately 
50  per  cent.  For  pentane,  the  absorption  under 
the  same  conditions  amounted  to  approximately 
35  per  cent  and  for  ethane,  approximately  10  per  cent. 

EFFECT     OF     TIME     OF     ABSORPTION     UPON     COMPOSITION 
OF    RESIDUE 

To  determine  the  eft'ect  of  the  time  of  absorption 
upon  the  composition  of  the  unabsorbed  portion, 
different  samples  of  the  same  natural  gas  were  treated 
with  fuming  sulfuric  acid  for  6,  12,  18,  and  90  times, 
respectively.  Combustions  were  made  on  the  residues 
and  the  results  were  computed  to  give  apparent  per- 
centages of  methane  and  ethane  on  the  basis  of  the 
volume  of  the  residue  as  the  total  volume.  The  per- 
centages of  ethane  that  were  thus  obtained  were 
plotted  against  the  number  of  passages  as  shown  in 
the  accompanying  curve.  The  value  used  for  30 
passages  is  the  average  of  runs  4-10  from  Table  I. 

The  change  in  the  composition  of  a  sample  of  natural 
gas    bearing    gasoline    vapors    upon    treatment    with 
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fuming  sulfuric  acid  is  not  proportional  to  the  time 
of  contact.  This  is  to  be  expected  when  one  con- 
siders the  relatively  small  amount  of  gasoline  vapors 
ordinarily  present  in  samples  of  natural  gas.  In  the 
case  of  the  natural  gas  from  which  the  data  for  the 
preceding  curve  were  obtained,  the  change  in  com- 
position obtained  by  30  passages  represents  more  than 
two-thirds  that  produced  by  90  passages,  and  while 
this  particular  natural  gas  is  not  especially  productive 
of  gasoline,  undoubtedly  30  passages  of  any  sample 
of  natural  gas  into  fuming  sulfuric  acid  would  be 
sufficient  to  give  data  for  the  amount  of  gasoline  vapor 
it  carries. 

COMPARISON  OF  RESIDUES  AFTER  TREATMENT  WITH 
H2S2O7  AND  AFTER  REMOVAL  OF  GASOLINE  ON  A  COM- 
MERCIAL SCALE — In  order  to  determine  the  usefulness 


' 

\ 

\ 

\ 

7oC.H. 

S 

^ 

< 

\ 

V 

V. 

\ 

^ 

-\ 

/a 

^ 

^ 

A/uMaen  or  Passaocs. 

of  the  treatment  of  a  sample  of  natural  gas  with 
fuming  sulfuric  acid  as  regards  its  availability  for  the 
production  of  gasoline,  samples  of  natural  gas  were 
obtained  from  before  and  after  the  compressor  at 
points  where  gasoline  is  being  extracted  from  natural 
gas.  These  samples  were  analyzed  and  a  portion  of 
the  sample  from  which  the  gasoline  vapor  had  not 
been  removed  was  treated  with  fuming  sulfuric  acid 
for  30  passages  in  the  manner  previously  described, 
and  then  analyzed.  The  results  that  were  obtained 
are  shown  in  the  following  table: 


Table  II 

Natural  gas  I 


Natural  gas  II 


CHi  CiHs     Oj    Nj    C2H8  CjH»  CjHio    0-.     N; 

.58.9  40.0  0.0    1.1  41. S   21.8      7.6   29.1 

71.3   27.2  0.0    1.5   27.7   29.1      ..  ..     4.5.2 

(air) 

.3   0.9   2.8  25.4  23.4      ..       11.0  40.2 

Thirty  passages  through  fuming  sulfuric  acid  caused 
a  decrease  in  volume  of  9.8  per  cent  in  natural  gas  I, 
and  30.0  per  cent  in  natural  gas  II;  the  yield  of  gasoline 
was  about  i  gallon  90°  B.  per  1000  cu.  ft.  from  natural 
gas  I,  and  about  5  gallons  97°  B.  per  1000  cu.  ft. 
from  natural  gas  II.  In  spite  of  the  pronounced 
dissimilarity  of  the  two  samples,  there  seems  to  be  a 
rather  close  agreement  in  the  composition  of  the  resi- 
dues obtained  by  the  commercial  treatment  of  natural 
gas  for  the  production  of  gasoline  and  by  treatment 
of  the  natural  gas  with  fuming  sulfuric  acid  for  thirty 
passages. 


SUMMARY 

I — Fuming  sulfuric  acid  exerts  an  appreciable 
absorbing  action  on  certain  samples  of  natural  gas, 
the  absorption  increasing  with  the  amount  of  gasoline 
vapors  which  the  natural  gas  carries. 

2 — The  average  number  of  carbon  and  hydrogen 
atoms  per  molecule  of  hydrocarbon  absorbed  by  fum- 
ing sulfuric  acid  (and  thus  the  average  molecular 
weight  of  the  hydrocarbons)  may  be  computed  from 
the  composition  of  the  gas  before  and  after  absorption 
and  from  the  decrease  in  volume  that  is  obtained. 

3 — Application  of  this  reagent  to  the  study  of 
natural  gases  for  the  production  of  gasoline  may  be 
made  by  determining  the  absorption  under  certain 
uniform  conditions.  It  is  desirable,  however,  to 
determine  also  the  composition  of  the  portion  that  is 
absorbed  as  a  check  upon  the  indications  obtained  by 
the  decrease  in  volume. 

Cornell  University,  Ithaca,  N.  y. 


THE  DETERMINATION   OF    HYDROGEN   IN   GAS   MIX- 
TURES  BY   MEANS   OF   COJ.LOIDAL   PALLADIUM 

By   G.    A.    BURRELL   AND    G.    G.    Oberfell 
Received  September  21,  1914 

In  this  paper  are  reported  results  obtained  by  the 
authors,  having  to  do  with  the  use  of  a  solution  of 
sodium  picrate  and  colloidal  palladium  for  determining 
hydrogen  in  gas  mixtures.  Paal  and  Hartman'  origi- 
nated the  method.  Brunck^  made  an  examination  of 
it  and  recommended  it. 

In  some  of  the  authors'  experiments  the  solution  was 
prepared  according  to  the  direction  of  Paal  and  Hart- 
man,  as  follows:  2  g.  of  sodium  picrate  and  2  g.  of 
colloidal  palladium  were  dissolved  in  100  cc.  of  water. 
In  other  experiments  the  solution  was  prepared  accord- 
ing to  Brunck.  He  first  makes  a  normal  solution  of 
sodium  carbonate  and  neutralizes  5  g.  of  picric  acid 
with  22  cc.  of  the  solution,  thereby  producing  about 
5.6  g.  of  sodium  picrate.  He  then  dilutes  the  solution 
to  100  cc.  with  water  and  adds  2  g.  of  colloidal  palla- 
dium. The  life  of  the  solution  depends  upon  the  pres- 
ence of  the  unchanged  reducible  substance,  the  sodium 
picrate;  hence  by  Brunck's  method  there  is  obtained  a 
solution  containing  more  sodium  picrate  and  therefore 
of  longer  life.  Colloidal  palladium  itself  absorbs  large 
volumes  of  hydrogen,  but  if  used  in  the  concentrated 
form  it  is  costly.  In  the  presence  of  an  easily  reducible 
substance,  like  sodium  picrate,  it  acts  only  as  a  catalyst. 

The  solution  is  regenerated,  after  it  has  lost  its  ab- 
sorbing power,  as  follows:  The  reagent  is  transferred 
from  the  gas  pipette  to  a  flask  and  much  diluted  sulfuric 
acid  is  added  drop  by  drop  to  the  solution  so  long  as  a 
precipitate  results.  A  large  excess  of  sulfuric  acid  is 
avoided  because  it  might  cause  the  colloidal  palladium 
to  change  to  the  sulfate  through  the  action  of  atmos- 
pheric oxygen.  The  precipitate  is  washed  with  water, 
which,  although  it  may  dissolve  in  some  of  the  acid, 
carries  no  palladium  into  solution.  The  precipitate 
is  then  suspended  in  a  small  quantity  of  water  and  is 

1  Paal,  C,  and  Hartman,  W..  "Gas  Volumetric  Determination  of  Hy- 
drogen by  Catalytic  Absorption,"  ^^tr.  drulsch.  (hem.  Gfsell..  43  (1910),  243. 

•  Brunck.  ().,  "Estimation  of  Hydrogen  in  Gas  Mixtures,"  Chem.  Zeit., 
1910,  No    34,  pp.  1313-1314,  1331-1332. 
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dissolved  by  adding  sodium  hydroxide  drop  by  drop. 
Fresh  sodium  picrate  is  then  added  and  the  solution 
diluted  with  water  to  its  original  volume  of  about  loo 
CO.      It  is  then  again  ready  for  use. 

For  use  the  authors  place  the  reagent  in  an  ordinary 
Orsat  pipette  filled  with  glass  tubes  and  bring  the  gas 
mixture  in  contact  with  it  by  passing  it  back  and  forth 
between  the  pipette  and  gas  burette  until  absorption 
is  complete.  The  following  table  shows  the  results 
obtained  when  prepared  mixtures  of  hydrogen  and  air 
were  analyzed  for  their  hydrogen  content  by  means  of 
the  palladium  solution: 

Results  of  Analyses  ov  Hydrogen-Air  Mixtures 

Per  cent  Hydrogen  by 

Sample  ^ * -^ 

No.  Combustion  in  oxygen  Absorption  in  Pd  solution 

1  0.8  0.8 
0.8  0.8 

0.8 

2  3.8  3.9 
3.9  3.9 

3  28.2  •  28.3 
28.2                                                28.3 

28.2 

4  28.5  28.2 
28.6  28.6 

28.6 

The  following  analyses  show  the  results  obtained  in 
analyzing  the  coal  gas  in  Pittsburgh:  By  one  method 
the  carbon  dioxide,  illuminants,  oxygen  and  carbon 
monoxide  were  removed  by  means  of  the  usual  absorb- 
ents, and  the  methane  and  hydrogen  burned  with  oxy- 
gen in  the  slow-combustion  pipette.  By  another 
method  the  carbon  dioxide,  illuminants,  oxygen,  and 
carbon  monoxide  were  removed  and  then  the  hydrogen 
absorbed  by  the  colloidal-palladium  solution;  the  re- 
sidual gas,  methane  and  ethane  were  next  burned  in  the 
slow-combustion  pipette.  In  both  cases  nitrogen  was 
estimated  by  difference.  The  second  column  shows  the 
results  obtained  by  the  first  method;  the  third  column 
shows  the  results  obtained  by  the  second  method; 
and  the  fourth  column  shows  the  results  of  the  second 
column  recalculated  so  as  to  make  allowance  for  the 
ethane  as  determined  by  the  second  method.  The  third 
and  fourth  columns  should  correspond. 

Analyses  of  the  Coal  Gas  of  PiTTSBURGH(a) 

Without  With  Recalculated  from 

hydrogen  hydrogen  Column  1   to 

Constituents                 absorption  absorption  include  the  ethane 

CO2 2.4  2.3  2.4 

Illuminants 8.7  8.7  8.7 

Oj 0.5  0.5  0.5 

CO 11.8  11.4  11.8 

CHi 37.5  35.0  35.3 

C2H« 1.1  I.l 

H:..- 35.3  35.8  36.4 

Nj 3.8  5.2  "3.8 

Total 100, 0-  100  0  100.0 

(o)  The  analysis  was  made  over  one  year  ago  and  is  slightly  different 
from  some  analyses  of  the  Pittsburg  gas  made  recently. 

Although  the  hydrogen  results  should  correspond 
in  Columns  2  and  3,  the  agreement  is  only  fair. 

There  are  given  below  other  analyses  made  by  the 
Bureau  of  Mines.  In  one  column  are  shown  analyses 
in  which  the  hydrogen  and  methane  were  determined 
together  by  burning  them  with  oxygen  (indicated  by  a). 
In  another  column  are  shown  the  results  obtained  by 
absorbing  the  hydrogen  with  colloidal-palladium  solu- 
tion and  then  burning  the  methane  in  oxygen  (indicated 
byfc). 


Ar 

JALVSES 

of  Ga 

s  Mixtures  bv 

Two  Differe) 

ST  Methods 

No. 

Method 

COi 

111.                    O! 

CO 

H, 

CH. 

CjHe 

5118 

a 

10.3 

0.3            3.4 

5.6 

3.0 

1 .4 

0.0 

b 

10.6 

0.2            3.5 

5.6 

3.0 

1 .5 

0,0 

509,1 

a 

7.5 

0.1             7.4 

5.2 

2.9 

1.2 

0.0 

b 

7.4 

0.3            7.7 

5.6 

3.0 

1.1 

0.0 

5052 

a 

9.6 

0.5             1.0 

9.7 

5.3 

2.3 

0.0 

b 

9,6 

0.6             1.1 

9.5 

5.6 

2.4 

0.0 

4862 

a 

9.0 

0.2             6.4 

5.1 

2.2 

1.2 

0.0 

b 

9,0 

0.2             6.6 

5.2 

2.4 

1.3 

0.0 

48.57 

a 

8   2 

0.6             6.6 

5.2 

3.0 

I.O 

0.0 

b 

8.1 

0.6             6.4 

5.4 

3.3 

1.2 

0.0 

4725 

5.3 

0.0           12.1 

3.6 

1.5 

0.8 

0.0 

Analyses  or 

■  Exhaust  Gases  of 

No.      Method 

CO2        lU.             Oi 

4280         a 
b 

5.9        0,3             1.0 
5.9        0.2            0.8 

The  above  samples  were  collected  in  the  experimental 
mine  of  the  Bureau  at  Bruceton,  Pa.  They  were 
automatically  trapped  in  a  special  sampling  device  as 
the  flame  of  an  explosion  traversed  the  entries  of  the 
mine. 

The  following  sample  was  taken  from  the  exhaust 
of  a  gasoline  mine  locomotive:  A  large  number  of 
these  samples  were  gathered  to  study  the  composition 
of  the  exhaust  gases  under  different  conditions  of  usage 
of  the  motor.  It  should  be  added  that  this  sample  was 
collected  under  particularly  bad  conditions  of  motor 
usage.  The  analysis  marked  a  was  made  by  absorbing 
the  carbon  dioxide  in  caustic-potash  solution,  the  illumi- 
nants in  bromine  water,  the  oxygen  in  alkaline  pyro- 
gallate  solution,  and  the  carbon  monoxide  in  ammoni- 
acal  cuprous-chloride  solution;  the  methane  and  hy- 
drogen were  then  determined  by  burning  in  oxygen  and 
the  nitrogen  estimated  by  difference.  The  analysis 
marked  h  was  made  in  the  same  manner  except  that 
after  the  other  absorbable  gases  had  been  removed  the 
hydrogen  was  absorbed  by  colloidal  palladium  and  the 
methane  burned  in  oxygen. 

Gasoline  Mine  Locomotive 
CO         Ha        CHi        C2H6      Ni 
13.3     8.7  0.8         0.0     70.0 

13.1      8.6  0.8  0.0      70.6 

In  the  analysis  of  complex  mixtures  Paal  and  Hart- 
man  recommend  that  carbon  dioxide,  unsaturated  hy- 
drocarbons, oxygen  and  carbon  monoxide  be  first  re- 
moved before  absorbing  the  hydrogen  by  the  palla- 
dium solution.  They  state  that  carbon  monoxide 
seems  to  retard  the  catalytic  effect  in  that  it  slows  the 
reaction.  They  say  that  oxygen  must  be  removed  be- 
cause oxygen  and  hydrogen  combine  in  the  presence  of 
the  palladium  and  they  found  that  ethylene  and  hydro- 
gen form  ethane  in  the  presence  of  the  palladium  solu- 
tion, and  that  even  if  unsaturated  hydrocarbons  be 
absent,  or  present  only  in  negligible  quantities,  the  gas 
mixture  must  be  treated  with  bromine  water,  as  such 
treatment  frees  the  mixture  of  possible  traces  of  sulfur, 
phosphorus  and  arsenic  compounds,  which,  even  in 
traces,  retard  the  catalytic  effect. 

A  solution  which  the  authors  of  this  paper 
prepared  removed  11.3  cc.  of  hydrogen  per  cc. 
of  solution  before  it  became  too  sluggish  to  use. 
Theoretically,  i  cc.  of  the  solution  should  absorb 
about  40  cc.  of  hydrogen.  Long  before  this  theoretical 
quantity  is  obtained,  however,  the  solution  becomes 
sluggish  in  its  action.  In  analyzing  mixtures  of  hydro- 
gen and  air  prepared  in  the  laboratory  it  was  found 
that  from  6  to  25  minutes  were  required  to  remove  the 
hydrogen  from  mixtures  containing  from  0.8  to  30 
per  cent.  To  remove  the  hydrogen  from  coal  gas, 
exhaust    gases   from    gasoline    locomotives,    and   from 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY      Vol.  6,  N'o.  12 


gases  collected  during  explosions  in  mines,  a  maximum 
of  30  minutes  was  required.  All  determinations  were 
made  by  simply  passing  the  gas  mixture  back  and  forth 
into  an  Orsat  pipette  containing  the  solution  and  pro- 
vided with  glass  tubes.  The  removal  of  the  hydrogen 
probably  should  be  performed  faster  if  the  latter  were 
shaken  with  the  reagent  as  in  a  Hempel  pipette.  The 
colloidal  palladium  was  obtained  by  the  Bureau  from 
Kalle  &  Company,  Germany:  6  g.  cost  $15.84. 

In  the  authors'  opinion  the  advantage  of  the  method 
over  the  use  of  palladium  asbestos  or  palladium  sponge 
is  in  the  fact  that  it  never  fails  in  the  authors'  ex- 
perience to  work  satisfactorily — something  that,  in  the 
■authors'  experience,  cannot  be  said  regarding  the  use 
■of  the  former  substances.'  In  addition,  it  can  be 
placed  in  an  ordinary  pipette  of  a  gas-analysis  ap- 
paratus and  does  not  have  to  be  heated  in  order  to 
excite  it  to  action.  Its  disadvantage  lies  in  its  slow- 
ness of  action  and  the  somewhat  troublesome  method  of 
regeneration  of  the  used  material. 

HempeP  states  that  the  solution  slowly  loses  its 
absorbing  power  even  in  the  dark.  He  recommends 
that  for  each  analysis  small  quantities  of  the  freshly 
prepared  liquid  be  used  over  mercury.  The  authors, 
however,  have  in  satisfactory  use  at  the  present  time 
one  solution  that  was  prepared  in  January  of  this  year. 
The  pipette  has  been  surrounded  with  black  paper. 

Chemical  Laboratory.  Bureau  of  Mines.  Pittsburgh,  Pa. 


IODINE  NUMBER  OF  LINSEED  AND  PETROLEUM  OILS' 

By    W     H.   Smith   and  J.    B.    TuTTLU 
Received  July  6,  1914 

The  linseed  oil  used  in  the  manufacture  of  printing 
ink  is  of  the  so-called  "burnt"  type.  There  are  two 
general  processes  for  its  manufacture — one  in  which  the 
oil  is  heated  until  the  vapors  take  fire  and  continue  to 
burn,  the  oil  being  allowed  to  burn  until  it  attains  the 
desired  viscosity;  and  a  second  in  which  the  oil  is  heated 
without  permitting  it  to  take  fire. 

Burnt  oil  is  prepared  in  several  grades,  all  differing 
from  the  raw  oil  in  an  increase  of  viscosity,  specific 
gravity,  and  acid  number,  and  a  decrease  in  the  iodine 
number.  The  longer  the  oil  is  heated  the  greater  these 
^fferences  become. 

In  the  determination  of  the  iodine  value  of  some 
burnt  linseed  oils  difficulty  was  experienced  in  obtain- 
ing concordant  results.  Leeds'"  has  published  some 
figures  for  iodine  absorption  of  lithographic  oils.  Kitt^ 
has  also  published  a  series  of  results  which  show  de- 
crease in  iodine  absorption  with  increasing  viscosity, 
but  the  figures  do  not  agree  with  those  given  by  Leeds; 
their  determinations  were  made  according  to  the  Hiibl 
method.'  ■  In  recent  years  this  method  has  been  so 
generally  replaced  by  the  rapid  and  more  convenient 

>  G  B.  Taylor  states,  however,  that  the  colloidal  palladum  solution 
does  not  work  satisfactorily  on  gases  obtained  by  distilling  coal  at  low  tem- 
peratures.    See  This  Journal,  Oct..  1914.  p.  845. 

-  Hempel,  Walther,  "Contribution  to  the  Determination  of  Hydrogen 
and  Methane  in  Gas  Mixtures,"  Z.  angew.  Chem..  it  (1912),  1841. 

^  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

<  J.  Soc.  Chem.  Ind.,  IS  (1894),  203. 

'  Chem.  Rev.  Fell.  u.  Harz  Ind..  8  (1901).  40;  J.  Soc.  Chem.  Ind..  20 
(1901),  40. 

•  Dingler's  Poly.  J.,  263,  p.  281;  J.  Soc.  Chem.  Ind..  3  (1884).  641. 


Hanus'  method  that  it  was  considered  desirable  to 
learn  the  values  afforded  by  this  method.  Preliminary 
work  showed  that  small  variations  in  the  method  em- 
ployed produced  varying  results.  It  has  been  well 
established  that  iodine  absorption  includes  not  only 
the  halogen  taken  up  by  unsaturated  compounds,  but 
that  the  substitution  of  halogen  for  hydrogen  with  the 
formation  of  halogen  acid  occurs  simultaneously. 
Various  methods  for  determining  the  amount  of  sub- 
stitution have  been  suggested,  with  the  view  of  obtain- 
ing a  corrected  value  which  would  represent  the  addition 
only,  but  very  little  use  has  been  made  of  them.  It  has 
been  generally  recognized  that  an  excess  of  iodine  is 
necessary,  and  it  has  been  assumed  that  all  oils  are 
alike  in  the  amount  of  excess  required.  The  appended 
results  obtained  by  us  show  that  this  is  far  from  being 
true.  Various  quantities  of  iodine  have  been  suggested 
as  the  proper  excess  which  should  be  present,  but  prac- 
tically all  of  these  are  given  in  connection  with  discus- 
sions of  the  Hiibl  method,  and  may  not  hold  true  for 
the  Hanus  method.  Furthermore,  there  has  been  a 
lack  of  uniformity  in  the  use  of  the  term  "excess  of 
iodine."  In  the  following  tables  this  expression  is 
used  to  mean  that  percentage  of  the  total  amount 
added  which  remains  unchanged  at  the  expiration  of 
the  time  allowed  for  absorption. 

PROCEDURE 

The  method  employed  was  essentially  the  modifi- 
cation of  the  Hanus  method  suggested  by  Hunt.- 
Thirteen  and  two-tenths  grams  of  iodine  were  dissolved 
in  I  liter  of  glacial  acetic  acid  (99.9  per  cent),  and  3  cc. 
of  bromine  added.  This  solution  was  always  allowed 
to  stand  for  some  days  before  being  used.  The  thio- 
sulfate  solution  employed  was  approximately  tenth 
normal,  and  was  standardized  by  means  of  potassium 
bichromate.  Standardization  was  repeated  at  frequent 
intervals.  A  freshly  prepared  starch  solution  was  used ; 
also  a  10  per  cent  solution  of  potassium  iodide,  prepared 
in  small  amounts  and  kept  in  a  brown  bottle.  The 
temperature  of  the  room  was  maintained  at  25°  C. 
to  prevent  variations  caused  by  change  of  temperature. 
The  reagents  were  of  standard  quality  and  errors 
caused  by  impurities  were  eliminated  by  ■  running 
blanks  with  each  series  of  determinations.  When  it 
was  desired  to  use  like  amounts  of  an  oil  in  a  series  of 
tests,  4  g.  of  the  oil  were  dissolved  in  chloroform 
in  a  200  cc.  graduated  flask  and  the  solution  allowed  to 
reach  room  temperature.  Ten  cc.  portions  of  this 
solution,  representing  0.2  g.  of  oil,  were  measured 
from  a  burette.  The  general  procedure  was  as  follows: 
The  exact  weight  of  oil  was  transferred  to  250  to 
300  cc.  glass-stoppered  Jena  bottles ;  the  required  amount 
of  Hanus  solution  was  added  from  a  burette.  The 
mixture  was  allowed  to  stand  for  exactly  30  minutes  in 
a  dark  closet;  25  cc.  of  the  10  per  cent  potassium  iodide 
solution  and  100  cc.  of  water'  were  added,''  and  the 
excess  of  iodine  was  immediately  titrated  with  thio- 
sulfate. 

'  Z.   Unlersuch.   Xahr.  Genussm..  20   (1901).  913;  J.  Soc.  Chem.  Ind.. 
20  (1901),  1246. 

2  7.  Soc.  Chem.  Ind..  21  (1902),  454. 

•  Tolman  and  Munson.  J.  Am.  Chem.  Soc.  26  (1903).  244. 

<  Gill.  "Oil  .\nalysis,"  6th  ed..  p.  62,  footnote 
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The  factors  known  to  influence  the  iodine  number 
are  the  temperature,  the  time  of  absorption,  the  weight 
of  oil  taken,  and  the  excess  of  iodine  present  obtained 
by  increasing  the  amount  of  iodine  solution.  The  exact 
effect  of  each  factor  was  studied  by  varying  one  at  a 
time,  this  procedure  being  followed  with  a  series  of  oils. 

SAMPLES 

The  samples  employed  were  as  follows: 

I — A   raw   linseed   oil.    Sample    No.    3,    of    the   four 

linseed  oils  tested  by  the  American  Society  for  Testing 

Materials^  in    1909.     This  sample   had   been  hermeti- 

.  cally  sealed,  immediately  upon  completion  of  the  tests 

in  1909,  and  had  been  kept  in  a  cool,  dark  closet. 

II — A  boiled  oil  of  the  so-called  "bunghole"  variety. 

Ill — Four  burnt  linseed  oils,  Nos.  00,  i,  3,  and  5. 
These  oils  were  obtained  from  northwestern  seed  and, 
after  refining,  were  heated  in  copper  kettles  at  a  tem- 
perature of  560  to  600°  F.,  until  the  desired  consistency 
was  attained. 

IV — Three  petroleum  oils.  Two  of  these,  marked 
Light  Oil  No.  I  and  No.  2,  were  automobile  cylinder  oils, 
and  the  third  was  an  engine  oil.  Upon  analysis  these 
oils  gave  the  following  figures: 

B.  S.  eng.  Light  No.  I  Light  No.  2 

PI„,H  1"5°  220°  230° 

5^!'^ 210  265  280 

S^^r^ioyi'"'.'.'.'.'.'.'.'.'. 0.9260  0.8738  0.9265 

Carbonization '  (3    iirs.    at    250°).    per 

QgQf  l.Ul  U.ll  U._J 

Oxygenabsorp.  i44'/ihrs.,  percent..  1.60  1.91  1.90 

Original  acid,fy(mg.KOH.  per  g.K.  0.70  0.08  O.W 

Acidity  after  exposure '-^-S-  '^  ■'^  '■^"■' 

Increase  in  acidity 12.82  14.31  13.66 

The  other "  constants  of  the  samples  were  not  de- 
termined, as  they  have  no  bearing  on  the  present 
problem. 

DISCUSSION    OF    RESULTS 

Table  I,  the  results  of  which  are  plotted  in  Figs,  i 
and  2,  shows  the  difference  in  behavior  of  the  various 
linseed  oils  when  the  amount  of  iodine  solution  added 
is  kept  constant  and  the  weight  of  oil  is  varied.  Fig. 
I  shows  the  change  in  iodine  number  with  increasing 
amounts  of  oil.  The  curves  in  Fig.  2  have  been  cal- 
culated from  the  data  given  in  Table  I  to  represent  the 
change  in  iodine  number  with  a  decrease  in  the  excess  of 
iodine  present.  It  will  be  of  interest  to  compare  these 
curves  with  those  in  Fig.  3-  The  striking  point  in 
this  connection  is  the  range  in  weight  of  oil  over  which 
the  iodine  number  is  constant  in  the  raw  and  boiled 
oils,  as  compared  with  that  of  the  burnt  oils.  It  will 
be  seen  that,  contrary  to  the  general  opinion,  the  oil 
with  the  highest  iodine  number  does  not  require  the 
largest  excess  of  iodine  to  reach' a  maximum  absorption 
value.  It  is  not  desirable  to  work  with  less  than  o.i 
g.  of  oil,  because  of  the  difficulty  in  obtaining  con- 
stant values.  Between  o.i  and  0.2  g.  small  variations 
in  weight  are  negligible  in  raw  and  boiled  oils,  but  are 
important  in  the  burnt  oils. 

It  is  apparent  that  substitution  plays  an  important 
part  in  the  reaction,  and  we  shall  refer  to  this  point 
later  on. 

I  See  report  of  Committee  E  on  Preservative  Coatings  for  Structural 
Materials.  Proceedings  of  the  A.  S.  T.  M..  9  (1909).  184;  analyses  by  J.  B. 
Tuttle.  Another  sample  of  this  same  oil  was  also  tested  in  1911.  results 
of  which  are  given  in  report  of  Subcommittee  E  of  Committee  D- 1 .  Pro- 
ceedings of  the  A.  S.  T.  M.,  11  091 1).  23-30. 


Table  I— Lin 
nperature — 25°  C. 


Grams       Ad- 


oil 


ded      sorbed       No 


,EED  Oil — Weight  of  Oil  Varied 

Time — 30  minutes;  Hanus  solution — 25  cc. 

Grams  Iodine 
ine  Aver-     Grams       Ad-        Ata-     Iodine  Aver- 
oil  ded     sorbed     No.        age 


186.4 


A RAW  OIL 

0.0522  0.6669  0.0962  184.3  .  . 
0  05'>2  0.6669  0.0970  185.8   ... 

0  0522  0.6669  0.0967  185.3  185.1 
0.1044  0.6669  0.1940  185.8  ... 
0  1044  0.6669  0.1955  187.3   ... 

0  1044  0.6669  0.1949  186.7  186.6 
0,1566  0.6669  0.2912  186.0  ... 
0.1566  0.6669  0.2906  185.6   ... 

0  1514  0.6669  0.2844  187.8  186.5 
0.2004  0.6669  0.3735  186.4 
0  2004  0.6669  0.3746  186.4 
0.2504  0.6669  0.4543  181.5   .  .  . 

0.2504  0.6669  0.4572  182.6  182.1 
0.3027  0.6669  0.5098  168.4   .  .  . 

0  3027  0.6669  0.5098  168.4  168.4 
0.4542  0.6669  0.5869  129.2   .  .  . 

0  4542  0.6669  0.5888  129.6  129.4 
0.5008  0.6669  0.6071  121.2   ... 

0.5008  0.6669  0.6103  121.9  121.5 

0  6054  0.6669  0.6091  100.6  100.6 
0.8013  0.6669  0.6191   77.3   77.3 

C BURNT  LINSEED  OIL  NO.  00 

0.1235  0.6811  0.1827  148.0   ... 

0.1268  0.6811  0.1882  148.4  148.2 

0.1465  0.6811  0.2154  147.0  147.0 
0.1842  0.6811  0.2616  142.0   ... 

0  1863  0.6811  0.2632  141.3  141.7 
0  2539  0.6779  0.3401  133.0   .  .  . 

0.2506  0.6779  0.3297  131.6  132.3 
0.6779  0.4128  118.3 

0.6779  0.4171  117.1  117.7 
0.6779  0.4658  103.7 
0.6779  0.4658  103.6 
0.6779  0.5216   86.1 
0.6779  0.5583   71.3 


0.3489 
0.3562 
0.4490 
0.4497 
0.6058 
0.7831 


103.6 
86.1 

71.3 


B — BOILED  OIL 

0.0600  0.6902  0.1066  177.6  ... 

0.1181  0.6902  0.2102  178.0  ... 

0.1322  0.6902  0.2355  178.3  ... 

0.1673  0.6902  0.2984  178.3  ... 

0.2061  0.6902  0.3682  178.5  ... 

0  2220  0.6902  0.3962  178.4  ... 

0.2523  0.6902  0.4438  175.7  ... 

0.2783  0.6902  0.4832  173.7  ... 

0^920  0.6902  0.4976  170.4  ... 

0.3217  0.6902  0.5250  163.2  ... 

0.3328  0.6902  0.5346  160.6  ... 

0.3583  0.6902  0.5518  154.0  ... 

0.3874  0.6902  0.5744  148.2  ... 

0.3969  0.6902  0.5848  147.4  ... 

0.5550  0.6902  0.6344  114.0  ... 

D BURNT  LINSEED  OIL  NO.  1 

0  0880  0.6787  0.1220  138.6  138.6 

0.1891  0.6787  0.2480  131.1 

0  1917  0.6787  0.2512  131.0  131.0 

0.2856  0.6787  0.3310  115.9  115.9 

0.3577  0.6787  0.3788  105.9  ... 

0.3595  0.6787  0.3796  105.6  105.8 

0  4377  0.6787  0.4195   95.8  95.8 

0.5853  0.6787  0.4753   81.2  81.2 

F BURNT  LINSEED  OIL  NO.  5 

0.0517  0.5874  0.0671  130.0  .  .  . 

0.0517  0.5874  0.0668  129.2  ... 

0  0517  0.5874  0.0682  131.9  130.4 

0.1034  0.5874  0.1336  129.2  ... 

0.1034  0.5874  0.1329  128.5  .  . 

0.1034  0.5874  0.1325  128.1  128.6 

0.1551  0.5874  0.1858  119.8  ... 

0  1551  0.5874  0,1858  119.8  119.8 

0.2054  0.5860  0.2213  107.7  ... 

0  2054  0.5860  0.2234  108.8  108.3 

0.2423  0.5870  0.2468  101.9  ... 

0  2423  0.5870  0.2464  101.7  101.8 
0.2826  0.5870  0.2671  94.5  .  .  . 
0.2826  0.5870  0.2680 
0.3634  0.5870  0.3016 
0.4108  0.5860  0.3163 
0.4108  0.5860  0.3187 
0.5249  0.5870  0.2883 
0.6162  0.5860  0.3711 
0.6162  0.5860  0.3688 
0.7268  0.5870  0.3810 


94.8 

94.6 

83.0 

83.0 

77.2 

77.6 

77.4 

66.8 

66.8 

60.2 

59.9 

60.0 

52.4 

52.4 

E BURNT  LINSEED  OIL  NO.  3 

0,1085  0.5846  0.1412  130.1  .  .  . 

0.1085  0.5846  0.1406  129.6  129.9 

0  1632  0.5846  0.1962  120.2  .  ,  . 

0  1632  0.5846  0.1948  119.4  119.8 

0.2376  0.5846  0.2463  103.7  .  .  . 

0  2376  0.5846  0.2463  103.7  103.7 

0.3264  0.5846  0.2937   90.0  ... 

0  3264  0.5846  0.2944   90.2  90.1 

0.4158  0.5846  0.3313   79.7  79.7 

0.5346  0.5846  0.3612   67.6  67.6 

0.6534  0.5846  0.3883   59.4  59.4 

Table  II,  in  which  the  amount  of  Hanus  solutionis 
varied,  is  plotted  in  Fig.  3.  Even  more  clearly  than 
Fig.  2  does  this  show  that  burnt  linseed  oils  do  not 
readily  reach  a  maximum. 

Table  II— Linseed  Oil — Amount  of  Hanus  Solution  Varied 


Temperature- 

-25°  C; 

;  Oil— 0.2  gram;  Time— 30  minutes 

Grams 

Iodine 

Cc. 

Grams  Iodine 

inus 

Ad- 

Ab- 

Iodine  . 

Aver- 

Hanus 

Ad-         Ab- 

Iodine  Aver- 

iol. 

ded     : 

sorbed 

No. 

age 

sol. 

ded       sorbed 

No. 

age 

A— 
20 

RAW  oil 

0.4737 

0  3258 

162.9 

B— 

20 

BOILED    OIL 
0.5522    0.3490 

174.5 

20 

0^4737 

0.3271 

163.6 

20 

0.5522    0.3472 

173.9 

174.2 

20 

0.4737 

0.3266 

163.3 

163.6 

25 

0.6902    0.3580 

179.0 

25 

0.5928 

0.3619 

181.0 

25 

0.6902    0.3574 

178.7 

25 

0.5928 

0.3615 

180.8 

25 

0.6902    0.3560 

178.0 

178.6 

25 

0.5928 

0.3609 

180.5 

180.8 

30 

0.8282    0.3606 

180.3 

30 

0I7II4 

0.3747 

187.4 

30 

0.8282    0.3606 

180.3 

30 

0.7114 

0.3754 

187.7 

187.6 

30 

0.8282    0.3596 

179.8 

180.1 

35 

0.8300 

0.3822 

191.1 

35 

0.9662    0.3617 

180.8 

35 

0.8300 

0.3820 

191.0 

35 

0.9662    0.3617 

180.8 

35 

0.8300 

0.3816 

190.8 

19i.b 

35 

0.9662    0.3617 

180.8 

180.8 

40 

0.9486 

0.3831 

191.6 

40 

1.1044    0.3614 

180.7 

40 

0.9486 

0.3806 

190.3 

19i.O 

40 

1.1044    0.3619 

180.9 

50 

1. 1862 

0  3832 

191.6 

191.6 

40 

1.1044    0.3634 

181.7 

isi.i 

60 

1  4235 

.0.3840 

192.0 

50 

1.3759    0.3639 

181.9 

181.9 

60 

1  4235 

0  3824 

191.2 

19  i. 6 

60 

1.6510    0.3625 

181.2 

75 

1.7793 

0.3846 

192.3 

60 

1.6510    0.3630 

181.5 

181.3 

.75 

1.7793 

0.3828 

191.4 

19i.'8 

D- 

20 

-BURNT   OIL    NO. 
0.4622    0.1940 

3 
97.0 

c— 

-BURNT   < 

>IL   NO. 
0.2640 

00 
132.0 

20 
25 

0.4622    0.1932 
0.5778    0.2128 

96.6 
106.4 

96.8 

20 

0.5408 

20 

0.5408 

0.2622 

131.0 

1.31.6 

25 

0.5778    0.2152 

107.6 

25 

0.6760 

0.2820 

141.0 

25 

0.5778    0.2152 

107.6 

107.2 

25 

0.6760 

0.2812 

140.6 

146.'8 

30 

0.6933    0.2284 

114.2 

30 

0  8112 

0.2992 

1496 

30 

0.6933    0.2282 

114.1 

1  14.1 

30 

0.8112 

0.2940 

147.0 

148.3 

40 

0.9244    0.2444 

122.2 

40 

1.0816 

0.2996 

149.8 

40 

0.9244    0.2438 

121.9 

40 

1.0816 

0.2980 

149.0 

149.4 

40 

0.9244    0.2432 

121.6 

12i  9 

50 

1.3520 

0.3054 

152.7 

50 

1.1556    0.2488 

124.4 

50 

1.3520 

0  3044 

152.2 

152.4 

50 

1.1556    0.2488 

124.4 

124.4 

60 

1.6224 

0.3052 

152.6 

152.6 

60 

1.3865    0.2518 

125.9 

70 

2  0280 

0.3066 

153.3 

60 

1.3866    0.2506 

125.3 

125.6 

70 

2.0280 

0.3060 

153.0 

15,3.1 

75 
75 

1.7334    0.2514 
1.7334    0.2506 

125.7 
125.3 

lis.'s 

E- 

-BURNT   ' 

OIL    NO. 

5 

F- 

-BURNT   OIL    NO. 

5(a) 

20 

0.4688 

0.1966 

98.3 

20 

0.4688    0.1804 

90.2 

20 

0.4688 

0.1950 

97.5 

9  7. 9 

20 

0.4688    0.1800 

90.0 

90.1 

25 

0.5860 

0.2148 

107.4 

25 

0.5860    0.1962 

98.1 

25 

0.5860 

0.2140 

107.0 

l67.'2 

25 

0.5860    0.1946 

97.3 

97.7 

35 

0.8204 

0.2440 

122.0 

35 

0.8204    0.2148 

107.4 

35 

0.8204 

0.2424 

121.2 

121.6 

35 

0.8204    0.2094 

104.7 

106.0 

SO 

1   1720 

0.2602 

130.1 

50 

1.1720    0.2218 

110.9 

50 

1.1720 

0.2584 

129.2 

129.6 

50 

1.1720    0.2186 

109.3 

1  io.i 
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The  factor  "excess  of  iodine"  may  be  varied  by  chang- 
ing the  weight  of  oil  or  the  amount  of  Hanus  solution. 
In  either  case  the  effect  upon  the  iodine  number  is 
about  the  same. 
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Fig.   1 — WiEGHT  OF  Oil  Varied 

It  is  not  sufficient,  however,  merely  to  specify  the 
percentage  excess  of  iodine,  as  the  following  iodine 
values,  taken  from  Tables  I  and  II,  will  show: 

Average  iodine  numbers 

on  0.1  g.  oil  and  on  0.2  g.  oil  and 

On,  25  CO.  Hanus  sol.  50  cc.  Hanus  sol. 

Raw 186.4  191.6 

BoUed 178. S  181.9 

No.  00 139.5  152.4 

No.  3 Ul.O  124.4 

No.  5 109.0  129.6 
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Fig.  2 — Weight  of  Oil  Varied 


at  least,  an  iodine  number  should  always  be  accompanied 
by  full  data  as  to  the  conditions  under  which  it  is  deter- 
mined, in  order  that  it  may  be  used  for  comparison. 

When  dealing  with  unknown  oils  it  will  probably 
be  found  satisfactory  to  determine  the  iodine  value  for 
several  weights  of  oil,  other  conditions  being  held  con- 
stant. For  convenience  we  would  recommend  the  use 
of  2  5  cc.  of  Hanus  solution  and  30  minutes'  absorption. 
When  testing  for  the  purity  of  a  sample  of  oil  any 
sample  of  unknown  purity  could  be  used  as  a  standard, 
when  by  determining  the  iodine  number  on  both  samples 
under  identical  conditions  adulteration  or  inferior 
quality  should  be  readily  detected. 

The  curve  for  Table  II — F  will  be  found  on  Fig.  6, 
and  will  be  referred  to  later.  It  is  placed  there  so  as  to 
contrast  it  with  the  results  given  in  Table  II — E. 

Table  III — Linseed  Oil — Time  of  Ab 


Tern 

perature 

-25°C 

\  0.2  g 

oil;  H 

anus  solution — 25  cc. 

Grams  Iodine 

Grams 

Iodine 

ime 

Ad- 

.Ab- 

Iodine 

Aver- 

Time 

Ad- 

Ab- 

Iodine 

Aver- 

lin 

ded 

sorbed 

No. 

age 

Min. 

ded 

sorbed 

No. 

age 

A— 

E— 

BURNT 

LINSEED 

OIL    NO 

I 

5 

0.5972 

0.3284 

164.2 

5 

0.5746 

0.2310 

115.5 

5 

0.5972 

0.3281 

164.1 

164.2 

5 

0.5746 

0.2310 

115.5 

115.5 

IS 

0.5972 

0.3497 

174.9 

15 

0.5746 

0.2405 

120.3 

15 

0.5972 

0.3495 

174.8 

15 

0.5746 

0.2436 

121.8 

IS 

0.5972 

0.3493 

174.7 

174.8 

15 

0.5746 

0.2405 

120.3 

W 

0.5972 

0.3629 

181.5 

15 

0.5746 

0.2440 

122.0 

in 

0.5972 

0.3625 

181.3 

15 

0.5746 

0.2426 

121.3 

121.1 

■in 

0.5972 

0.3616 

180.8 

181.2 

30 

0.5746 

0.2500 

125.0 

4S 

0.5972 

0.3677 

183.9 

30 

0.5746 

0.2497 

124.9 

4S 

0.5972 

0.3680 

184.0 

184.0 

30 

0.5745 

0.2493 

124.7 

60 

0.5972 

0.3737 

186.9 

30 

0.5746 

0.2496 

124.8 

124.9 

60 

0.5972 

0.3736 

186.8 

45 

0.5746 

0.2540 

127.0 

60 

0.5972 

0.3733 

186.7 

186.8 

45 

0.5746 

0.2519 

126.0 

45 

0.5746 

0.2525 

126.3 

126.4 

BOILED 

31L 

60 

0.5746 

0.2540 

127.0 

5 

0.6811 

0.3380 

169.0 

60 

0.5746 

0.2552 

127.6 

.S 

0.6811 

0.3342 

60 

0.5746 

0.2554 

127.7 

15 

0.6811 

0.3518 

175.9 

60 

0.5746 

0.2559 

128.0 

127.6 

1,S 

0,6811 

0.3510 

15 

0.6811 

0.3508 

175.4 

175.6 

F— 

3 

20 

0.6811 

0.3548 

5 

0.6691 

0.2252 

112.6 

50 

0.6811 

0.3556 

177.8 

177.8 

5 

0.6691 

0.2252 

112.6 

112.5 

45 

0.6811 

0.3600 

15 

0.6691 

0.2394 

119.7 

45 

0.6811 

0.3602 

180.1 

180.0 

15 

0.6691 

0.2374 

118.7 

60 

0.6811 

0.3602 

180.1 

15 

0.6691 

0.2402 

120.1 

60 

0.6811 

0.3592 

179.6 

179.9 

15 

0.6691 

0.2367 

118.4 

119.2 

C- 

5 

5 
10 
10 
15 
IS 
30 
30 

-BOILED 
0.6760 
0.6760 
0.6760 
0.6760 
0.6760 
0.6760 
0.6760 
0.6760 

oiL(a) 
0.3282 
0.3266 
0.3422 
0.3402 
0.3466 
0.3462 
0.3490 
0.3506 

164.1 
163.3 
171.1 
170.1 
173.3 
173.1 
174. S 
175.3 

163.7 
1 70.6 
173.2 
174.'9 

30 
30 
30 
45 
45 
45 
60 
60 
60 

0.6691 
0.6691 
0.6691 
0.6691 
0.6691 
0.6691 
0.6691 
0.6691 
0.6691 

0.2472 
0.2483 
0.2480 
0.2532 
0.2532 
0.2525 
0.2539 
0.2539 
0.2542 

123.6 
124.2 
124.0 
126.6 
126.6 
126.3 
127.0 
127.0 
127.1 

123.9 
126.5 
127.0 

0.3528 

176.4 

176.4 

.     5 

60 
60 

0.6760 
0.6760 

0.3528 
0.3518 

176.4 

175.9 

176.'2 

5 
5 

0.6689 
0.6689 

0.2145 
0.2118 

107.3 
105.9 

n- 

LINSEED 

OIL    NO 

00 

5 

0.6689 

0.2120 

106.0 

s 

0.5606 

0.2405 

120.3 

5 

0.6689 

0.2136 

106.8 

s 

0.5606 

0.2406 

120.3 

120.3 

15 

0.6689 

0.2309 

116.9 

IS 

0.5606 

0.2509 

125.5 

15 

06689 

0.2271 

115  0 

IS 

0.5606 

0.2495 

124.8 

15 

0.6689 

0.2271 

IS 

0.5606 

0.2486 

124.3 

15 

0.6689 

0.2271 

115.0 

IS 

0.5606 

0.2501 

125. 1 

124.9 

30 

0.6689 

0.2390 

30 

0.5606 

0.2584 

129.2 

30 

0.6689 

0.2390 

30 

0.5606 

0.2579 

129.0 

129.1 

45 

0.6689 

0.2411 

120.6 

4S 

0.5606 

0.2607 

130.4 

45 

0.6689 

0.2411 

4S 

0.5606 

0.2593 

129.7 

45 

0.6689 

0.2425 

121.3 

4S 

0.5606 

0.2586 

129.3 

129.8 

60 

0.6689 

0.2432 

60 

0.5606 

0.2635 

131.8 

60 

0.6689 

0.2432 

121.6 

60 

0.5606 

0.2614 

130.7 

60 

0.5606 

0.2642 

132.1 

(<l)Tei 

iperatur 

60 

0.5606 

0.2628 

131.4 

131.5 

These   figures,   together   with   the   results   shown   in 
Tables  I  and  II,  demonstrate  clearly  that  in  these  oils, 


Table  III  (omitting  C)  is  plotted  in  Fig.  4-  The 
curves  show  that  after  the  first  five  minutes  the  ab- 
sorption is  slow,  and  the  difference  of  a  few  minutes 
one  way  or  the  other  after  15  minutes,  will  have 
little  effect  on  the  iodine  value ;  30  minutes  should 
prove  a  very  satisfactory  time  and  is  now  generally 
adopted. 

Figs.  5  and  6  contain  two  sets  of  curves  showing  the 
effect  of  temperature.  Table  III — B  and  C  show  that, 
other  conditions  being  equal,  small  differences  in  tem- 


Dec,  1914  THE  JOURNAL  OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


997 


perature  at  which  an  iodine  value  is  obtained  are  neg- 
ligible, so  far  as  boiled  oils  are  concerned,  and  pre- 
sumably raw  oils  also,  since  their  behavior  is  very 
much  like  that  of  the  former.  This  is  not,  however,  true 
of  the  burnt  linseed  oils,  as  inspection  of  the  curves 
for  Table  II — E  and  F  will  readily  show.  Using 
the  largest  practical  excess  of  iodine,  the  difference  be- 
tween the  results  obtained  at  the  two  temperatures  is 
too  great  to  be  considered  negligible.  Moreover,  the 
fact  that  the  curves  are  not  even  approximately  parallel 
makes  it  difficult  to  allow  for  differences  in  temperature. 
It  will' be  seen  that  about  90  per  cent  of  the  absorp- 
tion occurs  in  the  first  5  minutes.  If  we  assume  that 
the  addition  of  iodine  is  nearly  instantaneous,  and  the 
substitution  that  part  of  the  reaction  which  continues 
over  a  wide  range  of  time,  it  is  evident  that  any 
lessening  of  the  time  of  absorption,  which  will  at  best 


ployed  for  the  determination,  with  25  cc.  of  the   iodine 
solution. 

Table  IV — Petroleum  Oils — Time  Varied 
Temperature — 25°  C;  Hanus  solution— 25  cc. 
Time — 30  Minutes  Time — 3  Hours 


Grama 

Grams  I 

Iodine 

Grams 

Grams  I 

Iodine 

Grams 

Grams  I 

oil 

absorbed 

No. 

oil 

absorbed 

No. 

oil 

absorbed 

No. 

A LIGHT    OIL    NC 

.    1 

C— ENGINE    OIL 

D— ENC 

INE    OIL 

0.2313 

0.0683 

29.5 

0.0202 

0.0167 

77.9 

0.2608 

0. 1328 

50.9 

0.5896 

0.1454 

24.7 

0.0418 

0.0307 

69.4 

0.4382 

0.1766 

40.3 

0.7542 

0.1756 

23.3 

0.0644 

0.0448 

65.7 

0.8298 

0.2391 

28.8 

0.9222 

0.2006 

21.8 

0.1312 

0.0735 

52.9 

1.139 

0.2854 

25.0 

1.0322 

0.2105 

20.4 

0.1683 

0.0870 

48.8 

1.169 

0.2873 

24.6 

1,5037 

0.2621 

17.4 

0.1932 

0.0953 

46.6 

1.839 

0.3474 

13.5 

2.3203 

0.3288 

14.2 

1.009 

0.2202 

21.9 

B LIGHT   OIL   NC 

.   2 

1.059 

0.2235 

21.1 

0,2381 

0.0807 

33.9 

1.167 

0.2371 

20.3 

0,5144 

0. 1363 

26.5 

1.203 

0.2423 

20.1 

0,6800 

0.1678 

24.6 

1.305 

0.2516 

19.3 

1,0288 

0.2145 

20.9 

2.069 

0.3058 

14.8 

1,6731 

0.2819 

16.9 

2,5151 

0.3429 

13.6 

It  is  interesting  to  contrast  the  behavior  of  linseed 
oils   with   that   of   mineral   oils.      The  former  tend  to 
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Fig,  5   (above) — Time  and  Temperature  Varied 
Fig,  6 — Temperature  and  Excess  Iodine  Varied 


eliminate  only  a  small  part  of  the  total  substitution, 
may  give  low  values  which  properly  belong  on  the  por- 
tion of  the  curve  which  is  rapidly  changing  its  slope. 

A  study  of  the  effect  of  temperature  on  substitution 
is  a  more  promising  field  than  that  of  the  time  factor. 
Table  II — E  and  F,  as  plotted  in  Fig.  6,  show  that  at 
the  lower  temperature  the  effect  of  increasing  the  excess 
of  iodine  is  less  than  at  the  higher  one.  The  difference 
in  the  iodine  values  between  i  s  and  30  minutes  is  about  5 
units  (see  Fig.  4),  whereas  the  difference  between  25°  C. 
and  0°  C,  at  the  maximum  percentage  excess  of  iodine 
employed,  is    20  units  (see   Fig.   6). 

Table  IV  (Fig.  7)  showe  clearly  the  futility  of  at- 
tempting to  reach  a  constant  value  for  mineral  oils  by 
increasing  the  excess  of  iodine.  For  the  smaller 
quantities  of  oil  used  in  the  determination  slight 
changes  in  the  amount  of  oil  taken  cause  large  dif- 
ferences in  the  iodine  number.  Undoubtedly  the  lower 
values  are  more  nearly  correct  than  the  higher  ones, 
and  therefore  increasing  the  excess  of  iodine  increases 
materially  the  error  involved.  To  obtain  concordant 
results  the  weight  of  oil  and  amount  of  iodine  solution 
must  be  defined  within  very  narrow  limits.  Our  re- 
sults indicate  that  not  less  than  1  g.  of  oil  should  be  em- 


approach  a  constant  value  with  a  decreasing  weight  of 
oil,  or  increasing  excess  of  iodine,  while,  on  the  contrary, 
the  latter  tend  to  approach  a  constant  value  with  in- 
creasing weight  of  oil. 
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SUMMARY 

The  iodine  values  of  raw,  boiled,  and  burnt  linseed 
oils  were  determined  by  the  Hanus  method,  varying 
widely  the  amounts  of  oil  and  iodine  used  and  the  time 
of    absorption. 
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It  is  shown  that  in  order  to  obtain  concordant  re- 
sults for  iodine  absorption  a  prescribed  procedure  must 
be   followed   exactly. 

To  obtain  comparable  results  a  standard  procedure 
should  be  adopted  in  which  the  limits  are  more  exactly 
defined  than  is  true  at  present.  This  is  particularly 
necessary  in  the  case  of  burnt  linseed  oils.  With  raw 
linseed  oil  a  constant  value  is  reached  within  com- 
paratively wide  limits  of  weight  of  oil  and  excess  of 
iodine. 

A  study  was  made  of  the  effect  of  temperature  on 
the  iodine  absorption,  from  which  it  would  appear  that 
it  may  be  feasible  to  improve  the  Hanus  method  by 
working  at  lower  temperatures  than  those  which  have 
been  used,  and  thus  eliminate  part  of  the  substitution 
which  occurs  simultaneously  with  the  addition. 

The  results  obtained  show  that  when  used  under 
exactconditionsthe  Hanus  method  is  to  be  recommended 
for  simplicity  of  preparation  of  the  solutions  employed, 
ease  of  manipulation,  and  for  concordance  of  results 
obtained. 

Suggestions  are  made  for  the  standardization  of 
the  method  of  determining  the  iodine  number  of 
mineral  oils.  The  necessity  for  such  action  is  shown 
by  the  results  on  several  samples  of  lubricating  oils. 

We  wish  to  express  our  appreciation  of  the  courtesy 
of  Messrs.  Ault  &  Wiborg,  of  Cincinnati,  in  furnishing 
us  with  the  burnt  linseed  oils  used  in  this  work. 
Bureau  of  Standards.  Washington.  D-  C. 


EGG  ALBUMIN  IN  BAKING  POWDER 

By  H.   Louis  Jackson 
Received   August   3.   1914 

This  paper  is  a  summary  of  the  results  of  three 
series  of  comparative  baking  tests,  using  different 
baking  powders  with  and  without  egg  albumin. 

They  were  carried  out  in  the  following  bakeries 
in  the  city  of  Boise,  Idaho: 

I — On  cup  cakes,  during  July  and  August,  in  the 
Home  Bakery,  and  completed  Sept.  4th,   1913. 

2 — On  biscuits,  April  23rd  to  May  :5th,  by  the 
Shaeffer  Baking  Company. 

3 — On  biscuits,  June  iSth  to  June  24th,  in  the  Im- 
perial Bakery. 

Calculations  for  the  last  two  were  finished  June 
27th,  1914. 

In  all  the  bakings,  the  egg  albumin  added  to  the 
powders  was  always  Merck's  "Albumin,  Egg,  Im- 
palp.  Powder  Soluble;"  it  was  added  as  described  in 
Series  II.  The  cup  cakes  or  biscuits  were  the  bakers' 
regular  commercial  mixture.  The  ingredients,  manip- 
ulation, time  of  baking,  and  all  other  factors  were 
left  to  his  professional  judgment  and  skill  with  the 
exceptions  of  the  baking  powder  and  the  oven 
temperature.  At  the  time  of  mixing  the  baker  was 
furnished  the  proper  amount  of  baking  powder, 
weighed  to  a  tenth  of  a  gram.  Further  details  as  to  the 
powders  are  given  under  each  series.  The  tempera- 
ture was  that  regularly  used  in  each  bakery,  except 
in  the  third  series,  when  progressively  lower  tempera- 
tures were  employed  in  order  to  study  the  effects  of 
unfavorable  conditions. 


High  and  low  temperatures  are  defined  as  follows 
by  A.  J.  Stephan,  of  the  Imperial  Bakery,  the  largest 
in  the  city:  bread  requires  the  highest  temperature, 
baking  best  at  about  500°  P.  (26o°C.);42s°F.  (218'  a" 
C.)  is  the  lowest  possible  for  bread,  as  at  this  tem- 
perature it  dries  out  too  much.  The  highest  tem- 
perature that  can  be  used  is  520°  F.  (271.1°  C). 
Pies  are  baked  at  450°  to  500°  F.  (232.2°-26o°  C). 
Cakes,  according  to  kind,  at  350°  to  450°  F. 
(176.7-232.2°  C).  Biscuits  require  for  best  re- 
sults about  490-500°  F.  (254.4—260°  C);  425°  F. 
(218.3°  C.)  is  considered  the  lowest  that  should  be 
used  for  biscuits,  though  they  will  bake  poorly  at 
400°  F.  (204. 4°  C). 

The  temperature  in  the  first  series  was  not  known, 
as  the  oven  contained  no  thermometer.  All  products 
were  judged  by  the  bakers  as  soon  as  expedient  after 
removal  from  the  oven.  The  judgment  of  the  bakers 
must  be  regarded  as  unbiased  as,  at  this  writing, 
they  are  still  ignorant  of  the  manipulations  to  which 
the  baking  powders  were  subjected.  Products  were 
weighed  and  measured  as  soon  as  they  had  cooled  to 
room  temperature,  unless  otherwise  stated. 

A  Bureau  of  Standards  cylindrical  brass  liter  was 
half  filled  with  sifted  rape  seed  (through  16),  jarred  in 
a  uniform  manner,  the  filling  completed  and  jarred 
as  before,  filled  to  overflowing  and  the  excess  struck 
off  with  a  straight  edge.  The  seeds  were  then  poured 
into  a  tared  vessel,  weighed  to  the  nearest  half  gram 
in  the  first  series,  and  to  the  nearest  tenth  of  a  gram 
in  the  second  and  third  series.  The  cakes  or  biscuits 
were  weighed  in  a  like  manner,  weighing  and  meas- 
uring two,  three,  or  four  at  a  time,  as  two,  three,  or 
four  could  be  introduced  into  the  liter  measure  with- 
out touching  each  other.  Cakes  or  biscuits  were  placed 
in  the  liter,  one  at  a  time,  entirely  surrounded  by 
seed,  and  so  on,  until  the  vessel  was  filled,  jarring 
it  in  the  same  manner  as  before,  every  care  being 
taken  to  make  this  a  very  uniform  procedure.  The 
difference  between  the  first  and  second  weights  of 
seed  is  that  displaced  by  Ihe  biscuits.  The  intent 
was  to  make  all  measurements  so  numerous  that  the 
unavoidable  errors  in  measurement  would  be  aver- 
aged out  in  the  final  result.  The  average  weight 
of  1,000  cc.  of  seed  was  found  for  each  baking  and  is 
usually  the  average  of  ten  weighings,  though  in  the 
first  series,  three,  five,  six,  eight  and  nine  weighings 
were  averaged  together  for  different  bakings. 

SERIES    I 

Cup  cakes  were  chosen  because  in  the  estimation 
of  the  bakers  they  were  best  adapted  -to  experiment. 
The  bakers  knew  this  product  so  thoroughly  that 
they  were  confident  they  could  detect  any  change 
in  its  appearance.  A  cream  of  tartar  powder  (Cleve- 
land's) was  used  because  it  was  the  only  one  used  in 
this  bakery,  and  it  was  not  desired  to  change  the 
nature  of  their  cake  in  any  way,  as  part  of  each  baking 
was  to  supply  the  regular  trade. 

Objection  may  be  made  that  fresh  eggs  were  used 
as  an  ingredient  in  the  cakes  of  the  first  series,  but  it 
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must     be     remembered    that     most    products     baked 
contain  eggs,  except  in  baking  powder  biscuits. 
The  method  of  calculation  follows: 

Av.  wt.  of  1,000  cc.  seed 687.2  g. 

Seed  weighed  with  cakes  1  and  2 5 1 7  .  8  g. 

Seed  displaced  by  cakes  I  and  2 169.4  g. 

.         1,000    „  1    4.ce  pp 

1  gram  seed   =  ^^^    ^cc 1  . 455  cc. 

169.4  g.  seed  X    1455 ^tS'S  '^'^■ 

Wt.  cakes  1  and  2 82 . 2  g. 

246.5  3.0 

82.2 

Av.  specific  volume  of  cakes  i  and  2  is  3. 

The  cakes  were  weighed  and  measured  two  at  a 
time,  constituting  a  group,  and  thus  the  average 
specific  volume  for  that  group  were  obtained.  All  groups 
for  a  baking  were  then  averaged  together  in  one  figure 
and  this  alone  is  given. 

The  mix  in  Series  I  consists  of  sugar,  butter  com- 
pound, eggs,  milk,  flour  and  lemon  extract,  all  meas- 
ured or  weighed  by  the  baker  as  usual,  except  that  he 
took  particular  pains  to  do  everything  as  accurately 
and  as  uniformly  as  possible.  Two  ounces  of  Cleve- 
land's baking  powder  went  into  each  batch  of  five 
dozen  cup  cakes,  which  were  baked  in  five  tins,  hold- 
ing twelve  cakes  each.  The  first  batch  was  baked  by 
the  time  the  second  batch  was  ready,  and  the  second 
was  baked  in  the  same  place  in  the  oven  as  the  first, 
the  bakers  striving  for  uniformity  throughout.  In 
these  large  ovens  the  temperature  changes  very  slowly, 
the  oven  baking  uniformly  for  hours  at  a  time. 

The  two  batches  were  thus  contained  in  ten  tins 
of  a  dozen  each,  and  the  cakes  selected  for  measure- 
ment were  taken  from  each  pan  in  an  arbitrary  manner, 
so  as  to  avoid  any  conscious  selection.  About  30  per 
cent  of  the  cakes  baked  were  measured. 

Table  I— Average  Specific  Volume  of  Cup  Cakes— Series  I 
No.  With  egg  albumin 

of  cakes  %  albumin  Without  egg 

Baking  No.  averaged  in  parentheses  albumm 

ID  ..  3.02 


from  the  average  because  only  the  last  five  were  baked, 
both  with  and  without  albumin,  the  average  for  those 
without  egg  albumin  is  still  3.  11.  Egg  albumin  was 
twice  in  the  second  batch  baked,  three  times  in  the 
first  baked. 

Bakings  i  and  2  were  bought  over  the  counter, 
before  the  firm  knew  they  were  to  be  tested.  They 
serve  as  controls  as  do  the  two  batches  in  Baking  3. 

JUDGMENTS — SERIES    I 

Bakings  3  and  4  were  lost. 

Baking  5— In  breaking  three  cakes  of  each  batch,  the  tex- 
ture of  cakes  A  (without  egg  albumin)  was  a  little,  though  a 
very  little,  better  than  B   (with   i  per  cent  added  albumin). 

Baking  6— B.  cakes  (without  egg)  judged  the  better  mix. 
B.  cakes  thought  to  be  slightly  larger  in  volume.  (This  was 
not  the  case  when  measured.) 

Baking  7— B.  cakes  (without  egg)  a  shade  lighter  in  color 
than  A.  cakes.  No  other  differences  noticed  between  A  and  B 
cakes.  % 

Baking  8 — Judgment  lost. 

After  studying  the  two  batches  in  every  way  pos- 
sible, the  final  conclusion  of  the  two  bakers  was  about 
as  follows:  "Well,  it's  pretty  hard  to  say  which  is 
the  better;  they  are  just  about  as  nearly  alike  as  they 
could  be." 

As  to  the  variables  entering  into  the  work,  the 
average  weight  of  1,000  cc.  of  rape  seed  was  determined 
for  each  baking  and  these  averages  had  a  maximum 
variation  of  i .  7  per  cent.  This  is  the  smallest  varia- 
ble. The  weights  of  cakes  varied  greatly.  Com- 
monly this  was  10  to  15  per  cent  between  the  heaviest 
two  and  the  lightest  two  in  any  bake.  The  weight 
of  rape  seed  displaced  by  cakes  varied  in  about  the 
same  manner  and  indicated  that  no  large  or  constant 
error  of  measurement  entered  into  the  series.  These 
variations  are  best  shown  in  Table  II. 


6 

17 
17 
18 
18 
18 
20 
20 

3. 

2.99      (0.5) 

5. 

3.10      (1.0) 
3.21      (2.0) 

2.99      (.S.O) 

3.20   (20.0) 

Average 

(Weighted  mean) 

3.097 
3.10 

-.99 

3 .  22-Batch  A 

3.10-Batch  B 

3.00 

3.13 

3.17 

3.06 

3.18 


The  94  cup  cakes  made  with  albuminized  powder 
have  an  av.  sp.  vol.  of  3.  10;  146  cup  cakes  made  with 
non-albuminized  powder  have  an  av.  sp.  vol.  of  3.  11. 
This  advantage  in  favor  of  non-albuminized  powder 
is  scarcely  significant  in  view  of  the  following  facts: 
In  Baking  3,  two  batches  designated  A  and  B 
were  baked,  neither  of  which  contained  egg  albumin 
in  the  powder  used.  This  was  to  ascertain  what 
variation  might  occur  when  the  two  batches  were 
identical  in  every  way,  although  the  bakers  thought 
that  different  powders  were  being  used. 

Batch  A  averaged  3.22  for  17  cakes. 

Batch  B  averaged  3. 10  for  17  cakes. 

This  is  a  variation  of  o.  12  in  3  ■  22  and  the  largest 
in  any  one  baking.  2.99  was  the  minimum  sp.  vol. 
and  occurs  three  times,  twice  with  egg  albumin  and 
once  without;  3.22  is  the  maximum  and  occurs  in 
the  series  without  the  albumin;  3- 21  and  3.20  occur 
with  albumin.     If  the  first  three  bakings  are  excluded 


Table  II 


Number 
of  baking 


%  difference  betv 
weights  of  cak 


12    (6) 


Number 

of  baking 

6  A..  . 


difference  betwee 
weights  of  cakes 


The  most  striking  difference  between  Columns  2 
and  3,  in  the  same  baking,  is  in  the  second  baking. 
In  the  original  data  there  is  one  weight  of  "Rape 
seed  displaced  by  cakes,"  that  looks  quite  suspicious. 
Casting  out  this  weight,  the  final  average  in  this  baking 
is  changed  from  2.99  to  2.96  and  the  "percentage 
difference"  to  6.  Introducing  the  figure  2.96  into 
the  final  results  changes  the  grand  average  for  cakes 
without  albumin  from  3.1084  to  3- 1072.  In  other 
words,  it  does  not  change  the  final  average  at  all, 
for,  when  reported  to  the  correct  number  of  places, 
we  still  have  3.  n. 

This  discussion  of  the  errors  gives  an  idea  of  their 
magnitude  and  also  shows  that  the  number  of  meas- 
urements has  been  large  enough  to  make  even  that 
value  which  is  most  probably  in  error,  without  effect 
on  the  final  average. 
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CONCLUSION SERIES  I 

The  addition  of  egg  albumin  to  the  baking  powder 
used  in  baking  cup  cakes  was  entirely  without  any 
measurable  result,  and  without  any  observable  ef- 
fect that  could  be  seen  by  two  experienced  bakers. 

SERIES    II 

In  the  second  series,  another  bakery  did  the  work, 
biscuits  were  used,  and  temperatures  and  times  of 
baking  recorded.     All  biscuits  in  this  series  contained: 


Baking  powder 2  oz. 

Compound  (melted) 3  level  tablespoonfuls 

Salt 1  level  tablespoonful 

Milk '/4  quart 

The  compound  was  added  last.  The  poorest  flour 
of  which  the  baker  knew  was  used  in  the  first  three 
bakings,  because  it  has  been  claimed  that  an  albu- 
minized powder  shows  to  greatest  advantage  with 
very  weak  flour.  In  the  fourth  baking  a  strong  flour 
was  used.  The  baker  controlled  everything  ift  this 
series  except  the  baking  powder  which  was  K.  C. 
Baking  Powder.  The  two  ounces  were  weighed  to  a 
tenth  of  a  gram  and  then  to  one  portion  was  added 
the  per  cent  of  egg  albumin  shown  in  brackets  in  Table 
III.  The  albumin  was  mixed  into  the  powder  by 
rolling  two  hundred  times  on  a  rubber  sheet  in  the 
manner  used  by  assayers  in  mixing  powdered  ores. 
The  non-albuminized  powder  was  rolled  to  the  same 
extent,  to  expose  it  to  the  air  in  like  manner.  The 
dough  was  rolled  out  between  thin  strips  of  wood 
upon  which  the  rolling  pin  rested,  to  secure  an  even 
thickness  of  dough  before  the  biscuits  were  cut  out. 
Dough  left  from  the  first  cutting  was  discarded. 

The  first  batch  was  baked  while  the  second  was 
being  prepared,  the  second  then  went  into  the  same 
place  in  the  oven  that  the  first  had  occupied.  Twice 
the  egg  albumin  was  in  the  first  or  A  batch,  twice  in 
the  second  or  B  batch.  Four  biscuits  were  usually 
weighed  and  measured  at  the  same  time,  giving  a 
specific  volume  for  the  group,  and  the  specific  volumes 
for  the  groups  were  averaged  together  (weighted  if 
less  than  four  in  a  group)  to  give  the  av.  sp.  vol.  for 
that  baking.     Table  III  shows  the  results: 

Table  III — Averace  Specific  Volume  of  Biscuits — Series  II 
No. 

biscuits       Time  Average  sp,  vol. 

in  baked         Temp,  of  %  egg  albumin 

Baking  No.  average   Minutes  baking  "  F.  in  brackets 

lA 29  11  498-500  2.64(0.1) 

B 31  13  .500-     3  2.78 

2A 24  11  494-     5  2.67    (0.2) 

B 21  11  49.S-     8  2.52 

3  A 13  12  485-     7  2.62 

B 13  12  487  2.52    (0.5) 

4  A 17  12  489-  90  2.11 

B 19  12  490-     7  2.28   (1  .0) 

f  of  85  biscuits  with 
,  ,      .   ,,.   J  vJ       egg  albumin     ..      2.548 

Average  (weighted  mean)  \  of  82  biscuits  with- 

l      out  egg  albumin     2.550 

Bakings  2,  3  and  4  set  in  the  pans  ten  minutes  be- 
fore going  into  the  oven,  as  certain  companies  making 
an  albuminized  powder  claim  this  to  be  advantageous. 
Retaining  three  places  in  the  final  result,  the  non- 
albuminized  powder  gave  biscuits  with  the  same 
sp.  vol.  as  the  albuminized  powder,  namely,  2.55. 
The  lightest  biscuits  (2.78)  were  without  egg,  the 
next  lightest  (2.67)  with  0.2  per  cent  egg,  the  next 
lightest  (2.64)  with  o.  i  per  cent  egg,  the  next  lightest 


(2.62)   without  egg.     The  lightest  biscuit  was  baked 
two  minutes  longer  than  it  should  have  been. 

JUDGMENTS — SERIES    11 

Baking  i — Batch  B  slightly  better  than  A  (o.i  per  cent) 
but  very  hard  to  decide. 

Baking  2 — Batch  B  is  a  little  better  than  A  (^0.2  per  cent) 
but  both  very  nearly  alike. 

lAssistant  Baker:  A  (0.2  per  cent)  biscuits  a  little  better 
than  B.] 

Baking  3 — Batch  A  slightly  lighter  by  texture.  B  (0,5  per 
cent)  raised  a  little  higher   (external  appearance). 

Baking  4 — Batch  B  (i  .0  per  cent)  quite  a  bit  better  than  A. 

These  results  are  rather  indecisive,  for  only  in  the 
fourth  baking  was  any  decided  advantage  recorded 
by  the  baker's  judgment. 

In  Baking  2,  the  head  baker  and  his  assistant 
differed,  thus  showing  no  real  difiference  between  the 
two  batches. 

In  Baking  3,  Batch  B  was  allowed  to  stand  isVs 
minutes,  before  going  into  oven,  instead  of  10,  as  for 
A,  through  a  mistake  in  watching  the  time. 

It  was  intended  to  continue  this  series,  but  work 
had  to  be  stopped  on  account  of  other  duties. 

SERIES    III 

The  third  bakery  (Imperial  Bakery)  did  the  baking 
and  controlled  all  factors  except  baking  powder, 
shortening  and  salt,  which  were  weighed  to  a  tenth 
of  a  gram  and  supplied  to  the  baker  at  time  of  mixing. 
A  weak  flour  was  used  throughout. 

Mix  used: 

Flour 3  lbs. 

Baking  powder 3  oz. 

Cottolene  (cold) 3  oz. 

Salt Vi  oz. 

Milk 1  qt. 

The  flour,  baking  powder  and  salt  were  first  mixed 
by  hand,  then  the  cottolene  worked  in  by  hand, 
and  last  the  milk  added.  The  baking  powders  used 
were  Crescent,  manufactured  with  egg  albumin  and 
designated  C;  K.  C.  powder,  manufactured  without 
egg;  Atlas,  manufactured  without  egg  and  designated 
A;  Giant,  manufactured  without  egg  and  designated 
G;  Interstate,  manufactured  without  egg  and  desig- 
nated I.  All  these  powders  are  alum  phosphate  pow- 
ders. Egg  albumin  was  added  to  part  of  the  non- 
egg  powders  in  certain  bakings  in  the  same  manner 
as  in  Series  II.  Bakings  4,  5  and  6  were  divided  into 
two  portions,  designated  ist  and  2nd  half.  The  ist 
half  was  i^oUed  out  and  baked  about  g  a.m.  The 
2nd  half  stood  in  the  proof  closet  until  about  2  p.m. 
and  was  then  rolled  out  and  baked.  This  was  to  test 
the  claim  that  dough  made  with  albuminized  powder 
could  stand  several  hours,  or  over  night,  and  still 
make  good  biscuits.  The  baker  could  not  arrange 
any  other  time  for  the  two  bakings  than  8.30  a.m. 
and  2.00  P.M.  The  order  of  baking  batches  was  that 
given  in  Table  III.  All  dough  was  rolled  to  a  uni- 
form thickness  between  narrow  strips  of  wood,  and 
that  left  from  the  first  cutting  was  discarded. 

The  difference  of  34  in  2627  is  i .  3  per  cent,  and  is 
in  favor  of  biscuits  baked  with  albuminized  powder. 
The  greatest  gains  for  powder  with  albumin  are  found 
in   the   early   part   of   Series   III,    when   one   brand   of 
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powder,  albuminized  as  it  comes  on  the  market,  is 
directly  compared  with  a  non-egg  powder  as  manu- 
factured. This  is  really  unfair,  as  the  two  powders 
used  may  differ  in  their  effects,  aside  from  the  egg 
albumin  in  one  of  them.  The  most  striking  failure 
of  egg  albumin  to  improve  a  given  powder  is  shown 
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;  with  egg. 

2.627 

2.63 

in  Bakings  5  and  6,  where  the  same  powder  was  used 
first  without  egg,  second  with  o.  2  per  cent  added  egg, 
and  third  0.5  per  cent  added  egg  in  Baking  5.  In 
the  first  half,  which  was  baked  at  once,  the  sp.  vol. 
fell  from  2.96  with  no  egg  and  with  0.2  per  cent 
egg,  to  2.90  with  0.5  per  cent  egg.  In  Baking  6, 
0.0  per  cent,  0.2  per  cent,  and  i.o  per  cent  egg 
were  present  in  a  second  can  of  Giant  powder.  The 
sp.  vol.  fell  from  2.65  with  no  egg,  and  0.2  per  cent 
to  2.59  with  1.0  per  cent  egg,  and  in  both  Bakings 
5  and  6,  these  figures  are  the  averages  of  20  biscuits. 


Summary 

OF  Results  of 

'  Baking  Tests  on  Biscuits — Series  III 
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Baking  No. 
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2nd 

A 

A. 

0.0 

Poorest 

(4)  1st  half.. 

.      450-60 

r. 

G. 

0.0 

Best 

B 

C. 

0.17 

2nd 

A 

A. 

0.0 

Poorest 

(4)  2nd  half. 

458-60 

H 

C. 

0.  17 

Best 

i: 

G. 

0.0 

2nd 

A 

A. 

0.0 

Very  poor 

(5)  1st  half.. 

.      430-35 

c 

0.5 

Quite  good 

K 

0.2 

2nd 

A 

0.0 

Very  poor 

(5)  2nd  half. 

443-45 

i: 

0.5 

Best 

B 

0.2 

Poorest 

A 

0.0 

2nd 

(6)  1st  half.. 

.      455 

c: 

G. 

1    0 

Best 

B 

G. 

0.2 

2nd 

A 

G. 

0.0 

Not  bad 

(6)  2nd  half. 

460 

C 

G. 

1.0 

Best           )  All    good    and    all 

B 

G. 

0.2 

2nd             >      better    than    in 

A 

G. 

0.0 

Poorest     1       morning 

JUDGMENT 

When  biscuits  are  judged  by  looks  much  greater 
differences  are  noted  than  by  measurement.  It  ap- 
pears that  a  fine  looking,  large  biscuit  may  have  no 
greater  sp.  vol.  than  a  smaller  and  poorer  looking 
biscuit.  This  is  due  to  the  fact  that  the  larger  bis- 
cuit  is  heavier,  and  the  sp.  vol.  works  out  about  the 


same  as  for  smaller  biscuits.  Just  why  this  is  so  has 
not  been  determined. 

This  difference  in  judging  by  lc5oks  and  measure- 
ment is  strikingly  shown  in  Baking  i,  when  batch 
B  (0.0  per  cent)  was  given  the  preference  in  looks, 
taste  and  odor,  by  four  bakers,  separately,  although 
A  (C.  0.17  per  cent)  proved  to  be  larger  in  sp.  vol. 
by  o.  25  in  2.  79. 

In  Bakings  4,  5  and  6  the  bakers  awarded  the 
honors  very  uniformly  to  the  biscuits  baked  with  albu- 
minized powder.  The  differences  were  so  marked 
that  anyone-  could  not  fail  to  see  them,  yet,  these 
differences  do  not  show  in  the  sp.  vol.  These  were 
all  baked  at  too  low  a  temperature,  and  the  2nd  half 
of  a  ^bake  was  always  carried  out  after  the  dough 
had  stood  about  five  hours. 

CONCLUSION 

It  is  the  opinion  of  the  writer  that  when  bakings 
are  carried  out  under  normal  conditions  his  work 
has  not  demonstrated  the  usefulness  of  egg  albumin 
in  baking  powder,  and  especially  in  the  very  small 
quantity  usually  present,  i.  e.,  from  o.  i  to  0.2  of 
one  per  cent. 

When  the  temperature  of  the  oven  is  too  low  for 
baking  biscuits  properly,  egg  albumin  seems  to  aid 
in  producing  a  better  biscuit. 

When  the  dough  is  allowed  to  stand  several  hours 
before  baking,  a  much  better  biscuit  is  produced  by 
the  powder  to  which  egg  albumin  has  been  added. 

Office  of  the  State  Chemist 
Boise.  Idaho 


IRON  IN  TOMATOES 

By  C.  A.  Brautlecht  and  G.  Crawford 
Received  September  5.  1914 

Tomatoes  have  become  of  much  importance  as  a 
garden  vegetable  during  the  last  decade  and  present 
evidence  indicates  that  they  will  become  of  greater 
importance.  From  the  view-point  of  the  food,  physio- 
logical and  agricultural  chemist  more  knowledge  of 
their  chemical  composition  is  therefore  desirable. 

Tomatoes  are  used  as  a  food  in  many  ways.  While 
fresh,  they  are  eaten  raw  or  cooked;  tremendous  quan- 
tities are  canned;  they  form  the  basis  of  many  soups; 
large  quantities  of  tomatoes,  or  their  products,  are  used 
as  sauces  for  meat  or  fish  foods;  in  desert  regions,  or 
where  good  drinking  water  is  scarce,  canned  tomatoes 
are  used  largely  because  of  the  water  and  vegetable 
acid  they  contain. 

Considering  the  exchange  in  soil  elements,  there 
seems  to  be  a  general  agreement  that  the  tomato  plant 
uses  relatively  little  phosphoric  acid,  but  more  potash 
and  nitrogen.  Much  of  the  potash  remains  in  the  vines 
and  roots.  In  comparison  with  the  amount  of  crop 
produced,  the  tomato  does  not  remove  much  plant  food 
from  the  soil. 

The  acidity  of  the  tomato  is  supposed  to  be  due  to 
citric  acid.  A  small  amount  of  an  alkaloid  is  also  sup- 
posed to  be  present  in  the  juice  and  this  decreases  as 
the  fruit  ripens.  During  ripening  there  is  a  progressive 
increase  in  the  organic  acids,  sugars,  starch  and  non- 
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protein  nitrogen  and  a  decrease  in  protein  nitrogen  and 
cellulose.  The  proportion  of  other  constituents  re- 
mains practically  unchanged.  The  amount  of  sucrose 
in  fresh  and  dehydrated  tomatoes  differs,  due  probably, 
to  inversion  resulting  from  ferments  and  organic  acids. 
About  0.5  per  cent  of  ether  extract  is  obtainable  from 
the  dry  matter  of  the  tomato,  this  amount  being  re- 
duced, however,  by  previous  alcohol  e.xtraction. 

Passerini'  states  that  the  pulp  of  the  tomato  con- 
tains two  coloring  matters,  a  yellow  amorphous  and  a 
red  crystalline  substance.  These  are  insoluble  in 
water,  soluble  in  amyl  alcohol  and  very  soluble  in  ether. 
Both  are  decolorized  by  chlorine  and  bromine  water, 
while  hydrochloric  acid  has  no  action  on  them.  The 
yellow  substance  is  much  more  soluble  in  alcohol  than 
the  red.  .R.  Willstatter  and  H.  H.  Echer^  state  that 
lycopin,  the  coloring  matter  of  the  tomato,  differs  in 
several  respects  from  carotin. 

E.  H.  Jenkins  and  W.  E.  Britton'  reporting  results 
on  two  varieties  of  tomatoes  found  no  difference  be- 
tween them  in  water  and  potash  content,  percentage 
limits  for  water  and  potash  on  eight  samples  being 
respectively  93.41  to  94.81  and  0.287  to  0.356.  H. 
Snyder^  found  no  chemical  difference  between  three 
varieties.  He  reports  analytical  results  on  three 
samples:  Water,  93.6  to  93.9;  protein,  0.80  to  0.86;  car- 
bo-hydrates, 3.79  to  3.85;  and  ash,  0.54  to  0.69  per  cent. 
W.  B.  Alwood  and  W.  Bowman*  found  in  four  samples 
of  one  variety:  Water,  91.2  to  94.0  per  cent;  protein, 
0.78  to  1.25;  carbohydrates,  3.60  to  4.07;  fat,  0.33  to 
0.47;  and  ash,  0.34  to  0.73  per  cent.  W.  O.  Atwater 
and  A.  P.  Bryant^  report  on  analysis  of  two  samples 
of  canned  tomatoes:  Water,  94.0  and  94.3  per  cent; 
protein,  0.9  and  1.2;  carbohydrates,  3.9  and  4.0;  fat, 
0.2  and  0.4;  and  ash,  0.5  and  0.6  per  cent.  One  sample 
of  ash  contained  5.8  per  cent  lime,  8.7  per  cent  phos- 
phoric pentoxide,  68.1  per  cent  potash  and  3.7  per  cent 
magnesium  oxide.  A  number  of  other  investigators — 
Ricciardelli,  A.  F.  Bacon  and  P.  B.  Dunbar,  and 
Albanarg — report  similar  results  of  a  few  analyses  of 
tomatoes. 

It  is  our  intention  to  report  the  quantity  of  water, 
ash  and  iron  in  eleven  samples  of  Florida  canned  toma- 
toes from  different  parts  of  the  state.  In  the  literature 
available  we  have  found  no  figures  showing  the  amount 
of  iron  in  tomatoes. 

The  tomatoes  were  cut  up  and  canned  without  ap- 
preciable loss  of  pulp  or  juice.  When  received  at  the 
laboratory  they  were  cut  up  in  a  meat  chopper  without 
loss  of  juice  and  the  water  was  determined  by  loss  on 
evaporation  of  150  g.  samples  at  110°  to  constant 
weight.  The  residue  or  total  solids  was  ashed  in  thick 
porcelain  dishes  in  a  muffle  furnace,  at  the  lowest 
possible  temperature,  yielding  a  fine  gray,  white  or 
buff  colored  ash.  This  was  weighed,  pulverized  and 
iron  determined  in  duplicate  samples  of  about  0.2  g. 
The  ash  was  then  digested  in   hydrochloric  acid   and 

'  5(08.  Sper.  Agrar.,  18,  545. 

"  Zlschr.  Physiol.  Chem.,  64,  47. 

>  Conn.  Agr.  Expt.  Sta.,  Ann.  Rft.,  1898. 

'  Minn.  Slate  Bull..  63. 

»  Va.  State  Expt.  Sta.,  Bull.  4. 

•  U.  S.  Dept.  Agr.,  Bull.  28. 


again  in  sulfuric  acid.  The  solution,  free  from  hydro- 
chloric acid,  was  reduced  with  hydrogen  sulfide,  the 
excess  of  hydrogen  sulfide  removed,  the  solution  cooled 
and  the  iron  titrated  with  standard  potassium  per- 
manganate solution. 


Percentage  of  Water,  Ash  and  Iro.s 

IN  Florida 

roMATOES 

Iro 

n  as  F«0.(a) 

Location 

• 

whole 

pie     - 

Town 

County 

Water 

Ash 

ash 

tomatoes 

soil 

Lake  City. 

Columbia 

94.0 

0.39 

11.53 

0.046 

3.03 

Ponce  de  Leon, 

Holmes 

93.0 

0.58 

4.38 

0.026 

3 

29 

Live  Oak. 

Suwanee 

91.3 

0.58 

8.09 

0.046 

3 

83 

Dover, 

Hillsboro 

92.6 

0.53 

20.68 

0.106 

Greensboro, 

Gadsden 

94.6 

0.53 

18.62 

0.  100 

Pensacola, 

Escambia 

94.6 

0.55 

22.25 

0.123 

Paxton, 

Walton 

92.6 

0.56 

6  09 

0.034 

Tallahassee, 

Leon 

95.0 

0.49 

7.75 

0.037 

Sumraerfield, 

Marion 

95.3 

0.38 

21.45 

0.083 

Green  Cove  Springs 

Clay 

95.3 

0.63 

12.21 

0.077 

3 

i2 

Tallahassee, 

Leon 

89.3 

0.64 

8.47 

0.054 

Averaee... 

93.4 

0.53 

12.87 

0.066 

3 

32 

(o)   Average  of  closely  agreeing  duplicates. 

SUMMARY    OF    RESULTS 

I — The  tomatoes  from  ten  counties  in  Florida  con- 
tained from  89.3  to  95.3  per  cent  of  water.  Geo- 
graphical location  of  plot  on  which  the  tomatoes  were 
grown  did  not  affect  the  water  content.  The  average 
amount  of  water  was  93.4  per  cent. 

II — The  ash  varied  from  0.38  to  0.64  per  cent, 
averaging  0.53  per  cent.  There  was  no  fixed  ratio  be- 
tween the  water  and  ash  or  iron  and  ash. 

Ill — The  iron  in  the  ash  varied  greatly  from  1.53 
to  7.78,  average  4.50  per  cent.  Calculated  to  ferric 
oxide  this  would  represent  4.38,  22.25  ^nd  12.87  per 
cent,  respectively.  Iron  was  present  in  about  the  same 
amount  in  widely  separated  counties. 

IV — Iron  in  tomatoes,  calculated  from  the  iron  in 
the  ash,  ranged  from  0.012  to  0.037  per  cent,  averaging 
0.023  per  cent.  Calculated  to  ferric  oxide,  this  would 
represent  0.034,  0.123  and  0.066  per  cent,  respec- 
tively. 

V — In  soil  on  which  these  tomatoes  were  grown 
(four  samples),  there  was  from  1.06  to  1.3  per  cent  iron, 
equivalent  to  3.03  and  3.72,  or  an  average  of  3.32  per 
cent  ferric  oxide. 

Chemical  Laboratory 

Florida  State  College  for  Women 
Tallahassee 


BLOOD-CHARCOAL   AS   A   PURIFYING   AGENT   FOR 

ARSENIC    SOLUTIONS   PREVIOUS    TO 

TITRATION' 

By  Robert  M.  Chapin 
Received  September  3.  1914 

Whenever  possible,  arsenic  is  estimated  by  the  highly 
accurate  and  convenient  method  of  titration  with  iodine. 
As  necessary  conditions,  the  solution  must  be  free  from 
other  substances  capable  of  absorbing  iodine  during 
the  titration  and  from  coloring  matter  to  obscure  the 
end  points. 

This  laboratory  has  been  required  to  examine 
very  many  samples  of  the  arsenical  dipping  baths* 
now  so  largely  used  for  ridding  cattle  of  Texas-fever 
ticks.  The  important  insecticidal  ingredient  of  these 
baths  is  an  alkaline  arsenite,  and  it  is  in  this  form  that 
the  arsenic  is  introduced  when  the  baths  are  prepared. 

1  Published  by  permission  of  the  Secretary  of  Agriculture. 
■  Compare  Farmers'  BulUlin  603,  U.  S.  Dept.  of  Agric. 
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But  with  accumulation  of  dirt  and  excrement  from  the  chased    as    "acid-washed,"    was   exhaustively    purified 

cattle  during  months  of  use  in  dipping  vats,  the  baths  with    hydrochloric    acid   to   free    it   from   iron,    conse- 

become  culture  media  for  microorganisms  which  may  quently  there  is  no  reason  to  believe  that  the  evident 

either  oxidize  the  arsenic,  or  reduce  it  again,  depend-  oxidative  properties  it  displayed  can  be  attributed  to 

ing  upon  prevalent  conditions.'     In  a  sample  of  used  anything  else  than  oxygen  of  the  air  likewise  adsorbed 

bath,  therefore,  it  is  necessary  to  determine  both  actual  by  it,  the  power  of  charcoal  to  adsorb  gases  being  suffi- 

arsenious  oxide  and  total  arsenic.  ciently  well  known. 

The  organic  matter  present  in  used  arsenical  dipping  Other   similar   experiments,  which  in  view  of   their 

baths  interferes  with  titration  by  iodine  in  both  the  un-  simplicity  are  not  detailed,  showed  that:  (i)  the  amount 

desirable  ways;  it  absorbs  iodine  under  the  conditions  of  arsenious  acid  oxidized  is  dependent  upon  the  amount 

of  the  titration,  thus  rendering  the  end  points  inaccurate  of  charcoal  used  as  well  as  upon  the  length  of  heat- 

and  fugitive,  and  it  imparts  color  to  the  solution.     An  ing  but  not  at  all  upon  the  concentration  of  arsenious 

obvious  first  step  is  to  acidify  and  filter  the  bath,  add-  acid  (at  any  rate  between  5  cc.  and  25  cc.  of  twentieth- 

ing  also  a  clarifying  agent.      Purified  kaolin  or  kiesel-  normal  solution  in  an  original  volume  of  30  cc);  (2) 

guhr    are    only    moderately    beneficial,    but    in    blood-  arsenic  acid  is  likewise  slightly  adsorbed,  and  likewise 

charcoal    was   found    an    agent    which,    used    in    small  quantitatively  returned  to  thorough  washing, 

amount    and    with    brief    digestion,    produced    water-  As  to  the  practical  application  of  the  above  observa- 

white  filtrates  wherein  the  end  points  with  iodine  came  tions,  it  is  believed  that  they  may  be  of  considerable 

out  sharply  and  permanently.     Before  the  substance  assistance    in    the    estimation    of    both    arsenious    and 

could  be  employed  in  routine  analytical  work,    it    was  arsenic   acids  in   a   variety   of   substances.     As   a  test 

necessary    to    ascertain    if    its    well-known    adsorptive  of  the  decolorizing  power  of  the  charcoal,  two  grams  of 

and    oxidative     powers'^    would     affect     the     arsenic  a  sample'  of  London  purple  were  digested  with  100  cc. 

present.  dilute  hydrochloric  acid   according  to  the   method   of 

The  simple  plan  of  investigation  involved  treatment  the  A.  0.  A.  C,"  and  were  then  treated  for  five  minutes 
of  measured  portions  of  a  standard  arsenious  acid  in  at  60  to  70°  C.  with  2  g.  blood-charcoal,  being  stirred 
parallel,  with  and  without  charcoal,  followed  by  titra-  most  of  the  time.  To  obtain  the  most  trying  condi- 
tion with  standard  iodine.  Approximately  twentieth-  tions,  the  solution  was  then  at  once  filtered  with  suc- 
normal  solutions  were  employed  and  to  each  25  cc.  tion,  washing  continued  to  a  total  volume  of  250  cc, 
of  arsenious  acid  solution  was  added  5  cc.  of  10  per  cent  and  the  filtrate  finally  made  to  300  cc.  A  50  cc. 
(by  weight)  sulfuric  acid,  and  0.25  g.  blood-charcoal  aliquot,  which  is  the  quantity  officially  prescribed  for 
(if  any  used),  previous  experiments  having  shown  this  each  estimation — corresponding  to  0.333  g-  charcoal — 
quantity  to  be  ample  for  the  purification  of  25  cc.  of  developed  no  trace  of  purple  color  when  treated 
very  filthy  dipping  baths.  All  filtrations  followed  by  with  excess  of  either  sodium  carbonate  or  bicar- 
washing   were   carried   to   a   total    volume   of    125    cc.  bonate. 

Arsenious  oxide  was  titrated  in  presence  of  sodium  bi-  If  actual  arsenious  oxide  is  to  be  determined    it  is 

carbonate.     For  total   arsenic  the    125   cc.   of  filtrate  of  course  necessary  to  obtain  a  "correction  for  oxida- 

and  washings  were  boiled  down  to  50  cc.  after  addition  tion"  on  the  sample  of  charcoal  to  be  employed,  under 

of  3.5  cc.  concentrated  sulfuric  acid  and  2  g.  potassium  the  precise  set  of  conditions  which  will  prevail  in  the 

iodide.     From  the  cooled  solution,  diluted  to  250  cc,  analysis. 

excess   iodine    was   cautiously   removed  in  presence   of  The  writer  has  previously  recommended'  the  use  of 

starch  by  a  dilute  solution  of  sodium  sulfite  (0.5  per  blood-charcoal  in  the  assay  of  arsenical  dips,  noting  the 

cent  of  anhydrous  salt),  then  acid  was  neutralized  with  necessity  for  a  correction,  but  at  that  time  had  reason 

sodium  carbonate  and  bicarbonate,  and  after  further  to    believe — and   so   implied — that   it   was   chiefly    at- 

dilution  the  titration  was  completed  in  the  usual  way.  tributable   to    adsorption.     The   precise    cause    of    the 

Cc.    N/20  I  per  25  cc.  .4siOj  sol.  .\pparent 

. • ,  loss:  cc. 

No.  Procedure  Without  charcoal  With  charcoal  .Y   20  I 

1  Direct  titration  for  actual  As203 • 25  .  14 

2  50  cc.  AsiOj.  10  cc.  HiS04,  0.50  g.  charcoal;  made  to   100  cc.  in  stoppered  flask  mixed,  and  filtered 

after  40  minutes,  discarding  first  runnings.     Titrated  50  cc.  for  actual  AsiOa 24.47  0.67 

3  In  a  100  cc.  beaker,  low  form,  25  cc.  AssOj,  5  cc.  HiSOi,  0.25  g.  charcoal;  stirred  cold  5  minutes, 

filtercd(o),  washed,  and  titrated  for  actual  AsiOj 24.97  0.17 

4  Similar  to  No.  .1  except  heated  5  min.  on  steam  bath.      Titrated  for  actual  AsjOs 24.91  0.23 

5  Similar  to  No.  4  except  heated  for  40  minutes  with  occasional  stirring.     Titrated  for  actual  AsiOj .  .      25.15  24.74  0.40 

6  Similar  to  No.  5  except  titrated  for  total  arsenic 25.14  25.13  Nil 

(a)  The  tests  without  charcoal  were  not  filtered  but  were  made  directly  to  the  desired  volume. 

In  the  above  table  each   figure  for   an  iodine  titration  phenomenon  was  not  of  prime  importance  in  a  purely 

represents  the  average  result  from  at  least  two  closely  technical   paper,  but  in  the  interests  of  scientific  ac- 

agreeing  and  wholly  independent  tests.  curacy    the    matter    has    since    received    this   special 

From  the  results  it  is  evident  that  blood-charcoal,  study. 

though    slightly    adsorbing    arsenious    oxide    from    acid  Biochemic  Division,  bureau  op  Animai.  Industry 

solution,  quantitatively  returns  it  to  thorough  washing,  u.  s.  department  op  agriculture^  Washington 

not,   however,  in  its  original   state,   but   more   or  less 

oxidized     to     arsenic     acid.       The     charcoal     used,     pur-  ■  Obtained  through  the  courtesy  of  C.  C.  McDonneU.  of  the  Bureau  of 

Chemistry  and  stated  to  contain  approximately  25  per  cent  of  dyestufT. 
■  Compare  U.  S.  Dept.  Agric.  Bull.  76.  ■  Bureau  of  Chemistry.  Bull.  107,  Revised. 

»  Compare  Rosenthaler  &  Tiirk,  Archil:  der  Pharmacie.  244  (1906),  517.  =  U.  S.  Dept    Agric.  Bull.  76. 
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THE  STRENGTH  OF  NITRIC  ACID,  PERIOD  OF  EXTRAC- 
TION, AND  IGNITION  AS  AFFECTING  THE  GRAVI- 
METRIC DETERMINATION  OF  PHOS- 
PHORIC ACID  IN  SOILS 

By  O.  L.   Bkaueh 
Received  September   1,  1914 

The  question  of  a  good  measure  of  the  available 
phosphorus  in  soils  has  long  confronted  chemists. 
The  earlier  investigators  thought  that  by  taking  a  solu- 
tion of  approximately  the  same  strength  as  the  plant 
acids  they  ought  to  get  a  correct  estimate  of  the  avail- 
able phosphoric  acid.  In  Europe,  Dyer's'  method  of 
I  per  cent  citric  acid  was  extensively  used,  while  the 
American  chemists  used  N / 200  HCl.  Veitch^  extracted 
soil  first  with  water  and  then  with  citric  acid.  Max- 
well' used  I  per  cent  aspartic  acid.  As  was  pointed  out 
by  Hall''  other  factors  entered  into  the  determination, 
giving  discordant  results.  Dargast'  had  already  shown 
that  the  amount  of  phosphoric  acid  varied  very  much 
with  the  solvent.  For  a  given  soil  he  got  the  following 
results,  in  percentages:  Aqua  regia,  0.108;  ammonium 
oxalate,  0.056;  ammonium  citrate,  0.042;  acetic  acid, 
0.018;  saturated  CO2,  0.015;  and  distilled  water,  0.012. 
Moreover,  it  was  shown  that  a  given  method  might 
show  low  P2O5  in  a  soil  which  would  still  show  a  good 
crop  yield.  This  led  to  the  conclusion  that  a  weak 
acid  does  not  get  all  of  the  soluble  phosphates.  Wood^ 
showed  that  strong  HNO3  removed  much  more  P2O5 
than  the  weaker  acids;  for  example,  strong  HNO3  ex- 
tracted from  the  soil  0.23  per  cent;  i  per  cent  citric, 
0.08  per  cent;  i  per  cent  citric  in  excess  of  enough  to 
neutralize  the  lime,  0.085  per  cent  P2O5.  Other  things 
being  equal,  the  crop  yield  showed  general  agreement 
with  the  amount  of  P2O5  determined  by  analysis,  when 
the  strong  acids  were  used. 

Still  there  is  considerable  diversity  in  the  strengths 
of  acids  used  for  extraction.  Passernini'  used  concen- 
trated HNO3,  Williams'  used  HCl  (sp.  gr.  1.115),  and 
Ffaps'  used  N/s  HCL  In  1880  Professor  Karl 
Schmidt  showed  that  the  amount  of  P2O5  extracted 
varied  with  the  strength  of  HCl  employed.  With  10 
per  cent  hot  HCl  he  got  0.562;  with  5  per  cent  cold  HCl 
0.09;  with  I  per  cent  cold  HCl  0.084,  in  a  soil  containing 
1.97  per  cent  total  PjOs.  The  first  part  of  the  present 
investigation  is  to  determine  the  strength  of  HNO3 
necessary  to  obtain  all  the  soluble  phosphoric  acid,  or 
that  included  by  Hilgard  under  the  term  "reserve" 
material. 

Not  only  in  the  case  of  strength  of  acid  used  in  the 
extraction  is  there  great  diversity  of  practice  among 
chemists,  but  also  in  the  length  of  time  used  in  extrac- 
tion. Williams'"  used  concentrated  HCl  at  the  tem- 
perature of  boiling  water  for  ten  hours.  Sigmon" 
rotated  for  one-half  hour  and  allowed  to  stand  for  16 
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hours,  then  rotated  one  half  hour  again.  Pagnoul' 
digested  for  two  hours.  The  official  method  of  the  U. 
S.  Dept.  of  Agriculture^  is  to  add  the  HNO3  and  evap- 
orate to  dryness.  Passernini'  boiled  on  the  sand  bath 
for  I  hour. 

The  second  part  of  this  investigation  is  to  determine 
the  minimum  time  for  the  extraction  of  the  soluble 
phosphates.  Fraps^  found  that  ignition  increased  the 
phosphate  soluble  in  A'^/5  HCl  in  both  soils  and  phos- 
phate materials.  Lipman,*  however,  found  that  ig- 
nition decreased  the  phosphoric  acid  in  soils  which  are 
soluble  in  nitric  acid. 

The  third  part  of  this  investigation  includes  a  study 
of  the  effect  of  ignition  on  the  amount  of  P2O5  set  free 
by  extraction  with  HXOa. 

SOILS  USED — The  soil  was  powdered  up  and  passed 
through  a  0.5  mm.  sieve,  and  thoroughly  mixed. 
Three  soils  of  quite  different  P2O6  content  were  selected. 

1 — A  very  rich,  black,  fine,  silty  loam,  rich  in  phos- 
phoric acid  and  humus  from  Arroyo  Grande,  San  Luis 
Obispo  County,  California. 

2 — A  light,  sandy  loam,  of  fairly  good  humus  and 
PjOs  content,  from  Anaheim,  Orange  County,  Cali- 
fornia. 

3 — Heavy  black  adobe  soil,  low  in  humus  and  phos- 
phoric acid,  from  Porterville,  California. 

METHOD — Weigh  out  3  g.  of  air-dry  soil  and  extract 
with  HNO3  on  the  steam  bath.  Filter  and  wash  until 
washings  give  no  acid  reaction.  Evaporate  to  dryness 
and  heat  residue  at  130°  C.  for  2  hours.  Extract  with 
20  cc.  HNO3  (sp.  gr.  1.2).  Filter  and  wash  with  warm 
water  until  the  washings  give  no  test  for  Ca3(PO<)2. 
Add  NH4OH  until  a  precipitate  remains  and  dissolve 
in  a  couple  of  drops  of  HNO3.  Warm  and  add  am- 
monium molybdate  and  stand  at  50-60°  for  12  hours. 
Filter  and  wash  with  solution  of  NH4NO3  in  HNO3. 
Dissolve  in  NH4OH  and  slowly  add  magnesia  mixture 
to  slight  excess  and  stand  over  night.  Filter  and  wash 
free  from  chlorides  with  a  solution  of  i  vol.  NHjOH, 
I  vol.  alcohol  and  3  vol.  H2O.  Dry  in  air  bath  and  care- 
fully ignite  to  constant  weight. 

STRENGTH  OF  NITRIC  ACID — Samples  of  No.  I  were 
extracted  with  50  cc.   HNO3  and  the  rest  with  20  cc. 

Table  I — Strengths  of  Acid  Varied 

Per  cent  P-Os  found  in  soil 

Strength  of  acid  No.  1  No.  2  No.  3 

15  iV 0.517                   0.067 

SN 0.518  

4  iV ■ 0.501  0.177  0.065 

2N 0.517  0.187  0.074 

N 0.516  0.154  0.059 

— 0.488  0.155  None 

HNO3.  They  were  all  heated  for  two  days  on  the 
steam  bath,  with  a  watch  glass  over  .the  soil  cup  to 
prevent  evaporation  of  the  liquid.  The  percentages 
given  are  computed  to  the  air-dry  basis  and  are  aver- 
ages of  three  checks  on  sample  No.  i,  and  two  in  the 
other  cases,  which,  with  the  exception  of  three  instances, 
did  not  differ  by  more  than  o.oi  per  cent. 

From   Table  I  it  appears  that   2.V   HNO3  will   give 

1  Ann.  Agron.,S6,  554. 
»  Div.  of  Chem.,  Bull.  43,  387. 
'  Chem.  Abs.  [2],  1911,  p.  535. 
'  Fraps.  This  Journal.  6,  416. 
>  C.  B.  Lipman,  Ibid..  4,  663. 
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as  much  soluble  phosphoric  acid  as  any  stronger  solu- 
tion. The  normal  acid  shows  a  slight  decrease  in  yield 
in  the  second  and  third  soils,  and  the  N/$  acid  shows 
a  decrease  in  every  case.  This  agrees  with  the  experi- 
ence of  Wood  in  that  a  certain  strength  of  acid  is  neces- 
sary to  get  all  the  P2O5.  However,  it  is  not  necessary 
to  use  the  concentrated  acid  as  did  Passernini.  The 
stronger  nitric  acids  indeed  are  objectionable  because 
they  introduce  certain  difficulties  by  bringing  down 
larger  quantities  of  iron  and  aluminum. 

PERIOD  OF  EXTRACTION — In  each  case  20  cc.  of  nor- 
mal acid  were  used,  and  the  per  cent  of  PzOs  given  is 
an  average  of  two  closely  agreeing  checks. 

Table  II — Period  of  Extraction  Varied 

Per  cent  P2O5  found  in  soil 

Period  of  extraction  No.  I  No.  2  No.  3 

1  hr 0.499  0.166  0.053 

2  hr 0.513  0.173  0.054 

4  hr 0.501  0.166  0.068 

8  hr 0.517  0.154  0.059 

In  one  hour  practically  all  the  soluble  P2O5  is  ob- 
tained. Two  hours  would  be  a  liberal  allowance  and 
sufficient  for  all  cases.  Passernini  boiled  for  1  hour, 
which  is  about  enough,  but  Williams  boiled  on  the 
water  bath  for  10  hours,  which  was  much  longer  than 
necessary.  Pagnoul  digested  for  two  hours,  which  was 
about  the  right  length  of  time.  Hilgard  employed  the 
two-day  period  for  digestion  with  concentrated  HNO3. 

IGNITION — Each  sample  was  extracted  for  2  hrs.  with 
20  cc.   N  HNO3. 

Table  III — Time  of  Ignition  Varied 

Per  cent  PsOs  found  in  soil 

Ignition  at  red  heat  No.  1  No.  2  No.  3 

0        0.513  0.18  0.054 

■/a  hr 0.499  0.199  0.046 

1  hr 0.487  0.195  0.041 

In  these  cases  the  effect  of  ignition  would  seem  to  be 
similar  to  that  obtained  by  Lipman,  i.  e.,  to  decrease 
the  amount  of  P2O5  soluble  in  HNO3.  Sample  No.  2 
shows  practically  no  change,  but  the  other  two  show 
appreciable  decreases  in  the  amounts  of  PjOs  extracted, 
as  the  period  of  ignition  lengthens  and  as  between 
ignition  and  no  ignition. 

SUMMARY 

I — Acid  weaker  than  iN  to  2N  HNO3  will  not  ex- 
tract all  the  soluble  phosphoric  acid  from  a  soil. 

II — It  is  needless  to  extract  with  the  acid  for  a  longer 
period  than  2  hours  on  the  steam  bath. 

Ill — Ignition  decreases  the  HNO3  soluble  phosphoric 
acid  in  the  soils. 

University  of  California 
Berkeley 


COMPARISON  OF  SILICATES  AND  CARBONATES  AS 

SOURCES  OF  LIME  AND  MAGNESIA 

FOR  PLANTS 

By  W.  H.  MacIntire  and  L.  G.  Willis 
Received  September  21,  1914 

The  amount  of  calcium  carbonate  in  soils  has  long 
been  considered  a  very  important  consideration  in 
their  chemical  examination;  but  calcium  silicate  has 
not  been  accorded  universal  recognition  as  an  im- 
portant source  of  lime  for  growing  plants.  The  same 
may  be  said  of  the  corresponding  forms  of  magnesia. 

In  determining  soil  carbonates  by  the  present 
official  method  of  the  Association  of  Official  Agricul- 


tural Chemists,  we  find  that  practically  every  soil 
has  an  apparent  occurrence  of  carbonates,  but  at  the 
same  time  possessing,  in  most  cases  of  humid  soils, 
a  lime  requirement  by  the  Veitch  method.'  These  two 
conditions — presence  of  appreciable  amounts  of  car- 
bonates and  lime  requirements,  which  indicate  need 
of  carbonates — are  diametrically  opposite,  and  were 
a  soil  to  contain  carbonates  under  laboratory  con- 
ditions it  would  have  no  lime  requirement.  It  is 
hard  to  conceive  of  a  soil  having  0.27  per  cent  calcium 
carbonate  and  yet  having  a  lime  requirement  of  3812 
lbs.  of  CaCOs  per  acre  (3,500,000  lbs.  of  soil);  how- 
ever, such  results  were  obtained  by  the  A.  O.  A.  C. 
method  for  CO2  and  the  Veitch  lime  requirement 
method,  respectively,  upon  the  loam  soil  of  the  farm 
at  this  Station.  This  is  strongly  indicative  of  er- 
roneous results  from  either  one  or  possibly  both  of 
the  methods  cited. 

The  work  of  Marr-  and  the  results  reported  by  the 
writers'  have  shown  that  some  soils  absolutely  free 
of  carbonates,  through  elimination  by  dilute  acid 
digestion,  will  produce  heavy  evolution  of  CO2  from 
the  action  of  boiling  acid  upon  carbonaceous  matter. 
Marr  concluded  from  his  work  that  the  use  of  1:50 
HCl,  and  boiling  with  greatly  reduce?d  pressure,  gave 
correct  results.  Until  recently,  practically  all  of  the 
methods  advanced  for  the  determination  of  soil  car- 
bonates were  based  upon  the  supposed  necessity  of 
boiling  the  soil  with  acid  to  completely  decompose 
carbonates  and  to  expel  from  solution  the  liberated 
CO2.  The  more  recent  work  of  the  writers^  has  dem- 
onstrated that  phosphoric  acid  is  less  active  than 
hydrochloric  acid  upon  soil  organic  matter  and  that 
1:15  H3PO4  will  liberate  and  expel  from  solution  all 
carbonate  CO2  at  room  temperature  with  about  a 
4-inch  vacuum.  In  recent  unpublished  work  the 
writers  are  making  determinations  upon  treatments 
of  about  400,000  pounds  of  limestone  per  2,000,000 
lbs.  of  soil  and  the  carbonates  from  this  treatment 
are  entirely  liberated  by  1:15  H3PO4  with  suction  and 
without  heat. 

The  Association  of  Official  Agricultural  Chemists 
has  recognized  the  incorrectness  of  its  method  and  is 
now  studying  the  two  methods  above  cited. 

It  will  thus  be  seen  that  in  many  cases  all  of  the 
CO2  found  by  analyses  of  soils  when  boiling  with  acid 
has  been  erroneously  considered  as  in  combination 
with  lime,  while  the  lime  has  occurred  largely  in  the 
form  of  silicates  and  not  as  carbonates. 

CORRELATION      BETWEEN      ACIDITY      AND      ABSENCE      OF 
CARBONATES 

Gaither,''  in  a  comprehensive  study  of  a  large  num- 
ber of  Ohio  soils,  found  that  almost  invariably  there 
was  a  close  correlation  between  acidity,  as  indicated 
by  the  litmus-paper  test,  and  absence  of  carbonates 
by  his  modification  of  the  Marr  method.  We  should 
probably  note,  however,  that  the  authors  have  found 
that  soils  rich  in  silicates  of  calcium  and  magnesium, 

'  Jour.  Am.  Chem.  Soc.  24  (1902),  1120. 
'  Jour.  Agr.  Set.,  Vol.  III.  Part  2.  155-160. 
>  Tfun.  Sta.  Bull..  100. 
•  This  Journal.  B  (1913),  138. 
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but  devoid  of  carbonates,  will  react  alkaline  toward 
litmus  paper.  The  litmus-paper  test,  then,  will  show 
acidity  in  the  absence  of  carbonates,  except  when  there 
is  a  considerable  amount  of  the  alkali-earth  silicates. 

NATIVE   OCCURRENCE    OF    SILICATES    AND    THEIR  FORMA- 
TION   IN    SOILS 

It  has  been  the  observation  of  the  senior  author 
that  it  is  a  rare  exception  to  find  in  the  Eastern  States 
a  cultivated  soil  which  will  react  alkaline  to  litmus, 
unless  it  has  been  limed.  It  would  seem,  then,  that 
the  crops  of  many  of  our  soils  are  compelled  to  secure 
much  of  their  lime  from  the  carbonate  of  lime  formed 
by  the  hydrolysis  of  calcium  silicate  in  carbonated 
water. 

While  the  occurrence  of  native  lime  silicates  has 
received  but  scant  consideration,  there  has  been  even 
less  attention  paid  to  the  formation  of  silicates  from 
lime  treatments.  Total  lime,  determinations  by  one 
of  the  writers,^  upon  the  lime-treated  plots  of  the 
Pennsylvania  Station  has  shown  that  the  reaction 
between  lime  and  silicates  continues  long  after  at- 
taining alkaline  conditions  by  the  satisfying  of  the 
immediate  lime  requirement.  It  was  shown  that  of 
the  total  increase  of  lime  over  the  check  plots  as  a 
result  of  the  lime  treatments,  nearly  35  per  cent  was 
accumulated  as  silicates.  Investigations  recently  re- 
ported from  the  Tennessee  Station'  have  shown  that 
amounts  of  CaO,  Ca(0H)2  and  precipitated  CaCOs, 
in  excess  of  requirements  of  acidity,  have  very  quickly 
united  with  soil  silicates.  It  was  found  that  the 
burnt  and  hydrated  forms,  in  amounts  equivalent 
to  lime  requirements,  acted  directly  with  silicates  and 
without  carbonation,  as  in  the  Veitch  procedure, 
when  the  treatments  were  mixed  throughout  the  soil. 
The  precipitated  carbonate  seemed  to  combine  with 
siliceous  materials  as  quickly  as  the  oxide  and  hydrate. 
The  same  experiments  have  shown  decidedly  quicker 
reaction  between  siliceous  soil  compounds  and  the 
oxide,  hydrate  and  precipitated  carbonate  than 
between  silicates  and  ground  limestone,  in  excessive 
amounts  of  equal  basicity.  It  was  also  shown  that 
though  lime  reacts  extensively  with  siliceous  materials 
the  silicates  formed  function  in  the  same  manner  as 
does  the  carbonate  but  to  a  lesser  degree,  which  means 
that  there  is  conservation  of  lime  in  soils  when  it  is 
present  as  silicate. 

BENEFICIAL    EFFECTS    OF    CALCIUM    SILICATE 

In  extensive  plot  work  at  the  Tennessee  Station 
marked  eflects  are  noticeable  from  liming  over  a 
nine-year  period,  during  which  nine  crops  of  cow- 
peas  and  nine  of  wheat  have  been  grown,  though  only 
1800  lbs.  per  acre  of  lime  were  applied — an  amount 
just  sufficient  to  neutralize  the  acidity  requirements 
indicated  by  the  Veitch  method.  It  is  very  probable 
that  the  present  favorable  results  from  liming  nine 
years  ago  are  due  to  residues  of  lime  in  the  form  of 
calcium  silicate  and  not  to  calcium  carbonate. 

It  has  probably  not  been  sufficiently  emphasized, 
if  emphasized  at  all,  that  the  average  amounts  of  lime 
applied    are    required    to    neutralize    "acidity"    or    to 

'  Tfnn.  Bull..  107. 


satisfy  lime  requirement;  and  that  the  lime  of  caustic 
or  carbonate  formed  shortly  combines  with  acid  silicates, 
preventing  any  accumulation  of  carbonates  as  the  result 
of  treatments.  Gardner  and  Brown'  found  that 
applications  of  burnt  lime  and  ground  limestone,  in 
amounts  indicated  by  the  Veitch  method,  reduced  the 
average  requirements  of  a  large  number  of  plots  by 
71  and  72  per  cent,  respectively.  The  analyses  for 
residual  lime  requirements  were  made  about  eight 
months  after  treatments.  This  strongly  indicates 
that  the  continued  beneficial  effects  of  moderate 
liming  must  necessarily  have  come  from  the  carbonate 
of  lime,  which  is  derived  from  the  silicates  by  action 
of  carbonated  water. 

LITERATURE 

Although  the  literature  upon  the  beneficial  eflfects 
of  CaSiOs,  under  such  designation,  is  exceedingly  scant, 
a  great  many  data,  offered  as  showing  the  continued 
good  effects  from  field  treatments  of  moderate  amounts 
of  burnt  or  carbonated  lime,  have  been  attributed 
directly  to  the  original  oxide  or  carbonate,  whereas  the 
beneficial  results  have  been  due  indirectly  to  the 
original  treatment,  and  directly  to  the  continuation  of 
the  lime  as  silicate  in  the  soil.  Mieth^  advanced  the 
query,  "Can  the  lime  of  calcium  silicate  serve  as  plant 
food?"  and  he  studied  the  question  by  water-culture 
experiments  with  oats.  He  concluded  that  the  CO2 
exuded  by  root  activities  served  to  produce  carbonated 
water,  which  decomposed  the  calcium  silicate  and  formed 
free  silicic  acid  and  calcium  bicarbonate.  He  further 
concluded  that  the  easily  decomposable  calcium 
silicate  should  receive  consideration  as  a  source  of 
lime  for  growing  plants.  Gregorie'  found,  in  water 
cultures  of  rye,  that  calcium  zeolite  "stimulated  both 
root  and  aerial  development,"  both  of  which  were 
retarded  by  an  excess  of  CaCOj.  Immendorf*  regarded 
liming  with  lime  containing  soluble  silica  as  beneficial 
in  connection  with  the  forination  of  zeolites.  Pfeiffer,' 
in  reviewing  literature  and  discussing  the  work  of 
Immendorf,  concluded  that  the  preponderance  of 
evidence  indicated  beneficial  effects  from  the  use  of 
siliceous  lime.  Von  Feilitzen'  secured  better  results 
with  the  finest  lime,  which  reacts  most  extensively 
with  silicates  as  shown  by  results  published  by  this 
Station.' 

SILICATES    AS    SOURCES    OF    CARBONATES    IN    SOIL 
SOLUTIONS 

The  data  presented  in  Table  I  show  the  comparative 
amounts  of  lime  and  magnesia  conveyable  in  solution 
as  bicarbonates  to  plants,  from  carbonates  and  silicates 
as  the  sources  of  the  bases. 

These  results  were  secured  by  placing  each  charge, 
in  the  amounts  designated,  in  500  cc.  of  distilled  w-ater 
in  glass  cylinders  and  passing  a  current  of  CO2  through 
the  water  for  4  hours  continuously.  The  COj  entered 
at  the  bottom  of  the  cylinders  and  at  such  a  rate  as  to 

'  Pa.  Sla.  .Annual  Report.  1910-11,  76. 

'■  Landw.  Vers.  .Sla..  74  (1910).  No.  1.  81;  No.  2.  120. 

'  Exp.  Sla.  Rec.  23,  527. 

'  Ibid..  26,  34. 

'  Ihid..  29,  520.  and  30,  127. 

«  Ibid..  23,  426. 

'  Loc-  cii. 
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keep  the  substances  in  suspension.  At  the  end  of  the 
4-hour  period,  the  suspended  matter  was  quickly  re- 
moved by  filtration  through  Buchner  filters  with  suc- 
tion and  the  solutions  titrated  with  N/20  acid,  methyl 
orange  being  used  as  an  indicator.     It  will  be  noted  that 

Table   I — Comparisons  op  Solubilities  of  Finely  Ground  Mineral 
Carbonates  and  Silicates  op  Calcium  and  Magnesium  in  Car- 
bonated Water — Period  of  Contact,  4  Hours 

Alka-   G.  SiOiperl. 
Cc.  iV/10        linity      in  filtrate  of 
acid  to      g.  CaC03   carbonated 
Substance  neutralize     per  titer  H2O 

Wollastonite  (CaSiOs)— 10  g 54.2  0.542  0.0565 

Limestone  (CaCOs) — 10  g 90.0  0.900 

Serpentine  (MgSiOa) — 10  g 21.6  0   216  0.0162 

Magnesite  (MgCOs)— 10  g 28.0  0.280 

Wollastonite  and  serpentine — 10  g.  each.        69.35  0.6935  0.0840 

Precipitated  chalk  (CaCOs) — 10  g 117.3  1.173  0.0020 

Pptd.  chalk  and  serpentine — 10  g.  each..      121.2  1.212  0.0254 

Wollastonite — 20  g 92.2  0.922 

the  silica  found  in  solution  would  account  for  but  a 
small  part  of  the  CaO  and  the  MgO  as  dissolved 
silicates,  even  assuming  that  the  bases  were  combined 
as  silicates  with  the  SiOo  found,  instead  of  its  occurring 
as  hydrate  SiOj.  The  same  has  been  found  to  be  true 
of  the  drainage  waters  from  soils  devoid  of  carbonates. 

PLAN   OF   EXPERIMENTS    WITH  CALCIUM   AND    MAGNESIUM 
SILICATES 

These  observations,  together  with  the  fact  that  not 
only  silicates  but  pure  Si02  will  decompose  calcium 
and  magnesium  carbonates  and  that  the  affinity  of 
MgO  for  SiOo  and  TiOj  is  so  great  as  to  prevent  the 
occurrence  of  magnesium  carbonate  as  a  solid  in  soils,' 
suggested  a  comparison  between  the  silicates  of 
calcium  and  magnesium,  and  the  carbonates  of  the 
two  elements.  The  two  soils  used  in  the  work  were 
a  silty  loam  of  "rotten"  limestone  origin  and  a 
sandy  clay  loam.  Both  soils  were  low  in  total 
lime  and  devoid  of  carbonates;  and  each  had  a  lime 
requirement  of  about  i  ton  of  calcium  carbonate 
per  3,500,000  lbs.  of  soil.  The  sandy  loam  contains  a 
considerable  quantity  of  red  clay  and  was  apparently 
benefited  physically  to  a  much  greater  extent  than  the 
silty  soil,  which  had  a  decided  tendency  to  bake.  In 
other  basket  work  upon  the  same  soils  the  Veitch 
method  had  been  used  as  a  basis  of  CaO  and  MgO 
treatments  without  cropping.  In  one  set  of  treatments 
in  this  previous  work,  CaO  and  MgO  were  applied 
separately,  in  amounts  chemically  equivalent  to 
16070  lbs.  of  CaCOs  per  3,500,000  lbs.  of  soil  in  excess 
of  the  indication  of  the  Veitch  method,  both  CaO 
and  MgO  being  supplied  as  c.  p.  precipitated  car- 
bonates. It  was  found,  however,  that  prior  to  the 
seeding  of  clover,  the  MgCOa  had  been  entirely  de- 
composed with  dissipation-  of  the  CO2,  hence  the 
treatments  in  the  magnesium  carbonate  pots  were 
equivalent  to  finely  divided  magnesium  silicate.  In 
the  silicate  treatments  the  CaO  and  MgO  treatments 
were  duplicated  as  to  amounts  of  CaO  and  MgO, 
but  analyzed  100  mesh  native  mineral  silicates,  wol- 
lastonite and  serpentine,  were  used  as  sources  of  cal- 
cium and  magnesium.  The  treatments  were  thor- 
oughly mixed  throughout  the  entire  soil  mass.  Eight- 
inch  clay  pots,  painted  inside  and  out  with  black 
asphaltum  paint,  were  used  as  containers,  two  pots 
being  used  for  each  treatment  and  as  a  check  on  each 

'  Loc.  cil. 


soil.  No  treatments  other  than  lime  and  magnesia 
were  given.  Red  clover  was  used  as  a  measure  of 
plant  growth.  The  seeding  was  made  in  the  middle 
of  April  and  the  pots  were  exposed,  but  protected  from 
unfavorable  weather.  Distilled  water  was  supplied 
almost  daily. 

GROWTH   OF   CLOVER   RESULTING   FROM   TREATMENTS 

From  repeated  seedings  upon  the  two  soils,  we  were 
unable  to  obtain  any  growth  in  the  check  pots. 

The  comparison  between  the  crops  of  treatments  A, 
Table  II,  and  those  of  F  is  very  striking  for  both  soils. 
It  should  be  emphasized  that  the  amount  of  MgO  applied 

Table  II — Treatments 
Each    substance  (or  mixture)  listed    below  was  added  in  the  amount 
equivalent  to  16070  lbs.  per  acre  in  excess  of  the  Veitch  method  indication. 
A— MgSiOj  D— CaSiO] 

B— MgSiOi  and  CaSiOi  E— CaCOj 

C— MgSiOa  and  CaCOj  F— MgCOj 

Checks  received  no  treatment. 

was  the  same  in  each  case,  and  as  before  stated  the 
magnesium  carbonate  had  been  entirely  converted  to 
silicates  prior  to  seeding.  Hence  the  treatments  of 
A  and  F  were  identical  in  the  amounts  of  MgO,  but 
the  magnesia  was  in  one  case  (A)  derived  from  loo- 
mesh  serpentine,  and  in  the  other  case  (F)  from  silicates 
formed  from  precipitated  magnesium  carbonate. 

In  both  soils  the  addition  of  each  silicate  alone  gave 
decidedly  increased  yields.  In  one  soil,  the  mixture 
of  the  two  silicates  increased  the  growth  above   that 


W^^ 

I^I^H 

B 

K^3 

IB 

obtained  from  either  silicate  alone,  while  in  the  other 
soil  the  two-silicate  treatments  combined  gave  about 
the  average  of  the  growth  secured  from  the  two  single 
silicate  treatments. 

In  both  soils  the  yields  obtained  from  the  silicates 
alone  were  decidedly  better  than  the  results  secured 
from  corresponding  carbonates  applied  singly.  The 
applications  of  the  two  silicates  together  were  decidedly 
favorable  in  both  soils,  but  the  substitution  of  CaCOa 
for  CaSiOs  as  supplementary  to  MgSiOa  proved  de- 
cidedly disadvantageous.  Experience  from  practice 
has,  in  a  number  of  instances,  shown  unfavorable 
results  from  excessive  liming,  notably  upon  the  heavily 
limed  plots  of  the  Pennsylvania  Station.'  Gardner 
and  Brown-  found,  from  pot  work  upon  the  above 
mentioned  limed  plots,  that  additional  liming  still 
further  reduced  the  yield  of  clover.  Densch,'  in 
noting  harmful  effects  of  excessive  liming,   attributes 

I  Pa.  Sla.  Bull.,  90. 

-  Loc.  cii. 

>  .-ibs.  Centbl.  Bakl.  2  .46.W..  39,  (1913),  No.  4,  159;  7,  160. 
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the  unfavorable  results  to  reduction  of  nitrates  to 
ammonia,  and  to  the  persistent  occurrence  of  nitrites 
as  well  as  to  formation  of  nitro  and  nitroso  compounds. 
Ritter'  attributes  injurious  results  of  excessive  liming 
on    peaty    soils    to    the    poisonous    oxidation    products 


The  data  indicate  that  CaSiOj  is  decidedly  superior 
to  CaCOa,  both  in  its  eflfect  upon  plant  growth  and 
as  a  form  tending  to  conserve  lime  in  soils. 


of  humus.  It  is  evident  from  the  results  shown  in 
Table  III  and  Fig.  i  that  while  harmful  results  may  be 
expected    from    excessive    amounts    of    CaO    as    finely 

Table  III — Growth  of  Red  Clover,  Grams  Air-Dry 
Total  of  2  Pots  for  Each  Treatment  of  Each  Soil 


B 


D 


MgCOj 

MgSi03    MgSiOj  MgSiOs    CaSiOs       CaCOj    (pre- 

(serpen-      and  and       (wollas-  (precipi-    cipi- 

Treatment     Check       tine)       CaSi03     CaCOs     tonite)       tated)     tated) 

On  Sandy  Clay  Loam 

No.  of  plants  0        27  47  26  20  21  1 

Wt.  of  plants         0        1 1  .48U    12. 2757      1.8889    13.8557      4.8917   0.0165 

On  Silty  Loam 
No.  of  plants  0        14  30  30  9  5  0 

Wt.  of  plants         0  1.3427      4.1743     0.1361      05892      0.0642  0.0000 

divided  carbonates,  the  same  may  not  be  said  of  CaO 
in  the  silicate  form. 

SUMMARY    AND    CONCLUSIONS 

Fallacious  methods  for  the  determination  of  car- 
bonates have  given  data  showing  occurrences  of  soil 
carbonates  in  many  cases  where  none  existed. 

The  long  continued  effects  of  liming  in  small  or 
moderate  amounts  is  to  be  attributed  not  to  a  con- 
tinuation of  carbonates  resulting  from  treatments, 
but  to  the  conservation  of  lime  as  silicates. 

Through  hydrolysis,  calcium  silicate  functions  in  the 
same  manner  as  calcium  carbonate,  furnishing  lime 
as  bicarbonate  to  the  soil  solution. 

Excepting  phosphates,  the  occurrence  of  calcium 
in  soils  is  very  often  almost  entirely  as  silicates,  while 
magnesia  seldom  exists  as  the  carbonate,  but  is  generally 
to  be  found  as  the  silicate. 

Magnesium  silicate  formed  by  MgCOa,  equivalent 
to  16070  lbs.  of  CaCOs,  per  3,500,000  lbs.  of  soil  in 
excess  of  the  Veitch  method,  was  decidedly  toxic, 
while  the  same  amount  of  MgO  applied  as  loo-mesh 
serpentine  was  very  beneficial. 

Calcium  and  magnesium  mineral  silicates,  wollastonite 
and  serpentine,  were  very  beneficial  when  applied 
either  singly  or  jointly. 

Calcium  silicate,  in  the  quantities  used,  was  de- 
cidedly superior  to  calcium  carbonate,  when  the 
amounts  of  CaO  were  identical. 

The  addition  of  CaCOj  alone  effected  some  increase, 
but  it  reduced  the  beneficial  effects  of  serpentine  when 
added  thereto. 

1  Jour.  Chcm.  Soc.  {London).  104  (1913),  No.  609,  I,  812. 
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SIGNIFICANCE  OF  THE  CRITICAL  MOISTURE  CONTENT 

The  critical  moisture  content  of  a  soil  has  been 
described  by  Cameron  and  Gallagher'  as  the  moisture 
content  at  which  the  physical  properties  of  the  soil 
attain  either  a  maximum  or  minimum  value.  This 
moisture  content  corresponds  to  that  physical  condition 
of  the  soil  when  it  is  most  suited  for  cultivation  and 
for  plant  growth.  This  condition  is  known  to  the 
practical  greenhouse  man  as  the  optimum  condition. 
It  depends  upon  the  moisture  content,  the  aeration, 
the  temperature,  mechanical  composition  and  struc- 
ture of  the  soil,  and  the  physical  condition.  The  phys- 
ical condition  is  the  summation  of  the  other  factors, 
and  since  it  is  dependent  on  physical  factors,  the 
measurement  of  the  factors  has  assisted  in  determin- 
ing the  best  physical  condition  as  the  optimum  con- 
dition for  plant  growth.  The  critical  moisture  content 
then  has  reference  to  the  condition  of  the  soil  in  re- 
gard to  its  physical  properties  and  at  the  same  time 
designates  that  condition  of  soil  moisture  suitable  for 
the  growth  of  plants.  This  means  that  the  critical 
moisture  content  is  the  most  important  point  to  de- 
termine in  the  study  of  the  physical  condition  of  the 
soil.  It  is  the  only  measurement  that  shows  a  definite 
correlation  between  the  physical  properties  and  the 
condition  for  the  plant  growth. 

The  importance  of  thp  critical  moisture  content 
has  been  pointed  out  by  Cameron  and  Gallagher* 
and  more  recently  by  Free.'  Free  says,  "  It  is  a  constant 
which  means  something.  It  may  be  determined  in 
a  dozen  different  ways  and  neither  the  condition  of  the 
determination,  the  history  of  the  sample,  nor  the  per- 
sonality of  the  experimenter  will  affect  its  value.  Un- 
fortunately, it  has  one  serious  disadvantage — its 
determination  is  exceedingly  tedious,  laborious  and 
costly." 

The  critical  moisture  content  is  the  content  at 
which  the  soil  can  be  put  in  the  best  condition  for 
plant  growth,  or  it  determines  the  best  time  for  tillage 
operations.  The  plant  can  then  best  obtain  the  neces- 
sary water  from  the  soil  because  all  the  other  factors 
encouraging  plant  growth  are  at  their  best. 

PREVIOUS    METHODS    OF    DETERMINATION 

The  methods  previously  employed  for  obtaining 
the  critical  values  of  the  soil  were  by  the  determina- 
tion of  the  volume-moisture  relation  or  the  penetra- 
tion-moisture relation.  The  penetration  values,  meas- 
ured by  the  weight  required  to  force  a  pointed  instru- 

1  Bull.  60  (1908),  Bureau  of  Soils.  U.  S.  Dept.  of  Agric. 

*  Loc.  cit. 

'  E.  E.  Free.  "Studies  in  Soil  Physics,"  Plant  World.  U  (1912),  36. 
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ment  a  given  distance  into  the  soil,  were  determined 
at  different  moisture  contents.  When  these  values 
were  plotted,  using  per  cent  of  moisture  and  penetra- 
tion as  the  coordinates,  the  resulting  curve  showed  the 
minimum  penetration  values  at  the  critical  moisture 
content.  In  a  similar  way  the  critical  moisture  con- 
tent may  be  determined  by  plotting  the  apparent  spe- 
cific gravity  or  the  apparent  specific  volume  at  different 
water  contents.  All  of  these  methods  are  exceedingly 
laborious  requiring  special  apparatus  and  consuming 
much  time.  In  addition,  the  penetration  method  is 
far  from  accurate,  and  the  other  methods  are  not  all 
that  could  be  desired  in  this  respect. 

A  still  further  difficulty  is  that  in  securing  uniform 
packing  of  the  soil  for  the  penetration  or  volume 
methods,  the  screening  becomes  increasingly  difficult 
with  increase  in  water  content.  With  sandy  soils 
this  is  not  serious,  but  on  soils  of  a  silty  or  clayey  char- 
acter it  may  be  very  serious;  in  many  cases  screening 
is  entirely  impracticable,  and  in  all  cases  it  is  ac- 
complished with  the  expenditure  of  much  patience  and 
labor.  The  soil  collects  in  little  balls  that  will  not  pass 
through  the  screen,  but  with  shaking  become  more 
compact  and  increase  in  size.  These  can  be  forced 
through  the   screen  only  by  rubbing   with  the   hand. 

THE    NEW    METHOD 

The  method  adopted  as  most  simple  after  many 
experiments  with  various  devices  was  that  of  following 
the  capillary  movement  of  water.  In  some  experi- 
ments on  capillary  movement  it  was  noted  that  after 
the  removal  of  the  soil  column  from  water  the  move-  " 
ment  of  water  took  place  for  a  time,  and  then  ceased. 
This  occurred  even  though  the  two  layers  of  soil  in 
contact  with  each  other  were  very  different  in  their 
water  content.  A  soil  comparatively  wet  would  re- 
main in  contact  with  a  soil  that  was  dry  for  days  with- 
out any  appreciable  change  in  the  moisture  relations. 
Experiments  were  carried  out  to  determine,  if  possible, 
the  relation  of  the  water  in  the  moist  layer  of  soil 
to  the  critical  moisture  content. 

Water,  as  it  advances  into  a  soil  by  capillary  action, 
moves  as  a  thin  sheet  covering  the  soil  grains  with  a 
thin  film  of  moisture.  The  thickness  of  this  con- 
tinuous film  of  water  increases  with  the  nearness  of 
approach  to  the  source  of  water  supply.  Between 
the  source  of  supply  and  the  advance  film  are  all  de- 
grees of  thickness  of  water  film,  from  the  condition 
in  which  the  interstitial  spaces  are  filled  with  free  water 
to  that  in  which  the  film  is  extremely  thin.  The 
critical  moisture  content  is  that  in  which  the  water  is 
all  in  the  form  of  films  on  the  soil  grains.  Thus, 
when  water  is  moving  through  a  soil  by  capillary  forces, 
the  water  content  of  the  soil  just  where  the  water  film 
has  advanced  farthest  is  the  critical  or  optimum  water 
content. 

In  practice  it  is  not  possible  to  measure  the  ex- 
act moisture  content  where  the  film  is  most  advanced, 
but  it  is  possible  to  break  the  capillary  connection  and 
allow  a  distribution  of  the  soil  moisture  until  the  water 
is  present  mostly  in  the  form  of  film  moisture.  The 
determination  of  the  moisture  in  the  first  inch  of  the 
moist   soil    column   has   given  values  corresponding   to 


the  critical  moisture  content  as  determined  in  the  or- 
dinary way. 

The  apparatus  used  was  a  tube  of  over  an  inch  in 
diameter.  Glass  tubes  were  tried,  but  the  most  satis- 
factory ones  were  made  of  brass.  Brass  tubing,  one 
and  a  half  inches  in  diameter,  was  cut  into  one-foot 
lengths.  The  pieces  were  split  lengthwise  and  in  one 
of  the  halves  was  cut  a  slit  half  an  inch  wide  extending 
to  within  one  inch  of  each  end.  The  slit  was  covered 
with  a  strip  of  celluloid  held  in  place  by  drops  of  solder 
stuck  to  the  inside  of  the  tube.  This  affords  a  window 
through  which  the  movement  of  water  may  be  observed. 
To  the  edges  of  one-half  of  the  brass  tube  at  each  end 
were  soldered  short  pieces  of  copper  wire.  When 
the  two  halves  of  the  tube  were  placed  together  the 
copper  wires  were  bent  over  and  held  them  together. 
By  wrapping  a  rubber  band  around  the  tube,  the 
halves  may  be  held  in  position  more  firmly.  The  end 
that  is  placed  in  the  water  is  closed  by  a  piece  of  cotton 
cloth  secured  by  a  rubber  band. 

The  advantages  of  this  type  of  tube  are  several. 
The  window  affords  a  means  of  watching  the  course 
of  the  water  as  it  advances  in  the  soil  column.  How- 
ever, the  most  important  advantage  is  that  the  tube 
may  be  opened  up  and  the  soil  column  removed  in  its 
entirety.  This  can  then  be  divided  up  and  the  mois- 
ture content  of  any  section  determined. 

In  making  the  determination  of  the  critical  moisture 
content  the  tube  is  filled  with  soil  and  one  end  placed 
in  water.  When  the  water  has  advanced  several  inches 
in  the  tube  it  is  removed  from  the  water  and  placed  in 
a  horizontal  position  until  capillary  movement  prac- 
tically stops.  The  tube  is  then  opened  and  a  moisture 
determination  made  of  the  moist  column  of  soil  in  the 
inch  at  the  extreme  end  to  which  the  water  has  ad- 
vanced. 

Experiments  to  determine  the  value  of  this  method 
for  determining  the  critical  moisture  content  of  soils 
were  made  on  seven  samples  of  soils  of  varying  char- 
acter. They  were:  Cecil  sandy  loam,  Volusia  silt 
loam,  Marshall  clay  loam,  Arlington  Farm  garden 
clay,  Colbert  silty  clay  loam,  Memphis  silt  loam  and 
Lexington  silt  loam.  The  first  four  were  used  to  ob- 
tain comparative  results  on  packing,  size  of  particle 
aggregates,  and  length  of  time  necessary  to  obtain 
equilibrium  in  the  soil  column. 

The  results  on  the  differences  in  packing  are  given 
in  Table  I. 

Table  I — Effect  of  Packing  on  Moisture  Content 
Per  Cent  Moisture  in  Soil 

Volusia  Garden  Cecil       Marshall 

Packing  of  Sou,         silt  loam  soil  saudy  loam  silt  loam 

Loose 15.9  16.0  8.0  15.2 

Moderate 16.2  16.5  S.5  16.1 

Tight  (air-free) 16.8  17.3  8.7  17.3 

This  shows  that  the  packing  does  exert  an  influence, 
but  not  so  great  as  was  at  first  expected.  When  more 
closely  packed,  the  moisture  content  is  somewhat 
higher  than  when  loosely  packed. 

Table  II  shows  the  results  of  different  size  soil 
aggregates.  The  movement  is  irregular  with  the  large 
aggregates  and  the  amount  of  moisture  is  slightly  less 
than  with  the  smaller  ones. 
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Table  III  demonstrates  the  influence  of  time  on 
the  moisture  content.  It  may  be  seen  that  after  re- 
moval from  the  water  the  tubes  should  be  left  for  about 
18  hours.  Any  movement  of  water  after  that  length 
of  time  is  very  slight;  in  fact,  is  almost  inappreciable. 
Leaving  the  tubes  for  a  much  longer  time  results  in 
the  loss  of  moisture  by  evaporation. 

As  a  result  of  these  experiments  the  method  adopted 
was  as  follows:  The  air-dried  soil  is  rubbed  in  a  porce- 
lain mortar  just  sufficiently  to  break  up  any  lumps 
of  soil.  The  soil  is  filled  into  the  brass  or  glass  tube 
closed  at  the  lower  end  by  cotton  cloth.     The  end  of 

Tabi,b  II — Effect  of  Size  of  Soil  Agcrbgates  on  Moisture  Content 
Per  Cent  Moisture  in  Soil 


Size  of  Soil 


Volusia 
sWi.  loam 

16.  1 

16.5 


soil 
1 ,5  .  ,1 


indy  loam 
6.5 
10.8 


the  tube  is  tapped  on  the  table  until  the  soil  column 
becomes  so  solid  that  the  top  does  not  break  when  the 
tube  is  placed  in  a  horizontal  position.  The  tube  is 
then  placed  in  water  until  the  soil  column  becomes  wet 
an  inch  or  more  above  the  water  level.  The  tube  is 
then  removed  from  the  water,  the  wet  end  covered  with 
a  piece  of  sheet  rubber  topreventevaporation, and  placed 
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in    a    horizontal    position    for    about    eighteen    hours. 
The  length  of  the  soil  column  should  be  such  that  the 


dry  soil  beyond  the  point  to  which  the  moisture  has 
advanced  is  at  least  two  inches. 

The  tube  is  opened  and  the  moisture  determined  in 

Table  III — Effect  of  Time  on  Moisture  Content 
Per  Cent  Moisture  in  Soil 

Time  after  taking     , • . 

out  of  water  Cecil  Marshall  Volusia 

Hrs.  sandy  loam         silt  loam  silt  loam 

12  10.8  17.7  17.4 

12  7.7  21.0  19.9 

24  7.7  16.6  16.6 

24  7.6  16.6  16.0 

24  17.0  16.7 

24  17.3 

48  6.4  16.5 

72  16.1 

a  sample  taken  from  the  first  inch  of  moist  soil  next 
to  the  dry  portion.  This  moisture  content  represents 
the  critical  moisture  content  of  the  soil. 

Experiments  made  to  determine  the  critical  moisture 
content,  as  compared  with  that  obtained  from  the 
moisture-apparent  specific  gravity   curve,   were   made 

Table  IV — Comparative  Results  on  Several  Samples  of  Soil 

Per  cent        Critical  moisture 
moisture  content  by 

.Soil  by  capillarity     apparent  sp.  gr. 

Cecil  sandy  loam 8.7  8-9.0 

Marshall  silt  loam 17.3  17-18 

17.0 
16.5 

Garden  soil 16.6  16-17 

Volusia  silt  loam 16.7  16-17 

17.0 

Colbert  silty  loam 17.4  17-18 

17.0 

Memphis  silt  loam 14.5  14-15 

14.9 

Lexington  silt  loam 8.5  8-9 

8.7 

on  several  samples  of  soil.  The  curves  of  moisture- 
apparent  specific  gravity  are  shown  in  Figs,  i  and  2, 
and  the  results  from  the  capillarity  method  are  given 
in  Table  IV,  which  shows  that  there  is  a  close  agree- 
ment between  the  two  methods. 

CONCLUSIONS 

It  is  probable  that  the  critical  moisture  content  of 
a  soil  is  its  most  important  property  in  determining  the 
physical  condition  of  the  soil. 

Previous  methods  of  determining  the  critical  moisture 
content  are  tedious  and  laborious,  requiring  skill  and 
special  apparatus,  and  are  only  fairly  accurate. 

The  capillary  method  of  determining  the  critical 
moisture  content  is  more  accurate  than  the  older 
methods,  is  simply  and  quickly  carried  out  and  re- 
quires little  and  inexpensive  apparatus. 

Bureau  of  Soils 
LT.  .S.   Department  of  Agriculture 
Washington 


LABORATORY  AND  PLANT 


A  NEW   AND   IMPROVED   FORM    OF   KJELDAHL 
DISTILLATION   APPARATUS 

By  Arthur  D.  Holmes' 
Received  August  8.  1914 

There  are  so  many  forms  of  distillation  apparatus 
for  Kjeldahl  determinations  in  use  at  present  that  a 
chemist  contemplating  making  nitrogen  determinations 
is  immediately  confronted  with  the  problem  of  choos- 
ing that  type  which  seems  best  suited  to  his  needs. 
The  factors  to  be  considered  primarily  are  simplicity 

'  Scientific  assistant,  nutrition  investigations. 


in  design,  low  cost  of  construction,  facility  with 
which  defective  or  broken  parts  may  be  replaced, 
durability,  and  ease  and  efficiency  of  operation. 
However,  in  spite  of  the  fact  that  there  may  have  been 
many  types  of  apparatus  devised,  and  many  modi- 
fications of  these  types  have  been  made,  in  almost  any 
apparatus  one  or  more  of  these  essential  features  are 
omitted.  Probably  the  most  widely  used  apparatus 
for  this  purpose  is  one  in  which  a  metal  tank  containing 
several  coiled  block-tin  tubes  serves  as  a  condenser. 
This  has  some  serious  disadvantages;  one  is,  that  if 
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the  tank  or  any  of  the  condenser  tubes  should  leak, 
it  becomes  necessary  to  interrupt  the  use  of  the  entire 
system  while  repairs  are  being  made;  another  is  that 
when  it  is  desirable,  at  the  end  of  the  distilling  process, 
to  steam  out  the  entire  length  of  the  condenser  tube  in 
order  that  none  of  the  ammonia  may  be  left  in  it, 
that  can  be  done  only  when  all  the  Kjeldahl  flasks  are 
ready  for  steaming  at  the  same  instant.  In  practice, 
however,  the  rate  of  distillation  varies  in  the  different 
flasks,  and  when  a  tank  type  of  condenser  is  used 
one  is  obliged  either  to  allow  some  of  the  flasks  to 
distill  until  there  is  danger  of  bumping  or  else  to  steam 
out  some  of  the  others  sooner  than  is  desired.  To 
avoid  the  difficulties  involved  in  the  use  of  this  type 
of  apparatus,  which  was  formerly  employed  in  this 
laboratory,  the  apparatus  described  hereafter  (Fig.  I), 
was  designed,  with  the  intention  of  incorporating  to 
as  great  an  extent  as  possible  the  features  enumerated 
above.  Since  it  has  proven  so  satisfactory,  and  is  so 
simple   in    construction    that    it    may   lie    made   by   the 
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average  plumber,  a  detailed  description  should  prove 
of  value  to  anyone  wishing  to  construct  a  similar  dis- 
tillation apparatus.  The  specifications  and  accompany- 
ing figures  (which  show  details  of  construction  of  the 
complete  apparatus  set  up  in  readiness  for  distillation) 
will  convey  a  definite  idea  of  its  construction. 

The  bank  of  condensers,  which  may  be  composed  of 
any  desired  number  of  units,  is  so  constructed  that  each 
condenser  is  entirely  separate  in  every  way,  even  to 
having  an  individual  water  circuit,  which  may  be 
regulated  independently  of  the  remainder  of  the  sys- 
tem. As  shown  in  Fig.  it,  each  condenser  jacket, 
A,  is  made  of  I'A  in.  galvanized  iron  pipe  18  in.  in 
length,  which  terminate  at  each  end,  BB,  in  a  I'A  x'A 
X  V4  in.  galvanized  iron  T.  The  inlet  end  of  each 
condenser  jacket  is  connected  directly  to  the  water 
supply  pipe  that  is  common  to  all  by  means  of  a  ^/i  in. 
pipe,  C,  which  carries  a  'A  in.  brass  union,  D,  and  a 
"stop  and  waste"  cock,  E.  The  "stop  and  waste" 
cock  is  placed  between  the  brass  union  and  the  water 
main,  so  that  it  is  possible  to  shut  oft'  the  water  from 
any  one  of  the  condensers  and  remove  it  without  in- 
terrupting the  use  of  the  other  units  of  the  system. 


In  Fig.  Ill  it  will  be  noticed  that  a  section  of  the 
supporting  frame  has  been -removed  so  as  to  show 
clearly  the  position  and  function  of  the  "stop  and 
waste"  cock.  It  will  also  be  noticed  that  the  ends  of 
water  and  gas  pipes  are  fitted  with  plugs  in  order  to 
prevent  water  and  gas  passing 
beyond  the  last  condenser  in- 
let and  Bunsen  burner,  re- 
spectively. When  the  han- 
dle of  the  cock  is  in  the 
position  shown,  the  water 
circuit  is  shut  off  and  the 
waste  "pipe"  is  open,  making 
it  possible  to  drain  the  con- 
denser jacket  and  to  steam 
out  the  condenser  tube  from 
the  distilling  flask  to  the  con- 
tainer in  which  the  ammonia 
is  caught  and  neutralized. 
To  the  outlet  end  of  each 
condenser  jacket  is  connected 
a  '/i  in.  iron  pipe,  FF,  that 
discharges  into  an  overflow 
tank,  G,  which  is  common  to 
the  entire    system. 

The  condenser  tube  HH, 
which  is  made  of  '/4  in. 
block-tin  type,  may  be  ea.sily 
removed,     as    it     is    slipped  '''°-  ^' 

through  the  ^/i  in.  brass  union,  II,  on  each  end  of  the 
condenser  jacket.  Each  brass  union  has  a  male 
thread  on  one  end  which  is  screwed  directly  into  the 
T  that  forms  each  end  of  the  condenser  jacket.  The 
other  end  of  the  union  fits  loosely  over  the  block-tin 
pipe,  and  "lamp  wicking,"  such  as  is  commonly  used 
for  packing,  is  placed  between  the  two  portions  of  the 
unions,  after  which  they  are 
screwed  tightly  together,  form- 
ing a  water-tight  joint.  Thus, 
in  case  of  injury  the  block-tin 
tubing  may  be  removed  by 
simply  unscrewing  the  two 
parts  of  each  brass  union  on 
the  ends  of  the  condenser. 

The  ordinary  500  cc.  Kjel- 
dahl  flask  J,  used  in  connec- 
tion with  this  apparatus,  is 
connected  by  means  of  a  rub- 
ber stopper,  L,  to  the  trap  K, 
the  tubing  of  which  is  bent  at 
about  a  30°  angle  and  con- 
nected by  means  of  rubber 
tubing,  W,  to  the  condenser 
tube.  The  modified  adapter, 
0,  used  in  connection  with  the 
apparatus,     is    connected    by  ^^^ 

means  of  rubber  tubing,  P,  to 

the  lower  end  of  the  block-tin  condenser  tube  and  leads 
into  an  ordinary  pint  milk  bottle,  Q,  which  is  used  as 
a  container  for  the  acid  into  which  the  ammonia  is 
distilled.  The  flasks  are  heated  by  Bunsen  burners, 
R,  screwed    into  a  V'j  in.  piece  of  common  iron  pipe, 
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S,  which  is  connected,  as  shown  in  Fig.  I,  directly 
through  a  shut-off  valve  to  the  gas  main.  Gas  may 
be  admitted  or  shut  off  from  the  entire  system  by  turn- 
ing the  main  valve,  or  the  individual  burners  may  be 
regulated  separately.  The  plate  T,  which  supports 
the  distilling  flasks,  ig  made  of  so-called  "asbestos 
lumber,"  but  this  material  was  not  found  to  be  en- 
tirely satisfactory  since  it  had  a  tendency  to  break 
after  it  had  been  used  for  a  time.  A  more  satisfactory 
support  could  have  been  made  of  sheet  iron  covered 
with  a  thick  layer  of  ordinary  asbestos  board,  since 
the  asbestos  would  serve  as  a  sort  of  shock  absorber 
in  the  case  of  any  bumping  of  the  flasks.  A  piece  of 
asbestos  lumber  is  placed  in  front  of  and  bolted  to  the 
condenser  jackets  in  order  to  prevent  heating  of  the 
water  in  the  condenser  by  radiation  of  heat  from  the 
Bunsen  burners. 

The  advantages  of  this  type  of  distillation  appara- 
tus   are: 

I — Each  condenser  is  entirely  separate  and  may  be 
removed  as  a  whole,  or  in  part,  in  case  of  injury, 
without  interrupting  the  working  of  the  remainder  of 
the  system.  This  is  a  decided  advantage  over  the 
common  type  of  condenser  where  a  tank  contains  the 
spiral  block-tin  tubes  of  all  the  flasks  in  use,  since,  if 
one  of  the  tubes  or  any  portion  of  the  tank  leaked,  it 
necessitated  the  dismantling  of  the  whole  system  in 
order  to  make  necessary  repairs. 

2 — It  is  possible  by  means  of  the  "stop  and  waste" 
cock  not  only  to  use  any  desired  number  of  the  units  of 
the  system,  but  also  to  regulate  the  flow  of  water 
through  the  different  units. 

3 — The  apparatus  is  simple  in  construction  and  made 
entirely  of  inexpensive  materials  such  as  a  plumber 
would    ordinarily   have    on   hand. 

The    author'  wishes   to   express   his   appreciation   to 
Mr.  R.  D.  Milner  for  his  interest  and  kind  suggestions 
in  connection  with  the  construction  of  this  apparatus. 
Laboratory  of  Nutrition  Investigations 
Office  of  Experiment  Stations 
U.  S    Department  of  Agriculture,  Washington 


A  CONVENIENT  COLOR  CAMERA 

By  C.  M.  Clark 
Received  June  3.  1914 

This  camera  may  easily  be  made  by  any  one  with  a 
little  skill  in  carpentry  and  a  few  moments  leisure,  or 
it  can  be  cheaply  had  of  any  cabinet  maker.  It  has 
been  in  use  in  this  laboratory  for  some  time  and  has 
given  satisfaction.     The  lens  cost  about  50  cents. 

The  box  is  best  made  of  white  pine.  It  is  160  mm. 
long,  100  mm.  wide,  and  100  mm.  high,  inside  measure. 
In  one  end  is  cut  a  slit  20  mm.  wide,  extending  to  within 
10  mm.  of  the  inside  top  and  bottom  of  the  box;  this 
slit  is  closed  with  a  piece  of  either  ground  or  milk 
glass,  as  preferred,  but  if  milk  glass  be  used  it  must  not 
be  over  2  mm.  thick.  A  piece  of  light  blue  glass  may 
be  set  inside  the  other  to  neutralize  the  yellow  rays 
where  artificial  light  is  used.  The  slit  must  be  exactly 
centered.  In  the  other  end,  and  exactly  centered,  is 
cut  a  hole  60  X  60  mm.,  and  in  this  is  set  a  collar  made 
of  about  6  mm.  material  and  about  50  mm.  long,  with 
about  10  mm.  projecting  outside  the  box.     In  this  collar 


slides  a  tube  made  of  the  same  material  and  about 
100  mm.  long,  carrying  at  its  outer  end  a  60  mm.  sq. 
cap  in  which  is  set  a  crown  glass  lens  of  approximately 
160  mm.  focus.  The  lens  should  be  about  35  mm.  in 
diameter  and  stopped  down  to  about  25  mm. 

The  cover  of  the  box  is  loose,  and  has  a  collar  fitting 
inside  the  box  to  hold  it  in  place.  In  this  cover, 
exactly  opposite  the  glass  closed  slit,  and  about  20  mm. 
from  the  edge,  is  cut  an  aperture  large  enough  to  per- 
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mit  the  two  comparison  tubes  to  enter  freely,  yet 
without  play;  this  opening  may  be  felt  lined.  A  collar 
having  a  like  aperture  may  be  placed  underneath  it, 
on  the  floor  of  the  box,  to  steady  the  tubes.  The 
inside   of  the  box  is,   of  course,   painted   dead  black. 

The  advantages  of  this  camera  are  that,  as  the  com- 
parison tubes  set  exactly  in  front  of  the  slit  and  occupy 
its  entire  width,  all  light  passes  through  them,  while  the 
lens  enables  one  to  bring  the  tubes  into  exact  focus; 
and,  as  only  one  eye  is  used,  there  is  less  chance  of  the 
left  hand  tube  looking  the  darkest. 

The  sliding  tube  should  be  rubbed  with  graphite. 

Chattanooga  Chemical  Laboratory 
Chattanooga.  Tenn. 


IMPROVED  METHOD  FOR  THE  DETERMINATION  OF 
NITROGEN  IN  STEEL 

By  L.  E.  Barton 
Received  July  7,  1914 

The  method  usually  employed  for  the  determina- 
tion of  nitrogen  in  steel  is  the  one  first  published  by 
A.  H.  Allen  and  modified  by  Prof.  J.  W.  Langley. 

When  operating  this  method  as  described  by  Blair, 
"Chemical  Analysis  of  Iron,"  it  was  observed  that  the 
sample  and  standard  for  comparison,  when  treated 
with  Nessler  reagent,  developed  colors  differing  in 
quality  or  tone — the  sample  developed  an  orange- 
yellow  and  the  standard  a  brownish  yellow  color — which 
renders  comparison  diflficult  and  results  inaccurate. 

Another  difficulty  sometimes  encountered,  which 
makes  comparison  impossible,  is  the  clouding  of  solu- 
tions after  addition  of  Nessler  reagent  upon  standing 
for  the  specified  ten  minutes,  and  is  particularly  notice- 
able with  the  first  so  cc.  distillate,  in  which  the  ammonia 
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is  comparatively  concentrated.  However,  with  prop- 
erly prepared  Nessler  reagent,  this  latter  trouble  should 
not  occur. 

Experimental  work  was  undertaken  with  the  object 
of  developing  a  more  accurate  method  of  determination 
as  a  result  of  which  a  modification  of  the  above  men- 
tioned method  was  adopted.  By  this  modification  of 
the  method,  the  sample  and  standard  distillates  are 
prepared  under  similar  conditions,  and  when  treated 
with  Nessler  reagent  develop  colors  identical  in  quality 
or  tone,  but  proportional  in  intensity  to  the  ammonia 
present. 

If  the  Nessler  reagent  is  carefully  prepared  and  works 
properly,  the  color  in  sample  and  standard  will  develop 
almost  instantly  and  is  fully  developed  in  less  than  one 
minute.  The  solutions  treated  with  such  Nessler 
reagent  remain  clear  or  do  not  cloud  appreciably  on 
standing  for  ten  minutes;  however,  the  comparison  is 
best  made  after  standing  one  minute  and  all  possible 
difficulty  due  to  clouding  avoided. 

The  determination  is  also  rendered  more  accurate 
by  taking  a  larger  sample  for  analysis  and  using  an 
aliquot  part  of  the  total  distillate  for  comparison. 

The  reagents  are  prepared  exactly  as  described  in 
Blair's  "Chemical  Analysis  of  Iron,"  seventh  edition. 

[Note — The  ammonia-free  hydrochloric  acid  may  also  be  prepared  thus: 
Dilute  concentrated  hydrochloric  acid  to  specific  gravity  l.IO  and,  without 
addition  of  sulfuric  acid,  distil  it.  Hydrochloric  acid  of  this  strength 
distils  without  change  in  concentration.  The  first  100  cc.  distillate  from 
one  liter  of  acid  will  usually  contain  all  the  ammonia  and  is  rejected;  the 
portions  distilled  thereafter  are  collected  for  use  but  must,  of  course,  be 
tested  as  usual  to  make  sure  they  are  free  from  ammonia.] 

METHOD  OF  DETERMINATION 

DISTILLATION  OF  SAMPLE-^In  a  distilling  flask  of 
looo  to  1500  cc.  capacity,  fitted  with  separatory 
funnel  and  connected  with  condenser,  place  40  cc.  pre- 
pared caustic  soda  solution;  add  500  cc.  distilled 
water,  and  distil  until  the  distillate  gives  no  reaction 
with    Nessler   reagent. 

Dissolve  a  5  g.  sample  of  the  steel  in  40  cc.  of  am- 
monia-free hydrochloric  acid,  and  by  means  of  the  sepa- 
ratory funnel  add  the  solution  slowly  to  the  contents 
of  the  distilling  flask,  washing  in  finally  with  ammonia- 
free  water.  Distil  and  collect  150  cc.  of  the  distillate 
in  a  graduated  flask.  Cork  the  flask  and  set  aside. 
Experience  has  shown  that  150  cc.  of  distillate  will 
contain  all  the  nitrogen  in  the  sample. 


PREPARATION  OF  STANDARD — After  distilling  the 
sample — the  apparatus  then  being  free  from  ammonia, 
but  containing  the  residue  of  sample  and  reagents — 
25  cc.  of  standard  ammonium  chloride  solution  and  150 
cc.  of  ammonia-free  water  are  added  to  the  contents 
of  the  flask,  and  distillation  continued  until  a  standard 
distillate  of  150  cc.  is  collected  in  a  graduated  flask. 
As  before,  the  single  distillate  will  be  found  to  contain 
all  the  ammonia  from  25  cc.  of  standard  solution. 

To  the  standard  distillate  is  added  6  cc.  of  Nessler 
reagent;  and  since  the  standard  ammonium  chloride 
solution  is  equivalent  to  o.ooooi  g.  nitrogen  per  cc, 
I    cc.    prepared    standard    distillate    is    equivalent    to 

25  X  0.00001 

=  0.0000016    g.     nitrogen     per    cc.     = 

156 
0.00016  per  cent  nitrogen  on  a  one  gram  sample. 

It  should  be  noted  that  the  preparation  of  a  single 
standard  distillate  is  sufficient  for  determination  of 
nitrogen  in  several  samples  if  the  comparisons  are 
being  made  at  the  same  time. 

COMPARISON  AND  DETERMINATION — To  make  the 
determination,  30  cc.  of  sample  distillate  (equal  to 
one  gram  of  sample)  are  placed  in  one  of  a  pair  of 
Nessler  jars  and  the  color  developed  by  addition  of 
I  cc.  Nessler  reagent.  The  standard  and  sample  are 
allowed  to  stand  one  minute  to  fully  develop  the  color. 

Into  the  other  jar  the  standard  distillate  is  run  from 
a  burette  until  the  colors  in  standard  and  sample  jars 
are  of  the  same  intensity;  the  final  comparison  is  made 
after  bringing  the  contents  of  the  jars  to  the  same 
volume  by  addition  of  ammonia-free  water  to  one  or 
the  other. 

The  number  of  cc.  standard  distillate  multiplied  by 
0.00016  gives  the  percentage  of  nitrogen  in  the  steel. 

Percentages  of  Nitrogen  Found 


1 

.  .  0,0038 

4.  .  . 

. .  0.0032 

7,  .  . 

,  .  0.0038 

10... 

..  0.0035 

0.0037 

0.0032 

0 . 0043 

0.0035 

0.0037 

5... 

..  0.0043 

8.  .  . 

. .  0.0037 

11  .  .  . 

. .  0.0033 

? 

..  0.0035 

0.0043 

0.0040 

0.0038 

0.0035 

6... 

.   0 . 0040 

9... 

..  0.0038 

0.0037 

3... 

..  0.0037 
0.0037 

0.0040 

0.0043 

0.0037 

The    results    shown    in    the    above    table    indicate 
the  accuracy  of  the  method  thus  modified. 


Titanium  Alloy  Manufacturing  Co. 
Niagara  Falls,  N.  Y. 
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THE  INDUSTRY  OF  THE  COAL-TAR  DYES' 
AN  OUTLINE  SKETCH 

By     BF.RNHAED    C.     HESSE 

Received   October  29,    1914 

At  the  very  beginning,  it  should  be  pointed  out  that  the 
world's  market  in  coal-tar  dyes  as  it  stands  today  comprises, 
in  round  numbers,  900  distinct  and  different  chemical  substances 
which  are  made  by  the  aid  of  300  products  of  transformation, 
themselves  not  dyes,  of  10  products  obtained  or  obtainable  from 
coal-tar  by  distillation,  refrigeration,  expression  or  the  like. 
Therefore,  actually  and  in  reality,  the  present  coal-tar  dye  in- 
dustry comprises  no  fewer  than  1,200  different  products  and  as 

1  Address    delivered    before    the    Board    of    Directors   of    the    General 
Chemical  Company,  in  New  York,  October  23,  1914. 


many  or  more  ditTerent  processes  of  manufacture  and  requires 
many  hundred  different  sets  of  apparatus  of  varying  capacities 
and  of  di.Tering  kinds  for  many  hundred  different  operations. 
A  manufacturing  problem  comprising  so  many  independent  and 
yet  interlaced  units  of  manufacture  and  jiroduction  has,  there- 
fore, varied  elements  of  complexity;  to  what  extent  this  is  true 
will  appear  later  on. 

THE    NATURE    OF   COAL-TAR 

In  the  production  of  coal-tar,  suitable  for  use  in  the  coal-tar 

dye  industry,  there  is  made  on  the  average  from  100  parts  of  coal : 

72  parts  Coke     6  parts  Tar  (liquid  and  solid  distillate)     22  parts  Gas 

The  gas  and  coke  are  not  considered  here;  the  distillate,  amount- 
ing to  6  per  cent  of  tlie  weight  of  the  coal,  is  the  portion  of  these 
products  with  which  we  are  here  concerned. 
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Chemists  have  ascertained  the  presence  of  155  distinct  chem- 
ical substances  in  this  liquid  and  solid  distillate  or  tar;  these 
classify  broadly,  as  follows: 


Marsh  gas 45 

Benzol 73 

Naphthalene 14 


SuRiiis 
Anthracene.  .  . 
Phenanthrene. 
Miscellaneous. 


13 


For  dyestuff  production  the  first  is  negligible  and  the  last  almost 
so.  The  number  of  chemical  elements  entering  into  the  composi- 
tion of  the  above  substances  is  relatively  small,  being  five  only: 

Carbon        Hydrogen        Oxygbn        Nitrogen        Sulfor 
According  to  the  combinations  of  these  elements,  we  have  the 
5  following  classes  of  compounds: 

Carbon  and  hydrogen 76 

Carbon,  hydrogen  and  nitrogen 37 

Carbon,  hydrogen  and  oxygen 23 

Carbon,  hydrogen  and  sulfur 3 

Carbon,  hydrogen,  nitrogen  and  sulfur 3 

Rearranging  these  under  the  three  relevant  general  series  we 
have: * 

Ben-    Naph-  Anthra- 


Carbo 
Carbo 
Carbo 
Carbo 
Carbo 


zol    thalene 

and  hydrogen 25 

,  hydrogen  and  nitrogen 32 

,  hydrogen  and  oxygen 11 

.  hydrogen  and  sulfur 3 

,  hydrogen,  nitrogen,  and  sulfur 2 


73 


14 


Out  of  these  92   compounds  the  coal-tar  dye  industry  uses 
only  9,  namely: 


Benzol 

Phenol 

Methyl  anthra 

Toluol 

Naphthalene 

Phenanthrene 

Xylol 

Anthracene 

Carbazol 

These  nine  make  up  about  from  6  to  12  per  cent  of  the  liquid  and 
solid  distillate,  or  from  0.38  per  cent  to  0.75  per  cent  of  the  coal 
taken,  divided  approximately  as  shown  in  the  following  chart 
(Fig.  I)  from  Dammer,  "Chemische  Technologie  der  Neuzeit," 
Vol.  2,  p.  906.     The  percentages  there  given  are  as  follows: 


Benzol,  toluol,  etc 1.75 

Phenol 0.25 

Naphthalene 5  .  95 


On  coal 
0.105 
0.015 
0.375 
0.012 


These  figures  are  average  and,  therefore,  illustrative  only  and 
not  strictly  accurate  in  all  cases. 
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Fig.I-Main  Constituents  of  Coal  Tar 

Fig.  II  is  a  graphic  representation  of  the  above  relations  be- 
tween the  products  obtained  by  the  destructive  distillation  of 
coal  and  the  coal  itself. 

None  of  these  solids  and  liquids  are  themselves  dyes;  in  fact, 
most,  if  not  all  of  them,  are  substantially  colorless  and  cannot 
impart  color. 

The  entire  coal-tar  dye  industry  is  based  upon  these  9  coal- 
tar  compounds,  or  crudes;  these  9  crudes  are  converted  into  about 
300  intermediates,  themselves  not  dyes,  and  these  300  inter- 
mediates are  turned  into  900  and  more  dyes. 


THE    SCOPE    OF   THE    INDUSTRY 

World's    figures    are    not    available.     The    most    dependable 
and  most  recent  figures  are  those  dealing  with  Germany.     In 
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Fig. H.- Comparison  of  Coal  and 
Its  Distillation  Products 

the  year  1913  the  total  export  value  of  Germany's  coal-tar 
industry,  including  dyes  and  products  of  chemical  transformation 
of  the  above  9  crudes  themselves  not  dyes,  i.  e.,  intermediates, 
amounted  to  $55,264,522,  distributed  over  33  countries  and  shared 
in  by  22  factories.  On  June  30,  1912,  21  of  these  factories  had 
a  combined  capitalization  of  $36,700,000  and  declared  and 
paid  dividends  of  $11,600,000,  or  21.74  Pf  cent  of  the  capi- 
talization. 

Of  the  5369  active  corporations  in  Germany  on  June  30, 
1912,  1004,  or  18.69  per  cent,  are  divided  into  19  groups  of  the 
chemical  and  allied  industries.  Arranged  in  the  order  of  their 
income-producing  effects  these  19  groups  are,  in  part,  as  follows: 

Per  cent  No.  of 

dividends       corporations 

Coal-tar  dyes 21.74  21 

Metallurgy 11.78  61 

Soaps  and  candles 11 .  65  21 

Glass 11.61  38 

Heavy  chemicals 11.51  104 

Explosives 11.22  28 

The  remainder  range  between  5  and  10  per  cent  except  mining 
which  is  at  the  foot  of  the  list  with  0.5 1  per  cent  retiun. 

Therefore,  any  attempt  to  take  away  coal-tar  dye  business 
from  Germany  means  attacking  the  best  equipped  and  the  most 
profitable  of  Germany's  industries. 

PLANT  VALUE — The  actual  cost  of  construction  of  the  various 
plants  engaged  in  coal-tar  dye  manufacture  canilot  be  determined 
with  any  accuracy.  All  sorts  of  estimates  and  guesses  have  been 
made  ranging  from  $50,000,000  to  $1,000,000,000  with  the  ma- 
jority in  the  neighborhood  of  $400,000,000. 

ANNUAL  TURNOVER — The  annual  turnover  cannot  be  determined 
exactly,  but  assuming  that  Germany  consumes  twice  as  much 
as  the  United  States  imports,  we  have  a  putative  turnover  of 
about  $80,000,000  or  2.1  times  the  capital  stock. 

The  supervision  and  control  of  making  this  $80,000,000  worth 
of  product,  requires  at  the  utmost  1000  works  or  factory  chemists, 
i.  e.,  on  the  average,  one  works  or  factor>'  chemist  for  each 
$80,000  of  annual  output. 
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The  gross  of  $55,264,552  export  value  is  distributed  over  more 
than  900  finished  dyes,  each  chemically  different  from  the  other 
and  each  requiring  a  separate  though  allied  manufacture.  This 
amounts  to  an  annual  average  of  $61,405  for  each  dye  all  over 
the  world  outside  of  Germany. 

However,  we  must  subtract  $18,534,964  from  the  $55,264,552 
for  the  indigo,  alizarin,  anilin  oil  and  various  things,  riot  dyes, 
to  obtain  the  value  of  the  900  dyes  which  is  $36,729,588;  or,  an 
average  annual  world's  gross,  outside  of  Germany,  of  $40,811 
for  each  of  the  900  dyes. 

LARGE  ITEMS  OF  MANUFACTURE — The  large  items  of  these 
900  dyes  as  nearly  as  can  be  ascertained  from  official  sources 
of  exports  are : 


Per  cent  of 
Per  cent  total  exports 
of  total       to  U.  S. 


Indigo 812.690,874 


Alizarin . 

Anilin  oil 

Anthracene  dyes 

Anthracene  and  benzol  ( 
pounds  not  dyes 

Naphthalene  compounds, 
dyes 


2,219,588 

1,408,722 

2,914,786 

33,814.802 


723.044 


23.01 
3.99 
2.54 


10.38 
8.05 
33 .  42 
44.08 
21.56 

16.22 

20.53 


The  dyes,  including  indigo,  alizarin,  anthracene  dyes  and  anilin 
dyes,  are  sold  to  33  countries  distributed  as  shown  in  Table  I. 

rmany's    Export    Dye- 
Anthra- 


Europe  (19) 

Anilin 
dyes 

....       17.14 

Alizarin 

24.34 
1.59 

.V38 

4^23 
2.83 

3!69 

39^89 
8:41 

8^63 

39.46 
48.30 

8^63 
95.79 

dyel 

23.72 
2.52 

,V23 
6.80 

i.'n 

o'.h 

2^76 
1  .96 

1  .63 

4!44 

i:49 

44:  io 

44.89 
7.56 

44:  io 

96.55 

Indigo 

3.34 

France 

Portugal 

Spain 

Italy 

Austria. 

Turkey 

2.15 

0.65 

1.02 

6.38 

8.99 

0.68 

0.35 

0.97 

6:20 
1.98 
4.08 
0.33 

0.15 

( 
( 

Bulgaria 

0.20 

0   10 

Switzerland 

Russia 

Finland 

Norway 

Sweden 

1.22 

1.71 

0.37 

0.42 

1 .  40 

:3o 

Denmark 

Netherlands 

Belgium 

Asia  (6) 

0.37 

....        2.12 
3.90 

5   45 

).03 
.83 
.94 

46 

China 

13. 17 

5.35 

64.03 
0.97 

0   22 

0.36 

0.38 

2.86 

Persia 

South  America  (3) 

0  25 

0.18 

Brazil 

Chili 

North  America  (3) 

Canada 

0.98 
0.09 

0.69 

....      21.55 

0.25 
10.38 

0.85 

0.05 

Africa 

Egypt 

Australia 

0.34 
0.  16 

1.33 

0.47 

Recapitulation 

Europe 

....      49.32 

....      24.57 

1   32 

Average 
partici- 
pation 
15.20     37.22 
70.86     37.82 
0.33 

23 . 09 

10.68     21.47- 

Africa 

0.34 

....       X)   16 

1.33       0.42 
0.47       0.16 

Totals 

98.80 

98.54     97.42 

Germany  buys  small  quantities  of  dyestuffs  from  six  countries 
(probably  as  the  United  States  buys  eggs  and  butter  from 
Canada)  as  shown  below: 

Germany's  1913  Imports  ok  Intermediates  and  Finished  Dyks 

Per  cent 


Anilin  oil  and  salt 

Naphthol  and  naphthylamine 

Anthraquinone  nitrobenzol.  toluidin,  resor- 
cin.  phthalic  acid  and  other  coal-tar 
products 

Anilin  dyes 

Alizarin  red  and  all  other  anthracene  dyes.  . 

Indigo 

Total $1,866,636 


Value 

$       31.654 
30,940 

of  total 

exports 

2.25 

4.28 

116.620 

1.415.388 

179.452 

92.582 

7.81 
4.17 
3.49 
0.73 

THE    world's    production    OF    COAL-TAR    DYES 

In  1896  the  world's  anilin  {i.  e.,  only  a  part  of  the  coal-tar 
dyes)  dye  production  was  estimated  at  $25,000,000  distributed 
as  follows: 

Per  cent 

Germany $18,000,000  72 

Switzerland 3.200,000  12.8 

France 1 ,600.000  to  2  ,000,000  8.0 

Great  Britain 1 ,600,000  to  1 ,800,000  7.2 

This  is  exclusive  of  alizarin,  anthracene  dyes  and  of  indigo. 
For  19 1 2,  value  figures  are  ■  available  only  for  Germany, 
Switzerland  and  Great  Britain;  tonnage  figiu-es  for  Austria. 
They  show  the  following  trade  balance  in  all  branches;  crudes, 
intermediates  and  finished  dyes,  inclusive  of  anilin  dyes,  alizarin, 
anthracene  dyes  and  indigo. 

FiNAi,  Balances.  1912  Imports  Exports 

Germany $51,545,326 

Switzerland 3.794.898 

Great  Britain $6,275,775  ....... 

The  distribution  of  these  balances  over  the  various  items  is 
shown  in  Table  II. 

AVERAGE  UNIT  PRICES  OF  CRUDES,  INTERMEDIATES  AND  FI.N'ISHED 
DYES 

If  the  following  191 2  tables  for  Germany,  Switzerland  and 
Great  Britain  are  recalculated  to  cents  per  pound  for  each  sub- 
division, in  the  case  of  benzol  the  prices  per  U.  S.  gallon  are: 

British  export  values  =  16.75  cents 
German  import  values  =  24.20  cents 
German  export  values  =   19.11  cents 

The  average  German  import  and  export  values  of  crudes, 
intermediates  and  finished  dyes  in  1913  was  as  follows: 

Imports  Exports 

Cents  On  basis  Cents  On  basis 

per  lb.  of  crudes  per  lb.  of  crudes 

Crudes 2.06  1.00                 2.83               1.00 

Intermediates 12.08  5.85  10.07               3.56 

Finished  dyes 23.57  11.42  21.53              7.61 

These  average  figures,  unfortunately,  give  no  direct  insight 
into  the  true  enhancement  of  crudes  to  intermediates,  to  finished 
dyes.  While  these  crudes  are  as  a  rule  of  quite  uniform  per- 
centage purity,  yet  the  intermediates  and  the  finished  dyes  are 
not;  some  of  the  intermediates  contain  only  60  per  cent  of  the 
theoretical  of  the  corresponding  crudes,  some  of  the  finished 
dyes,  e.  g.,  indigo,  being  in  the  form  of  20  per  cent  pastes  with 
water.  This  foregoing  relationship  is,  therefore,  directive 
only  and  ?iot  quantitative,  i.  e.,  it  does  not  represent  the  actual 
enhancement  per  pound  of  crude  or  of  absolute  intermediate 
to  absolute  finished  dye.  A  nearer  approach  to  true  enhance- 
ment of  crudes  to  intermediates  is  made  further  on  in  the  case  of 
anilin,  naphthol  and  naphthylamine. 

ENHANCEMENT   OF   CRUDES   TO    INTERMEDIATES 

As  a  matter  of  mere  calculation  and  making  no  allowance 
for  losses,  etc.,  889  lbs.  of  naphthalene  make  1000  lbs.  of  naphthol 
or  of  naphthylamine,  and  839  lbs.  benzol  make  1000  lbs.  of 
anilin  oil. 

Based  on  the  averages  of  the  corresponding  German  figures 
of  Table  III  there  is  a  margin  of  10.40  cents  per  lb.  of 
naphthylamin  or  of  naphthol  over  the  naphthalene  cost,  to 
take  up  the  cost  of  the  nitric  acid,  sulfuric  acid,  iron,  muriatic 
acid,  and  caustic  soda  and  other  expenses,  which  amount  is 
practically  7.6  times  the  naphthalene  item.  For  anilin  oil  there 
is  a  corresponding  margin  of  6.15  cents  per  lb.  to  take  up  the 
nitric  acid,  iron  and  muriatic  costs  and  other  expenses,  which 
amount  is  only  2.7  times  the  benzol  item. 

Enhancement  in  the  anthracene  series  cannot  be  deduced 
from  these  figures. 
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Germany 
:rudks 

Benzol  and  light  oils. 
Naphthalene 


Anth; 
Phenol 
Cresol . 


Totals. 


Intermediates 

Anilin  oil  and  salt 

Naphthol  and  naphthalene 

Anthraquinone,     nitrobenzol,     resorcin, 
phthalic  acid,  etc / 


Totals. 


IISHED  Dvgs 
Anilin  dyes. 
Alizarin 


Anthracene  dyes 
Indigo 


Totals. 


Excess 

Crudes 

Intermediates. 
Finished  dyes. 


Balance. 


Austria  (values  not  given) 


Distillation  products  of  coal-tar. 

Carbolic  (crude) 

Carbolic  (refined) 

Naphthalene  (crude) 

Anthracene  (crude) 


Imports 

f      5(18,844 

184.450 

66,402 

536,928 

7,616 


Table  II— Dye  Productions  in   1912 
Great  Britain 

Crudes 


Exports 

1 ,630,538 

211 ,106 

12.138 

851 ,802 

72.352 


1.304,240  2,777,936 


106,624  1,432.998 


152,320  3,673,530 

1,424,192        31,835,832 
2,197,216 

127,330 

3,428,866 

120,904        10.760,932 


1,672,426        48,222,846 


$  1 ,473,696 
3,521,210 
46,550,420 


Totals 

Intermediates 

Anilin  oil 

Anilin  salts 

Nitrobenzol 

Totals 

Finished  Dyes 

Alizarin,  anthracene  dyes  and  synthetic 

indigo 

Azo  and  sulfur  dyes 

All  other  coal-tar  dyes 

Totals 

•  Excess 

Crudes 

Intermediates 

Finished  dyes 


Imports 
100  kg. 
1,004 


4,290 
4,805 
1,242 


19,382 
46,546 
11,695 

77,623 

Imports 


5,635 

133 

1  ,664 

7,432 

Exports 

33,094 


Benzol  and  toluol,  gals 4,579,667 

Carbolic  acid,  cwt 162,459 

Naphthalene,  cwt 54 . 3 1 2 

Anthracene,  lbs 2,938.098 


Intermediates 

Anilin  and  toluidine.  lbs 1 ,429. 


Total  imports  of  crudes  and  intermediates  145,805  cwt.  of  j 
579  (not  distributed  as  to  classification) 

Imports 


S     918,568 

1.006.008 

110.203 

37.872 

J2.072.6SI 
S  155.702 
S  155.702 
lue  of  $757.- 


FiNisHED  Dyes  Cwt.  Dollars         Cw 

Anilin    and    naphthalene 

dyes 283.876     7,025.6191 

Alizarin      and      anthracene 

dyes 61,178     1,285,870^56. 

Indigo 28,302         436.138 

All  other  synthetic  dyes. ..  .  190  1.757  J 

Totals 8.729.224 

Excess  Imports 


Exports 
$1,470,774 


Balance $6,275,775 


Switzerland 


Crudes 

Of  all  kinds 


100  kg. 
26.478 


Dollars     100  kg.     Dollars 
321.600       519  6.517 


Totals. 


Intermediates 

Anilin  oil 

Anilin  compounds 

Benzyl       chlorid.       nitrobenzol. 

naphthol,  etc 

Phthalic  acid  a     ' 


Totals.  . 
HED  Dyes 


Anilin,  etc..  dyes. 


2.167        60.676  

6.167     407,022  73.295     5.150,751 
716       28.640     7,287         301.900 


Imports 
$315,083 
$846,332 


5.452.651 
Exports 


Balance 47.422 


Balance. 


$3,794,898 


Enhancement  of  intermediates  to  dyes  cannot  be  stated  from 
these  figures  with  any  approach  to  utility  and  is,  therefore,  not 
attempted. 

Table  III — Average  Unit  Prices  (Cents  Per  Lb.)  of  Crudes,  Inter- 
mediates AND  Finished  Dyes 

GREAT 

Germany     Switzerland    Britain 
Imp.      Exp.      Imp.    Exp.      Imp.      Exp. 


Noclassifica- 
2 .  59       tion 
8.63  Average  is 
1.14     5.51     5.70 


8.80 


8.89     7.96 


22.68  32.10 


Benzol,  toluol,  etc 3.28 

Carbolic,  crude  and  refined.  . .  3.48 

Naphthalene 1 .  40 

Anthracene 1 .  29 

Intermediates 

Anilin  oil  and  salts 9.19 

Anilin  oil 

.\nilin  and  toluidin 

Naphthol  and  naphthylamin       12.93    10.55 

.\nilin  compounds. ... 

Benzyl,     chlorid,    nitrobenzol, 

naphthol,  etc 12.95  31.33      -g 

Phthalic  acid  and  resorcin 25  .  84  54 .  41       ^ 

Anthraquinone,      nitrobenzol,  ^ 

toluidine,  resorcin,  phthalic 

acid,  etc 12.96    11.38      

Finished  Dyes 

Anilin  dyes 24.82   23.86  29.93  31.87   24. 

Alizarin 16.42    12.70 

Anthracene  dyes 13.50  26.93      ... 

Alizarin  and  anthracene  dyes.       (a)        (o) 

Indigo 72.14   17.26      ... 

Indigo  and  carmine 18.14 

All  other  synthetic  dyes 


GERMANY'S    I913    FOREIGN   TONNAGE   MOVEMENT 

The  1913  metric  tonnages  of  Germany  of  crudes,  intermediates 
and  finished  dyes  are: 

Metric  tons  Imports 


Crude 


17,400 

673 

3,238 


Exports 
51,318 
16,321 

108,680 


Totals 21.311  176.319 

The  total  tonnage  movement  is,  therefore,  197,630.  For  every 
ton  imported,  Germany  exports  8.27  tons;  for  every  dollar 
Germany  imports,  she  exports  $20.46. 

ESTIMATED    world's    TOTAL    COAL-TAR     DYE     PRODUCTION, 

The  export  values  of  coal-tar  dyes  for  1912  at  hand  are: 

Germany $48,222,846 

Switzerland 5.452.651 

Great  Britain  982.675 


1912 


Total  $54,658,172 

A  very   liberal   estimate  of    the  production  of  the  principal 
countries  is  about  as  follows: 

United  States $  3.750,000 

France 5  ,  000 ,  000 

Great  Britain  (over  exports) 5.000.000 

Switzerland  (over  exports) 1.000,000 

Germany  (over  exports) 20.000.000 


egetable  and  dry;  export  is  20  per  cent  paste 


$34,750,000 

This  makes  ample  allowance  for  all  items  and  gives  a  grand 
total    of   $89,408,172,    or   practically  $90,000,000,  as   the    very 
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maximum  of  all  coal-tar  dyes,  anilin  dyes,  alizarin,  anthracene 
dyes  and  the  like  and  indigo  produced  by  the  five  leading  coun- 
tries in  191 2. 

Thus  the  following  is  the  estimated  distribution  of  total  produc- 
tion: 

Germany $68 ,  222  ,  846 

Great  Britain 5,982,675 

Switzerland 6,452,651 

France 5  ,  000 .  000 

United  States 3  ,  750 .  000 

with  Russia,  Holland,  Austria  and  Belgium  to  be  added.  Allow- 
ing $10,000,000  for  these,  which  is  clearly  very  high,  makes  the 
absolute  maximum  production  all  over  the  world  substantially 
$100,000,000.  The  combined  actual  factory  or  works  area  of 
the  world's  coal-tar  dye  plants  probably  does  not  exceed  one 
square  mile. 

GERMANY'S     ALLEGED     DEPENDENCE     FOR     COAL-TAR     MATERLALS 
UPON    FOREIGN    COUNTRIES 

It  has  been  urged  that  Germany  is  not  wholly  independent 
of  outsiders  for  its  coal-tar  materials;  possibly  so.  The  fore- 
going 3.79  per  cent  of  imports  to  exports  may  support  that  view. 

By  the  same  token  the  United  States  is  dependent  upon  out- 
siders for  hay,  eggs,  wheat,  cotton  and  copper.  For  the  years 
1 908-1 9 1 4,  both  inclusive,  the  corresponding  U.  S.  figures 
(low,  average  and  high)  are  as  follows: 


Low  Average 

Hay 5.28  186.83 

Eggs  (1908-1912  only) 1.68  6.06 

Wheat 0.05  1.65 

Cotton 3.19  3.60 

Copper 24.24  31.89 


High 

623.20 

12.63 


THE   WAGE   QUESTION 

In  1908  the  average  wage  paid  in  Germany  in  this  industry 
was  about  4.80  marks  per  day  inclusive  of  boys,  common  labor 
and  skilled  labor.  With  about  24  boys  out  of  every  100  persons 
employed,  and  assuming  each  boy  receives  on  the  average 
'/■I  a  man's  pay,  this  makes  the  average  man's  wage  M.  5.85  or 
$1.40.     Adding  to  this,  $750,000  annual  welfare  expense  for  a 


s.oo 

Dail 

<  Wages 

Curve    I 

886- WO8 

Badisc 

HE  Anilin 

AND  50D 
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/ 

; 

J 
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y 
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/ 

y 

^ 
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y^ 

X 

E.50. 
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total  of  7000  employees  and  refiguring  on  the  above  ratio,  makes 
the  daily  allowance  for  this  item  per  man  at  300  days  per  year 
44  cents  additional  or  a  total  of  $1.84,  average  daily  adult  wage. 
To  this  should  be  added  the  bonuses  given  to  many  of  the  work- 
men and  also  the  works'  contribution  to  the  state  old  age  pension 
and  sick  fund.  Consequently,  the  average  adult  daily  wage  is 
actually  in  the  vicinity  of  $1.84. 

This  is  reinforced  by  the  detailed  Table  IV  of  the  year  1906, 
wherein  40.32  per  cent  receive  less  than  $1.00  per  day  and  59.68 


per  cent  receive  more  than  $1 .00  per  day  of  ten  hours,  with  a  grand 
average  of  $1.04  per  ten-hour  day. 

Table  IV — The  Badische  Anilin  and  Soda  Fabrik  Wage  Table  op 

ABOUT    1906 
Apart  from  bonuses,  welfare  expense  and  accident,  insurance  and  pension 


Daily 
pay        Aliz-   Anilin 
in     arin  fac-  dye 
cents     tory  factory 
78.5  2  23 


100.1 
102.4 
104.8 


Acid 


Co 


Machin- 


ruction 

ery 

de- 

de- 

part- 

part- 

ment 

ment 

8 

39 
41 

2 

42 

203 

49 

11 

345 

.", 

13 

244 

36 

25 

341 

5 

30 

257 

73 

29 

327 

15 

54 

356 

161 

71 

571 

26 

121 

405 

36 

14 

319 

19 

38 

273 

15 

59 

159 

114.3 
116.7 
119.  1 
121.5 
123.9 
126.3 
128.6 
131.0 
133.4 
135.8 
138.2 


145.3 

147.7 

150.1 

152.4 

154.8 

157.2 

159.6 

162.0 

164.3 

166.7 

176.1 
Total  employees 

466       630 
Gross  pay  roll  in  dollars 
473        620 


0.95 
payn 


0.92 
:nt   fo 


1.17 
ten    hours 


1.  13 


1.04 


Note — These  figures  assume  payment  for  ten  hours  only,  although 
the  men  work  in  shifts  from  6  a.m.  to  6  p.m.  for  day  work,  and  from  6  p.m. 
to  6  A.M.  for  night  work.  If  the  pay  is  for  12  hours,  then  each  of  these 
figures  for  average  day,  pay  being  based  upon  hourly  wage-rate,  must  be 
increased  20  per  cent  over  their  present  values,  i.  e..  thej'  would  become 
$1.21,  $1.18,  $1.21,  $1.14,  $1.10,  $1.40,  $1.36  and  $1.25,  respectively. 

THE    INCREASED    COST   OF   LABOR    IN    GERMANY 

The  following  table  presents  the  figures  per  head  per  working 
day  {i.  e.,  boys,  skilled  and  common  labor): 
Marks 

2.71 


Dollars 

Perce 

0.645 

100.0 

0.716 

111.1 

0.804 

124.8 

0.926 

144.3 

1.040 

161.3 

1  .  142 

177.0 

890 3.01 

895 3.38 

899 3.91 

906 4.37 

908 4.80 

or  an  average  annual  increase  of  3.5  per  cent  of  the  1886  pay. 

However,  it  must  be  remembered  that  in  Germany  the  day 
is  a  two-shift  day  with  two  hours  and  twenty  minutes  taken  out 
for  all  men  for  meals  and  rest  and  for  about  one-third  the  men 
an  additional  thirty  minutes  for  washing  up;  so  that  one-third 
work  twelve  hours  less  two  hours  and  fifty  minutes,  and  two- 
thirds  work  twelve  hours  less  two  hours  and  twenty  minutes, 
or  an  average  day  of  g'/s  hours  net  actual  average  working  time 
for  which  they  receive  at  least  ten  hoiu^s  pay  and  it  may  be 
twelve  hours  pay;  the  above  figures,  as  stated,  where  based  on 
hourly  rate  of  pay  assume  pay  for  ten  hours,  only,  and  not 
for  twelve  hours. 

In  the  United  States  the  day  is  a  three-shift  day. 

PARTICIPATION    OF    LABOR    CHARGE    IN    FINISHED    DYES 

Labor  participates  to  a  small  extent  only  in  the  final  cost  of 
the  finished  dye;  it  probably  never  exceeds  15  and  is,  as  a  rule, 
more  nearly  10  per  cent. 

As  an  illustration:  in  1906,  Germany's  export  of  synthetic 
indigo  was  worth  about  $4,750,000;  the  617  men  in  the  Badische 
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indigo  factory  made  at  least  50  per  cent  of  that  export  value, 
or  $2,374,000  worth.  These  617  men  represent  a  daily  pay  roll 
of  not  more  than  $678.70,  and  it  may  be  as  low  as  $567.50 
(dependent  upon  pay  being  for  twelve  hours  or  ten  hours); 
at  365  days  per  year  this  means  $247,725  or  $207,137,  or  10.43 
or  8.72  per  cent,  respectively,  on  half  of  the  above  indigo  export 
value;  assuming  bonuses,  welfare  expenses  and  the  like  to  double 
that  daily  pay  roll,  it  makes  the  labor  participation  20.86  and 
17.44  per  cent,  respectively;  however,  this  frees  the  indigo 
manufactured  and  consumed  in  Germany  from  all  labor 
charges. 

However,  these  617  men  no  doubt  in  1906  had  a  greater  par- 
ticipation than  50  per  cent  of  the  export  and  it  is,  therefore, 
reasonable  to  assume  that  15  per  cent  participation  by  labor  in 
the  finished  product  is  ample  and  very  likely  high. 

A    TYPICAL   GERMAN   COAL-TAR    DYE    FACTORY 

A  German  coal-tar  dye  works  in  good  order  and  of  consider- 
able magnitude  will  have  a  daily  use  for  1000  tons  of  coal,  40  tons 
ice,  40,000,000  gallons  of  water  (about  '/v  of  Manhattan  and  the 
Bronx),  2,500,000  cu.  ft.  of  gas. 

The  works  area  is  about  500  acres,  of  which  100  acres  are  oc- 
cupied by  buildings,  and  requires  about  42  miles  of  railway  within 
the  factory  walls  to  transport  the  various  materials  among  the 
several  hundred  factory  buildings. 

Power  generation  and  transmission  require  158  boilers,  386 
steam  engines  and  472  electric  motors.  Over  400  telephones 
are  needed  within  the  works. 

In  order  to  convert  the  nine  products  obtained  from  coal-tar 
into  intermediate  products,  and  then  into  dyes,  these  works 
need  as  auxiliary  chemicals:  sulfuric  acid,  hydrochloric  (muriatic) 
acid,  nitric  acid,  liquid  chlorine,  caustic  soda,  carbonate  of  soda, 
acetate  of  soda,  acetic  acid,  acetic  anhydrid,  bromine  and  iodine 
■ — in  large  amounts,  which,  for  obvious  reasons,  cannot  be  dis- 
tributed as  to  the  total  amounts  produced  or  used. 

The  following  figures,  taken  from  Dr.  Brunck's  1900  Indigo 
Lecture,  may  give  an  idea  of  the  magnitude  of  some  of  these 
items;  these  figures  are  now  more  than  14  years  old  and  have  no 
doubt  immensely  increased;  at  that  time  the  Badische  Anilin 
and  Soda  Fabrik  made  about  50  per  cent  of  the  world's  consump- 
tion of  indigo.  Today  all  the  German  works  make  practically 
95  per  cent  of  the  world's  consumption;  it  is  fair  to  double  the 
following  figures  to  get  an  approximate  notion  of  today's  figures; 
50,000  tons  of  sulfuric  anhydrid  (equal  to  40,000  tons  pyrites), 
4,400,000  lbs.  of  glacial  acetic  acid,  which  require  not  less  than 
5,200,000  lbs.  liquid  chlorine  and  produce  5,850,000  lbs.  caustic 
soda  as  well  and  the  equivalent  of  about  7,800,000  lbs.  or  3,900 
tons  of  commercial  muriatic,  and  an  investment  of  $4,500,000. 

At  that  time  (1900)  the  total  world's  consumption  was  esti- 
mated at  11,000,000  lbs.  dry  weight  (100  per  cent)  indigo; 
in  1913  Germany  exported  15,000,000  lbs.  (100  per  cent)  indigo. 

The  world's  annual  consumption  of  indigo  is  today  not  far 
from  8200  tons  (100  per  cent)  indigo  or  27  tons  per  day. 

PATENTS   AND   THE    COAL-TAR   DYE   INDUSTRY 

The  development  of  the  coal-tar  dye  industry  called  for 
8062  German  patents  in  the  years  1876-1912,  or  224  per  year; 
corresponding  patents  have  been  taken  out  in  other  countries, 
e.  g.,  2432  in  the  United  States. 

But  it  is  authoritatively  said  that  only  i  in  100  of  the  Ger- 
man patents  is  a  money  maker  and,  as  a  matter  of  fact,  in  the 
case  of  the  921  dyes  in  the  world's  markets  at  the  end  of  1912, 
only  485  U.  S.  patents  and  762  German  patents  were  involved, 
or  19.94  per  cent  of  the  total  U.  S.  and  9.46  per  cent  of  the  total 
German  patents.  Of  these  92 1  dyes,  50  per  cent,  were  never 
patented  in  the  United  States;  the  U.  S.  patents  on  26  per  cent 
have  now  expired  leaving  24  per  cent  still  covered  by  existing 
U.  S.  patents,  but  many  of  these  expire  in  1915. 


THE      PRI.VIARY     COAL-TAR      PRODUCTS     AND     THE     I.VTERMEDIATE 
PRODUCTS 

The  nine  different  crudes  from  coal-tar  which  form  the  basis 
of  the  coal-tar  dye  industry  are  first  converted  into  materials, 
themselves  not  dyes,  but  different  from  the  nine  original  com- 
pounds. These  nine  compounds  make  about  270  intermediate 
products  and  these  270,  by  suitable  combination,  make  the  900 
and  more  different  dyes  of  the  present  world's  markets. 

The  above  number  of  intermediate  products  by  no  means 
exhausts  those  that  are  possible,  nor  do  the  900  dyes  exhaust 
those  theoretically  possible;  there  are  probably  over  2000  inter- 
mediate products  possible,  but  only  about  270  that  have  found 
use  and  there  are  many  thousands  of  millions  of  dyestuffs  wholly 
distinct  from  each  other  embraced  in  the  8,000  German  patents; 
but  of  these  thousands  of  millions  of  dyes  only  400  individuals 
have  survived  and  are  of  use.  It  is  extremely  doubtful  that  in 
the  remainder  of  these  millions  upon  millions  there  are  any  dyes 
of  any  striking  utility  not  covered  by  those  already  in  use. 
It  is  safe  to  say  that  the  German  coal-tar  dye  industry  has  gone 
over  all  of  the  known  fields  in  fine-tooth-comb  fashion  and  the 
results  thereof  are  laid  down  in  their  patents  and  are  shown  in 
the  goods  that  they  market.  The  Germans  are,  of  course, 
searching  for  new  fields;  in  the  last  10  years  only  one  new  field 
has  been  opened  and  while  that  is  limited  it  promises  to  be  of 
great  value. 

THE    FUNCTION    OF    RESEARCH    IN     ESTABLISHING    THE     PRESENT 

INDUSTRY   IN   THE   U.    S. 

Therefore,  a  research  laboratory,  in  the  narrow  sense  of  the 
word,  is  not  necessary  for  the  development  of  a  real  coal-tar  dye 
industry  in  the  United  States.  What  we  do  need  is  a  semi- 
manufacturing  laboratory  in  which  to  ascertain  the  most  favor- 
able conditions  for  carrj'ing  out  those  operations  which  the  work 
of  the  Germans  both  in  their  patents  and  in  their  commercial 
exploitation  of  them  has  shown  to  be  needful  or  worthy  of  prose- 
cution. That,  however,  is  no  child's  play  task;  it  calls  for  engi- 
neering skill  of  the  highest  order,  for  chemical  knowledge  of 
great  refinement  and  experimental  ability  of  high  rank.  Much 
will  have  to  be  learned  and  determined  as  to  the  proper  materials 
of  construction,  the  proper  size  and  shape  of  the  apparatus  and 
the  most  favorable  working  unit,  which  is  by  no  means  constant 
from  one  dyestuff  or  one  intermediate  product  to  another. 
Many  dyestuffs  cannot  be  made  commercially  in  lots  much  greater 
than  no  pounds;  others  can  be  made  in  lots  of  one  ton,  but  the 
manufacturing  unit,  as  a  rule,  is  small.  Much  of  this  apparatus 
is  enamelled  or  homogeneously  lead-lined. 

Of  course,  the  ultimate  success  will  depend  upon  our  mer- 
chants and  our  ability  to  merchandize  against  the  very  efficient 
merchandizing  organization  of  the  Germans. 

MANUFACTURING    PROCESSES 

It  must  not  be  assumed  that  the  precise  manufacturing  direc- 
tions are  all  laid  down  in  the  literature,  patent  or  otherwise. 
Practically  all  of  the  works  keep  the  details  of  their  actual  pro- 
cesses very  much  to  themselves.  Thus,  for  example,  one  works 
may  excel  in  the  production  of  sulfonated  anilin-blues;  while 
there  is  nothing  patented  or  patentable  about  that  operation, 
the  trade  will  take  one  factory's  product  in  preference  to  any 
other,  on  looks  or  "aspect"  alone.  There  are  numerous  instances 
where  even  these  large  German  works  with  all  their  research 
facilities  and  with  all  their  engineering  ability  have  been  unable 
to  outflank  an  original  patentee  or  original  producer,  either  as 
to  price  or  as  to  quality  of  the  goods  whose  patent  has  expired, 
even  years  after  the  expiration  of  that  patent.  This  has  also 
occurred  in  the  case  of  non-patented  products  and  in  one  instance, 
at  least,  Americans  can  and  do  produce  a  dye  from  German  inter- 
mediates and  sell  that  dye  back  to  the  Germans  at  a  price  and  of 
a  quality  the  Germans  cannot  meet.  We  must,  therefore,  be 
prepared  to  expect  that  our  goods  would  not  sell  in  open  competi- 
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tion  with  foreign  makes  of  the  same  good;  for  perhaps  one  or 
more  years  after  we  had  attempted  to  market  them. 

ACQUIRING    PROCESSES 

Furthermore,  on  account  of  the  necessity  of  having  good, 
careful,  uniform  manufacture  at  all  points  it  is  quite  out  of  the 
question  for  any  one  chemist  to  acquire  valuable  manufacturing 
experience,  except  in  only  a  very  limited  number  of  chemical 
transformations.  Therefore,  successful  purchase  of  recipes  or 
engagement  of  competent  manufacturing  chemists  to  make  whole 
lines  of  dyes  is  practically  out  of  the  question  although  it  may 
succeed  for  a  limited  number  of  dyes  or  operations.  We  shall 
have  to  rely  on  our  own  ingenuity,  skill  and  ability  to  devise 
successful  commercial  methods  of  manufacture. 

THE   MARKETING   OF   COAL-TAR    DYES 

In  1897  the  total  number  of  different  brands  or  commercial 
varieties  of  dyes  sold  by  a  single  German  concern  all  over  the 
world  amounted  in  round  numbers  to  8,000.  Each  one  of  these 
8,000  brands  has  its  own  peculiar  advantage  over  each  of  the 
others.  These  8,000  brands,  which  have,  no  doubt,  increased 
in  number  now,  are  used  by  those  who  use  dyestuffs  and  produce 
with  them  thousands  upon  thousands  of  different  shades  and 
tints  upon  materials  of  the  greatest  diversity.  This  neces- 
sitates, of  course,  the  constant  production  of  sample  cards  by  the 
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diagrams  have  been  constructed  to  .show  in  the  simplest  and 
most  direct  manner  the  genetic  relationships  between  crudes, 
intermediates  and  finished  dyes;  these  charts  are,  therefore, 
not  to  be  taken  as  expressing  all  details  or  all  possible  modes  or 
even  the  very  best  modes  of  making  the  various  products  and 
transformations.  What  they  are  intended  to  express  is  the 
order  of  production  of  the  principal  transformations  and  to 
indicate  very  briefly  merely  the  outline  of  one  way  of  accom- 
plishing that  change;  they  are  indicative  or  directive  only  and 
are  by  no  means  to  be  regarded  as  presenting  complete  actual 
manufacturing  operations  or  anything  approaching  that. 

THE   KETONE    DYES    (PlG.    Ill) 

This  synthesis  has  been  selected  for  the  purpose  of  illustrating 
a  group  of  twenty-four  dyes  closely  related  chemically,  as  well 
as  from  a  manufacturing  point  of  view;  they  are  all  good  sellers 
and  have  been  in  the  world's  markets  for  upwards  of  30  years 
with  the  exception  of  one  or  two  which  are  only  8  or  10  years  old. 
Eight  were  never  patented  in  the  United  States.  On  1 1  the 
U.  S.  patents  have  expired,  on  3  the  U.  S.  patents  expire  in  1915 
and  one  each  in  1916  and  1925.  They  represent  only  '/lo  of 
the  entire  number  of  dyes  but  exemplify  and  typify  the  inter- 
locked and  interlaced  manufacturing  dependency  as  simply 
as  possible.     Other  groups   are  far  more  complex,   chemically 
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dyestuff-makers  each  season  of  each  year  to  show  how  the  fash- 
ionable shades  and  even  staple  shades  can  be  made  profitably 
and  cheaply. 

BY-PRODUCTS 

Broadly  speaking,  the  entire  coal-tar  dye  industry  is  a  com- 
plicated maze  and  net-work  of  interlocking  and  interlacing 
products  and  by-products;  these  are  great  in  number  but,  in 
most  cases,  small  in  volume  individually.  In  numerous  instances 
the  very  existence  of  the  by-products  was  the  sole  directing 
cause  for  the  invention  of  new  dyes  and  classes  of  dyes. 

THE   DYES   OF   THE    world's   MARKETS 

The  921  different  dyes  on  the  world's  markets  at  about  the 
end  of  1912  are  divided  into  17  separate  chemical  classes  as  fol- 
lows : 


Nitroso  dyes 4 

Nitro  dyes 4 

Stilbene  dyes 10 

Pyrazolone  dyes 12 

Azo  dyes 462 

Auramines 2 

Tri-      and       di-phenylmethane 

dyes 73 

Xanthone  dyes 34 

Acridin  dyes 8 


Chinolin  dyes 4 

Thiobenzenyl  dyes 5 

Indophenol  dyes 1 

Oxazin  and  thiazin  dyes 48 

Azin  dyes 38 

Sulfide  dyes 52 

Anthraquinone  and  allied  dyes  116 

Indigo  dyes 48 


Total 921 

THE    CHARTS   OR    DIAGRAMS 

For  present  purposes  of  illustration  a  number  of  charts  or 


as  well  as  from  the  point  of  view  of  manufacture  and  sale.  Fig, 
III  probably  represents  the  simplest  and  least  complex  relation 
ships  in  the  coal-tar  dye  industry. 

It  should  be  remembered  that  each  of  the  17  different 
classes  is  interlaced  and  interlocked  with  one  or  more  other 
classes  and  that  the  interlacing  between  individuals  of  Fig.  Ill 
is  true  in  great  and  very  important  measure  of  the  17  large 
divisions. 

"ketone" — The  starting  material  for  the  24  dyes  of  Fig.  Ill 
is  called  "Michler's  Ketone"  and  is  prepared  from  dimethyl 
anilin  and  carbonyl  chloride.     It  was  discovered  in  1876. 

Dimethylanilin  is  made  from  anilin,  anilin  salt  and  acetone- 
free  wood  alcohol;  anilin  itself  from  nitrobenzol  and  that  from 
benzol  and  nitric  acid. 

Carbonyl  chloride  is  made  from  equal  volumes  of  carbon 
monoxide  and  chlorine  by  means  of  a  contact  agent,  preferably 
animal  charcoal;  platinum  has  also  been  used.  It  is  now  said 
to  be  made  chiefly  by  the  process  of  Michalske  (U.  S.  Pat. 
808,100  of  December  26,  1905).  In  this  process  calcium  chloride 
is  heated  with  lime  and  coke  breeze  in  an  electric  furnace;  the 
carbonyl  chloride  is  condensed  as  a  liquid  at  8°  C.  (about  the 
freezing  point  of  benzol).  The  carbonyl  chloride  gas  is  passed 
into  the  liquid  dimethyl  anilin  at  ordinary  temperature  until 
the  weight  increases  40  per  cent;  the  mixture  is  then  heated  to 
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100°  C.  for  several  hours  to  complete  the  reaction;  the  product 
is  a  solid  melting  at  174°  C. 

By  using  grain  alcohol  in  place  of  the  wood  alcohol,  above, 
the  corresponding  ethyl  product  is  obtained.  It  is  not  so  im- 
portant as  the  methyl  product.  "Ketone"  is  the  nickname 
applied  to  the  product  made  from  dimethyl  anilin,  and  "di- 
ketone"  is  that  applied  to  the  diethyl  anilin  product. 

MAKING    DYES    FROM    "KETONE" 

In  general,  dyes  are  made  from  ketone  by  treating  a  mixture 
of  it  with  phosphorus  oxychloride  or  phosphorus  trichloride  with 
another  coal-tar  derivative;  this  operation  is  technically  known 
as  condensing.  In  Fig.  Ill  the  dyes  are  represented  by  squares; 
the  material  combined  with  ketone  to  produce  any  one  of  these 
dyes  is  indicated  on  the  oval  next  preceding  the  square. 

Where  phosphorus  chlorides  are  used  they  are  generally  used 
in  the  proportion  of  60  to  100  per  cent  of  the  ketone  taken; 
toluol  may  also  be  used  as  a  diluent  when  the  amount  of  chloride 
can  be  reduced  somewhat. 

Many  modifications  have  been  introduced  as  to  the  condensing 
agent;  zinc  chloride,  aluminum  chlorid,  and  sulfuric  acid  may, 
in  special  cases,  be  used  in  place  of  the  phosphorus  chlorides. 
In  general,  the  phosphorus  compounds  are  the  best  condensing 
agents  in  this  method.  They  appear  finally  as  phosphoric  or 
phosphorous  acid.  What  is  actually  done  with  them  is  not 
Table  V — Data  on  Dyes  of  Fig.  Ill 


:  Twenty-four  Dyes 


550(a) 

493  (d) 

509 
542 
564 
566 


Red 
Chrome  bordeaux. 
Yellow 


Green 


Chri 


516 

527 
528 
548 
549 


^  green 

."Vgalma  green 

Eric  green 

Wool  green  S 

Blue 

Turquoise  blue 

Victoria  blue  4  R.  ..  . 

Eriocyanin  A 

Victoria  blue  R 

Victoria  blue  B 

Night  blue 

Fast  acid  blue 

New  patent  blue 

Acid  blue  S 

Chrome  blue 

Violet 
Crystal  violet.  ...... 

Acid  violet  4  BN.  .    . 
Fast  acid  violet  10  B. 

Acid  violet  6  BN 

Chrome  violet 

Acid  violet  5  BNS..  . 

Ethyl  violet 

Alkali  violet  6  B 


1915 

177 

1915 

239 

1910 

164 

1900 

157 

19(H 

274 

279 

191(1 

293 

1909 

145 

1915 

18(1 

1900 

1.S6 

1903 

200 

Totals 15 


7      17        5      II        8        11      4605 


(a)  Also  calico  printing. 

(ft)  Also  paper,  leather,  jute,  cocoanut  fiber,  artificial  silk  and  lakes. 

definitely  stated  but  their  conversion  into  phosphorus  chlorides 
seems  feasible  and  obvious. 

The  course  of  materials  in  making  ketone  and  condensing  it 
may  reasonably  be  represented  as  follows: 

A — Carbonyl  chloride  (33.21)  -|-  dimethylanilin  (90.31),  yield 
ketone  (100)  +  100  per  cent  hydrochloric  acid  gas  (21.24). 
The  figures  in  parentheses  give  the  theoretical  proportions  for 
100  parts  of  ketone;  no  account  is  here  taken  of  losses. 

B — Phosphorus  oxychloride  (100)  -f  ketone  (100)  +  inter- 
mediate material,  yield  phosphoric  acid  (11.87)  +  100  per  cent 
hydrochloric  acid  gas  (13.25)  +  recoverable  phosphorus  oxy- 
chloride (81.47)  +  dye  (x). 

BY-PRO0UCTS  OP  THESE  24  DYES — Therefore,  in  making  100 
lbs.  of  ketone  and  making  dye  therefrom,  34.49  lbs.  of  100  per 


9  Condensing 

10  Carboxylating 

1 1  Diazotizing  and  coupling 


cent  hydrochloric  acid  gas  or  roughly  100  lbs.  of  33  per  cent 
commercial  muriatic  acid  are  produced;  of  this  only  30.51  per 
cent  are  usable  in  making  the  hydrochloric  salts  of  such  of  the 
dyes  made  in  this  cla<;s  as  are  basic;  the  remainder,  or  70  lbs., 
of  commercial  muriatic  is  available  for  other  purposes. 

Table  V  gives  relevant  data  as  to  the  24  dyes  of  the  class 
here  considered;  of  these  only  9  are  basic  and  in  the  case  of  all 
the  other  15  the  whole  of  the  commercial  muriatic  producible  is 
available  for  other  purposes.  Data  as  to  the  relative  amounts 
produced  of  these  24  dyes  are  not  available  and  any  statement 
as  to  such  relationship  would  have  to  be  nothing  but  the  baldest 
kind  of  guess. 

THE    CHEMICAL   TRANSFORMATIONS 

The  manufacture  of  these  24  dyes  calls  for  the  following  eleven 
chemical  operations,  each  of  which  is  briefly  described  below. 

1  Nitrating  5  Oxidizing 

2  Chlorinating  6  Caustic-melting 

3  Sulfonating  7  Alkylating 

4  Reducing  8  Liming 

I — NITRATING — The  material  to  be  nitrated  is  treated  with 
'  "mixed  acid,"  i.  e.,  a  mixture  of  nitric  acid  with  sulfuric  acid; 
generally  only  mono-nitration  is  effected;  dinitrating  and  tri- 
nitrating  are  less  frequently  performed ;  the  differences  are  wholly 
of  proportions,  times  and  temperatures.  The  kind  or  quality 
of  nitration  product  is  not  in  every  respect  under  control  but 
quite  generally  the  reaction  can  be  "steered"  in  the  right  direc- 
tion. The  spent  mixed  acid  in  many  cases  can  be  re-strengthened 
so  that  there  is  only  a  slight  loss  of  sulfuric  acid. 

2 — CHLORINATING — The  material  to  be  chlorinated  is  treated 
with  dry  chlorine  gas  (usually  from  the  electrolytic  caustic 
soda  plant  followed  by  liquefaction  and  gasification);  as  in  ni- 
trating there  may  be  mono-,  di-  or  tri-chlorinating  and  in  addi- 
tion the  chlorination  may  be  in  the  "ring"  or  in  the  "side  chain;" 
so,  according  to  the  material  there  may  be  six  courses  for  the 
reaction  to  go;  it  is  not  so  readily  "steered"  as  is  nitrating. 
In  chlorinating,  one-half  of  the  chlorine  employed  appears  as 
hydrochloric  acid  gas  (100  per  cent),  so  that  for  each  pound  of 
chlorine  that  is  introduced  one  pound  of  100  per  cent  hydro- 
chloric acid  is  obtained,  i.  e.,  3  lbs.  of  commercial  33  per  cent 
muriatic  acid. 

As  an  illustration  of  what  this  means,  take  Dr.  Brunck's 
figures  of  1900  wherein  4,400,000  lbs.  of  glacial  acetic  acid  are 
chlorinated  annually;  these  require  not  less  than  5,200,000 
lbs.  of  liquid  chlorine  and  produce  3,900  tons  of  33  per  cent 
muriatic  acid,  or  1 1  tons  daily.  These  figures  are  today,  perhaps, 
doubled  for  the  indigo  industry  alone.  It  is  hardly  to  be  ex- 
pected that  this  amount  of  acid  is  thrown  away. 

Further,  the  above  quantity  of  chlorine  corresponds  to  about 
5,850,000  lbs.  or  2925  tons  of  caustic  soda  annually  or  8.5  tons 
daily. 

3 — SULFONATING — The  material  to  be  sulfonated  is  treated 
with  98  per  cent  or  with  fuming  acid,  /.  e.,  oleum,  according  to 
the  product  desired.  As  a  rule,  the  amount  of  sulfuric  taken  is 
several  times  that  required  to  do  the  chemical  work,  the  excess 
acting  as  a  vehicle.  Mono-,  di-  and  tri-sulfonating  may  occur, 
and  the  course  can  be  "steered"  with  difficulty  except  in  a  few 
ca.scs.  The  excess  sulfuric  is  as  a  general  thing  lost,  either  as 
calcium  sulfate  or  as  a  weak  and  highly  contaminated  sulfuric 
acid  of  which  a  part  only  can  be  strengthened  up;  it  is.  as  a  rule, 
run  into  the  sewer.  In  sulfonating,  in  general,  much  of  the  sul- 
furic doing  chemical  work  is  divided  over  a  number  of  products 
and  of  these  some  are  far  less  useful  than  others  and  the  art  of 
making  both  ends  meet  in  this  phase  is  dependent  upon  how  fully 
these  different  sulfonation  products  can  be  used  in  dyestuff 
making. 

4 — REDUCING — As  a  rule,  only  nitro  bodies  (the  products  of 
nitration)  are  reduced;  when  reduced  they  yield  amido  bodies, 
e.  J.,  nitrobenzol  yields  amidobenzol,  otherwise  known  as 
anilin.     Reduction  is,  as  a  rule,  effected  by  the  use  of  iron  in 
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the  form  of  powder,  filings,  drillings,  etc.,  with  the  aid  of  acetic 
or  of  hydrochloric  acid.  The  iron  residue  is  very  largely  re- 
converted into  metallic  iron.  The  world  does  not  use  enough 
iron  salts  to  make  even  a  dent  in  the  amount  of  these  residues 
available. 

5 — OXIDIZING — This  is  effected  largely  by  means  of  lead  per- 
oxide; manganese  dioxide  and  also  permanganates  are  used; 
hydrochloric  acid  is  generally  used  in  connection  with  them  al- 
though sulfuric  acid  is  also  used.  The  manganese  residues  are 
generally  re-worked  to  peroxide  while  the  lead  residue  is  used 
for  lead  chroraate  and  similar  articles.  Potassium  bichromate 
(residue  chrome  alum)  and  chlorate  of  potash  (residue  chloride 
of  potash)  are  also  used  for  oxidation  purposes. 

6 — CAUSTIC  MELTING — The  substance  to  be  subjected  to  the 
caustic  melt  is,  as  a  rule,  a  sulfonation  product,  and  the  purpose 
of  this  melt  is  to  remove  the  sulfuric  acid  portion  and  put  the 
hydroxyl  group  in  its  place.  For  example,  benzol  mono  ulfoacid 
yields  hydroxy-benzol,  i.  e.,  phenol  or  carbolic  acid;  naphthalene 
monosulfoacid  yields  alpha-naphthol  or  bcta-naphthol,  depend- 
ing upon  which  particular  monosulfoacid  of  naphthalene  was 
used.  The  sulfuric  portion  re-appears  as  sulfite  of  soda.  As 
a  rule,  the  amount  of  caustic  soda  taken  is  greater  than  that  re- 
quired for  the  chemical  work;  the  excess  is  lost  as  carbonate  in 
weak  water  solution,  carrying  the  sulfite;  this  is  used  for  bisulfite 
production  or  Glauber's  salt  production,  or  is  thrown  into  the 
sewer  as  commercial  conditions  may  indicate. 

This  process  is  not  easily  "steered;"  it  calls  for  extreme  care, 
and  its  success  depends  upon  very  minute  details  not  always 
easily  discoverable,  and  when  discovered  very  conscientiously 
kept  secret. 

7 — ALKYLATING — This  is  the  introduction  of  methyl  or  ethyl 
groups  into  hydroxyl  groups  or  into  amido  groups.  Methyla- 
tion  is  generally  effected  by  the  use  of  wood  alcohol  and  hydro- 
chloric acid  under  pressure  in  closed  vessels  at  elevated  tempera- 
tures; sometimes  methyl  chloride  must  be  used.  Ethylation  is 
similar  to  methylation,  using  grain  alcohol  for  the  wood  alcohol 
and  ethyl  chloride  for  the  methyl  chloride. 

8 — LIMING — This  is  generally  applied  to  sulfonation  products 
to  separate  the  different  chemical  substances  from  each  other; 
as  a  general  rule  the  lime  salt  of  one  or  more  is  soluble  and  of  the 
other  insoluble;  lime  or  chalk  may  be  used;  generally  lime  is 
preferred  on  account  of  absence  of  frothing,  but  where  that  is 
not  objectionable  limestone  or  chalk  is  used.  In  this  case  all 
free  sulfuric  acid  is  rendered  useless  as  sulfate  of  lime. 

In  another  phase  of  liming,  however,  caustic  lime  is  necessary, 
as  in  separating  benzal  chloride  from  benzo-trichloride;  the  for- 
mer gives  benzaldehyde  which  is  blown  off  by  steam  and  the  latter 
gives  benzoate  of  lime,  which  is  further  decomposed  to  give  ben- 
zoic acid. 

9 — CONDENSING — This  covers  all  those  processes  where  two 
different  substances  (or  two  molecules  of  the  same  substance) 
unite  to  form  a  new  compound  by  the  loss  or  elimination  of  water 
or  its  equivalent  between  them ;  among  the  most  common  equiva- 
lents for  water-loss  is  loss  of  hydrochloric  acid  or  of  ammonia. 

Sulfuric  acid  is  a  common  condensing  agent  and  for  this  pur- 
pose is  used  in  considerable  excess;  in  general,  it  reappears  as 
a  very  weak  acid  and  is  lost  to  the  works;  the  other  condensing 
agents  such  as  chlorides  of  phosphorus  and  of  sulfur,  zinc  chloride, 
aluminum  chloride,  antimony  chloride  and  the  like  can,  as  a 
rule,  be  recovered  in  usable  form  and  returned  to  the  cycle  at 
a  slight  additional  cost. 

10 — CARBOXYLATING — This  is  generally  performed  by  the  ac- 
tion of  an  excess  of  caustic  soda  and  pure  carbon  dioxide  gas 
upon  a  hydroxylated,  i.  e.,  phenolic  or  naphtholic  substance; 
for  example,  phenol  or  carbolic  acid  yields  salicylic  acid  and  alpha- 
naphthol  yields  alpha-oxy-naphthoic  acid.  Salicylic  acid  has 
wide  application  in  the  coal-tar  dyestuff  art.  The  caustic  is 
recoverable  only  as  a  salt  (sulfate  or  chloride,  etc.). 


II — DiAZOTiziNG  AND  COUPLING — An  amido  compound  such 
as  alpha-naphthylamine  on  treatment  with  nitrous  acid  yields 
a  compound  called  diazonaphthalene;  this  operation  is  called 
diazotizing.  When  this  result  is  brought  into  contact  with  sali- 
cylic acid  in  the  presence  of  sodium  carbonate  or  acetate  it  yields 
a  new  substance;  this  operation  is  called  coupling.  This  product 
on  reduction  yields  a  new  compound,  amido-saUcylic  acid,  and 
the  original  alpha-naphthylamine.  The  amido-salicylic  acid 
is  itself  very  useful  in  the  coal-tar  dyestuff  art. 

These  two  operations  are  the  most  ubiquitous  and  widely  ap- 
plied reactions  in  the  entire  industry;  they  serve  to  help  in  making 
intermediate  products  and  to  produce  the  multitudes  of  sub- 
stances known  as  azo-dyes  which  make  up  more  than  50  per  cent 
of  the  individual  dyes  of  the  world's  market.  This  group  of 
azo-dyes  is  a  terrific  and  bewildering  maze  of  interlocked  and  inter- 
laced substances  and  operations  compared  with  which  the  24 
dyes  here  charted  are  the  merest  alphabet  of  simplicity,  as  is 
shown  later  under  the  benzidine  dyes. 

MAKING    MICHLER's    KETONE 

In  making  the  ketone  for  the  24  dyes  in  Fig.  Ill,  four  operations 
are  employed: 

Nitrating  Reducing  Alkylating  Condensing 

The  following  twelve  materials  are  needed : 

bon  1 


Benzol 

Nitrober 
Anilin 
Wood  all 


lol 
ohol 


Chlo 
Phospho 
Nitric  ac 


Sulfuric  acid 
Iron  filings 
Muriatic  acid 
Animal  charco 


The  product  of  these  operations  and  materials  is  tiot  a  dyestuff 
but  must  be  condensed  with  other  products;  in  fact  we  are  now 
only  ready  to  begin  to  make  a  dye  but  only  after  we  have  made 
several  other  .substances — to  be  accurate  18  additional  compounds 
to  make  these  24  dyes. 

Table  VI  shows  the  distribution  of  operations  and  materials 
over  the  things  other  than  "ketone"  that  are  to  be  combined 
with  "ketone"  to  make  dyes. 

For  twelve  of  these  24  dyes  one  member  of  the  four  classes 
of  organic  materials,  namely, 

I  =  Fatty  series        II  =  Benzol         HI  =  Toluol         IV  =  Naphthalene 

is  sufficient;  for  the  other  twelve   the   following  combinations 
of  materials  are  necessary: 


Classes 

I  and  II.. 
II  and  III. 
II  and  IV. 


No.  of  dyes     Cla 


No.  of  dyea 


III  and  IV... 
I,  II  and  III. 
I,  II  and  IV. 


The  operations  required  are  a  total  of  118.  In  Table  VI 
"xx"  indicates  that  the  operation  has  to  be  performed  twice  in 
making  one  dye. 

Table  VI — Materials  and  Operations  of  the  24  Dyes 
Dye  Materials     Transformath 


No. 

Totals 

I 

aiir 

IV 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10    11 

Totals 

550 

1 

X 

X 

X 

X       X 

4 

493(a)... 

(0) 
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1 

542 

1 

X 

X 

X 

X 

X 

X 

X 

6 

1 
1 

1 

^ 

x 

XX 

^ 

'^ 

■- 

'^ 

5 

^ 

5 

498 

X 

3 

522 

3 

X 

X 

X 

XX 

XX 

X 

X 
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COAL-TAR  PRODUCTS  PARTICIPATION  IN  THE  24  DYES 

In  making  the  quantities  of  each  of  the  24  dyes  given  in  Table  V 
the  material  participation  is  as  follows; 

Per  cent 

Ketone 52.11 

Benzol : 7.58 

Toluol 5.21 

Naphthalene 11.42 

Phenol 1.69  25.90 

Sulfonation,  alkylation,  etc 21.97 

Total, 99.98 

Of  the  ketone  58.21  per  cent  are  benzol  so  that  the  benzol 

participation  in  the  4605  parts  of  the  above  24  dyes  is  a  grand 

total  of  37.91  per  cent.     That  is,  of  the  4605  parts  of  these  24 

dyes: 

Per  cent  Per  cent 

Benzol .17.91 

Toluol,  makes  up 5.21  ... 

Naphthalene 11.42 

Phenol,  makes  up 1  . 69  ... 

Total 56 .  23 

Ketone  production  makes  up 21 .80 

Sulfonation.  alkylation,  etc.,  make  up 21 .97 

It  must  not  be  forgotten  that  these  24  dyes  are  by  no  means 
made  and  sold  in  the  proportions  given  in  Table  V.  Therefore, 
in  order  intelligently  to  plan  a  works  for  these  24  dyes  it  must 
be  known  how  these  24  individuals  are  to  be  distributed  over  the 
whole  production  in  order  to  avoid  waste  of  space,  apparatus, 
material  and  time  in  laying  out  the  relative  position  of  build- 
ings and  their  respective  sizes. 

MAKING    THE   TWENTY-FOUR    DYES 

To  carry  out  the  1 1 8  operations  it  is  not  intended  to  say  that 
118  sets  of  apparatus  are  necessary;  the  different  sets  of  apparatus 
are  1 1  or  a  multiple  thereof  and  how  great  that  multiple  is 
depends  upon  the  relative  amounts  of  each  of  the  24  dyes 
to  be  made  and  the  time  at  which  they  must  be  manufactured. 
Further,  one  and  the  same  apparatus  is  not  necessarily  adapted  for 
any  one  operation  on  different  compounds,  e.  g.,  nitrating  each 
of  the  three  different  materials'  to  be  nitrated,  namely,  benzol, 
toluol  and  naphthalene ;  nor  will  the  same  chlorinating  apparatus 
do  for  all  kinds  of  chlorinating,  nor  the  same  condensing  ap- 
paratus for  all  condensations  and  so  on  through  the  list. 

UNIFORMITY   OF   PRODUCT 

It  must  be  borne  in  mind  that  Fig.  Ill  does  not  in  any  way 
attempt  to  show  the  different  manufacturing  operations  and 
steps  that  are  necessary  to  accomplish  the  indicated  results; 
neither  is  it  attempted  to  show  on  Fig.  Ill  the  filtering  operations 
the  precipitation  operations,  the  blowings  off  with  steam  and 
other  means  of  mere  mechanical  separation;  between  each  and 
any  two  successive  chemical  alterations  there  are  one  or  more 
mechanical  operations  not  indicated,  as  well  as  secondary  chem- 
ical changes  such  as  the  conversion  of  sulfo-acids  into  salts; 
bases  into  salts;  the  separation  of  the  salts  from  their  liquids 
and  their  piu-ification,  their  drying,  their  storing.  In  addition 
to  all  this,  of  course,  there  is  the  large  amount  of  testing  that 
i;.ust  be  done  at  all  stages  of  each  operation  and  the  exhaustive 
and  careful  test  of  each  lot  of  final  product  before  it  is  passed 
from  one  step  to  the  other  and  of  the  finished  dye  before  it  is 
placed  in  the  warehouse.  The  number  of  these  operations  is 
merely  a  matter  of  calculation  and  consideration  but  such  a  pre- 
sentation would  add  nothing  of  moment  for  present  purposes; 
on  the  contrary  it  would  make  Fig.  Ill  so  complicated  as  to  rob 
it  of  most,  if  not  all,  of  its  utility.  Suffice  it  to  say,  that  the  tests 
are  in  many  cases  rapid  and  short  but  in  other  cases  and  par- 
ticularly in  the  case  of  the  finished  products  they  are  very  re- 
fined, allow  but  a  small  margin  for  error  or  variation  and  require 
a  great  deal  of  care  and  painstaking  in  their  execution.  For 
example,  in  making  beta-naphthol  some  alpha-naphthol  is  always 
formed  and  the  users  of  bcta-naiihtliol  have  become  .so  refined 
in  their  requirements  and  demands  that  if  a  sample  of  beta- 


naphthol  carries  more  than  Vioo  per  cent  of  alpha-naphthol, 
that  is,  one  part  of  alpha-naphthol  in  50,000  parts  of  beta- 
naphthol,  it  stands  a  very  good  chance  of  being  rejected.  In 
making  alpha-naphthol  some  beta  is  always  formed  and  its  pres- 
ence in  alpha  is  just  as  objectionable  as  is  the  presence  of  alpha 
in  beta. 

Therefore,  not  only  are  there  a  large  number  of  operations,  but 
these  operations  while  not  always  under  accurate  control  must, 
nevertheless,  be  carried  out  with  great  refinement  and  great 
exactitude  and  with  great  uniformity  of  final  product  in  the  ma- 
jority of  the  cases;  there  are  a  number  of  cases  where  such  re- 
finement is  not  necessary  but,  needless  to  say,  works  that  make 
only  the  rough  goods  could  not  hope  to  survive  in  competition 
with  works  that  make  both  classes  of  goods.  The  buyers  of  dye- 
stuffs,  as  a  rule,  subject  the  purchased  goods  to  severe  tests  and 
even  if  they  do  not,  the  competition  between  the  various 
makers  of  dyestuffs  is  so  keen  that  they  themselves  have 
effectively  and  effectually  raised  the  standard  of  the  goods  to 
be  made. 

That  this  industry  is  complex,  interlaced  and  interlocked  not 
only  from  the  manufacturing  point  of  view  but  the  mer- 
chandizing viewpoint  also  must  be  clear  from  Fig.  Ill  which 
purports  to  present  in  the  sketchiest  of  outUne  the  inter-rela- 
tionship of  only  V40  of  the  individuals  of  the  industry. 

INTERLOCKING   AND   INTERLACING 

In  Fig.  Ill  there  are  several  instances  of  the  production  of 
two  or  more  things  side  by  side  in  one  and  the  same  operation 
and  all  of  these  must  be  utihzed  somewhere  in  the  works  in  order 
not  to  be  a  dead  loss. 

Take,  for  example,  treatment  of  toluol  with  chlorine;  three 
substances  are  imavoidably  formed:  benzyl  chloride,  benzal 
chloride  and  benzo  trichloride  in  greater  or  lesser  proportions. 
In  Fig.  Ill  benzyl  chloride  is  used  in  three  dyes,  benzotrichloride 
in  one  dye  and  benzal  chloride  in  a  group  of  dyes,  itself  much 
larger  than  this  particular  group  of  dyes;  but  each  of  these  three 
compounds  has  uses  in  other  dyes  and  groups  of  dyes.  Mer- 
chandizing effort  must  be  directed  to  keeping  the  products  of 
all  these  three  materials  in  alignment  so  that  excess  production 
of  none  takes  place  over  market  requirements.  It  is  a  much 
more  complicated  merchandizing  operation  than,  for  example, 
the  alignment  of  the  salt-cake  and  muriatic  acid  markets,  and 
still  it  is  easier  in  some  respects  because  of  the  greater  number 
of  outlets  available.  Nevertheless,  it  is  a  task  requiring  great 
skill  and  much  careful  and  painstaking  attention. 

In  treating  toluol  with  nitric  acid  only  one  product  is  shown, 
namely,  the  para  variety ;  however,  another  variety  is  also  formed 
— the  ortho  variety  which  is  commercially  far  more  important 
than  the  para  variety.  In  effect,  therefore,  the  utilization  of 
the  para  variety  in  this  and  other  classes  of  dyes  is  merely  making 
use  of  a  substance  unavoidably  a  by-product  from  another 
manufacture  (e.  g.,  tolidine  manufacture)  so  as  to  avoid  useless 
waste  and  loss ;  if  one  maker  does  not  the  other  will  and  thereby 
gain  a  commercial  advantage.  For  example,  the  ortho  variety 
is  used  in  tolidine  making  and  the  para  variety  in  magenta  making 
(see  Fig.  VIII);  both  produce  para  and  ortho  respectively,  in 
addition,  which  they  respectively  cannot  use  but  together  they 
can  consume  all  of  each  provided  their  respective  sales  are  properly 
adjusted;  if  not,  additional  uses  are  needed. 

Other  examples  of  such  interlaced,  interlocked  simultaneous 
results  are  shown  on  Fig.  VI ;  for  example,  the  sulfonation  prod- 
ucts of  beta-naphthol  where  one  monosulfoacid  and  two  di- 
sulfoacids  must  be  kept  in  line;  or  the  sulfonation  of  beta-mono- 
sulfoacid  by  means  of  oleum  where  at  least  two  products,  one 
disulfoacid  and  one  trisulfoacid  must  be  managed;  direct  loss 
of  product  with  no  use  in  this  class  is  shown  in  the  treatment  of 
beta-monosulfoacid    with    nitric    acid    as    described    later    on. 

Study  and  examination  of  these  charts  or  diagrams  will  dis- 
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close  more  and  more  how  really  intricate  and  complex  as  well 
as  interdependent  are  these  products.  Nevertheless,  simple 
inspection  of  these  charts  shows  a  real  and  important  inter- 
locking and  interdependence  of  not  only  the  intermediates  but 
of  the  finished  dyes  themselves. 

In  Figs.  IV,  V  and  VI  are  presented  the  diagrams  for  82 
additional  dyes  and  their  needed  intermediates;  these  82  dyes 
are  themselves  important  and  large  sellers. 
With  the  24  ketone  dyes  just  described 
they  make  up  one-eighth  of  the  individ- 
uals of  the  present  world's  market.  The 
complex  nature  of  the  relationships  of  the 
relevant  intermediates  is  obvious  at  a 
glance. 
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THE    BENZIDINE    DYES — FIG.    IV 

About  one-tenth  of  the  individual  dyes 
on  the  world's  markets  have  benzidine  as 
a  substantial  and  necessary  ingredient. 
This  can  be  made  from  nitrobenzol, 
caustic  soda,  zinc  dust  and  hydrochloric 
Fig.  H.- Benzidine  ^^^^  ^^^  requires  three  chemical  trans- 
AND  TOLIDINE  formations,    beginning    with     benzol     as 

DIAGRAMS  gi^^^^jj    3^    Pig     jy        Benzidine     itself, 

however,  is  no  dyestuff  and,  unlike  anilin,  it  cannot  be  used 
for  the  production  of  black  or  any  other  shade  upon  fiber  without 
the  cooperation  of  some  other  coal-tar  product.  The  benzidine 
must  first  be  treated  with  nitrous  acid  to  form  its  tetrazo-com- 
pound  which  is  itself  then  combined  with  other  coal-tar  de- 
rivatives to  produce  finished  dyes.  In  the  production  of  the 
82  benzidine  dyes  in  the  world's  markets  the  materials  or  finished 
intermediates   with   which    the    benzidine   is   to   be   combined. 


The  original  treatment  of  naphthalene,  Fig.  VI,  is  divided 
into  three  classes,  namely,  by  nitric  acid,  by  oil  of  vitriol  and  by 
fuming  sulfuric  acid.  The  nitric  acid  treatment  followed  by 
other  suitable  treatments  yields  5  of  these  finished  intermediates. 
The  oil  of  vitriol  treatment  coupled  with  caustic  melt,  nitric 
acid  treatment,  reduction,  treatment  with  nitrous  acid  and  heat- 
ing with  water  or  with  oil  of  vitriol  yields  21  of  these  finished 
intermediate  products;  the  treatment  with  the  fuming  acid  yields 
but  one  finished  intermediate. 

When  these  44  compounds  are  combined  with  benzidine  to 
produce  the  82  dyes,  they  are  used  two  at  a  time,  three  at  a  time 
and  four  at  a  time  or  each  one  twice  and  it  is  self-evident  from 
the  possible  permutations  and  combinations  that  there  is  a  wide 
field  opened  up  by  these  44  finished  intermediates;  however, 
only  82  individuals  have  been  found  to  be  of  lasting  commercial 
value. 

The  benzidine  dyes, which  are  valuable  because  they  are  direct 
cotton  dyes  (that  is,  dye  cotton  fiber  without  the  use  of  a  mordant), 
are  incomplete  of  themselves  for  the  commercial  range  of  shades 
and  colors. in  this  class  of  materials  and  as  a  complement  the 
tolidine  dyes  are  employed.  Tolidine  is  made  from  nitro-toluol 
(the  ortho  variety)  in  the  same  manner  that  benzidine  is  made 
from  nitro-benzol  (see  Fig.  IV).  Tohdine,  in  turn,  is  combined 
with  finished  intermediates  as  is  benzidin  but  requires  finished 
intermediates  over  and  above  those  shown  on  these  charts  and 
their  genetic  relationship  is  quite  as  complicated  as  that  shown 
for  the  benzidine  finished  intermediates.  Of  the  above  com- 
pounds found  in  coal-tar  only  two  are  useful  as  such  for  union 
with  benzidine  and  tolidine;  they  are  phenol  and  cresol  but  the 
role  they  play  in  that  capacity  is  rather  subordinate. 

The  number  of  intermediate  steps  from  naphthalene  (Fig. 
VI)  to  finished  intermediate  is  at  a  maximum  in  the  case  of  2.7 
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Fig.  v.-  Non-Naphthalene  Intermediate  Products  to  be  Used  with  Benzidine 

NoTEi-Sguapti  Indicole  Slapling  MoUriaU  and  Intcpmediote  Products  Useful  in  Dye  Ppoducliofl. 

Ovals  Indicate  Starting  Materials  and  Intermediate  Products  Not  Useful  in  Dye  Production, 
Oleum  means  Fuming  Sulfuric  Acid.     O.V.  stands  for  Oil  of  Vitriol. 


number  44.  These  44  compounds  are  made  from  benzol,  toluol, 
xylol,  phenol,  cresol  and  naphthalene  and  the  making  calls  for 
the  intermediate  production  of  55  substances  that  have,  so  far 
as  these  dyes  are  concerned,  no  other  use  than  to  serve  as  inter- 
mediate products. 

Benzol,  Fig.  V,  is  treated  with  oil  of  vitriol  or  with 
nitric  acid  to  form  two  different  classes  of  benzol  derivatives, 
the  former  having  but  one  member  and  the  latter  having 
9;  toluol  on  treatment  with  nitric  acid  and  three  separate  addi- 
tional chemical  treatments  yields  two  finished  intermediates. 
Xylol  on  treatment  with  nitric  acid  yields  but  one  finished 
intermediate.  Of  course,  other  operations  are  necessary,  such 
as  the  caustic  soda  melt,  sulfonation,  reduction,  chlorination 
and  baking.  Phenol  on  carboxylation  yields  salicylic  acid,  and 
cresol  on  carboxylation  yields  cresotinic  acid  and  on  treatment 
with  nitric  acid  and  subsequently  by  alkylation  and  reduction 
yields  amido  cresol  ether. 


diamido  naphthalene  3.6  disulfo  acid;  in  that  case  six  inter- 
mediate products  must  be  prepared,  no  one  of  which  has  any 
use  in  this  class  of  dyes,  other  than  the  production  of  this  one 
finished  intermediate.  None  of  these  starting  materials  yields 
a  finished  intermediate  with  one  chemical  operation  except  in 
the  case  of  phenol  and  cresol ;  for  all  others  at  least  two  chemical 
steps  must  be  taken  before  a  finished  intermediate  is  arrived  at. 

In  addition  to  benzidine  and  to  tolidine,  6  other  substances  of 
a  similar  nature  are  employed  to  complete  this  commercial 
series  of  direct  cotton  dyes  and  they  in  turn  make  use  of  some 
of  these  finished  intermediates  and  in  addition  others  not  here 
charted. 

Going  back  on  Fig.  VI,  to  the  treatment  of  naphthalene  beta- 
monosulfoacid  with  nitric  acid  it  will  be  noted  that  the  chart 
states  that  two  nitration  products  are  formed  in  equal  parts; 
so  far  as  this  particular  class  of  dyes  is  concerned  one  of  those 
equal  parts  of  nitration  product  is  useless.     It  becomes  a  burden 
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to  the  other  part  so  that  the  1.5  di-amido  naphthalene  7 
sulfoacid  must  bear  the  entire  cost  of  nitrating  the  beta-mono- 
sulfoacid  although  only  one-half  of  that  nitric  acid  and  one-half 
of  the  beta-monosulfoacid  is   available  for  it;    the  other  part 


Fia  H- NAPKTHALtNt    iNTERMtOIATC  PRODUCTS  TO  Bt  Us[0  WITH  BtNZIDINt 


syntheses  are  divisible  into  2  classes;  three  of  them  start  from 
benzol  and  the  remaining  one  starts  from  naphthalene  and  they 
all  come  together  at  the  indoxyl  point  and  from  that  point 
are  all  substantially  identical.     The  salient  point  is  at  the  pro- 


goes  to  form  a  waste  heap  unless  utilized  in  some  other  branch 
of  the  industry. 

The  167  direct  cotton  dyes  of  the  diphenyl  type  of  the  present 
world's  markets  are  distributed  as  follows,  among  the  various 
diphenyl  derivatives: 


Total. 


INDIGO 

Four  of  the  principal  methods  of  making  indigo  have  been 
<:harted  (Fig.  VII).  In  all  processes  of  making  indigo  the  chief 
difficulty  has  always  been  in  getting  a  proper  yield  of  indoxyl; 
the  preparation  of  the  glycine  from  which  the  indoxyl  is  made 
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Fig. 301.- The  Indigo  Diagrams 

Showing  Present  Commercial  Processes 

has  in  itself  not  offered  any  very  great  difficulty  but  the  strategic 
point  of  the  whole  indigo  synthesis  is  at  that  conversion,  and 
it  is  at  that  point  that  most  of  the  energy  of  chemists  has  been 
expended.  It  would  not  be  at  all  surprising  if  on  examination  it 
were  to  turn  out  that  at  least  50  distinct  and  different  modifica- 
tions of  operations  at  that  point  have  been  patented  and  of  these 
probably  not  more  than  j  .survive  to  this  day.      These  4  indigo 


duction  of  indoxyl.  The  method  first  to  be  used  successfully 
commercially  was  to  melt  the  glycine  with  caustic  soda;  whed 
starting  from  anilin  the  yield  rarely  exceeded  45  per  cent  an- 
for  a  long  time  no  means  was  discovered  for  producing  any  substan 
tial  increase  in  that  yield;  admixture  of  burnt  lime  to  the  caustic 
soda  was  tried  without  materially  increasing  the  yield.  More- 
over, all  methods  that  started  from  benzol  had  to  take  account 
of  the  possibility  of  the  drawback  that  to  produce  enough  benzol 
to  make  the  world's  requirement  of  indigo  would  pile  up  such  an 
amount  of  toluol  that  the  industry  simply  could  not  use  it  and 
the  indigo  would  have  to  bear  the  burden  of  the  unused  toluol. 
That  is  one  of  the  primary  reasons  why  the  naphthalene  method 
was  the  first  to  be  used  successfully  commercially;  further, 
the  variety  of  glycine  producible  thereby  was  converted  into 
indoxyl  by  melting  with  caustic  alkali  to  an  extent  approaching 
90  per  cent  of  the  theory;  also  the  amount  of  naphthalene  re- 
quired to  produce  the  world's  consumption  of  indigo  could  be 
obtained  without  entailing  the  use  of  additional  and  other  coal- 
tar  hydrocarbons;  i.  e.,  there  was  plenty  of  naphthalene  looking 
for  a  market  and  while  there  was  enough  benzol  available,  every 
time  a  certain  additional  amount  of  benzol  was  used,  a  certain 
amount  of  toluol  was  produced  for  which  a  market  had  to  be 
created  or  be  a  burden  to  the  indigo.  However,  in  the  last 
15  years  those  conditions  have  changed;  uses  of  toluol  have  been 
found  and  it  is  very  likely  that  benzol  will  serve  as  the  starting 
point  for  most  of  the  world's  indigo  in  the  future. 

However,  it  was  not  cheap  benzol  and  it  was  not  the  finding 
of  a  use  for  toluol  that  made  benzol  feasible  as  a  commercial 
starting  point  for  indigo.  The  discovery  that  sodium  amide 
would  convert  the  glycine  into  indoxyl  practically  quantitatively 
was  the  particular  event  that  made  the  use  of  benzol  com- 
mercially feasible;  sodium  oxide  has  also  been  found  to  be  a 
substitute  of  equally  good  quality  for  the  sodium  amide.  Re- 
verting to  Fig.  VTI  it  will  be  of  interest  to  note  that  the  first 
step  from  naphthalene  to  phthalic  anhydride  today  calls  for  the 
production  of  an  amount  of  sulfuric  anhydrid  equal  to  80,000 
tons  of  50  per  cent  pyrites  per  annum.  The  step  of  passing  from 
acetic  acid  to  chlor-acetic  acid  today  calls  for  over  9,000,000 
pounds  of  glacial  acetic  acid  and  over  10,000,000  pounds  of  liquid 
chlorine. 
AMERICAN    ATTEMPTS    TO    DEVELOP    A    DYE    INDUSTRY — FIG.    VIII 

The  hydroquinone  diagram  in  Fig.  VIII  illustrates  what 
American  manufacturers  have  been  doing  with  domestic  benzol; 
it  requires  a  total  of  four  chemical  operations  and  produces  two 
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compounds,  each  of  them  usable  as  such,  i.  e.,  anilin,  used  for 
the  production  of  black  on  cotton  without  the  aid  of  any  other 
coal-tar  product  and  hydroquinone,  used  as  a  photographic 
developer.  This  diagram  will  give  some  measure  of  the  difficul- 
ties that  may  be  expected  in  an  attempt  to  develop  the  finished 
intermediates  necessary  for  the  production  of  the  24  ketone  dyes 
of  Fig.  Ill  and  the  82  benzidine  dyes  of  Figs.  V  and  VI. 

Magenta  requires  benzol  and  toluol;  the  former  must  be  con- 
verted into  nitrobenzol  and  then  into  anilin  and  the  latter  into 
nitrotoluol  (largely  the  para  variety)  and  then  reduced  totoluidine 
by  taking  a  suitable  mixture  of  anilin  and  toluidine  with  nitro 
toluol  or  nitrobenzol  (as  indicated  in  Fig.  VIII),  magenta 
base  is  produced,  and  this,  on  treatment  with  hydrochloric 
acid,  yields  the  hydrochloride  which  is  the  commercial  form 
of  magenta. 

A  book  of  over  280  pages  was  published  in  1889  and  contained 
plates  and  drawings  of  apparatus  and  lay-out  of  works  and 
minute  directions  for  magenta  manufacture;  even  this  and  the 
absence  of  all  patents  has  not  enabled  American  manufacturers 
to  make  this  product  in  competition.  It  is  true  that  magenta 
is  still  made  in  this  country  but  it  is  made  almost  entirely  from 
magenta  base  imported  from  abroad.  Roughly  and  approxi- 
mately speaking,  in  $80,000  worth  of  magenta  there  are  $450 
worth  of  commercial  muriatic  acid.  The  remainder  of  the 
value  is  made  up  by  the  magenta  base. 
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Fig'HII-Syntheses  of  Some  Dye-Stuffs  All  Except  Alizarine 

Attempted  in  the  United  States  and  Driven  Out  by 

Foreign  Competition 

The  Naphthol  Yellow  S  patent  has  been  dead  for  over  1 7  years 
and  yet  none  of  this  dye  has  ever  been  successfully  manufactured 
from  naphthalene  in  this  country.  Whatever  has  been  manu- 
factured in  this  country  has  been  made  from  alpha-naphthol- 
trisulfoacid,  imported  from  abroad,  which  is  merely  treated 
here  with  nitric  acid  and  carbonate  of  soda  and  even  that  manu- 
facture has  now  disappeared  almost  entirely. 

Alizarin  manufacture  involves  three  chemical  transforma- 
tions of  anthracene  which  has  always  been  as  cheaply  laid 
down  from  England  in  the  United  States  as  in  Germany;  the  repu- 
tation of  alizarin  as  a  money-maker  and  money-getter  has  always 
been  world-wide,  and  the  United  States  has  always  been  a 
good  consumer  of  alizarin,  yet  no  concern  in  this  country  has 
ever  taken  up  the  manufacture  of  alizarin.  It  is  possible  that 
the  fact  that  alizarin  never  was  protected  by  tariff  may  have 
prevented  any  such  effort;  certainly  with  the  patent  dead  for 
28  years  it  cannot  well  be  urged  that  patent  rights  have  stood 
in  the  way. 

Many  of  the  other  dyes  said  to  be  made  in  the  United  States 
are  made  in  just  about  the  same  way  as  the  Magenta  and  Naph- 
thol Yellow  S;  that  is,  the  bulk  of  the  chemical  work  is  carried 
out   in   Germany  and   merely   the   finishing   touches   (the   "as- 


sembling") is  done  in  this  country.     Obviously  the  bulk  of  the 
profit  is  not  in  the  "assembling." 

WORKING    CLAU.SES 

These  two  examples  show  very  clearly  how  a  working  clause 
in  the  patent  law  does  not  necessarily  produce  a  coal-tar  dye 
industry.  The  patent  is  taken  out  on  the  commercial  form  and 
any  product  prior  to  the  commercial  form  is  not  the  subject 
of  the  patent.  It  requires  no  lengthy  dissertation  to  show 
that  merely  putting  on  the  finishing  touches  is  a  long  ways  from 
a  true  industry.  France  has  had  a  working  clause  for  a  great 
many  years.  Great  Britain  for  only  seven,  yet  neither  country 
today  can  make  its  dyestuffs  simply  because  they  have  both  been 
purchasing  from  Germany  materials  which  bear  the  same  re- 
lationship to  the  finished  product  that  magenta  base  bears  to 
commercial  magenta  and  alpha-naphthol-trisulfoacid  bears ' 
to  Naphthol  Yellow  S.  A  true  industry  requires  making  all 
materials  from  the  crudes. 

GEOGRAPHY   OF    THE    GERMAN    DYE    FACTORIES 

In  Germany  the  coal-tar  dye  plants  and  the  principal  coke 
oven  districts  are  all  contained  within  an  area  described  by  a 
square  300  miles  on  each  side  (see  map).  With  but  one  ex- 
ception the  really  important  ones  are  all  along  the  Rhine  or 
a  short  distance  up  its  tributaries.  This  whole  district  could  be 
put  inside  the  State  of  Wyoming,  is  much  smaller  than  the  state 
of  New  Mexico,  or  is  smaller  than  New  York  and  Pennsylvania: 
combined.  With  cheap  water  routes  and  short  rail  hauls  for 
the  transportation  of  materials  from  one  factory  to  another 
or  to  sea  port,  these  dyestuff  factories  are  most  advantageously 
located  and  with  the  added  short  rail  and  water  hauls  to  them 
from  the  coke  regions  the  transportation  of  the  raw  materials 
to  the  dyestuff  works  is  economically  profitable. 

WHY   GERMANY   CONTROLS   THE    COAL-TAR    DYE    BUSINESS 

The  average  annual  unit  gross  per  year  of  the  900  coal-tar 
dyes,  exclusive  of  alizarin  and  indigo,  all  over  the  world  outside 
of  Germany,  has  previously  been  shown  to  be  about  $41,000. 
Add  to  this  the  interlocked  dependence  of  intermediates  and 
finished  dyes  just  shown  and  the  facts  that  the  German  works 
have  long  ago  fully  paid  for  their  plants,  their  experience  and 
their  sales  organization  and  the  result  is  what  seems  to  be  a  com- 
plete answer  to  why  Germany  controls  the  world's  coal-tar  dye 
market.  In  fact,  the  whole  industry,  taking  everything  into 
account,  is  just  about  a  one-nation  business.  It  is  a  business 
made  up  of  a  large  number  of  small  units  with  all  units  essential 
to  success. 

Germany  has  this  business  established  in  a  other  countries; 
it  is  evident  that  any  country  starting  in  now  would  be  greatly 
handicapped  thereby  if  it  attempted  to  enter  the  race  for  the 
full  distance. 

Although  Germany  has  relied  upon  Great  Britain  for  its 
crudes,  i.  e.,  its  benzol,  its  toluol,  its  naphthalene  and  its  anthra- 
cene, up  to  the  middle  of  the  90's  and  perhaps  later,  England 
has  not  been  able  to  make  any  headway  as  competitors  in  dye 
manufacture,  but  on  the  contrary  has  lost  ground.  Many  of 
these  non-patented  world's  dyes  are  also  non-patented  in  England 
yet  most  of  Great  Britain's  requirements  of  those  materials 
have  always  been  supplied  by  Germany. 

The  answer  to  the  question  as  to  why  Great  Britain  has  not 
succeeded  against  Germany  cannot  be  that  Great  Britain  is 
not  a  nation  with  highly  developed  chemical  industries.  A 
German  chemist  as  well  equipped  as  any  other  living  man  to 
express  an  opinion  and  to  compare  German  industries  with 
British  industries  has  said  the  following:  "To  be  sure,  we 
know  that  several  of  the  European  countries,  e.  g.,  England, 
are  still  ahead  of  us  in  many  branches  of  the  chemical  industry, 
especially  in  inorganic  manufacture.  But  in  no  country  on  earth 
are  those  branches  of  the  chemical  industry  which  demand 
versatility  of  thought,  and  particularly  a  large  body  of  scientific- 
ally  trained   employees,   so  well   developed   as   with  us.     Our 
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synthetic  dye,  synthetic  drug,  and  perfumery  industries  are 
foremost  throughout  the  world,  and  there  is  probably  no  country 
in  which  the  heads  of  factories  are  so  imbued  with  the  conviction 
that  their  employees  must  needs  cast  a  glance  beyond  domestic 
boundaries." 

Each  one  of  the  large  chemical  manufacturing  countries  of 
Europe,  without  exception,  buys  more  intermediate  products 
from  Germany  than  it  sells  to  Germany  and  all  of  the  countries 
l)ut  one,  namely,  Switzerland,  buy  more  dyestuiTs  from  Germany 
than  they  sell  to  Germany.  In  other  words,  and  broadly  speak- 
ing, all  the  rest  of  the  world,  outside  of  Germany,  merely  as- 
sembles intermediates  purchased  from  Germany,  into  finished 
dyes;  Germany  alone  makes  all  its  own  intermediates;  that  is, 
Germany  makes  all  the  dye-parts  and  the  rest  of  the  world 
merely  assembles  these  dye-parts  into  finished  dyes.  Needless  to 
say,  the  one  who  controls  the  manufacture  of  dye-parts  actually 
controls  the  manufacture  of  dyes. 

Where  Austria,  Belgium,  France,  Great  Britain,  Italy,  Russia 
and  Switzerland  singly  and  combined  have  failed,  in  spite  of 
their  other  large  chemical  industries,  to  take  away  this  business 
from  Germany,  the  American  chemist  should  not  be  blamed  nor 
found  fault  with  because  he  has  not  succeeded,  nor  should  it 
be  assumed  that  transplanting  of  the  whole  industry  can  be 
done  at  once  and  is  a  perfectly  easy  thing  to  do,  as  so  many 
seem  to  think.  The  transplanting  of  that  industry  out  of  Ger- 
many is  an  undertaking  properly  and  fitly  to  be  described  as 
titanic. 

Why  the  other  countries  have  failed  is  prf)l)ably  due  to  the 
fact  that  they  contributed  little  or  nothing  to  the  real  upbuilding 
of  the  business,  and  to  its  creation,  for  the  coal-tar  dye  business 
is  a  created  business;  those  who  aided  in  its  creation  were  first 
in  the  position  to  reap  tlie  benefits — an  advantage  they  have  no 
doubt  earned  and  deserved  through  the  effort  they  expended 
and  the  risks  they  assumed. 


GERMANY   AND   THE    UNITED    STATES 

In  1913  Germany  had  for  sale  to  foreigners  S3  worth  of  these 
products  as  against  every  dollar's  worth  that  it  needed  at  home; 
the  total  coal  tar  dye  imports  of  the  U.  S.  constitute  less  than 
0.4  per  cent  of  our  entire  import  business. 

Nine  hundred  different  dyes  were  on  the  United  States  markets 
of  which  100  were  made  or  assembled  in  this  country  from  inter- 
mediates purchased  from  Germany.  Yet  these  100  do  not  seem 
to  be  enough  for  American  dye-users. 

How  much  less  than  the  full  900  will  satisfy  American  users 
is  known  to  them  and  to  the  importers.  The  latter  cannot  be 
expected  to  divulge  that  information;  if  the  former  want  sub- 
stantial help  from  American  chemical  makers  Oiey  must  divulge 
that  information;  no  other  way  of  ascertaining  it  is  available. 

In  1909  the  United  States  produced  $3,462,436  worth  of  arti- 
ficial dyes  which  are  probably  anilin  dyes  in  the  strict  sense. 
Compared  with  Switzerland's  $3,200,000  production,  i.  c. 
"assembly,"  in  1896  this  is  an  achievement  of  which  Americans 
need  not  be  ashamed.  The  wonder  is  not  that  we  have  not  done 
more  but  that  in  the  face  of  the  well  organized  manufacturing 
plants  of  Germany  and  of  Germany's  very  much  superior  facili- 
ties for  foreign  trade,  both  banking  and  carrying,  that  we  have 
done  as  much  as  we  have.  Blame  should  not 'be  parcelled  out 
for  what  American  chemists  have  not  done,  but  credit,  which 
has  been  withheld  so  far,  should  be  given  for  what  has  been  done 
in  spite  of  obstacles  abroad  and  obstacles  at  home.  The  users 
of  dyestufTs  have  invariably  opposed  any  tariff  enactment  that 
would  substantially  encourage  a  domestic  production  of  coal-tar 
dyes.  That  so  many  are  produced  in  this  country  as  are  being 
produced  is  clue  to  no  cooperation  of  dyestuff  users  but  has  been 
accomplished  in  spite  of  their  obstruction  and  if  today  the  users 
are  in  serious  difficulty  through  a  lack  of  dyestufis  they  have 
their  own  shortsightedness  to  blame  and  cannot,  by  any  argu- 
mentation  whatever,    shift    the   blame   to   American   chemists. 
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With  proper  help  and  encouragement  the  American  chemist 
will  be  able  to  increase  the  domestic  production  of  coal  tar  dyes 
and  to  inaugurate  the  making  of  intermediates;  in  the  course  of 
time  this  country  may  then  ultimately  look  forward  to  a  sub- 
stantial share  of  the  world's  coal-tar  dye  business. 

Hardly  any  of  the  valuable  or  useful  intermediates  ever  were 
patented.  A  considerable  number  of  non-German  chemists 
have  invented  and  patented  finished  dyes  made  from  non- 
patented  intermediates.  These  inventors  had  perfect  freedom 
to  make  the  needful  intermediates  and  an  exclusive  right  to  make, 
sell  and  use  their  new  dyes  therefrom,  yet  they  bought  their 
intermediates  from  Germany  rather  than  make  them  themselves. 
The  patent  situation  is,  therefore,  really,  that  Germany  excelled 
the  rest  of  the  world  in  making  patentable  combinations  from 
non-patented  and  non-patentable  intermediates  and  further  in 
making  those  intermediates  in  open  competition  with  the  rest 
of  the  world.  So,  from  one  point  of  view,  it  appears  that  the 
rest  of  the  world,  inclusive  of  the  United  States,  lay  back,  let 
the  Germans  do  all  the  hard  work  and  when  the  rest  of  the  world 
finally  >voke  up  to  the  value  of  what  the  Germans  had  accomp- 
lished they  became  very  busy  making  excuses  and  explaining 
instead  of  making  a  determined,  directed,  united  and  effective 
attempt  to  recover  the  ground  so  lost.  That  such  recovery 
will  require  the  hardest  kind  of  work  on  the  part  of  all — users, 
capitalists,  consumers  and  makers  alike — is  self-evident  and 
obvious  and  the  question  is:  Do  we  want  to  pay  the  price;' 
It  can  be  done,  if  the  price  be  paid. 
90  William  Street,  New  York  City 

GAS   MANUFACTURE   FROM   THE  POINT  OF  VIEW  OF 
PHYSICAL  CHEMISTRY- 

By    W.    F.    RiTTMAN 

In  past  practice,  gas  manufacture  has  been  primarily  an  en- 
gineering problem,  with  the  chemist  a  more  or  less  necessary 
adjunct  for  the  analysis  of  coal,  coke,  oxide,  etc.  'The  research 
chemist,  who  deals  with  the  processes  of  manufacture  and  the 
phenomena  of  reactions  involved,  has  been  looked  upon  as  a 
burden  unwarranted  by  returns.  In  view  of  the  present  avail- 
able raw  materials  for  gas  manufacture  on  the  one  hand,  and 
the  demands  of  the  public  on  the  other,  the  advisability  of 
continuing  the  policy  of  the  past  becomes  a  serious  question. 

There  are  few  industrial  operations  which,  from  the  stand- 
point of  physical  chemistry,  are  more  complex  in  their  nature 
than  the  treatment  by  heat  of  coal,  oil  and  water  in  the  produc- 
tion of  coke,  gas,  tar,  ammonia  and  cyanogen.  In  gas  manu- 
facture practically  all  the  variables  of  chemical  phenomena 
are  involved.  While  this  fact  greatly  complicates  such  indus- 
trial problems  theoretically  and  practically,  at  the  same  time 
it  greatly  enlarges  their  possibilities;  it  strongly  emphasizes 
the  need  of  continued  scientific  research  and  investigation  in 
connection  with  them.  The  heat  treatment  of  coal,  oil  and 
water  necessitates  dealing  with  the  chemical  reactions  of  solids, 
liquids  and  gases,  and  with  all  the  laws,  both  physical  and  chem- 
ical, which  govern  these  reactions.  The  finest  equipment  in 
the  world,  designed  with  utmost  mechanical  precision,  but 
without  regard  for  the  laws  which  govern  the  reactions  carried 
out  in  it,  is  likely  to  be  less  useful  than  apparatus  of  the  most 
wretched  mechanical  construction,  but  which  does  consider 
the  chemical  changes  involved.  Obviously,  the  aim  of  any  in- 
dustrial operation  is  perfection,  both  of  process  and  apparatus. 

Problems  that  are  primarily  chemical,  and  which  can  be  at- 
tacked most  efficiently  from  a  chemical  point  of  view,  are  com- 
mon enough  in  gas  manufacture.  Who  of  the  gas  men  present 
have  not,  at  some  time  or  another,  faced  the  problems  resulting 
from  naphthalene,  drip  oil,  fluctuating  candle  power,  deposited 
carbon,  ammonia,  sulfur,  cyanogen,  or  any  one  of  a  dozen  other 
■  Presented  with  permission  of  the  Director  of  the  Bureau  of  Mines 
before  the  Chemical  Section  of  the  Ninth  Annual  Meeting  of  the  An 
•Gas  Institute.  New  York  City,  October  22,  1914. 


factors?  Further,  every  new  development  in  gas  manufac- 
ture will  create  new  problems.  Every  improvement  will  in- 
volve some  question  or  questions  peculiar  to  it.  The  greater 
the  number  of  researches,  the  greater  is  the  progress  in  a  given 
field,  and  the  greater  becomes  the  number  of  new  problems. 

Hitherto,  the  greatest  progress  in  American  gas  manufactm"e 
has  been  made  along  mechanical  lines,  and,  as  Americans,  we 
may  be  proud  of  this  progress.  Chemical  development,  how- 
ever, has  been  far  behind  the  mechanical  and  operative  im- 
provements. It  may  be  said  that  we  have  been  spending 
too  much  of  our  energy  investigating  the  machine  rather  than 
what  is  going  on  inside  of  the  machine.  Were  the  machine  the 
end  product  of  vital  importance,  improvements  of  this  charac- 
ter would  be  unquestionable  but  the  gas  factory-  of  the  future 
will  earn,  or  fail  to  earn,  its  dividends  as  it  turns  out,  or  fails  to 
turn  out,  the  best  relative  yields  of  coke,  gas,  tar  and  ammonia. 
It  is  true  that  the  machine  and  the  process  are  vitally  related; 
there  may  be  objections  to  this  point  because  engineers  are  con- 
stantly working  to  perfect  processes.  It  seems  in  gas  manu- 
facture, however,  that  too  many  of  the  purely  theoretical  chem- 
ical problems  have  been  left  to  the  mechanical  or  erecting 
engineer  for  solution.  A  mechanical,  electrical  or  civil  engi- 
neer, whose  primary  profession  is  the  building  and  operation 
of  machines  and  equipment,  whose  academic  training  consisted 
in  the  study  of  chemistry  and  physic!^  during  a  part  of  two  years, 
should  not  be  expected  to  be  as  efficient  in  chemical  research 
as  the  man  who  devoted  himself  exclusively  to  the  study  of 
chemical  and  physical  phenomena;  it  is  the  latter,  furthermore, 
whose  primary  profession  to-day  is  the  study  of  chemical  and 
physical  phenomena.  To  carry  out  high-grade  research  and 
investigation  in  any  line,  well-paid  specialists  must  be  em- 
ployed. The  able  and  efficient  chemist  and  chemical  engineer 
can  do  better  things  than  analyze  coal  and  iron  oxide,  however 
efficient  he  may  be  at  the  latter. 

The  day  is  past  when  gas-making  is  primarily  a  mechanical 
operation.  Carbureted  water  gas  constitutes  approximately 
two-thirds  of  the  gas  made  to-day,  and  it  is  no  longer  possible 
to  buy  a  high-grade  paraffin  gas  oil  for  3  cents  a  gallon.  Conse- 
quently, the  petroleum  supply  becomes  a  most  vital  and  im- 
portant problem  to  the  American  gas  manufacturer  to-day. 
The  importance  of  the  oil  problem  as  related  to  gas  manufac- 
ture can  be  conveyed  by  the  fact  that  in  19 13  Greater  New 
York  alone  used  approximately  3,860,000  barrels  of  oil  in  the 
maimfacture  of  carbureted  water  gas.'  During  1913  the  same 
plants  used  approximately  1,600,000  tons  of  coal.  On  the 
basis  of  heat  units  involved,  oil  has  become  as  important  in 
American  gas  manufacture  as  coal.  Furthermore,  Greater 
New  York  constitutes  but  one  center  for  gas  manufacture. 
I  need  not  elaborate  on  the  importance  and  seriousness  of  this 
oil  problem,  because  you  are  fully  acquainted  with  it.  Dur- 
ing the  last  decade,  the  increasing  price  of  oil  for  gas  manufac- 
ture has  created  what  many  gas  men  regard  as  a  "dangerous" 
situation;  and  this  is  true  despite  the  fact  that  never  before 
in  the  history  of  the  United  States  has  so  much  oil  been  pro- 
duced as  to-day. 

Why  is  it,  then,  that  gas  oil  is  expensive?  Why  should  hun- 
dreds of  millions  of  dollars'  worth  of  oil-carbureting  machinery 
be  threatened?  What  is  it  that  makes  the  economical  use  of 
petroleum  one  of  the  chief  problems  of  the  gas  manufacturer? 
It  is,  first,  the  scientific  progress  in  petroleum  refining,  and, 
second,  the  changing  character  in  composition  of  the  oil  from 
newly  discovered  fields.  Through  careful  scientific  investiga- 
tion, and  through  the  application  of  physical-chemical  princi- 
ples, pure  and  simple,  the  refiner  has  perfected  processes  whereby 
the  oil  which  you  used  to  buy  at  3  cents  a  gallon  is  now  converted 
into  gasoline  and  other  end  products  which  sell  at  several  times 
that  price.  A  representative  example  of  this  progress  can  be 
'  Gas  World.  61  (1914),  76. 
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had  from  the  testimony  of  Mr.  Frank  B.  Lewis,'  Jr.,  Manager 
of  the  Standard  Oil  Company  Refinery  at  Whiting,  Indiana, 
regarding  the  Burton  process;  this  was  offered  at  a  recent  court 
hearing  in  Chicago: 

"Q.  Your  Whiting  plant  is  running  exclusively  on  Mid- 
Continent  oil,  is  it? 

A.  Yes,  sir. 

Q.  Now  tell  us,  Mr.  Lewis,  what  percentage  of  the  crude 
oil  is  refined  into  gasoline? 

A.  With  the  present  method  of  distillation  you  can  refine 
it  all  into  gasoline  if  you  wish  to. 

Q.  The  entire  percentage? 

A.  You  can  take  it  all  and  convert  it  all  into  gasoline,  except 
what  coke  is  left  in  the  still,  and  a  little  wax  or  petroleum  tail- 
ings. 

Q.  How  long  has  that  method  been  in  use? 

A.  About  one  year. 

Q.   Is  that  method  in  use  at  the  Whiting  plant  to-day? 

A.  Yes,  sir. 

Q.  To  what  extent? 

A.  To  convert  the  fuel  oil  that  we  don't  have  any  sale  for 
into  lighter  product;  fuel  and  gas  oil  we  don't  have  any  sale 
for  and  contracts  for,  into  lighter  products,  making  them  up 
into  motor  fuel,  which  is  practically  gasoline." 

Furthermore,  oil  refiners  all  over  the  country  are  working  on 
methods  to  convert  every  pound  of  gas  oil  into  more  valuable 
products.  Facing  facts,  this  means  that  if  gas  men  are  to  con- 
tinue the  use  of  petroleum  in  carbureting  water  gas,  they  must 
resort  to  one  of  two  alternatives: 

I — Greatly  increase  the  yield  of  gaseous  hydrocarbons  from 
a  given  amount  of  oil,  or 

2 — Perfect  methods  of  using  the  millions  of  barrels  of  fuel 
oil  which  to-day  are  considered  unfit  for  carbureting  water  gas. 

One  often  hears  the  statement  that  these  so-called  fuel  oils 
cannot  be  used  in  carbureting  water  gas.  What  right  does  any 
one  have  to  make  this  statement?  Is  it  the  result  of  scientific 
study  and  investigation,  or  is  it  the  result  of  experiments  car- 
ried out  under  the  same  old  conditions  which  prevail  in  the  use 
of  Pennsylvania,  Ohio  or  Indiana  petroleum? 

The  purpose  in  emphasizing  the  gravity  of  the  petroleum 
situation  in  connection  with  gas  manufacture  is  not  to  destroy 
hope  nor  to  disseminate  pessimism  for  the  future.  On  the 
contrary,  I  believe  that  as  soon  as  the  gas  manufacturer  faces 
facts  as  they  are,  and  seriously  attacks  the  problem,  increased 
efficiency  and  economy  will  result  with  petroleum  still  of  pri- 
mary importance  as  a  raw  material.  Never  in  the  history  of  the 
world  has  so  much  oil  been  produced  as  is  being  produced  to- 
day. It  is  estimated  that  Oklahoma''  alone  will  mine  80,000,- 
000,  and  California'  will  contribute  100,000,000  barrels.  Never 
in  the  history  of  the  United  States  has  so  much  oil  been 
in  storage  as  to-day.  We  are  not  facing  an  oil  famine.  We  are 
facing  a  famine  of  knowledge  concerning  the  chemical  behavior 
of  inferior  petroleums  which  will  facilitate  their  substitution 
for  higher  grade  petroleums. 

If  we  accept  the  statement  that  the  various  so-called  fuel  oils 
cannot  be  used  to  carburet  water  gas,  the  necessity  for  scientific 
chemical  research  becomes  more  acute  than  ever.  It  means 
that  carbureted  water  gas  is  entering  a  rapid  decline,  and  is  to 
be  replaced  by  coal  gas,  by-product  coke-oven  gas,  or  some 
other  process  gas  not  developed  to-day.  The  problems  involv- 
ing physical  chemistry  will  not  be  eliminated.  The  phenomena 
of  chemical  change  are  involved  in  any  process  wherein  a  solid 
or  liquid  is  converted  into  a  gas  of  different  constitution. 

The  machine  becomes  of  vital  importance  when  it  favors  or 
hinders  optimum  conditions  for  the  end  products  desired.     Aside 
'  The  Petroleum  Gazelle,  July,  1914,  p.  .S, 
'  Oildom.  Aug.,  1914. 
'  Petroleum  Review.  30,  .S99.  687,  717;  31,  ,1. 


from  operating  costs,  the  relative  merits  of  horizontal  vs.  inclined 
vs.  vertical  retorts  depend  entirely  upon  the  influences  of  the 
retort's  position  on  physical  and  chemical  changes  involved. 
The  relative  merits  of  any  mechanical  structure  used  in  gas  manu- 
facture depend  upon  its  influence  on  the  chemical  reactions 
which  produce  the  ultimate  end  products.  The  vertical  retort 
completely  filled  yields  more  tar  and  less  gas  than  the 
practice  of  partially  filling  the  vertical  retort,  simply  because 
the  vapors  are  subjected  to  different  physical  conditions  which 
influence  the  degree  of  cracking  and  tend  to  bring  about  equi- 
libria concordant  therewith.  This  difference  in  end  products, 
using  the  same  type  of  machine,  indicates  the  complexity  of 
the  chemical  reactions  of  gas  manufacture  and  the  close  re- 
lations which  exist  between  prevailing  conditions  and  end  prod- 
ucts obtained.  Both  coke-oven  gas  and  retort  gas  are  made 
by  the  application  of  heat  to  coal,  yet  the  two  gases  vary  con- 
siderably in  their  composition.  Therefore,  should  we  not  look 
forward  to  a  complete  understanding  of  the  composition  of  the 
raw  materials,  coal  and  petroleum,  and  the  changes  and  mecha- 
nisms of  the  changes  that  take  place  in  them  under  different 
physical  conditions? 

When  pointing  out  the  seriousness  and  the  dimensions  of  the 
gas  man's  chemical  problems,  and  when  referring  to  the  efforts 
and  accomplishments  of  petroleum  refiners,  it  would  be  unjust 
to  overlook  the  excellent  research  work  which  has  been  started 
within  the  last  three  to  five  years.  However,  practically  all 
of  these  investigations  deal  with  coal.  They  are  concerned  with 
determining: 

I — The  composition  of  the  coal. 
2 — The  initial  decomposition  products. 

3 — The  final  decomposition  products  under  varj'ing  tempera- 
tures and  pressures. 

4 — The  nature  of  the  tars  produced  under  varying  tempera- 
tures and  pressures. 

I  refer  to  the  valuable  work  of  Parr  and  Olin,'  Burgess  and 
Wheeler,^  Ame  and  Pictet,'  Fictet  and  Bouvier,'  Rau  and 
Lambris,^  'Vignon,'  the  Bureau  of  Mines,  the  United  Gas  Im- 
provement Company,  The  Barrett  Manufacturing  Company, 
and  numerous  other  investigators. 

Much  of  this  work  may  appear  too  academic,  and  question- 
able from  a  practical  point  of  view.  On  the  other  hand,  our 
industry  progresses  as  the  result  of  just  such  investigations. 
Regardless  of  whether  a  low-temperature  process,  for  example, 
is  valuable  for  direct  application,  the  information  obtained  as 
to  the  constitution  and  chemical  behavior  of  the  coal  is  of  ut- 
most importance.  The  same  information  with  respect  to  petro- 
leum is  equally  essential.  As  a  matter  of  fact,  prior  to  the 
works  above  referred  to,  the  extent  of  change  that  takes  place 
in  the  destructive  distillation  of  coal  was  a  question.  In  other 
words,  do  the  end  products  occur  in  coal  as  such,  or  are  they 
formed  in  the  operation?  Does  benzene  occur  in  coal  as  ben- 
zene, or  is  it  formed  in  the  distillation?  To-day  these  ques- 
tions appear  unnecessary  and  out  of  place.  We  now  believe 
that  benzene  does  not  occur  perceptibly  in  the  original  coal, 
nor  does  it  occur  in  appreciable  quantities  in  Eastern  gas  oils. 
The  fact  that  it  does  occur  considerably  in  both  water-gas  and 
coal-gas  tars  of  to-day,  indicates  conclusively  that  benzene  is 
made  in  the  course  of  the  gas-making  process.  There  has  been 
a  tran.sformation ,  a  chemical  change.  That  this  change  is  not 
a  simple  one  can  be  observed  from  the  investigations  referred  to. 
Further,  it  is  found  that  when  coal  is  distilled  under  a  vacuum, 
very  little  benzene  is  formed.  When  the  mechanism  of  ben- 
zene formation  is  fully  understood,  it  will  be  a  relatively  simple 
'  Bull..  Univ.  of  Illinois  Engr.  Exft.  Sta..  1918;  Comft.  rend.,  IST,' 
(1913),  779. 

>  Trans.  Chem.  Soc.  1910,  p.  1917;  1911,  p.  649;  1914,  p.  131. 

'  Compl.  rend..  167  (1913),  779. 

'  Jour.  f.  gash..  S«  (1913),  533,  557.  589. 

'  Compl.  rend..  1912,  p.  1514, 
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matter  to  increase  or  decrease  the  yield.  Benzene  is  referred 
to  purely  as  an  illustration.  The  same  reasoning  applies  to 
all  tar,  ammonia  and  cyanogen  formation  in  connection  with 
gas  manufacture.  If  naphthalene  is  an  undesirable  product  in 
gas  manufacture,  its  appearance  is  not  conclusive  proof  that 
its  production  cannot  be  avoided. 

The  variation  in  the  tar  obtained  from  different  processes 
of  coal,  oil  and  coke-oven  gases,  is  entirely  due  to  variations 
in  the  prevailing  physical  conditions.  It  is  a  fact  that  these 
tars  do  differ,  yet  the  initial  materials  used  in  the  process  of 
manufacture  may  be  the  same.  With  the  reason  for  these 
differences  fully  understood,  the  optimum  conditions  for  manu- 
facture of  both  tar  and  gas  will  be  understood  and  better  real- 
ized. The  tars  which  result  from  the  destructive  distillation 
of  coal  or  oil,  under  different  physical  conditions,  vary  as  widely 
as  do  the  physical  conditions  under  which  they  are  made.  In 
the  course  of  a  research  carried  out  by  Prof.  M.  C.  Whitaker 
and  the  writer,'  on  the  destructive  distillation  of  petroleum, 
it  was  found  that  the  tar  made  under  greatly  diminished  pressure 
was  radically  different  from  that  obtained  by  cracking  the  same 
oil  under  atmospheric  or  increased  pressure.  The  vacuum  tar 
was  of  much  lighter  specific  gravity;  it  contained  practically 
no  free  carbon;  no  naphthalene  or  anthracene  settled  out  of  the 
heavier  distillates  of  the  tar;  the  tar  combined  readily  with 
1.82  sp.  gr.  sulfuric  acid.  Tars  resulting  from  cracking  the 
same  oil  under  increased  pressure  contained  much  free  carbon; 
they  were  of  considerably  higher  specific  gravity;  naphthalene 
and  anthracene  settled  out  of  the  distillates;  they  contained 
benzene;  they  would  not  combine  readily  with  1,82  sp.  gr. 
sulfuric  acid.  The  gas  made  under  the  two  conditions  was  of 
equally  different  composition.  The  vacuum  gas  was  a  "dry" 
gas,  in  that  it  contained  practically  no  benzene;  on  the  other 
hand,  it  was  high  in  ethylene  homologues.  The  volume  of  un- 
combined  hydrogen  obtained  under  vacuum  conditions  was 
very  much  less  than  when  the  machine  was  under  increased 
pressure.  Further,  there  was  practically  no  deposit  of  free 
carbon  when  working  under  a  vacuum,  whereas  when  the  pressure 
on  the  machine  was  increased  to  three  atmospheres,  over  fifty 
per  cent,  by  weight,  of  the  original  oil  was  deposited  as  car- 
bon. 

Heats  of 
No.  Reactions  reaction 

1 C  -f  2H2  =  CH<  -1-18900 

2 2C  -f  H2  =  C2H2  —58100 

3 3C2H2  =  CsHs  +163000 

4 C  -I-  H2O  =  CO  -f  Hi  —29300 

5 CHi  -f  HjO  =  CO  -I-  3Hj  —48200 

6 COj  +  C  =  2CO  —39650 

Let  us  see  how  far  the  variables  common  to  any  gaseous 
chemical  reactions  have  been  investigated  with  respect  to   il- 
luminating and  heating  gas.     They  are  iive  in  number: 
I — Temperature 
II — Pressure 

III — Concentration  (mass  action) 
IV — Duration  (time) 
V — Contact  surface 
On  the  basis  of  combinations  and  permutations,  it  becomes 
evident  that  a  great  variety  of  manufacturing  conditions  can  be 
obtained.     Opinions  naturally  differ  as  to  when  a  field  has  been 
properly  and  sufficiently  investigated,  and  I,  therefore,  do  not 
pretend  to  determine  what  proportion  of  the  work  remains  to  be 
done.     It  remains  for  each  individual  to  form  his  own  opinion. 
The   field   of   temperature   has   been   widely   investigated,    but 
'  This  Journal,  1914,  pp.  383.  472. 


principally  with  the  machine  under  atmospheric  pressure. 
Experiment  shows  that  the  moment  we  change  the  pressure, 
new  results  are  obtained  and  a  new  series  of  experiments  sug- 
gested. Certain  it  is  that  much  remains  to  be  done  in  the  field 
of  concentration,  pressure  and  contact-surface  changes.  The 
application  of  various  conditions  for  different  periods  of  time 
still  offers  field  for  investigation. 

I  repeat  that  even  if  such  investigations  do  not  result  in 
radically  new  processes,  they  will  yield  valuable  information 
for  a  better  understanding  of,  and  improvement  in,  present- 
day  processes.  From  a  practical  viewpiont,  we  may  not  as  yet 
be  able  to  see  the  advantages  to  be  gained  from  the  applica- 
tion of  such  scientific  investigations,  and,  on  the  contrary, 
we  may  see  disadvantages.  However^  this  should  not  prevent 
our  exploring  the  field.  Industrial  experience  has  again  and 
again  proven  that  the  theory  of  to-day  is  the  practice  of  to- 
morrow. In  the  absence  of  theoretical  considerations,  applied 
chemistry  to-day  would  be  in  the  medieval  stages.  As  a  typical 
example,  the  investigations  of  Haber'  concerning  the  manufac- 
ture of  ammonia  from  hydrogen  and  nitrogen  were  on  a  purely 
theoretical  basis.  From  an  initial  yield  less  than  0.25  per  cent, 
the  process  has  been  perfected  to  give  a  yield  of  well  over  10 
per  cent  of  ammonia.  From  the  idea  of  a  man  whose  principal 
tools  were  theoretical  chemistry,  mathematics  and  physics, 
laboratory  experiments  developed  into  a  process  of  commer- 
cial importance.  The  same  laws  maintain  in  the  ammonia  pro- 
duction of  the  gas  plant  that  maintain  in  Haber's  experimental 
and  industrial  apparatus. 

The  combination  of  nitrogen  and  carbon  in  the  formation 
6f  cyanogen  compounds  is  influenced  by  varying  physical  and 
chemical  conditions  just  as  surely  as  is  the  production  of  ammo- 
nia, whether  from  coal  distillation  or  directly  from  the  elements. 

The  application  of  physical  chemistry,  in  mathematical 
terms,  to  industrial  problems  furnishes  a  means  for  quantita- 
tively expressing  yields  and  reactions  taking  place.  I  refer  to 
the  equilibrium  relationship.  Under  some  conditions  it  is 
highly  important  that  the  system  reach  a  state  of  chemical  equi- 
librium; under  another  condition,  it  would  be  fatal  for  the  sys- 
tem to  reach  such  equilibrium.  Let  us  consider  a  few  typical 
examples: 

Volume 
changes 


1  to  1 


1  to  2 

2  to  4 


1  to  2 


H2O 

^  COX  (Hi)' 

CH.XH2O 

^  "     CO2 


Approximate 

Km 

0.077 

1.1   X   10-" 

9  X   10" 

0.2 

0.06 

0.1 


Km 

0.003 

5.7  X  10-" 
1.2  X   lO" 


It  becomes  evident  that  for  some  reactions  an  elevation  in 
temperature  favors  the  preservation  and  formation  of  hydro- 
carbons, whereas  for  other  reactions  the  same  temperature  is 
destructive.  Considering  equations  4  and  5,  two  of  the  most 
vital  in  present  carbureted  water-gas  manufacture,  one  finds 
that  a  temperature  of  900°  C.  is  favorable  to  the  CO  and  Hj 
formation  of  both  4  and  5,  but  it  is  unfavorable  to  the  methane 
preservation  of  5.  On  the  otlier  hand,  a  temperature  of  600°  C. 
is  unfavorable  to  the  formation  and  preservation  of  CO  and  Hj, 
but  is  decidedly  more  favorable  than  900  to  the  hydrocarbon 
preservation  of  5.  At  this  lower  temperature,  however,  the 
COa  of  6  predominates.  From  reaction  i  it  becomes  evident 
that  methane  is  destroyed  by  high  temperatures. 

Numerical  equilibrium  expressions  permit  of  quantitatively 
indicating  the  influence  of  three  of  the  most  important  varia- 
'  Z.  Eleklrochem..  1913,  p.  53. 
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bles  of  a  gaseous  reaction,  i.  c,  temperature,  pressure  and  con- 
centration. The  value  of  the  equilibrium  constant  increases 
or  decreases  with  the  temperature.  Although  pressure  and  con- 
centration variations  do  not  change  the  value  of  the  equilib- 
rium constant  for  a  given  temperature,  the  use  of  such  equilib- 
rium enables  one  to  calculate  the  influence  of  changes  in  pres- 
sure or  concentration  for  any  given  temperature.  In  reactions 
I  and  3,  referred  to  above,  there  is  a  decrease  in  the  number 
of  volumes  due  to  the  reaction;  in  reactions  4,  5  and  6  there  is 
an  increase  in  the  number  of  volumes  due  to  the  reaction;  in 
reaction  2  there  is  no  change  in  the  reacting  volumes.  Accord- 
ing to  the  principle  of  Le  Chatelier,  pressure  stimulates  those 
reactions  involving  contraction,  and  vacuum  stimulates  those 
involving  expansion.  Pressure  and  vacuum  are  without  in- 
fluence on  those  reactions  involving  neither  contraction  nor 
expansion.  For  detailed  consideration  of  the  application  of 
numerical  equilibrium  relationships,  see  articles  by  Whitaker 
and  Rittman'  and  Rittman.*  By  a  correlation  of  equilibrium 
conditions  for  the  various  reactions  involved  in  gas  manufac- 
ture, much  help  can  be  had  in  determining  the  course  of  experi- 
ments. Unfortunately,  equilibrium  relationships,  as  shown, 
do  not  indicate  the  speed  of  the  reaction  involved;  they  indicate 
the  state  of  affairs  after  complete  reaction  has  taken  place  and 
the  system  is  balanced.  Therefore,  the  information  indicated 
by  an  equilibrium  relationship  is  not  complete  in  itself.  No 
single  reaction  can  be  considered  exclusively  by  itself.  All 
the  reactions  in  a  process  are  vitally  inter-related,  though  any 
single  reaction,  or  set  of  reactions,  may  be  extremely  important 
as  indicating  a  tendency. 

The  shape  of  the  machine  cannot  change  the  equilibrium 
constant  for  any  given  reaction.  It  is  easily  possible  to  reach 
the  same  equilibrium  in  entirely  different  types  of  machines. 
The  machine  is  vitally  important  in  so  far  as  its  design  provides 
conditions  for  a  favorable  or  unfavorable  equilibrium;  or  in  so 
far  as  its  design  hastens  or  retards  the  system  in  reaching  equi- 
librium. It  would  be  an  easy  matter  to  expand  indefinitely 
on  the  importance  and  practical  application  of  equilibrium  re- 
lationships with  respect  to  gas  manufacture,  but  it  seems  ad- 
visable to  await  further  experimental  evidence. 

In  conclusion,  I  would  say  that  the  application  of  physical 
chemistry  to  gas  manufacture  is  stimulating,  because  gas  manu- 
facture is  a  chemical  and  chemical-engineering  problem.  It 
involves  solids,  liquids  and  gases  with  all  the  chemical  and  phys- 
ical laws  governing  these  three  states  of  matter.  The  ques- 
tions of  energy  and  heat  transformations  determine  profit  or 
loss.  Nowhere  is  the  question  of  chemical  equilibrium  more 
important.  Vapor  pressure,  surface  tension,  solubility,  disso- 
ciation, diffusion,  polymerization,  catalysis,  decomposition, 
specific  heat,  latent  heats  of  reaction,  speed  of  reaction  consti- 
tute fundamentals  in  physical  chemistry,  and  are  all  vital  to 
the  gas  man.  .  The  five  variables — temperature,  pressure,  con- 
centration, duration,  and  contact  surface— offer  a  flexibility 
which  should  permit  equal  flexibility  in  the  character  of  the  end 
products  obtained.  Complicated  problems  become  elemen- 
tary in  the  light  of  physical  chemistry.  The  pendulum  swings 
to  the  extreme  where  gas  manufacture  becomes  primarily  a 
problem  involving  theoretical  and  applied  chemistry.  With- 
out its  application  the  industry  cannot  develop.  However, 
in  view  of  the  work  which  has  recently  been  done  and  which 
is  being  done,  we  can  feel  that  gas  manufacture  as  a  chemical 
problem  is  gradually  coming  into  its  own. 
Chbmicai,  Section  of  Petroleum  Division 
Bureau  of  Mines 
Pittsburgh,  Pa. 


'  This  Journal,  6  (1914),  383,  472. 

'  Jour.  Soc.  Chem.  Ind..  19U,  p.  626;  This  Journal,  6  (1914),  684- : 
Melalt.  Chtm.  Ens..  1914,  p.  475. 
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Chemistry  has  for  the  last  decades  been  a  valuable  aid  in  secur- 
ing the  health  and  well-being  of  the  dweller  in  American  cities. 
Its  fields  of  activity  have  been  the  inspection  of  foods,  the  all- 
important  duty  of  controlling  the  quality  of  the  water  supply 
and    the    disposal    of    sewage.     Beyond    this,   the  science  has 
only  in  rare  instances  been  called  upon  for  regular  aid  by  the 
municipality. 

In  the  meantime  chemistry'  has  been  becoming  an  important 
factor  in  the  industrial  field.  Chemists  have  improved  pro- 
cesses and  brought  forth  new  products,  many  of  which  are  find- 
ing wide  use  in  civic  housekeeping.  The  position  now  occupied 
by  applied  chemistry  has  led  the  far-seeing  to  herald  the  near 
future  as  the  age  of  chemistry.  With  the  advance  in  the  in- 
dustrial field  have  come  additions  to  the  knowledge  and  im- 
provements in  the  methods  of  the  science  which  now  enable  it 
to  successfully  attack  special  problems  confronting  our  cities. 

The  chemists  at  present  engaged  in  the  all-important  work  of 
aiding  in  the  conserving  of  the  public  health  are  often  too  well 
occupied  with  their  duties  to  give  time  or  attention  to  the 
technical  problems  which  arise.  Municipal  engineers  attempt 
to  solve  these  questions,  but  are  handicapped  by  a  lack  of 
knowledge  of  industrial  chemistry  and  the  ability  to  think 
chemically.  These  conditions  give  rise  to  opportunities  for  the 
chemist  to  aid  the  engineer  and  become  his  active  co-worker. 
Members  of  the  profession  entering  this  work  must  necessarily 
be  well  acquainted  with  the  processes  of  applied  chemistry,  and 
the  methods  of  analysis  and  testing  of  industrial  products, 
particularly  the  materials  of  engineering. 

Our  federal  government  has  been  a  pioneer  in  this  respect  and 
its  researches  have  redounded  to  its  material  advantage.  It 
now  has  in  its  ser\'ice  well  informed  experts  in  many  branches  of 
industrial  chemistry.  The  results  of  their  investigations  have 
been  published  and  many  of  them  are  invaluable  to  the  munic- 
ipality. The  latter  should  have  in  its  service  chemists  able  to 
apply  the  results  of  these  governmental  and  of  other  technical 
investigations  to  the  problems  of  the  city. 

A  large  portion  of  the  expenditure  of  the  municipal  corpora- 
tion is  for  the  purchase  of  supplies.  The  value  of  the  chemical 
laboratory  in  connection  with  this  work  has  long  been  recognized. 
Some  of  our  railroads  were  the  first  organizations  to  avail  them- 
selves of  scientific  supervision  and  inspection  in  this  connection. 
The  federal  government  has  followed  their  lead  and  carried  on 
the  work  through  the  Contracts  Laboratory  and  similar  testing 
stations  in  the  large  departments. 

The  first  duty  of  the  chemist  concerned  with  the  purchase  of 
supplies  is  the  inspection  of  materials  delivered.  Study  of  the 
various  commodities  and  the  framing  of  requirements  is  second 
only  to  the  work  of  testing.  Many  proprietary  compounds,  of 
supposedly  secret  composition,  with  alleged  wonderful  prop- 
erties, are  urged  on  purchasing  officials.  On  being  subjected  to 
chemical  analysis  these  materials  often  prove  to  be  composed  of 
cheap  ingredients  for  which  a  price  greatly  in  excess  of  their 
value  is  asked. 

The  fuel  bill  of  the  municipality  is  probably  the  largest  item 
of  its  budget  for  .supplies.  Competitive  bidding,  in  accordance 
with  well  drawn  specifications,  has  been  universally  adopted 
among  large  coal  buyers  as  the  best  solution  of  the  problem.  In 
spite  of  its  manifest  advantages,  city  officials  have  hitherto  been 
backward  in  putting  a  purchasing  method  of  this  nature  into 
operation.  The  chemist  can  aid  here  greatly  by  studying  the 
composition  and  heat  value  of  the  available  coal  supplies,  draw- 
ing up  requirements  and  testing  shipments. 

His  labor  in  relation  to  fuel  should  however,  extend  to  over- 
seeing its  proper  and  economical  use.     The  importance  of  the- 
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fuel  question  has,  within  recent  years,  assumed  such  proportions 
that  chemists  designated  as  fuel  engineering  chemists  now  make 
a  specialty  of  the  subject  of  fuel  burning.  A  chemist,  in  munic- 
ipal service,  devoting  himself  to  the  wider  application  of  chem- 
istry, can  make  profitable  studies  of  the  methods  of  coal  burning 
in  schools  and  other  public  buildings.  Wasteful  grates  may  be 
found  which  require  changes  in  the  size  of  coal,  and  possibly  ex- 
pensive coals  are  burned  where  cheaper  grades  would  adequately 
and  economically  furnish  the  required  heat.  Poor  methods  of 
stoking  often  allow  opportunities  for  improvement  with  conse- 
quent saving. 

Closely  connected  with  the  fuel  question  is  that  of  obtaining 
proper  boiler  water.  This  part  of  municipal  housekeeping  is 
often  entirely  neglected,  with  a  resulting  increased  consumption 
of  fuel  and  decreased  life  of  the  heating  or  power  apparatus.  In 
some  cases  the  man  in  charge  is  persuaded  to  buy  a  solution  of 
sal  soda  and  soda  lye  for  a  price  many  times  in  excess  of  its  value. 
This  mixture  may  or  may  not  be  adapted  for  use  with  the  water 
in  question.  An  examination  of  the  water  supply  from  the  feed 
water  standpoint  will  reveal  the  causes  of  trouble  and  enable 
the  chemist  to  prescribe  an  inexpensive  compound  or  the  proper 
method  of  treatment. 

There  are  many  commodities  purchased  in  large  amounts  whose 
composition  is  well  enough  known  for  them  to  be  bought  on 
specifications  and  subjected  to  test.  One  of  the  chief  of  these 
materials  is  soap,  the  cost  of  which  is  a  considerable  part  of  the 
amount  expended  for  supplies.  The  federal  government  and 
railroads  have  long  bought  soap  on  well  drawn  requirements. 

Within  recent  years  the  fact  that  "there  is  paper  and  papers" 
has  been  recognized.  Large  concerns  are  now  paying  attention 
to  the  quality  of  this  material.  The  paper  experts  of  the  Ger- 
man government  have  made  investigations  and  devised  tests  and 
methods  of  analysis  for  ascertaining  the  value  of  various  papers. 
The  uses  of  these  methods  have  become  known  and  are  taken 
advantage  of  in  the  paper  trade  and  by  large  users.  Our  munic- 
ipalities are  among  the  latter  and  can  gain  materially  by  scien- 
tifically scrutinizing  paper  supplies. 

Rubber  hose  is  an  expensive  necessity  purchased  in  consider- 
able amounts.  On  its  quality  and  strength  much  depends. 
This  has  led  insurance  underwriters  to  require  that  hose  for  use 
in  insured  buildings  be  of  the  highest  grade.  Inspection  of  rubber 
requires  it  to  be  subjected  to  thorough  chemical  analysis  and 
severe  chemical  tests.  Cities  should  demand  and  make  certain 
that  hose  for  use  by  their  fire  departments  and  in  public  build- 
ings is  of  the  best  quality. 

Construction  work  of  various  kinds  consumes  a  large  portion 
of  the  civic  bank  credit.  To  obtain  lasting  structures  and  roads 
and  prevent  the  use  of  inferior  materials,  the  latter  must  be  con- 
tinually examined.  Iron  and  steel  should  be  subjected  to 
chemical  and  microscopical  analysis.  Cements  require  chemical 
as  well  as  physical  tests.  Results  obtained  by  the  chemist  on  a 
concrete  containing  one  part  cement  to  twelve  of  aggregate  in- 
stead of  one  to  six  will  often  furnish  grounds  for  civil  or  criminal 
action  against  an  unscrupulous  contractor.  The  water-proofing 
of  concrete  has  occupied  the  attention  of  the  engineer  and 
technologist  within  the  last  few  years.  The  importance  of  the 
subject  has  resulted  in  the  appearance  of  many  worthless  water- 
proofing compounds  whose  nature  and  value  can  be  best  revealed 
by  chemical  analysis. 

Paints  and  protective  coatings  have  been  investigated  to  good 
effect  by  our  American  chemists  and  their  results  have  put  this 
subject  on  a  scientific  basis.  An  understanding  of  these 
principles  and  knowledge  of  the  properties  of  paints  is  necessary 
for  the  adequate  protection  of  municipal  buildings  and  struc- 
tures. 

Modern  traffic  conditions  have  been  instrumental  in  bringing 
more  of  the  products  of  applied  chemistry  into  use  by  the  city 


than  any  other  influence.  The  ingenuity  and  experience  of  the 
oil  and  coal  tar  chemists  have  been  drawn  upon  to  solve  the 
problems  arising  from  the  use  of  the  automobile.  Various  forms 
of  pavement  with  permanent  bituminous  binders  have  come  into 
wider  use.  The  manufacture  of  new  asphalts  from  oils  in  order 
to  supplement  the  natural  deposits  owes  its  impetus  to  the  de- 
mand thus  created.  Treatment  of  coal  tar  for  use  in  tar 
macadam  and  as  a  semi-permanent  surface  binder  has  occupied 
the  attention  of  the  chemical  technologist  for  the  same  reason. 
The  lighter  tar  and  oil  products  have  also  been  studied  and  ex- 
perimented with  in  the  effort  to  produce  dust  preventatives. 
Treated  wood  block  pavements  are  meeting  with  increased  favor. 
Upon  a  knowledge  of  the  properties  of  various  treating  media 
and  thorough  inspection  and  testing  rests  the  success  of  these 
pavements  and  the  comfort  of  those  compelled  to  use  them. 

The  city  is  called  upon  to  apply  the  principles  of  preventative 
medicine  on  a  large  scale.  Municipalities  thus  consume  large 
amounts  of  antiseptics  in  their  health  departments.  Disinfect- 
ing compounds  flood  the  market.  They,  however,  vary  widely 
in  abUity  to  kill  the  various  pathogenic  organisms.  The  use  of 
scientific  tests  for  disinfecting  value  is  not  wide-spread  in  this 
country,  but  their  introduction  and  use  would  result  in  a  saving 
to  the  municipality  with  increased  surety  of  the  effect  of  treat- 
ments. Scientific  inspection  of  disinfectants  is  a  subject  which 
also  touches  the  household.  It  should  be  placed  on  the  same 
plane  as  food  inspection.  Use  of  an  inefficient  antiseptic  will 
often  lead  to  more  serious  consequences  than  the  consumption 
of  a  sophisticated  food  product. 

Fire  authorities  have  recently  directed  their  energies  toward 
the  prevention  of  fires  rather  than  their  extinguishment.  To 
make  sufficient  and  effective  rules  governing  the  use  and  trans- 
portation of  combustibles  and  enforce  them  requires  the  advice 
and  service  of  members  of  the  chemical  profession.  Within 
recent  years  the  wide-spread  establishment  of  garages  has 
greatly  increased  sewer  explosions.  Chemical  investigation  is 
required  to  control  this  problem  and  place  the  blame  at  the 
proper  source.  The  ultimate  solution  of  the  difficulty  rests  on 
chemists  working  in  collaboration  with  the  plumbing  and  sanita- 
tion experts  of  departments  having  authority  over  the  erection 
of  buildings. 

Fire-proofing  and  requirements  in  regard  to  it  also  occupy  the 
attention  of  the  latter  departments.  We  owe  our  modem  fire- 
resisting  materials  largely  to  the  work  of  technologists  in  the 
chemistry  of  ceramics.  The  national  government  has  ap- 
preciated this  fact  and  now  maintains  a  departnjent  of  the 
Bureau  of  Standards  for  testing  and  research  in  ceramics. 

A  problem  which  has  been  given  much  thought  and  attention 
by  municipal  officers  is  the  disposal  of  refuse,  especially  garbage. 
No  satisfactor>'  or  altogether  profitable  method  of  disposal  has 
been  evolved.  The  treatment  of  this  waste  has  not  as  yet  been 
well  studied  by  the  chemist.  The  field  of  work,  being  com- 
paratively unexplored,  offers  commensurate  reward  to  members 
of  the  profession  who  shall  bend  their  energies  to  the  work.  The 
most  apparent  method  of  increasing  the  value  of  garbage  is  that 
of  rendering  available  the  nitrogen  of  tankage,  which  is  now 
mostly  in  forms  of  little  value  for  fertilization. 

Legal  investigations  have  in  many  important  instances  been 
aided  by  the  ser\'ices  of  chemists.  The  opportunities  for  their 
work  in  this  connection  are  more  varied  and  numerous  than  have 
been  realized.  This  leads  to  the  belief  that  the  future  will  see  a 
chemist  with  his  microscope  and  laboratory'  attached  to  many 
police  departments.  His  work  will  be  not  only  the  present 
well-known  toxicological  investigation,  but  he  will  devise  and 
apply  delicate  methods  to  the  interpretation  of  clues  which  have 
in  the  past  been  closed  books.  The  ser\-ice  rendered  by  that  new 
branch  of  chemistry,  metallography,  is  one  instance  of  this. 
Boiler  explosions  have  been  difficult  to  trace  to  their  origin, 
but  microscopical  examinations  will  often  reveal  faults  in  the 
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heat  treatment  or  structure  of  the  metal   which  have  caused 
disaster. 

The  foregoing  outline  suggests  only  a  few  of  the  possibilities 
for  assistance  that  chemists  may  render  our  municipalities.  An 
appreciation  of  the  value  of  the  science  is  necessary  in  the  pro- 
gressive  civic   official.      More   frequent    attempts   to   throw   the 


light  of  chemical  research  on  problems  will  lead  to  satisfactory- 
and  even  gratifying  results.  Surely  the  science  of  Liebig, 
Perkin  and  Bunsen  can  render  increased  aid  to  our  American 
cities. 

Standard  Testing  Laboratory 
Board  of  Estimate  and  Apportionment 

125-127  Worth  St.,  New  York 
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By  M.  L. 

INSTRUMENTS  FOR  TESTING  GAS 

At  the  Munich  Gas  Exhibition,  Messrs.  Alex.  Wright  and  Co., 
London,  showed  instruments  for  testing  gas,  two  of  which — the 
caligraph  and  the  gravitometer — are  described  in  Engineering 
(London),  98  (1914),  362.  The  caligraph,  which  attracted 
much  attention,  is  an  instrument  by  means  of  which  the  calorific 
value  of  a  gas  is  automatically  recorded. 

The  principle  on  which  it  operates  may  be  described  as  follows : 
A  constant  volume  of  gas  is  burnt.  The  heat  from  this  combus- 
tion is  caused  to  warm  a  certain  quantity  of  air  which  then  passes 
over  one  diaphragm  of  a  differential  thermometer,  the  other 
diaphragm  being  affected  only  by  the  room  temperature.  The 
indication  of  the  differential  thermometer,  which  is  thus  a  measure 
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a  tube,  B,  at  the  top  of  which  it  is  consumed  by  a  small  flame. 
This  is  prevented,  by  means  of  a  special  burner,  from  heating 
the  gas  in  the  tube.  Any  variation  in  specific  gravity  of  the  gas 
will  obviously  cause  a  difTerence  in  weight  of  the  column  of  gas 
in  the  tube  B,  and  will  thus  alter  the  pressure  in  the  left-hand 
bell  C.  This  alteration  in  pressure  will  cause  the  bells  to  move 
and  actuate  the  gas-admission  valve.  In  this  way  a  constant 
supply  of  gas  to  the  burner  F  is  assured,  no  matter  what  the 
density  of  the  gas  may  be. 

The  differential  thermometer  consists  of  two  metal  diaphragm 
boxes,  A  and  A',  filled  with  air,  one  at  each  end  of  a  glass  rod, 
R.  Any  movement  of  this  rod  is  recorded,  by  means  of  a  pen 
actuated  by  link-work,  on  a  chart  wrapped  round  a  revolving 


of  the  heat  given  off  from  the  gas  on  combustion,  is  marked 
by  means  of  a  pen,  actuated  by  suitable  link-work,  on  a  chart 
passing  over  a  clock-drum. 

Referring  to  Figs,  i  and  2,  the  constant  consumption  of 
gas  is  obtained  by  means  of  a  governor  consisting  of  two 
bells,  C  and  D,  which  are  connected  and  swing  on  needle- 
points. The  gas  passes  through  a  dry  governor  (to  take  up 
any  sudden  variation  in  pressure)  into  the  right-hand  bell  D 
by  means  of  a  valve.  The  extent  of  opening  of  this  valve  is 
determined  by  the  position  of  the  bells.  The  gas  passes  out 
of  the  bell  D  through  a  gold  nipple  of  standard  size  to  the  burner 
F,  where  it  is  consumed.  At  the  same  time  the  gas  can  also 
pass  from  the  dry  governor  into  the  left-hand  bell  C  by  means 
of  a  by-pass  cock.     This  gas  passes  out  of  the  bell  C  through 


drum,  which  is  driven  by  clock-work.  As  the  temperatures 
of  the  diaphragms  vary,  the  air  in  them  will  expand  or  contract, 
thus  causing  a  movement  of  the  glass  rod,  and  as  the  right- 
hand  diaphragm  is  affected  by  the  room  temperature  only, 
while  the  left-hand  one  is  affected  by  the  heat  from  the  flame 
as  well  as  by  that  from  tlie  room  temperature,  the  movement 
of  the  rod,  being  the  difference  of  the  two  effects,  is  i)roportional 
to  the  heat  obtained  from  the  combustion  of  the  gas  at  F.  It  will 
be  observed  that  any  alteration  in  temperature  and  in  atmos- 
pheric pressure  will  affect  the  air  being  heated  in  the  same  way 
as  the  gas  burnt,  tlms  automatically  compensating  for  any 
change  in  the  number  of  the  tables  of  constants  which  are  used 
in  connection  with  the  instrument. 

The  essential  principle  of  the  gravitometer  is  illustrated  in 


Dec,  1914 


THE  JOURNAL   OF  INDUSTRIAL   AND  ENGINEERING  CHEMISTRY 


1033 


Figs.  3  and  4.  The  instrument  is  essentially  a  gas-balance, 
in  which  the  specific  gravity  of  the  gas  under  test  is  compared 
with  that  of  the  surrounding  air.  This  is  accomplished  differ- 
entially, the  weight  of  a  column  of  gas  and  the  weight  of  an 
equal  column  of  air  being  arranged  to  act  on  opposite  sides  of 
what  is  virtually  a  scale-pan,  and  the  difference  in  weight  reg- 
istered. 

The  bell  of  the  gravitometer  may  be  considered  as  a  scale- 
pan  on  which  the  pressure  below  is  due  to  the  pressiu-e  of  the 
atmosphere  on  the  lower  surface,  and  the  pressure  above  to  the 
pressure  of  a  column  of  gas  added  to  the  pressure  of  the  atmos- 
phere at  the  top  of  that  column,  the  aggregate  being  less,  in  the 
case  of  coal-gas,  than  that  of  the  atmospheric  pressure  below 
the  bell.  Gas  is  always  passing  up  the  tube  to  supply  the  burner 
at  the  top,  and  under  these  conditions  is  under  absolutely  the 
same  conditions  of  temperature  and  pressure  as  that  of  the  sur- 
rounding air.  It  will  thus  be  seen  that  the  pointer  of  the  gravi- 
tometer indicates  the  weight  of  that  column  of  gas  of  a  height 
equal  to  that  Of  the  tube.  For  example,  with  a  bell  of  6  in.  di- 
ameter and  a  height  of  tube  of  30  in.,  the  gas  of,  say,  0.9  specific 
Kravitv  is  1.5. g  grams. 

The  pressure  or  weight  on  the  top  of  the  bell  is  in  direct  pro- 
portion to  the  specific  gravity  of  the  gas  in  the  tube,  and  is, 
in  addition,  proportional  to  the  height  of  the  tube.  Thus,  if 
the  tube  were  60  in.  in  height  instead  of  30  in.,  the  pressure  on 
the  bell,  due  to  the  weight  of  the  gas,  would  be  30.38  grams, 
and  the  movement  of  the  pointer  across  the  scale  would  be 
twice  that  in  the  case  of  the  30-in.  tube.  Mechanical  considera- 
tions constitute  the  only  reason  for  not  using  a  longer  scale; 
indeed,  by  employing  tubes  of  sufficient  height,  it  is  possible  to 
measure  specific  gravity  to  any  required  degree  of  accuracy. 

Referring  to  Fig.  3,  which  shows  diagrammatically  the  action 
of  the  gravitometer,  A  represents  a  light  aluminium  bell,  sealed 
in  oil  contained  in  the  annular  tank  B.  The  Bell  is  covered  by 
a  shell,  C,  which  is  not  in  contact  with  it.  The  top  of  the  shell 
carries  a  tube,  D.  The  bell  is  free  to  move  up  and  down,  and 
is  carried  by  a  vertical  support  connected  to  the  end  of  the  bal- 
ance-beam G  by  a  hanging  chain.  The  other  end  of  the  beam 
carries  a  hanging  weight,  H.  The  chains  connected  to  both 
H  and  A  pass  over  circular  arcs.  A  pointer,  K,  and  a  gravity- 
control  weight,  L,  complete  the  essentials  of  the  instrument. 
On  a  stream  of  gas  passing  slowly  over  the  bell  A  and  up  the 
tube  D,  the  pressure  on  the  top  of  the  bell  is  diminished  and  the 
pointer  K  swings  into  a  new  position  of  equilibrium.  The 
scale  over  which  the  pointer  moves  is  graduated  to  read  or  to 
record  specific  gravity  directly. 


THE  IMPERMEABILITY  OF  CONCRETE 

In  a  paper  recently  read  before  the  Western  Society  of  Engi- 
neers and  quoted  in  Engineering  (London),  98  (1914),  483, 
Professor  M.  O.  Withey  described  the  results  of  a  series  of  tests 
on  the  permeability  of  concrete,  which  have  been  made  at  the 
University  of  Wisconsin.  The  .materials  used  were  Portland 
cement,  sand  ranging  in  weight  from  104.5  lbs.  to  112.2  lbs.  per 
cu.  ft.,  and  gravel  weighing  from  107.3  lbs.  to  190.3  lbs.  per  cu.  ft. 
Eighty-eight  of  the  test-pieces  were  made  with  a  i  :  I'A  :  3 
mixture  by  volume,  and  sixty-seven  with  a  i  :  2  :  4  mixture, 
and  there  were  ninety-eight  specimens  proportioned  with  i  part 
by  weight  of  concrete  to  9  parts  by  weight  of  aggregate.  None 
of  the  concretes  proved  absolutely  water-tight  in  the  sense 
that  they  would  not  absorb  water,  but  most  were  so  impervious 
that  there  was  no  visible  evidence  of  flow.  The  signs  of  damp- 
ness on  the  bottom  of  the  specimens  increased  with  increasing 
humidity  of  the  atmosphere.  With  mixture  of  i  part  of  cement 
to  7  parts  of  aggregate  the  average  rate  of  flow  during  a  period 
of  fifty  hours  was  under  o.ooi  gal.  per  sq.  ft.  per  hr.,  when  the 
pressure  was  40  lbs.  per  sq.  in.     With  the  1  to  9  mixtures,  prac- 


tically water-tight  concrete  could,  it  was  found,  be  obtained  by 
suitably  grading  the  sand  and  gravel.  Richer  mixtures,  such 
as  the  I  :  i '/  2  :  3,  proved  very  impervious,  but  Professor  Withey 
remarks  that  such  rich  mixtures  show  considerable  volume 
changes  when  alternately  wetted  and  dried.  To  secure  imper- 
meability great  care  is  needed  in  mixing  the  concrete,  especially 
when  the  proportion  of  cement  is  small.  If  mixed  too  dry,  the 
concrete  cannot  be  properly  compacted.  The  best  results 
were  obtained  by  mixing  the  materials  dry  for  '/«  to  '/j  min., 
and  then  continuing  the  process  after  adding  the  water  for 
1V2  to  2  min.  with  i  to  9  concrete,  or  for  i  min.  with  the  rich 
I  :  1V2  :  3  mixture.  Proper  curing  of  the  concrete  greatly 
adds  to  its  impermeability.  Premature  drying  destroys  the 
imperviousness  of  the  lean  mixture,  seriously  impairs  that  of 
the  1:2:4  mixture,  and  appreciably  diminishes  the  water- 
tightness  of  the  rich  mixture.  Thus,  thin  sections  of  6  in. 
to  8  in.  in  thickness  should  be,  he  concludes,  kept  damp  for  one 
month  for  lean  mixtures,  or  two  weeks  for  a  rich  one. 

Engineering  also  quotes  (vol.  cit.,  446)  from  Science  Conspectus, 
a  publication  of  the  Society  of  Arts  of  the  Massachusetts  Insti- 
tute of  Technology,  some  particulars  of  an  interesting  series  of 
experiments  now  being  carried  out  by  the  Aberthaw  Construc- 
tion Company  in  order  to  disprove  the  theory  that  the  combined 
effects  of  sea-water  and  frost  rapidly  destroy  concrete  struc- 
tures. 

With  this  object  in  view,  twenty-four  concrete  columns, 
16  ft.  long,  16  in.  square,  and  reinforced  with  bars  near  the 
corners,  were  constructed  in  January,  1909,  and  immersed  in 
the  water  at  Boston  Navy  Yard.  They  were  suspended  in  such 
a  manner  that  at  high  tide  the  water  reaches  nearly  to  the  top 
of  the  column,  and  falls  at  low  tide  nearly  to  the  bottom.  In 
cold  weather  the  columns  are  thus  alternately  thawed  and  frozen 
as  the  tide  rises  and  falls.  The  columns  were  made  with  various 
qualities  of  concrete  mixed  dry,  plastic,  and  very  wet.  Differ- 
ent qualities  of  cement  were  used,  and  the  effects  of  waterproofing 
materials,  clay,  and  other  additions  to  the  concrete  are  being 
studied.  One  of  the  columns  was  mixed  with  salt  water,  but 
this  was  unfortunately  lost  in  handling. 

No  final  conclusions  are,  of  course,  possible  yet;  many  years 
must,  in  fact,  elapse  before  it  will  be  possible  to  say  which  kind 
of  concrete  is  most  permanent.  When  examined  in  December 
last  many  of  the  specimens  were  practically  unaffected,  but 
others  were  badly  eroded.  As  might  be  expected,  the  best 
results  were  given  by  the  specimens  richest  in  cement  and  mixed 
wet.  For  instance,  of  two  columns  made  with  i  part  of  cement 
to  I  of  sand  and  2  of  stone,  the  one  mixed  dry  was  badly  eroded 
over  the  whole  of  its  length ;  whereas  the  other,  which  was  mixed 
very  wet,  was  only  slightly  pitted.  Again,  of  two  specimens 
made  with  slag  cement  in  the  ratios  of  i  :  i  :  2  and  1:3:6, 
respectively,  and  both  mixed  wet,  the  former  was  in  excellent 
condition,  with  only  very  slight  pitting,  while  in  the  latter  all 
the  comers  had  gone  and  the  reinforcement  was  exposed  in  places. 
The  part  of  this  specimen  which  was  continuously  immersed 
was,  however,  in  very  fair  condition.  The  experiments  are 
being  continued,  and  doubtless  some  very  interesting  results 
will  be  obtained  in  time. 

PUTTING  ELECTROTYPING  INDUSTRY  ON  MORE  SCIEN- 
TIFIC BASIS 
At  a  meeting  in  New  York  on  October  7,  1914,  tlie  Inter- 
national Association  of  Electrotypers  appointed  a  committee 
to  cooperate  with  the  Bureau  of  Standards  in  a  study  of  the  con- 
ditions in  the  electrotyping  industr>',  with  a  view  to  assisting 
in  placing  it  upon  a  more  scientific  basis.  A  preliminan,-  circular 
giving  simple  directions  for  testing  and  adjusting  the  density 
and  the  acidity  of  the  copper  electrotyping  solutions  has  been 
prepared,  and  may  be  obtained  upon  request  from  the  Bureau 
of  Standards,  Washington,  D.  C. 
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THE  BALANCE  OF  TRADE  IN  CHEMICALS  BETWEEN 

THE  UNITED  STATES  AND  GERMANY  IN  1913 
In  an  article  in  This  Journal,  6  (1914),  274,  by  B.  C.  Hesse, 
it  was  shown  that  the  tonnage  of  chemicals  exported  from  this 
country  to  Germany  was  considerably  in  excess  of  that  imported 
from  Germany,  the  difference  in  our  favor  being  404,295,500  kg., 
or  in  round  numbers,  890,000,000  Ujs. 

Recently  the  values  of  the  separate  items,  listed  according 

to  the  German  official  classification,  were  published  [Chem.  Ztg., 

38  (19^4),  962],  and  it  became  possible  to  estimate  the  value  of 

the  trade  balance  as  follows:  the  total  value  of  the  German 

Table  I — Chemical  Trade 


import  or  export  taken  from  the  above  mentioned  German  table 
was  multiplied  by  the  percentage  of  weight  of  total  German 
import  or  export  originating  in  or  sent  to  the  United  States, 
and  this  value  changed  to  dollars.  These  results  together  with 
Hesse's  figures  are  given  in  Table  I  following.  Table  II  summa- 
rizes Table  I  and  shows  also  the  balance  in  each  class  in  favor 
of  one  country  or  the  other.  The  total  balance  is  in  favor  of  the 
United  States  and  amounts  to  over  $95,000,000. 

This  balance  is  not  strictly  comparable  with  the  smaller  one 
of  $21,000,000  calculated  for  1904  by  Hesse  in  This  Journal, 
6  (1914),  2,  because  the  later  list  is  much  more  extensive,  con- 


THE  United  States  with  Germany — 1913 


.O 


-G 


o                                                                           p  p 

I — Malt,  Oil  Froit.?,  Industrial  Plants,  Fruits  and  Plant  Juices 

30    Hops 11,119  ...  952 

32    Madder,    quercitron    and    other    dye 

plants 3,403       29    

60a  Opium 165  ...  168 

II — Industrial  or  Medicinal  Vegetable  Products 

72c  Lichens,  herbs,  berries,  leaves  and  buds        4,567  5,499  114  200 

73    Vegetable  wax 1  ...  .030 

89    Sawdust  and  excelsior 27.671  ...  48 

III — Tanning  Extracts 

384fi  Miscellaneous  tanning  extracts 3,213  ....  16  ... 

IV — Resins,  Lacquer  and  Varnish  Gums,  Adhesives 

97a  Turpentine  rosin 770,100  2,619  4,585  17 

97c  Damar;  hard  and  soft  gums  and  resins.       11,168  560  300  20 

97e  Shellac 1,179  ...  45 

97/  Gum  acacia.  Bassora  gum,  etc 1,027  ...  22 

97e  Gum  tragacanth 625  ...  40 

342  Alcohol  and  shellac  varnishes 84  ....  2  .    . 

343  Miscellaneous  and  coach  varnishes 4,447  1,975  71  55 

345  Putty  and  miscellaneous  putties 829  ....  14  ... 

346  Asbestos  paint  and  putties 668  ....  7 

V — Caotttchouc  and  Camphor 

98a  Caoutchouc,  crude  or  refined 364  20.019  53  2,582 

986  Gutta  percha.  crude  or  refined 272  911  33  76 

98ii  Rubber  scrap  and  waste 3,145  13,741  24  229 

VI — Animal  and  Vegetable  Fats  and  Oils 

126aHogIard 1,011,812        26.700  ... 

1266  Oleomargarine 196,328  ....  4,880  ... 

126c  Goosefat,  beef-marrow,  etc 1,091  ....  21 

1286  Prime  beef  tallow 85,998        2,171  ... 

129  Beef  and  mutton  tallow 35,498  ....  579  ... 

130  Bone-fat,  fat-waste,  stearin-tar 16,809  37,005  208  335 

131a  Fish  oils 6,417       72  ... 

I66(i  Peanut  oil 16.058  ...  323 

166/1  Cotton-seed  oil 99,950       1,550  ... 

166/   Beechnut,    bone,    corn,    poppy,    sun- 
flower, etc.,  oils 19,127        286  ... 

168    Cocoa-butter 4,798  ...  316 

170    Cotton-stearin 3,335       55 

1716  Palm  oil 136,684  ...  280 

171c  Cocoanut  oil 2,150  ...  39 

172    Oleic  acid,  olein,  etc 5,875       84  ... 

2056  Edible  vegetable  fats 345  ...  8 

VII — Animal  Products 

142    Spermaceti 135  ....  6  ... 

156/ Bones  and  hoofs 10,821  ...  30 

VIII — Starch  and  Sugar 

173a  Potato  starch,  wet,  dry  or  ground 15.222  ...  109 

173c  Corn,  wheat  and  other  starches 5,833  ....  58  ... 

174    Starch-gums  (dextrin),  roasted  starch 

and  gluten 19,460  ...  174 

176c  Beet  sugar,  all  forms,  refined 22.112  ...  716 

176/  Beet  sugar,  raw 101,504  ...  492 

177a  Glucose,  etc 5.217  ....  31 

IX — .Alcohol,  Acetic  Acid,  Yeast,  Mineral  Waters 

190    Mineral  waters,  inclusive  of  bottles 20,419  ...  103 

X — Mineral  and  Fossil  Raw  Materials 

223a  Clay  (potter's  pipe,  fire,  etc.) 223,922  ...  70 

224rf  Graphite,  crude,  ground  and  washed. .        10,763        63  ... 

225a  Pumice  and  tripoli.  crude,  ground  and 

washed 1,761       9  ... 

225c  Mineral  abrasives  polishes  and  rouges 6.675  ...  27 

2276  Magnesite 10,856  ...  57 

221d  Phosphate    rock    and    other    mineral 

phosphates 4,212,124       4,970  ... 

230a  Portland,  etc.,  cement 104,423  ...  89 

2316  Asbestos,  crude  and  in  fibers 48,151       422  ... 

23U  Mica 575  442  75  30 

232a  Heavy  spar  and  celestite 350,196  .    .  232 

236a  Boronatrocalcite,  etc 2,088  ....  Ill 

236c  Miscellaneous    earths,    e.    g..    Fuller's 

earth,  etc 41,987  ....  30  ... 

XI — Ores,  Iron  and  Slags 

237o  Antimony  ores  and  matte 210  ...  2 

237/ Gold  ores 4  ...  506 

237«  Copper  ores  and  cuprous  cinder 2.501  25.854  9  58 

237*  Manganese  ores 4,610  ...  8 

237o  Zinc  ores 132,088       366  ... 

237ff  Uranium,     molybdenum     and     other 

miscellaneous  ores 6,731  ....  239 

XII — Fossil  Fdbls 

238iiCoke 185,492  ...  114 

238/1  Vegetable  charcoal 6.664  ...  11 

(o)  /W  1.00  =  50.238. 


239a 

2396 

239c 

239(f 

239e 

239/ 

239e 

239/1 

2506 

251 

240a 


2456 
246a 
246c 
246,i 
246c 
246/ 
246g 


256 

257a 

2576 

258 

260 

262 

264 

266 

270 

276 

277 

278 

2790 

280c 

280ii 

280c 

280/ 
283 
2896 
290 
292 

295a 

2956 

298a 

299 

3046 

306 

308a 


312 

314 

315 

3166 

317a 

3176 

317c 

317<i 

317« 

317i 

317* 


XIII — Mineral  Oils  and  Other  Fossil  Raw  Materials 

Mineral  lubricants 1,024,673          8,415  4.460       61 

Crude  petroleum,  etc 1.619  ....  3 

Heavy  benzine,  patent-turpentine. ,.  .        18,194  ....  97 

Gas  oil 55,468  656 

Refined  petroleum 5,747,587  12,690 

Crude  benzine 418,159  2.220 

Benzine,  ligroin,  misc.  light  distillates       15.712  120 

Miscellaneous  crude  mineral  oils 18,746  ....  49 

Crude  hard  paraffin 87,028  1,231 

Soft  paraffin 100  1 

Asphalt  and  asphaltic  minerals 68,116  72 

Crude  ozokerite,  etc 11,443  135 

Refined  ozokerite,  etc 52          5.214  2 

Pitch 8,078 

XIV — Coal-Tar  Oils  and  Products 


Anthracene  and  heavy  i 

Naphthalene 

Phenol,  crude  or  refined 

Cresol 

.\nilin  oil  and  salt 

Naphthol  and  naphthylamin 

Anthraquinone,  nitrobenzol,   toluidin, 

resorcin,  phthalic  acid,  etc 

XV — Waxes 

Beeswax 

XVI — Soap  and  Fat  Products 
Soft  and  textile  soaps;  Turkey-red  oil. 


etc. . 


Soap  in  cakes,  powder,  liquid,  etc 

Crude  glycerin 

Refined  glycerin 

Vaselin  and  lanolin 

Lubricants  made  of  fats  or  oils.  .  . 

Shoe  polish 

Stearin,  paraffin  material 
XVII — Chemical 
Alkali  and  other  metals. 
Sulfur  and  Spe 


59.944 
7,242 

12,098 
2,152 

24,282 
6,379 

9,651 


6.208 
481 

5,037 
1,307 


10,285 

oils 68,384  

243  

395  

nd  Pharmaceutical  Products 

411 

'1,535 


Oxalic  acid  and  potassium  oxalate.. 

Acetic  anhydride 

Lactic  acid  and  lactates 

Tartaric  acid 

Crude  salts  of  12-15  per  cent  KsO 

Salts  of  more  than  15-19.9  per  cent  KiO    .... 

Fertilizer  salts  and  fertilizers  with 

38  per  cent  KiO 

".\braum"  and  miscellaneous  salts 

Barium  chloride 

Caustic  potash,  solution  or  solid 

Potassium  carbonate 

Bleaching  powder,  barium  and  hydro- 
gen peroxide,  etc 

Potassium  sulfate 

Potassium  phosphate 

.Mums,  aluminum  acetate,  alumina,  etc 

Chrome-iron  and  copper  alums 

Barium  nitrate 

Potassium    manganate    and    perman- 
ganate   

Potassium  and  sodium  ferro-  and  ferri- 

cyanide 

Potassium  and  sodium  cyanide 

Acetate  of  lime 203.643 

Crude  and  refined  argols 

Tartar    emetic    and    other    antimony 

products 

Strontium  carbonate,  oxide  and  chloride.  .  .  . 

Zinc  chloride  and  other  zinc  salts 

Carbides  of  aluminum,  silicon,  etc 18,261 

Sulfate  of  ammonia 

Arsenious  acid 

Epsom  salts 

Ciilorides  of  magnesium  and  calcium        .... 

Potassium  chloride 

Potassium  magnesium  sulfate 

Lime-nitrogen,    nitro-lime    and    other 

fertilizers 


26,066 

832 

2,040 

1,235 

5,412.614 

412,926 

2,168.204 
131.626 
13,434 
38,173 
78,339 


7,605 
4,794 
6.078 


56,296 
10.947 
46.816 
68.771 
2.611.137 
222.978 

231.976 


i  and  salicylates;  santonin; 

rid  and  benzoates 

chloride 

sulfhydrate,  lead  compounds 
isc.  metalloids,  acids,  salts. .  . 


290 

2.287 

300 
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Table  I — Chemicai,  Trade  of  the  United  States  with  Germany — 1913 — {Concluded) 


.0 


ffi  ' 
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^o 


3E      ^\ 


D  Pharmaceutical  Products 

32  ...        ; 

1,308  ...        ; 

:s      1,558  ...         1 

23,180  ...      4; 

4,839  ...      4( 

1  ,540  .090        ( 

180 

625 

3  444 


125 
436 
672 


nal  kii 


■  coal-tar  dyes. 


XVIII — Miscellaneous  Chemic 

371  Scrap  Welsbach  mantles 

372  Dried  or  powdered  egg  albumen 

373  Casein  and  products  for  technical  uses      .... 

375a  Glue  exclusive  of  albumen 

3756  Gelatine 

376    Gelatine  capsules 1 

378    Wood  and  peat  tar  creosote 

380a  Quinine,  salts  and  compounds 

3806  Other  alkaloids  and  their  compounds. .  3 

386    Artificial  balsams  and  non-odoriferous 

watery  extracts 389 

388    Proprietary  remedies 416 

390fl  Miscellaneous  medicinals 

3906  Miscellaneous    chemicals    for     photo- 
graphic cleansing  and  other  uses 

Misc.  pharmaceuticals  and  chemicals 

XIX — Dyes  and  Dvb  Materials 

3186  An'       '     " 

319    An 

320a  Ali; 

3206  Alizarin  dyes  from  anthracene 

321a  Indigo  synthetic  and  vegetable, 

322    Prussian  blues,  chrome  and  zinc  greens 

3246  White  lead 

325     Blanc  fixe 

326a  Zinc  oxide 

3266  Zinc  dust 

3261:  Lithopone 

3'27     Red  cinnabar 

328a  Logwood  extract 

3286  Fustic.  Brazil  wood  and  similar  extracts 

329c  Umber,  sienna  and  earth  colors 

330  Lamp  and  similar  blacks 

331  Bronze  and  metal  colors 

3326  Copper  pigments 

334    Printing  ink 

336a  Ready-made  paints  ground  in  oil 

3366  Artists'  colors 

338    Graphite  in  manufactured  forms 

340    Lead  and  colored  pencils,  crayons.  .  .  . 

XX — Ethers  and  Alcohols 

348    Fusel  oils;  amvl,  butyl  and  propyl  ales 

349a  Crude  wood  alcohol 50,707 

351    Acetaldehyde,  paraldehyde 45 

taining  201  in  comparison  with  the  other  list's  55  items;  the  list 
for  1913  for  example  includes  metals  (Class  XXV)  which  do  not 
appear  in  that  for  1904,  and  in  this  class  alone  the  United  States' 
exports  exceeded  Germany's  by  $76,000,000  (see  note  below). 
Tables  I  and  II  completely  confirm  the  contention  of  the 
author  of  the  articles  cited  above,  that  the  common  belief 
in  the  preponderance  of  the  value  of  Germany's  chemical  ex- 
ports over  our  own  is  erroneous. 


3,840 


2,711         673      941 


4,848 
18,850 


9,537 


217 


240 

1,010 

968 


138,547 

4,926 

21,636 

34,609 

1,056 

24,208 
20,979 
8,337 
7,328 
306 


XXI — Volatile  Oils,  Synthetic  Perfumes,  Toilet  Articles 

352    Wood  taroil;  caoutchouc  oil;  animal  oil      ....  65 

353a  Turpentine,  pine  needle  oil  and  spirits 

turpentine 269,945 

353c  Oil  camphor,  anise,  elder,  rosemary  and 
other  volatile  oils;  menthol  and  men- 
thol pencils 1.374 

354    Terpineol,  vanillin,  anethol  and  similar 

synthetics 

358    Toilet  and  tooth  powders 

XXII — Artificial  Fertilizers 

359a  Animal  fertilizers 

360  Bone-meal 

361  Thomas-meal 

362  Superphosphates,  etc 

XXIII — Explosives,  Ammunition  and  Combustibles 

366    Loaded  cartridges 119  953 

370    Fuses,  etc 2.847 

XXIV — Wood  Fiber,  Chemical  Paper 
6506  Straw,  esparto  and  other  fibers;  paper 

stock 7.545 

664    Tracing,  blue-print,  gelatine,  fly,  ozone 

and  test  papers 348 

XXV— Metals 

769d  Gold  scrap 36 

769«  Platinum,  iridium,  osmium,  palladium, 
rhodium,  ruthenium;  cast,  raw  and 

not  alloyed 2 

7720  Silver  alloys 190 

772c  Silver  scrap 312 

777a  Pig  iron 

7776  Ferro-alurainum,  chrome,  manganese- 
nickel,  etc 117,331 

844    Aluminum  plates  and  metal 8,367         10,186        318 

850    Pig  lead  and  lead  scrap 162,727       ....  1,421 

855a  Zinc 17,697 

860    Tin  and  tin  scrap 9,285        10,412        903 

864    Nickel  and  nickel  coins 21,566        1,744 

869a  Copper  (see  note  below) 2.116,702        75.000 

8696  Copper  coins,  copper  scraps,  etc 5,111  1,977        164 

869c  Copper  alloys 23,162  5,931        506 

869«  Spiers  glance 1,545 

869/  Chrome,  cadmium,  tungsten  and  simi- 


23,996 
82.838 
105.481 
42,160 


352,468 


24,400 


lar  metals 


5,094 


Note — The  figures  for  copper  in  Chem.  Ztg.,  38  (1914),  176 
are  evidently  wrong,  for  while  the  whole  German  importation 
is  given  as  2,253,920  dz.,  the  U.  S.  is  credited  with  3,946,378 
dz.  The  figure  in  Table  I,  2,116,702,  was  obtained  by 
adding  the  German  imports  listed  from  all  other  countries  and 
subtracting  this  figure  from  the  total  imports;  the  value  in 
dollars  was  calculated  from  this. 


Official 
German 
class  Products 

I  Malt,  oil  fruits,  plants,  etc.... 
II   Industrial  or  medicinal  vege- 
table products 

Ill  Tanning  extracts 

IV.  Resins,  gums  and  adhesives. . . 
Y    Caoutchouc  and  camphor. .  .  . 
egetable  fats  and 


Table  II — Trade  in  Chemicals  between  U.  S.  and  Germany  in   1913 — Summary  of  Table  I 
Units  of  100  Kg.  ^  Substantially  o.  1  Long  Ton 


Value  in  Dollars 


oils 


id. 


VII   Animal  products. 

VIII  Starch  and  sugar 

IX   Alcohol,  acetic  a 

waters 

X   Mineral   and   fossil  raw   ma- 

XI    Ores,  iron  and  slags'. '.'.'.'.'.'.'.'. 
XII    Fossil  fuels 

XIII  Mineral  oils  and  like  fossil  raw 

materials 

XIV  Coal-tar  oils  and  products. . . . 
XV  Waxes 

XVI   Soap  and  fat  products 

XVII   Chemical  and  pharmaceutical 

products 

XVIII    Miscellaneous    chemical    and 
pharmaceutical  products... 

XIX   Dyes  and  dye  materials 

XX   Ethers  and  alcohols 

XXI   Volatile    oils,    synthetic    per- 
fumes, toilet  articles 

XXII   Artificial  fertilizers 

XXIII  Explosives  and  combustibles. 

XXIV  Wood  fiber  and  chemical  paper 
XXV   Metals 

Totals. 


U.  S.  to 
Germanys 

3,403  11,284 

4,567  33,171 

3,213  

787,296  7,985 

3,781  34,671 

,482,240  197,040 

135  10,821 

11,050  158,298 


696,514 
30,678 
192,156 


79,307 
326,378 

809 

39,276 
50,707 


119 

7,893 

,177,136 


40,825 

299,178 

714 

4,916 
254,475 

3 ,  800 
354,220 
194,582 


7,445,190 
'66,274 


49.993 
266,403 


254,475 

3,681 

346,327 


Germany 
29,000 
114,000 

16,000 

4,979,000 

110,000 

36,606,000 
6.000 
89,000 


784,000 

2,526,000 

112,090 
641.000 
724,000 


10,000 

49,000 

80,698,000 


U.  S.  from 

Germany 

1,  120.000 

248,030 


19,174,295      15,131,340     17,609,715      13,566,760      156,036,090 


:  of  exports  in  favor  of  the  U.S.      4,042,955 


1,301.000 

.^0 ,  000 

1,521.000 


505 , 000 
574,000 
125,000 

344,000 

1,346.000 

82,000 

248,000 


3 , 305 , 000 

11,972,000 

40,000 

2,008,500 
1,107,000 
176.000 
1,729.000 
4,284.000 

60,860.880 

S 


23,080.350 


684,000 
2,504,500 


1,107,000 

166,000 

1,680,000 


142.846.500    47.671,290 
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NOTL5  AND  CORRL5PONDLNCL 


STRONTIUM  IN  THE  BEET  SUGAR  INDUSTRY 
Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

No  more  interesting  commentary  on  the  trade  that  is  bound 
to  accrue  to  American  chemical  manufacturers  through  the 
failure  of  continental  suppliers  to  meet  the  demands  of  the 
American  market,  can  be  made  than  the  foundation  of  a  new 
industry  directly  traceable  to  the  present  chaos  existing  in  the 
industrial  world  abroad.  This  is  the  manufacture  of  various 
strontium  salts,  which  heretofore  have  been  produced  solely 
on  the  Continent  Within  the  past  month  over  300  tons  of 
strontia  ore  (celestite,  strontium  sulfate)  have  entered  the  United 
States  at  the  port  of  Philadelphia  through  the  agents  of  the  only 
commercially  productive  deposit  in  the  world.  It  has  been  esti- 
mated that  this  quantity  will  no  more  than  meet  the  pressing 
demands  of  certain  consumers  who,  prior  to  the  war,  imported 
the  refined  salts  chiefly  in  the  form  of  strontium  nitrate  at  figures 
entirely  out  of  keeping  with  the  known  cost  of  production. 
Prior  to  August  ist  of  this  year,  the  refined  nitrate  was  offered 
in  commercial  lots  at  8  cents  per  lb.,  but  since  the  above  date, 
the  price  of  the  salt  has  advanced  200  per  cent.  So  far  as  sta- 
tistics show,  this  is  the  largest  quantity  of  strontium  ore  ever 
brought  into  the  United  States.  Scarcity  of  raw  material  and 
the  higher  labor  costs  in  this  country  have  evidently  deterred 
manufacturers  from  entering  the  world's  market  as  producers 
of  strontium  compounds.  For  the  American  manufacturer  to 
meet  his  foreign  competitor  on  the  same  footing,  it  was  neces- 
sary to  secure  a  cheap  and  reliable  source  of  supply,  but  now, 
with  raw  material  at  a  price  approximating  that  paid  by  foreign 
manufacturers,  we  shall  be  able  to  not  only  meet  the  demands 
of  the  domestic  market  but,  in  all  probability,  export  a  consider- 
able portion  of  our  total  production. 

The  commercial  demands  for  strontium  nitrate  are  not  so 
diversified  as  for  certain  other  chemical  products,  but  the  total 
annual  consumption  in  the  United  States  seems  to  fully  warrant 
the  American  manufacturer  entering  upon  this  new  field  with  the 
confidence  that  once  his  market  is  established,  he  need  no  longer 
fear  ruinous  competition  from  the  foreign  producer. 

The  principal  salts  of  strontium  that  appear  on  the  commercial 
market  are,  in  the  order  of  their  importance:  strontium  hy- 
droxide, strontium  nitrate  and  strontium  chloride.  Of  the 
above  salts,  however,  the  nitrate  is  the  only  one  that  has  been 
imported  in  large  quantities,  but  the  world  consumption  of  this 
salt  is  very  small  in  comparison  to  that  of  the  hydroxide,  which 
is  used  in  the  refining  of  beet  sugar  molasses.  So  far  as  is  known, 
the  major  portion  of  the  nitrate  imported  annually  is  consumed 
in  the  manufacture  of  railway  signals  or  Coston  lights,  and  the 
manufacture  of  so-called  red  fire  used  extensively  by  the  pyro- 
technists. 

For  reasons  best  known  to  the  continental  sugar  refiners, 
the  price  of  the  hydrate  has  never  been  within  the  reach  of  our 
domestic  consumers,  but  inquiries  made  among  large  beet  sugar 
refiners  in  this  country  indicate  that  there  would  be  a  very  large 
consumption  of  the  compound,  provided  a  stable  source  of  sup- 
ply could  be  secured. 

The  conversion  of  celestite,  or  strontium  sulfate,  into  soluble 
strontium  compounds,  is  effected  through  the  reduction  of  this 
salt  by  heating  with  carbon  in  rotary  furnaces,  thus  producing 
the  soluble  strontium  suHide.  from  which  the  hydroxide  or  ni- 
trate can  be  readily  prepared  with  suitable  reagents. 

In  the  desaccharization  of  beet  sugar  molasses,  containing 
generally  some  40  to  50  per  cent  of  sugar,  which  owing  to  the 
presence  of  small  quantities  of  certain  inorganic  salts  will  not 
crystallize  out,  there  are  at  present  three  methods  employed  to 


effect  desugarization:    i — Strontia  process,  2 — Osmosis  process, 
3 — Lime  process. 

Of  these  three,  the  most  effective,  efficient  and  economical 
is  the  strontia  or  Scheibler  process.  This  depends  on  the  re- 
action that  occurs  when  an  excess  of  strontium  hydroxide  is 
added  to  a  dilute  sugar  solution  at  a  temperature  exceeding 
100°  C.  The  work  is  carried  out  in  suitable  boilers  provided 
with  steam  coils  and  agitators,  a  20  per  cent  to  25  per  cent  solu- 
tion of  the  hydroxide  being  first  heated  and  the  molasses  added 
in  amount  equal  to  about  one-third  that  of  the  strontium  solution. 
The  liquid  is  then  rapidly  agitated,  the  temperature  being  kept 
above  100°  C,  when  there  occurs  a  granular,  sandy  precipitate 
of  strontium  disucrate.  This  is  rapidly  filtered  and  washed  with 
a  boiling  10  per  cent  solution  of  strontium  hydroxide,  the  disucrate 
being  insoluble  in  hot  solutions  After  the  precipitate  has  been 
thoroughly  washed,  it  is  dissolved  in  a  cold  solution  of  the  hydrox- 
ide and  allowed  to  stand  for  several  days  in  crystallizing  tanks. 
At  the  end  of  this  time,  about  50  per  cent  of  the  hydrate  separates 
in  crystalline  form  and  the  saccharine  solution  is  decanted  and 
the  crystalline  residue  centrifuged  to  free  it  from  the  solution. 
Carbon  dioxide  is  then  passed  through  the  sugar  solution,  thus 
causing  a  precipitation  of  the  balance  of  the  strontium  as  the 
carbonate.  This  compound  is  reconverted  into  the  hydroxide 
by  calcining  and  dissolving  the  resultant  oxide  in  water.  The 
ratio  of  the  total  strontium  hydroxide  required  for  the  precipi- 
tation of  sugar  in  the  beet  molasses  is  approximately  2 ''2  :  1. 
A  remarkably  pure  sugar  solution  is  obtained  by  the  strontia 
process,  so  that  the  sugar,  after  crystallization,  can  be  placed 
directly  on  the  market  without  further  refining. 

At  the  present  time  the  methods  in  vogue  in  this  countr>'  are 
the  osmosis  and  lime  or  Steffen  process.  The  former  is  rather 
slow  and  necessitates  the  handling  of  the  same  solution  a  num- 
ber of  times.  The  lime  process  requires  special  cooling  apparatus, 
as  the  temperature  of  the  sugar  solution  must  be  kept  below 
15°  C.  during  the  precipitation  of  the  tricalcium  sucrate,  which 
is  readily  soluble  at  a  higher  temperature.  There  are  numerous 
other  minor  objections  to  both  of  these  processes,  so  that  although 
the  initial  cost  of  the  strontia  process  may  be  more  than  either 
of  these,  it  can  be  readily  seen  that  it  is  much  more  effective 
and  rapid. 

In  connection  with  the  regeneration  of  strontium  hydrate, 
afl  American  patent  has  just  been  issued  describing  a  process 
for  the  rapid  conversion  of  strontium  carbonate  into  the  oxide 
through  the  use  of  certain  fluxes  such  as  fluorspar,  soda  ash,  etc. 
In  the  past,  some  difficulty  has  been  experienced  in  treating  the 
impure  strontium  carbonate  precipitated  from  sugar  solutions, 
owing  to  its  being  contaminated  with  lime,  silica  and  certain 
organic  substances. 

Statistics  show  that  Germany  desaccharizes  annually  about 
100,000  tons  of  beet  sugar  molasses.  As  nearly  all  the  conti- 
nental beet  molasses  is  desugarized  by  the  strontia  process,  this 
would  indicate  that  over  100,000  tons  of  strontium  hydroxide 
are  employed  in  Germany  alone.  It  must-  be  remembered, 
however,  that  this  does  not  indicate  the  annual  consumption, 
which  is  probably  very  much  less  than  this  figure,  owing  to  the 
fact  that  the  strontium  compounds  are  nearly  all  recovered  by 
various  regenerative  processes,  so  that  the  percentage  of  loss  is 
rather  small. 

The  American  beet  sugar  industry  is  still  in  its  infancy  com- 
pared to  that  of  Europe.  During  the  last  few  years  the  pcoduc- 
tion  fluctuated  between  600,000  and  700,000  tons  annually, 
all  of  which  was  for  domestic  consumption.  It  would  not  be 
safe  to  predict  at  the  present  time  just  what  increase  in  this 
annual  production  the  introduction  of  the  strontia  process  would 
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effect,  but  with  the  cooperation  of  the  American  chemist,  the 
process  is  hkely  to  play  an  important  part  in  the  American 
technology  of  beet  sugar. 

FooTE  Mineral  Co.,  Philadelphia  H.   C.   MEYER 

November    14,    1914 


THE  EFFECT  CF  STEAM  UPON  MAGNESITE  BRICK  OR 
CALCINED  MAGNESITE 

Editor  of  the  Journal  0}  Industrial  and  Engineering  Chemistry: 

Carbonate  of  magnesia  or  magnesite  is  found  chiefly  in  Greece, 
Austria-Hungary,  Africa,  India,  and  in  California  in  the  Uni- 
ted States.  The  deposits  of  Greece  and  California  are  of  the 
white  massive  character  and  as  a  rule  of  very  pure  quality. 
They  are  not  as  suitable  for  refractory  purposes  in  metallvu-gical 
processes  as  the  Austro-Hungarian  magnesite,  on  account  of 
composition  and  high  cost  of  preparation.  The  white  magne- 
sites  are  used  principally  in  paper  manufacture,  in  caustic  form 
as  flooring  cement,  and  for  the  manufacture  of  carbonic  acid  gas, 
the  carbonate  as  mined  containing  approximately  50  per  cent  of 
CO2,  which  may  be  driven  off  at  a  comparatively  low  tempera- 
ture. A  few  refractory  brick  are  made  from  white  magnesite, 
but  difficulties  of  manufacture  and  high  cost  render  the  demand 
very  slight. 

It  is  with  the  Austro-Hungarian  magnesite  that  the  users  of 
magnesite  in  this  country  are  most  interested.  The  material 
occurs  in  a  crystalline  formation  and  is  gray  in  color  with  tinges 
of  brown.  In  comparison  with  the  white  magnesite  it  differs 
in  composition  and  formation.  The  chemical  composition  is 
the  most  important  difference.  Comparative  analyses  of  the 
two  kinds  of  magnesite,  calcined,  are  as  follows: 

Austro- 
Hungarian  White 

Silica  (SiOj) 2.75  2.50 

Alumina  (AkOj) 0.50  0.25 

Iron  oxide  (FeiOa) 7  .  00  1 .  00 

Lime  (CaO) 2.50  2.25 

Magnesia  (MgO) 87  .  00  93  .  00 

Loss  on  ignition 0.75  1  .  00 

The  impurities  in  the  Austro-Hungarian  render  it  less  refrac- 
tory, and  it  will  frit  more  readily  at  operating  temperatures, 
which  is  a  very  important  property,  especially  in  open  hearth 
steel  practice  in  building  the  bottom  and  repairing  the  slag 
line.  In  the  calcined  form,  for  commercial  uses,  Austro-Hun- 
garian magnesite  has  a  rich  brown  color  and  white  magnesite 
is  either  white  or  a  very  light  brown,  depending  on  the  thor- 
oughness of  calcination. 

The  chief  uses  of  magnesite  brick  are  in  open  hearth  steel 
furnaces,  copper  converters,  reverberatories  and  settlers,  and 
electric  furnaces.  Their  use  is  spreading  considerably  where 
strong  basic  slags,  mill  cinder  and  strongly  metallic  slags  are 
encountered,  such  as  the  bottoms  of  forging,  heating  and  weld- 
ing furnaces. 

It  is  an  interesting  fact,  and  one  of  importance  to  all  users 
of  magnesite,  that  when  subjected  to  the  action  of  steam,  magne- 
site in  calcined  form,  or  even  the  most  thoroughly  burned  brick, 
will  hydrate,  similarly  to  the  action  of  calcined  lime  when  water 
is  added.  This  hydration  takes  place  to  equal  degree  in  all 
brands  of  magnesite  brick  made  in  the  United  States  or  Europe. 
The  effect  of  the  hydration  is  disintegration  to  an  almost  im- 
palpable powder.  It  does  not  seem  to  bear  any  relation  to  the 
content  of  lime  or  other  impiu'ities,  as  the  tests  showed  the  same 
results  for  the  Austro-Hungarian  as  for  the  white  or  very  pure 
Grecian  magnesite. 

Tests  were  conducted  by  placing  brick  in  a  steam-tight  cylin- 
der and  subjecting  to  steam  at  loo  lbs.  pressure  for  a  period  of 
two  hours,  all  brick  tested  showing  hydration  to  the  same  de- 
gree, though  it  is  reasonable  to  conclude  that  the  action  would 
be  somewhat  retarded  under  lower  pressure  or  less  severe  con- 
ditions. 


Difficulties  of  this  nature  have  been  experienced  in  open  hearth 
furnace  bottoms  by  laying  the  brick  and  magnesite  bottom  over 
a  bed  of  refractory  materials  mixed  with  water.  Upon  heating 
up,  steam  is  formed  and  the  bottom  may  be  very  badly  damaged 
by  hydration  of  the  magnesite. 

This  fact,  which  has  not  been  well  established  until  recently, 
no  doubt  accounts  for  a  number  of  similar  troubles  which  have 
occurred  in  years  past.  It  also  explains  cases  of  disintegra- 
tion of  burned  magnesite  brick  which  have  been  in  contact  with 
steam  leaking  from  coils  or  steam-heated  floors  used  in  manu- 
facturing magnesite  brick.  It  should  be  made  a  matter  of 
common  knowledge,  therefore,  so  that  users  of  magnesite  will 
be  able  to  guard  against  trouble  of  this  kind,  especially  during 
the  initial  heating  period. 

Harbison-Walker  Refractories  Co.  R-    H.   YouNGMAN 

Pittsburgh,  September  15,  1914 


CONVERSION  TABLE  FOR  GLUES 

In  connection  with  the  use  of  the  Weinhagen  Glue  Hydrom- 
eter, which  reads  percentage  by  weight  of  air-dry  glue,  it  is 
necessary  to  calculate  the  number  of  pounds  of  glue  in  a  gallon 
of  the  dry  product,  as  well  as  to  determine  the  capacity  of  tanks 
and  other  glue  containers  in  terms  of  air-dry  or  bone-dry  glue. 
In  determining  the  following  values  by  experiment,  a  hide  glue 
was  used  and  the  methods  employed  were  of  a  degree  of  accuracy 
commensurate  with  technical  use.  The  percentages  selected 
are  those  generally  dealt  with  in  commercial  glues. 

Lbs.  per  Gallon  when 


Per  cent 

Corresponding 

air-dry  glue 

percentage 

(Hydrometer) 

bone-dry  glue 

0.0 

0.000 

0.5 

0.424 

1.0 

0.848 

1  .5 

1.270 

2.0 

1.690 

2.5 

2.200 

3.0 

2.550 

3.5 

2.970 

4.0 

3.390 

4.5 

3.820 

5.0 

4.240 

5.5 

4.660 

6.0 

5.080 

6.5 

5.520 

7.0 

5.940 

7.5 

6.360 

8.0 

6.780 

8.5 

7.210 

9.0 

7.620 

9.5 

8.060 

10.0 

8.490 

10.5 

8.900 

11.0 

9 .  340 

11.5 

9.750 

12.0 

10.180 

12.5 

10.600 

13.0 

11.020 

1 ,1 ,  5 

11.450 

14.0 

11.870 

14.5 

12.300 

15.0 

12.720 

15.5 

13.150 

16,n 

13.570 

16.5 

14.000 

17.0 

14.410 

17.5 

14.850 

18.0 

15.270 

18.5 

15.700 

19.0 

16.100 

19.5 

16.550 

20.0 

16.970 

Air-dry 
8.3360 
8.3550 
8 . 3650 
8.3750 
8 . 3860 
8.3970 
8 . 4080 
8.4190 
8.4300 
8.4410 
8.4515 
8.4625 
8.4730 
8.4840 
8.4950 
8.5050 
8.5160 
8.5270 
8.5380 
8.5480 
8.5590 
8.5700 
8.5800 
8.5910 
8.6015 
8.6130 
8.6230 
8.6340 
8.6450 
8.6550 
8 . 6660 
8.6770 
8.6880 
8.6990 
8.7090 
8.7200 
8.7310 
8.7420 
8.7530 
8.7640 
8.7740 


Bone-dry 
8.3360 
8.3570 
8.3690 
8.3810 
8.3930 
8.4060 
8.4190 
8.4320 
8.4440 
8.4570 
8.4700 
8.4820 
8.4945 
8.5080 
8.5210 
8.5330 
8.5460 
8.5590 
8.5715 
8.5840 
8.5970 
8  6100 
8.6225 
8.6340 
8.6460 
8 . 6600 
8.6715 
8.6840 
8.6970 
8.7100 
8.7225 
8.7360 
8.7490 
8.7610 
8.7740 
8.7870 
8 . 8000 
8.8130 
8.8260 
8.8390 
8.8520 


Baeder,  Adamson  &  Co. 
Philadelphia,  August   1,   1914 


IsMAR    Ginsberg 


CAP  FOR  BUNSEN  BURNER  USED  WITH  NATURAL  GAS 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

Special  burners  adapted  for  natural  gas  are  already  in  much 
use.  But  Bunsen  biuner  and  other  modifications  of  this  can 
be  rendered  serviceable  for  natiu-al  gas  by  providing  caps  made 
of  ordinary  wire  gauze,  say  about  22  mesh.  A  cap  made  of 
wire  gauze  and  put  on  a  Bunsen  burner  or  this  type  of  burner 
gives  a  steady  flame,  not  extingui?hable  even  by  a  strong  air 
draught.     Such  a  cap  can  easily  be  made  by  pressing  a  piece  of 
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wire  gauze  down  over  the  aperture  of  an  iron  tube.  One  square 
inch  wire  gauze,  22  mesh,  will  answer  the  purpose.  The  flame 
of  the  wire  gauze  capped  burner  can  be  regulated  very  easily  by 
the  air  regulator. 

National  Carbon  Co.  GREGORY    ToROSSIAN 

Clsvbland,  Ohio.  June  I,  1914 


A  SHAKER  FOR  THE  MECHANICAL  ANALYSIS  OF  SOILS- 
NOTE 

Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  6,  517,  Mr.  C.  C.  Fletcher  takes  exception 
to  my  claim  that  my  Soil  Shaker  is  better  than  that  used  by 
the  Bureau  of  Soils  at  Washington.  I  should  like  to  consider 
his  objections  and  further  substantiate  my  claim. 

I.  Number  of  Bottles — It  is  true  that  the  Bureau  machine 
carries  48  bottles,  while  mine  carries  only  16.  But  the  com- 
parison becomes  fairer  by  considering  the  power  required  to 
run  the  two  machines.  In  the  description  of  the  Bureau  machine' 
it  is  stated  that  "the  machine  is  driven  by  an  ordinary  stock 
'A  H.  P.  motor."  Determinations  recently  made  on  my  machine 
by  the  Department  of  Mechanical  Engineering  of  Yale  University, 
show  that  0.000766  H,  P.  is  required  to  run  it  at  the  prescribed 
rate  and  loaded  to  full  capacity.  We  then  have  a  comparison  of 
powers  as  follows:  0.25  vs.  0.000766 — a  ratio  of  i  to  326  +  .  Even 
if  only  one-tenth  of  the  power  of  the  motor  were  really  used  to 
operate  the  Bureau  machine,  that  same  amount  of  power  would 
be  sufficient  to  operate  more  than  30  of  my  machines  at  once, 
with  a  total  carrying  capacity  of  480  bottles.  One  should  bear 
in  mind,  also,  the  fact  that  my  machine  is  strictly  "home-made.  " 
If  it  were  nicely  constructed,  mounted  on  bearings,  etc.,  the 
efficiency  would  be  even  more  striking. 

II.  Speed — It  is  true  that  if  the  wheel  were  turned  very 
rapidly  there  would  be  centrifugal  effects.  But  it  is  expressly 
stated  in  my  article  that  the  wheel  should  not  be  run  rapidly. 
Surely,  the  mechanical  difficulties  of  running  a  wheel  slowly 
instead  of  rapidly  are  not  insurmountable!  And  indeed,  the 
slower  the  wheel  is  turned  the  less  energy  is  required.  The 
"merely  pouring"  of  the  contents  of  the  bottle  from  one  end 
to  the  other,  consequent  upon  slow  turning  of  the  wheel,  is  a 
distinct  advantage  over  hitting  the  soil  particles  swiftly  to- 
gether by  a  sudden  jerking  motion. 

III.  Element  of  Time — Mr.  Fletcher  explains  the  7  hours 
required  by  the  Bureau  machine  by  saying  "in  some  rare  in- 
stances as  long  a  time  as  this  has  been  found  necessary.  The 
majority  of  soils,  especially  sandy  soils,  do  not  need  7  hours." 
In  other  words,  7  hours  is  the  maximum  required.  Well,  sim- 
ilarly for  my  machine,  the  3  hours  mentioned  is  a  maximum 
time  requirement.  The  average  soil  can  be  successfully  treated 
in  a  much  shorter  time.  Mr.  Fletcher  also  states  that  even 
if  7  hours  are  used  it  is  no  loss  of  time  to  the  operator,  because 
he  is  busy  anyway.  Certainly,  in  this  age  of  conservation  and 
efficiency  engineering,  one  should  not  countenance  waste  of 
power  and  energy  in  running  a  machine  longer  than  necessary! 

Another  argument  not  as  yet  presented  may  be  stated  here. 
In  the  Bureau  machine  the  bottles  are  in  a  horizontal  position. 
With  a  moderate  jerking  back  and  forwards  of  the  bottle 
only  the  upper  portion  of  the  soil  is  shaken;  with  more  vigorous 
jerking  the  whole  mass  of  soil  is  in  movement,  but,  on  account 
of  the  friction  on  the  bottle,  the  lower  part  moves  more  slowly 
than  the  upper,  and  may  move  but  slightly  or  not  at  all.  Also, 
in  order  to  have  all  the  sample  in  action  at  the  same  time  the 
upper  portion  is  driven  backwards  and  forwards  with  more  vio- 
lence than  it  really  requires.  As  a  result,  there  is  a  tendency 
for  the  particles  to  abrade  one  another.  Obviously  this  break- 
ing down  of  the  soil  particles  should  not  be  very  appreciable 
or  the  method  is  a  failure.  In  treatment  by  my  machine  the 
'  U.  S.  Dept.  Agr..  Bur.  Soils,  Bull.  84,  p.  15. 


bottle  is  slowly  ended  over  and  over.  The  whole  sample  thus 
falls  from  one  end  of  the  bottle  to  the  other  through  a  column 
of  water  twice  in  every  revolution  of  the  wheel.  The  lack  of 
violence  in  the  process  of  "merely  pouring,"  coupled  with 
shorter  time  of  treatment,  reduces  abrasion  to  a  negligible  fac" 
tor.  It  should  be  clear  why  my  method  is  shorter  than  the 
Bureau  method  for  all  the  particles  are  receiving  equal  treat- 
ment all  the  time. 


Freeman  Ward 


Sheffield  Scientific  School,  Yale  University 
New  Haven,  Conn.,  October  16.  1914 


AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

7TH  ANNUAL  MEETING,  PHILADELPHIA 

DECEMBER  2-5,  1914 

PROGRAM  OF  PAPERS 

Address  of  Welcome.     M.wor  Blankenbi-rg. 

Distribution  of  Industrial  Opportunities.  George  Otis  Smith, 
Director  of  the  U.  S.  Geological  Survey. 

The  Manufacture  and  Application  of  the  Artificial  ZeoUtei 
(Perxnutite)  in  Water  Softening.     D.  D.  Jackson. 

Feldspar  as  a  Possible  Source  of  American  Potash,     .\llerton 

S.    CUSHMAN    AND    GEO.    W.    COGGESHALL. 

Hydrometallurgical  Apparatus  and  Its  Use  in  Chemical  Engi- 
neering.    John  V.   N.   Dorr. 

The  Hardwood  Distillation  Industry.  E.  H.  French  and  James 
R.  Withrow. 

The  Chemical  Industries  of  Japan.     Jokichi  Takamine. 
Need    of    Up-to-date    Manufacturing    Statistics.     Bernhard    C. 
Hesse. 

Ore  Flotation,  a  New  Hydrometallurgical  Development.  S.  P. 
Sadtler  and  S.  S.  Sadtler. 

Aspects  of  Some  Chemical  Industries  in  the  United  Statei 
Today.     Edward  Gudeman. 

EXCURSIONS 
Atlantic  Refining  Co.  of  the  Standard  Oil  Co.  at  Point  Breeze 
on  the  Schuylkill  River.     This  plant  has  the  new  Burton  process 
for  the  distillation  of  petroleum  and  the  manufacture  of  motor 
fuel. 

United  Gas  Improvement  Co.  This  plant  has  new  water 
gas  generators  with  waste  heat  boilers.  The  physical  research 
laboratory  was  visited  and  recent  developments  in  artificial  il- 
lumination and  photometric  apparatus  were  inspected. 

Welsbach  Works,  Gloucester,  N.  J.     Nitrating  and  collodion 
manufacture,  thorium  nitrate  and  mantle  manufacture,  solvent 
recovery,  metal  working,  nickel  plating  and  finishing  were  seen. 
New  York  Shipbuilding  Co.,  Camden,  N.  J. 
Farr  &  Baily  Linoleum  Works,  Camden,  N.  J. 
Commercial  Museums,  West  Philadelphia.     Address  by  Dr. 
Wm.  P.  Wilson  on  the  work  of  the  Museum. 

Laboratories  of  the  University  of  Pennsylvania. 
Barrett   Manufacturing   Co.,   Chemical   Department,   Frank- 
ford,  Philadelphia.     The  working  up  of  the  light  and  middle 
oils,  the  refining  of  naphthalene,  the  small  scale  preparation  of 
carbolic  acid,  etc.,  were  shown. 


COMMUNICATION  FROM  THE  ANALYTICAL  CO  MMITTEE 
RUBBER  SECTION,  AMERICAN  CHEMICAL  SOCIETY 
From  the  reply  of  The  Joint  Rubber  Insulation  Committee, 
This  Journal,  6,  515,  it  is  evident  that  some  discussion  of  the 
results  as  published  in  This  Journal,  6,  514,  is  necessary  to  pre- 
vent any  misunderstanding  as  to  their  bearing.  Since  this  re- 
ply appeared  it  was  impossible  to  hold  a  meeting  of  The  Anal\-ti- 
cal   Committee   until   this  date. 

In  presenting  the  results  of  their  work,  The  Analytical  Com- 
mittee voted  to  confine  their  published  report  to  the  facts 
brought  out  by  their  analysis  and  omit  all  discussions,  as  a  pub- 
lication of  these  discussions  in  full  would  have  occupied  more 
space  than  this  committee  could  reasonably  have  asked  for 
and  it  was  by  no  means  certain  how  much  of  it  would  be  of 
general  interest. 
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The  three  compounds  selected  for  analysis  were  designed  to 
test  the  accuracy  of  the  methods  for  analysis  of  the  Acetone 
Extract  as  affected  by  the  presence  or  absence  of  the  two  hy- 
drocarbons used  in  commercial  practice.  The  amount  of  rubber 
and  the  fillers  were  varied  only  slightly  to  avoid  the  influence 
of  extraneous  factors  on  the  results.  The  selection  of  fillers 
and  the  respective  proportions  were  designed  to  fall  within  the 
limits  prescribed  by  the  1913  Railway  Signal  Association's 
specification  for  30%  Fine  Para  insulation,  as  this  was  considered 
to  be  the  most  important  type  of  material  to  which  the  methods 
of  The  Joint  Rubber  Insulation  Committee  were  likely  to  be 
immediately  applied.  The  methods  of  The  Joint  Rubber  In- 
sulation Committee  were  intended  to  be  applicable  to  the  analy- 
sis of  just  such  compounds.  Therefore,  if  the  errors  have  been 
magnified  due  to  the  constituents,  the  methods  should  be  re- 
vised to  meet  such  conditions. 

The  Analytical  Committee,  before  issuing  its  report,  took 
into  consideration  the  discrepancies  of  Analyst  No.  3  under 
waxy  hydrocarbon,  which  in  all  probability  were  due  to  the 
Solution  of  Alcoholic  Potash  used.  They  also  took  into  con- 
sideration the  results  of  No.  4,  under  Free  Sulfur,  which  were 
obtained  by  the  use  of  a  different  type  of  extractor,  for  com- 
parative purposes.  Inasmuch  as  no  conclusions  drawn  from 
either  of  these  results  were  adverse  to  the  methods  of  The  Joint 
Rubber  Insulation  Committee,  no  exception  was  made  to  the 
decision  of  the  committee  to  publish  only  the  results  and  con- 
clusions. 

These  discrepancies  and  the  reasons  for  the  same  were  brought 
to  the  attention  of  the  Rubber  Section  at  the  Cincinnati  meeting 
and  were  fully  discussed  at  that  time.  Two  members  of  The 
Joint  Rubber  Insulation  Committee,  who  were  instrumental 
in  drawing  up  the  comments  printed  in  This  Journal,  6, 
515,  were  present  at  this  meeting  and  were  fully  acquainted 
with  the  facts. 

A  clerical  error  which  appeared  in  the  published  report 
should  be  corrected  as  follows:    Under  Sample  A,  Analyst  I: 

11/20 — Total  waxy  hydrocarbons  should  read  2.14  per  cent 

11/21 — Total  waxy  hydrocarbons  should  read  2.55  per  cent 

Referring  to  the  comments  on  the  work  of  Analyst  No.  2, 


The  Joint  Rubber  Insulation  Committee  state,  "The  results 
indicate  that  the  Acetone  Extraction  was  not  properly  made." 
Comparison  of  the  results  of  Analyst  No.  2  with  those  of  jNlos. 
I,  4  and  ,5,  which  are  taken  as  a  standard  for  comparison,  does 
not  substantiate  this  statement,  as  these  results  are  consistent 
with  Nos.  I,  4- and  5  and  the  duplicate  results  are  particularly 
consistent;  furthermore,  the  analyst  states  that  the  Acetone 
Extraction  _was  made  absolutely  in  accordance  with  the  pro- 
cedure. 

The  fact  that  the  averages  of  a  large  number  of  determinations 
are  "about  what  we  would  expect  from  this  compound"  proves 
only  that  positive  and  negative  errors  are  equally  probable  and 
does  not  substantiate  the  claim  that  the  determination  of  saponi- 
fiable  extracts  by  this  method  will  give  accurate  results,  since 
the  individual  results  show  that  the  probable  error  of  a  single 
determination  is  large. 

This  procedure  is  given  as  a  metliod  for  30  per  cent  Hevea 
rubbers,  therefore  the  Analytical  Committee  was    justified    in 
making  its  first  investigation  on  Fine  Para. 
E.  W.  BouGHTON     G.  H.  Savage     P.  H.  Walker 
W.  A.  DuccA  J.  B.  TuTTLE      D.  W.  Whipple,  Chairman 

114  Liberty  St..  Nbw  York  City 
November  16.  1914 


THE  SPECIFIC  HEAT  OF  CALIFORNIA  PETROLEUMS 

A  CORRECTION 
In  my  article  under  the  above  title  in  This  Journal,  6,  727, 
the  formula  used  for  the  calculation  of  the  specific  heats  given 


in  the  results  was  c  = 


CM(T  — /) 


■m{t  —  /o) 
the  article  as  originally  printed. 
•5333  19th  Street 
San  Francisco.  Cal.,  November  ; 


and  not  that   given   in 


Harold  E    Wales 


THE  EXPLOSIBILITY  OF  GRAIN  DUSTS— A  CORRECTION 

In  the  article  printed  under  the  above  title,  in  This  Journal. 
6,  934.  the  name  of  Mr.  David  J.  Price  as  joint  author  was 
omitted  by  error.  Harold  H.  Brown 

Bureau  of  Chemistry.  Washington 
November  16,  1914 


PERSONAL  NOTL5 


The  University  of  Pittsburgh  announces  the  following  course 
of  Special  Evening  Lectures  on  Chemical  Engineering  during 
1914-15:  Nov.  Qth — "Our  New  Knowledge  of  Coal,"  H.  C. 
Porter,  Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh.  Nov. 
i6lh — -"Recent  Researches  on  the  Combustion  of  Coal."  Henry 
Kreisinger.  Engineer  in  Charge  of  Fuel  Tests,  Bureau  of  Mines, 
Pittsburgh.  Nov.  23rd — "Some  Applications  of  Pulverized 
Coal,"  Richard  K.  Meade,  Consulting  Chemist,  Baltimore. 
Nov.  30th — "Producer  Gas,"  J.  K.  Clement,  Physicist,  Bureau 
of  Mines,  Pittsburgh.  Dec.  7th — "The  Softening  of  Water  for 
Industrial  Purposes,"  James  O.  "Handy,  Director  of  Research, 
Pittsburgh  Testing  Laboratories.  Dec.  14th — "The  Classifica- 
tion of  Clays,"  Edward  Orton,  Head  of  Department  of  Ceramics 
and  Dean  of  the  College  of  Engineering,  Ohio  State  University. 
Jan.  4th— "The  Effect  of  Heat  on  Clays,"  A.  V.  Bleininger, 
Director  Technological  Laboratory,  U.  S.  Bureau  of  Standards, 
Pittsburgh.  Jan.  nth — "The  Manufacture  of  Structural 
Clay  Products,"  A.  V.  Bleininger.  Jan.  iSth — The  Manufac- 
ture of  Refractories,"  Kenneth  Seaver,  Chief  Chemist,  Harbison- 
Walker  Refractories  Co.,  Pittsburgh.  Jan.  2Slh — "The  Manu- 
facture of  Porcelain,"  Ross  C.  Purdy,  Chief  Chemist,  Norton  Co., 
Worcester,  Mass.  Jan.  25th — "Glazes  and  Enamels,"  A.  V. 
Bleininger.  Feb.  1st — Symposium;  "Special  Phases  of  the  Glass 
Industry,"  C.  H.  Kerr,  Pittsburgh  Plate  Glass  Co.;  S.  R.  Scholes, 


Assistant  Director  Mellon  Institute  of  Industrial  Research; 
Alexander  Silverman,  University  of  Pittsburgh.  Feb.  8th — 
"Special  Methods  of  Pyrometry,"  H.  S.  StupakofT,  Director 
Stupakoflf  Laboratories,  Pittsburgh.  Feb.  i^th — "The  Present 
Status  of  the  Chemical  Technology  of  Vanadium,"  B.  D. 
Saklat-Walla,  Chief  Chemist,  American  Vanadium  Co.,  Pitts- 
burgh. Feb.  22nd — "The  Manufacture  of  Steel  Tubing," 
F.  N.  Speller,  National  Tube  Co.  Mar.  1st — "The  Manufacture 
of  Steel  in  the  Electric  Furnace,"  F.  Crabtree,  Professor  of 
Metallurgy,  Carnegie  Institute  of  Technology.  Mar.  8th — 
"The  Corrosion  of  Iron  and  Steel,"  D.  M.  Buck,  American 
Sheet  and  Tin  Plate  Co.,  Pittsburgh.  Mar.  /5//!— "Catalysis," 
M.  A.  Rosanoff,  Professor  of  Research  Chemistry,  Mellon 
Institute.  Mar.  22nd — "Recent  Developments  in  the  Electro- 
chemistry of  Organic  Compounds,"  Harold  Hibbert,  Research 
Fellow,  Mellon  Institute;  and  "Industrial  Applications  of  the 
Phase  Rule,"  M.  A.  Rosanoff. 

The  North  Carolina  College  of  Agriculture  and  Mechanic 
Arts  has  made  the  following  additions  to  the  staff  of  its  Chemistry 
Department:  C.  F.  Miller,  E.  L.  Frederick,  J.  T.  Dobbins  and 
H.  L.  Cox. 

Mr.  James  J.  Bajda,  formerly  connected  with  the  Chemical 
Department  of  Sulzberger  &  Sons,  is  now  Chemist  and  Chemical 
Engineer  for  the  San-I-Genic  Company  of  Winnipeg,  Canada. 
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J  D.  Mackenzie  is  now  empluycd  in  the  laboratory  of  Armour 
and  Company  at  Chicago. 

Mr.  W.  D.  Richardson,  of  Swift  &  Co.,  Chicago,  spent  his  va- 
cation bear  hunting  in  Oregon. 

Prof.  M.  A.  Rosanoff,  for  the  past  seven  years  director  of  the 
Department  of  Chemistry  in  Clark  University,  has  accepted  a 
professorship  of  Chemical  Research  in  the  Mellon  Institute 
of  Industrial  Research  and  the  Graduate  School  of  the  Uni- 
versity of  Pittsburgh. 

Dr.  Harvey  W.  Wiley  celebrated  his  seventieth  birthday 
recently  by  a  dinner  party.  Among  the  guests  were  Prof. 
Chas.  E.  Munroe,  one  of  Dr.  Wiley's  instructors  at  Harvard; 
Dr.  W,  D.  Bigelow,  for  many  years  with  Dr.  Wiley  in  the  Bureau 
of  Chemistry;  Dr.  G.  L.  Spencer,  a  student  under  Dr.  Wiley 
at  Purdue  University  40  years  ago,  and  Prof.  Frank  W.  Clarke, 
of  Washington. 

The  Royal  Canadian  Institute  in  Toronto,  Canada,  plans  to 
inaugurate  work  on  the  lines  of  the  Mellon  Institute  of  the 
University  of  Pittsburgh.  Dr.  Raymond  F.  Bacon,  director  of 
Mellon  Institute  was  invited  to  address  the  Canadian  Institute 
and  spoke  before  them  on  "Industrial  Research"  on  November 
7th.  The  lecture  was  given  in  the  University  of  Toronto, 
the  alma  mater  of  the  late  Dr.  Robert  Kennedy  Duncan,  founder 
of  the  system  of  industrial  research  at  the  Mellon  Institute. 

Prof.  J.  H.  Mathews,  of  the  University  of  Wisconsin,  will 
give  an  illustrated  lecture  on  "Color  Photography"  before  the 
Kansas  City  Section  of  the  A.  C.  S.  on  December  12th. 

The  program  for  the  December  nth  meeting  of  the  New  York 
Section  of  the  A.  C.  S.  is  as  follows:  "A  Surfacial  Burn,  Pro- 
duced by  an  Unknown  Radiation,"  C.  A.  Doremus;  "Past, 
Present  and  Futiu-e  of  Electrochemistry  in  America,"  E.  F. 
Roeber;  "Research  in  Applied  Chemistry,"  W.  H.  Walker; 
"Industrial  Research,"  Raymond  F.  Bacon. 

The  Executive  Committee  of  the  International  Congress  of  Min- 
ing, Metallurgy,  etc.,  London,  1915,  decided  on  September  4th  to 
adjourn  the  holding  of  the  Congress  sine  die  on  account  of  the 
war. 

Prof.  J.  G  Shearer  gave  an  illustrated  lecture  on  "Some 
Phases  of  the  Development  of  Roentgen  Rays  and  Their  Appli- 
cations," before  the  Cornell  Section  of  the  A.  C.  S.,  on  Novem- 
ber 1 6th. 

Mr.  Carl  Hambuechen,  of  the  American  Carbon  and  Battery 
Co.,  addressed  the  November  9th  meeting  of  the  St.  Louis 
Section  of  the  A.  C.  S.  on  "Some  Problems  in  the  Manufacture 
of  Dry  Batteries." 

The  Hedley  F.  Jobbins  glycerine  plant  at  Aurora  111.,  and 
one  of  the  largest  of  its  kind  in  the  world,  was  completely  de- 
stroyed by  fire  on  August  23rd.  The  loss  of  a  very  well  equipped 
laboratory  and  the  destruction  of  hundreds  of  tons  of  finished 
glycerine  made  the  fire  an  exceedingly  costly  one. 

The  New  York  Section  of  the  American  Electrochemical 
Society  met  in  joint  session  with  the  American  Gas  Institute 
and  the  Illuminating  Engineering  Society  on  November  i8th. 
The  topic  for  the  evening  was  "The  Effect  of  Chemical  Re- 
search on  Lighting,"  and  the  speakers  were:  H.  S.  Miner,  W.  C. 
Moore,  R.  E.  Myers,  R.  D.  Bailey,  D.  MacFarlan  Moore  and 
H.  E.  Ives. 

Dr.  P.  F.  Trowbridge,  of  the  University  of  Missoiu-i,  spoke 
on  "Some  Problems  in  Nutrition,"  on  November  gth,  at  the 
University  of  Rochester,  before  the  Rochester  Academy  of 
Science  and  the  Rochester  Section  of  the  A.  C.  S. 

At  the  October  31st  meeting  of  the  Puget  Sound  Section  of 
the  A.  C.  S.  at  Seattle,  the  following  articles  were  read:  "Fish 
Oils,"  J.  W.  Brandel;  "Fertilizer  and  Other  By-Products  of  the 
Fishing  Industry,"  E.  A.  Stoppel. 


The  Maryland  Section  of  the  A.  C.  S.  held  its  2nd  regular 
meeting  on  November  14th.  Papers  were  read  by  J.  Bosley 
Thomas,  "Present  and  Future  Methods  for  the  Purification  of 
the  Baltimore  City  Water  Supply,"  and  Wm.  Royal  Stokes, 
"Bacteriological  and  Sanitary  Results  Obtained  by  the  Treat- 
ment of  the  Baltimore  City  Water  Supply." 

The  following  papers  were  read  at  the  Connecticut  Valley 
Section  of  the  A.  C.  S.  in  Hartford  on  November  7th:  "Recent 
Studies  on  the  Theory  of  Dyeing  and  the  Chemistry  of  Wool 
Fiber,"  Frederic  Dannerth;  "The  Control  of  Plating  Solutions," 
Arthur  DeF.  Cowperthwait. 

Prof.  Harry  McCormack,  of  Armour  Institute  of  Technology, 
lectured  on  November  13th  before  the  Chicago  Section  of  the 
A.  C.  S.  on  "Why  We  Do  Not  Manufacture  AniUne  Dyes." 

The  Eastern  N.  Y.  Section  of  the  A.  C.  S.  met  at  Union 
College,  Schenectady  on  October  30th.  The  following  papers 
were  presented:  "The  Commercial  Production  of  Oxygen  and 
Nitrogen,"  G.  L.  Fonda;  "The  Influence  of  Composition  on  the 
Magnetic  Properties  of  Steel,"  W.  E.  Ruder. 

The  Highway  Engineering  Department  of  Columbia  Uni- 
versity offers  the  following  illustrated  lectures  during  December, 
1914:  Dec.  3rd — "Specifications  for  Sizes  and  Physical  Proper- 
ties of  Broken  Stone."  Arthur  W.  Dean,  Chief  Engineer,  Mass. 
Highway  Commission.  Dec.  yth — "The  Essential  Physical  and 
Chemical  Properties  of  Creosote  Oils  for  Wood  Blocks."  S.  R. 
Church,  Manager  Research  Department,  Barrett  Manufacturing 
Co.,  New  York.  Dec.  glk — "Details  of  Construction  of  American 
Wood  Block  Pavements,"  A.  W  Dow,  Chemical  and  Consulting 
Paving  Engineer,  New  York.  Dec.  nth — "European  Wood 
Block  Pavements,"  George  W.  Tillson,  Consulting  Engineer 
to  the  President  of  the  Borough  of  Brooklyn,  New  York.  Dec. 
14th — "The  Construction  and  Maintenance  of  Cement-Concrete 
Pavements,"  Edward  D.  Boyer,  Cement  and  Concrete  Expert, 
The  Atlas  Portland  Cement  Co.,  New  York.  Dec.  l6th — 
"Specifications  for  Physical  Properties  of  Paving  Bricks  and 
Stone  Blocks,"  William  A.  Howell,  Engineer  of  Streets  and 
Highways,  Newark,  N.  J.  Dec.  23rd — "Planning  of  Streets 
and  Street  Systems,"  Nelson  P.  Lewis,  Chief  Engineer,  Board  of 
Estimate  and  Apportionment,  New  York.  Dec.  28th — "Pro- 
duction of  Bermudez  and  Trinidad  Asphalts,"  C.  N.  Forrest, 
Chief   Chemist,    Barber   Asphalt    Paving   Co.,    Maurer,    N.    J. 

The  program  of  the  November  i6th  meeting  of  the  Rochester 
Section  of  the  A.  C.  S.  was  as  follows:  "Notes  on  the  De- 
termination of  Antimony,"  H.  E.  Howe;  "Some  of  the  Impuri- 
ties of  Photographic  Chemicals,"  M.  B.  Puimett;  "Military 
Explosives,"  C.  E.  K.  Mees. 

Dr.  Edgar  Fahs  Smith,  Provost  of  the  University  of  Penn- 
sylvania, addressed  the  Philadelphia  Section  of  the  A.  C.  S. 
at  its  November  19th  meeting. 

Mr.  F.  B.  Sherwood,  B.S.  1912,  North  Carolina  A.  &  M. 
Cpllege,  has  been  appointed  Assistant  Chemist  to  the  North 
Carolina  Agricultural  Experiment  Station. 

The  program  of  the  Wisconsin  Section  of  the  A.  C.  S.  for 
November  iSth  included  the  following  papers:  "Apparatus  for 
Precise  Cryoscopic  Measurement  at  Elevated  Temperatures," 
Prof.  J.  H.  Mathews;  "The  Effect  of  Temperature  Control  in 
the  Destructive  Distillation  of  Wood,"  R.  C.  Palmer. 

Dr.  Alfred  Springer  gave  an  illustrated  lecture  on  "An  Egyptian 
Trip,"  before  the  Cincinnati  Section  of  the  A.  C.  S.  on  October 
28th. 

A  series  of  seven  lectures  on  "Sanitation  as  Applied  to  Cities" 
was  given  during  November  at  the  Worcester  Polytechnic  Insti- 
tute, by  Prof.  George  C.  Whipple,  of  Harvard  University. 

Mr.  Chas.  Boultman,  of  the  Carborundum  Co.,  gave  an  illus- 
trated lecture  on  carborundum  before  the  Columbus  Section 
of  the  A.  C.  S.  on  November  5th. 
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Prof.  Harry  McCormack  is  giving  a  course  of  l.;ctures  on 
"Industrial  Chemistry"  at  Armour  Institute  of  Technology; 
these  lectures  are  given  on  Tuesday  evenings,  from  7.30  to  9.30 
o'clock,  and  the  course  will  continue  for  three  terms. 

Dr.  George  Oliver  Curme,  of  Evanston,  111.,  was  one  of  few 
Americans  abroad  this  summer  who  successfully  escaped  the 
war  embargo.  He  arrived  in  this  country  at  about  the  time 
the  storm  broke  in  Belgium.  Dr.  Curme  was  in  Berlin  doing 
some  special  work  in  chemistry.  He  took  his  doctor's  degree 
at  Chicago  in  1913  and  went  abroad  shortly  afterwards. 

Mr.  H.  E.  Jordan  gave  an  illustrated  lecture  on  "Some  Fea- 
tures of  Water  Purification  before  the  Indiana  Section  of  the 
A.  C.  S.  on  November  14th. 

The  Milwaukee  Section  of  the  A.  C.  S.  met  on  November 
2oth.  Prof.  E.  B.  Hart,  of  the  College  of  Agriculture,  Uni- 
versity of  Wisconsin,  spoke  on  "Recent  Developments  in  Agri- 
cultural Chemistry." 

At  the  November  nth  meeting  of  the  Lexington  Section  of 
the  A.  C.  S.  the  following  papers  were  given:  "Some  Curiosities 
of  Chemical  Literature,"  Dr.  Garnett  Ryland;  "Note  on  a  Speci- 
men of  Vivianite  from  Marshall  Co.,  Ky.,"  Dr.  A.  M.  Peter. 

Dr.  Charles  H.  Viol,  Director  of  the  Radium  Research  Labora- 
tory, Pittsburgh,  gave  an  illustrated  lecture  on  Radium  and 
Radioactivity  before  the  Pittsburgh  Section  of  the  A.  C.  S. 
on  November  12th. 

The  N.  Y.  Section  of  the  Society  of  Chemical  Industry  were 
addressed  by  John  H.  Hall  on  "Manganese  Steel"  and  by 
George  F.  Comstock  on  "Titanium  and  Its  Effects  on  Steel"  at 
their  meeting  on  November  20th. 


Mr.  W.  R.  Gilard  has  resigned  as  Chemist  with  the  Pittsburgh 
Testing  Laboratory  to  accept  a  position  as  research  chemist 
with  the  Pittsburgh  Plate  Glass  Co. 

On  invitation  of  the  Brown  Chapter  of  the  Society  of  the 
Sigma  Xi,  the  Rhode  Island  Section  of  the  A.  C.  S.  attended  an 
illustra^d  lecture  on  "X-Rays  and  Crystals"  on  November  20th 
by  William  Henry  Bragg,  A.M.,  F.R.S.,  Professor  of  Physics 
in  the  University  of  Leeds,  England. 

The  U.  S.  Bureau  of  Mines  has  begun  the  collection  of  a  gen- 
eral library  of  petroleum  literature,  under  the  direction  of  W.  A. 
Williams,  chief  petroleum  technologist.  The  details  of  this  work 
have  been  assigned  to  Dr.  David  T.  Day,  recently  transferred 
from  the  U.  S.  Geological  Survey  as  petroleum  tec'.inologist,  who 
will  also  assist  in  a  thoroughly  organized  research  into  the  chem- 
istry of  oils,  which  is  being  developed  by  the  Bureau  of  Mines. 
In  view  of  the  importance  of  such  a  library,  the  Bureau  hopes 
that  all  technologists  will  aid  in  the  work  by  exchanging  with  it 
all  available  books  and  maps  on  the  subject. 

Dr.  Frederick  B.  Power  will  retire  from  the  directorship  of  the 
Wellcome  Chemical  Research  Laboratories,  London,  on  Decem- 
ber ist,  in  order  to  return  to  the  United  States,  where,  for 
family  reasons,  he  will  make  his  future  home. 

Dr.  Frank  L.  Pyman,  whose  researches  and  contributions  to 
chemical  science  are  well  known,  will  succeed  Dr.  Frederick  B. 
Power  as  director  of  the  Wellcome  Research  Laboratories,  Lon- 
don, England. 

President  A.  C.  Humphreys,  of  the  Stevens  Institute  of  Tech- 
nology, will  act  as  president  of  the  International  Gas  Congress, 
which  meets  in  San  Francisco  next  September 
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GEOLOGICAL  SURVEY 

Production  of  Anthracite  in  1913.  Edward  W.  Parker. 
Advance  chapter  from  Part  2,  Mineral  Resources,  19 13.  16 
pp.  Including  the  coal  recovered  from  old  culm  banks  by 
washeries,  and  a  small  quantity  dredged  from  Susquehanna 
River,  the  production  of  anthracite  in  19 13  amounted  to  over 
81  million  long  tons  valued  at  $195,000,000.  This  is  an  in- 
crease of  nearly  10  per  cent  over' the  production  of  the  previous 
year.  No  unusual  influence  affected  the  1913  trade  but  the 
increase  is  rather  greater  than  average.  "The  increase  in  the 
use  of  artificial  gas  and  of  coke  for  domestic  purposes  will  prob- 
ably keep  pace  with  the  increase  of  population  in  the  markets 
supplied  by  anthracite,  and  there  is  little  probability  that  the 
production  of  anthracite  will  show  any  marked  increase  in  the 
future.  Changes  in  temperature  and  labor  conditions  will 
continue  to  be  the  most  important  factors  affecting  the  pro- 
duction of  anthracite."  The  standard  screens  used  in  the  prep- 
aration of  anthracite  have  the  following  dimensions,  the  per- 
centage of  the  total  production  of  each  size  being  indicated  in 
the  last  column: 


of  standards.  Wasbingto 


Size 


Standard  Sizes  of  Anthracite 

Percentage 
of  total 
Through  Over  production 

Lump  and  steamboat ^  'n\ 

Broken  or  grate 4  inches  square       2V4  inches  square    4.92 

Egg 2  V<  inches  square  2  inches  square       1 2 .  59 

Stove 2  inches  square       1  V«  inches  square  19.53 

Chestnut 1  Vi  inches  square  'A  inch  square        24  08 

Pea 3/^  inch  square      V2  inch  square         11.51 

Buckwheat  No.  1 V2  inch  square      '/<  inch  square         13  .  33 

Buckwheat  No.  2  or  rice '/<  inch  square      V«  inch  square          7.90 

Buckwheat  No.  3  or  barley. .  .  '/a  inch  square     Vis  inch  round          ^•\l 

Screenings Vi«  inch  round        


0.46 


Froduction  of  Peat  in  1913.  Charles  A.  Davis.  Separate 
from  Part  2,  Mineral  Resources,  1913.  19  pp.  "Up  to  the 
present  time,  however,  practically  none  of  these  attempts  (in 
the  U.  S.)  at  the  production  of  a  serviceable  fuel  from  peat 
have  been  commercially  successful."  However,  in  almost 
every  case,  where  material  properly  prepared  has  been  offered 
for  sale,  it  has  found  a  ready  market  at  prices  which  were  ample 
to  have  paid  a  profit  upon  the  operation.  European  methods 
for  the  production  of  peat  in  form  suitable  for  fuel  either  as 
"cut  peat"  or  "machine  peat"  are  described.  The  various 
processes  for  pressing  water  from  peat  and  briquetting  it  are 
also  described.  Despite  the  general  belief  to  the  contrary  it 
should  be  noted  that  "only  a  single  peat-briquette  factory  is 
known  to  be  in  operation  in  Europe  at  the  present  time." 
Among  the  various  uses  for  peat  discussed  are  the  following: 
Peat  powder,  peat  coke  or  charcoal,  as  fuel  for  steaming,  as 
fuel  for  producer-gas  generation,  as  fuel  in  special  industries, 
as  fertilizer  filler  or  as  fertilizer  (the  latter  in  case  of  peats  rich 
in  combined  nitrogen),  stock  food,  paper  stock,  and  stable 
litter.  The  production  in  1913  in  short  tons  for  the  various 
purposes    shows    as    follows:     Fertilizer    28,400,000,    valued    at 
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$169,600;  for  stock  food  4,800,000,  value  $27,600;  and  for  stable 
litter,  all  of  that  being  imported  material,  10,983,  valued  at 
$55,719- 

Barjrtes.  James  M.  Hill.  Separate  from  Part  2,  Mineral 
Resources,  19 13.  10  pp.  The  production  of  crude  barytes 
in  the  United  States  in,i9i3  was  45.298  short  tons  valued  at 
$156,275,  an  increase  of  20  per  cent  in  quantity  over  1912. 
The  average  price  per  ton  in  191 1  was  $3.19,  in  1912  $4.09,  and 
in  1913  $3.45.  However,  it  is  noted  that  considerable  difference 
in  average  price  per  ton  is  found  for  the  production  in  different 
localities,  that  in  Missouri  reaching  $3.78  per  ton  in  1913, 
whereas  that  of  Tennessee  and  Kentucky  was  only  $1.70  per 
ton  for  the  same  period. 

The   1 9 13  imports  of  unmanufactured  barytes  amounted  to 

$61,000;  the  manufactured  product  amounted  to  $38,000.     The 

imports  of  barium  compounds  during  the  same  period  were  as 

follows : 

Barium  carbonate,  natural $  13.116 

Barium  carbonate,  manufactured 38,949 

Barium  binoxide 239,000 

Barium  chloride 37,620 

Blanc-fixe.  or  artificial  barium  sulfate 62,785 

Total »391,470 

This  report  describes  the  mineral  characteristics,  the  uses  and 
the  occurrence  of  barytes  in  the  United  States. 

Strontium.  James  M.  Hill.  Note  from  Mineral  Resources, 
1913.  During  1913  no  strontium  was  reported  as  mined  in  the 
United  States,  probably  because  of  the  limited  market.  "No 
strontium  carbonate,  oxide,  or  protoxide  was  imported  in  either 
1911  or  1912,  but  in  1913  the  total  value  of  imports  of  these 
salts  was  $2,284.  Probably  some  strontium  nitrate  was  im- 
ported for  use  in  'red  fire,'  but  it  is  not  possible  to  obtain 
figures  of  the  imports  of  any  salts  of  strontium  except  those 
named  above." 

The  Production  of  Salt,  Bromine,  and  Calcium  Chloride  in 
1913.  W.  C.  PhalEN.  16  pp.  The  marketed  production  of 
salt  in  1913  was  over  34,000,000  barrels  of  280  pounds  each, 
having  a  total  value  in  excess  of  $10,000,000.  It  is  noted  that 
the  price  of  salt  has  been  slowly  rising  throughout  the  last 
several  years.  A  classification  is  given  of  the  several  methods 
of  production,  and  the  production  by  grades  and  by  localities 
is  given  in  detail.  It  is  noted  that  a  total  value  of  imported 
salt  was  $421,745  and  the  exports  $515,194  during  1913. 

The  production  of  bromine  in  1913  amounted  to  572,400 
pounds  having  a  value  of  about  $110,000.  The  calcium  chloride 
production  in  the  same  period  was  19,611  short  tons  valued  at 
$130,000. 

Asbestos.  J.  S.  DillER.  Separate  from  Part  2,  Mineral 
Resources,  1913.  i6  pp.  "The  production  of  asbestos  in  the 
United  States  is  small,  but  in  manufactured  asbestos  products 
the  United  States  surpasses  any  other  country.  The  total 
output  of  asbestos  in  this  country  for  1913  was  about  1,100 
short  tons,  and  all  of  it  came  from  2  producers  in  Georgia  and 
I  in  Arizona."  Not  only  was  the  production  very  much  less 
during  this  period  but  the  value  per  ton  ($10)  was  also  lower 
than  in  any  previous  year,  except  1907.  As  a  matter  of  fact, 
the  price  of  absestos  in  the  United  States  is  controlled  by  the 
Canadian  market,  since  the  world's  supply  of  asbestos  is  largely 
drawn  from  the  province  of  Quebec;  however,  a  rapid  develop- 
ment of  the  Russian  asbestos  is  making  that  country  an  im- 
portant factor.  It  is  noted  that  an  advance  of  10  per  cent  to 
15  per  cent  in  price  is  to  be  expected  during  1914,  owing  to  the 
demands  for  increase  in  wages.  The  asbestos  imported  in  1913 
amounted  to  $2,307,666,  nearly  90  per  cent  of  this  being  un- 
manufactured material.  The  occurrence  and  character  of 
asbestos  found  in  this  country,  as  well  as  the  Canadian  and 
Russian  deposits,  are  given  in  some  detail  and  the  summary  of 
some  recent  investigations  concerning  these  asbestos  is  included. 


The  Gypsum  Industry  in  1913.  Ralph  W.  Stone.  Separate 
from  Part  2,  Mineral  Resources.  17  pp.  In  1913  over  2,500,000 
short  tons  of  raw  g>'psum  were  mined,  this  being  an  increase  of 
about  4  per  cent  over  the  previous  year.  The  applications  of 
this  product  are  shown  by  the  following  table,  which  indicates 
the  application  of  the  marketed  product  of  gypsum  in  the 
United  States  during  1913: 

.\verage 
price 

SOLD  CRUDE  Quantity  Value  per  ton 

For  Portland  cement 408.221         $    600.913         $1.47 

As  land  plaster 54,815  95,953  1.75 

For  other  purposes 100  200  2.00 

Total 463.136  $697,066         $1.51 

SOLD    CALCINED 

As  plaster  of  Paris,  wall  plaster,  Keene's 

cement,  etc 1.580.157  5.858,785  3.49 

For  dental  plaster 861  4,168  4.84 

To  glass  factories 10,942  21,797  1.99 

For  Portland  cement  and  other  pur- 
poses          81,889  193,006  2.36 

Total 1.773,849         $6,077,756         $3.43 

The  report  also  includes  a  discussion  of  the  production  of 
other  countries,  trade  and  manufacturing  conditions,  the  char- 
acter of  gypsum  products  made,  and  the  occiurence  of  g>'psum 
and  gypsite  in  the  United  States. 

The  Production  of  Fluorspar  and  Cryolite.  Ernest  F. 
BucHARD.  Separate  from  Part  2,  Mineral  Resoiu-ces,  1913. 
8  pp.  The  total  quantity  of  domestic  fluorspar  reported  as 
marketed  in  1913  was  115,580  short  tons,  valued  at  $736,000. 
This  was  a  slight  decrease  as  compared  with  the  previous  year. 
The  conditions  of  the  industry,  the  character  and  composition 
of  the  supply  which  has  been  marketed,  the  uses  of  fluorspar, 
and  the  occurrence  are  described  in  some  detail. 

As  a  note,  the  imports  and  prices  of  cryolite  are  given  as  fol- 
lows: 

"No  cryolite  is  produced  in  the  United  States,  the  entire 
supply  used  in  this  country  being  imported  from  Ivigtut,  an 
Eskimo  hamlet  on  the  southern  coast  of  Greenland. 

"The  quantity  of  cryolite  reported  to  have  been  imported  for 
consumption  into  the  United  States  in  1913  was  2,559  long  tons, 
valued  at  $52,557,  as  compared  with  2,126  long  tons,  valued  at 
$48,293,  in  1912.  The  average  price  per  ton  declared  in  1913 
was  apparently  $20.54,  as  compared  with  S22.72  in  1912. 
Cryolite  was  imported  free  of  duty  in  1913." 

The  Production  of  Mineral  Waters  in  1913  with  a  Discussion 
of  their  Radioactivity.  R.  B.  Dole.  48  pp.  The  statistics 
given  in  this  report  are  intended  to  include  natiu-al  waters  that 
are  bottled  and  sold  in  practically  their  nattu-al  state,  but  it  is 
not  intended  to  include  natiu-al  still  waters  that  have  been 
changed  materially  in  chemical  character  or  waters  that  are 
sold  by  fiat  or  meter  rates.  No  distinction  has  been  drawn 
between  the  "table  water"  and  "medicinal  water,"  since  the 
practice  in  differentiating  by  these  two  varies  greatly.  There 
are  746  commercial  springs  reporting,  which  indicate  over 
62,000,000  gal.  sold  at  an  average  price  of  11  cents  per  gal. 
About  one-third  the  total  value  is  classed  commercially  as 
"medicinal  water."  The  range  in  price  indicated  shows  a  few 
springs  selling  at  less  than  2  cents  or  over  50  cents  per  gal. ;  the 
large  majority,  however,  are  between  2  cents  and  10  cents. 
The  imports  in  1913  amounted  to  3,364,000  gal.,  valued  at 
$950,000.  The  report  gives  in  great  detail  the  production  by 
states  indicating  the  name  and  location  for  all  springs  reportmg. 

In  the  portion  discussing  the  radioactivity  of  mineral  waters, 
the  methods  of  measurement  of  radioactivity  and  the  units  used 
are  briefly  discussed,  and  a  tabulation  is  given  indicating  the 
radioactivity  of  the  considerable  number  of  spring  waters  in 
this  country  and  in  Europe.     A  brief  bibliography  is  appended. 

The  Production  of  Magnesite  in  1913.  Charles  G.  Yale 
AND  HovT  S.  Gale.  Separate  from  Part  2,  Mineral  Resources, 
19 13.     14  i3p.     The   1913  production  of  magnesite  was  over  8 
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per  cent  less  than  in  1912,  being  9,600  short  tons  valued  at 
$77,000.  The  report  indicates  the  sources,  prices,  imports,  and 
traffic  regulations  regarding  this  mineral.  The  more  important 
uses  of  magnesite  are  indicated  as  follows:  Refractories;  in 
paper- making  as  bisulfite;  for  the  manufacture  of  carbon  dioxide; 
as  oxychloride  or  "Sorel"  cement.  These  and  miscellaneous 
applications  are  discussed,  particular  attention  being  given  to 
magnesia  cement  which  is  discussed  in  detail 

Statistics  of  the  Pottery  Industry,  1913.  Jefferson  Middle- 
ton.  Separate  from  Part  2,  Mineral  Resources,  19 13.  15  pp.  In 
this  report  are  given  full  data  as  to  the  production  of  various 
classes  of  pottery  in  different  parts  of  the  United  States.  The  value 
of  all  domestic  pottery  marketed  in  1913  was  approximately 
$38,000,000,  an  increase  of  more  than  4  per  cent  over  1912. 
The  imports,  which  combine  almost  exclusively  high-grade 
work,  show  a  slight  increase  over  the  previous  year,  amounting 
to  about  $10,000,000. 

Clay  Products  of  the  United  States.  Jefferson  Middleton. 
Special  tabulation  without  number,  i  p.  This  circular  gives 
the  value,  quantity,  and  average  price  per  unit  for  various  kinds 
of  brick,  tile,  terra  cotta,  and  other  clay  products  produced 
during  1913.  The  total  value  is  in  excess  of  $181,000,000. 
Data  are  given  separately  for  each  of  the  several  states. 

Production  of  Spelter  in  1913.  C.  E.  Siebenthal.  Special 
leaflet,  unnumbered.  This  circular  indicates  the  variation  in 
price  of  spelter  at  London  and  at  St.  Louis.  Of  60  per  cent 
of  zinc  concentrates  at  Joplin  there  is  shown  the  weekly  sales 
for  the  period  1906-1913,  inclusive.  The  zinc  smelting  capacity 
of  each  of  the  various  plants  reporting  is  indicated,  and  tables 
are  given  showing  the  production  by  states  and  by  foreign 
countries  for  the  same  period.  In  1913  the  primary  spelter 
produced .  amounted  to  346  tons ;  the  consumption  of  primary 
spelter  in  the  United  States  was  less  than  300,000  tons;  the 
world's  production  of  spelter  was  1,100,000  tons. 

Quicksilver  Production  in  1913.  H.  D.  McCaskey.  15  pp. 
The  production  indicated  for  19 13  amounts  to  20,213  flasks  of 
75  pounds  each,  valued  at  $813,000,  the  large  majority  of  the 
product  coming  from  California.  Owing  to  the  low  prices  during 
the  year,  the  quicksilver  industry  was  even  less  prosperous 
in  1913  than  in  the  previous  year.  It  is  of  particular  interest 
to  note  that  "the  market  has  been  very  quiet  during  the  last 
two  years  and  some  large  producers  are  understood  to  have 
stored  some  of  their  output  from  time  to  time  and  others  to  have 
reduced  their  production  until  the  demand  and  prices  for  the 
metal  improve."  Labor  legislation  for  protection  of  labor  in 
the  mines  is  said  to  have  added  somewhat  to  the  difficulty  of 
profitable  production  in  California.  Data  are  given  as  to  the 
production  and  resources  for  the  different  parts  of  this  country 
as  well  as  the  world's  production  and  the  imports  and  ex- 
ports. The  New  York  price  for  1913  averaged  $39.54  per  flask 
of  75  pounds,  about  $3  less  than  during  the  previous  year. 

Gold,  Silver,  Copper,  Lead,  Etc.,  in  1913.  Various  Authors. 
Separate  from  Part  i.  Mineral  Resources,  1913-  Sixteen 
sections  of  this  volume  are  devoted  to  various  phases  of  this  sub- 
ject, some  of  these  being  already  in  print.  There  are  general 
reports  for  gold,  silver,  copper,  lead,  and  zinc  and  special  re- 
ports (called  Mines  Reports)  for  the  several  districts  of  the 
country  arranged  as  follows:  Eastern  States,  Central  States, 
Alaska,  Arizona,  California  and  Oregon,  Colorado,  Idaho  and 
Washington,  Montana,  New  Mexico  and  Texas,  South  Dakota 
and  Wyoming,  and  Utah.  These  reports  are  too  detailed  to  per- 
mit of  a  review.  Any  of  them  can  be  secured  as  separates  as 
soon  as  issued. 

BUREAU  OF  STANDARDS 

Measurement  of  Standard  of  Radiation  in  Absolute  Value. 

W.  W.  CoBLENTZ.  Scientific  Paper  227.  14  pp.  Measure- 
ments are  given  of  the  radiation  from  the  Hefner  lamp  and  from  a 
standard  sperm  candle  relative  to  that  from  a  black  body  and 


data  are  given  for  more  refined  measurement  of  radiation  from 
standard  incandescent  lamps. 

An  Experimental  Study  of  the  Koepsel  Permeameter. 
Charles  W.  Burrows.  Scientific  Paper  228.  30  pp.  Of 
interest  in  the  study  of  that  type  of  instrument  for  use  in  accurate 
measurements  of  permeability  and  hysteresis  curves. 

Various  Modifications  of  Bismuth-Silver  Thermopiles 
Having  a  Continuous  Absorbing  Surface.  W.  W.  Coblentz. 
Scientific  Paper  229.  57  pp.  This  paper  is  largely  of  physical 
interest,  but  the  construction  of  thermopiles  is  fully  discussed, 
and  appendices  are  included  which  take  up  the  following  sub- 
jects: Galvanometer  mirrors,  vacuum  galvanometers,  the  most 
efficient  combination  of  thermopile  and  galvanometer  resistance, 
test  of  stellar  thermoelements  on  stars,  the  maintenance  of  high 
vacua  by  means  of  metallic  calcium. 

Lead  Acetate  Test  for  Hydrogen  Sulfide  in  Gas.  R.  S.  McBride 
and  J.  D.  Edwards.  Technologic  Paper  41.  46  pp.  The 
effect  of  practically  all  the  factors  which  can  influence  the 
sensitiveness  of  the  test  when  utilized  in  a  commercial  way  for 
the  testing  of  a  city  gas  supply  has  been  examined.  The 
method  of  testing  recommended  is  intended  for  commercial 
use  and  not  for  the  most  precise  scientific  work.  However,  the 
experiments  described  in  detail  indicate  the  methods  of  varying 
the  test  to  make  it  of  greatest  sensitivity. 

Testing  of  Electrotype  Solutions.  Preliminary  circular,  un- 
numbered. 4  pp.  This  circular  indicates  in  a  preliminary 
way  the  general  problems  met  in  the  control  of  copper  electro- 
typing  solutions  and  gives  in  simple  form  preliminary  suggestions 
for  maintenance  of  the  proper  acidity  and  density  of  the  solu- 
tions. No  new  experimental  work  is  reported  since  the  circular 
is  intended  to  aid  only  non-technical  operators  in  commercial 
plants. 

BUREAU  OF  MINES 

Production  of  Explosives  in  the  United  States  during  1913. 
Albert  H.  Fay.  Technical  Paper  85.  15  pp.  For  purposes 
of  comparison,  explosives  are  grouped  as  black  blasting  powder, 
high  explosives  and  permissible  explosives.  The  production  is 
given  by  states  for  these  3  groups.  The  totals  reported  are  as 
follows:  Black  blasting  powder,  194,146,000  lbs.;  high  ex- 
plosives, other  than  permissible,  241,682,000  lbs.;  and  per- 
missible explosives,  27,685,000  lbs.;  a  grand  total  of  463,514,000 
lbs.  The  coal  production  per  pound  of  explosives  in  1913  was 
2.72  tons,  an  increase  of  0.36  ton  over  1913. 

A  Study  of  the  Oxidation  of  Coal.  Horace  C.  Porter  and 
O.  C.  Ralston.  Technical  Paper  65.  30  pp.  This  paper 
discusses  the  oxidation  of  coal  at  ordinary  temperature, 
spontaneous  heating  of  coal,  the  initial  action  of  oxygen  on  coal, 
factors  affecting  the  ignition  of  coal  and  affecting  the  rate  of 
oxidation  of  coal,  and  closely  related  topics;  analyses  are  given  of 
the  coals  tested  to  indicate  the  nature  of  the  change. 
CONSULAR  REPORTS—OCTOBER,   1911 

The  war  has  offered  a  market  for  American  oleomargarine 
in  England.  Oleomargarine  used  in  Europe  usually  consists 
of  a  mixture   of  cottonseed  and  copra  (cocoanut)  oil.     (P.  13.) 

As  practically  all  the  copra  (dried  cocoanut)  from  the  Philip- 
pines was  formerly  shipped  to  France,  the  price  has  fallen  to 
practically  nothing,  so  that  efforts  are  being  made  to  develop  a 
market  in  the  United  States.  (P.  14.)  See  also  P.  411  for  a 
description  of  the  copra  industry  of  the  Philippines. 

Uranium   ores   are  being  prospected  in  India.     (Pp.  20,  335.) 

The  output  of  the  Government  iron  foundry  at  Walamatsu, 
Japan,  amounts  to  216,000  tons,  and  will  soon  be  increased  to 
include  galvanized  iron.     (P.  24.) 

The  manufacture  of  buttons  from  ivory  nuts,  formerly  carried 
out  in  Germany,  should  be  a  profitable  industry  in  the  United 
States.     (P.  104.) 
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The  methods  of  graphite  mining  in  Ceylon  are  described. 
(P.  164.) 

A  committee  appointed  by  the  British  Government  has  rec- 
ommended among  others  the  following  regulations  for  patent 
medicines,  viz.,  (i)  control  by  one  department  under  the  ministry 
of  Public  Health,  (2)  registration  of  the  composition  of  all  patent 
medicines,  to  be  confirmed  by  confidential  government  analyses, 

(3)  prohibition  of  the  sale  of  any  objectionable  patent  medicines; 

(4)  that  pure  drugs  sold  under  patent  names  be  no  longer  exempt 
from  duty.     (P.  278.) 

-   The  camphor  industry  of  India  is  described.     (P.  288.) 
Efforts  are  being  made  to  develop  the  petroleum  resources  of 

India.     (P.  443.) 

The  principal  imports  of  graphite  into  the  United  States  come 

from  Ceylon,  Mexico,  Canada  and  Japan.     (P.  455.) 
Tungsten  ore  is  being  mined  in  Siam,  the  output  in  1912-13 

being  over  300  tons.     (P.  460.) 

The  manganese  ore  industry  of  Brazil  is  described.     (P.  476.) 
Carnauba   wax,   obtained   from   the   leaves   of   the   carnauba 

palm,   is  one  of  the  principal  exports  of  Brazil  to  the  United 

States.     It  is  used  for  the  manufacture  of  phonograph  records, 

shoe  polish,  candles,  etc.     (P.  477.) 

Newly   organized   industries   in   Trinidad,   include   a  cassava 

starch  factory,  a  cocoanut  fiber  factory,  and  a  tannery.     (P.  489.) 

Recent  Demands  for  American  Goods  (pp.) 


Nova  Scotia — 70 

Glass 

Drugs 

Chemicals 

Earthenware 

Ink 

Vegetable  parchment 

Panama — 80  and  155 

Sugar 

Glassware 

China 

Alu 


Ontario — 108,  138 
Carbolic  acid 
Oxalic  acid 
Citric  acid 
Salicylic  acid 
Tartaric  acid 
Camphor 


Codeine 
Cream  of  tartar 
Glycerine 
Hydroquinone 
MentTiol 
Morphine 
Castor  oil 
Olive  oil 

Potassium  chlorate 
Potassium-    permanga- 
nate 
Shellac 

Sodium  benzoate 
Sodium  salicylate 
Santorime 
Cottonseed  oil 

Portuguese     Africa 

—125 
Cement 
Sugar 
Steel 

China — 125 

Photographic  supplies 

Paper 

Drugs 

Tin 

Galvanized  iron 

Switzerland — 125 

Petroleum 

Gasoline 

Copper 

Tin 

Steel 

Leather 

Coal  briquets 

Lead 

Lard 

Azores — 140 
Lubricating  oils 
Sugar 
Candles 
Gelatine 
Rubber  goods 


New  Brunswick- 

219 
Window  glass 
Sheet  zinc 
Pig  lead 
Block  tin 
White  lead 
Zinc  white 
Galvanized  iron 
Sulfur 
Tin  plate 
Cream  of  tartar 

Spain — 224 

Carbolic  acid 

Formic  acid 

Naphthalene 

Alun 

Alu 


Copper  and  iro 

Ocher 

Soda 

Thermometers 


New  Zealand — 259 

Drugs 

Chemicals 

Glassware 

Porcelain 

Santo  Domingo-273- 

Beer 

China 

Porcelain 

Glassware 

Iron  ware 

Tin 

Paper 

Cartagena — 347 

Drugs 

Hardware 

Beer 

Wines 

Switzerland — 362 
DyestuCfs 
Petroleum 
Gasoline 

Jamaica — 365 

Condensed  milk 

Butter  substitutes 

Beer 

Matches 

Soap 

Hardware 

Paints 

Crockery 

Glassware 

Paper 


Azores — 311 

Caustic  soda 

Cement 

Cornstarch 

Electrical  supplies 

Fertilizers 

Glassware 

Hardware 

Ink 

Linoleum 

Linseed  oil 

Lubricating  oil 

Paints 

Soap 

Sugar 

Tallow 

Varnishes 


Norway — 315 

Chemicals 

Copra 

DyestufTs 

Rubber 

Iron  and  steel  products 

Sugar 

Linoleum 

Linseed  oil 

Olive  oil 

Salt 

Soda 

Sulfur 

Tin  plate 

Paraguay — ^372 

Drugs 

Electrical  supplies 

Glassware 

Paper 

Tinware 


-410 


Switzerland 

Coal 

Coke 

Petroleum 

Leather 

Iron 

Steel 

Copper 

Edible  oils 

Turpentine 

West  Africa — 412 


Earthenware 

Candles 

Kerosene 

Costa  Rica — 522 

Beer 

Cement 

Condensed  milk 

Paints 

Varnishes 

Structural  iron 

Japan— 504  ■ 
Hides 
Paper  pulp 


The  jute  industry  of  India  is  prosperous,  the  United  States 
being  the  principal  consumer.     (P.  508.) 

The  new  oil-bearing  nut  discovered  in  the  Philippines  has  been 
identified  as  belonging  to  the  family  Meliaceae.  The  seeds 
contain  45  per  cent  of  a  dark  fatty  oil.     (P.  536.) 

The  New  Zealand  Government  is  attempting  to  grade  kauri 
gum,  one  of  their  principal  exports  to  the  United  States,  where 
it  is  used  in  the  manufacture  of  varnishes.     (P.  540.) 

Seeds  of  the  plant  "Jatropha  curcas,"  cultivated  in  Argentine, 
contain  49  per  cent  of  oil,  suitable  for  the  manufacture  of  soap. 
(P-  54I-) 

The  cultivation  of  the  soya  bean  in  Argentine  is  being  urged, 
experiments  having  shown  that  it  grows  well  there.     (P.  541.) 

The  whale  oil  industry  of  Vancouver  has  had  a  very  successful 
season.     (P.  507.) 

The  British  Government  has  just  purchased  900,000  tons  of 
raw  sugar  in  the  East  Indies  at  $97.00  per  ton,  the  largest 
purchase  of  sugar  ever  made.     (P.  512.) 

Correction  (see  This  Journal,  6,  965). — The  statistics  of  the 
U.  S.  production  of  dyestuffs  which  appeared  in  Daily  Consular 
and  Trade  Reports  for  Sept.  16,  1914,  included  the  entire  out- 
put of  dyestuifs  and  extracts.  The  production  of  artificial  dye- 
stuffs  alone  totaled  $1,764,451  in  1904  and  $3,462,436  in  1909. 

Statistics,  etc.,  on  Exports  during   1912  and  1913  to  the  U.  S.  (pp.) 


Cettb,  France — 38 

Argols 

Bauxite 

Fertilizer 

Gentian 

Glycerine 

Rags 

Verdigris 

Venezuela — 59 

Balata 

Rubber 

Hides 

Gold 

Tonka  beans 

Copaiba  balsam 

Chicle 

Hull,  England — 69 

Alum 

Ammonium  sulfate 

Carbolic  acid 

Cement 

Chalk 

Creosote 

Cresol 

Fertilizers 

Glue 

Iron  oxide 

Castor  oil 

Creosote  oil 

Linseed  oil 

Rape  oil 

Soya  bean  oil 

Sunflower  oil 

Paints 

Ultramarine 

Whiting 

Pernambuco — 84 
Castor  beans 
Hides 
Rubber 
Carnauba  wax 

Argentine — 88 
Linseed 
Hides 

Inebracho  logs 
Inebracho  extract 


Bullion 

Hides 

Indigo 

Rubber 

Sugar 


Vancouver — 176 

Brewer's  rice 

Fertilizer 

Glycerine 

Gold  bullion 

Hides 

Whale  oil 

Coal 

Copper  ore 

French  Oceanica — 

193 
Copra 
Phosphate 
Vanilla 

Venezuela — 193-201 

Balata 

Balsam 

Mangrove  bark 

Chicle 
Copaiba 
Copper  ore 
Fustic 
Gold 
Hides 
Rubber 
Tonka  beans 

St.  Pierre — 214 
Fertilizers 
Fish  glue 
Skins 

Samoa — 218 


BERMUDA — 252 
Arrow  root 
Hides 


Nuremberg,     Gbr- 

many— 310 
Cigar  lighters 
Bronze 

Electric  carbons 
Lupulin 


aps 


Hemp  seed 

Cbvlon — 169 
Rubber 
Cocoanut  oil 
Plumbago 
CitroneUa  oil 


Drugs 

Percussion 

Optical  gla 

Mirror  glass 

Plate  glass 

Gold  leaf 

Hops 

Enamel  ware 

Metal  leaf 

Paints 

Paper 

Porcelain 

Soapstone 

Lithographic  stone 

Tin  foil 

Copper  foil 

Steel  wire 

Brass  wire 


British  So.  Africa — 

232-241  and  357 
Hides 
Horn 

Chrome  ore 
Aloes 
Argols 
Berry  wax 
Buchu 
Diamonds 

Zanzibar — 261 

Ebony 

Ivory 

Skins 

British    Honduras — 

313 
Chicle  gum 
Hides 
Logwood 
Rubber 

Jamaica — 368 

Annato 

Fustic 

Hides 

Kola  nuts 

Logwood 

Orange  oil 

Java — 369 

Benzine 

Copra 

Cubebs 

Damar 

Gambler 

Peanuts 

Gum  benzoin 

Gum  copal 

Gutta  percha 

Hides 

Kapok 

CitroneUa  oil 

Quinine 

Rubber 

Sugar 

Tapioca 

Vanilla 

Paraffin  wax 

Trinidad — 404 

Asphalt 

Bitters 

Copra 

Petroleum 

Rum 

Sugar 


.Moes 
Balata 
Gold 
Molasses 
Sugar 
Hides 

Citrate  of  lime 
Lime  oil 
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BOOK  RLV1LW5 


Industrial  Chemistry  for  Engineering  Students.  By  Henry  K. 
Benson,  Ph.D.,  Professor  of  Industrial  Chemistry  in  the  Uni- 
versity of  Washington.  New  York:  The  Macmillan  Com- 
pany.    1913-     About  i2mo.,  xiv -t- 431  pages.     Price,  $1.90. 

In  the  words  of  the  author,  "The  purpose  of  this  text  is  to 
describe  from  the  standpoint  of  chemistry,  the  most  common 
materials  used  in  the  various  branches  of  engineering.  Em- 
phasis is  accordingly  laid  upon  the  occurrence,  the  mode  of 
manufacture,  the  properties,  and,  to  a  limited  extent,  the  uses 
of  the  various  materials."  It  is  stated  to  be  "an  elaboration 
of  the  author's  lecture  notes  used  during  the  last  eight  years  in 
the  courses  of  industrial  chemistry  for  second  year  engineering 
students."  The  book  includes  the  following  chapters:  General 
Processes  and  Apparatus;  The  Atmosphere;  Industrial  Water; 
Combustion  and  Destructive  Distillation;  Solid  Fuels;  Liquid 
and  Gaseous  Fuels;  Petroleum  and  Lubricating  Oils;  Manu- 
facture of  Pig  Iron;  Commercial  Forms  of  Iron  and  Steel;  In- 
dustrial Alloys;  Clay  Products;  Hydraulic  Cements  and  Lime 
Products;  Paving  Materials  and  Wood  Preservation;  Paint 
and  Varnish  Materials;  Plastics  for  Electrical  Insulation;  Cellu- 
lose Products;  Explosive  Materials. 

Books  of  this  kind  will  be  in  demand  before  long  in  engineering 
and  technical  schools  as  the  increasing  importance  of  the  chem- 
istry of  engineering  materials  and  operations,  and  the  fact  that 
many  of  their  problems  are  essentially  chemical  ones,  become 
impressed  upon  our  engineers.  Few  engineering  schools  as 
yet  have  devoted  time  specifically  to  this  purpose,  very  justly 
feeling  that  the  inexperience  of  chemistry  professors  in  engineer- 
ing matters  would  seriously  discount  tlie  value  of  the  instruc- 
tion. Such  attention  to  the  matter  as  is  unavoidable  is  usually 
given  in  connection  with  specific  engineering  subjects  by  the 
engineer  in  charge.  This  treatment  is  succinct — a  great  ad- 
vantage to  the  student,  for  whUe  some  engineers  are  reasonably 
good  chemists,  yet  the  average  chemical  intelligence  of  even 
engineering  teachers  is  often  pathetic  to  the  same  degree  as  is 
the  engineering  intelligence  of  chemistry  teachers. 

While  not  strictly  the  first.  Dr.  Benson  is  one  chemist  who  has 
had  the  courage  and  the  industry  to  attempt  to  be  of  service 
in  this  field.  One  might  take  exception  perhaps  to  the  calling 
of  such  a  course  as  covered  by  this  book.  Industrial  Chemistry, 
when  it  professes  to  be  a  course  in  the  chemistry  of  engineering 
materials.  The  words  Industrial  Chemistry  can  doubtless 
be  applied  to  such  work,  though  many  of  us,  I  believe,  would 
prefer  that  it  be  confined  as  is  generally  done,  to  the  study  of 
the  chemical  and  engineering  problems  involved  in  the  manu- 
facture of  chemical  substances  or  the  solution  of  industrial 
manufacturing  problems  by  chemical  means  or  operations, 
a  matter  not  exactly  germane  to  the  training  of  civU  or  electrical 
engineers,  for  example.  From  the  point  of  view  of  the  author's 
expressed  purpose  the  work  in  question  should  be  called  Engi- 
neering Chemistry  or  the  Chemistry  of  Engineering  (Materials). 
The  author  was  doubtless  hampered  by  the  fact  that  his  college 
catalogue  labeled  his  course  Industrial  Chemistry  instead  of 
Engineering  Chemistry  and,  therefore,  it  is  to  be  expected  that 
this  confusion  would  be  difficult  to  repress  in  the  book  itself 
and  an  attempt  made  to  cover  both  fields.  The  book  lives  up 
more  closely  to  its  title  than  to  its  purpose.  It  really  is  a  series 
of  chapters  from  Industrial  Chemistry  and,  therefore,  contains 
much  material  which  has  little  general  engineering  interest 
though  important  to  the  industrial  chemist  or  chemical  engineer. 
In  commenting  specifically  upon  the  treatment  of  the  different 
topics  in  the  book  the  reviewer  is  attracted  to  those  portions 
with  which  he  is  more  familiar  or  with  whose  leaders  he  has  had 
the  most  contact, 


By  "Charcoal  Retorts,"  on  p.  95,  probably  is  meant  the  modern 
oven  plants  which  with  two  exceptions  in  the  U.  S.  are  rectangular 
in  shape.  The  common  retort  plants,  of  which  there  are  still 
above  twenty-five  in  the  U.  S.,  lise  cylindrical  retorts  exclusively 
but  this  type  uses  a  retort  of  less  than  a  cord  capacity  and  never 
uses  cars  in  the  retort  in  this  country.  The  statement  that 
"acetic  acid  (2%)"  and  "methyl  alcohol  (7%)"  is  obtained 
from  hardwood  is  not  commercial  experience.  It  may  be  the 
figures  were  intended  to  have  been  reversed.  Vacuum  evapora- 
tors are  not  yet  a  success  on  acetate  of  lime  in  this  country, 
nor  is  brown  acetate  of  lime  made  from  redistilled  pyroligneous 
acid.     The  product  is  gray  acetate.     Neither  is  the  dried  acetate 

of  lime  "usually moderately  heated  to  volatilize  the  tarry 

matter  which  separates,"  etc.  It  is  scarcely  proper  to  say  acetate 
of  lime  "is  almost  completely  utilized  in  the  manufacture  of 
acetic  acid"  without  intimating  that  our  acetone  supply  comes 
from  the  destructive  distillation  of  this  same  acetate  of  lime. 
The  obvious  necessity  for  brevity  has  at  times  led  the  author 
into  a  position  open  to  serious  misinterpretation.  For  instance, 
the  statement  that  the  Semet  Solvay  and  Otto  Hoffman  ovens 
"are  identical  in  principle,  the  main  difference  being  in  the  ar- 
rangement of  the  flues  for  the  combustion  of  the  gases  used  in 
heating  them,"  hardly  represents  the  facts.  Then  a  few  lines 
further  both  types  are  covered  in  a  joint  description,  most  of 
which  deals  with'  their  regenerative  checker  work  systems.  This 
faces  a  full  page  illustration  of  sections  through  the  Semet- 
Solvay  type  very  properly  showing  no  regenerative  checker 
work  whatever. 

One  wonders  why  students  must  be  introduced  solely  to  the 
German  method  of  distilling  Coal  Tar,  when  American  practice 
is  so  admirably  and  thoroughly  handled  by  one  who  knows, 
in  Rogers  and  Aubert's  "Industrial  Chemistry"  in  the  Chapter 
by  F.  E.  Dodge.  This  account — the  best  ever  written — is  not 
even  cited. 

In  such  a  brief  treatment  of  the  clay-products,  nine  pages 
devoted  to  a  classification  of  clays  which  is  largely  geological 
seems  excessive  even  if  it  has  the  merit  of  being  the  hitherto 
impublished  work  of  an  eminent  authority  (Dean  Edward 
Orton,  Jr.).  The  rational  analysis  of  clay  is  given  large  space 
in  proportion  to  its  standing.  Crushing  strength,  as  well  as  the 
tensile  strength  mentioned,  is  used  as  a  measure  of  cohesive 
strength  of  clays.  Air  shrinkage  in  drying  clay  products  should 
have  been  given  as  running  from  two  to  fifteen  per  cent,  averaging 
about  five  per  cent.  Quartz  should  have  been  included  in  the 
list  specific  gravities  of  clay  constituents.  The  Citation:  "The 
Uses  of  Hydraulic  Cements,"  p.  310,  is  by  Eno  and  not 
Bleininger  as  given. 

Cold  curing  of  rubber  is  stated  to  be  accomplished  by  treating 
a  solution  of  rubber  in  carbon  disulfide  with  sulfur  monochloride , 
instead  of  treating  the  uncured  or  the  compounded  rubber  with 
sulfur  monochloride  dissolved  in  carbon  disulfide,  etc.  The 
description  of  "ethyl  alcohol  from  sawdust"  hardly  leaves  one 
sufficiently  impressed  with  the  fact  that  this  industry  is  stiU 
in  the  "prospect"  stage. 

As  may  be  seen  from  the  list  of  chapters  already  mentioned 
the  topics  treated  in  the  book  are  well  selected  from  an  engineer- 
ing point  of  view.  The  illustrations  are  usually  very  good  and 
for  the  most  part  quite  modem  and  refreshing.  The  excellent 
bibliography  at  the  end  of  each  chapter  is  a  very  commendable 
feature  of  the  book.  j^^g  ^    Withrow 

Metallurgy   of   Copper.     Bv   H.   O.    Hofilan.     8vo.     556   pp. 

McGraw-Hill  Book  Company,  New  York.     Price,  $5.00. 

In  his  "General  Metallurgy"  Dr.  Hofman  promised  to  supple- 
ment it  with  special  volumes  dealing  with  the  principal  metals, 
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and  has  issued  this,  the  first  of  them,  with  commcndal)le  prompt- 
ness. The  "Metallurgy  of  Copper"  is  a  worthy  successor  to 
the  other  book  and  will  prove  of  much  value  and  interest,  not 
only  to  copper  smelters  but  to  those  engaged  in  other  branches  of 
metallurgy. 

The  introduction  is  followed  by  short,  but  sufficient,  chapters 
on  "Commercial  Copper,  Its  Impurities  and  Their  Effects," 
"Alloys,"  "Compounds"  and  "Ores."  .'\ftcr  this,  the  various 
smelting  processes  for  sulfide  ores  are  taken  up  in  order — ■ 
Roasting,  Blast  Furnace  Smelting,  Reverberatory  Smelting, 
The  Converter.  In  each  case  the  necessary  apparatus  is  fully 
described  and  well  illustrated  from  current  practice — from  Amer- 
ican practice  wherever  possible.  The  variations  under  different 
conditions  are  pointed  out  and  the  reasons  for  them  explained, 
with  their  advantages  and  disadvantages.  The  conduct  and 
theory  of  the  operations  are  fully  given  and  in  such  a  manner 
that  theory  and  practice  go  hand  in  hand. 

The  smelting  of  native  copper  and  of  oxidized  ores  are  then 
described  in  the  same  thorough  manner.  This  is  followed  by 
an  excellent  chapter  on  refining. 

The  next  section  of  the  work  deals  with  hydrometallurgy, 
giving  the  methods  that  have  been  proposed  and  tried  for  ores, 
matte  and  metal.  While  many  of  the  processes  described  have 
not  succeeded,  they  are  of  interest  and  value.  In  many  cases 
they  are  the  basis  of  experiments  now  being  undertaken  with 
a  better  chance  of  success,  owing  to  changed  commercial  condi- 
tions and  the  better  means  now  available  for  handling  large 
quantities  of  ores  and  solutions.  In  this,  as  in  the  earlier  chap- 
ters, the  descriptions  are  clear  and  full,  and  the  amount  of  in- 
formation given  is  very  large. 

The  last  chapter  deals  with  Electrolysis,  and  describes  the 
principles  and  process  clearly  and  well,  giving  good  descriptions 
of  plants  using  each  of  the  modifications  of  the  process. 

One  of  the  most  valuable  features  of  this,  as  of  his  previous 
book,  is  the  copious  bibliography  and  its  convenient  arrangement 
as  foot-notes  to  each  page.  The  proof-reading  has  been  better, 
and  there  are  fewer  errors  due  to  carelessness  in  this  respect. 
The  paper  and  binding,  unfortunately,  are  no  improvement  on 
the  "General  Metallurgy."  Altogether,  Dr.  Hofman  has  pro- 
duced an  excellent  book  which  can  be  heartily  recommended 
to  all  interested  in  the  subject. 

George  C.  Stone 

Fixation  of  Atmospheric  Nitrogen.  Bv  Joseph  Knox,  D.Sc, 
Lecturer  on  Inorganic  Chemistry,  University  of  Aberdeen. 
Published  by  D.  Van  Nostrand  Company.     Price,  75  cents. 

The  book  is  divided  into  three  sections:  Section  I  deals 
with  the  conversion  of  atmospheric  nitrogen  into  nitric  and 
nitrous  acids  and  their  salts.  The  first  part  briefly  describes 
the  physico-chemical  researches  made  in  order  to  determine: 
whether  the  reaction  is  thermal  or  electrical;  the  best  yield  of 
nitric  acid  in  the  arc ;  the  processes  for  the  absorption  of  the  acids; 
etc.  The  second  part  describes  the  most  important  processes 
in  existence  for  the  technical  manufacture  of  nitrates  and 
nitrites. 

Section  II  takes  up  the  synthesis  of  ammonia  and  ammonium 
compounds  from  atmospheric  nitrogen.  A  short  description 
of  the  Haber  process  is  given  with  the  data  obtained  from  the 
experimental  furnace.  The  technical  manufacture  of  ammonia 
is  not  described. 

Section  III  discusses  the  conversion  of  atmospheric  nitrogen 
into  compounds  which  readily  yield  ammonia.  The  various 
nitrides  are  mentioned.  Serpek's  aluminum  nitride  and  the 
calcium  cyanamide  processes  are  discussed,  both  from  the  scien- 
tific and  technical  aspects. 

The  bibliography  given  at  the  end  of  the  book  is  fairly  complete, 
and  deserves  attention. 

Owing  to  the  fact  that  the  subject  matter  of  this  chemical 


monograph  is  very  extensive,  one  cannot  expect  the  author  to 
cover  his  subject  in  102  pp.  with  any  degree  of  thoroughness. 
The  book  may  be  recommended  to  those  who  wish  to  get  a  bird's- 
eye  view  of  the  subject  of  Fixation  of  Atmospheric  Nitrogen, 
from  the  scientific  as  well  as  from  the  commercial  point  of  view. 

Alexa.vder  Lowv 

Neues  Handbuch  der  Chemischen  Technologie.     Published  by 

Friedr.   Vieweg  &   Sohn   in   Braunschweig.      Editor-in-Chief, 

Prof.  Dr.  C.  Engler,  Karlsrulie,  Germany. 

There  are  seven  volumes  in  this  "handbook"  series,  which, 
like  the  following  three  volumes,  can  be  considered  as  separate 
books  and  bought  as  such.  While  this  series  is  intended  as  a  third 
edition  of  Bolley's  "Handbuch  der  Chemischen  Technologie," 
so  many  changes  have  been  made  in  revising  and  modernizing 
the  older  editions  that  an  entirely  new  title  has  been  selected. 

Vols.  I  and  II.  The  Coal-tar  and  Ammonia  Industry.  By 
Dr.  George  Lunge  and  Dr.  Hippolyt  Kohler.  Vol.  I, 
Steinkohlenteer,    928    pp.,    and    354    illus.     Price.  30    ^farks. 

This  volume  is  divided  into  ten  chapters  as  follows;  i — Coal 
as  Raw  Material  of  Coal-tar.  2 — Sources  of  Tars  for  Raw 
Material  in  the  Coal-tar  Industry.  3 — ^Properties  of  Coal-tar 
and  of  Its  Constituent  Parts.  4 — Uses  of  Coal-tar  without  Dis- 
tillation. 5— The  First  Distillation  of  Tar.  6— Pitch.  7— 
Anthracene  Oil.  8 — Heavy  Oil.  9 — Second  Light  Oils  (phenol, 
cresole  and  naphthalene)  10 — Light  Oils.  The  book  is  clearly 
printed  on  a  very  good  quality  of  paper  and  is  profusely  illus- 
trated throughout,  A  great  deal  of  attention  is  given  to  the 
mechanical  side  of  the  coal-tar  industry,  and  while  most  of  the 
illustrations  are  line  drawings,  in  some  cases  actual  photographs 
have  been  used,  thus  showing  clearly  the  construction  and  opera- 
tion of  most  of  the  apparatus  used.  The  chemical  side  of  the 
industry  is  equally  well  presented,  and  many  tables  of  physical 
constants  are  given.  There  are  also  numerous  references  to 
the  literature  and  patents.  This  book  is  very  complete  and 
should  prove  of  great  value  to  those  chemists  interested  in  coal- 
tar  and  should  be  in  every  reference  library. 

Vol.   II,   Ammonia.     462    pp.     163   illus.     Price,    16   Marks. 

There  are  eight  chapters:  i — History  of  Ammonia;  Devel- 
opment and  Future  of  the  Ammonia  Industry.  2 — Properties 
of  Ammonia  and  Its  Technically  Prepared  Salts.  3 — Natural 
Occurrences  of  Ammonia  and  Suggestions  for  Its  Industrial  Ma- 
nipulation. 4 — Composition  and  Analysis  of  Ammonia  Water. 
5 — Manufacture  of  Ammonia  Water.  6 — Production  of  Spirits 
of  Ammonia  and  Liquid  Ammonia.  7 — Production  of  Ammonium 
Sulfate  from  Ammonia  Water.  8 — Manufacture  of  Other 
Technically  Important  Ammonium  Salts  (Chloride,  Fluoride, 
Ferrocyanide,  Sulfocyanide,  Carbonate.  Nitrate,  Nitrite,  Per- 
sulfate,  Perchlorate,  Thiosulfate,  Phosphate,  Chromate,  Formate, 
Acetate,  Oxalate).  The  many  advances  and  improvements  in 
the  manufacture  of  illuminating  gas  and  the  production  of  coke, 
especially  the  by-products,  fully  justify  this  new  edition,  which, 
like  Vol.  I,  should  prove  a  valuable  reference  book. 

Vol.  V.  Manufacture  of  Lamp  Black  and  Charcoal.  By 
Hippolyt  Kohler.     221  i)p.     114  illus.     Price,  S  Marks. 

This,  the  third  edition,  is  about  the  only  book  published  which 
thoroughly  covers  the  manufacture  and  uses  "of  lamp  black  and 
charcoal.  Dr.  Kohler  has  brought  this  edition  up  to  date  and 
has  paid  considerable  attention  to  the  uses  of  charcoal  as  a 
decolorizing  agent.  The  book  is  even  more  fully  illustrated- 
than  Vols.  I  and  II,  and  contains,  as  well,  many  analyses  and 
valuable  tables.  It  is  divided  into  four  chapters:  i — General 
Information  of  the  Properties  and  Uses  of  Carbon.  2 — Lamp 
Black.  3 — Charcoal.  4 — Examination  and  Investigation  of 
Lamp  Black  and  Charcoal. 

This  series  of  valuable  books  would  be  of  even  greater  interest 
and  value  to  American  chemists  and  students  if  they  were  trans- 
lated into  English.     German  fashion,  they  are  published  in  both  ■ 
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cloth  and  paper  bindings,  the  paper  binding  being  about  25 
cents  cheaper.  The  "Neues  Handbuch"  series  should  be  well 
bound  and  on  the  shelves  of  all  chemical  libraries. 

Robert  K.  Murphy 

Examination  of  Lubiicating  Oils.  By  Thos.  B.  Stillman, 
M.Sc,  Ph.D.  Easton,  Pa.:  The  Chemical  Publishing  Co., 
1914.     125  pp.     Price,  $1.25. 

The  descriptions  of  the  determination  of  specific  gravity  and 
cold  test  are  very  full  and  complete.  For  the  determination  of 
viscosity,  among  other  instruments,  the  Saybolt  "A"  viscosim- 
eter  is  described.  His  universal  which  has  replaced  the  A, 
B,  and  C  forms  is  not  mentioned.  The  statement  that  "Tag- 
liabue's  Viscosimeter  is  used  to  a  very  large  extent  by  the  manu- 
facturers of  lubricating  oils  in  the  Uuited  States"  would  seem  to 
be  open  to  question  as  are  also  the  readings  obtained  with  it. 

In  the  description  of  the  flash  test,  the  Abel  tester  for  burning 
ails  is  given,  and  the  apparatus  perhaps  most  extensively  used 
in  this  country  for  lubricating  oils — the  Cleveland  Tester — 
barely  noticed. 

The  book  contains  a  number  of  tables,  pp.  10,  12,  35,  and  51. 
It  would  have  economized  space  and  detracted  nothing  from  the 
use  of  the  work  to  have  condensed  these  into  one,  and  it  would 
have  saved  time  for  the  user  had  the  oils  there  given  been  ar- 
ranged alphabetically.  These  tables  are  from  results  obtained 
in  the  author's  laboratory:  while  they  are  valuable  as  showing 
American  conditions,  yet  it  would  seem  to  have  been  advisable 
to  have  included  as  well  the  limits  of  the  usual  characteristics 
found.  For  example,  the  iodine  number  of  neat'sfoot  oil  is 
given  as  80-82 ;  inasmuch  as  the  highest  figures  usually  reported 
are  72-76,  it  would  seem  as  if  these  samples  were  suspicious. 

The  directions  for  the  valuable  Maumene  and  Iodine  tests 
are  very  incomplete,  the  precautions  necessary  for  their  success- 
ful use  not  being  fully  given. 

Nearly  two  pages  are  devoted  to  color  tests  for  the  different 
oils,  notwithstanding  the  fact  that  they  are  notoriously  unre- 
liable; strangely  enough  the  best  one  of  them  all — The  Halphen 
test  for  cottonseed — is  omitted.  The  method  for  the  separation 
of  mineral  from  the  organic  oils  leaves  something  to  be  desired 
as  the  ethyl  ether  used  dissolves  some  of  the  soap  formed. 

The  references  to  the  Proceedings  of  the  American  Society  of 
Testing  Materials,  pp.  48,  60-65,  are  not  clearly  given,  and  in 
some  cases  material  has  been  taken  from  this  source  without  it 
being  so  indicated.  Nor  is  the  selection  of  testing  machines  a 
particularly  happy  one,  those  considered  the  best  not  being 
■clearly  mentioned. 

The  chapter  on  specifications  for  the  various  oils  used  by  the 
various  railroads,  cities,  and  the  federal  government  will  be  found 
valuable,  as  will  also  the  procedure  for  the  analysis  and  syntliesis 
of  cyHnder  oils,  and  the  analysis  of  cylinder  deposits. 

A.    H.   Gill 

Laboratory  Course  in  Electrochemistry.     By  Oliver  P.  Watts, 

Ph.D.     New  York:     McGraw-Hill  Book  Company.     150  pp. 

Price,  Si. 00. 

There  are  several  books  at  present  both  in  English  and  Ger- 
man dealing  with  this  subject,  but  this  manual  by  Dr.  Watts 
is  of  special  interest,  as  it  evidently  follows  the  work  in  apphed 
electrochemistry  as  it  is  conducted  at  the  University  of  Wis- 
consin. 

The  book  deals  with  electrochemistry  in  aqueous  solution  and 
does  not  touch  on  the  subject  of  the  electric  furnace  either  for 
thermic  or  electrolytic  purposes.  Beginning  with  a  short  de- 
scription of  suitable  equipment  and  very  excellent  advice  to  the 
student,  there  is  given  a  hst  of  experiments  covering  Faraday's 
law,  resistivity  of  electrolytes,  electromotive  force,  discharge 
potentials,  passive  state  corrosion,  separation  and  plating  of 
metals   and   electrolytic   preparations.     Particular   attention   is 


given  to  the  subject  of  electroplating  and  the  treatment  is  ex- 
cellent. 

It  would  have  been  better  to  have  had  more  sketches  or  dia- 
grams in  some  of  the  experiments  described  as  it  would  enable 
the  student  to  grasp  the  meaning  more  quickly. 

Comparatively  little  attention  is  given  to  the  electrolytic 
separation  of  metals  as  it  is  recognized  that  this  subject  is  treated 
very  fully  in  other  books  on  the  subject. 

An  excellent  feature  of  the  book  is  in  giving  references  as  each 
subject  is  taken  up. 

Organic  preparations  are  not  touched  on  and  the  inorganic 
preparations  are  mostly  taken  from  the  several  books  dealing 
with  this  subject. 

The  appendix  includes  some  useful  tables  and  one  of  par- 
ticular interest — giving  the  approximate  potentials  of  the  metals 
in  various  electrolytes  as  the  data  were  obtained  by  the  students 
in  their  regular  work  in  the  University. 

The  book  will  be  found  very  helpful  in  the  laboratory  teaching 
of  applied  electrochemistry. 

Samuel  A.  Tucker 

Chemistry  of  Rubber.  By  B.  D.  Porritt,  B.Sc,  F.I.C,  Chief 
Chemist  to  the  North  British  Rubber  Company  and  pub- 
lished by  D.  Van  Nostrand  Company,  New  York  City,  1913; 
one  of  a  series  of  Chemical  Monographs  edited  by  A.  C. 
Cumming.     Price,  $0.50. 

The  book  contains  93  pages  of  subject  matter.  It  is  an  ad- 
mirable, briefly  written  review  of  the  status  of  rubber  chemistry 
up  to  the  time  it  was  printed.  The  author  is  to  be  commended 
for  excellent  English,  brevity  of  expression  and  freedom  from 
unduly  emphasizing  or  advocating  theories  upon  which  there 
are  several  dissimilar  points  of  view.  It  contains  the  following 
divisions: 

I — The  Properties  of  Crude  Rubber.  II — Constitution  and 
Derivatives.  Ill— Methods  of  Vulcanization.  IV — Theories 
of  Vulcanization.  V — Waste  Rubber  and  Its  Utilization.  VI — 
Synthetic  Caoutchouc. 

These  are  followed  by  a  bibliography  of  the  published  work 
referred  to  in  the  body  of  the  text  and  a  brief  index. 

The  book  is  an  excellent  one  for  students  and  for  those  who 
wish  a  brief  statement  of  the  essentials  of  rubber  chemistr>-. 

W.  C.  Geer 

A  Chart  of  the  Carbon  Compounds.     Prepared  by  Charles  W. 

CuNO,   A.M.     Published   by   the   Department   of   Efficiency, 

University  of  Denver,  University  Park,  Colo.     Size,  31 V2  X 

4'3V2  in.     Price,  postage  paid,  $0.30. 

"The  chart  is  designed  for  student  use  in  Organic  Chemistry, 
but  may  also  be  of  value  to  chemists  in  organic  work."  It 
gives  the  divisions  of  organic  compounds,  such  as  hydrocarbons, 
halogen  derivatives,  alcohols,  etc.,  in  the  horizontal  rows  and 
the  different  classes  under  each  divisional  heading  in  the  vertical 
rows.  This  arrangement  brings  both  aliphatic  and  aromatic 
compounds  in  the  same  general,  division  and  is  ver>'  good.  In 
each  case  are  usually  given  the  general  formula,  structure, 
methods  of  synthesis,  and  chemical  properties  as  shown  by  re- 
actions. The  chart  is  printed  plainly  and  is  generally  well 
arranged.  Some  of  the  structural  formulas,  however,  are  awk- 
ward, and  it  is  unfortunate  that  there  should  be  so  many  typo- 
graphical errors  in  structural  and  empirical  formulas  and  in  the 
names  of  compounds.  There  are  a  number  of  statements  which 
are  misleading,  and  there  are  some  to  which  many  chemists 
would  take  exception.  The  chemistry  is  that  of  the  text-books 
of  a  number  of  years  ago.  There  is  no  mention  of  the  important 
Grignard  methods  and  of  the  many  applications  of  metals  and 
of  catalytic  reductions  in  syntheses. 

A  chart  visualizes  and  correlates  facts  and  relationships  and 
therefore  it  will  always  be  of  service. 

H.ARRv  L.  Fisher 
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F.  Norton.   Massachusetts  Institute  of  Technology,  Boston 


Analysis :     A   Course   of   Instruction   in   the    Qualitative   Chemical 

Analysis  of  Inorganic  Substances.     By  Artmuk  A.  NovEs.     5th  Ed. 

8vij.      I. '4  pp.      Price.51.il).      Macniilkiii  S:  Co..  New  York. 
Analysis:     Methods  of  Quantitative  Organic  Analysis.     By  P.  C.  R. 

KiNcscorr  anu  K.  S.  G.  Knight.     8vo.     28.1  pp.      Price.  82.00.     Long- 
mans. Green  S:  Co.,  New  York. 
Cellulose :     Die  Nitrocellulosen,     Ihre  Bildungsweise,  Eigenschaften 

und     Lusammensetzwieg.     By     C.     Haussermann.     8vo.     34     pp. 

Price.  $0.50.      Brcuinschweig. 
Concrete:     Tests  of  Bond  between  Concrete  and  Steel.     By  D.  A. 

Abrams.      8vo.      Price.  SI. 00.      Ch.ipnian  &  Hall,  London. 
Dairy  Chemistry:     A  Practical  Handbook  for  Dairy  Chemists  and 

Others  Having  Control  of  Dairies.     By  H.  D.  Richmond.     2nd  Ed.. 

revised.     8vo.     426  pp.     Price.  $3.60.     C.  Griffin  &  Co.,  London. 
Dyes:     Lehrbuch    der    Farbenchemie.     By    H.    T.    Bucbbrbr.     8vo. 

557  pp.      Price.  $4.00.      Leipzig. 
Electrochemistry:     Applied     Electrochemistry     and     Welding.     By 

C.  F.   Burgess  and  G.  W.  Cravens.     2  parts.     8vo.     215  pp.     Price, 

$1.50.      American  Technical  Society,  Chicago. 
Engines:     Gas,    Gasoline    and    011-Engines.     By    Gardner    Dexter 

Hiscox.       21st   Ed.,   revised   by    P.    W.    Pag«.       4to.     640   pp.     $2.50. 

Henley.  New  York. 
Food:     The     Food    Inspectors'     Handbook.     By     Francis    Vacher. 

6th  Ed.      12mo.     311   pp.     Price,  $3.00.     D.   Van  Nostrand   Co.,   New 

York. 
Gas:     Coal    Gas   Residuals.     By   Frederick;   H.    Wagner.     8vo.     174 

pp.      Price,  $2.00.      McGraw-Hill  Book  Co.,  New  York. 
Gas:     The  Cleaning  of  Blast  Furnace  Gases.     By  Frederick  H.  Wag- 
ner.    8vo.      168  pp.     Price,  $2.00.     McGraw-Hill  Book  Co.,  New  York. 
Inks:     Die    bunten    Druckfarben.     By    E.    Valenta.     8vo.     309    pp. 

Price,  $2.25.      Halle. 
Iron:     Magnetic  and  Other  Properties  of  Electrolytic  Iron  Melted 

in  Vacuo.      By  T.  D.  Yensen.     8vo.     Price,  $0.50.     Chapman  &  Hall, 

London. 
Materials :     Strength   of   Materials.     By   Arthur   Morley.     3rd   Ed. 

8vo.      497  pp.      Price,  $2.50.      Longmans,  Green  &  Co..  New  York. 
Oils :     A  Practical  Treatise  on  Mineral  Oils  and  Their  By-Products, 

New   Ed.,  in  press.      8vo.      350  pp.      Price.  $2.50.      Spon  &  Co.,  London. 
Ores:     The    Deposits    of    the    Useful    Minerals    and    Rocks:     Their 

Origin,  Form  and  Content.     By  Beyschlag,  F.,  and  others.     Trans- 
lated by  S.  J.  Truscott.      3  Vols.      Vol,   1.     Svo.      514  pp.      Price,  $5.00. 

Macmillan  &  Co..  New  York. 
Organic    Chemistry:     Outlines    of    Organic    Chemistry:     A    Book 

Intended  for  the   General  Student.     By  F.  Jewett  Moore.     3nd 

Ed.      12mo.      325  pp.      Price.   $1.50.      John  Wiley  &  Sons,  New  York. 
Sanitation:     Air,    Water    and    Food   from   a   Sanitary    Standpoint. 

By  Alpiieus  G.  Woodman  and  John  F.  Norton.     8vo.     247  pp.     Price. 

$2.00.      John  Wiley  &  Sons,  New  York. 
Sanitation :     The    Modern    Factory :    Safety,    Sanitation    and   Wel- 
fare.     By     MosES     G.     Price.     8vo.     574     pp.     Price,     $4.00.     John 

Wiley  ,&  Sons.  New  York. 
Technology:     Enzyklojsadie   der   Techniscben   Chemie.     Edited   by 

F.   Uulmann.      Svo.      814  pp.      Price,  $8.00.      Wien. 
Technology:     Lehrbuch  der  Chemischen  Technologie.     By  H.  Ost. 

8th  Ed.      Svo.      732  pp.      Price.  $4.00.      Hanover. 
Wells:     Well  Boring  for  Water  Brine  and  Oil.     By  C.  Isuer.     2nd  Ed. 

Svo.      296  pp.      Price,  $3.00.      Spon  &  Co..  New  York. 

RECENT  JOURNAL  ARTICLES 

Alcohol:  The  Substitution  of  Gasoline  by  Alcohol  for  Driving 
Automobiles.  Ily  W.  Hempel.  Zcitschrift  filr  angewandle  Chemie, 
Vol.  27,   1914,  No.  72.  pp.  521-2. 

Alcohol :  The  Use  of  Alcohol  in  Automobile  Engines.  By  O.  Mohr. 
Zcitschrift  filr  angewandte  Chemie,  Vol.  27,  1914,  No.  80,  pp.  55S-9. 

Analysis :  An  Apparatus  for  the  Determination  of  Carbon  Dioxide 
by  the  Fresenius-Classen  Method.  By  A.  Suchier.  Zcitschrift 
fiir  ansf.oandl,:  Chrmi,-.  Vol,  27,   1914.  No.  72.  pp.  527   8. 

Analysis:  A  Study  of  Some  of  the  Methods  for  the  Determination 
of  Calomel  in  Calomel  Tablets.  By  J  W.  Mardkn  and  n.  E.  Cush- 
MAN.      Amcnran  Jaurmd  nf  fharmacy.  Vol.  86.   1914.   No.    11.  pp.  511-6. 

Analysis:  Platinum  Analysis.  By  F.  Mvlius  and  A.  Mazzucchelui. 
Zritschrifl  fUr  anomanische    Ch.tnie.  Vol.  89.   1914.  No,   1.  pp.   1    38. 

Analysis :  Researches  on  the  Determination  of  Calcium  and  Mag- 
nesium with  the  Higher  Fatty  Acids.  By  W.  Haupt.  Zcitschrift 
filr  angcmmdte  Chnnic,  Vol.  J7.   1'I14.  No.  74.  pp.  535-6. 

Analysis:  The  Chief  Cause  of  the  Loss  of  Sulfuric  Anhydride  and 
of  Chlorine  by  Incinerating  Substances  Containing  These  Con- 
stituents. By  James  O'Suluvan.  The  Analyst,  Vol.  39,  1914,  No. 
463,  pp.  425-8. 

Analysis :     The    Detection    and    Estimation    of    Copper    in    Water. 


By  L.  W.  Winkler.     Zcitschrift  fiir  angewandle  Chemie,  Vol.  27,    1914. 

No.  76,  p.  544. 
Blast  Furnaces :      Measurements  of  Modern  Blast  Furnaces.      Anon- 
ymous.     Iron  Age,  Vol.  94,   1914,  No.   15,  pp.  828-,30. 
Boron:     Magnesium    Boride    and    Amorphous    Boron.     By    Raubs 

Chandra   Rav.     Journal  of  the  Chemical  Society,   Vol.    105.    1914,   No. 

623,  pp.  2162-68. 
Cement:     Pulverized   Coal  Burning  in  the  Cement  Industry.     By 

R.  C.  Carpenter.     Journal  of  the  American  Society  of  Mechanical  Engi- 
neers, Vol.  36.   1914,  No.   10.  pp.  337-46. 
Dyes :     The  Relation  of  the  Laboratory  to  the   DyestuB  Industry. 

Anonymous.      Icxtile  Colornl.  \ol.   (6.  1914.  No.  430.  pp.  297-8. 
Electric  Fiu'naces :     Tests  on  Electric  Furnaces  for  Brass  Foundries. 

By    Herbert   G.    Dorsey.     Chemical   Engineer.    VoL    20,    1914,    No.    4, 

pp.  153-5. 
Evaporators:     The  Evaporator  and  the  Power  Problem  in  Electro- 
chemical   Plants.     By    Otto    Mantius.     Metallurgical   and    Chemical 

Enginecrnis.  Vol.   12.   1914,  No.   11.  pp.  722-4. 
Flames :     The  Velocities  of  Flame  in  Mixtures  of  Methane  and  Air. 

By   Albert    Parker    and   Alan    V.    Rhead.     Journal   of  the   Chemical 

Society.  Vol.    105,   1914,  No.  623,  pp.  2150-58. 
Gas:     Coal     Gas     Residuals.     By    Fred    H.     Wagner.     Metallurgical 

and  Chemical  Engineering,  Vol.  12.  1914,  No.  11.  pp.  696-702. 
Gas:     The  Gas  from  Blast  Furnaces,  Its  Cleaning  and  Utilization. 

By  J.  E.  Johnson.  Jr.     Metallurgical  and  Chemical  Engineering.  Vol.   1. 

1914,  No.   11,  pp.  685-92. 
Hides:     The     Preparation    and    Dyeing    of    Skins.     By    Friedrich 

K6NIG.     Zcitschrift  fur  angewandle  Chemie.   Vol.    27,    1914,    No.   74,   pp. 

529-32. 
Hydrocyanic  Acid :     The  Estimation  of  Hydrocyanic  Acid  in  Feeding- 

Stufts,   and  its  Occurrence  in  Millet  and  Guinea  Corn.     By  J.  R. 

Furlong.      The  Analyst,  Vol.  39.  1914,  No.  463.  pp.  430-2. 
Liquids:     Handling    Corrosive    Biquids.     By    G.    C.    Clifford.     Iron 

Age,  Vol.  94.   1914,  No.  17,  pp.  945. 
Molasses :     The     Determination     of    the     Gum    Content    in    Cane 

Sugar    Molasses.      By    H.     C.     Prinsen-Geerligs.       The    Louisiana 

Planter  and  Sugar  .Manufacturer,  Vol.  53.  1914.  No.  18.  pp.  282-3. 
Oils:     Sulfur  Chloride  and   Sulfuretted  Oils.     By  Rudolf   Ditmar. 

Zeilschrift  fiir  angewandle  Chemie.  Vol.  27.  1914.  No.  76,  pp.  537-43. 
Peat:     By-Products  from  Peat.     By   F.   M.   Perkin.     Chemical  Engi- 
neer. Vol,  20.   1914.  No.  4.  pp,   138-40. 
River  Pollution :     Laws  Relating  to  the  Prevention  of  River  Pollu- 
tion in   Massachusetts.      By  X.    H.   Goodnough.      American  Journal 

of  Public   Health.  Vol,  4.   1914.  No.   10.  pp.  853-69. 
Rubber:     Among    the    Rubber    Collectors    of    the    Remote    South 

American    Hinterland.     By    Leo    E      Miller.     The    India    Rubber 

World.  Vol.  51.   1914.  No.  2.  pp.  62-5. 
Sewage:     A  Graphic    Method    for    Determining    Runoff    in    Storm 

Sewers.      By  O.  Hufeland.     Engineering   News,  Vol.  72.  1914.  No.  19, 

pp.  904-7. 
Sewage:     Brooklyn     Sewage-Experiment     Plant.     By     George     T. 

Hammond.     Engineering  News,  Vol.  72.  1914.  No.  17,  pp.  825-30. 
Sewage:     Economics    of    Sewage    Filters.     By    Gborgb    W.    Fuller. 

Engineering  News,  Vol.  72.  1914.  No.  18.  pp.  876-7. 
Sewage:     Standards    with    Reference    to    Sewage    Treatment.     By 

R.    O.    Wynne-Roberts.     Canadian   Engineer,   Vol.   27,    1914,   No.    19, 

pp.  619-21. 
Spelter :     Manufacture  and  Properties.     By  George  C.  Stone.     Chem- 

ual  Engineer.  Vol.  20.   1914.  No.  4.  pp.   159-63, 
Steel:     Decarburization    of    Steel.     Effect    of    Various    Salt    Baths 

Used  for  Heating  before  Hardening.     By  A.   M.   Portbvin.     Iron 

Age.  Vol.  94.   1914.  No.  17.  pp.  934-5. 
Steel:     Electric   Steel   Direct  from   Ore   Fines.     By   A.    C.    Dalton. 

Iron  Age.  Vol.  94,  1914,  No,  16.  pp.  877-9. 
Sugar:     Sugar-Cane     Cultivation.     By     C.     W.     Hinks.     Philippine 

Agricultural  Review,  Vol.  7,  1914.  No.  8.  pp.  313-221 
Textiles:     Pile     and     Curl     Fabrics.     By     Thomas     Welch.     Textile 

American.  Vol,  22.  1914.  No,  4.  pp.  20-1. 
Titanium:     Titanium   Ores   in   the   Blast   Furnace,     By   Edwin   F. 

Cone.     Iron  Age.  Vol.  94.  1914.  No.  17.  pp.  936-7. 
Viscose:     A  New  Casing  for  Sausages.     By  W.  P.  Cohoe,  E.  C.  Fox 

and  a.  J.  Acton.     Journal  of  the  Society  of  Chemical  Industry,  Vol.  33. 

1914,  No.   19,  pp.  947-8. 
Wastes:     Waste-Water    Disposal    at    Sugar    Factory.     Anonymous. 

Engineering  Rcord.  Vol.  70,   1914,  No.  17,  pp.  462-3. 
Water:     Construction    Plant    for     Cleveland    Filters.     Anonymous. 

Engineering  Record.  Vol.  70.   1914.  No    19.  pp,  504-6. 
Water:     Limitations    of    Water    Filters.     By    George    W.    Fdllbr. 

Engineering  Record,  Vol.  70,  1914,  No.  16,  p.  442. 


Dec,  1914 


THE  JOURNAL  OF  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1049 


RLCLNT  INVLNTION5 


}y  C.  L.  Pakkbr.  Solicitor  of  Chemical  Patents,  McGUl  Buildins,  Washincton,  D.  C. 


Ferment.  P.  Altenfeld,  August  4,  1914.  U.  S.  Pat.  1,105,601. 
A  dough  is  formed  of  malt,  rye,  corn-flakes  and  water  and  allowed 
to  ferment  at  a  relatively  low  temperature. 

Gasoline.  J.  W.  Waitz,  August  4,  1914.  U.  S.  Pat.  1,105,727. 
This  process  is  designed  for  the  production  of  the  lighter  hydro- 
carbon liquids,  and  vapors,  notably  gasoline,  from  the  older 
developed  territories  where  the  natural  gas  pressure  is  reduced 
to  such  an  extent  that  such  hydrocarbons  will  not  flow  spon- 
taneously from  the  wells  which  have  been  drilled  into  the  pro- 


ducing strata  or  where  the  supply  of  such  hydrocarbons  has  been 
almost  exhausted.  Air  or  gas  under  pressure  is  passed  at  a 
comparatively  low  temperature  through  a  stratum  in  which 
hydrocarbon  fluids  are  contained;  the  resulting  saturated  air 
or  gas  is  then  put  through  a  condenser  to  separate  the  desired 
hydrocarbons. 

Refining  Vegetable  and  Animal  Oils.  C.  Baskerville,  August 
4,  1914.  U.  S.  Pat.  1,105,744.  The  oil  is  agitated  with  fibrous 
vegetable  material  impregnated  with  an  alkali,  the  fibrous  mate- 
rial and  contained  impurities  being  later  filtered  out. 

Gas  from  Oil.  W.  A.  Hall,  August  4,  1914.  U.  S.  Pat. 
iii05i772-  A  combustible  gas  is  produced  by  subjecting  a  mix- 
ture of  mineral  oil  and  water  to  the  action  of  metallic  nickel  at 
•a  temperature  of  about  650°  to  750°  C. 

Stannic  Chlorid  from  Materials  Containing  Tin  Oxid.  H. 
Goldschmidt,  August  4,  1914.  U.  S.  Pat.  1,105,902.  Oxid  of 
tin  is  reduced  under  conditions  to  produce  a  porous  mass  con- 
taining the  tin  in  a  metallic  state  and  this  mass  is  subjected  to 
the  action  of  chlorin  gas. 

Gasoline  from  Fuel  Oil.  W.  M.  Burton,  August  4,  1914. 
U.  S.  Pat.  1,105,961.  Fuel  oil  or  other  products  of  petroleum 
distillation  having  a  boiling  point  of  upward  of  500°  F.  is  dis- 
tilled at  a  temperature  of  from  about  650°  F.  to  about  850°  F., 
the  volatile  constituents  of  the  liquid  being  conducted  off  and 
condensed  under  a  pressure  of  from  about  4  to  5  atmospheres. 
The  volatile  constituents  of  'the  residue  are  then  distilled  off 
under  approximately  atmospheric  pressure.  The  product  of 
the  last  condensation  is  then  re-subjected  to  the  first  treatment. 

Isoprene.  Earle  and  Kyriakides,  August  5,  1914.  U.  S. 
Pat.  1,106,290.  The  vapors  of  methylisopropylketone  are  passed 
over  heated  aluminum  silicate  and  the  isoprene  is  separated 
from  the  other  products  of  the  reaction. 


White  Lead.  E.  Euston,  August  11,  1914.  U.  S.  Pat.  1,106, 
793.  The  composition  is  produced  by  the  admixture  of  a  pre- 
cipitate formed  by  carbon  dioxid  gas  from  a  basic  lead  acetate 
solution  eventually  approximately  neutral  with  a  precipitate 
formed  by  carbon  dioxid  gas  from  basic  lead  acetate  solution 
eventually  acid.  The  admixture  is  made  in  proportions  to  form 
a  pigment  containing  i  i.o  per  cent  to  14.5  per  cent  carbon  dioxid. 

Argon  and  Rare  Atmospheric  Gases.  J.  E.  Bucher,  August 
II,  1914.  U.  S.  Pat.  1,106,921.  Argon  and  incidentally  the 
other  rare  inert  atmospheric  gases  helium,  xeon,  krypton,  and 
neon  are  separated  from  atmospheric  nitrogen  by  passing  such 
nitrogen,  free  from  oxygen,  over  a  heated  reactive  mass  con- 
taining finely  divided  catalytic  material  (preferably  iron  filings), 
associated  with  carbon  and  free  alkali  metal  (preferably  sodium) 
and  collecting  the  gaseous  residues  of  the  reaction. 

Potassium  Compounds  from  Silicious  Materials.  T.  B. 
Stillman,  August  11,  1914.  U.  S.  Pat.  1,106,984.  The  potash- 
bearing  silicious  material  is  ground,  mixed  with  a  sufficient 
quantity  of  carbonate  of  potash  to  convert  all  of  the  silica  present 
into  potassium  silicate  and  the  mixture  fused  at  a  high  tempera- 
ture. The  fusion  is  ground  and  the  potassium  aluminate  and 
potassium  oxid  are  extracted  with  cold  water.  The  solution 
is  made  more  alkaline  and  then  sufficient  ammonium  salt  to 
precipitate  all  of  the  alumina  in  the  aluminate  of  potash  as 
hydrated  aluminum  oxid;  the  liquor  is  then  separated  from 
the  precipitate  and  charged  with  a  sufficient  carbonic  acid 
to  convert  the  potassium  hydroxide  to  carbonate  of  potash. 
The  solution  is  then  evaporated  and  the  potash  recovered  from 
the  cold-water-insoluble  residue. 

Tanning  Compotmd.  L.  Pollak,  August  11,  1914.  U.  S.  Pat. 
1,107,107.  The  composition  is  produced  by  condensing  phenol, 
sulfuric  acid  and  grape  sugar. 

Carbon  Monoxid,  Hydrogen,  and  Nitrogen.  Brownlee  and 
Uhlinger,  August  18,  1914.  U.  S.  Pat.  1,107,581.  Carbonaceous 
material,  preferably  gas  or  gasoline  vapor,  is  mixed  with  an 
amount  of  air  sufficient  to  support  incomplete  combustion  of 
the  mixture  to  produce  a  maximum  amount  of  carbon  monoxid 
and  hydrogen   and  the   mixture  is  exploded   preferably  in   an 
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internal  combustion  engine.  The  carbon  monoxid,  hydrogen 
and  nitrogen  are  then  separated  from  tlie  exhaust  gases.  The 
products  of  combustion,  water  vapor,  carbon  dioxid,  carbon 
monoxid,  hydrogen  and  nitrogen  pass  through  the  exhaust  pipe 
4  to  a  refrigerating  coil,  5,  where  the  gases  are  cooled  and  the 
moisture  separated  as  water,  thence  to  compressor  6  where  the 
gases  are  compressed  and  the  carbon  dioxid  is  liquefied  and  col- 
lected in  the  holder  7.  The  hydrogen,  carbon  monoxid  and 
nitrogen  pass  to  a  compressor,  g,  where  tlie  gases  are  further  com- 
pressed and  the  carbon  monoxid  and  nitrogen  are  liquefied  and 
collected  in  a  holder,  10.  The  remaining  hydrogen  passes  through 
outlet  12  to  a  receiver  or  holder,  13. 

Ethane.     Mulliken  and  Moore,  August  18,  1914.     U.  S.  Pat. 
1,107,696.     In  this  process  exothermic  compounds,  such  as  ethane, 
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are  produced  from  endothermic  compounds,  such  as  ethylene 
or  acetylene,  by  subjecting  the  latter  in  the  presence  of  a  re- 


ducing agent  to  catalytic  action  and  simultaneously  refrigerating 
the  product  to  extract  the  heat  liberated  by  the  reaction. 

Boric  Acid.  A.  Burger,  August  25,  1914.  U.  S.  Pat.  1,108,129. 
Boric  acid  is  produced  by  calcining  a  borate  and  heating  the  re- 
sulting products  with  carbon  dioxid  in  the  presence  of  water. 

Water-Repellent  Cement.  C.  Ellis,  Sept.  i,  1914.  U.  S.  Pat. 
1,109,120.  Waterproof  concrete  is  produced  by  mixing  with  the 
cementitious  material  a  composition  containing  mineral  oil, 
a  water-soluble  soap  in  solution  and  a  water-insoluble  soap. 

Refining  Petroleum  and  Its  By-Products.  E.  A.  Starke, 
Sept.  I,  1914.  U.  S.  Pat.  1,109,187.  Aromatic  hydrocarbons 
are  separated  from  petroleum  by  adding  sulfuric  acid  and  sub- 
jecting the  mixture  to  agitation  in  a  closed  vessel  in  the  pres- 
ence of  heat  until  the  specific  gravity  of  the  oil  becomes  constant 
and  no  longer  decreases  upon  the  addition  of  sulfuric  acid.  The 
sulfur  dioxid  produced  by  the  reaction  is  not  allowed  to  escape 
but  is  retained  by  the  oil  from  which  it  is  later  separated  by  blow- 
ing in  air  or  steam.  The  treated  oil  is  allowed  to  settle 
until  the  sulfonic  acids  have  separated  from  the  petroleum  and 
are  drawn  off. 

Stable  Hydrogen  Peroxid.  A.  Schaidhauf,  Sept.  8,  1914.  U. 
S.  Pat.  1,109,791.  A  neutral  solution  of  hydrogen  peroxid  is 
rendered  stable  by  the  addition  of  soap. 

Softening  Water.     H.  Ley,  Sept.  8, 1914.     U.  S.  Pat.  1,109,849. 

The  water  is  treated  with  a  precipitate  obtained  by  mixing  a 
solution  of  phosphate  of  soda  with  a  solution  of  an  alkali-metal 
silicate. 

Varnish  Manufacture.  S.  E.  Ford,  Sept.  8,  1914.  TJ.  S.  Pat. 
1,109,979.  The  oxidiz- 
able  varnish-forming 
liquid  is  confined  in 
the  chamber  10  under 
oxidizing  conditions, 
preferably  in  contact 
with  ozone,  and  heated 
and  agitated  to  reduce  it  to  a  fine  spray. 

Formaldehyde.  H.  von  Hochstetter,  Sept.  8,  1914.  U.  S. 
Pat.  1,110,289.  A  mixture  of  methyl  alcohol  vapor  and  air  is 
conducted  over  metallic  silver  with  which  metallic  rhodium  is 
associated,  the  vapor  mixture  being  caused  to  contact  with  the 
metals  at  an  elevated  temperature. 

Aluminum  Fluorid.  C.  A.  Doremus,  Sept.  15,  1914.  U.  S. 
Pat.  1,110,675.  Aluminum  fluorid  having  variable  amounts  of 
water  of  crystallization  (or  none)  is  obtained  by  heating  in  a 
closed  vessel  a  solution  of  aluminum  fluorid,  the  proportion  of 
water  of  crystallization  diminishing  as  the  temperature  ap- 
plied is  raised. 

Pure  Turpentine.     T.  W.  Pritchard,  Sept.   15,   1914.     U.  S. 


Pat.  1,110,819.  Pure  turpentine  is  obtained  from  impure  tur- 
pentine by  drawing  through  it  air  warmed  to  a  temperature  of 
not  substantially  above  212  °  F.  and  condensing  the  vapors  drawn 
off  with  the  air. 

Treating  Heavy  Hydrocarbon  Oils.  C.  J.  Greenstreet, 
Sept.  15,  1914.  U.  S.  Pat.  1,110,923.  Crude  oil  is  converted 
into  light  hydrocarbons,  liquid  at  ordinary  atmospheric  tem- 
peratures, by  atomizing  the  crude  oil  with  steam  and  passing 
the-  mixture  continuously  through  a  pipe  system  maintained  at 
a  substantially  cherry-red  heat.  A  portion  of  the  hot  product 
is  ignited  and  the  proportion  of  crude  oil  and  steam  varied  so 
that  the  flame  burns  without  smoking.  The  remaining  product 
is  condensed. 

Methyl  Chlorid.  B.  S.  Lacy,  Sept.  29,  1914.  U.  S.  Pat. 
1,111,842.  Methyl  chlorid  is  produced  by  reacting  upon  chlorin 
gas  with  a  proportion  of  methane  greater  than  the  theoretical  one. 

Wood  Distillation.  M.  C.  Whitaker,  Sept.  15,  1914.  U.  S. 
Pat.  1,110,850.  Wood  or  other  material  to  be  subjected  to  dis- 
tillation is  spaced  away  from  the  walls  of  the  retort  and  the 


temperature   of   the   contents   of   the   retort   equalized   by   the 
agitation  of  the  gases  and  vapors  within. 

By  regulating  the  heat  applied  to  the  retort  and  at  the  same 
time  circulating  the  gases  and  vapors  about  the  charge,  it  may 
b  brought  to  any  temperature  desired  and  held  there  so  as  to 
effectively  drive  off  all  of  any  substance  vaporizable  at  that 
temperature. 

Copper  Ores.  C.  S.  Vadner,  Sept.  29,  1914.  U.  S.  Pat. 
1,111,874.  Sulfid  ores  of  copper  naturally  oxidized  and  sufti- 
ciently  roasted  are  dissolved  in  a  solution  of  sodium  chlorid 
saturated  with  sulfur  dioxid  gas  in  the  presence  of  heat.  The 
excess  of  sulfur  dioxid  gas  is  blown  out  and  the  copper  precipi- 
tated as  a  basic  copper  carbonate  by  adding  finely  pulverized 
calcium  carbonate  to  the  cold  solution  and  passing  air  through  it. 

Alkali-Silico  Aluminate  Richer  in  Alkali  than  Feldspar. 
A.  H.  Cowles,  Sept.  29,  1914.  U.  S.  Pat.  1,111,881.  A  mixture 
of  clay,  carbon  and  salt  is  formed  into  small  masses  and  sub- 
jected in  a  rotary  furnace  to  the  action  of  water  vapor  and  fur- 
nace combustion  gas. 

Wax  from  Other  Hydrocarbons.  W.  M.  Burton,  Sept.  29, 
1914.  U.  S.  Pat.  1,112,113.  ^  wax-free  hydrocarbon  of  a  high 
boiling  point  is  distilled  under  a  pressure  of  about  four  atmos- 
pheres and  at  a  temperature  of  about  650°  F.  The  residuum 
of  this  distillation  is  then  distilled  at  a  low  pressure.  The  dis- 
tillate of  the  second  distillation  is  then  chilled  and  the  paraffin 
wax  pressed  out  from  it. 

Phosphoric  Acid.  I.  Hechenbleikner,  Sept.  29,  1914.  U.  S. 
Pat.  1,112,211.  Natural  phosphate  rock  mixed  with  silicious 
material  and  carbon  is  heated  to  produce  vapors  of  phosphorus. 
The  furnace  gases  and  vapors  are  withdrawn  in  a  stream  which 
is  broken  up  and  mixed  with  oxygen.  The  resulting  acid  is 
absorbed  by  water  in  towers  operated  on  a  countercurrent  system. 


MARKET  REPORT 

AVERAGE    WHOLESALE    PRICES   OF    STANDARD    CHEMICALS,    ETC.,    FOR    THE    MONTH    OF   NOVEMBER,    I914 


ORGANIC  CHEMICALS 

Acetanilid Lb. 

.\cetic  Acid  (28  per  cent) C. 

Acetone  (drums) Lb. 

Alcohol,  denatured  ( 1 80  proof) Gal. 

Alcohol,  grain  ( 1 88  proof) .  Gal. 

Alcohol,  wood  (95  per  cent) Gal. 

Amyl  Acetate Gal. 


:  Oil. 


.Lb. 


Aqu 


Anilii 

Benzoic  Acid Lb. 

Benzol  (90  per  cent) Gal. 

Camphor  (refined  in  bulk) Lb. 

Carbolic  Acid  (drums) Lb. 

Carbon  Bisulfide Lb. 

Carbon  Tetrachloride  (drums) Lb. 

Chloroform Lb. 

Citric  Acid  (domestic),  crystals Lb. 

Dextrine  (corn) C. 

Dextrine  (imported  potato) Lb- 
Ether  (U.  S.  P.,  1900) Lb. 

Formaldehyde Lb. 

Glycerine  (dynamite) Lb. 

Oxalic  Acid Lb . 

Pyrogallic  Acid  (bulk) Lb 

Salicylic  Acid Lb. 

Starch  (cassava) Lb. 

Starch  (corn) C. 

Starch  (potato) Lb. 

Starch  (rice) Lb. 

Starch  (sago) Lb. 

Starch  (wheat) Lb. 

Tannic  Acid  (commercial) Lb. 

Tartaric  Acid,  crystals Lb. 

INORGANIC  CHEMICALS 

Acetate  of  Lead  (brown,  broken) Lb. 

Acetate  of  Lime  (gray) C. 

Alum  (lump) : C. 

Sulfate  (high-grade) C. 

Carbonate,  (domestic) Lb. 

Chloride,    (gray) Lb. 

»nia  (drums)  16° Lb. 

Arsenic  (white) Lb. 

Barium  Chloride Ton 

Barium  Nitrate Lb. 

Baryles  (prime  white,  foreign) Ton 

Bleaching  Powder  (.35  per  cent) C. 

Blue  Vitriol C. 

Borax,  crystals  (bags) Lb. 

Boric  Acid,  crystals  (powd.) Lb. 

Brimstone  (crude,  domestic) Long  Ton 

Bromine  (bulk) Lb. 

Calcium  Chloride  (lump) Ton 

Chalk  (light  precipitated) Lb 

China  Clay  (imported) Ton 

Feldspar Ton 

Fuller's  Karth  (powdered,  foreign) Ton 

Green  Vitriol  (bulk) C. 

Hydrochloric  Acid  (18°) C. 

Iodine  (resublimed) .  ,  Lb. 

Lead  Nitrate .Lb. 

Litharge  (American) Lb. 

Lithium  Carbonate Lb. 

Magnesium  Carbonate l,b. 

Magnesite  "  Calcined  " Ton 

Nitric  Acid  (36°) Lb. 

Phosphoric  Acid  (sp.  gr.  1 .75) Lb. 

Phosphorus Lb. 

Plaster  of  Paris • Bbl. 

Potassium  Bichromate Lb. 

Potassium  Bromide Lb. 

Potassium  Carbonate  (calcined),  80  @  85% C. 

Chlorate,  crystals.  . .    Lb. 

Cyanide  (bulk),  98-99% Lb. 

Hydroxide C. 

Iodide  (bulk) Lb. 

Nitrate  (crude) Lb. 

Permanganate  (bulk) Lb. 

,  Flask  (75  lbs.) 


Potassii 
Potassii 
Potassii 
Potassii 
Potassii 
Potassii 
Quicksi 


Red  Lead  (A 

Salt  Cake  (glass  makers') C 

Silver  Nitrate O 
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Soapstone  in  bags 

Soda  Ash  (48  per  cent)  . 


.Ton    10.00        (gt  12.00 


1  Acetate Lb. 

I  Bicarbonate  (domestic) C. 

1  Bicarbonate  (English) Lb. 

1  Bichromate Lb. 

1  Carbonate  (dry) C. 

L  Chlorate Lb. 

1  Hydroxide  (60  per  cent) C. 

I  Hyposulfite C. 

I  Nitrate  (95  per  cent,  spot) C. 

1  Silicate  (liquid) C. 

Nitrate Lb. 

(sublimed) C. 


SodiuQ 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Sodiun 
Strontii 
Sulfur,  Flow. 

Sulfur,  Roll C. 

Sulfuric  Acid  (60°  B) C. 

Talc  (American) Ton 

Terra  Alba  (American).  No.  1 .'.  .  .  C. 

Tin  Bichloride  (50°) Lb. 

Tin  Oxide ...:..    Lb. 

White  Lead  (American,  dry) Lb. 

Zinc  Carbonate Lb. 

Zinc  Chloride  (granulated) Lb. 

Zinc  Oxide  (American  process) Lb. 

Zinc  Sulfate C. 

OILS,  WAXES,  ETC. 

Beeswax  (pure  white) Lb. 

Black  Mineral  Oil,  29  gravity Gal. 

Castor  Oil  (No.  3) Lb. 

Ceresin  (yellow) Lb. 


1.00 
3 'A 
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:  Oil. 


Cottonseed  Oil  (crude),  f.  o.  b.  mill Gal. 

Cottonseed  Oil  (p.  s.  y.) Lb. 

Cylinder  Gil  (light,  filtered) Gal. 

Japan  Wax Lb. 

Lard  Oil  (prime  winter) Gal. 

Linseed  Oil  (raw) Gal. 

Menhaden  Oil  (crude) Gal. 

Naphtha.  68  @  72° drums 

Neatsfoot  Oil  (20°) Gal. 

Paraffine  (crude,  120  &  122  m.  p.) Lb. 

Paraffine  Oil  (high  viscosity) Gal. 

Rosin  ("F"  grade)  (280  lbs.) Bbl.      ; 

Rosin  Oil  (first  run) Gal. 

Shellac,  T.  N Lb. 

Spermaceti  (cake) Lb. 

Sperm  Oil  (bleached  winter),  38° Gal. 

Spindle  Oil.  No.  200 Gal. 

Stearic  Acid  (double-pressed) Lb. 

Tallow  (acidless) Gal. 

Tar  Oil  (distilled) Gal. 

Turpentine  (spirits  of) Gal. 

METALS 

Aluminum  (No.  1  ingots) Lb. 

.Antimony  (Hallct's) Lb. 

Bismuth  (New  York) ._ Lb. 

Bronze  powder Lb. 

Copper  (electrolytic) C. 

Copper  (lake) C. 

Lead,  N.  V C. 

Nickel Lb. 

Platinum  (refined) Oz. 


Silv 


Oz. 
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FERTILIZER  MATERIALS 

.  Sulfate C. 

Blood  (dried) Unit 

Bone,  4'A  and  50  (ground,  raw) Ton  27.50  @ 

Calcium  Cyanamid Unit  of  Ammonia  2.30  ®     2., 

Calcium  Nitrate  (Norwegian) C.  —  © 

Castor  meal Unit  —  ® 

Fish  Scrap  (domestic,  dried) Unit  3 .  00  &■ 

Phosphate,  acid  (16  per  cent  bulk) Ton  7.50  @ 

Phosphate  rock;  f.  o.  b.  mine- 
Florida  land  pebble  (68  per  cent) Ton  2.25  ®    2. 

Tennessee  (70-80  per  cent) Ton  5.00  ©    5. 

Potassium,  "  muriate,"  basis  80  per  cent Ton  nominal 

Pyrites  (furnace  .size,  imported) Unit  13  ® 

Tankage  (high-grade) Unit  3. 15  fe- 
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Penetrometer,    Asphalt,    New    Electrically    Controlled    and    Timed. 

Effect  on  Penetrations  of  Variations  in  Standard  Needles.     H.  W. 

Mahr 133 

Penniman,   Russell  S.     Obituary 782 

Perkin  Medal  Award 155 

Address  of  Acceptance.     J.  W.  Hyatt 158 

Chairman's  Address.     G.  W.  Thompson 155 

Personal  Reminiscences.     F.  Vanderpoel 161 

Presentation  Address.     C.  F.  Chandler 156 

Permeameter,  Experimental  Study  of  the  Koepsel.     C.  W.  Burrows. 

Gov.  Pub 1043 

Personal  Notes.  ,83,  172,  267,356,  442,  518.  607.  697.  783.  868,  961.  1039 

Petroleum,  Crude,  from  Bioritsu,  Formosa.     T.  Katayama 469 

Petroleum    Distillates,    Fluorescence   of.      B.    T.    Brooks   and    R.    F. 

Bacon 623 

Petroleum  in  Argentine,  Engineering  Report  on.     Note 352 

Petroleum  Industry,  Problems  of.     I.  C.  Allen.     Gov.  Pub 609 

Petroleum,  Mahone,  Its  Recent  Origin  and  the  Origin  of  Petroleum  in 

General.      C.  F.  Mabery 101 

Petroleum,    Notes   on   the    Composition   of  Mid-Continental.     F.  W. 

Bushong r 888 

Petroleum  Technology.     Gov.  Pub 444 

Petroleums  of  California,  Physical  and  Chemical  Properties  of.     I.  C. 

Allen,  W.  A.  Jacobs.  A.  S.  Crossfield  and  R.  R.  Matthews.     Gov. 

Pub 609 

Petroleum.  Specific  Heat  of  California.     H.  E.  Wales 727 

Correction 1 039 

Phenacetin   and   Acetanilide   in    Admixture.    Estimation    of.     W.    O. 

Emery 665 

Phenol    Determined    in    Presence    of    Hexamethylenetetramine    and 

Formaldehyde.      L.  V.  Redman,  A.  J.  Weith  and  F.  P.  Brock 205 

Phosphate    Deposits   Northeast  of   Georgetown.    Idaho.   Geology   of. 

R.  W.  Richards  and  G.  R.  Mansfield.     Gov.  Pub 944 

Phosphate,  Ground  Mineral,  Effects  of  Ensilage  Process  on  Solubility 

of.      E.  B.  Forbes  and  C.  M.  Fritz,  222;     Note,  C.  A.  Mooers 695 

Phosphate  Rock  Production  in  1913.     W.  C.  Phalen.     Gov.  Pub.  ...  784 

Phosphate  Rock,  Reserve  Supply  of,  in  the  U.  S.      W.  H.  Waggaman.  464 

Phosphates,  Glycero-,  Chemistry  and  Properties  of.      G.   DuBois.  ...  122 
Phosphoric   Acid   and   Phosphates,    Alcohol   in   the    Manufacture   of. 

P.  J.  Fox 828 

Phosphoric   Acid.   Committee  Report.     Fertilizer  Division  A.   C.   S. 

49th  Meeting,  Cincinnati.     G.  Farnham 514 


Phosphoric  Acid  in  Phosphate  Rock,  Effect  of  Ensilage  Fermentation 
and  Animal  Digestion  on  the  Solubility  of.  C.  A.  Mooers,  487. 
Note,  E    B.  Forbes,  605;  C.  A.  Mooers 

Phosphoric  Acid  in  Soils,  The  Strength  of  Nitric  Acid,  Period  of  Ex- 
traction, and  Ignition  as  Affecting  the  Gravimetric  Determination 
of.     O.  L.  Brauer 

Phosphoric  Acid,  Reverted,  Use  of  Sodium  Citrate  for  Determination 
of.      A.  W.  Bosworth '. 

Photometry.  Flame  Standards  in.  E.  B.  Rosa  and  E.  C.  Crittenden. 
Gov.  Pub 

Physical  Chemistry.  Application  of,  to  Industrial  Processes.  Ad- 
dress.    W.  F.  Rittman 

Pinene,  d-a.  Some  Observations  on.  Oil  of  Port  Orford  Cedar  Wood. 
A.  W.  Schorger 

Pipettes,  Modified  Hempel.     R.  P.  Anderson 

Pitchblende  Ores  of  Colorado,  Geology  of.     E.  S.  Bastin.     Gov.  Pub. 

Pitches,  Coal  Tar,  Ultimate  Analyses  of.     C.  R.  Downs 

Pilot  Tubes  for  the  Measurement  of  Gas  Velocities.      A    M.  Fairlie.  . 

Platinum  Deposits  in  Germany.      Consular  Report.      T.  H.  Norton.  . 

Platinum  in  Westphalia.     Note 

Platinum  Laboratory  Utensils,  Quality  of.  Report  of  Progress  by 
Committee  of  Industrial  Chemists  and  Chemical  Engineers  Divi- 
sion, Cincinnati  Meeting.  A.  C.  S.  W.  F.  Hillebrand,  E.  T.  Allen, 
P.  H.  Walker 

Platinum  Ore  in  Southern  Nevada. .   Note 

Platinum  Thefts  at  University  of  Kansas  and  University  of  Minne- 
sota   

Platinum  Thief.     Note.       Willamette  Pulp  and  Paper  Co 

Platinum  Ware.  Thermo-Electric  Method  for  Determination  of 
Purity  of.     G.  K.  Burgess  and  P.  D.  Sale 

Polarimetry.     Gov.  Pub 

Porcelain  Bodies.  Viscosity  of.  A.  V.  Bleininger  and  P.  Teetor. 
Gov.  Pub 

Potash  Salts.     W.  C.  Phalen.     Gov.  Pub 

Potash  Salts  and  Other  Salines  in  the  Great  Basin  Region.  G.  J. 
Young.      Gov.  Pub 

Potash  Shipments  by  German  Syndicate  in  1914.     Note 

Potash  Shortage.  Remedies  for.     Note.      H.  A.  Huston 

Potash.  Topographic  Features  of  Desert  Basins  of  U.  S.  with  Ref- 
erence to  Possible  Occurrence  of.      E.  E.  Free.      Gov.  Pub 

Potassium  Salts.  Giant  Kelps  of  Pacific  Coast  as  Source  of.  F.  K. 
Cameron.       Gov.  Pub 

Potatoes.  Oxidases  in  Healthy  and  in  Curly-dwarf.  H.  H.  Bunzel. 
Gov.  Pub 

Potatoes.  Utilization  of.  in  Europe.     R.  P.  Skinner.     Gov.  Pub 

Potentiometers.  Testing  of.     F.  Wenner  and  E.  Weibel.     Gov.  Pub.  . 

Power  Plants.  By-Product  Producer  Gas.  in  Germany.     Note 

Precious  Metals.  Production  of.      Gov.  Pub 

Pressure  in  Absolute  Units.     W.  N.  Shaw.     Gov.  Pub 

Professional  Obligations,  Some.  Presidential  Address.  American 
Institute  of  Chemical  Engineers  Meeting,  Troy,  June  17  to  20, 
1914.     M.  C.  Whitaker 

Proteins,  New  Method  for  Food  Value  of.  G.  F.  White  and  A. 
Thomas.     Gov.  Pub ' 

Proteins,  Salt  Soluble,  Determination  of,  in  Wheat  Flour.  G.  A. 
Olson 

Prussian  Blue  in  Tea,  Determination  of.     G.  W.  Knight 

Pyrometer,  The,  in  the  Assay  MufHe.      F.  P.  Dewey 

Pyrometers:  A  New  Recording  Device.     Note 

Patents,  United  States 

86,   178,  271,  361, 

Acetaldehyde.      Baum  and  Mugdan 

Acetic  Acid.      Grtinstein 

Acid  Concentrated  by  Means  of  Drying  Agent.     Collett 

Adhesive,  Light-colored,  from  Sea  Weeds.     Krefting 

Albumins,  Restoring  Coagulated,  to  the  Original  State.     Rasche. .  .  . 

Alcohol  from  Fermented  Sulfite  Liquor.  Purifying.      Ekstrom 

Alkali-Silico  Aluminate  Richer  in  Alkali  than  Feldspar.      Cowles.  .  .  . 

Alkalis  Extracted  from  Silicates.     Messerschmitt 

Alkalis  Recovered  from  Silicate  Rocks.     Gelleri 

Alumina.  Making.      Kalmus  and  Savell 

Aluminum  and  Its  Alloys.  Purifying.     Mellen 

Aluminum  Chlorid.     McAfee 

Aluminum  Fluorid.      Doremus 

Aluminum  Nitrid.      Serpek 

Aluminum  Obtained  from  Silicious  Material.     Mcllhiney 

Aluminum  Sulfate  Prepared.     Schwahn 

Aluminum  Surfaces  Treated.     Lang 

Ammonia  and  Compounds  of  Ammonia.      Rothe 

Ammonia.  Catalytic  Production  of.      Bosch  and  Mittasch 

Ammonia.  Production  of.      Bosch.  Mittasch  and  Wolf.  790;  Peacock. . 
Ammonia,  Synthetic  Preparation  from  Its  Constituents.     Matignon. 

Antimony  Oxid.     Stark .  ., 

Arc  Lamp  Electrode.      Little 

Argon  and  Rare  Atmospheric  Gases.     Bucher 

Arsenate  of  Lead.      Dow  and  Barstow 

Asphalt  from  Crude  Mineral  Oil  or  Its  Residuum.     Forward 

Batteries.  Storage,  Nickel  Hydroxide  for.     Edison 

Bisulfite  of  Soda.      Howard 

Bituminous  Putty.      Levering 

Bleaching  Fats  and  Oils.     Mueller 

Borates,  Per-,  Electrolytic  Manufacture.     Amdt 

Borax  and  Boric  Acid.      Fleming 

Boric  Acid.      Burger 

Boron  Nitrid.      Heyder 

Brick.  Refractory.      Wessling 

Bromin  for  Purifying  Water  from  Germs.     Riegel 

Caoutchouc,  Synthetic      Gross 

Carbon  Monoxid.  Hydrogen  and  Nitrogen.     Brownlee  and  Uhlinger. 

Carbon-Remover.      Longenecker 

Catalytic  Reactions  Effected.     Hagemann  and  Baskerville 

Catalyzers.  Making.     Ellis 

Catalyzers.  Preparation  of.     Ellis 

Cement  Floors.  Varnish  Composition  for.     Cabot 

Cement  Product.  Colored.     Gardner. 

Cement  Waterproofing  Compound.  Set-Adjusting.     Ellis 

Cement,  Water-Repellent.     Ellis 

Cement,  Water-Resistant.      Ellis 

Ceramics.  Metallizing.     Marino 

Charcoal.  Making.     F^lizat 

Chlorates.  Process  of  Making.     Kolsky 
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Butters. 


Chloroform.     Griswoki  and  Strosacker 

Concrete.  Waterproof.      Meade 

Ciopper.  Electrolytie.      Ilybinette 

Copper,  HydrometallurKy  of.     Weidlein 

Copper  Ores.      Vadner 

Copper.  Welding.      Reigle 

Cyanid  Solutions,  Metals  Prceipitated  from. 

Detinning.      Kugelgen  and  Seward 

Distillation,  Wood.     Whitaker 

Electrode.  Arc  Lamp.      Little 

Electrolysis.     DuBois ' 

Electrolytic  Cell.     Marsh 

Electro-Metallurgical  Products,  Treating.     Tone 

Ethane.     Mulliken  and  Moore 

Fats  and  Oils  Bleached.     Mueller 

Fats  and  Oils  Bleached  and  Thickened.     O.  Scherieble 

Fats  and  Oils  Extracted  from  Oil  Seeds.     Riddle 

Fatty  Acids  Hydrogenated.      Wimmer 

Fatty  Substances,  Solid,  from  Oil.     Schlink 

Feldspar,  Alkali-Silico  Aluminate  Richer  in  Alkali  than.     Cowles 

Feldspar,  Potash  from.      Bassett 

Ferment.     Altenfeld 

Fermentation  Promoted.      Pohl 

■  Oxid.     Goldschmidt 

Carson,     179;     Frank,     86;     Newberry  and  Barrett,  86; 


Deville . 


Ferrosofer 
Fertilizer. 

Washburn 

Fertilizers.     Messerschmitt 

Filaments,  Metal.     Hansen 

Filter.  Chemical.     Bradley 

Formaldehyde,     von  Hochstetter 

Fume  Destroying  Process.      Young 

Furnace.  Electric.     Hansen 

Furnaces.  Refractory  Lining  for.     Serpek 

Gas- Analyzing  Apparatus.     Hayes 

Gas  Carbonizer  and  Superheater.     Bergiof 

Gas  from  Oil.     Hall 

Gas,  Illuminating,  Device  for  Indicating  Naphtbalefl 

Gas  Process  and  Product.      Snelling 

Gases,  Argon  and  Rare  Atmospheric.     Bucher 

Gases,  Separating  Mixtures  of.     Sinding-Larsen 

Gasoline.      Waitz 

Gasoline  from  Fuel  Oil.     Burton 

Glue.  Vegetable.      Lehmann  and  Stocker 

Gluing,  Adhesive  Material  for.      Rampichini 

Glycerin,  Decolorizing.     Lindner 

Graphitizing  Carbon.     Heroult 

Gunpowder  and  Process  for  Making.     McDowell 

Hydrocarbons.  Purifying.      Richter 

Hydrogen  by  Auto-Combustion.      Jaubert 

Hydrogen,  Nitrogen  and  Carbon  Monoxid.      Brownlee  and  Uhlinger. . 

Hydrogen   Pcroxid.      Jacobs.   87;   Pietzsch  and   Adolph ..., 

Hydrogen  Peroxid.  Stable.      Schaidhauf 

Hydrogenating  Organic  Compounds.      Thorn 

Hydrogenation  of  Fatty  Acids.      Wimmer , 

nk.  Printing.      Wolff 

ron  and  Steel  Treated  for  Permanent  Black  Finish.     Swan 

ron  Articles  Coated.     Lohmann 

ron  Blast-Furnace  Flue-Dust  Utilized.     Baggaley 

ron  Protected  from  Rust.     Lang 

soprene.      Earle  and  Kyriakides,  1050;  Heinemann,  791;  Webel 

Lactic  Acid.      O.  Friedberger 

Lamp-Filament.  Zirconium.      Hansen 

Lead,  Arsenate  of.      Dow  and  Barstow 

Lead  Salts  of  .\cetic  Acid.      Kalkow 

Lead  Separated  from  Zinc.      Babe 

Lead  Solutions  from  Lead  Ore.      Anderson  and  Kaar 

Lead.  White.     Euston,    87,    178,    lO.SO;    Ramage,    791;    Sharpe,    529; 
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Stewart . 


Magnesium,  Metallic.      Wallace  and  Wassmer 

Manganese  Extracted  from  Its  Ores.      Heusler 

Matches,  Composition  for  Use  in.     Staler 

Match-Splints,  Treating.      Wey 

Mercuric  Chlorid.      Kaufler  and  Klages 

Metal  Surfaces,  Cleaning.      Thompson 

Metals.  Precious.  Means  of  Dissolving.      Faersterling 

Metals  Precipitated  from  Cyanid  Solutions.     Butters 

Metals,  Treating.      Gibson 

Metals.  Varied  Colorations  and  Black  Shades  on.      Roux 

Metals.  Volatile.  Electrically  Smelting.      Johnson 

Metallizing  Ceramics,  etc.      Marino 

Metalloidal  Materials.      Weintraub 

Metallurgical  and  Chemical  Process,  Economic.     Bucher 

Metallurgical  Method.      Kuzel 

Methyl  Chlorid.      Lacy 

Milk  and  Cream  Treatment.     Stanley 

Morphin.  Alkyl-Esters  of.     Traub 

Mortar,  Waterproof.     Markus 

Naphthalene  in  Illuminating  Gas,  Device  for  Indicating.     Deville. . . 

Nickel  Hydroxide  for  Storage  Batteries.     Edison 

Nitrogen,  Carbon  Monoxid  and  Hydrogen.     Brownlee  and  Uhlinger. 

Nitrogen  Compounds,  Manufacturing.      Fujiyama 

Nitrogen,  Method  and  Means  for  Fixing.      Landis 

Nitrogen,  Oxides  of.     Island 

Nitrogen  Separated  from  Air.     Willson  and  Hoff 

Nitro  Products  from  Petroleum  and  Tar.     Flexer 


Oil,  Asphalt  from  Crude  Mineral,  or  Residuum  Thereof.     Forward. 

Oil,  Gasfrom.     Hall 

Oil,  Gasoline  from  Fuel-.      Burton 

Oil,  Hydrogenated.     Ellis 

Oil  Mixtures  Hydrogenated.     Ellis 

Oil,  Solid  Fatty  Substances  from.     Schlink 

Oil,  Treating.     Dubois 

Oils  and  Fats  Bleached.     Mueller 

Oils  and  Fats  Bleached  and  Thickened.     Scherieble 

Oils  and  Fats  Extracted  from  Oil-Seeds.     Riddle 

Oils.  Fats  and  Fatty  Acids,  Hydrogenating.     Humphreys 

Oils,  Petroleum,  Treated  with  Ultra-Violet  Light.     Ellis 

Oils.  Refining  and  Purifying.     Lasher 

Oils,  Refining  Vegetable  and  Animal.     Baskerville 

Oils,  Treating  of  Heavy  Hydrocarbon.     Greenstreet 
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Paper;     Purifying    Alcohol    Manufactured    by    Distilling    Fermented 

Sulfite  Liquor.      Ekstrom 791 

Paraffin  Rendered  Uniformly  Translucent.      Alkamede 87 

Perborates.  Dehydrating.      Liebknecht 876 

Peroxide  of  Hydrogen.      Jacobs.  87;  Pietzsch  and  Adolph 361 

Peroxide  of  Hydrogen,  Stable.      Schaidhauf 1049 

Petroleum  and  Its  By-Products,  Refining  of.     Starke 1049 

Petroleum  and  Tar,  Nitro  Products  from.     Flexer 876 

Petroleum  Hydrocarbons,  Treatment  of.     Bacon  and  Clark 969 

Petroleum  Oils,  Treating,  with  Ultra-Violet  Light.     Ellis 615 

Phosphate,  Calcium  Acid.     Reed 969 

Phosphate    Liquors    Used    in    Weighting   Silk,    Tin    Removed    from. 

Meili 790 

Phosphate,  Super-,  Double.     Wilson  and  Hoff 178 

Phosphoric  Acid.     Hechenbleikner 1049 

Phosphoric  Acid  and  Its  Derivatives.     Washburn 877 

Phosphoric  Acid  Manufactured.     Brunschwig,  27 1 ;  Landis 790 

Phosphoric  Acid  Separated  from  Natural  Phosphates.     Haff 87 

Phosphorites  Converted.      Dunham 86,  87 

Phosphorus  Pentoxid,  Hydrating.     Peacock 615 

Potash  from  Feldspar.      Bassett 703 

Potassium  Compounds  from  Silicious  Materials.     StiUman 1050 

Putty.  Bituminous.     Levering 179 

Pyroligneous  Acid,  Distilling  Crude.     Klar 615 

Refractory  Brick.      Wessling 529 

Refractory  Lining  for  Furnaces.      Serpek 876 

Resin,  Glycerol,  Vulcanized.      Arsem 179 

Rosin  and  Turpentine  from  Wood.     Howard 179 

Rubber  Composition.      Aylsworth 876 

Rubber  Compounds.     Collardon 876 

Rubber,  Devulcanizing.     Cutler 178 

Rubber  from  Hydrocarbons.     Earle. .  .  ; 790 

Rubber  Substance  Resembling  Natural  Rubber.     Weissgerber  and 

Keller 876 

Rubber  Substitute.     Scammell 87 

Saccharometer.     Eppens 615 

SalicyUc  Acid  Anhydrid.     Kopetschin.  Karczag  and  Fodor 87 

Silicates,  Extracting  Potassium  and  Sodium  from.     Messerschmitt..  703 

Silicious  Materials.  Potassium  Compounds  from.     StiUman 1050 

Silk,    Removing   Tin   from    Phosphate    Liquors    Used   in    Weighting. 

Meih 790 

Smelter  Fumes  Rendered  Useful  and  Their  Values  Recovered.    Vadner.  969 

Smelting  Ores.     Machalske 876 

Smelting  Volatile  Metals  Electrically.      Johnson 179 

Sodium  Bisulfite,  Solid.      Howard 361 

Sodium  Bisulfite,  Stable  Crystalline.      Howard 876 

Stannic  Chlorid  from  Materials  Containing  Tin  Oxid.      Goldschmidt..  1050 

Steel  and  Iron  Treated  for  Permanent  Black  Finish.      Swan 178 

Steel  Hardened.      Machlet 703 

Sugar.     Mathews 791 

Sugar  from  Cane.     Leao. 271 

Sugar  Solutions.  Electrolytic  Clarification  of.     McCublin 528 

Sulfite  Liquor.     Mocre  and  Wolf 876 

Sulfite     Liquor,     Purifying     Alcohol     Manufactured     by     Distilling. 

Ekstrom 791 

Sulfite  Liquor,  Waste,  Used  for  Tanning  Compound.     Hurt 87 

Sulfite  Towers.  Recovering  Escaping  Acid-Gases  from.     DeCew 271 

Sulfur  and  Sulfites  from  Sulfates.      Hansen 969 

Sulfur  Dioxide.      Moore  and  Wolf 703 

Sulfur  from  Hydrogen  Sulfid  and  Sulfur  Dioxide.      Feld 178 

Sulfur:      Fume-Destroying  Process.      Young 790 

Sulfuric  Acid,  Fuming.      Briggs  and  Merriman 528 

Tanning  Compound.     Pollak 1050 

Tanning  Compound  from  Waste  Sulfite  Liquor.     Hurt 87 

Tar  and  Petroleum.  Nitro  Products  from.      Flexer 876 

Tinning,  De-.      Kugelgen  and  Seward 529 

Tin  Removed  from  Phosphate  Liquors  Used  in  Weighting  Silk.     Meili.  790 

Titanium  and  Other  Alloys.      Kraus 615 

Tungsten  and  Its  Alloys.  ..      Becket 179 

Tungsten  Manufacture.      Freeh 615 

Turpentine  and  Rosin  from  Wood.     Howard 179 

Turpentine.  Pure.     Pritchard 1049 

Ultra-Violet  Light  Treatment  of  Petroleum  Oils.     Ellis 615 

Varnish  Composition  for  Cement  Floors.     Cabot 790 

Varnish  Composition,  Non-inflammable.     Aylsworth 790 

Varnish  Manufacture.      Ford 1049 

Vulcanite,  Substitute  for.      Knoll 615 

Waterproof  Concrete.     Meade 790 

Waterproofing  Compound.  Set-Adjusting  Cement.      Ellis 876 

Water  Purified  from  Germs  by  Means  of  Bromin.      Riegel 790 

Water-Repellent  Cement.      Ellis 1049 

Water  Softening.      Ley 1049 

Wax  from  Other  Hydrocarbons.      Burton 1049 

White   Lead.     Euston,    87,    178,    1050;    Ramage.    791;   Sharpe,    529; 

Stewart 529 

Wines  Clarified.     Ornstein 179 

Wood  Distillation.     Whitaker 1049 

Wood,  Rosin  and  Turpentine  from.     Howard 179 

Zinc  Compounds.     Cutten 179 

Zinc-Lead  Ores,  Refractory.     Isherwood 615 

Zirconium  Lamp-Filament.     Hausen 361 

RADIATION,  Measurement  of  Standard  of,  in  Absolute  Value.     W. 

W.  Coblentz.     Gov.  Pub 1043 

Radioactivity  of  Some  Type  Soils  of  the  U.  S.     R.  B.  Moore 370 

Radioactivity  of  the  Waters  of  Saratoga  Springs.     R.  B.  Moore  and 

C.  F.  Whittemore 552 

Radium.      Gov.  Pub 443 

Radium,  Uranium  and  Vanadium  Report  by  U.  S.  Bureau  of  Mines. 

R.  B.  Moore  and  K.  L.  Kithil.     Abstract.  164;   Gov.  Pub 609 

Railroad  Management,  German.     Note 956 

Railroads,  .\merican.     Note 781 

Railroads,  Financial   and  Labor  Conditions  on  English.      Note 428 

Railroads,  National  Code  of.  Covering  Weighing  and  Ro-weighing  of 

Car-load  Freight.     Gov.  Pub 870 

Rails,    Observations    on     Finishing   Temperature    and    Properties   of. 

G.  K.  Burgess.  J.  J.  Crowe,  H.  S.  Rawdon  and  R.  G.  Waltenberg. 
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Recent  Tournai,  Articles.  D.  D.  Berolzheimer,  86.  1 77.  270. 360.  447, 
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Endowment  of  Communication  to  Applicants.      A.  F.  Holleman.  .  .      606 
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Herty  and  C.  W.  Williard 895 
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tion.    C.  H.  Herty  and  H.  L.  Cox 782 

Resin,  Podophyllum.  Estimation  of.      W.  M.  Jenkins 671 

Resins  in  Paleozoic  Plants  and  in  Coals  of  High  Rank.     D.  White. 

Gov.  Pub 443 

Resins.  Synthetic.      L.   V.  Redman.  A.  J.   Weith  and  F.  P.  Brock,  3; 

Note.      L.  H.  Baekeland.  167;  Correction.  171;  Note 263 

Resistances.  Adjustments  of  the  Thomson  Bridge  in  the  Measurement 

of  Very  Low.      F.  Wenner  and  E.  Weibel 964 

Road  Preservation  and  Dust  Prevention,  Progress  Reports  of  Experi- 
ments in.  1913.     Gov.  Pub 786 

Rosin  Soap:     Chemical  Utilization  of  Southern  Pine  Waste.     M.  C. 

Whitaker  and  J.  S.  Bates 289 

Rotary  Kiln.  Development  of,  and  Its  Application  to  Various  Chemical 

and  Metallurgical  Processes.     R.  K.  Meade 754 

Rubber,   Combustion   Method  for   Direct    Determination  of.     L.   G. 

Wesson,  459;  Gov.  Pub 698 

Rubber  Goods,  Testing  of  Mechanical.     Gov.  Pub 444 

Rubber,  Hysteresis  Tests  for.      E.  L.  Davies 985 

Rubber  Insulating  Compound,  30  per  cent  Hevea,  Tentative  Specifica- 
tions and  Analytical  Procedure  for.     Preliminary  Report  of  Joint 

Committee.  1911-1914.      W.  A.  Del  Mar 75 

Rubber  Insulation  Committee,  Joint.  Comments  of,  on  Report  of 
Analytical  Committee  of  Rubber  Section  A.  C.  S..  April  8,   1914. 

W.  A.  Del  Mar,  515;  Note  by  D.  Whipple 1038 

Rubber  Section  A.  C.  S. ;     D.  Whipple,  Secretary. 

Report  of  Analytical  Committee.     49th  Meeting  (Cincinnati! 514 

Rubber  Situation  in  Japan.     Note 350 

Rubber  Statistics  191 1-13.     Note 260 

Rubber  Used  in  Nursing  Nipples  and  Toys.  Chemical  Composition  of. 

E.  B.  Phelps  and  A.  F.  Stevenson.     Gov.  Pub 963 

Salt,  Bromine   and  Calcium  Chloride,  The  Production  of,  in  1913, 

W.  C.  Phalen.     Gov.  Pub 1042 

Samples,  Standard  Analyzed,  General  Information,     Gov.  Pub 698 

Sanitation  in  Vera  Cruz.     Note 958 

Saratoga  Mineral  Waters.  Recent  Analyses  of.     IV.     L.  R.  Milford.  .  207 

Schools  and  Chemical  Industries.     D.  M.  Grosh 244 

Scientific  Societies 75,    171.    266.    339,  431 

See  Ourselves  as  Others  See  Us.     Editorial .  2 

Serum  Preservatives.  Pharmacological  Action  of  Some.     C.  Voegtlin. 

Gov.  Pub 963 

Sewages.  Biochemical  Oxygen  Demand  of.     A.  Lederer 882 

Shellac.  American  Alcohol  Insoluble  Test  for.     Note  by  Committee. 

C.  T.  Bragg.  Chairman 356 

Shipbuilding.  English.  Decreased  Activity  in.     Note 781 

Sieves.  Variations  in  Results  of  Sieving  with  Standard  Cement.     R. 

J.  Wig  and  J.  C.  Pearson.     Gov.  Pub 522 

Silica  Production.     F.  J.  Katz.     Gov.  Pub 785 

Silicates  in  Soap.  New  Qualitative  Test  for.     H.  W.  Leitch 811 

Silk  Mill.  New  German.     Note 349 

Silver  and  Base  Metal  in  Precious  Metal  Bullion,  Determination  of. 

F.  P.    Dewey 650,  728 

Silver  Works.  The  Kongsberg.       Note 595 

Slag.  Iron-Futnace.  German  Utilization  of.     Note 261 

Slide  Rule.  The  Chemists'  Duplex.       H.  H.  Hanson 407 

Smoke  and  Fume  Monitors,  Precipitators  and  Recorders  and  the  In- 
stantaneous Thermostat.     W.  W.  Strong 848 

Smoke  Problem,  Meteorological  Aspect  of.  H.  H.  Kimball.  Gov, 
Pub 608 

Soap.  New  Qualitative  Test  for  Silicates  in.     H.  W.  Leitch 811 

Soap  Solutions.  Effect  of  Resene  on  the  Lathering  of.     C.  H.  Herty 

and  C.  W.  Williard 895 

Soapstone  and  Talc  Production  in  1913.     J.  S.  Diller.     Gov.  Pub.  ...      785 

Sociological  Work  of  the  New  Jersey  Zinc  Co.     F.  Hughes 333 

Correction 441 

Soda  Cellulose  Process,  Preliminary  Note  on  Dyes  and  Other  Products 

from  the  Waste  Liquor  of.     M.  P.  Cram 896 

Sodium  Citrate.   Use  of.  for  Determination  of  Reverted  Phosphoric 

Acid.      A.  W.  Bosworth 227 

Soil  Acidity,  Influence  of  Sulfur  on.      H.  C.  Lint 747 

Soil.   Effect  of   Heat  on  Solubility  of  Mineral  Constituents  of.     W. 

McGeorge 223 

Soil  Erosion.  Economic  Waste  from.     R.  O.  E.  Davis.     Gov.  Pub...      698 

Soil  Nitrogen.  Relation  of  Bacterial  Transformations  of.  to  Nutrition 
of  Citrous  Plants.     K.  F.  Kellerman  and  R.  C.  Wright.     Gov.  Pub 

Soil.  The  Absorption  of  Certain  Radicals  by  Leaves  in  Varying  Stages 
of  Decay,  and  the  Effect  of  Leaves  on  the  Absorption  of  These 
Radicals  by  a.      H.  A.  Noyes 574 

Soils  and  Soil  Extracts,  Determination  of  Carbon  in.     J.  W.  Ames  and 

E.   W.   Gaither 561 

Soils,  A  Simple  Method  for  Determining  the  Critical  Moisture  Content 

of.     R.  O.  E.  Davis 1008 

Soils:     Comparison  of  Silicates  and  Carbonates  as  Sources  of  Lime  and 

Magnesia  for  Plants.  .  W.  H.  Maclntire  and  L.  G.  Willis 1005 

Soils,   Effect  of   Heat  on   Hawaiian.     W.   P.   Kellev.   W.   McGeorge. 
•      Gov.  Pub 520 

Soils,  Effect  of  Strongly  Calcareous,  on  Growth  and  Ash  Composition 

of  Certain  Plants.      P.  L.  Gile  and  C.  N.  Ageton.      Gov.  Pub 963 

Soils,  Estimation  of  the  Lime  Requirement  of,  by  Means  of  the  Hy- 
droxides of  the  .Mkaline  Earths.  C.  R.  Moulton  and  P.  F.  Trow- 
bridge        835 

Soils,  Excessive  Quantities  of  Nitrates  in  Certain  Colorado.     W.  P. 

Headden ,  .  .  .      586 

Soils,  Florida,  Preliminary  Note  on  Iron  in.     C.  A.  Brautlecht  and 

A.  B.  Parlin . .  .• 960 

Soils.    Harmful    Effects    of    Aldehydes   in.     O.    Schreiner    and    J.    J. 

Skinner.     Gov.  Pub 963 

Soils.   Hawaiian.   Absorption  of  Fertilizer  Salts  by.     W.  McGeorge. 

Gov.  Pub 963 
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Soils,  Inorganic  Composition  of  Some  Important  American.     W.  O, 

Robinson.     Gov.  Pub 963 

Soils,  Kentucky,  The  Occurrence  of  Manganese  in.  and  Its  Possible 

Significance.      O.  M.  Shedd 660 

Soils,  Loam.  Distribution  of  Certain  Constituents  in  the  Separates  of- 

L.  A.  Steinkoenig 576 

Soils,  Nitrates  in  Colorado.     Editorial.     M.  X.  Sullivan 532 

Soils  of  Hawaii,  Rice;  Their  FertiUzation  and  Management.     W.  P. 

Kelley.     Gov.  Pub 520 

Soils  of  the  U.  S.,  Radioactivity  of  Some  Type.     R.  B.  Moore 370 

Soils,  Organic  Nitrogen  of  Hawaiian.     W.  P.  Kelley.     Gov.  Pub 520 

Soils,  Origin  of  Vanillin  in.  Vanillin  in  Wheat  and  in  the  Water  in 

Which  Wheat   Seedlings    Have  Grown.     M.  X;  Sullivan 919 

Soils,  Shaker  for  Mechanical  Analysis  of.     F.  Ward 147,  1038 

Note,  C.  C.  Fletcher 517 

Soils,  The  Strength  of  Nitric  Acid,  Period  of  Extraction,  and  Ignition 
as  Affecting  the  Gravimetric  Determination  of  Phosphoric  Acid  in. 

O.  L.  Brauer 1004 

Spelter.     Note 957 

Spelter  Production  in  1913.     C.  E.  Siebenlhal.     Gov.  Pub 1043 

Starch,  Dry,  Soluble  in  Cold  Water,  for  Use  as  an  Indicator,  A  Prac- 
tical Method  for  the  Preparation  of.      R.  M.  Chapin 649 

Starch  Products:     Industrial  Maltose.     C.  B.  Duryea 415 

Starch  Syrups,  Essential  Oils  as  Preservatives  of.     C.  B.  Cochran  and 

J.  H.  Perkins 306 

Steam  Power  for  Generation  of  Electric  Current  in  Prussia.     Note...  781 

Steam  Raising  by  Gas  Coke.     Note 352.  510 

Steel,  Alloy-,  in  Machine  Tools.     Note 862 

Steel  and  Iron,  Carbon  in,  by  Barium  Carbonate  Titration  Method. 

J.  R.  Cain 465 

Steel  and  Iron,  Chromium  and  Manganese  in.     F.  C.  T.  Daniels ....  658 

Steel  and  Iron,  Gases  in.     Note 430 

Steel  and  Tin  Plate  Mill  Operations  in  July.      Note.      W.  A.    Hamor.  .  696 

Steel,  Carbon  in,  by  the  Direct  Combustion  Method.     W.  Brady.  .  .  843 
Steel,  Cast  Iron  and  Alloy  Steels,  Rapid  Method  for  Copper  in.      W. 

B.  Price 170 

Steel,  Electric  Furnaces  for  Heating.     A.  Hirsch 533 

Steel.  Improved  Method  for  Nitrogen  in.     L.  E.  Barton 

Steel  Mill  Operations  in  March,      Note.     W.  A.  Hamor 356 

Steel;  Observations  on  Finishing  Temperature  and  Properties  of 
Rails.  G.  K.  Burgess.  J.  J.  Crowe,  H.  S.  Rawdon  and  R.  G.  Walten- 
berg.    Gov.  Pub 784 

Steel,  Open  Hearth  and  Alloy,  and  Cast  Iron.  Rapid  Determination  of 

Copper  in.     Note.     E.  D.  Koepping 696 

Steel  Rails.  Open-Hearth  and  Bessemer,  in  America.     Note 694 

Steel,  Rolled  Manganese,  Double  Scissors  Crossing  in.     Note 260 

Steels.  Local  Surface  Hardening  of  High  Tension.     Note 349 

Strontium.     J.M.Hill.     Gov.  Pub 1042 

Strontium  in  the  Beet  Sugar  Industry.     H.  C.  Meyer 1036 

Sucrose  Estimated  in  Presence  of  Lactose  and  in  Milk  Preparations. 

J.N.  Rakshit 307 

Sugar  Factory.  Beet.  Proposed  for  Chile.     Consular  Note 166 

Sugar  Industry,  Beet-,  Strontium  in  the.     H.  C.  Meyer 1036 

Sugar  Refineries,  Note  on  Utilization  of  Muds  and  Scums  from.     R. 

F.  Gardiner 480 

Sugar  Solutions.  A  Study  of  the  Efficiency  of  Various  Methods  for  the 

Filtration  of.     A.  E.  Roberts 986 

Sugar  Solutions.  Cane,  Essential  Oils  as  Preservatives  of.  C.  B.  Coch- 
ran and  J.  H.  Perkins 304 

Sugar  Syrup.  Cane,  Influence  of  Small  Amounts  of  Ethyl  Alcohol  on 

Fermentation  in.     C.  B.  Cochran  and  J.  H.  Perkins 141 

Sugars:     Industrial  Maltose.     C.  B.  Duryea 415 

Sugars,  Influence  of  Atmospheric  Conditions  in  the  Testing  of.     F. 

Bates  and  F.  P.  Phelps.     Gov.  Pub 609 

Sulflte-Cellulose  Waste,  Utilization  of.     Note 597 

Sulfite  Digester  Explosion   at   Grand  M^re,  Quebec,  Investigation  of 

H.  O.  Keay 26 

Sulfur  Compounds.  Important  Process  for  Purifying  Gas  from.     Note  262 
Sulfur  Compounds  of  Coal.  Oxidation  of.  and  of  Nitrogen  in  the  Bomb 
Calorimeter,  and  the  Correction  To  Be  Applied  in  Determining  the 

Heating  Value  of  Coal.     S.  H.  Regester 812 

Sulfur  Dioxide,  Determination  of  Minute  Amounts  in  Air.     A.  Seidell 

and  P.  W.  Meserve 298 

Sulfur,  Influence  of,  on  Soil  Acidity.     H.  C.  Lint 747 

Talc  and  Soapstone  Production  in  1913.     J.  S.  Diller.     Gov.  Pub. .  785 
Tanks.  Cylindrical,   with  Spherical  Ends,  Formula  for  Contents  of. 

L.  E.  Carpenter 517 

Tannin  Group,  Recent  Synthetic  Studies  in  the.     Editorial.     F.   J. 

Moore 450 

Tar  and  Benzol  Prices.  1880-1905.     Note 430 

Tar  Pitches.  Coal.  Ultimate  Analyses  of.     C.  R.  Downs 206 

Tar  Products,  Nature  and  Determination  of  "Free  Carbon."     J.  M. 

Weiss 279 

Tar,  Vacuum.      Note 509 

Tar,  Water  Gas,  Study  of  the  Composition  of.     C.  R.  Downs  and  A. 

L.  Dean 366 

Tars,  Refined,  Relation  between  Melting  Point  and  Viscosity  of.     P. 

P.  Sharpies 285 

Tea,  Determination  of  Prussian  Blue  in.     G.  W.  Knight 909 

Temperature  Regulator.     Note 352 

Temperatures:     .A  New  Recording  Device  for  Pyrometers,  etc.    Note.  595 

Temperatures,    Measuring   Rapidly   Changing.     Note 594 

Testing  Bureau,   Electric  in,  Germany.     Note 510 

Testing  of  Materials.     Gov.  Pub 522 

Textiles.     Gov.  Pub 608 

Textiles:     Chemistry  of  the  Bleaching  of  Cotton  Cloth.     J.  C.  Hebden  714 

Textiles:     Shoddy  and  Carbonized  Waste.     L.  J.  M&tos 765 

Thermocouples,  Note  on  Cold-Junction  Corrections  for.     P.  D.  Foote. 

Gov.  Pub 445 

Thermopiles,  Various  Modifications  of  Bismuth-Silver,  Having  a  Con- 
tinuous Absorbing  Surface.     W.  W.  Coblentz.     Gov.  Pub 1043 

Thermostat.    The    Instantaneous    and    Smoke    and    Fume    Monitors, 

Precipitators  and  Recorders.     W.   W.  Strong 848 

Thymol  Capsules.  .Analysis  of.     A.  Seidell.     Gov    Pub 963 

Thyroid  Gland.  Seasonal  Variation  in  Composition  of.     A.  Seidell  and 

F.  Fenger.     Gov.  Pub 963 

Tin  Plate  and  Steel  Mill  Operations  in  July.     Note.     W.  A.  Hamor. .  696 
Tintometer.  Lovibonds  and  Stammer's  Colorimeter.  Conversion  Curve 

for.     C.  A.  Nowak 323 

Titanium  Determined  as  Phosphate.  G.  S.  Jamieson  and  R.  Wren- 
shall 203 

Tomatoes.  Iron  in.     C.  .A.  Brautlecht  and  G.  Crawford 1001 

Trade.  British  Foreign,  in  August.     Note 955 
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Trade,  Some  Data  of  German  and  Austrian  Foreign.     Note 955 

Trade  Unions,  English,  in   1912.     Note 780 

Transportation  of  Chemicals  by  Water.     Note 349 
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Turpentine  Industry,  Wood,  Present  Status  of.     E.   H.  French  and 
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